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\ FACULTAD DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

A LOS ASISTENTES A LOS CURSOS 

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

División de Educación Continua, otorgan una constancia de asistencia a 

quienes cumplan con los requisitos establecidos para cada curso. 

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

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

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

tengan un mínimo de 80% de asistencias. 

Pedimos a los asister~tes recoger su constancia el día de la clausura. Estas se 

retendrán por el periodo de un año, pasado este tiempo la DECFI no se hará 
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Se recomienda a los asistentes', parti,cipar.•;activamente"·con sus ideas y 
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' ' • 1 .''.\~'/''::, -~ \,~ 
exper1enc1as, pues los cursos que ofrece la D1v1s1on astan planeados para que 

1. - -

loa profesores expongan una "tesis; pero .áobre todo',,¡,;.~& q'ue. coordinen' las 
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opiniones de todos los interesados, conati~uyendo verdi)deroa_ seminarios. 
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Es muy importante que todos loa aalste'ntea llenen·, 
1
¡Y entregÜeil1::ílu hoja de 
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inscripción al inició del curso, Información ·qua· senl-ira 'pará:-lntegrar un . ' _:_-~--

directorio de asistentes, que se entregará oportunamente. 

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

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

cuestionario diseñado para emitir juicios anónimos. 

Se recomienda llenar dicha evaluación conforme los profesores impar~an· sus 

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

sean más fehacientes sus apreciaciones. 
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SIMULACION COMPUTACIONAL DE FLUJO EN MEDIOS POROSOS SATURADOS 

Rodrigo Hedina Bañuelos 

Introducción: 

El análisis del comportamiento observado de un acuífero, y la predicción 

de su evolución futura, son objetivos importantes que se pretende alcanzar 

mediante una serie de estudios multidÍsciplinarlos que permiten simular el 

movimiento del agua en medios porosos. 

La implementación de un modelo numérico de simulación requiere de 

información -provenien"te·· · de diversas disciplinas. Los resultados 

proporcionados por estudios geológicos, geofísicos, hldrogeoquímicos, 

hidráulicos,-cllmatoiógicos, etc. constituyen _los archivos de datos que 

caracterizan al acuífero estudiado. 

La metodología que ·se emple;a--en el proceso de modelación numérica, 

consiste en obtener una solución aproximada de la ecuación diferencial que 

gobierna el movimiento del agua en un medio poroso saturado. La región de 

simulación se define de acuerdo a la geometría del sistema acuífero 

estudiado, y se le imponen condiciones de frontera justificables por la 

geología y la hidráulica subterránea. Adicionalmente, para la solución 
-··--

transitoria se requiere de condiciones iniciales (observadas o deducidas) 

para el tiempo de inicio de la simulación. 

Una vei que se dispone de los archivos de datos, el algoritmo numérico de 

. solución de la ecuación de flujo, condiciones iniciales y de frontera 

especificados, se procede a ejecutar las simulaciones de calibración del 

sistema, enfocadas a reproducir el comportamiento observado. La 

incertidurnbre·en los valores asignados a los paráme~ros hidráulicos y a la 

recarga del sistema, entre otros factores, pueden conducir a una 

discrepancia entre los niveles piezométricos observados y los simulados. 

La calibración del modelo consiste en modificar los aFGhivos de datos 

propuestos originalmente, hasta obtener un funcionamiento del sistema que 

sea similar al observado históricamente. 



Las simulaciones predictivas se realizan utilizando los archivos de datos 

calibrados y permiten prever el comportamiento que el sistema acuífero 

adoptarA en el futuro ii-ser sometido a diversas políticas de explotación. 

Las configuraciones de niveles piezométrlcos obtenidas mediante 

simulaciones predictivas, son determinantes en la toma de decisiones para 

el manejo racional de los recursos hidrAulicos y para el diseiio de las 

estructuras requeridas. 

En los subcapi tul os siguientes se presentan algunos aspectos importantes 

del proceso de simulación numérica, entre estos la deducción de la 

ecuaciún diferencial que describe el movimiento del agua en medios 

porosos, algunos comentarios acerca de los problemas con valores a la 

frontera, un -e"jemplo del procedimiento de solución anal i U ca de un 

problema con valores a la frontera, y finalmente un articulo referente a 

la simulación=-numérica del acuífero de San ·Luis Potosí que ilustra 

concretamente la metodología expuesta. 
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DEDUCCION DE LA ECUACION DIFERENCIAL DE FLUJO EN MEDIOS POROSOS 

La deducción de la ecuación de flujo para un medio poroso saturado se 

puede realizar mediante un balance de materia en_un volumen de control: 

a 
pv, - az ( pv, l 

y 
pv, 

pvz 

a -· 
pv,- d (pv,l 

L. 

Según la ecuación de contimiioad "(Ley de Conservación de la Material, las 

entradas (E) menos las salidas (S) en un sistema, son iguales al cambio de 

volumen almacenado dentro del mismo (~V). 

E-S=~V 

La masa que pasa por unidad de tiempo a través de una cara del volumen de 

control [ __ M __ ) se puede expresar como pvA 
L2T 

donde: 
p = Densidad del fluido 

v = Descarga específica 

[ 

[ L 

T 

) 

) 

Las entradas menos las salidas en la dirección x serán: 

pvx ~y ~z -
8(pvx) 

ax 
t.x ] ~y t.z 
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Análogamente: 

en la dirección y: 

-
en la'dirección z: 

pvz llx lly -

a(pvy) lly ] llx llz 
ay 

a(pvz)llzJ llx lly 
az 

Las--entradas menos las salidas en el volumen de control serán: 

E - S = -
a(pvy) 

ay 

+ a(pvz) ] 

az 
llx lly llz 

Dividiendo entre el volumen llx lly llz, se obtiene el--cambio en el 

almacenamiento por unidad de-volumen del sistema: 

l>V = - [ 
a (pvx) 

ax 

a(pvyl 
+ + 

ay 

a(pvz) ] 

az 
( 1 ) 

Para un sistema en estado estacionario la variación del volumen almacenado 

con respecto al tiempo (llv) es igual a cero: 

l>V = O 

·-
Suponiendo densidad del fluído constante: 

[ 
avx + avy + avz ] = 0 

ax ay az 

Sustituyendo la ecuación de Darcy: 

V = - K ah 
aL 

en cada componente 

4 
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a 
.ax 

( 3) 

Suponiendo que el material es isotrópico (Kx = Ky = Kz) y homogéneo (K = 

cte). 

( 4) 

Esta ecuación es· conocida como la Ecuacló'n de Laplace y es de gran 

utilidad en hldrogeología. La solución de esta ecuación describe el valor 

de la carga hidráulica en estado estacionarlo en cualquier· punto <:n una 

región tridimensional. 

Flujo transitorio en medio saturado.--

La ley de conservación de masa requier_e que la masa que se almacena por 

unidad de· tiempo por unidad de volumen dentro del volumen de control. sea 

igual a la variación con-respecto al tiempo de la densidad p del fluido 

que se encuentra dentro de los poros del mater~al limitado por el volumen 

de control 

[ a(pvx) a(pvy) a(pvz) ] --a (pn) 
+ + = ---

ax ay -----az at 
( 5) 

donde n es la porosidad de-l ma ter la l. 

Desarrollando el lado derecho de la ecuación. 

[ a(pvx) a(pvy) + a(pvz)~J= n ap an 
+ + p 

ax ay az at at 
( 6) 

n ap es la masa producida por la expansión del a'gua por unidad 
at 

de tiempo cuando cambia su densidad. 

an p es la masa producida por la compactación del medio poroso 
at 

S 



por unidad de tiempo cuando cambia su porosidad. 

Se puede demostrar que el cambio en p y el cambio en n se producen al 

variar la carga hidráulica h, y que el volumen de agua producido por los 2 

mecanismos cuando la carga hidráulica h disminuye una unidad, es Ss 

(coeficiente-de almacenamiento espec!fico (l~ 1 )) 

a = compresibilidad de la matriz sólida 

~ = compresibilidad del fluido 

El cambio de masa de fluido almacenado por unidad 

llV = p Ss 
ah 

at 

La ecuación (6) se puede expresar como: 

a(pvx) a(pvy) a(pvi)' = p Ss 
ax ay az 

( 7) 

de tiempo es: 

( 8) 

ah 
( 9) 

at 

Desarrollando los términos del-lado izquierdo por medio de la regla de la 
avx 

cadena, y considerando que los términos p ax son mucho mayores que los 

vx ~~· y sustituyendo la Ley de Darcy: .. ~ obtiene: 

Considerando medio isótropo: Kx = K y = !(~ 

a2h a2h a 2h Ss ah 
+ + = 

ax 2 ay2 az 2 K at 

B2 h a2h a2 h S ah 
+ + = 

ax2 ay 2 az 2 
T at 

6 

ah Ss 
at 

( 1 o) 

( JI ) 

( 12) 



Esta ecuación se conoce como la ecuación de difusión. La solución 

h(x,y,z, t) describe el valor de la carga hidráulica en cualquier punto 

(x,y,z) de la reglón para cualquier tiempo t. 

Problemas con valores a la fr~nlera 

Un problema de valores a la frontera es un modelo matemático 

La técnica de análisis de un problema de valores a la frontera es -un 

proceso de 4 pasos:· 

1) Examen del problema fisico 
2) ,eJ_anteamiento del problema fisico en términos de un problema 

matemático equivalente 
3) Solución del problema matemático con técnicas matemáticas 
4) Interpretación delos··resultados ma temá tices en términos de 1 problema 

fisico. 

-
Los problemas:-·cte flujo en medios porosos·· ·d·an lugar a un problema 

matemátlco-de.la forma de problema con valores a la frontera. 

Para definir completamente un---p·roblema transitorio de valores a la 

frontera en flujo subterráneo se necesita conocer: 

1) El. tamaño y forma de la región de flujo (geometría del sistema) 
2) La ecuación de flujo dentro de la reglón 
3) Las condiciones de frontera alrededor de la región 
4) Las condiciones iniciales en la región 
5) La distribución espacial de los parámetros hldrogeológlcos que 

controlan el flujo 
6) Un método matemático de solución 

Si el problema con valores a la frontera es para estado estacionarlo, no 

se requiere conocer las condiciones iniciales del sistema. 

Los métodos de solución para un problema con valores a ·la frontera .pueden 

ser clasificados en 5 enfoques: 

1) Solución por inspección 
2) Solución por técnicas gráficas (redes de flujo) 
3) Solución por modelos analógicos (circuitos eléctricos) 
4) Solución por técnicas matemáticas analíticas 
5) Solución por técnicas matemáticas numéricas (modelos-~omputacionales)-

7 



Ejemplo de una solución.analilica a un problema de valores a la frontera 

Considere el problema de flujo subterráneo mostrado en "las figuras: 

y 

A 
1111/lli/11111/ 

B y = YL 
k= K 

h ho 1 h hl = = .E 
y = o DL/~/~/~/~/~//7/~/~/~/~/~//~~C~--~ X 

X = O X = Xi. 

La ecuación de ___ flujo en dos dimensiones para flujo en- zona 

estado estacionario es: 

a2 h a2 h -~~--

+ -- = o 
a x 2 a Y 

2 

La expresión matemática de las condiciones de frontera es: 

ah o o ay = en y = y y = YL 

----- h = hO en X = o 
h = hl en X = XL 

-- --- ---· 

saturada 

(1) 

(2) 

(3) 

(4) 

Se obtendrá h (x,y) usando la técnica de separación de variables: 

y 

Se supone en el método de separación de variables que la solución es un 

producto de la forma: 

h(x,y) = X(x) Y(y) 

La ecuación (1) se expresa ahora como: 

+ X 

8 

a2 y 

2 a Y--

( 5) 

= o - - - (6) 



Dividiendo entre X Y se obtiene: 

= 
1 
y (7) 

El lado izquierdo es independiente de y. El lado derecho, a pesar de su 

apariencia, debe ser independiente de y, debido a que .. es igual al lado 

izquierdo. Análogamente, el lado derecho es independiente de x, y 

también el lado izquierdo. Si los dos términos de la ecuación son 

independientes de x y y,· cada té-rmino debe ser- igual a una constante. 

entonces:·~- .. - . 

1 a2 X 
G 

1 a2 y 
G (8) x = y y = 

a 2 a 2 
X y 

La constante G puede ser positiva, negativa o cero. Los 3 casos conducen 

a una solución tipo producto. Pero sólo el caso G = O dá lugar a una 

solución que tiene significado físico para este problema. Por lo tanto: 

1 
X 

= o y 1 
y = o - - - (9) 

Estas son ecuaciones diferenciales ordinarias cuyas soluciones son bien 

conocidas: 

X = Ax + 8 y Y = Cy + D ---(10) 

La solución producto (S) es: 

h (x,y) = (Ax + 8)(Cy + D) ---(11) 

Los coeficientes A, 8, C y D se evaluan mediante las condiciones de 

frontera. Diferenciando- (11) con respecto a y se obtiene: 

ah 
ay = (Ax + 8)C ---(12) 

9 



La condición de frontera (2) implica que C = O. La ecuación (11) queda 

como: 

h(x,y) = (Ax + BJD = Ex + F 

De acuerdo a las condiciones de frontera (3) y (4); 

F = ho y E = -(ho - h1 )/xL. La solución es entonces: 

h(x·, y) = hó -·(ho - h1) x 
XL 

---(13) 

(14) 

Se aprécra:-cfiiramente que la ecuación ( 14) satisface las condiciones de 

frontera (3) y (4). La derivada con respecto a y es igual a cero 

satisfaciendo la condición (2). La segunda d-erivada de--h(x, y) con 

respecto a x también es igual a cero. Por lo tanto la solución ( 14) 

satisface la ecuación de flujo (1). 

1 o 
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EVALUATION OF HYDROTHERMAL SOURCES THAT SUSTAIN AN 
OVEREXPLOITED AQUIFER AT SAN LUIS POTOSI, MEXICO. 

I. HERRERA, R. MEDINA, L. CHARGOY_& J. CARRILLO 
Instituto de Geofisica, UNAH, Hexico City 

Apdo. Postal 22-582, 14000-Hexlco, D.F., Hexlco 

ABSTRACT. A numerical model is implemented for the aquifer of the Clty of San 
Luis Potosi, whlch takes---into account the contrlbution of an underlylng 
thermal source. Prevlously, 1t was thought to be overexplol ted. By means of 
the·numerical model, it is shown that this is not the case, because there ls a· 
contrlbution from_ the underlying thermal source. Since __ the properfies of the 
thermal source- are not known, the procedure·- used to incorpora te them is to 
adjust the-values of the vertical hydraulic conductlvlty between the thermal_ 
source and the aquifer until the actual piezometrlc levels in the aquifer were 
reproduced. For this case stud~.~ch a procedure has produced useful results. 

INTRODUCTJON 

The Valley of San Luis Potosi, ls located in the high plateau of the Republlc 
of Mexico (Fig. 1) and it lies in the semi-arld reglen. The water demand of the 
City of San Luis Potosí, capital of the state of the same name, for 
agricultura!, urban and industrial---uses, has been steadily lncreaslng. Most of 

---the- water supplied to the city ls from underground sources, beca use due to the 
reduced ralnfall, the surface water contributlon ls small (only 8 ~). 

There ls.concern with respect to the future evolutlon of the aqulfer, ·because 
in the last few years the observed speed of drawdown has reached the rate of 

-1 1.3 m year . However, lf the hydraullc balance of the aqulfer is carrled out 
takíng into account only what ls known about the aquifer, the predicted rate 
of drawdown ls even larger. On the basis of thermal, chemlcal and hydraullc 
evidences, in a prevlous study: Instituto de Geofislca, UNAM (1988), 1t was 
establíshed that the dífferences between the observed and the predicted rate 
of drawdown ls due, to water supplied by deeper geological formatlons wl th 
thermal actlvlty. 

Takíng into account these facts, lt was declded to lmplement a numerlcal model 
of the aquifer to improve the understanding of i ts behavior, specially wlth 
respect to the deep thermal sources, and to predict the system behavior under­
different exploita tion policies for the next twenty years. -----

·-
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Figure 1: Location map of San Luis Potosi Basin 

HYDROGEOI.OGIC KODEL 

On the basis of the available geologlcal, geophyslcal, piezometric an 
hydrochemical information, the proposed hydrogeological-_Jilodel of the syste 
includes a "shallow aquifer" of reduced yield and peor quallty- water. Thl' 
aquifer overlles a "clay formatlon" which in turn confines a deeper aqulfer; 
Most of the water is produced at this "deep aquifer", which has therma~ 
actlvity (Fig. 2). Below it, lay the "thermal sources". · 
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In this figure, 1t can be observed, that the system of regional flow is 
important for aquifer performance, producing a vertical component of hot 
water. For a detailed geologica1 description of the system, the reader is 
referred to thé previous study: Instituto de Geof!.sica, UNAM (1988). 

MODELLING OF THE SYSTEM 

For the implementation of the numerical model, a conceptual model of its 
behavior was defined, suitable differential equations were adopted, a computer 
program was selected and its calibration was carried out using the available 
informat16h. The piezometric levels produced by the program, were interpolated 
using the package SURFER: Golden Software, Inc., (1989) to obtain a more 
convenient graphical representation. 

The conceptual model 

The l1111ts of the area included in the model, are shown in Flg. 3 and were 
based on geological considerations. 
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The San Miguellto range at -the west and the San Pedro range at the east, · 
constltute natural boundaries because they present condltlons of no flow, and 
at sorne places constant head (Flg. 4). 

4 

.. _________ ____;:_ 

The r 
lnfor 
then 
locat 
the 
lmpet 
aquiJ 
exclt 

The 1 

The í 

when 



cd 

1 / 
/ ' /,. / r<, 

' 
r-- -¡ V -- 1 ... 

"' N V 1 1--e--

;, - 1 l -- ... .. 1 ~ \ ... .. : ~ UH . 1 1 ; S I"OTOSI '· -
7' 1 ..... ....... ~ :......._ 

'- - "' 1 r--.. t--. 
t 1'' \ '. 

- 1\ 
-- .1 \ \ 

r 1-1 Constant h~ad cell 

l 1 1 \ \ '\ 
\ -
1 Clay formation ll.mlt \ 1 

' 1 1 1 1 . 1 1 1 1\ 

Figure 4: Area cevered by the clayTermatien 

The nerthern.and seuthern limits were selected en the basis ef the piezemetric 
infermatien that was available and they were taken as impermeable, because 
there is evidence that the flew there, ls negligible·. The shallew aqulfer, 
lecated en the upper part of the system, . functiens as a unl t lndependent of 
the deep aqulfer, because the clay !ayer that separates them is sensibly 
impervious. Taking inte account that mest ef the water ls produced at the deep 
aquifer, the purpese of the medel ... ls the .. prediction of 1 ts behavior 
exclusively, leaving aslde the shallew aqulfer. 

The Basic Equatlon 

The geverning equation.used was: 

~(Kxah) ax ax ( 1) 

where Ss = specific coefficient of storage [L-1] 

K = Hydraullc conducti vi ty·· [LT-1) 

h = Hydraullc head [L) 

t = Time [T) 
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However, the analysis of the flow was mainly two-dimensional, because only two 
horizontal layers were incorporated in the model. 

The computer code MODFL0\1: McDonald & Harbaugh, ( 1984), was used 
calculations. This model appli~s the--cells method which yields 
differences approximatlons. 

ln all 
flnl te 

'The deep aquifer can be satlsfactorily modelled using a 2x2 Km grld and 
applying finite difference schemes on them, as lllustrated in Flg. 4. Layer 1 
lncludes the best known part of the system, where the value of the hydraulic 
propertles are known or at least can be estimated. Layer 11 was introduced to ·­
model the deeper, less known- geologlcal formatlon;; whlch supply the thermal 
water. The flow and lnteractlon between layers 1 and 11, ls due to the 
differences of hydraullc head between them._ In !ayer II; 1 t was assumed a 
constant hydraullc head that remalned greater than the he~_of !ayer 1 ,-·-

__ t!'roughout the runs. This induces a verti"cal component of flow whose magnltude 
can be adjusted varying the ratio of the hydraulic conductlvlty (Kz) to the 
thickness of the !ayer where the flow takes place. ___ _ 

An upper boundary condi tion of no flow~·was considered ln !ayer 1, which 
corresponds to the clay !ayer whose hydraulic conductlvlty is neglected. In 
the horizontal limits of the aquifer-:'either constant head or no flow boundary 
condltlons were considered, as indicated ln Flg. 4. 

CALIBRATION 

In the period January 1987- July 1989, heads were measured month!y in 
observation we11s dlstributed throughout the reglan that was modelled. At the 
same time, the pumping rate was measured ln~some cases and estimated by_ 
lndlrect means ln others. 

In addltion, 
availab!e and 
rates. 

the plezometrlc head dlstrlbution corresponding to 1960, ls 
there are· estlmates of the_hlstorlcal evo!ution of the pumping 

The ·hydraulic properties of the known part of 
means of pumplng tests and also sorne pumplng 
studies were lnterpreted. Transmisslvlty 

the aquifer were obtained by 
tests availab!e from previous -s 
varies between lxlO and 

-4 2 -1 --8x10 m s . The calibration for !ayer 1, started wl th these values and then 
were modified on the·basis of the results of the callbration. The properties 
of layer II were adjusted until the behavior of the system was reproduced ln a 
satisfactory manner. 

In spi te of the addi tional piezometric information that· was available, the · 
.calibration was based on the period 1987- 1989, which covers 30 months only. 
This was due to the better quality of the data for that perlad. 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 reglen modelled, 10 
values that were determined by pumping tests were incorporated. The extension 



of the conflning el ay_ layer was determlne_Q by means of the an~lysis of the 
prevailing geological cond1t1ons (1nferred from well logs) and-geophyslcal 
surveys. The values of the storage coeff1c1ents that were used for the cells 

-4 -3 that behave as confined, are between 2x10 and 7xl0 . In the case of cells 
that perform as unconfined, values between 0.02 andO. 15, were used. 

The in1tial runs, using the estimated values of S and T, led to the 
distribution of the piezometric heads shown in Fig. S. 

.. , .. " .. 
" .. 
" " 

" " 

" .. 
" " 

" .. 

1 

' @ Hcad in observat1on well + 1700 masl 

• " " .. " 

Figure 5: Contour map of predicted piezometric heads, without thermal sources 
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In this figure the predict~d drawdowns deviate ~rastically from -those 
observed, the greatest deviations occurring in the area where the thermal 
manifestations have been observed (Fig. 6) . 
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The general conclusion drawn from these results, 
behavior cannot be predicted satisfactorily using the 
T, when only horizontal flow is modelled. The yield 
.much larger than the ene obtained in such model. 

was that the observed 
observed values·of S and 
of the actual system is 

The discrepancy between the observed and predicted heads, can be reduced in 
ene of -the followlng manners: 

a.- 1ncreaslng the· storage coefflclent of the aquifer, considering itas 
unconflned in all the reglen módelled. 

b.- -lncorporatlng addltlonal sources of water in the cells, where 
requlred. 

The first option is unre·alistic, since 1t contradicts 
directly suppUed_by_ well logs and must be discarded, in 
that it was used in a previous study: Niedzielsky, (1990). 

geologic evldence 
spi te of the fact 

On the other hand, the inclusion of addi tional sources .in the model is fully 
just if ied by the hydrochemical and thermal evidences: Cardoñ·a- ( 1990), 
Carrillo-Rivera (1992). They represent the vertical component of the regional 
system of flow that has been observed--in the thermal area of the Valley of San 
Luis Potosi (Fig. 6). Therefore, thls was the option that was adopted in the 
model. 1 t was incorporated by means of an additional layer (!ayer 1 l) whose . 
properties were adjusted in the calibration of the model, assuming the 
piezometric head of that !ayer is constant: 

Since the hydraulic properties of the main aquifer (!ayer I) are the best 
known, in the calibration, emphasis was placed in determining the properties 
of the thermal sources. A flrst guess of the values of the hydraulic 
conductivity in the vertical direction (Kzl between layers I and II, based en 
the temperatures and well discharges measured in the fleld, was used in the 
initial simulations, and then they were adjusted until the actual piezometric 
distributions in the thermal area were reproduced. The stopping criterion 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 mass balance of the region was carried 
out. The results obtained are listed in Table l. 

Table 1: Kass Balance of the Aquifer 

Concept 
Aquifer storage 
Lateral recharge (cold water) 
Upward supply (hot water) 
Total well extraction 

Q(m3s- 1
) 

0.34 
0.36 
l. 90 
2.60 

13 
14 
73 
100 

The distribution of the supply, shows clearly that the most important 
contributlon comes from the vertical flow which originates in the regional 
system and exhibits thermal anomalies. 
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Figure 7: Contour ma"p of predicted piezom':'tric heads, after calibration 

Long period verification 

As was al ready 
1988, was u sed 
calibration was 

mentioned, the information available for the perlad 1960 -
to test the results of the callbratlon. Thus, after the 

completed, a run covering that perlad was carried out. 

Taking the known lnltlal condltlons for 1960 and estlmatlng the evolutlon of 
the rate of pumping in the perlad, ·the plezometrlc heads were J<redlcted, uslng 
the calibrated model. The results of the slmulation after 29 years, had 
dlfferences of-less than 3 meters between the observed and computed heads, in 
the thermal area. Thls lndicates, speclally taking into account the low 
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 wlde range of explol tation policles of the systern ls 
necessary, to quantlfy the potential of the thermal sources, as a water supply 
for the city of San-Luis Potosi. 

Predlctions of the behavlor of the systern for a~ period of 2.1. years (1989 -
2~010), under different explo1tat1on pollcle~s-were carrled out. The optlons 
consldered were: 

I. o- Keeplng the present extraction ~ra te flxed durlng the whole perlad. 
l. 1- Increaslng the rate of extract~on 5 X every 5 years. 
I. 2- Increaslng the rate of extraction 10 r. every 5 years. 
I. 3- Increasing the rate of extraction-20 Y. every~5 years. 

of extraction - t)lermal excluslvely 1 I: 1--lncreaslng the rate in the are a 
(13 cells) 5X every 5 years. 

11.2- Increaslng the rate of extraction -in the thermal ~are a exclusively 
(13 cells) 10Y. every 5 years. 

11.3- InC"reasing the rate of extraction in thethermal are a excluslvely 
(13 cells) 20X every 5 years. 

!1.4- Increaslng the rate of~extractlon in the thermal are a exclusively 
(13 cellsl 40Y. every 5 years. 

In Table 2 the results. obtained for the different policies that were tested 
are shown. For each policy the total volume extracte-dduring the period of 21 
years ls glven and then .the percentages whlch orlglnate in the therrnal 
sources, the storage of the aqulfer and the neighboring reglons is indlcated. 
Finally, in the last colurnn the total volume of drawdown- produced during the 
whole period in the rnodelled reglan, is g!ven in milllons of cubic rneters. 
These results are also illustrated in graphlca-1-form, in Flg. 8. Clearly, to 
ensure a drawdown as low as possible, locating the addi tional demand in. the 
thermal region is the best option. 

Table 2: Predictions for the period 1989 - 2010 under different policies 

Policy 

l. O 

1.1 
1.2 
1.3 

1 I. 1 
I l. 2 
I l. 3 
I I. 4 

Total-PÍlrnped Of Thermal From Aquifer From the Drawdown 
Volume Origin 

(m 3x106
) (;!,) 

1698 81 

When increments in 
1915 81 
2153 76 
2702 77 

1/hen all increments of 
1866 83 
2069 81 
2184 82 
2946 82 

Storage 

(;!,) 

3 

pumping are 
5 
7 

11 

pumping are 
4 
5 
6 
8 

1 1 

Boundary Volume 

(X) (m3 x106
) 

16 3440 

unlformly distributed 
14 6000 

-8800 
16000 

17 
12 

taken from thermal are a 
13 4800 
14 6400 
12 7600 
10 13600 

: 
.! 

i 
-' 

! 
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¡ 
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Figure 8: Comparison of simulated policies 

CONCLUSIONS 

A numerical model that takes into account the contribution of thermal .sources 
was developed, and using i t, different opeFation policies ha ve been tested, 
for the aquifer of the City of _San_Luis Potosi. 

!ni tially, i t was in tended to implement a model wi thout thermal sources. 
However, it turned ·out to be impo¡;sible to achieve a model capable of 
predicting the observed behavior, when only horizontal flow was modelled. Thls 
pointed out the need of incorporating thermal sources in the model, in order 
tco-explain the vertical flux coming from deeper geological formations, whose 
hydraulic properties are unknown. This vertical supply was incorporated ln the 
model, introducing a !ayer of cons~~t hydraulic head in the lower aquifer. 

Since the properties of such !ayer were unknown, it was necessary to der 1 ve 
them durlng the calibration process. The main parameter that was adjusted was 
the vertical hydraulic conductivity that exists between layers 1 and 11. Al 
the same time, the hydraulic properties, T and S, of the aquifer and the 
boundary condltions were also adjusted. The fact that ·an additional parameter 
was introduced in the callbratlon, made this process more complicated than ls 
usual for this klnd of applications. However, this form of proceeding_ ls 
similar to what is usually. done when applying modelling techniques in the 
horizontal plane, for which lt ls standard to elimlnate nelghborlng reglons 
wlth insufficlent hydrologlcal lnformatlon by lmposlng sultable boundary 
condl tions. In many cases, the supply comlng from such regions is qulte 
slgnlflcant for the behavlor of the part of the aqulfer which ls modelled. 
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The results of the ca1ibratlon were satlsfactorily verified by reproducing the 
observed behavior in a longer period (1960-1988) of exploitation of the 
aquifer, for which incomplete hydrometrlc 1nformat1on was available. The 
results of thls study 1nd1cate that the procedure used here, to study a deep 
geological formation for which no information is available, may be useful more 
general! y. In particular, in the case study he re reported, in spi te of the 
!nsufficient knowledge of the deep_ formation, it was ,possible to make 
recommendatlons for the policies to be followed in the production of the 
aquifer. These recommendations are -better founded than if the lack or­
information about the thermal sources, hao 1nh1bi ted --the development of such 
model. 

The distributlon of piezometric heads predicted on the assumption that the 
present rate of pumping is continued through the whole period, 1989 - 2010 
(Fig. 9 optlon I. O) indica tes that the present extraction c;an be continued 
without producing exceedingl-yTüge drawdowns. 
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Figure 9: Contour map of predicted piezometric heads (1989 pumping rate) 
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Figure 8, clearly illustrates the fact that 1! the pumping rate is to be 
lncreased, the most convenlent optlon from the point o! view of keeplng .. the- -
drawdowns as small as possible, ls to concentrate the demand ln the thermal 
area.-However, if such policy is adopted, the supply would contaln a greater 
volume of thermal water, whlch would deteriorate its quality. Thus, ln s-uch 
case, lt would be important to monitor the dlssol ved ions and the water 
temperature: IT -this ls done, --n- should be recommended that the informatlon 
gathered in this manner, be used to improve the numerlcal model and tQ. test 
the assumptlons on whlch lt ls based~ 
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW 

l. ABRIR UN ARCHIVO O CREAR UNO NUEVO 

l. Enfile se utiliza open para abrir un modelo ya extisfeñté. 

2. Enfile se utliza new para crear un modelo nuevo. - -

3. Al crear un modelo nuevo se pide el nombre y el subdirectorio donde se va a almacenar. 

Es recomendable tener un subdirectorio especifico para cada modelo. 

4. A continuación se piden las unidades en_ que se trabajara a lo largo del modelo.-

5. En este momento se pregunta si se desea tener como base algun dibujo (generalmente 

he~ho en autocad). El archivo tiene que estar en formato dxf, en autocad se teclea dxfout 

para crear un archivo en este formato. 

6. A continuacion se dan las características de la malla de discretización. Se piden la 

coordenada mínima y máxima en X, asi como el número de columnas deseadas en el 

modelo. De esta manera el modelo calcula el tamaño de cada columna. 

7. Los mismos datos se requieren para el eje Y (renglones) y el eje Z (capas). Esta malla 

podra despues ser modificada. Nótese que si se tomo como base un dibujo dxf, las 

coordenadas máximas y mínimas son tomadas de este dibujo, aunque si se desea se 

pueden modificar. 

8. A continuación se muestra la zona discretizada y el plano base. En el menú principal se 

escoge input para alimentar el modelo con los datos. __ _ 
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW 

2. ALIMENTACION DE LOS DATOS DEL MODELO 

• En el menú que aparece del lado izquierdo existen J"éipciones para-visualizar las 

columnas, renglones o-capas del modelo. 

• En gato previous o neit se puede visualizar la capa anterior o, la siguiente. Tambien se 

pude visualizar la columna o renglón siguiente o anterior, si estas se están visualizando. 

• Del m en u que se encuentra· en la porción baja de la pantalla: --

Fl - (help) Ayuda. 

F2 -- Después de presionarlo podemos obtener las coordenadas de cualquier 

punto del modelo. 

F3 - (save) Para salvar. 

F4 - (map) Para introducir otro dibujo o -plano base al modelo. Se pueden 

añadir el número de dibujos o planos base que se deseé. 

FS - (zoom in) Para tener un acercamiento de alguna porción del modelo. 

F6 - (zoom out) _!'ara tener un¡¡ visualización completa de la zona del modelo. 

F7 - (pan) Para desplazarse por el modelo al estar en acercamiento. 

F8 - (vert exag) Para determinar la exageración vertical que se utilizará para 

poder visualizar mejor las secciones. 

F9 - (overlay) Esta opción se utili~ 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 distribución de las diferentes caracteristicas del 

modelo como los pozos, recarga, conductividad hidráulica, etc. 

FlO- (main menu) Para regresar al menú principal. 

l. Modificación de la malla y delimitación de celdas activas e inactivas -

• En el menú superior se selecciona grid. 

• Con las opciones add column, delete column y add row, dele te 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·¡:niede hacer con las capas cuando se visualiza una sección~ Nótese que ésta 

es una discretización matemática, y no forzosamente se necesita discretizar en el mismo 

número de estratos geológicos. Es decir, un estrato geológico puede subdividirse para 

efectos de discretización, teniendo las mismas características todas las subcapas creadas 

para éste estrato. 

• Para importar la superficie del terreno o la base de alguna-capa, se utiliza la opción 

import surface. Con esto en vez de que el modelo sea un-cubo perfecto, se podran tener 

en cuenta las irregularidades del terreno, o de las capas geologicas. 

• Las superficies _se puedeninlportar en archivos en formato ASCII. Los archivos deben 

ser una lista de tres columnas de las coordenadas en X, Y,Z de varios puntos, o se puede 

importar un archivo creado en SURFER (grd). 
- . 

• Las celdas inactivas son zonas donde el modelo no. interviene. Para delimitarlas se utiliza 

la opción inactive cells. Se puede trazar un polígono para marcarlo como inactivo. Para 

revertir la elección se puede tambien marcar, un polígono activo. 

• Esta delimitación.se realiza en una sola capa. Es importante copiar esta información a las 

capas que lo requieran, usando el comando copy polygon. 

·-
. 2. Asignación de valores de conductividad hidráulica y almacenamiento 

• En el menú superior se selecciona properties y ya sea conductivity o storage. 

• A continuación se asignan los valores de conductividad hidráulica, almacenamiento y 

porosidad que por default asignara el modelo a todos los nodos. 

• Posteriormente se zonifica la malla con las opciones del menú izquierdo assign single, 

polygon o window. 

• Después de seleccionar una zona se puede elegir entre darle un valor nuevo (new) o de 

asignarle algún valor que haye sido designado con anterioridad. 

• Dependiendo si se escoje conductivity o storage en la opción de properties, se podrá 

zonificar la conductividad hidráulica o el almacenamiento y la porosidad~ 
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MANUAL PARA LA UTIL!ZACION DEL VISUAL MODFLOW 

• Es importante copiar las propiedades necesarias a las capas que lo requieran utilizando la 

opción copy /ayer del menu izqui:rdo. 

• Nota: A cada nueva propiedad se le asigna un color distinto para ser distinguido en el 

modelo. El color blanco representa el valor que se dió como defalut. 

3. Asignación de fronteras 

• En·boundaries se encuentran las diferentes opciones de frontera. Se pueden asignar 

cortiolínea, polígono o ventana por medio del menú de la izquierda. 

• En la opción derecharge.se jl.grega la regarga en mm/año. Nótese que no solo la recarga 

por lluvia puede ser representada de esta manera,.tan sólo se necesitan respetar las 

unidades en q~.esta recarga se asigna._ 

4. Alimentadon de la información de lós pozos 

• En la opción de pozos (wells) se pueden añadir, borrar, copiar o editar pozos por medio 

del menú izquierdo. 

• Al seleccionar add we/1 se localiza el punto donde se localiza el pozo. En la ventana que 

aparece a continuación se agregan los datos del pozo como el nombre, el intervalo en 

_~e el pozo se encuentra ranurado y el historial de bombeo del pozo. 

NOTAS: 

a) No se puede nombrar un pozo como otro anterior. 

b) Las unidades de bombeo son m3/día. 

e) Si el pozo es de recarga las unidades de bombeo se denotan con signo positivo. 

d) Si el pozo es de bombeo las unidades de bombeo se denotan con signo negativo. 

e) El modelo no tiene una escala de tiempo real, así que es necesario tomar la fecha en que 

se inicia la simulación como día cero dentro del modelo. De esta manera las fechas del 

historial del pozo, así como el resto de los datos del modelo que tienen variación con el­

tiempo, deben de ser asignados en número de días a partir de la fecha que-se-tomó como día 

cero. 
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MANUAL PARA LA UTIL!ZACION DEL VISUAL MODFLOW 

3. PARA CORRER EL MODELO 

• En el menú principal se escoge run. 

• Se escoge si la simulación es en estado transitorio (transient) o estacionario (steady­

state). 

• Se selecciona run, y se selecciona modjlcTw.-

• Si se desea correr el modptah, zona de balance (zone budget) o MT3D también se 

seleccionan. 

4. PARA VISUALIZAR LOS RESULTADOS 

• En el menú principal se selecciona output. 

• Si el modelo fué corrido en estado transitorio, en time se puede escoger el momento en el 

tiempo en que se desea visualizar la configuración de la superficie piezométrica. 

• En goto se puede visualizar la configuración de la superficie piezométrica en las 

diferentes capas. 

• En options se puede modificar el intervalo utilizado para configurar y el valor del 

contorno máximo y mínimo. 

• En el menú superior, en velocities se obtienen vectores del flujo del agua en donde se 

aprecia la dirección del movimiento del agua subterránei En options se puede escoger el 

tamaño relativo de estos vectores y su densidad por área. Estos vectores no son 

propiame!_1te líneas de flujo, ya que estas, por definición no se cruzan entre si. 

IX CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO 111 MODELOS MATEMA TICOS EN GEOHIDROLOGIA Y CONTAMINACION DE ACUIFEROS 
OCTUBRE DE 1997 

5 



EJEMPLO DEL VISUAL MODFLOW 
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EJEMPLO DEL VISUAL MODFLOW 

l. DESCRIPCION DEL PROBLEMA 

Este ejemplo·está basado en el flujo del agua subterránea en un sistema formado por un 

acuífero libre en la porción superior, un acuitardo en la porción media,_ y ur1 acuífero 

confinado en la porción inferior, como se muestra en la figura l. 

R!::CARGA :: i O C~VA~O 

12 rn 
15 m ~ -~~1 

-

1 .. ~;--
ACUIFERO -· 

-- -

18m 

iD m 

·1 ACUITARDO 
1 1 ~~-

T T ·- T 
T ~-

ACUIFERO -1~ 

5 m 

5 m 

1 O m 

O m 

2000 m 

Figura l. Dimensiones del acuífero 

Notas: 

• Este ejemplo está tomado del manual de Visual Modflow por Water loo Hydrogeologic 

Inc. 

• El símbolo <!} significa enter. 

• El símbolo 4'1 significa presionar el botón izquierdo del mouse. 
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EJEMPLO DEL VISUAL MODFLOW 

2. CREACION DE UN NUEVO MODELO 

Estando en el ·sistema operativo teclear 

VMODFLOW (jJ 

Esto nos lleva a la pantalla de Visual Modtlow 

-'El O.K. 

-'El FILE 

-'El NEW 

Aparecerá una ventana preguntando por el nombre del nuevo modelo. 

Teclear el nombre del nuevo modelo: 

VMEJEM (jJ 

(Visual Modtlow asigna automáticamente la terminación .vmf) 

Aparecerá una ventana para escoger las unidades deseadas (figura 2). Las unidades se 

seleccionan utilizando el mouse. 
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EJEMPLO DEL VISUAL MODFLOW 

Time unit Pumping rafe 

Üseconds ®ma/day 

Ümi_nutes Üfl0 /day 

unit Ühours Ous gpm 

®days Ous gpd 

Üyears Recharge 
O inches/year 

~ ®mm/year. 

O meters/ da y 

Üfl/second 

Üfi/ilay 

111!~~-1 m "~~'''"~ 1!1111 "''!liJI!ill : diWikJ:Iªij ,_~::;g: 

Figura 2. Ventana de selección de unidades 

-leJ meters 
-leJ m/sec 
-leJ days 
-leJ m3/day 
-leJ mm/year 

-leJ O.K. 
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EJEMPLO DEL VISUAL MODFLOW 

3. DISEÑO DE LA MALLA 

La siguiente ventana preguntará si se desean importar las coordenadas de un mapa en 

formato dxf 

~ YES 

~~ VMEXAMP.DXF 

En el caso en que se ha escogido un mapa, Visual Modflow.leerá las coordenadas máximas 

y mínimas del mapa y las sugerirá como las dimensiones del modelo. Aparecerá una---­

ventana para definir las dimensiones y características de la malla (figura 3) solo se requiere 

teclear sobre los espacios o sobre los valores sugeridos para modificarlos. 

Enter number of columns 

Enter mínimum X lmJ 18.888 

Enter maximum Xlm1 12888.888 

Enter number of rows 

Enter mínimum Y [m] 18.888 

Enter maximum YlmJ 12888.888 

Enter number of layers ~~6'=====~ 
Enter minimum Z eleuation [m] 1 EUJBB 

:=======~ 
Enter maximum Z eleuation [m] I15~BBB ===--_..J 

Figura 3. Ventana de diseño de la malla 
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En ter number of columns 
Enter Minimum X (m) 
Enter Maximum X (m) 

En ter number of rows 
Enter Minimum Y (m) · 
Enter Maximum Y (m) 

En ter number of layers 
~nter Minimum Z (m) 
Enter Maximum Z (m) 
'11 O.K. 

EJEMPLO DEL VISUAL MODFLOW 

40 ¿) 

o ¿) 

2000 ¿) 

40 ¿) 

o ¿) 

2000 ¿) 

6 ¿) 

o ¿) 

15 ¿) 

Una malla de 40 x 40 y el plano base aparecerán en la pantalla (figura 4). 

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 perforación abandonada (abandoned borehole). El tamaño de la celda representa el 

tamaño del pozo, por lo tanto una malla mas discretizada simulará el pozo de una manera 

mas realística. Además del tamaño del pozo~ si ·existe abatimiento alrededor del pozo, una 

discretización mayor producirá pendientes_ menos abruptas del nivel estático en zonas de 

-- abatimiento . 

.iEJ en INPUT 

.iEJ en ADD COLUMN 

Mover el mouse a cualquier lugar en la malla y .iEJ el BOTON DERECHO DEL M O USE. 

Haciendo esto se puede definir los lugares exactos para definir la discretización de la malla. 

Aparecerá una ventana para la información de la malla (figura 5). 
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EJEMPLO DEL VISUAL MODFLOW 

O Add single grid line ª' 173?."152 1 [m] 

to: 11558 1 [m] 

al interuals or: lz5 I 1 [ml 

Row ( ll24 
Col umn ( J)15 
La er CKll 

Figura 5. Ventana de refinamiento de la malla 

Escoger EVENLY SPACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:) Jij en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 1350 .:>' 
to 1550 .:>' 
at intervals of 25 .:>' 
Jij en O.K. 

Jij en ADD ROW 

Mover el mouse a cualquier lugar en la malla y "il el BOTON DERECHO DEL MOUSE. 

Aparecerá una ventana para la información de la malla. 
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EJEMPLO DEL VISUAL MODFLOW 

Escoger EVENLY SPACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:)~ en el círculo vacío. 

En las ventanas·asignar los siguientes valores: 

from 450 ¿) 

to 600 ¿) 

at intervals of 25 ¿) 

~ enO.K. 

Esto a refinado la malla alrededor de los pozos de abastecimiento de agua (supply wel/s). 

Ahora lo haremos alrededor de la perforación abandonaoil (abandoned borehole). 

~ en ADD COLUMN 

Mover el mouse a cualquier lugar en la malla y ~ el BOTO N DERECHO DEL MOUSE. 

Aparecerá una ventana para la información de la malla. 

Escoger EVENL Y SP ACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:)~ en el círculo vacío.· 

En las ventanas asignar los siguientes valores: 

from 795 ¿) 

to 900 ¿) 

at intervals of 1 O ¿) 

~ enO.K. 

~ enADDROW 

Mover el.mouse a cualquie~ lugar en la malla y~ el BOTO N DERECHO DEL MOUSE. 

Aparecerá una ventana para la información de la malla. 

Escoger EVENL Y SP ACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:) ~ en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 950 ¿) 

to 1100 <}) 

at intervals of 1 O ¿) 

~ enO.K. 
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EJEMPLO DEL VJSUAL MODFLOW 

Ahora vamos a determinar la exageración vertical. 

~ VIEWROW 

Mover el cursor a cualquier lugar en la malla. Al mover el cursor de arriba hacia abajo de la 

malla el renglón ocupado cambia a color rojo. ~en cualquier renglón. Ahora ha sido 

transferido de una vista aérea a una vista de sección. En este momento el modelo no tiene 

exageración vertical. Para poder visualizar la sección mejor: 

~ FS (Del menú de la parte inferior de la pantalla) 

Aparece una ventana, escribir.-·c -

25 ~ 

~O.K. 

Ahora se visualizan las 6 capas en la pantalla. 
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EJEMPLO DEL VISUAL MODFLOW 

5. PARA IMPORTAR UNA SUPERFICIE--

~ VIEW COLUMN 

Mover el mouse a la malla y ~ en cualquier columna. 

~ IMPORT SURFACE 

Aparecerá una ventana como la de la figura 6. 

Ü From SURFER ·.GRD 

lmport filename: _ 

1 c:'-umdemo,vmexamp.asc 

¡m,.f!;;;;;;;;;¡¡,u 
Surface Options --------, 
~lmport ground surface 

O lmport bottom elevation of: 

Layer l1 

Mínimum layer thickness : t.:=lt:...._ __ ...J 

Use L.::ls:.._ __ ...JI nearest sample points. 

Figura 6. Menú para importar superficies 

~ en CHOOSE FILEN AME 

Para escoger el archivo conteniendo la superficie. 

~~ VMEXAMP.ASC 
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'"'El O.K. 

'"'El O.K. 

EJEMPLO DEL VISUAL MODFLOW 

Esto importará una superficie con una pendiente· que va de 18 metros al norte hasta 15 

metros al sur (figura 7). 

Row C D 
Col umn ( J)32 

e r ( K) 

Figura 7. Superficie topográfica importada 
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EJEMPLO DEL VJSUAL MODFLOW 

6. ASIGNACION DE LOS VALORES DE CONDUCTIVIDAD 

HIDRAULICA; ALMACENAMIENTO Y RECARGA 

-1J VIEW LA YER 

Seleccionar la capa superior y -11. Esto deoerá de crear una vista aérea: del lugar. 

'1i_!'~OPERTIES (en el menú superior) 

-11 CONDUCTIVITY 

En este momento el modelo preguntará si se desea salvar la información de la malla. 

-11 en YES 

Hay que asegurarse de estar viendo la capa superior (capa 1 ) .. Esto se pued~~er en el cubo 

que se encuentra en la parte inferior izquierda. 

A continuación una ventana pide los valores que se asignarán como default a todas las 

celdas. Después se podrán modificar los valores a cada celda. 

Conductividad hidráulica en X y Y (Kx y Ky) en-rnls: 

Conductividad hidráulica en Z (Kz) en rn!s: 

Coeficiente de almacenarniento(Ss) en 1/m: 

Rendimiento específico (Sy): 

Porosidad (Por): 

-11 O.K. 

2e-4 ¿) 

2e-4-¿) 

le-4 ¿) 

0.2 ¿) 

0.35 ¿) 

Ahora se asignará el valor de conductividad hidráulica del-ªcuitardo (capas 3 y 4). 

-11 GO TO (en el menú de la izquierda) 

Aparecerá una ventana, escribir: 

3 ¿) 

-11 O.K. 

-11 ASSIGN WINDOW 
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EJEMPLO DEL VISUAL MODFLOW 

Mover el mouse a la celda de la esquina superior izquierda y -11 en el centro de la celda. 

Después mover el mouse a la esquina inferior derecha y -11 en el centro de la celda. Esto 

creará una ventana que cubrirá toda la capa. Aparecerá·una ventana para asignar la 

conductividad. 

-11 NEW 

Toda la malla cambiará a color-azul. Asignar los valores de conductividad hidráulica del 

acuitardo: 

Kx (m/s) = 1e-10 <Y 

(ELvªlor de K y será asignado automáticamente) 

Kz (m/s) = 1e-10 <Y 

-11 O.K. 

-11 COPY LA YER (del menú izquierdo) 

Aparecerá una venatana, escoger: 

-11 COPY ALL PROPERTIES (seleccionando el recuadro L. 

-11 LA YER 4 (le dará un color verdoso.a la capa) 

-11 O.K. 

Ahora se asignarán los valores de almacenamiento al acuitardo. 

'11 PROPERTIES (en el menú superior) 

-11 ALMA_CENAMIENTO 

-11 ASSIGN WINDOW 

Mover el mouse a la celda de la esquina superior izquierda y -11 en el centro de la celda. 

Después mover el mouse a la esquina inferior derecha y -11 en el centro de la celda. Esto 

crt;:ará una ventana que cubrirá toda la capa. Aparecerá una ventana para asignar el 

almacenamiento. 

-11 NEW (toda la malla cambiará a color azul) 
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EJEMPLO DEL VISUAL MODFLOW 

Asignar los valores de almacenamiento y porosidad: 

Ss (1/m): 

S y: 

Por: 

~ O.K. 

le-2 ~ 

0.003 ~ 

0.65 ~--

~ COPY LA YER (del menú izquierdo) 

Aparecerá una ventana, escoger: 

~ COPY ALL PROPERTIES (seleccionando el recuadro) 

~-LA YER 4 (le dará un color verdoso a la capa) 

~ O.K. 

Para comprobar los valores tanto de conductividad ·como de almacenamiento mediante ~ 

en EDIT SINGLE, del menú izquierdo. Esto creará una ventana mostrando los valores de 

conductividad hidráulica y el almacenamiento para cada celda mediante un ~ en ella. 

Ahora se simulará el efecto de la perforación abandonada para ver el efecto en transporte. 

~ PROPERTIES 

~ CONDUCTIVITIES 

~ GO TO (Dar un valor de 1 para ir a la éapa 1) 

~ O.K.--

~ ZOOM IN (Del menú inferior) 

Hacer una ventana cerca de la perforación abandonada (abandoned borehole) 

~ ASSIGN SINGLE (Esto es para asignar propiedades a una sola celda) 

Aparecerá una ventana de asignación (figura 8). 
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EJEMPLO DEL VISUAL MODFLOW 

Kx [m/sl: 

Ky [m/s]: 

Figura 8. Asignando las propiedades a la perforación abandonada. 

-"'ee NEW (Dará un color verde) 

Asignar los siguientes valores: 

Kx (rnls) = 1e-1 di 

(El valor de K y será asignado automáticamente) 

Kz(rnls) = 1e-1 di 

"'ee En el centro de la perforación abandonada (definida por el círculo) para designar 

la celda a la que se le asignarán las propiedades. 

"'ee O.K. 

"'ee COPY LA YER (del menú izquierdo) 

Aparecerá una ventana, escoger: 
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EJEMPLO DEL VISUAL MODFLOW 

~ COPY ONL Y PROPERTY # 

Escribir: 

3~ 

~ SELECT ALL 

Todas las capas cambiarán de color (figura9). 

~ O.K. 

~.ZOOM OUT 

O Copy all Properties 

.-

Copy only property # ::=~~§~~§~~~~iiii~~~~~ª§~~~Í~~~ Copy from !ayer 1 

To 

Figura 9. Copiando las propiedades de la perforación abandonada. 

Ahora se le dará a la capa superior la recarga. 

~ PROPERTIES 
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EJEMPLO DEL VISUAL MODFLOW 

-1! RECHARGE 

NOTA: En la nueva versión de Visual Modflow, tanto la recarga como la 

evapotranspiración, se encuentran en el menú de fronteras (BOUNDARIES) y no en el 

de propiedades. 

Aparecerá una ventana para asignar el valor. de recarga por default. Escribir: 

100 <P 

'1JÜ~K. 

Visual Modflow asigna automáticamente la recarga a la capa superior del modelo.· 
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EJEMPLO DEL VISUAL MODFLOW 

7. DELIMITACION DE LAS FRONTERAS DE FLUJO 

4'1 BOUNDARIES 

4'1 CONST ANT HEAD 

Aparecerá una ventana preguntando si se desea salvar la información. · 

· 4'1 YES 

4'1 ASSIGN LINE (del menú izquierdo) -

~over el mouse a la celda de la esquina superior izquierda y 4'1 en el centro de !á celda. 

Después ~ver~¡ mouse a-la esquina superior derecha y 4'1 con el botón derecho en el 

centro de la celda. Una línea horizontal de celdas cambiará a c_olor rosa y aparecerá una 

ventana para asignar los valores de carga constante (figura l 0). Asignar los siguientes 

valores: 

Code #: 1 <! 
4'1 en el cuadro de STOP TIME 
Stop time: 3650 <! 
Start point: 18 <! 
End Point: 18 
4'1 O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido asignada: 
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D Assign to appropriate !ayer 

Start Stoo 
Time [dayl Time [dayl 

Row 
Col umn 
La er 

11 1 Start Pt. 
End Pt. 

EJEMPLO DEL VISUAL MODFLOW 

Figura 10. Menú para la asignación de la carga constante 

-1J COPY LA YER 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # ya 

tendrá el número l. 

-1l LA YER 2 (esto hará cambiar de color la capa 2)··· 

-1l O.K. 

Ahora asignaremos los valores de carga constante del acuífero inferior. 

-1l GO TO (en el menú de la izquierda) 

Escoger: 

5~ 
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EJEMPLO DEL VISUAL MODFLOW 

-1.1 O.K. 

-1.1 ASSIGN UNE 

Mover el mouse a la celda de la esquina superior izquierda y -1.1 en el centro de la celda. 

De~pués mover el mouse·a la esquina superior derecha y -1.1 con el botó11 derecho en el 

centro de la celda. Una línea horizontal de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga constante. Asignar los siguientes válores: 

Code #: 2 .:!J 
-1.1 en el cuadro de STOP TIME 
Stop time: 3650 .:!J 
Startpoint: 16.5-.¿} 

End Point: 16.5 
-1.1 O.K. 
Lá línea rosa cambiará a color rojo indicando que la cárga constante ha sido asignada. 

-1.1 COPY LA YER 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # 

reemplazar el valor tecleando el número 2. 

-1.1 LA YER 6 (esto hará cambiar de color la capa 6) 

-1.1 O.K. 

-1.1 ASSIGN UNE 

Mover el mouse a la celda de la esquina inferior izquierda y ..!(¡ en el centro de la celda. 

Después mover el mouse a la esquina inferior derecha y -1.1 con el botón derecho en el 

centro de-la· celda. Una línea horizontal de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga constante. -Asignar los siguientes valores: 

Code #: 3 .¿} 

-1.1 en el cuadro de STOP TIME 
Stop time: 3650 .:!J 
Start point: 14.5 .¿} 
End Point: 14.5 
-1.1 O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido asignada. 

-1.1 COPY LA YER 
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EJEMPLO DEL VISUAL MODFLOW 

Aparecerá la ventana para copiar propiedades~·En el cuadro COPY ONL v·cODE # 

reemplazar el valor tecleando el núrn~ro 3. 

--'el LA YER 6 (esto hará cambiar de color la capa 6) 

--'el O.K. 

Después de asignar los valores de carga con.stante: 

--'el VIEW COLUMN 

--'el en-cualquier columna para ver una sección del modelo (figura 11). 

Row 
Col umn 
La er 

Figure 11. Fronteras de carga constante 

Ahora asignaremos la frontera del río al sur de la zona. 

--'el VIEW LA YER 
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EJEMPLO DEL VISUAL MODFLOW 

. 45 en la capa superior del modelo (capa 1) 

45 BOUNDARIES 

45 RIVERS 

45 ASSIGN UNE 

Utilizando el plano base como guía se hay que digitalizar el río mediante 45 comenzando __ 

desde el margen inferior izquierdo y tratando de seguir su coñtorno. Cuando se ha llegado 

al final (al margen inferior derecho) hay que 45 en el botón derecho. Aparecerá una 

ventana para pedir la información del río (figura 12). 

C8J Assign to appropriate layer · 

X 
y 
z 

Start 
Time 

Figura 12. Ventana de información del río. 

Asignar los siguientes valores: 
Code #: 3 <:) 
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EJEMPLO DEL VISUAL MODFLOW 

"El en el cuadro de STOP TIME 
Stop time: 3650 ~ 
Start Point River Stage: 14.5 ~ 
Start Point River Bottom: 14.0 ~ 
Conductance: 1000 ~ 
End Point River Stage: 13.5 ~ 
End Point River Bottom: 13.0 ~ 
Conductance: 1000 
1'1-GK 

Después de que el río ha sido definido. una línea azul delimitará su extensión. 
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EJEMPLO DEL VISUAL MODFLOW 

8. ASIGNACION DE PARTICULAS 

Ahora asignaremos algunas partículas que emanen de la zona de tanques (refoeling area) 

para delimitar el area de influencia que tienen estos tanques. Las partículas pueden ser de 2 

tipos: backward, para delimitar el area de donde las partículas provienen; y forward, para 

delimitar el area hacía donde van las partículas:-

NOTA: Esta manera de simular el movimiento de las partículas se realiza tomando en 

cuenta UNIGAMENTE el flujo del agua subterránea. En la nueva versión del Visual 

Modflow se encuentra un paquete de simulación de movimiento de contaminantes 

mucho mas completo, llamado MT3D. 

-1! PARTICLES 

'11 YES (Para salvar la información de las fronteras) 

-1! ADD CIRCLE 

'11 En el centro del area de tanques (refueling area) que se encuentra en la porción centro­

superior de la zona. Expander el círculo que se forma hasta que cubra el recuadro del area 

de tanques y '11. Aparecerá una ventana (figura 13) seleccionar: 

-1J FORWARD 

-1! O.K. 
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EJEMPLO DEL VISUAL MODFLOW 

11 of P artides 1111 1 

Radius 145.11158 1 

IF'.:iTQK~I IEJC8ñée!ml 

Figura 13. Agregando partículas 
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EJEMPLO DEL VISUAL MODFLOW 

9. AGREGANDO POZOS 

..IEJ WELLS 

..IEJ YES (Para salvar la información de las partículas) 

..IEJ ZOOM IN (FS) 

..IEJ cerca de los pozos de abastecimiento de 11gua (supply wells) y hacer una ventana que los 

abarque volviendo a ..IEJ para conseguir un acercamiento de la zoña . 

..IEJ ADD WELL 

Mover el cursor al ¿entro del pozo de la izquierda y ..IEJ en él. Aparecerá una ventana con 

la información del pozo (figura 14). 

Well name 
15.69 

jPDZD 1 Pumping Schedule 
+ X Location 

11405.98 l[mJ 
12.50 Y Location 

+ 
1525.31 l[mJ 

10.00 ¡rAOalSéi.¡;¡;¡,;l 
+ lllliaéab811 ~F, llt':Sd'iiéñr.Bi!!l 

7.50 Screen fr-om: 

+ 15.00 I l[mJ 

5.00 To 

10.001 l[mJ 

2.50 Well casing display as: 

IREíiw.t!Oñ .:!1 
0.00 

O Deactiuate Well 

Figura 14. Información del pozo 
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EJEMPLO DEL VISUAL MODFLOW 

Agregar la siguiente información: 

Well Narne: 
Stop Day: 
Rate: 

POZO 1 
3650 
-200 

NOTA: El bombeo del pozo debe de ser- de negativo. Si el pozo es de inyección el signo 

debe ser positivo. 

'1J ADD SCREEN 

Estos pozos deberán estar ranurados solo en el acuífero inferior, que son los últimos -s-­

metros del modelo: '1l de~tro~ del pozo a una elevación aproximada de 5 metros, y hay que 

mover la barra roja hasta la base del pozo y -t otra vez. Los últimos 5 metros del-pozo 

deben de haber cambiado de color representando el intervalo ranurado. 

'1l O.K. 

'1l COPY WELL 

Mover el cursor hasta que esté posicionado sobre el pozo izquierdo y '"'e, después mover el 

cursor al pozo de la derecha y '1l en él para copiar el pozo. 

'1J EDIT WELL 

'1l El pozo de la derecha 

Cuando aparezca el menú cambiar el nombre del pozo por POZO 2 y '1l en O.K. 

'1J MAIN MENU (FlO) (Del menú inferior) 

'1l YES (para salvar la información de los pozos) 
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EJEMPLO DEL VISUAL MODFLOW 

10. PARA CORRER-VISUAL MODFLOw--

..leJRUN 

'11 O.K. (para aceptar el estado estacionario) 

'11 RUN MODEL 

. NOTA: La versión de Visual Modfl~w que se les ha entregado es un DEMO de 

práctica que no tiene la capacidad de correr el modelo. 

Aparece una ventana para definir que es lo que se va a correr (figura 15). 

Col umn 
La er 

181 Run MODPATH 

O Run Zone Budget 

0RunMT3D 

Figura 15. Corriendo el Visual Modflow 

'11 en el recuadro de MODFLOW 

'11 en el recuadro de MODPATH 

'11 O.K. 
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EJEMPLO DEL VISUAL MODFLOW 

11. VISUALIZACION DE LOS RESULTADOS 

'11 OUTPUT 

E~to nos permite ver los niveles piezométricos calculados para el acuífero superior 

(figura 16). 

Figura 16. Niveles piezométricos 
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EJEMPLO DEL VISUAL MODFLOW 

~ PATHLINES (del menú superior) 

Esto nos permite ver el movimiento de las partículas (figura 17). 

Figura 17. Movimiento de las partículas 
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EJEMPLO DEL VISUAL MODFLOW 

"EE VIEW COLUMN 

Mover el cursor hacia alguna columna cerca de la perforación abandonada y "EE. Esto nos 

dará una visión ·de la sección del modelo (figura 18). 

Figura 18.-Movimiento de las partículas en sección 
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EJEMPLO DEL VISUAL MODFLOW 

La figura 19 muestra en un acercamiento del movimiento de las partículas, y se aprecia 

como es que la contaminación del acuífero superior puede llegar a los pozos de 

abastecimiento·que bombean del acuífero inferior por medio de la perforación abandonada. 

Figura 1'!._. Movimiento de las partículas a través de la perforación abandonada. 
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EJEMPLO DEL VISUAL MODFLOW 

Las figuras 20 y 21 muestran el resultado si la-conductividad hidráulica que-simula la 

perforación abandonada no hubiera sido tomada en cuenta. Este resultado predeciría que la 

contaminación permanecería en el acuífero superior sin infiltrarse por la perforación 

abandonada. De esta manera se predeciría erroneamente que los pozos de abastecimiento no 

se contaminarían. 

Figura 20. Movimiento de partículas cuando no se toma en cuenta la perforación 

abandonada. 
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EJEMPLO DEL VISUAL MODFLOW 

Figura 21. Sección mostrando que el movimiento de las partículas está restringido al 

acuífero superior, cuando no se toma en cuenta la infiltración por medio de la perforación 

-aoandonada. 

"EE MAIN MENU (del menú superior) 

"EE FILE 

"EE EXIT. 
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.. DATOS DEL ARCHIVO VMEXAMP.ASC 

o o 15.2 
1000 o 15.1 
2000 o 15.0 
o 1000 16.3 
1000 1000 16.2 
2000 1000 16.1 
o 2000 18.2 
1-o-o o 2 o o o 1 8 . 1 
2000 2000 18.0 
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J, De Stgady-State;-·Satnrated f]ow Eovatign; 

(1.1) 

z. Tbg Stgady-State. JJnsatnratgd Flmy_ Egnatjgn; 

·fx(~<v>~)+-~ Ky<v>~)+iz{KJv>(~+ 1))=o · (1.2) 

• J, Tbe Transient. Sabtratcd flow Equgtlgn; 

(1.3) 

4, IbC Transjent. llnsaturatgd Flow Egnatjga; 
-

i:( Kx<v>~) + *( Ky('lf>~) + iz( K:<•\~ + 1 )) = ccv>i (1.4) 

when: h is hydraulic head, Kx. Ky. and Kz are lhe components of satmated hydraulic 

conductivity in the x, y;and z coordiruue din:ctionS. t is time. Vis pressun: head, Kx<v>. 
Ky('lf), and :Kz(V) are the co~nents of unsanuated hydraulic conductivity, Ss is specific 
srorage, C(V) is specific moistun: capacity. 
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SOLUCIONES DE LAS ECUACIONES DE 
FLUJO DEL AGUA SUBTERRÁNEA 

--- __ (SEGÚN HUYAKORN Y PINDER, 1983) 

-
l. MÉTODOS ANALÍTICOS 

A) SEPARACIÓN DE VARIABLES 

B) SOL:UCIONES- POR SIMILITUD 

-- C) TECNICAS DE VARIABLE COMPLEJA 

D) TRANSFORMACIONES DE FOURIER Y LAPLACE 

E) FUNCIONES DE GREEN _ 

F) MÉTODOS DE PERTUBACIONES REGU~RES Y 

SINGULARES 

G) SERIES DE POTENCIAS 

11. MÉTODOS NUMÉRICOS -

A) MÉTODO DE-DIFERENCIAS FINITAS 

C) MÉTODO DE ELEMENTO FINITO 

D) MÉTODO DE COLOCACIÓN 

E) MÉTODO DE LAS CARACTERÍSTICAS 

F) MÉTODO DE ELEMENTOS FRONTERIZOS 

(BOUNDARY ELEMENT METHOD) 



Analyllcal 
solutions 

CODE 
SELECTION 

--;--· 

. Compéi'ison 

with 
lield data 

' .. 

Computer program 

-: '· ·. 4. : . . 

Steps in a protocol for model application. 
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• CHIHUAHUA 
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+ .... ,., . 
L OCALI ZACION DEL AREA DE ESTUDIO FIG. 1.1.1 
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Finite diffe,.,nce and fln¡te element grids (from Meren and Faust, 
· 1981). Reprinted by ~ríniaaion ofGround Water.@ 1981. All righta 
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a REGIONAL 

. _..., .......... 
t D-'111 

LOCAL 

b 

Telescopic mesh refinemenL 
(a) Bou.ndari .. for a regional finito diHennca ¡¡rid are dafined !mm infarmatlon about the regional 
llow system. The local and sita ¡¡rids bave hydraulic boundaries delined fmm simulation results 
(Ward. Bws. Men:er and Hughes, Water Resources Reseen:h. 23(4), pp. 803-817, 1987, copyright 
by the All}erican Geophysical Union). 
(b) Finito element ¡¡rids for regional and local scale modelo. The ¡¡rids match along !he-nades 
shown by squares. Bou.ndary conditions along these nades are determinad from the solutlon of the 
rel!lonai scale problem (Townley and Wilson. 1980). 
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Renglones (i) 
3 

2 

4 

5 

---- Fronteras del acuífero 

• Celda activa 

o Celda inactiva 

Columnas G)-· 

-dr· 1 . ·-

drJ Dimensiones de la celda en la dirección del renglón· 

dc1 Dimensiones de la celda en la dirección de la colWIIII:1 

dvK Dimensiones de la celda a lo largo de la dirección vertí~ 

DISCRETIZACION DEL ACUIFERO 
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(a) - . 

:cy and (/:not2tion for fmite differenccs. 

Block-centered grid. 
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SPECIAL NOTE 

The installation of dround Water for Windo\vs '(GW\V) 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 k~y board. 

Io edjt your autoexec.bat file in Microsoft WindowsTM: 

l. In Program Manager, open Accessories Group. 
2. Open Notepad 
3. Select File 
4. Select Open 
S. _ List all files by typing •, • 
6. Under Directorios select C:l 
7. ·Select autoexec.bat file 
8. Al line path=C: add lo file ;C:\GWW 

Al the end of your aulo<:X!Jc,bat file add the line 
9. Select File and Save 

---·· 1 O. Exit and reboot your system 

SET GWW=C:IGWW 

Example of autoc:~ec-:b8t file (bold entries show location of file_ additions) 
C:IWINDOWS\net slllrt 
C:IWINDOWSISMARTDRV.EXE fX 1024 128 
PROMPT $p$g 
SET PATH=C:IMOUSE;C:IWINDOWS;C:\D@S¡C:\HDM;C:IAOL;C:IGWW 
M O USE 
SET TEMP=C:IDOS 
SET GWW=C:\GWW . 

To edit your config sys file in Microsoft Windows™· 
l. In Program Manager, open Accessories Group 
2. Open Notcpad 
3. Select File 

~4.- Select Open 
S. List all files by typing •. • 
6. Under Duectories select C:\ 
7. Select config.sys file 
8. Change your file so that it contains: 

Files=70 
Buffers=IO 

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

Example of config.sys file (bold entnes show location of file changes) 
BUFFERS = 30 
DEVICE=C:IWINDOWSIHIMEM.SYS 
device=c:ldoslemm386.exe x=c800-cbff 
DOS=HIGH 
F!LES=70 
rem LASTDRlVE=P 
DEVICE=C:IWINDOWSIIFSHLP.SYS 
·STACKS=9,2S6 
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GROUND WATER FOR WINDOWS ... OVERVIEW 

Ground Water jar Windows is a relational data base and a 
Ground Water InjonnatÍOJI System (GWIS). The GWW 
combines the prindple5-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·· 

• 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 s:eace-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 

GROUND WATER FOR WINDOWS OVERVIEW 

• Creating a gridded equidistant model from random 
values. 

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

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

• Importing AutoCad's .dxf files (data interchange 
files) and expQrting grid models, lines, areas, text, 
points, and contours to .dxf format. 

• Importing ASCII files containing .the coordina tes 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 toa f:t:ee-hand drawn are a, a rectan­
gle, or simply selecting wells point by point. 

• Using maps to select cross section lines and for select­
ing wells within a range from the crO?S _section !in e 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 sectiqn line, or by selecting 
a polygon area. 

You may add various lines connecting wells: · 

• ground surface elevation 

• static or dynamic water levellines 

• lines separating stratigraphic units. 
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GROUND WATER FOR WINDOWS OVERVIEW 

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

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

You control the size of the cross section by selecting hori­
zontal and vertical scales. You also define _the width of 
lithologic columns. Symbols displayed on a cross section 
are theones 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 mmrement studies will be the option to 
-add one or two graphs representing chernical constitu­
ents with depth of sampling. 

-~ 

FENCE DIAGRAMS 
orTHREE 

DIMENSIONAL 
MODELINGOF 

LITIIOLOGY 

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

• Selecting wells for presentation on fence diagrams. 

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

• Filling layers or closed polygons with li thologic sym- _ 
bols and pattern. 

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

• Making drawings with legend blocks, labels and 
headers. 

• Saving drawings for printing. 
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WELLLOGAND 
WELL 

CONSTRUCTION 

GROUND WATER FOR WINDOWS OVERVIEW 

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

• Create _a new well log by entering drilling data 
(depths-and lithologic descrjption of drilled layers) 
and construction data (hole and casing diameters, 
screen positio!l57materials filling annulus). 

-
• Use the existing lithologic symbols for various li~ -

thologic members añd/ or materials filling the annu­
lus . 

.-ereate new symbols directly on the screen or using a __ 
text processor. 

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

• Create a lithologic data base which will be used by 
another application, the Cross Section, for creating li­
thologic cross sections, and by the Mapping applica­
tion for creating various random models and con tour 
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 wiite descriptions or characterizations of 
various lithologic members and layers. 

• You may enlarge the well construction detall by ex­
panding to other columns. By selecting a large verti­
cal scale, the well log will continue tó"--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. 

• Yo u may customize the display and replace English 
words with equivalents in your native language: 

' '· ., 
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With the C hemistry applicaj:io11 of GWW yo u can do the 
following: ·· · ·-· 

• Crea te the cheñiical portion.of the Ground Water In­
formation SysteliL(GWIS) with .. unlirnited number­
(except for practica! reasons!) of constituents and pa~ 
rameteis. You may include any contaminant, trace 
metal, rare elements, and the like. 

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

• Add a location map to your reports. 

• Input data in ppm or epiritm.its. 

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

• Report chemical diita in tables and graphs. 

• ·Crea te chemical constituent time series and print as 
stand-alone graphics. 

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

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

• Coi:ifin~c:i- aquifer tests and corrections for uncon­
fined aquifer conditions. 

• Corrections fo'Fpútial penetration of test well 
and/ or observation well in a confined or unconfined 
n_Qn-leaky aquifer. -----

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

-- · •· Recovery method. 

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

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

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

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 

Yo u may report the test results in a graph form or as a 
table. 
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You may use this application to keep in the data base al! 
water level measurements for all observation or moni­
toring wells. The options included in the module are: 

: ... --·--.~-

• Display of water levels in a selected time period. 

• Selection of water~levels in absolute elevations or 
delJThs 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· nof-cónnected 
points . 

• . Interpolation of water levels or depths to water ata 
selectedJnterval. This permits the creation of water 
level contour rii.aps for a certain date although there- . 
may not be measurements on that da y. 

The step drawdown test is conducted to show the effi­
dency of a well to be used as a production or water sup­
ply well. The total drawdown is broken down into two 
components: aquifer loss (inevitablej1tnd wellloss (to be 
I'revented). Two methods of fitting are built in the 
GWW: 

• Sw·= aQ + b(j (classical Jacob theory) 

•' Sw = aQ + bQ" (Rorabaugh theory) 

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

MISCELLANEOUS In this application you have the following options: -~ 
CALCULATIONS 

vii 

• Well functions for leaky and non-leaky aquifers. You 
may calculate drawdowns as a function of distance 
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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 ene, and the_pumping rate. 

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

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

_ screen;- and the pumping rate. With all but one of 
these parameters known, the program calculates·the 
remaining unknown parameter. The prograrn also 
suggests a ..casing diameter for a corresponding _ 
pumping rate-ifa vertical turbiJ:¡_e pump is to be used. 

USER You may dedde to keep in the data base sorne informa-
APf.LICATIONS- - 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 anyt:lling. 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. 

GENERAL 
CAP ABILITIES 

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 Englisli;· 
but you may crea te every reporting form without a sin­
gle English word. 
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You may create displays and printouts with 16 million -
colors, if you need to and have a pri:fiter capable of print­
ingthem. 

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

-CorelDraw fonts, etc. 

_ }'ou may reduce a large data base to a smaller working 
set. This is accomplished with a very versa ti! e Selection 
Condition which permits you to use any piece of infor­
mation in your data base as a filtering criterion. 

Yo u may crea te even smaller Working Groups-to display 
wells belongiilg 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. 
Yo u do not need to recalcula te or reconstruct them-if you 
do noHvish 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 Econornic and Social [)e-
velopment; Science, Technology, Energy, Environment 
and Natural Resources Division; Water Resources 
Branch, New York. The programming is an outcomé of a 
special service agreement with the programiners 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 Kilranjac (Ph.D. in Geological and Ovil Engineer­
ing). Mr. Braticevic programmed the system, with _all its 
components: data structure, data forms; applications, 

. graphics, etc. Mr. Karanjac designed the ~?ystem for use 
by practidng hydrogeologists. He also created the help 
system and this manual. 

Tiie authors wish to acknowledge the role of Uri Golani, 
former Interregional Adviser in the Water Resources 
Branch of the UN/DESD, for masterrninding the whole 
project, supporting and advising the authors, and pro­
viding useful suggestions and hints for improving the 
whole paCkage. M u eh 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 lnc. (Atlanta) who edited 
portions of the manual in draft form. He thanks his asso­
ciate, the principal programrner of the software package 
Dr. D. Braticevic, for listening to -ideas and suggesting 
sorne excellent solutions of his own. If the users of this 
software package find it useful and beneficia! in their 
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work, and like itas muchas we the authors do, let them 
remember olir respective spouses, Obrena Karanjac and 
]esenka Braticevic, without whose pafrence, under­
standing, encouragemeiit, an~i__ compassion we would 
have given up long ago. We, as authors, dedícate this 
work to theni. 

1.2. DISCLAIMER The former United Natians Department for Economic and 
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Social Development; Science, .Technology, Energy, Environ­
ment and Natural Resources Division; Water Resources 
Branch and its current successor Department for Develop­
ment Support and Manafement Services asswne 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 wtiting 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. 

· ·sm.ce the GWW package is programmed to run under 
Microsoft Wmdows, which provides most of the basic 
tools used by GWW, sometimes it may be difficult for a 

- novice to differentiate between error messages created 
by either Wmdows or GWW. Also it would not be sur­
prising to encounter some problems using GWW, ver­
sien 1.1, in situations that have not been foreseen by the 
authors. Furthermore to test the whole system exten­
sively and eventually discover and remove_all remaining 
inconcistencies and/_or bugs would take months of 
work. Rather than that, the authors and the U.N. have· 
dedded to present this package and 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 freqtJ,ently. At sorne point you will be happy 
youdid! 

1.3. TYPOGRAPlllCAL 

1-3 

CONVENTIONS 

--- Thereare severa! conventions, whether typographical or 
symbols, that ha~e spedal 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 menú;·save As .. menu 
option). 

The hand pointer emphasizes important points. Sorne 
paragraphs will be printed as italics. These are normal! y 
Notes or Comments with-some general hints _gr sugges­
tions. N ames of sorne data fields will also be printed us­
ing italic font style. -- -- --

Throughout this manual, the term ENTER is equivalent 
to RETURN. In most cases, this is also 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 le[t 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 Jeft. 
Each page with an example being worked out is marked 
with the-symbol: ~ 
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Sorne of the cliparts used in thls manual are taken either 
directly or modified from Micrografx Designer and 
CorelDraw. 

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

The GWW package wi!h_all its executable files, example 
ASCII files, and the help files occupies about 11 mega-

- bytes (MB) of disk space. Atable listing all files that com- ··­
pase the system is presented in Appendix A. 

Fllename extensions have spedal meanings in tfus pack­
age:· 

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

hlp help for each major program subdivision; 

unt file with default units; 

dlt screen and lithologic symbols ASCII files. 

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

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

PPMTOEPM.TBL An ASCII file which contains conversion factors from 
parts per million (ppm) to equivalent per million (epm). 
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Yoti may add tQ_this file additional chernical ions which 
you intend to keep in your data base. It is fuly repro-
duced in Appendix D. -

. 

SCREEN.DLT -- An ASCII file which contains symbols for drawing 
··screen on a welllog and painting blank casing. You may 

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

ANNULUS.DLT·- An ASCIJ: file which contains cedes, description and 
symbols for--several typical cases of materials filling an 
annular space (a space between the drilled hole and·cas­
ing). It is fully reproduced _in Appendix E. 

-LITH.DLT An ASCII file which contains cedes, descriptions and 
symbols for many lithological units. You may add new 
symbols to this file, change its textual or numerical con-

1.5. HARDWARE 
REQUIREMENTS 

·tenr,or delete sorne parts; You may also rename it and _ 
read into the programas an ASCII input file.in the proper 
place. It is partially reproduced in Appendix_E. 

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

GWW.UNT file is the default units file. The file lists the 
unit type (e.g., transrnissivity), the unit name (e.g., 
m2 /day), and the unit conversion factor (e.g., 1m= 100 
cm). It is fully reproduced in Appendix D. 

Ground Water for Wíndows 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 recorn­
mended that 8MB or more system memory be in­
stalled for incre-ásed performance. This is a standard 
requirernent for any.-l~size c~ntemporary Wm-= 
dows application. 

• Ahard disk drive with at !east 16 rnegabytes of avail­
able hard disk space (after Windows is installed) for 
the Í!!5tallation 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 
shou!d·be available for temporary disk space.Do not 
forget that Wmdows also needs sorne storage space 
for file swapping and keeping temporary informa­
tion (virtual disk). Also t11e.data base you are going 
to create may grow to severa! megabytes size. Each 
data base is backed up automatically, which requires 
additional ~everal megabytes storage. 

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

• A video adapter, str<;ll as standard VGA ( 640x480), or 
enhanced or super VGA (800x600 and 1024x768). 

• Ainouse. 

• Aprinter. 

GWW package -dóes 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 printou_Lwill depen~entirely on the capa­
bilities you have installed for Windows. The same goes 
for languages. For instance, if you install the French ver­
sionof Windows, yo u may crea te an almost 100% French 
version of a data base. 

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

- • 300MB hard disk; 

1.6. SOITW ARE 
REQUIREMENTS · 
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• one 3.5" high density (1.44MB) floppy disk drive; 

• non-interlaced super VGAColor monitor, preferably 
of 17" or greater size; 

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

- . 
• 2 serial and 1 pa:tallel.port; 

• a laser printer with ~um resolution 300 dots per 
inch (DPI), preferably the new generation of600 DPI 
laser printers; 

• a color printer, such as-HP DeskJet 1200C, 550C,-or 
. 560C; HP PaintJet XL300; or Seiko Instruments.Per­
so~l ColorPoint PSE; 

• amouse; 

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

Of course, a Pentiurn macbine running at 100MHz and 
equipped with 32MB RAM, and a 20-inch monitor with 
an ultra fast video adapter would make the difference! 

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

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

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

• SETGWW~C:\GWW 

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

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

• FILE5=70.-

• buffers=lO 
'~-=-~ 

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

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

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

_ The data base is r:elational. This is interpreted in the fol­
lowing sense. Each data base is composed of wells, well 
points, water points, springs, and the like. Ea eh well ora 
water point is an entity defined with its X and Y coordi­
nates anda unique identification. The well identificagon 
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 Wel/ Idrntijication field. This 
field entry is used te relate info!IDation input from dif­
ferent applications. For example, if you create a master­
data file, assigning th~_ identification number te a well 
'55', and then type the information for well 55 in a hy­
drograph entry form, thaHRformation can automatically 
be assodated with all entries made for well number 55. 

The data base is object-oriented. By definition, an object 
is something you place en 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 
(ObjectVzsion 2; referrnce Guide, Borland International, Inc. 
1991). For example, thecaldum content of a water.sam­
ple is an object:-Bús information is typed in its own data 
field, which is chiifacterized by label font and font style 
(e.g., Times font, 12 points, bold), by data font (the way 
in which numerical values for caldum will be displayed 
and/ or printed), ba<:I<ground 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 acc~rding te your spedfications. This means that 
you can take any information from any part of the data 
base andplace it en the screen ora report form in almost 

. any way you wish. -

You may create various thematic maps which, when 
saved, become an integral part of the data base. Ideally 
you may crea te a base map for·your project, country or 
the whole region. You may fill this base map with infor­
mation such as location-of all drilled-wells - ene map 
with the location of all wells for w hich 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 en. You may crea te many such 
maps and retrieve therrrwhen you wish te see ata glance 
the amount of particular information available in your 
data base. A water leve! contour map for a certain date is 
also ene 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 portien of the map to do the gridding 
and contouring; 

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

• contour line editing, thatis selecting labeled and aux­
iliary contour lines, colors, color intervals, line thick-­
nesses and patterÍls, 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 spmal bonus yo u may use the mapping application"" 
· of the GWW to prepare data files as input to m·athemati­

cal models, such as the MODFLOW. 

GWW creates not only a ground water data base, but a 
Ground Water Infonnation System (GWIS). It combines 

- classical ground water information with digitally 
~- mapped geographic displays. Entire maps can be im­

ported to the data base in a standard dxf (data exchange 
file) forma t. 

Graphics programs require a lot of memory. If you ha ve 
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 runnili.g 
GWW. 
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NOTE. R.emember that a fully developed GWIS, with about 
1000 wel/s, 20 maps and 1 O 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 
dg!le 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 capadty.-In..the case of GWW, you· should be us­
ing high.density 3.5-iri floppy disks. The procedure to 
copy floppy disks from Windows is the following: 

· l. In the Ma~ group, choose File Manager icon. 

·-·2. lnsert 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 yo u have 
two floppy drives). Select the letter of the source 
drive and the destination drive, and then choose the 
OK button. (lf 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 confirrrtation dialogue box appears, in which you 
can verify that you want to copy the disk. 

Be eareju/! When you capy an entíre 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: L-jB_: _ ____.,1(4<...,.~'1 httE'joKt::;~n·t 
:s: D Destination In: _ h;fi~~li\;':'J 

¡.:~'TH~P 1 

Figure hl 

The installation is from óne of disk drives using the DOS 
prompt. Before you start the installation read the file 
Readme.lst. This file will contain addii:ional information 
after this manual was written. The installation procedure 
may be different, depending on the version of the pro-

·- gram. The GWW software package comes on 4 diskettes, 
which are 3.5-in. size, double sided and high density (1.4 
MB). -

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

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

3. From the DOS command line type InstallA or 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 decoi!l-
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pressing file, ARJ.EXE. Its use is prohibited for commer­
dal purposes. This file will be copied Jo the directory 
C:\GWW, which wil be created by the INSTALLABAT 
or INSTALLB.BAT file on disk one. You should place 
disk tWo, disk three and disk four in one of floppy disk 
drives and repeat the command INSTALLA or IN­
STALLB. All files on all four diskettes will be decom­
pressed and .:opied to the directory C: \GWW. The order 

·- __ -ofd.i.sk decompressing and installation is not irnportant, 
_ except that disk no. 1 must come first beca use it contains 
the decompressing file. 

' . --
NOTE. To instal/ GWW alone you need about 14MB. disk 

- --space! 

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

l.You should make a new directory givirig it most prob­
- ably the name of your project, region, or country. 

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

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 !be 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- legue box 
will appear. 

· 3.3. In the description box, type Ground Water for Win­
daws, This description will appear in the title bar of 
the group window and below the group icon. 

3.4. Choose OK. 

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

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

4.2. From the File menu in Program l\1ilnager, choose 
New. The New Program Object dialogue box will ap- . 
pear. 

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

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

4.5. In the Command Line box,-type the name of the pro­
gram file. In our case this will be: 
C: \GWW\GWW.EXE. Here you may add the name 
of the data base in continuation, for instance, 
C: \GWW\GWW.EXE EGYPT.GWW. In this case, the 
data base EGYPT.GWW will open automatically 
when you click on the GWW Main icon. For begin­
ners, we do not recommend this procedure. If you 
type C:\GWW\GWW.EXE but without any data 
base name, you will be given an opportunity to select 
a new data base or work with one of existing data 
bases. When you gain experience and become com- . 
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fortable wi_!h the GWW software, you can switch to 
automatic opening your data base. 

4.6. In the Working Directory box, type the name of the 
directory where the program files (data base file) for 
the GWW application are located and where new 

·- files will be placed. The directory yo u 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 beencreated to accept all files 
that IDiiY be created when running the GvVW soft­
ware. 

Figure 1-~ . 

F ·~~·Ot:: .. 1 
1'"'::' ;~c..;¡¡;;,¡ Tj 

l.o~.~ <] 
1 ~cíüsiiite t=n.:~d 
1 .• •• . .¡,¡¡;¡, 1 

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

4.7. Choose OK. The dialogue box will clase, and the 
new program item will appear in the group. 

5. 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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-­~17. 
Ground Water 
forWindows 

Figure 1-3 

INTRODUCfiON 

There is an extensive on-line help in GWW. Every major 
module has its own on-line help system. Thus, in a sense, 
the helpiscontext-sensitive. To findinformationinHelp, 
choose Contents from the Help menu. To search for spe­
cific information, choose the Search button in the Help 
window. The Help part of the software has been written 
using .RTF (rich text format) files, together with the 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 la ter. However, the gen­
eral operation of the Windows user interface is described 
in your Windows documentation and will not be re­
peated either in this manual or in the on-line Help. Your 
Windows documentation describes the general princi­
pies, conventions and instructions of the interface such 
as operation of the pul! down menus, selection of file 
names, operation of dialogue boxes, etc. Sorne of Win­
dows basics will be repeated in the following section. 
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l. The Parts of a Wmdow 

This section describes the elements of a \Vindciw. Each 
window contains the following elements (as shown in 
Figure 1-4): 

~~~ , " GVIW (c:\gwd\tesll :gww] 
j).ata {ylplications !ools .!;ustomization !:!elp 

- ·Figure 1-4 

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

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

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

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

The mouse pointer (=s¡:u:) indicates where fue mouse 
=sor is currently positioned on the screen. 

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

In most of the GWW windows/ screens yo u will be able 
to size and resize fue window. A good practice is to maxi­
mize the initial windoW"'U!splaying the main menu= 
(Data, Applications, Tools, ... ; Help). In sorne GWW 
graphics applications, you will be able to fit to window, 
that is to fill the whole window with the graphics. In 
other agplications, 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 graphic? __ programs 
(CorelDraw, Designer, etc.). 

2. Workingwithlcons 

Icons are vistiál representatioris of núnimized windows, 
applications, or documents. 

To work with an icon, y_ou expand it. Double-clicking on 
the icon will cause the iron to become a window in which 
you may work. 

One of options to start the GWW program is from the 
DOS comma!lc!Jine typing the following command: 
WIN C:\GWW\GWW.EXE C:\GWD\DEMO.GWW. 
This command is interpreted in the following way: 

(a) Start Windows (Wm portien). 

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

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

As a shortcut, you-may create a batch file, say GWW.bat, 
with the above lineas the only line in it. By simply typing 
GWW you will initiate the program, Foth Windows and 
the GWW application. 
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Anether eptienis te crea te GWW greup, GWW pregrarn 
itern, as explained in sectien 1.10. In the GWW greup 
there will be the rnain GWW icen which is the executable 

_ icen fer starting the GWW pregram. 

Te activa te the GWW pregram, yeu sheuld deuble-click 
. on the GWW icen. With the-*eybeard, use the arrow 
keys te select this icen, and then press ENTER._ 

3. Werking·with 1\ie_nus 

Irnrnediatelybelew an applicatienwindew's title bar is 
a menu bar. The rnenu bar lists the names ef ene or more 
rnenus. For example, in Wmdows, the Prograrn Manager 
menu bar contaill§ the F~, Options, Wmdow, and Help 
rnenus. The rnenu bar for the rnapping application in 
GWW contains the following rnenus on the rnenu· bar: 
Map, Grid, Random, Area, Line, Text, and Help (see 
Figure 1-5). Additionally, the Random menu is also open . 

.Qid Random Model 

.Save Random Model 
Save Random ModelAs 

Add Points to Map 
Add Labels to Map 
Add Valuesto t.tap 
Add to Legend 

Figure 

To open a rneri.u, follow these steps: 

(a) Click en the rnenu narn.e, if yeu are using a rnouse. 

(b) li yeu are not using a rnouse, press Alt+X, where X is 
the key that represents the desired rnenu narne. This 
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is the keywhich is equivalent to the underlined char­
acter on the menu. 

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

In so me windows in GWW, such as creating and edi ting . 
an en_t:ry data form, OI" a·reporting form, you may want 
to mciaúy sorne of the attributes of a data field. For in­
stance, you want to change the label or data font. If you 
click inside a larger frame wlúch contains severa! fields, 
the whole frame will be selected. Tlús is not what you . 

__ want..You need to click outside the frame, and then 
-- move the mouse pointer inside the data field you wish 

tó modify. Click again and thls field will become the ob­
ject you workwi!h. 

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 efijting contours in 
GWW. Dialogue boxes use drop-down lists when there 

._is not enough room for a list box. Tlús is marked with a 
-------------------

Pen ·Attributes 

Thickness 

Llne Pa1tem 

jsolid Une 

Main Contnnr5 A1tnbute~ ·lila'"''-'-

\!.l 

üne Attributes 

Label 
'-----;:==::::i 

Distance 11 (mmJ\40 

Distance 1 2 (mmJ\):::12:=:0=~ 

p.:·r~~~;;?'/l 1''' úitie!.f:om>'> '' l 
· IY !iói?:7:1 ¡;_¡~¡ 1 

Figure 1-6 

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

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

Master Data · . 

Figure 1-7 

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

To move a short disfunce, 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 
approxirnately one screen, click on the vertical scroll bar 
below the scroll box. 
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It is relatively easy to open the same data base more than 
once. If you reduce an application to an icon (by select­
ing the 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 
!O start the GWW program again by clicking on its-icon. 
You may open another.·data base and have two bases --­
concurren! y run-
ning, one in back­
ground and another 
asan active applica-

- ERROR! ~-

·=:~ . tion. However, if 
you decide to start · 
the same data base 
which has not beefl 
closed, the GWW 

Can't open 11C."\bahrain\bah;;i'n.gww .. 
f:Jie_corrupted or s11111n use. 

will display the er­
ror message as 
shoWn in Figure 1.8. 

Figure 1-8 

Tiús will be a warning that you have not closed the pre­
vious data base. 

If, at any moment you do not see the GWW window, 
either its main oran application's window, remember to 
invoke the Wmdows Task List. Task List is a window that 

-~ displays a list of all the applications you are currently 
running. You can use Task List to switch to another ap­
plication. 

Yo u 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 Lis1 

- C:\GWW\BOOK\CHl 

. Figure1-9 

_ Try also not to clase a GWW application by clickiñg on 
the Control menu-box (a small diskette symbol in the up­
per left comer of ea eh window). Although it is intended 
tobe 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 applicatión Cioes not 
clase the application, use the combinafion-ALT +F4 keys 
as shown in Figure 1-10. 

~elect Entry Fonn 

Gcncl'lll Dot8 J.!nits 

Genel'lll Data Std. ASCII Input 
General Data Std. ASCII Qutput 

Print Setup 

Figure 1-10 
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2.1. .BASIC 
CONCEPTS ov- -

.GWWDATAAND. 
FORMS STRUCTURE 

2.1.1. Objects In 
GWW 

2.1.2. Foreign 
Languages 

2·1 

The GWW data base is built of obje_~. For the definition 
of an object see Chapter 1, Section 1.7. 

In GWW, each data fie1d is an object. Thanks to this, you 
can c:reate your own entry and reporting form:s, you can 
as51gn to the content of eaddield the label, label font; 
label color, field border, imd field background_ color. You 
may fill the field with data and assign to the data the 
same kind of attributes su eh as font, color, and text align-
ment, both horizontal and vertical. · 

Each Une. area. Hthologic cross section. and map is an 
object. Lines, areas, grids, gridded models, well logs, 
cheíiücal data, water level data, measurements during a 
pumping tests, and many more can be saved in an ASCIT 
data file, with all, sorne or no attributes. 

Yo u may use different languages in designing your entry 
and reporting forms. Most of the-program-built mes­
sages ·on the sc:reen Will be in English, but you will work 
more comfortably using your own language in entry 

· forms and c:reating reports in your language. For a11 pre­
designed forms, such as chemical retrieval diagrams 
(STIFF, Piper, etc.) or welllogs, you ha ve an opportunity 
to replace the defaults with your own text. In the pre-re­
lease beta tests, data bases have been c:reated with fonts 
in Arabic, Hindi, Nepalese, and Cyrillic, in addition to 
English and Spanish. 

~\ 

'c:-4i. '- ' ·--~·-
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2.1.3. GWW Forms . GWW uses forms to gather (input or entry forms), dis- ._ 
play, calculate, edit, and print (reporting forms) informa­
tion. Severa! forms can __ l:>e stacked.lnto a GWW 
application. You may select one of the available forms, 
either a default fom.tpre-programmed by the GWW pro­
grammer, or a form created by you. In Chapter Three 

-yo u willlearn how to Create sui::h forrñS. GWW form out-­
lines are saved separately from.the values they display. · 

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

-·-
In most cases, forms can be either entry or-reporting 

_ forms. Sorne reporting forms_ can apply to a single analy­
sis, such as to one STIFF diagram (in the Chemistry ap-­
plication) with associated parameters def!ning 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. 

Program-syp.plied GWW 5upplies an entry form in each application only _ 
Defanlt Fonns--:-wfien you make a change in the data structurec That is if 

you add a new data fi~lg_or edit an existing ene and use 
the button OK to save the change, GWW will interpret 

_t!Us as a change which requires a new entry form. The 
program-supplied entry form willlist a11 data fields that 

_ currently make the data structure for an application. 

2-2---

Standard Forros _ Standard Forms.iue the forms selecte~ 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 f9EJ15, associated with the data base 
of which they become a part. -After creating a form, you 
should saveit using interna! data base name '~tandard'. 
You may also save the form as an ASCII file on the disk 
and edit it later if you wish so. 

Entry Forros Entry Forms can be either standard (default), which are 
built into the program, or created by you as explained 
above. Entry Forms can be cusi:om created; you can add 
sorne parameters, use language other than English.. 
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2.1.4.. Relational Data 
Base 

2.1.5. Data Base 

2.1.6. File 
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change label fonts, colors, or aligiunents, and many 
more: You may have more than one entry form for ea eh 
major application group. 

Reporting Forms can a1so be standard (default), one for 
·ea eh 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 ere-­
ated under different narnes for different reporting needs. · 
NonstandaJ:cJ. forms are used to report mixed graphics, 
say a well log and a chernical diagram on the same·re­
porting form. Nonstañdard forms are created using a 
spedal option on the Reporting Fo~s Editor. 

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

Data Base is a general term which applies to the collec­
tion of program forms, both entry and reporting, includ­
ing default and user-created; data; maps; and drawings. 
The name of the data base currently in use is displayed 
in the title line. The maps either imported as .dxf files or 
created by you are also an integral part of the data base 
(unless you forget to save them!). Interna! files, which 
control the data file structure, forrns, tables, etc., are also 
a part of the data base. ASCII files are not a part of the 
data base. 

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

-:-..._ 
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edit, save, or delete rnost of thern. For example, you rnay 
crea te and edit various text that will enhance a rnap. You 
rnay save this text object as an interna! file, assigning to 
this a narne. However, unless- you save .this text as an 
ASCII output file you rnay not view or edit the text out-

-side the GWW prograrn. Yo u rnay edit this text inside the 
GWW pr~gram provi~ed you have assodated a narne 
with thetext. · · 

Data, Text and Drawings fields are three types of fields 
that rnake a reporting form. A for:rn is equivalent to a 
page. E.g., a STIFF diagram reporting form rriay contain 

-a frame-with the STIFF diagram, sorne text field idénti­
fying the project, plus data fields with constituents in 
rng/1 or epm, or both. There rnay be another drawing on 
the same page-{forín) with a rnap showing location of the 
_ sampling point. -

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

• text 

• data 

There are four types of fields on repor_ting forms in the 
GWWsystern: 

• text 

• · data 

• drawing 

• column (for reporting on more than one well) 

This is a constant-content field with sorne predefirÍed 
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 forrn of a text field is the 
Header. It has sorne default values which are selected 
wherithe field is created using the Form: Editor. 
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2.1.10. Text Field 
Attributes 

2.1.11. Data Field 

2.1.12. Data Field 
Attributes 

2-5 

CHAPTER2 · DATA BASE STRUCfURE 

Text Field attributes are: 

• FieldName 

• Border 

• Background 
.--

• Field Label(text typed in the field) . 

• LabetFont 

• Label Color 

• LabelAJligninent 

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

• · well identification (a unique data type which is used 
-- to_relate various parts of the aata base to the same 

well or sample); 

• character (alphanumeric string); 

• integer; 

• floating point number, dimension.ed; 

• floating poinfnlimber, nondimensioned; 

• date; and 

• time. 

When a data field is identified ascontaining information 
which is a real numper, and the type of data is selected 
as 'dimensioned,' the.user will be prompted to assodate 
one of-the available units with this data field. 

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

• Data Font 

• Data Color 



2.1.13. Drawing Field 

2.1.14; Column Field- . 

2.1.15. Field N ame· 
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• Data Alignment (vertical and horizontal) 

Drawing Field contains a drawing. Since a "Drawing" 
field may have a title or a text, this field has the same 
attributes as a text field. Only report forms may coritain 
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 driiwing 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. Severa! columns make atable. 
Only report forms may contain a column field. Label at­
tributes are actually attributes for a table header. 

Field name is a text string which uniqu~ identifies an 
entry field. It is important when creating a reporting 
form to use the exact text string that had been defined in 
data strw:ture and in entry forms. For example, if in the ·· 
chemistry entry form the field that will input the alkalin­
ity values of a water. sample is typed as Alkalinity, the 
Field N ame in the reporting form must be typed exactly 
the same (case-sensitive, number of characters or blank 
spaces, etc.). Nothing will happen if you 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 tinta fteld names: these 
must be uniquely defined, case-sensitive typed as declared in 
entry/reporting forms. This is the only way that the program 
will know what to type and where. Form Editor will automat­
ically write these names. You should not try to modify them. · 

Sorne field names are 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 sorne 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 majar cations and ani­
ons in chemical data structure, the entries Cations, Anions, 
SAR, EPM in chemical data structure, most of pumping test 

· .field names in pumping test data structure,-SWL in well Ioi 
data structure, all step-drawdown fteld names in step-draw­
dOWTJ data structure, and all fteld names in hydrographs data 
structure. You may add neurjields with their own fteld names, 
but do noflittempt to change the existing .field names if you 
susped tliiit GWW may need them jora calculation or graphi-
cal display. · 

Border inciudes the solid frame around a field and the 
shadowiñg of the field, both defined by you. Borders can 
be thin or thick, as specified by you; they may indude 
full frame or just one of the four lines (left, right, top, 
bottom). ShadoWihg.can be thinner (numbers 1 or 2) or 
thicker (numberl5'3 and 4). You may type a text or an in-

--lf;Qgrmation without any line defining its frame. Set Frame 
in Border attribute to None. 

2.1.17. Background .-Background refers to the color selected by you to paint a 
field. The whole color palette provided by Windows is 

·available. Each field can be paiDted. -

2.1.18. Field Label Field !abe! refers to the texftyped to identify a field. Here 
is th~. possibility to usé languages other than English. Al-

. though a field may bej_deritified with Field Name, say 
Conductivity, which should not be changed if you wish 

. GWW to -use it to_produce a WJ.lcox diagram, e.g., the 
field !abe! may be typed in Spanish as Conductividad. 
Unless youchange it, the field !abe! will be identical to 
the Field N ame selected in creating a form. 

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

2-7 
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the direction of writing words). Today you have a myr­
iad of font offerings. 

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

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

Label Alignment is used to align the label either asleft 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, r?spectively.'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 ítem; 

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

(e) data type; 

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

(e) unit selection for the data. 
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The default data structures are built into the data base 
template, GWW.OOO. When yo u start a new d<!!a base this 
file will provide all necessary structures, same as stand-

- ard data entry and reporting forms.- You .will have a 
chance to modify these to better suit your requirements. 
You willlearn to do it in ~xample l. 

. .. 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 definé and that you wish to keep in the data base 
the elevations of their tops or bottoms. If you do noten ter ele­
viition data on positions of stratigraphic units you cannot ere­
ate con tour maps for such data, nor you can draw stratigraphic 

· -lines of lithostratigrgphic cross sedicins. 

One example is provided in the following table for the 
Master Data Strueture file. -All file structures are repro­
duced in Appendix A 

lFieldName Field Length Field Ty:pe Formal No.dec.digits Unitsymbol 
Wellldent 10 
Description so 
District 15 
Locality 15 
Owner 15 
X 10 
y 10 

--z- 10 
Zm 10 
Map Sheet No. 10 

2-9 

Well 
Char 
Char 
Char 
Char 
Num(Dim)_ Fixed 2 m 
l'Jum(Dim) Fixed 2 m 
Num(Dim) Fixed 2 m 
Num(Dim) _.Fixed 2 m 
Char 

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 follo_wing 
applications: 

• Master data 

• Chemistry - samples 
-· 

• Chemistry: concentration-depth series 

• Chemistry: concentration-time series 
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• Pumping-tests 

• Hydrographs 

• Lithology/welllogs 

• Step drawdown-tests 

• Grain size distributiu:it curves, aria 

• User~defined applications. 

Normally,you should observe the following: 

(1) Each application structure must start with the well 
identification. This ítem uniquely defines a well or..a 
sample:The information related to this w_~!l OJ"Sél,m­
ple will be linked to any application which needs to 
use it (display or report). 

(2) You must not repeat infori!lation 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: 
chernistry, hydrographs, well logs, pumping tests, 

__ _grain size curves, and/ or step drawdown tests. They 
may appear on the entry form for welllogs, but when 
you type the well identification of a well which was 
already input using one of the Master entry forms, 
this information will be automatically copied from 
the data base into your welllog entry form. However, 
be careful: the informa ti en will be copied onl y 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 theX coordina te if this entry is defined as X in the 
Master data entry file, and as Easting in the Chemis­
try data entry file~Gf course, thls applies to the field 
names and not to field labels. 

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

The data base structure you select for your new data base 
becomes its integral part. All changes, editions, modifi­
cations, and assigning new interna! file names to various 
data structure files will apply only to your currently­
open data base. In other words, all the changes that you 

(.··: 
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make while working in a data base will be saved only in 
that data base, not in the template GWW.OOO: 

NOTE. You may, of course, make your changes in a data base 
~-- _ to which you assign another name, and then copy your data 

base into GWW.OOO. In thís way, next time you wish to create 
- ··a new data b~e your own version of the templa te will be read 

.. as the standard! Thís m:ay be one of your first stef¡s in creating 
a timplate GWW.OOO as a country or project specific default . 

. You may also add sorne basic maps to your base template. 

Also you may save your data base structure for each ap­
plic:ation as an ASCII file, and use it for another data base 
to override the default. · · 

All data base default file structures which are prepared 
----tor you as a default are listed in Appendix B. The Master 

data file structure is already displayed above. -·-

2.3. EXAMPLE OF 
CREATING A NEW 

DATA FILE. 
STRUCTURE 

2.3.1. Gettümg 
Started 

2-11 

lf yo u ha ve created the GWW group and GWW program 
ítem 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 no ti ce the title GWW[¡J 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 WQrked with the last time you opened GWW is 
saved in the file GWW.INI which is located in the 
C: \ WINDOWS directory. 

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

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

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

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

, Open GW\V Data Base 

Data Base Name 

Alename: 

Directory: C:\GWD 

Al es: 

test.gww 
testl.gww 

Directories: 

[ .. ] 
[-a; 
[-b-1 
f-c-1 
[-d-1 
H-1 

Figure2-3 

NOTE. Be careful when prampted for a data base name. If you 
select option New GWW Data Base and gíve a name of an 
existing data base, al/ file structure, input and output forms, 
data base content, and al/ objects that11Ulke this data base wíll 
be erased. You wíll start fram a brand new data base using the 
default template GWW.OOO. However, the program wíll warn 
you and stop you fram accidental/y erasing an exísting data 
base. 

At this moment the GWW program will read in the tem­
pla te data base structure, GWW.OOO, and use it as the 
starting point for your new data base. You willlearn to 
modify sorne of default data structures in the section 
whichfollows. 
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NOTE. Remember again that you may customize the template ~ 
GWW.OOO and use it repeatedly with data strytFture, and vari­
ous Jorms set up to make your.work tailored to your needs. 

For each of the major applications, the GWW package 
. airead y contains a preprogrammed standard data file 

structure; The list of data base constituents is shown in 
Section 2:2.1. forthe 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 óperations: 

l. Select Tools from_the menu bar. The menu as shown 
in Figure 2-4 opens. 

Data fntry Fonns Editor 
Beport Forms Editor 

!,!nits 

Fig¡nel-4 

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

3cCiick on File. The menu opens as shown in Figure 2-5. 
You will notice the following options: O Id, New U ser -
File, Old User File, Exit, Create Structure From STD 
ASCII, and Write Structure to STD ASCII. STD is 
short for Standard. Forget for the time "U ser Files:" 
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Figure2-5 

4. SeJect Old. The dialogue box as shown in Figure 2-6 is 
_ displayed. The box is titled "Select_-ª.!l_§xisting File" 

and lists all pre-programmed structure files for all 
- _ applications. 

Entz:r Ale Namc 

ChemConcDepth 
ChcmConcTimc 
Chem_Conc_Depth_Tab 
Chem Canc Tlme Tab 
Chemi"stry - -
ChemlsllyPPt.4 
GrelnSizeCurve 
HGWL 
Hydrographs 
Uthology 
tt4astcr0ata 

Figure2-6 

1 

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

6. If you have selected the 'Master Data' file (data struc­
ture for master data application), the screen will dis­
play the dialogue box as shown in Figure 2-7. You 
may notice the list of data items, their types, length, 
number of decimal points, and eventually units. The 
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Data tb:ms 

Descr1pt ion 5O 
Distr1et 20 
locallty 20 
Ovne:r 20 
X 10 
y 10 
z_- - 10 
ZK 10 
Map Sheet He-. _ 1 O 
Year cf- Gonstruetl.cnlO 

Char 
Char 
Char 
Char 
Nu..(D1a) Fixed. 2 • 
Nua(D1a) F1zed 2 a 
Nua(D1a) FiEed 2 a 
Nua(D1a) Fized 2 a 
Char 

. Char 

Figure2-7 

box will contain several buttons the role of which is­
clear: New, Edit, Delete, OK, Cancel. 

NOTE. Remember that the5e files are not ASCII files, but in­
ternal files associated with the data base that you have apened. 
Any modijication will be kept internally and wíll affed only 
the data base currently in use. 

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

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

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

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

(4) Rename Well Ident with Well Number. 

.· ú 
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(5) Rename Conductivity with its Sparúsh 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. "Y}len you change it, the diagram 
will notbe created.) 

You should follow the procedure as explained below. 
---

1. Select Tools from the menu bar. 

2. Select Dati Structure Design. 

3. Click on File. 

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

5. Click on Chenrlstry. Irwill be~llighlighted, and the 
name Chemistry typed on the command line, as 
shown in Figure 2-8. Press Enter, or click on the com-

-Eñter File N ame 

¡chemistry 

GrainSizeCurve 
HGWL 
Hydrographs 
Uthology -

-Figure2-8 

mand line, or click on OK. One portioñ of the chem­
istry data structure file will be displayed as shown in 
Figure 2-9. 
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' ' ' File Structure ' 

lle d t 
Ca 
Mg 
Na, 
K 
Fe 

.Mn 
HC03 
C03 
504 
Cl 
N03 
N02 
P04 

Data ltems ., 

10 llell 
10 Nun(Und) Fixed 2 
10 Num(Und) Fixed 2 
10 Num(Und) Fized 2 
lO Nu.m(Und) Fixed 2 
lO Num(Und) Fixed 2 
10 Nun(Und) Fixed 2 
lO ,, Num(Und) Fixed 2 
lO Num(Und) Fixed 2 
lO Num(Und) Fixed 2 
lO Num(Und) Fixed 2 
lO-' Num(Und) Fixed 2 "' 
lO Num(Und) Fixed 2. 
lO Num(Und) Fixed 2 
10 Hum Und F x 

Figure2-9 

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

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

NOTE. Remember that you must tenninate the input by either 
pressing OK or using the Tab key. Whatever you typed will not 
be saved if you tenninate 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 creati,ng data struc­
ture files. It is one of the majar 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 ¡¿~r 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 cligits (2) with number 3. 
Cl.ick on OK. Notice that Toluene has been added to list -
of constituents on the last line. 

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

9. Highlight--Cl. Cllck on Edit button. Click on OK.-Re­
place 2_with 1 in·the number of decimal cligits 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 1l 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 
chararter, numeric (nondimensiQned), numeríc-(dímen­
síoned), 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 
termínate the modification to your chernistry data-­
structure fil~ (or the data base currently selected (Ex­
ample.gww). Remember, what you do in this exarñ-­
ple affects only your currently opened data base! You _ 
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-- ' ' File Structure : 

Data ltcms 
11e1 10 11el1 
Ca 10 Nwo(Und) Fixed 2 
l!g 10 Num(Und) Fixed 2 
Na 10 -Num(Und) Fixed 2 
1( 10 Nwo(Und) Fixed 2 
Fe 10 Num(Und) Fixed 2 
Mn 10 Num(Und) Fixed 2 
HC03 10 Num(Und) Fixed 2 
C03 10 Nwo(Und) Fixed 2 
504 10 - Num(Und) Fixed 2 
Cl 10 Num(Und) ·Fixed 1 
N03 10 Nwo(Und) Fixed 2 
N02 10 Nwo(Und) Fixed 2 
P0_4 10 ___ Num(Und)"Fixed 2 .., 
B 10 u d 2 

IT4Néílfi) jf1Jiik1iflj IE'+OKH'I ¡~canceJJ 

Figurel-10 

- .. - . , ' FileStrúct~re:,: ·, .. ~ 

Datllltems 

10 Nwo Fixed 2 
10 Nwo Fixed 2 
10 Num Fixed 2 
10 Num Fixed 2 
10 Nlllll Und Fixed 2 
10 NUlO Und) Fixed 2 
10 Nlllll Und) Fixed 2 
8 Num Und) Fixed 2 

Anions 8 Num Und) Fixed 2 
SAR 8 Num Und) Fixed 4 
BalErr 8 Und) Fixed 2 
Toluene 6 Num(Und) Fixed 3 
Benzene 6 Nlllh(Und) Fixed 3 

Figurel-11 

still have the template, GWW.OOO, intact, in the case 
you want-to go back and start from the default. 

---~ 

----



2.4. FURTHER 
:-::---oPTIONS ON DATA 

STRUCTURE FILE 
MENU 

2.4.1. WritingData 
Structure to 

CHAPI'ER2 DATABASESTRUCTURE 

NOTE. Remember the Windows way af exiting an applicatian: 
ALT + F4. Or, click an Data, and then an Exit; Sometimes you 
may experience a problem in attempting to exit úsing the ap­

- tiéms on the menu: Data and Exit. If this becomes a CllSe, use 
the combinatian afkeys ALT and F4. 

This terminates our example number one. 

-- Standard ASCII · 
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Files ~--- You may save a data structure file asan ASCII file. This 
option will become available only after you select an ex­
isting data-file structure. Suppose you wish to delete 

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

l. Select Tools from the main menu. 

2. Select File Structure Design. 

3. Select File. 

4. Select Old. 

5. Double clickon Chemistry. 

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

7. SelectO K. 

8. Notice that the title bar displays File Structure Editor 
(Chemistry). Select File again. Select Write Structure 
to STD ASCII. 

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

Figure2-U 

Fixed 2 
Fixed 2 
Fixed 2 
Fixed 2 
·Füced 2 
Fixed 2 
Fixed 2 
Fixed 2 
Fixed 2 

Alename: -L¡a._ ... m ... str ____ _,l ltt;o(X1 
Direetory: C:\GWD jR~¡;o¡t¡;fij 

Ales: Direetorles: 

( .. ( 
·~ 

(-e-( 
~~-
1-H lf.iñ.¡ 

-· Figure 2-13-

Chem.str will be-a regular .{standard) ASCII file, 
whlch you may edit using any text editor. 

At thls moment you have created an ASCII file, whlch 
wilfbe stored in your current or working directory, and · 
you have also moc!ified your data base intemally. 
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- 2.4.2. Creating Data- -
Structure from 
Standard ASCII 
Files 
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Yo u may also import an ASCll data structure file and re­
place your standard file with the new file. For example, 

~- if yo u wish to replace [in another data base] the standard 
_ chemistry data_ structure file (built into the templa te 
GWW.OOO) with the file you have just created, Chem.str, 

·· proceed as follows: ··· _ 
- -

- l. Select Tools from the maiil 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 Chemis_try.data structure. 

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

7. Select ·File again. Select Create Structure from STD 
ASCII. 

8. Select one of file names from the dialogue box. In your 
Ca.se there will be only one file name, Chem.str, as 

_ --shown in Figure 2-14. 

----------·--·----
Creat~ file Structure From A::.cn 

Fllename: Llch....:•..,::-m....:·""~------'1 IT:Od1~J 
Directory. C:\GW[l F~fl 

Rles: Dlredories: 

chem.!>tr 

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 b.utton and type Zinc for field name. 
The dialogue box is as shown in Figure 2-15. Click on 

Aeld Name:.jZinc 
Aeld L.e'-n-pth-:-:-,j-1 0--...,----' 

O Wellldent 
O Charader 

®!Numeri~ 
(Di m] 

0 Date·-

O Time 

--
Figure2-15 

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. . .. 

Aeld N ame: Zinc 

Number of Decimai(Sign.) Diglts: [] 

Formal 
® Fixed Point ·-· .. -

O Exponen! 

O Aoating Point 

Figure2-16 
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11. Notice different options for the data format: floating 
point, exponential, and fixed p-oint. As an example, 
the number 25 will be typed as 25.00 if the fixed point 

- fonnat with two decimal digitsis selected, or as 25 if 
the floating point fonnat is selected. It will be typed 

_ as 2.5E+01 with the exponential forma t. 

_ 12. Click on OK to termínate this operation, then again 
on OK to-close the data structure editing dialogue. 

SUMMARY OF TRIS 
CHAPTER 
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13. Select Exit to retwñ to the main menu. 

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

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

You may replace the standard data file structure by 
either editing ene or more of the data structure files, or 
by reading an input ASCll data structure file. When you 
read an ASCIT 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 infonnation in ASCll files using the option Standard 
ASCII Output that is available in every application. 
Once you have modified your data file structure, you 
may reiu1these ASCII files if you did loose acdden!~lly 
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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 yo u ha ve de­
clared in the data structure interna! files. You will be able 
to come again to this=utili¡yeven if you have created ~ 
data base and typed data in._h_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-
consistendes. , 

- '! 



CHAPTER THREE FORMS 

3.1. CONCEPT OF 
FORMS 

3.U. General ... _ This chapter introduces the Fcmn Tool. It is loca tea on the · 
main menu-bar, Tools, as a submenu under two names: 

3-1 

Data Entry Fcmns Editor and Report Fonn Editor. You will 
use one or the other-depending on whether you wish to 
create and/ or edit data entry forms or data .reporting 
forms. The emphasis of_this.chapteris on creating your -­
own-forms. 

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

Data Emtry form editor is activated as follow.s:. 

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

2. Select Data Entry Forms Editor. 

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

- -Data reporting form editor is activated as follows: 

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

2. Select Report Forms Editor. 

3. Select an app}ication for which you wish to change or 
create a reporting form. N otice that the menu contin­
ues prompting yo u to choose between a single record 
or a table or group record. 

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

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

;" G/"1; 
1 ()l./ 
~ 



3.1.2. Entry Form 
S creen 
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Figure 3-1 ---

--::._measliiements (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 bi!long to the group of single reports, _ 

__ --and tfie second to the gro~p e>_f table reports. 

Since the GWW package treats data as objects, you can 
place objects on a forin, whether entry or reporting, ac­
cording to yoi.Jr own design, or yo u can use predesigned 
forms. The predesigned fonns are built into the data base 
template, GWW.OOO. These are interna! files, which you 
canretrive (using option Old in the s~quence Tools/Data 
Entry Forms Editor/Form/Old) and modify. You may 

_ also copy them to s~dard ASQ;I files and save them on 
the disk. 

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

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

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



3.1.3. Entry Form 
Selection 
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• single fields (with a list of all single fields) 

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

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

-

Labol' 

ylmml 

Figure3-2 

The Form Editor reads field names from interna! data 
structure files which are a part. of either the GWW.OOO 
template for a new data base or your own data base. For 
example, if you open a chemical entry-form for an indi­
vidual sample, the listof data items the will be displayed 
on the leftwill be directly copied from the chemistry data 
structure file, plus the items from the master data struc· 
ture file. 

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

- ' 



3.1.4. Content of a 
Form 
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• New. __ _ 

• Old 

• Save 

• Save As-..• 

• OearForm 

• Standard ASOI Input 

-• S~gard ASOI Output 

• Print 

• Exit 

FORMS 

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

Any form that you select or create can be saved as an __ 
ASCIIrue if you select the option Standard ASCII Out­
pul You may also read an existing ASCII 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. Text11al fields are selectéd or created 
from the next entry on the menu bar, New Field. When 
the Form Editor is activated, a list with al! 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 th~try form. You may modify 
this, and save the modified data entry form as standard, 
or under adifferent name. Again, you may use your own 
language,-provided you have font types, and crea te your 
entry form in a lañguage 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-

~'"'"h'owf '-~-.11· tl .,....¡ • 

Figure3-3 

tion and lithology. 
--

One example of a "foreign" language data entry form for 
master data is shown in Figure 3-5. It is created using 
Serbian language and Latin font. On the left, the list of 
data items is written in English, but it could have been 
created in Serbian as well, using Data Structure _l)esign __ 
option. Items could have also been written using official 
Serbian alphabet with Cyrillic characters. 
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Figure3-4 

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

-
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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. Howeiler, this item 

-wi/1 be.cross referenced in each and every application l7y refer­
. ring to its data structure file name, which is X. 

3.3. REPORTING --
FORMS 

-3.3.1. Types of 
Reporting 
Forms 

3.3.2. Single Record 
Forms 

3-7 

The types of reporting forms available depend on the ap­
-,plication, since each application-generates different 
__Jypes of report:-Mowever, two types of reporting forms 

. a_re common to all applications: 

• Single record form 

• Table forin 

These expressions appear only on the Master Data op­
tion, while in other applications the labeling (ten:ñinol­

. ogy) is modified to better accommodate an application. 
Regard.less of the application, these forms have common. 
properties. 

·· There is a spedal category of reporting forms, Nonstan­
dard Forms, which is used to mix graphics ~mong vari­
ous applications. 

Single record forms are créated for printing information 
for a single well, single chemical analysis, ora single hy­
drograph. The fields that may be included in su eh aform 
are the following: 

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

·• all fields dedared in a particular application. 

r . 



3.3.3. 

3.3.4. 

Group Record 
Form 

Hydrograph 
Report 

3.3.5. Hydrograph 
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General Table 
Report 
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In additionL columns and drawings are also included. 
For example, in the Chemistry application, one analysis 
may report constituentsang various parameters, plus a 
STIFF diagram; in the Hydrographs application, a -well 
may report a taqle with measured data, plus a hy-
drograph in a "drawing': field. -

A group record_form incllJ.des information from more 
than one well. A typical example is¿ PIPER diagram 
which presents atable (Column) with well/sample iden­
tifications, plus a d,rawing containing a PIPER diagram 
with a11 selected samples. Prior to creating such a group 
report, yo u should select a working group. This is a súb­
set of a11 informá.tion in your:data base on which you 
wish to work and present in a group report. Fields w hich 
are "Single" in single record formare "Coltunns" in group 

· record form. 

This is a report of the single report type. It is made of 
columns whlch contain measured data and a graphics 

· field for a hydrograph. 

This is a report of a "table fomf," with general informa­
tion and data from the Master Data entry form. 



3.4. FORM EDITOR 

3.4.1. Elements of a 
Form 

Era me 

Sjzjng and posjtioning a 
~ 

- 3-9 

CHAPI'ER3 FORMS 

-
Frame is a rectangulé!r outside edge of a form, which can 

_ be edited by Attrlbutes from the M en u bar, using the op-
- tion Setup Frame. This rectangle is displayed on the 

screen but it is not printe<;l on the repcirt form. In Setup 
Frame option, which is located at the end of Attribu~es, 
the-following frame parameters are- offered: _ _ -

- • Horizontal offset_ 

-• -Vertical offset 

• Width 

• Height 

If yo u in_tend to print your reports on a "11" by 17" or an 
A3 format printer, you may select the ~dth 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 optionAt­
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 th!s way the 
horizontal size of the frame is used as a default for 
locatffig 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 
theform. 

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

• When a column field is defined, its width is selected 
considering the nuni.ber of digits or characters de­
fined in the. reporting form; its height is su eh 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 w hich turns 

rulers at the top and left edges of the screen on (Show 
Rulers).or off (Hide Rulers). The on-screen rulers help 

·- position fields and graphics. The measurement unit for 
both the horizontal and vertié:aJ. ruler is millimeters by 
the default. 

Identification Window . 
on the Forro 

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

Display Fui! Forro or 
Nonnal Display 

3-10 

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

- -·-



3.4.2. Adding Field 
toaForm 

-3.4.3. Text Field 
-Attributes 

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

• AddHeader 

• Add Text Field 

• Add Drawing Field 

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

. . A text field may have the following attributes: 

• FieldName 

• Border 

• Background 

• Field Label 

• LabelFont 

• Label Color 

• · Label Alignment 

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

Field N ame is a text string which uniquely identifies an 
entry fiel d. It is important in creating a reporting forro to 
use the same text string for a reporting fiel d. For exam-

/;r -- . 
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ple, if in the chemistry entry form the field thatwill input _ 
the alkalinity values of a water sample is typed as Alka­
linity, the Field Name in a rE!porting forñúnust be typed 
e"ªctly the same ( case-sensitive, exact number of charac­
ters or blank spacE!s). 

· NOTE Remember again, that in the Form Editor mode you 
must not rriodify fteld na:meS. If you do it, you should also mod­
ify data field narru:s in Data Structure File Editor. 

3.4.5. Border Border includes the user-defined solid frame around a 
field and shadowing of the field. Borders can be thin or 
thick, as specified by you; they may include full frame or 
just one of the four lines (left, right, top, bottom), or none. 
Shadowing can be thin (number 1 or 2) or thick (numbers 
3 and4). · 

--3.4.6. Background Background refers to the color selected by you to paint 
a field. The whole color palette provided by the Wm­

_9ows is available. Each field can be painted. 

3.4.7. Field Label _ Field Label reférs 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 N ame selected in 
creating a form. 

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

3-lL_ 



3.4.9. Label Color 

3.4.10. Label · 
.. Alignment 

3.4.11. Options .. 

3.5. 
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You may use y¡¡rious 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 centeiéd. 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 
forÍn is explained. The example which follows will give 
you a better feeling for this routine supported by screen 
displays reproduced in the manual. 

l. Select New from the Form menu. 

2. From Single Fields window, sélect fields you wish 
displayed iii 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 ha ve a pair of shadow lines (left and bottom, left 

·,,' 
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and top, right and bottom, right and top). You may 
also assign the shadow thickness. 

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

7. Continue withanother data field. 

8. Add a héader. Normally the header should indicate 
theform name and the project name._ 

9. Select New Field. 

-1Q. Select Add header. 

11. Type the text for_ field header. GWW uses for a header -­
the default font Aria!, 16 points, and bold style. 

12. Changethe label font by selecting Attributes and·La· 
bel font. · 

13. Move the header toa suitable location by dragging it 
with the mouse. 

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

15. Type the name you wish this new entry form to be 
saved under. -· --

3.6. SELECTING To select an old form: 
ANDEDmNGAN 

OLDFORM 

3-14-

l. 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 dick on ENTERThe stan:él.ard 
entry form will be displayed. 



3.7. READING FROM 
AND WRITING TO 

AN ASCII FILE 
DATA ENTRY FORM 

3. 7:1. . Reading From 
an ASCII File 
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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 
salid line around the field becomes dotted. Now you 
can select Attributes and ariy of the attributes on the-· 
pop-down menu, such as label font, label color, data 
font, etc. These attiibutes refer onl y to the field-which 
has been selected. YQUJitay-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. _ _ -- -: . 

.. -. 

. Yo u_ may read an entry form file created and saved as an 

.ASCII file. For exarnple, if you have created an ASCII 
entry form file .and ha ve· given it the na me MAS­
TERl.FRM, you may retrieve it as follows: 

- l. Select Tools from the main menu bar. 

3.7.2. Writing toan 
ASCII File 

3-15 

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 d~alogue box. 

You may crea te your own entry form and save it as an 
ASCII file. The followilig procedure crea tesan ASCII en­
try form file with the filename MASTERl.FRM. 

l. Select Tools from the main menu bar. 
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2. Select Data Entry Fonn Editor. 

3. Select Master Data application . --

4. Select Fonn 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. SelectStandard ASOI Output. 

S.Type MASTERFRM.as a new filename in the dialogue 
box. · 

3.8. PRINTING AN Yo u may printthe entry form which is curren ti y selected. 
ENTRYFORM 

3-16 __ _ 

l. Select Form from the menu bar. 

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

3. SerectPrint The displayed entry form will be printed. 

NOTE. You cannot select a prínter or prínt oríentation fram 
this utility. You must first check which prínter has been 
selected in either one of applications or in the Windows 
Control Panel. 
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3.9. EXAMPLE 

3.9.1. Create a New 
Master Data 
EntryForln 

3-17 

----'l'Thhte task will be to crea~!! 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 exerdse, select Tools from the main menu, 
then select Data Entry Forms Editor. The screen is as 
show:n in Figure 3-6. Click on Master Data. You are 

fumping Tests 
!fydrngraphs 
Well Log 
~tep Drawdown Test 
§rain Size Curve 

Data 

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

............ 
• 

- --Type: 
Label: x.y= .. 

. ~- . . .. : • ' ,- _,,: ~ ... 'r: . :_ ...... .... 

Figure3-7 

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. (Yol! may also exerdse with 
label color and background color.) 

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

. Field label; ~!~. 

1 Master Data Entry Form - Gua rico Data I:Ja 1 

Figure3-8 
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object has square handles on the comers. You can use 
these handles to resize the object. Y{)u can move the 
whole object to a new plac~_ by clicking i.ri its interior 
ail.d dragging the rectangle to a new place. 

2.2. Place the pointer (mouse cursor) on the lower left 
_ handle. Click and dr.ag the handle for about 1 ClÍ1. 

downward. Notice tha! the object becomes larger. 

_2.3. With the object still selected (notice dashed lines, 

Backgroun_d _ 

Field .L.abel 
Label font 
Label.!;_olor 
Label A)ignment 

Figure3-9 

_ layout, you may edit 
this form prior to con­
tinuing creating your 
entryform. · 

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

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

, , frame Parame-tcrs ' , 

Horizontal Offset 

Vertical Offset [mmJ O 
Width[mmJ ~ 

Height [mmJ ~ 

Figure3-10 

/ ~· ' 
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fonl Selection mJm 
Font fa ce 

Sans Serif 
Courier 
MS Serif 

[8J ªold 

O.!talic_ 

---O !!nderUne 

Figure 3-ll--

font availability has notlúng todo.with the GWW 
software. Select Times Roman, select 14 points, click 
on bold. Click on OK. 

- --2.5. To add shadow, click on Border. The display is as 
shown in Figure 3--12~Notice two options: Frame and 
Shadow. Frame refers to adding lines to the field rec-

Frame 

!8J Full Frame 
0None­

[8J Left 
[8J Right 
[8JAbove 
[8J Below 

!4ti'iók/"""·•(i 

Popup Shadow 

[] . 

-

[8J·None 
0Left 
Orught 
OAbove 
0Below 

1 :;•:'t;üeiilhJ 

Figure3-12 
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tangle. By default it has all four sides filled with solid 
lines of tlúckness l. Shadow refers_to emphasizing 
the form of the object. While tlúckness 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 sorne point during ere-

.. ating the form, click on Option, and place the ruler 
on the form. The ruler is in millimeters. 

Select popup s~~ow by clicking first on number 3, and 
then on the right and abo ve boxes. SelectO K. The screen 
is now displaymg the header field with all its attributes 
(Figure 3-13). 

-

l 
< 

' 
. ! 

¡ 

' < 

i: • 1 

Label: Master Data 

x.yJmml (1.71 (131.221 
dx.dy (1 90.16) ~ 
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Figure3-13 

3. Add severa! more fields: Well Identification, Descrip- -
tion, Location (not Locality as in the listing on the 
left), X Coordinate, Y Coordinate, Elevation (m 
AMSL), and Map Sheet No. For all use Times 10 (nor­
mal) font, except for Well Identification use Trmes 10 
bold. Separa te Well Identification from the rest with 
a thicker shadow frame, using left and l.Qwer 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 clicking inside 
the field and dr!igging the whole field. Expand the 

_ field slightly to the right. Do this by clicking and 
dragging the rightcupper handle. Try to combine 
both-inoves 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 Labet Replace 
theword Ident with Identification. Select OK. . 

3.4. Select Attributesagain. C!lCk on Border. Click on _ 
· 4 for frame, and on·4 for shadow, clicking also on 
boxes fodeft and below. Click on ÓK. . 

3.5. Select Label Font. Click on Times Roman, 10 
points, and on the box for bold. Select OK to exit. 

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

3.7. Select Attributes and Backgr_Q_und. Select any 
color yo u want by clicking on a small rectangle in the 

_ palette. Click OK. The screen display is as shown in 
Figure 3-14. 

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 Fonl Select Trmes, 10 points, and 
click on OK. Select Attributes again, then Field label, 
and correct Locality to Location. 

3.10. Cfick on X on the left:Select Attributes, fol­
lowed by Label Font. Select Trmes, 10 points, and 

- click on O K. Select Attributes again, then Field label, 
. ..and add Coordina te 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 theléft. M ove 
the field to the lower right side comer on the form. 
Select Attributes again, then Label Font, and click on 
Trmes, 10, and bol d. Add shadow by selecting Border 
from Attributes, using the number 1 ror the thickness 
of shadow, and clicking on boxes left and below. 

The final form is as shown in Figure? 15. This termina tes 
. example two. 

·~ 
~- .. ~ 1 

- . 
;,,'.;, • ,,. : •• : •"!'" :·; r • • v.; •.• .; ~ ,.;;<,,,;." "••·< ,,!; ,·,; •• ; ,,• .·; •• , ';.,$, • ' 

Figure 3-15 

1 - . 
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3.10. Nonstandard This is a speaal category which appears in Report Form 
Forms · Editor and in several applicatioits (hydrographs, pump­

ing tests, welllogs, step-drawdown test, and grain size 
curves). It is used to create a report with several draw-

3-24--· 

. ings from different app_licatiens on the same form. The­
only type of data are header. text field. and drawjng 

. ~ .. Each drawing is nam·éa, say PT-Ml, HG-Bl 
(pumping test at well Ml; hydrograph at well Bl, etc.). 

Figure3-16 

The p_rocedure to print a composite report is the follow--
. ·- ing:-

l. Create a Nonstandird reporting form using the Tools 
menu and Report Form Editor. Notice that this is a spe­

-¿al category whichis not related to any application. Cre-
- ate severa! drawing fields and assign to each a name. 

Write down thenames of drawings you wish to use, and _ 
- their corresponding sizes (width and height). Remember 

that in app~cations you are normally asked to select a 
drawing' size. 

2. From an application sav~ th~currently displayed 
graph as a drawing (use option Reporting, and Save .. ). 
Use the same name for the drawing as the one. you se­
le.c:ted when you created the nonstandard reporting 
form. 

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

4:When you have created a11 drawings that you wish to 
place on that "nonstandard" reporting form, select op-



r 
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tion report from whichever application, followed by 
Print Nonstandard Reporl From the diªlogúe box 
which list:S 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 
Oiagram and a pumping test graph next to a welllog and 
site location map showing the position of that well rela- · · 
tive toothf:!:Lwells. 

You may use the Nonstandard Reporting Form to place 
severa! graphs belorigmg to the same application on the 
same form. This applies to, for ex<l!!\ple, hydrographs, -· 
pWI).ping tests, or welllogs:- · 

-:-._ 
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CHAPTERFOUR UNITS 

4.1. GENERAL 

- --..:._-

4.1.1. - Unit Type 

4.1.2. Uilits 

4.1.3. Conversion 
Factor 

4-1 

- The GWW_-~ftware 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 yotin)wn system. -

In th_e GWW software the following-temunology il¡_ tJ.Se¡j: __ 

e unittype 

• unit 

• converSion factor 

Unit type is the major category of units: length, time, vol­
ume, area, flowrate, transrn.i~sivity, 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, transinissibility, 
perm_eability, and velocity. 

Cubic meter per second;5quare meter, minute, gallon 
per da y per foot, etc. are UNITS. Parts per million is also 
a unit. --

-

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



4.1.4. Basic Units 

4.2. WORK WITH 

CHAPI'ER4 UNITS 

~f unit. For instance, if unit type is TIME and its basic 
unit is SECOND and the new unit is.~, the con- -
version factor should be 1 (second)• 60 1 (minute), that is 

. 0.0166667. 

Each type of units-(length, area, volume, time, flowrate, 
etc.) must have one unit thaHs referred toas the BASIC 
UNIT; lf_~ important that basic units for flowrate, trans­
Iriissivity, and permeabilit}' 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, th~ 
program expects that the basic unit for piunping rate 
(flowrate) is m3 /s, for transmissivity m2 /s, and for per­
meability m/ s, regardless the fact that yo u may not want 
to use these units. (In every part of .the program, in its . 
applications, you will ~ve a chance to-select your own 
units for computation and reporting.) __ . 

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

UNITS .. 

-~ 4.2.1. Units a5·a Too! - Normally yo u do not need to be concerned with this part 
of the GWW software package. Almost everything you 
need is álready pre-programmed for you. You may, 
eventually, use this utility as a calculator for converting 
sorne units that you may need in other programs or in 
your routine hydrogeological work. Only if you wish to 
include sorne uncomm·on units that the programmers. 
were not aware of, you may exploit the features of the 
Units Tool. 

4-2 

If you wish to explore or modify the units, you should 
do the following: 

/----- 1 

¡¿:!) 
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l. Select Tools from the Main GWW menu bar. The sub­
menu as shown in Figure 4-1 will appear. 

Data J;ntry FormsEditor~•t 
Repert Forms Editor 

Figure4-1 

2. Move the cur~or to Units or type letterU. The subpro­
gram UNITS:;_XE-is loaded and the-screen will dis­

- play Uiüt 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. 

~ ' . · Unils (c:\gwd\guaricu.gwwj . ' aa 
!!nit System !;onversions tlelp_. 

Uni!Type 

ty 

Clll ... 
in eh 
feet 
yo.rd 
a1.le 

Unlts and Factors 

O.Dl 
O. DDl 
0.0254 
0.304878 
o' 9144 
1609 

¡;;;r::M;í';,¡¡;w~';;:q:¡ ¡:m;·~~u~lft\il 

Jf~T:n~livpr/!WitJ -~ ·¡n;W.fiíiteúimilíC'?:q 
V~~i~NW) liii:íéQiíii~;¡if.ífi!iii'P:edít~ ~~ 

Figure4-2 



4.2.2. Modifying Unit 
Type 

4.2.3. Adding New 
Unit 
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The program loads the unit system that is currently dis­
played using the file GWW.UNT from the \GWW direc­
tory if this is a new data base. If this is an established data 
base, the GWW program willassociate with the base the 
unit system that you have worked with and have saved 
together with other dat~. 

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 typeusing the button Add New Type, or you. 
may delete a type of units. As an exercise rename the 

-_type permeability with Hydr. Coi1ductivity. 

l. Move the cursor down to the liiie-Permeability. 

__ 2. ·click the_ mouse oñ-Rename Type. 

- 3. !n the dialogue box that~ open type the n~w name: 
Hydr. Conductivity. 

4. Click O K. 

Here, again, is your chance to rep1ace English-written 
types of units with types of units in your language. 

Yo u may add new units for any unit type. Asan example, 
prior to adding gallons per dayper foot, which is the unit 
for transmissivity, delete the same unit from the list. 

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

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

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

4. Select now Add New Unit. 

5. In the dialogue box that will opem 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:--

_ ~ - Unlls lc:\gwlf¡guarico.¡jww¡ I~J1~ 
~----------~~~~~------~~~ 

J.tnH System tonverslons lfelp 

t1 ._fJI"-''"~----GWW __ ·_N_e_w_·u_n_Jt ____ pors 
Unit Na me [Type = Transmissivityl 000111574 

000001664684 
00001036522 
8956045 
000001385749 

6. Click on OK 

lib\VfM!lii~Uiiiif¡::Jj 
)t!A Uri.Hiite'URitTHil 

¡n:Rit_;¡¡;;¡r; twiTijiJSit4il_f'&diíFm·¡ 

Figure4-3 

7. Anew dialogue box will open prompting yo u to enter 
a conversion factor which will relate this new unit 

---With any other unjt of this type. 0n the right side the 
list of all currently selected units for this type will be 
shown. For example,¡ you know the conversi9n be­
tween gpd/ft and m /day, you may select m /day 

-- using the upper and lower arrow buttons on the 
screen dis:rlay. The screen willlook as shown in Fig­
ure4-4.-

- .New Unit . · · - - ·. 

Enter conversion factor 

1 gpd/lt = 

Figure4-4 

'-
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8. Select m:; day and type .01242. The screen willlook 
as shown in Figure 4-5. ·· ·· 

Enter conversion fador 

1 gpdlft = ._l.o_1_24--'2j'--------'llm2fday l!]_ 

Figure4-5 

9. Click on OK. 

Although yo u ha ve typed the conversion factor relating 
theunit gpd/ftwiththeunitm2 /day, thelistof unitsand 
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 a1so 4.1.4 above). 

Unlts and Factors 

Figure4-6 

o. 0000111574 
0.0000001664684 
0.000001036522 
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This is a calculator which you ·m.ay use to recalcula te 
_ sorne values expressed in one unit to their equivalents in 

other units. For example, you may wish to calculate 
length in feet. Once you- are in Units subprogram you 
should select cor:tversions (see -figure 4-2). The GWW 
Unit Conversion Utility as shown in Figure 4-7 will be 

. displayed. The procedure iS' as follows. 

: : · GW'N- Unít Conversion U1ility · 

vity 
ity 

Equivalcnt Valucs--

Figure4-7 

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

_ click the mouse. 

2. On the right side of the display, Equivalent Vahies, 
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]=. Re place 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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, GV'NI- Unit Conversion Utility' , ', 

Equivalen! Values 

Figure4-8 

On UI'Jits menu bar (Figure 4-2) you will notice option 
Unit System. When you click on Unit System the display 
looks like sh~wn in Figure 4-9. You have three options: 

Standard ASCII Output 
Load .Standard GINW Units 

Figure4-9 

Alt-F.II 
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l. Standard ASGll Input 

2. Standard A.Stn Output 

3. Load Standard GWW Units -

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

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

~--· ----------------
liiiii\ < : ..... , Input from Standard A.SCII File 

Alenome:j c=¡=¡¡=¡ij'--------I 

Dlredary. C:\GWD 

Files: Olrectorles: 

gww.unt 

Figure4-10 

W!iti~DI 
w~~;:c;vJ 

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. 



4.5. UNITS IN 
INDIVIDUAL 

APPLICATIONS 
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Each application handles units that are specific to that _ 
application in its own way. Normally you rnay view the 
units currently used (usingoption General Data Units). 
These units can be changed within an application. -

In sorne applicatioñs yo u decide on current units for data 
· rneasured in the fiel~ou rnay convert frorn rnetric to­
practical American hydrolQgic units, if you wish so, 
.without affecting the general data units set. 

However, be careful when changing units for length and 
elevation that are used in the rnapping and cross section 
applications. The units rnust be consistent, otherwise 
yo u rnay end up by not being able to add sorne lines onto 
cross sections. This will happen if you create the data 
base in feet and decide to use rnetric systern for cross sec::-
tions. --
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CHAPTER FIVE COMMON ROUTINES 

5.1. GENERAL To begin with yo'! should kñow that the GWW package 

5-l 

comprises the following applications: 

• Master _¡:;>_ata 

• Chenústzy. Samples 

Chemistzy. Concentration-Depf:b-_Series 

Chemistzy. Concentfatioi1-Trme Series 

• Pumping Tests 

• Hyih-ogiaphs 

• Mapping 

• Cross Sections 

• Fence Diagrams 

• Step Drawdown Tests 

• Grain Size Distribution Curves 

• Miscellaneous 

• User Data 

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

Some of procedures and routines are either exactly the 
same oi about the same in more than one application. In 
this Chapter we will describe some routines and proce­
dures which are comrnon to more than one application, 
such as: (a) selection of units for a particular application, 
(b) selection of a working set ora working group, that is 
reducing a large set of data toa smaller subset; (e) setting 
up the printer, (d) creating random data "models" (inter­
na} files) to be used for mapping, gridding and contour­
ing, and (e) reading from standard ASCTI files and/or 
writing to standard ASCIT files. 

/~ 

' \ ,..Jf6 1 . -'- J "-----
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CHAPI'ERS 

Cnlss1tttioo 
fencelliogrmM­
Slrp DI!WIIIWII Test 
linio Size c.,.. 
lllsceiiiDtiiiS 
User0111 

COMMON ROUTINES 

Figure 5-1 

In addition tci setting up a system of units as explained 
in Chapter Four, ea eh application has its own way of per­
mitting you to select units for that p~cular application. 
.Once in the application, you may select but not modify. 

_ delete. rename or add a unit ora unit type or modjfy a 
conversion factor. This must be done using option Units 
from Tools on the Main menu bar. 

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

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

__ Depending on what you have selected to keep in your'­
Master Data applicatioi.J, you may select units for any en­
try that is identified as numerical (dimensioned)data 
type. In the standard case-whiCfi15 supplied as a default 
for master data structure, you may change units for co­
ordinates-(X and 
Y), for ground sur­
face elevation (Z) · 
and for elevation·-- · 
of the measu!:ing 
poir.tt (ZM). When 
yo u 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 . 

... Cnss s..;, Llh-
0111 tras Scc:b 
ge. Crou Sectiu 
~-====--~ ·-- - -

iM Cross Sedion 
SM: Ctoss Sediart As-

Figure 5-4 
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In applications Pumping Tests and Hydrographs the se­
lecti.on is different for general data and. for measured 
data. In the application Hydrographs, the general data 
are the same as in the Master· Data application (coordi­
nates and elevations). In a pumping test the general data 
are distance between a pumping andan observation well, 

· transmissivity, stanflard error of fit, and the same coordi­
nates and elevations as in the Master Data application, as 
~hown iil Figure 5-5 for transmissivity and in Figure 5-6 
for average pumping rates ... 

Figure 5-5 

IT ransmissi1IÍIV 1m2/da~ acre-ltld 
ILCBIIII!;C n/dayj mJ/day 
IConfAl¡Thickiless !mi 

Figure 5-6 

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

For the pumping test and hydrographs applications yo u 
may also want to select _units for measurement or-obser­
vation data, such as levels,..dtawdoWns; time of pump­
ing and pumping rate. These are called measurement 
units and·the option for selecting them is located on Edit 
submenu as shoW!l m J;'"igure 5-7. For the pumping test 

Edit Measurements 
Standard ASCII Input -
Standard ASCII~ut 

lnsert Row -·-­

Delete Row 

:!ave t.leasurements -- Ctrf-S 
E¡dt (doJ!~ save) Ctrf-X 

FigúreS-7 

61DG1ga CCIIillficant 

application you may select imits 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). 

!J:I3/s 
1/s 
gpm 
g(UK)pm 
acre-ftld 
m3/day 

Flowrate 

Figure 5-8 

·1 - .. 
·;. 
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NOTE. It is important to note that what you are doing in an 
application is relevant only for calculatians aridreporting lmt 
will not modify the system af units that you have taken either 
frum the default file with units; GWW.UNT, or have-modified 
and saved using the optian Units frum the Tools submenu. 

- 5.3. SELECTION OF ThlS is _one of the most important and attractive opera-
WELLS OR tions in the GWW system. Being prograrnmed to run un­

SAMPLES OR der Wmdows and relying on Wmdows resources;-aJarge 
REDUCTION-eF A pool of memor}T and huge storage capadty, and espe­
LARGE DATA SET dally counting on the process(Jr-speed of 66 MHz and 

TOA SMALLER - above, the GWW paékage has been programrned for -
SUBSET _ large data bases. Under "large" we-mean hundreds or 

__ _eyep thousands of wells or water samples. (If yo u intend 
__ to run GWW on a 25MHz 386SX PC, you better limit 

your data base to 100 wells.) -- -

Working with a large set of wells may become inefficient 
after a certainnumber. Yet very:.often we want to pay our 
attention toan 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 crea te a conl:our map of that constitu­
ent using only wells in which it was detected above a 
certain limit. In other words, we want to elimina te from 
the display all wells in which this constituent is less than 
the prescribed minimum. 

Howwedoit? 

We have severa! ways for filtering the data base and 
searching for samples/wells that satisfy a defined crite­
rion. These are discussed one by one below. 

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

5-6 
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·option on the Data submenu. An example from the Mas­
ter Data menu is shown in Figure 5-9.-In t11e example 

Entry_Fonn 

Standard ASCII Input 
Standard ASCII Qutput 

Printer Setup 

665000.00 

.. Figure5-9 

Northing 

958000.00 

shown the data base contains more than one hundred 
wells. Identification of wells starts with either letter -P 

·· (for 'Parcelamiento' in Spanish), or with letter S (for 
'Sistema de Riego Rio Guarico', or, translated to English 
'River Guarico Irrigation Systém'). 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 selectea, and keep 
working only on this reduced set. 

When you click on Select Working Set a box similar to 
the one shown in Figure 5-10 will appear. The differ_ence 
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 ttems 
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Seleelad ltams 

~I1~IE~#~~i:S~~): t ~:·~~··~ 
-¡zy:~·a;;¡;¡¡¡¡¡¡;{;1{j 

INtóiiHiJM Wii "af!J 

FigureS-lO 

l. Click on Unselect All. The 'Selected Items' window 
wiJl 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 ldent field, and see 
the list of parameters popping down. If there are 
more parameters than the size of the window there 
wiJl be a slide bar on the right side. This is shown in 
Figure 5-12. 

St:ler.t Cond1t10n 

Variable 

Wetlldent JD 

Condition ;:V•='"::_• --~ 

D-l===~ 
D 

FigureS-11 

:.~t:h:r.l C:ond1tion 

variable 

Wellldent 

Oecatption 
Dls1rid 
locoll1y 
Owner 
X 

~ 
2M 

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

. combination s• in the 

. right box. The prograin 
permits ymi to use logi­

Sd~cl Condlhnn ·':J 

-!Wellldem 

Condition Value or.::,S"=---, 
D 

cal operators _=,> ,< in - b\Oi' J 1·-<lánai¡j'j 
the leftbox, and wild-
cards (* and ?). in the 
right box. In the case 
shown in Figure 5-13, the 

Figure 5-13 

interpretation is as follows. Select only wells identi­
fied with a well name starting with letter S regardless 
of what follows after the first letter. You could have 
used the second cha:racter in the identifica !:ion name, 

. the third, or any, using wildcard symbols for the 
characters that you d_o not care. --

5. Select OK. Notice in Figure 5-14 the 'Selected ltems' 
Uhseleded ltems Selectad ttams 

SRRG-10 
SRRG-11 
SRRG-12 

. · SRRG-1J 
SRRG-15 
SRRG-16 
SRRG-17 
SRRG-18 
SRRG-19-
SRRG-2 
SRRG-20 
SRRG-21 

.-:: 

SRRG-22 ~ 

f#H"ji!~i~[:¡jijjljJ:'< 

IF~:~¡¡r¡¡Y:I 

Figure5-14 

window filled with identification names starting 
with the tetter S. 

6. Select O K. You will be back in the Master Data main 
meñu~but the list of wells, which is nciñnally dis­
played on the left side, will contain only wells start-

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

hl•·•~• n,,, ! • ·,.,.,..,,, • ~ 'l"'""l :d: X 

Master Data . · · ---

Figure 5-15 

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

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

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

_ _when you se-
- lect Load Map 

option the dia­
logue box as- · 
shown in Fig- _ 
ure 5-16 wjll­
be displayed. 
The lower 
field lists all 

____ currently 
available 
maps. Re-. 

Load Map 

Sclcd an cxisting map 

basl~og 

Figure 5-16 

1 ~cSiiceii~) 

¡; o~lét?ZI 

member that maps are object!; in the GWW system, and 
each is associated with a name. In the case·displayed ili 
Figure 5-16 there is only one map, named..basic-log, 
which contains locations and names of wells which may 
have known lithology or welllog. You may either type 
the map name (exactly as it is shown) or double click_ 
with the mouse on the map name. The-map will be dis­
played as shown in Figure 5-17. 

FigureS-17 
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Notice various buttons on the right side. Their meaning 
is as follows: 

Close Removes the map from thedisplay. 

Zoom In Permits you to _enlarge a portien of the map. 

Zoom Out · · Retums the display tO-its normal view. 

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

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

SeLPoints Permits you to select well points one by one. 

End Points Ends selection of wells point by point. _ 

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

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

End Area After the line delineating an area is closed, 'End-Area' 
comman_d selects aJl wells within this area. 

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

Figure5-18 



5-13 

CHA.PI'ERS COMMON ROUTINES 

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

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

--Figure 5-19 

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

FigureS-20 
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l. From the Data menu bar option SelE;ct Working Set 
is activated. 

2. ·1n the selection dialogue l>()X all wells are unselected. 

3. Load Map option is selected. 

4. The map named 'BASIC-LOG' is transferred into the 
upper window and selected by clicking O K. The dis­
playis as sl!own in Figure 5-20 without the con­
toured area. 

5. Sel.In Area button is activated. 

6. Us~g free hand drawing with the mouse, a line is 
made with several points around wel.l.S 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 predse. 

SRRG~J 
SRRG-4 
SRRG-5 
SRRG-9 

Malee Random 

Figure5-21 

You may select wells one by one, without using a map, 
in the following way. 
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l. Activa te option Select Working Setas 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 operatiop with othe!_ wells that you 
want to work with. -~--· 

This way isrecommended only if you wish to work with 
a very small number of wells, for example, to crea te a 
lithologic cross section with fti1l control over what you 
want to place on tKe-cross section. · 

l'he--eoncept of a Working_Group ~!úch 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 Wo¡:-king 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 -·· 
:\'JellS:You may ha ve 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 stilllisted on the-left side of the screen. 

You select wells for a working group in exactly the same 
- way as·explained above. There is only one minor differ­

ence in the case of Chemistry application. There, the op­
tion on the menu baris Map, followed by two other 
options: Make Working Set and Make Working Group. 

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

?eiection of printers and attiibutes related to printing is 
normally a Wmdows operation. For this you go to Main 
Wmdows menu, select Control Panel, then Printers, and · · -­
configure.the printer Y?U 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 quaHty of print, number of copies, 
colors for a color printer, and many more. Actually, the 
GWW system brings a printer driver thaJ. had been con­
figured as a default printer in Wmdows' Control Panel. 
Remember that you cannot change from within a GWW 
appliartion a default printer and replace it with ar:to_ther­
currently installed printer. If you wish todo so, yo u must 
either exit completely from the GWW, or better, stay 

----------------~WI._._..·thin~-;-----th~e._..ap¡:>lication but tem¡:>o.ra.r-y_exit_b_y_using_the _ _:__ __ 
---combination C1RL+ESC key to go to the task assign-

5-16--

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 
(C1RL+ESC). ~elect Entry Fonn 

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

Standard ASCII !nput 
Standard ASCII ºutput 

Printer Setup 

Figure 5-22 
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menu. When selected the screen may look like the dis­
play in Figure 5-23. This is the printer driver's menu for 
the Hewlett Packard Laserjet m, Yo u can access the same 

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

5.5. READING . 
FROM STANDARD 

ASCII Fll..E OR ·­
WRITINGTO 

STANDARD ASCII 
Fll..E 

5-17 

FigureS-23 . 

P-Sce:-

P-~ 11..1..1.., !ij -

e::::.. IDI .. _... !:ti 
._ D 

·----~ ·-­o-

~1'2-l 

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

ASCIT files in the GWW·system serve in two ways: 

l. To save most of the information from the GWW data 
base interna! format in separa te files that can be ed­

. ited, modified, and input back into the GWW system. 

2. To-provide externa! connection with other data base 
formats such as dBase N, FoxPro, Clipper, etc. There 
is no direct import of other data base formats into th~­
GWW system. However, every data base package 
can, if programmed, export information in ASCIT 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-·intemal files and 
structures in an ASCll output file? 

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

l. Data s!t!ÍChires. such as Master Data strücttire file, 
· · wh!-~ is reproduced in Appendix B. 

2. Entry fcirros. such as Chemistry applicationentry­
forro, wlúch_ is also reproduced in Appendix C. 

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

4. Master data for all wells that make working set. When _ 
___ you select toread the data from a standard ASCII in­

-put file the dialogue box as shown in Figure 5-24 will · 
open prompting you .for the name of the ·file.·The 

~rFUeName 

Rlc.asne; L..l•_~'-" __ __,! p:·;-~:¿J 

""""''Y COGWO W!i• oiifl 
Ales: Dwectories: 

DD 
Figure 5-24 

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

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

Numbcr of ~rds in c.'\gwd\rlld.eac 
13 

FigureS-25 

showing how many wells have been written to the 
ASCII output file. This should be a good practice to 
b-ª_ck up the inforroation entered into the GWW sys­
tem by creating output ASCII files, wlúch then can be 
used as input files in the case something goes wrong. 
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·:-s. Cbemica! data for al! 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 
A5Cll file. Constituents will be transfeired in parts 
per million (ppm) or equivalents per million (epm) 

- depending on in which units they were displayed 
wheny_ou have selected to copy them to the ASCII 
file. 

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

__ The format of such a file is very strict, to rnake it con­
sistent with the output format of hydrograph data 
files frorn the United Nations Ground Water 5oft­

-· ware VersiOILOne. Yo u rnuit not rnodify this format _ 

--

if you wish the GWW software to correctly input the 
information. 

7. Pumping test data will be saved on the file-for-single- --
test basis. This is to say that each purnping test will 
be saved in its own data file. Actually the file will 
contain--three colurnns, one with time, another with. 
drawdown or leve! rneasurernents;and the third one 
with purnping rates. An exarnple of-a-purnping test 
data file is also presented in Appendix D. 

8;)Vell log data will be saved in an ASCII ffie on the 
file-for-single-well basis, that is one data file for ea eh 

- well. Only lithological data, including depth ínter­
vals, codes and description of lithologic units will be 
saved. Again, the output ASCII file fomiat for lithol­
ogy is rnade consistent with the Version One of the 
U.N. Ground Water software. 

9. In Wéll Log application there are two more informa­
tion files that can be saved as ASCII files: codes, sym­
bols and textual description of rnaterials Jilling 
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 Uthology. 

10. In Mapping application alrnost every cornponent of 
a map can be saved asan ASCII file. For exarnple, yo u 
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7' 

Concrete Block -

Heghl Vertcal Honzonta 

FigureS-26 

may create a line by directly digitizing on the screen 
and save this-line as an ASen file. Or you may use 
your digitizing tablet, crea te a line and save it in_an 

- --ASen file, which, then, may be used to input the in­
formation into th~ G_\A/W system. More than one line 
can be saved as one ASCII file. Each line is terrni­
-nated with r characters on a separa te file line. 

In such files the format of _data input is free; entries are­
separated by one or more spaces or a comma followed 
by a space. Yoú may type the information anywhere on 
the line fol!owing the above convention. 

You may-save an entire grid ii1 an ASCII file, using the 
option on the grid submenu as shown in Figure 5-27. The 
grid, which is actually a gridaedmodel, assodates a nu­
meric value with every node of the model network. This 
value can be land surface elevation for the grid model of 
tfie -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 assodated 
with the location of a point (that is, with X and Y coordi­
na tes). Such files can be used as input data files to mod­
eling software such as MODFLOW, U.N. GWMOD, etc~ 
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You may save areas and random points. This last data 
file is the basis for creating contour maps. One example 
of a random data file is presen!ed in Appendix D. 

As before, this file is written in the free forma t. The col-
- umns ha ve the following meaning: X coordinate, Y coor­

dinate, ground surface elevation, and well identification. 

The attractive possibility is to create an ASOI file with 
four such col- -
umns of num­
bers and char­
acters, and 

· · - inputitinto the 
_GWW for fur­

ther process-
~mg:_ creating a_ 

map, making 
contours, add­
ing color ínter­
vals to the 
map, ---a-nd 
printing the 
map. 

-
11-.A text file 
with the text to 
appear on a 
map can also ·-¡¡. ============== 
be saved as an 
ASen file, Fig­
ure 5-28. The 

FigureS-27 

text will be identified with all attributes requiredfor 
fonts, colors, alignment, angle od plotting, etc. 
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FigureS-28 

Mditional Notes on ASCII Files 

(a) The format of ASCII input_and ASCII output mes is 
identical. In other words, what you save asan ASCII 
output file frorn within-the GWW-systern, you rnay 
use asan ASCII input file to the same or another data 

___ base created with the GWW program. 

(b) You rnay edit ASCII files created by the GWW pro­
gram, but in sorne files it is important to keep the 

. sarne data format, while in other files it is not. 

(e) When the GWW program saves data in an ASCII file,_ 
it rnay add underscore characters to fill sorne gaps in 
the inforrnation. It is important to keep these charac­
ters in the files in order for the GWW to read thern 
correctly. 

(d) Master data an:d Cherrustry applications will crea te a 
very specific first line in the ASCII output me. They 
willlist al! entries according to field narnes frorn the 
data structure and place these field narnes within an­
gular brackets. The prograrn expects to-find these 
sarne entries in numeric form in the lines that follow. 

1: :: .. 
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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 A.SCIT file, but exercise some·caution. 

5.6. CREATING- The Random M o del is an option which is built into every 
RANDOM MODELS application of ~e GWW package and which prepares 

data for crea.!fug contour maps. You may create a ran­
dom model, and consequently ii contour map, of ~ 
numeric piuameter in the data base which is associated 
with the location of wells,·that is with X and Y coordi­
nates. 

5-23 -

· The optio!l Make Random is located on the menu bar in 
every applicaticin. When invoked, a dialogue box will 
open offering you to choose from the list ofspace-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 option is 
invoked from the Chemistry application, the list will 
contain all chemical parameters, total dissolved solids, 
hardness, alkalinlty; conductivity, even pH, plus X, Y, Z 
and eventually Zm (elevation of measuring point). 

This is a very attractive option, since in using it yo u 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 crea te a tolu­
ene content contour map, showing toluene in ppm or in 
epm. Of course this option, coupled with select Working 
Set option described earlier, makes possible the creation 
of a location map showing only wells in which toluene 
has been detected and add toluene content contours to 
suchamap. 

The Make Random option is different in the Hy­
drographs application in the sense that there you are 
prompted for a certain date for which you wish water 
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 toqjong to fill 
one screen length. When, 
in this example, the_TDS 
(total dissolved solids) 

COMMON ROUTINES 

Figure5-:i.9 

parameter is selected, the program scans all wells and 
samples, reads X and Y coordina tes and prompts yo u for-

-- therandom point file 
name as shown in 
Figure 5-30. By de-

_!ault you will be of-
fered the name of 

_ selected parameter 
which you may-con­

- firm or change. 

The random point file 
is an interna! file 
which is used then in 
the Mapping applica­
tion for creating vari­
ous thematic maps. 

z 
.. u 

FigureS-30 

rc:,'Bic'n] 

II~}] 

le~;;! 

There, its content may be saved as an ASCIT file. As dis­
cussed earlier in this Chapter, such an ASCll file will 
have four columns, with X and Y coordina tes in the first 

· two columns~ the TDS values iii. the third, and well iden­
tification name in the fourth column. 
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5.7. EDITING A 
TABLEAND 

ATTEMPTING TO­
ESCAPE WITIIOUI' 

COMPLETING 
EDITING 
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In severa! applications you may be editing fuput data in 
atable. These applications ate: pumping test, step-draw· 
down test, grain size curve, and hydrographs.:If you 
open a table with the measurement data and attempt to 
activa te another option, such as display or fit while still 
in the editing móoe, 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. You are ~g rneasurement data 

Save or 00 data befare this operation 
or 

cancel this operation 

. Figure 5-31 
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CHAPTER6 

6.1. GENERAL 

----

6-1 

MASTER DATA APPLICATION 

The Master Data application1Sthe heart of the whole 
system. Every well, entered from any application, ends · 
up in the-Master Data application. It serves a kind of 
housekeepi.ilg for the information that is shared among 
applications. · --

The Master Data application is intended for entering 
general information for -wells, water points,_ªnq/ qr 
water samples. This information is generaliy the follow-
iñg: ·-

• Well identification, which carilie any combination of -­
char~cters and nwfibers, 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 .': ~ple. 

• Z coordina te; or ground surface elevation, or an ele­
vation of any other point on the well that has been 
surveyed, measured or taken from a map. 

• Coordinate of water 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 a11· of these. 

• Owner ofwell. -·· 

• Year of construction. 

• Relationship of tl!e well to: river basin, hydrologic 
unit, aquifer system, municipal water supply 
scheme, landfill monitoring system, irrigation sys­
tem,etc. 
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6.2. RELATIONSHIP 
BETWEEN MASTER . 
DATA AND OTHER . 

APPLICATIONS-
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• Use of well. 

• Equipment installed. --

• Number of the topographic map to which the well 
belongs. -

One especially convenient engy would be one character 
.code {Yes or No) specifying additional information 
about this well For example; if you want to ha ve a quick 
oveivi.ew of all wells in the data base that have a water ·· 
level monitoring recor!i, you may add a field into the 
Master data structure which will prompt you to enter 
either Y (for Y es) or N (for No) .. The name of the field may 
be as follows: Water Leve/ Data Avaílable? This code can 
then be used to reduce the data base to a working set of 
wells for which a water leve! record exists. Thus without 
switching to the Hydrographs application you may ere­
ate a map showing locations and names ofall water leve! 
recording wells. 

Silnilaríy, you may want to have a coded field for lithol-
ogy, chemistry, pumping tests, etc. -

Depending on what you have entered on Entry Forms 
for other applications, sorne of the-information from the 
Master Data part of the data base will be copied to other · 
application's entry forms. For example; you may have 
selected to.have on Entry Formfor Chemistry the coor­
dinates and location/ description of wells. If this infor­
mation is typed in the Master Data application, the same 
information will be directly copied to Chemistry Entry 
Form as soon as you type the Well ldentification name 
within the Chemistry application of a well thal 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 locatiQI1, local 
name, or description blank, you may enter this informa-
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tion under the Chemistry application and irwill 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 thaLall wells that yoti 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. 

6.3. ENTERING 

6-3 

INFORMATION 

The screen display_of the Master Data_application may 
look as shown in--Figure 6-1. The left window contains 

~e list of all wells that are currently in the data base. 

--· GSC.I 
~ ... 
P.110 
P.152-
~ ... 
~ ... 
~ ... 
~ ... 
~ ... 
~•n 
~m 

-

P.1n ---

~" 
~·· ~ ... 
~ ... 
~·· .... ..... 
""' ..... ...,, 
IN1• ...... 
"'" .... ..... ..., 
""" ... , .. , .... 

Master Data - ·• 

• 

Figure6-1 

Please note, however, that only the wells that you hav!=!_ 
selected as the Working Set will be listed. The program 
remembers whá't you left last time you worked with the­
data base. If you closed the data base working with a 

,, 
·-· 
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-i:educed 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 lilformation, you ,can move 
from one field to another using either TAB key or EN­
TER Remember that information is not saved unless yo u 
press TAB orENTER One entire well is saved only if yo u 
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 ofthe well will appear in the welllist window. 

- To move forward in the form usé the TAB key. To mov~ 
oackward use the SHIFT+TAB key combination. To 
move from one well to another use PAGEUP or PAGE-

----ooWN. Altemativelyto finish entering information for . 

6.4. -- OPTIONS ON 
THEMENUBAR 

--a well, press PAGEDOWN or PAGEUP. One well on the 
listof wells window becomes highlighted. Now you 
may use arrow keys to move up or down. To selecta well 
you may always click with the mouse on its name in the 
list. -

6.4.1. Data Submenu The following options are available on the Data sub­
menu: 

6-4 

Select Working Set. This is explained in Chapter 5, sec­
tion 5.3. -

Delete Record. This is used to delete an entire record 
from the data base. However, deleting a well from the 
Master Data application will not delete this well from the 
data base, if the same well is used in sorne other applica­
tion. Remember this is a relational data base. The infor­
mation about the well_ is still written to another 
application's base and transferred to the Master Data ap­
plication for housekeeping. If you wish to eliminate a 
well completely the best way is to delete it from applica-

/ ,· -. 
~- -~ ' 
- 1 -· 
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6.4.3. Report 
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-tions other than the Master Data. When it disappears 
from all applications, only then you sho_gld delete it from 
the Master Data. 

Select Entry Form. You may have more than one Entry 
Form in your data base. Prior to inputting data you 
should select an Entry Form. When you activa te this op­
tion a dialQgUe box with all available entry form names 

. e will be displayed for you to choose from. 

- Standard ASOI _Input. This is explained in Chapter 5, 
section 5.5. It is úsed to import data from other pro­
grams, such as dBase N, 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 ASOI 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 Wmdows routine which displays the dia­
logue box of the printer driver that yo u ha ve selected to 
be the default printer in Control Panel of the Wmdows 
MainMenu. 

Exit. Selecting this option or pressing ALT + F4 will termi­
riate the work in the Master Data app!ication and return 
you to the GWW main menu. 

Units are.discussed in Chapter 5, section 5.2. 

The following options are available on the Data sub­
menu: 

- -
• Print Report 

• Select Table·Form 

• Select Record Form 
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-- There is a line separating the Print Report option from 
the rest. Iri-the Master Data application, and in most 
other applications, you may want to print the informa~·-­
tion for ea eh well on separa te pages, or group all the in­
formationfor all the wells on one or more pages. The first 
option would be prini:ing a record, and the second print­
inga~. 

Grouped infonriation may be printed in a table like the 
one shown in Figure 6-2. An individual record for a well 
may bé~printed in a record·form as shown in Figure 6-3. __ 
Both of these forms can be.designed usmg Tools on the 
Main menu bar, and selecting Report Forms Editoras 

HiM!Dfi!M Fonn EditDr fSgwd\ncw.awwJ 
fann Ncw FJe}d Atlrib~s 2Jnions .Help 

Caonlinates 

Well General Data • Coordlnates • 
z y Zll!l .! -

lr-----t----t----t----i----1·::: ·;;. 
;~ 

Wellldant X 

--

·-... ' Tvaa: 

Figure6-2 

explained in Chapter 3. 

The normal procedure in printing a report would be to 
clloose between one of options: Select Table Form or Se­
lect Record Form, and then select Print Report. For ex­
ample the reportas displayed in Figure 6-2 was printed 
using the following sequence: 

l. Report. 
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fonn New Aeld étfrlbutes Qptioes l:tclp 

Stlndard 

Master Data 

-

Rgure6-3 

2. Select Table Form. The dialogue box opened suggest­
ing oruy one reporting form with the default name 
Coordinates (this is a pre-progranü'ned part of the 
GWW.OOO template). 

3. _I_he naine Coordinates was double clicked. 

4.- Print Report option was then sélected. 

6.4.4. Make Random This option is discussed in Chapter 5, section 5.6. It is one 
of the rnost fui.portant options provided by the GWW · 
system. Normally you would want to produce a location 
map showing all wells contained in the data base. Todo 
this, activate the Make Random option, select Z, the· 
land surface coordinate, if available for all wells, or any 
other distributed numerical parameter that may be 
known for all wells (such as X or Y coordina te), and ere­
ate a random model. (Random Model is a misnomer in this 
·early stage of the discussion. Usmg this option you only 
create a TLle which contains random points and their X 
and Y coordinates, well identification and a space-de-

6-7 
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pendent numerical parameter. Only in the Mapping ap­
plication you will create a gridded model from these ran­
dom points.) 

6.4.5. - Load Map Thls option, whichis discussed in Chapter 5, subsection 
s:3.2, is also one of th_e most important features of the 
GWWsystem. It permits you to reduce a large set of 
wells toa smaller set by directly selecting from the map. 

-------

6.4.6. Help _ This is- a context-sensitive help which contains most of 
the explanations, procedures and routines that are appli­

-cable to the Master Data application. - · 
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·NOTE. Carefully evaluate what you will store in the Master 
Data application. When you backup any application, say 
chemistrjj,-all data entries coming from that application plus 
from the Master Data application. will be copied to an ASOI 
file. The ASCII backup for chemistry may become unnecessar­
ily "loaded" with information }rom the-Master Data applica­
tion if you keep in the latter too many en tries. 

On the. other hand, welllogs application will not backup data 
en tries _which have not been foreseen by the programmer. For 
example, even if you prepare data entry fields su eh as elevation 
of a stratigraphic unit, or thickness of another unit, etc., the 
option Write to STD ASCII File will not copy this information -­
toan ASCII file. If this information is maintained in the Mas­
ter Data application, it will be backed up in and ASCII file. 

6.5. WARNING Try to keep the number of field entries within the Master 
Application toa minimum. This is beca use 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. GENEllAL 

· 7.2. MAIN MENU 

7-1 

BAR AND MAJOR 
OPTIONS 

In the Chemistry application you can do the following: 

l.Create the chemical portien of the Ground Water Infor­
mation System (GWIS). 

2.Display on the screen the following diagrams: STIFF, 
PIPER, WILCOX and SCHOELLER 

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

4Add a location-map to your reports. 

S.Prepare data for contourini create interna! files with 
random points to be used in the Mapping app!ication for 
gridding and contouring. 

·The main menu bar for the Chemistry application is 
shown in Figure 7-1. The screen is composed of three 
parts: 

. . Chemistr:Y fc:\gwd\tesl2 

Wellldent 

Figure7-1 

l. Menu bar-with major options. 

Make Bandom .llelp 

ldentlllcatlon Data 
Description 

2. -Well-Identification window on the left, with the li?! of 
all wells/samp!es. 



7-2---

CHAPI'ER7 CHEMISTRY APPLICATION 

3. Entry Form for data in-
put or editing. 

The list of wells is en- -
larged in Figure 7-2. You­
may move and resize this 

-window using Wmdo_ws-­
option for moving and 
resizing windows. With a 
Iarge number of samples 
in the c!a,ta base you may 
need to use the-Side slide -
bar to select a sample of 
interest. -

-The Entry Form is a de­
fault form prepared by the 
programmer. You may ~ 
lect one of yo u Y own 

Figure 7-2-

forms with constituents other than the ones shown in -

It!endficetjoo Data -- Jo .. .,._. 
P-110 ProllillC'tlOD W.,ll u Lct uq 

1 
PPK 

1 

JapatD-
- ca .. .. K •• 

13.23 20.30 19.71 1.17 .., HC03 C03 S04 a 
131.79 24.30 o.os 4.25 

N03 N02- P04 F B 

- 5102 ros ... ..., ... - CondudMly 
218.00 270.00 

pH 
~dD-B.30 .... ¡¡e-s Mtns IBatwce Error % 

-- 0.7968 3.22 3.09 4.09 

Figure 7-3 
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Figure 7-3. ThEL..Entry Form is also a window. You may 
move this window and resize it if you wish to.place i t 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 
jirst and click on Show EPM Values. 

Selecting the option 
·IJP(lA-from the 
menu bar will bring 
the pop:-down sub­
menu as shown in -­
Figure 7-4. By now 
you should know 
the function and 
use of each of these 
commands.~ostof 

it was explained in 
- Chapter 5. 

Delete Record Ctrl-0 

Standard ASCII !nput 
Standard A,l)j:ll ºutput 
Old lo Std. ASCII !;_onversion 

Printer Setup 

Figure 7-4 

The only command that has not been mentioned is Old 
to Std. ASCII Conversion. This is a routine which con­
verts the chemical data base created using the United 
Nations-Ground Water Software package (UN/GW, or 
Version One of the U.N. Ground Water software). With 
this option, numerous chemical data bases created with 
Version One can easily be transferred into the GWW soft­
ware. 

Yo u should be careful in selecting this option. It works in 
conjunction with the option Standard ASCll Input. First, 
you should convert from your old UN/GW data base 
into an ASen file using Old to Std. ASCll Conversion, 

/ .~' 
y 
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then you should read this ASCII file using Standard AS­
CII Input. However, remember that chemical data may 
come as parts per million (ppm) or equivalents per mil­
lion (epm). On the menu bar-of the Chemistry applica­
tion you will notice Options next to Reports. There you 

- must select option_ Show EPM Values since the option 
Old to Std. ASCII Conversion will always crea te an AS­
CII file-With cons_tituerits in epm. 

As shown in Figure 7-5, the 
Chemistry_ap_plication cur­
rently has the following dia-

__ -_-- grams: Wilcox Diagram--­
~tiff Diagram 

7.4.1. Stiff Diagram 

7-4 --

• Pioer Diagram or _ trilinear 
diagram. 

• WLlcox Ptagr¡¡m or irriga-
. Nff1.~uality-wagram. 

• Diagram. _ 
• SCHOELLER Diagram. 

In addition to the explanation 

Di 

Figure 7-5 

that follows in this Chapter, Chapter 16 Customization 
explains how to cu5tomize eacllof 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 own, in English or in any 
other language. - · · 

The STIFF Diagram is named after H.A. Stiff, Jr. This is a 
single sample graph displaying graphically major cat­
ions and-major anions. On the screen you.will see only 
the ~aph but on the reporting form you may have all 
constituents (major, minor, rare, trace,-contaminants, 
etc.) printed in atable, plus you may have a smallloc~-
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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. 

-
Miliequiv;llents per liter 

S 4 2 1 ------z--r A S -· 

Figure 7-6 

7.4.2. Piper Diagram _ Named after A.M. Piper, the trilinear diagram presents 
graphically a group of analyses on the same plot. Figure 

7-5 

- 7-7 displays the upper part of the diagram, while Figure 
· 7-8 displays the l_o_wer 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 displayJist 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 colurnns containing 10 samples each. (If you select 
a larger font for labeling, fewer samples will be dis-
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played.) Ofcourse, you may always use larger paper or 
use landscape orientation. 

""' 
00 ·"" :·: 

~- ·:·: •. · ... _eo 
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Figure 7-7 
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7.4.3. Wilcox Diagram WILCOX Diagram is named after Wllcox from the U .S. 

7-6--~ 

Department of Agriculture. This diagram is usea in 
studying the suitability-of water for irrigation purposes. 
High content of exchangeable sodium is highly undesir­
able for agriculture, as is the high total dissolved solids 
content, expressed as conductivity of water. An example 
of a screen display of the Wllcox diagram is shown in 
Figure 7-9. 

... / :-_~_-. 



7.4.4. Schoeller 
Diagram 

7.5. TABLES 
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Tfíe SCHOELLER Diagram, named after professor 
Schoeller, is a group diagram displaying (1) fue total con­
centrations of major cations and anions in both ppm and 
epm;·imd (2) the relative water composition for many 
samples. Because of the-graphicallimitations of lines 
(solid, dasned, dashed dotted, and dots on the line) it is 
not adVisable to display more than 10 samples on one 
Schoeller diagram:. Read also section 7.6. Options. One 
example is shown in Figure 7-10. 

Yo u may report or print data from the chemical data base 
in tables. Two table forms are 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 pararneter thatyou-may 
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have in the data base. However, be careful in selecting _ 
the units of reporting. In the GWW system chemical con­
stituents ha ve simple chemical names su eh as Ca for cal­
cium, N03 for ni trates, 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 
AppendixC. 
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When activated, the re-_ 
port option displays a 

CHEMISTRY APPLICATION 

S.... Rper Diagrom 
Save Wücax Oiagram 
Save Slllf Diagram 
Savt Schoeller Diagram 

C03 

· pop-dowh ·submenu as 
shown in Figur_e 7-U. 
There is a difference in se­
lecting to print using one 
of the four commands 
listed in the upper rectan-

gle: When thes.e__print 
_ -eommands are activated, 

the program will assume 
-nlat yo u want to use 

standard printing or re-

Priut :ttorting Set 
Priutl!raup· 
Priut Jlecord Dala . ... 

Figure7-11 

___ 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). 

For example to print a S11FF 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 
yo u select the sample yo u ha ve two options: 

l. Select Print Stiff Diagram on the Reports menu. The 
standard reporting form will be used. 

2. Select Print Record Data. The dialogue box will offer 
you all available reporting forms for the STIFF dia­
grams. Select one of these and the program will print 
it~ccording!Y· 

Using the commands from the lower rectangle permitS­
you to select (á) the diagram to pimt, (b) the reporting 
form for that diagram, (e) the table form for all ora group 

/., 
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of constituents in the base, and (d) one of nonstandard_ 
reporting forms intended ·for mixing _graphics usir!g ___ _ 
more than one applkation. _ 

-
lf you select Print Working Set, all forms designed by 
you or by the GWW programmer will be listed in a dia­
logue box, permitting-you to choose·from any of them-. 
For example the list will include, by default, the dia­
grams-such as Piper, W!lcox, and Schoeller, plus any 
other table form or alternative designs of diagrams that 
you may have created. You should be careful, however, -­
not to select Print Working Set for a Piper diagram if you 
have mor~ 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 js mrrently djs­
played. Depending on which type of graphics is cli_~­

- played you will use Save Piper, Save Wilcox, S ave Stiff, 
or Save Schoeller Di~~am. GWW will then open a dia­
logue box prompting you for the name of the drawing 

_ and for its dimension. You may print such a saved draw­
ing using the Print Nonstandard Report option from 
this or another application. 

7.7. ()JYriONS 

7-10 

The GWW software uses a spedal external file to convert 
between ppm and epm values. lhis 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
pendixD. 

• Ca 0.04990 .. 
• Mg 0.08224 
• Na 0.04350 
• K 0.02558 
• Fe 0.05372 

1 •• -
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• Mn 0.03640 
• HC03 0.01639 
• C03 0.03333 
• 504 0.02082 
• o 0.02820 
• N03 0.01613 
• -P04 0.03159 
• · Si02 0.27750 _ 

-Note. You may atjd more con­
stituents and their conversion 

fáctors. The ppm values when 
multiplied ffy these factors con­
vert to epm values. 

Depending on what you have 
-currently on your display, you 

--may switch between ppm and 
epm at any time. The sub-_-­
menu with these options is 
shown in Figure 7-12. 

Set,S.choeller 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 
añiOns. By default the maximum permissible "imbal­
ance" is set at 10%, but you may assign your own crite­
rion using this option. When invoked, the dialogue box · 
will be displayed-as shown in Figure 7-13. 

Enter maximum· catiuns-anions balance 
error 1."1 

lii!J 

Figure 7-13 
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Set Schoeller Range is the option which permits you to 
change the vertical scale of the Schoeller diagram. By de­
fault, the range is set from 0.1 to 400 epm. The upper 
values are 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 sorne 30 
epm, and also reduce the lower limit to 0.01 to display 
the smallest concentrations. When invoked this com­
mánd first prompts you to set the minimum value for 
Schoeller diag¡:am; as shown in Figure 7-14, and then to 
enter the ma:xin}um value for the same diagram: 

Enll:r minimum·vaJuc.vahic lar Schocllcr 
dlagram (EPM] 

Figure 7-14 

Map '' 
!,oad Map The Map option per­

mits you to select 
wells or samples di­
rectly from the map. 
The submenu for Map 
is shown in Figure 7-
15. You may create 

11 . Malee Data .9roup trom Map m. 
mJI Select Set from 

Figure 7-15 

one or more maps showing locations of al! or selected 
wells, water points or samples using the option Make 
Random, then the Mapping application in which you ac­
tual! y create a map. 

To selectwells direct!y from a map you should follow _!:he 
sequence: 
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l. Select Data on the menu bar. 

2. Choose SelectWorkingSel 

3: Click on Unselect All to remove all wells from the 
selection list. 

4. ~lick 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 aworking 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 recta11gle. If you choose the op­

. tion Select!'oints you must terminate-the selection 
clicking on the button End Points. If yo!!_ choose se­
lect Area you must terminate the selection clicking 
on End Area. Do not forget to close the are a 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 crea te. 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-

1 ,' •• -

/ :- .. 
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tal anions or cations, for sodium absorption ratio, or, in __ 
short, for ·every space-dependent item 'Yhich has a nu­
merical value. This in turn.permits you to create a con­
tour map for every such parameter. 

When this option _is ilwol<ed""the 
dialogue box, like the one sho~ 
!n Figure 7-16, will be displayed. 
The box lists all space-distributed 
parameters from the chemistry 
application and-the master data 
application. When you select a 
parameter-of which you wish to 
create a random point interna! 
file, all wells or samples in the cur­
rent working-·set will be scanned 
and included into the random 

~~ 

Figure 7-16 

points file, provided they have X and Y coordina tes. 

-- ·-

The final option on the menu bar is Help. This is a con­
___text-sensitive Wmdows-written help which explains al­

most everything explained in this manual. 

This is Example number three. The first task is to create 
a new data base with the followiitg constituents in the 
base: 

--• TDS 
• pH 
• Conductivity ·-
• Toluene 
• Phenol --
• Benzene 
• !ron 



-------

7.11.1. Create a New 
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The second taskis to transfer the following data into the 
base:: 

• Well Identification- MW-1 
• Description- Monitoring WeU at Farmland Landfill---- · 
• TDS = 466 ppm 

- • pH=8.2 -
• Conductivity"=-412 rnicromhos per cm at 25°C 
• Toluene = 4.5 ppm -
• PhenoL= 2.4 ppm 
• Benzene.= 2.3 ppm 
• Iron = 2.4 ppm 

. You must follow the steps:_ 

l. Greate a new data file structur~. 
2.. Crea te a new. entry form. 
------- -~ 

3. Type data into the entry form and the data base_~ .. 

l. Start GWW and select New GWW Data Base. 

2. Give the base the name FARMLAND.GWW. 

3. Select Tools. 

4. Select Data Structure Design. 

S. Select File. 

6. Select Old. 

7. Select Chemistry. 

8. Move the cursor to Ca and click on the button Delete. 

9. Repeat with all constituents, deleting one by one. Re­
tain only Well Ident, Fe (!ron), TDS (Total dissolved 
solids), pH, and Conductivity. What remains may 
look as shown in Figure 7-17. _ 

10. Click on New. 
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Dotanems ... ' 
10 ~acUadJ ru:c 2 
10 Nua(Uad) flnd 2 
lll lilmi(U.d) Flnd 2 
10 Ylla{UM) Fla.d 2 

Figure 7-17 

11. In the dialogue box type Toluene in New Field. Re­
place the default field length of 10 with 6. Click on 
Numenc:-Replace the default numb~r of decimal 
digits (~) with number 3. Click on OK. · Notice that 
Toluene has been added to list of constituents on-the 
last line. 

12. Do tlie same for Benzene. Click on New, type Ben­
zene for Field Name, 6 for Field length. Select Nu­
merical for Data Type, and change 2 with 3 for 
Number of Decimal Digits. Click on O K. 

13. Do the same for Phenol. The ·list of constituents 
-- should look as-shownin Figure 7-18. 

14. Click on OK. The-changes are automatically recorded 
in your new data base. 

15. Click on File, then on Exit. 

l. Select Tools. 

2. Select Data Entry Forms Editor. 

3. Select Chemistry. 

4. Select·Form. 

5. Select New. 
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10 Ma.(lllld) fued 2 
10 ha(Uad) hnod 2 
10 liq(U~cll f1noi 2 
lO ha(Uad) flnd 2 
6 ~-(IJDc!) FlUid J 

--6- .a-flJDd) f1nod. 3 
6 Wu,(UDd) flhd. 3 

Figure 7-18 

- -
6. Select first New Field;- Header, and type EXAMPLE 

THREE ... New Chemical Data Base. Enhance this 
field by adctl!tg border, changing fonts and other at--

-----m.butes. -

7. Click on Well ldent-from the list on the left side. See 
where the field is placed on the form. Move if you 
wish to another place. Change the default size, add 
border, change font to 12 or 14_points, boldface. 

~s-:-Click on Description. Change attributes if you wish. 

9. -Click on pH, -then on TOS, 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 coiltent and layout, click on 
Form, followed-by Save As ... Confirm by double 
clicking on Standard. 

11. Click on Form, and on Exil 

l. Select Applications. 

2. Select Chemistry. 

3. Select Data menu. 

4. Select New Entry Form, and double click on Stand-
ard. -
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EXAMPLE THREE • Farmland Fac:IDiy Chemlcal Dala aas• 

1 
-

1 Well Idea.t 
-~ 

~ 

Dea:i:pcion 

1 ,, !TDS(ppm)_ le.,_ 
1 l'" 1 r.._I_Oft 

1 """'" 1 

~. 

- -

Figure 7-19 

S. Start typing, MW-1 in the Well Identifi.cation 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 OOWN instead, or click with the mouse 
on MW-1 entry in the list of wells7samples, the 
screen should look something like what is shown in 
Figure 7-20. 

6. To be sure that all common data are kept also in the 
Master Data application, close this application by se­

~ lecting Data, and Exit. 

EXAMPLE THREE- Farmland Facllity Chemical Data Base 

Well ldent 
w.;.l 

~ Desc:dptlon 
Mon1tar1ng we11 en Farmland Focil1ty 

Figure 7-20 
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7. Select Application again, and click on Master Data. 
Notice that the display contains only one well, MW-
1. The only information shared between applications 
isDescription. The displayis as showninFigure 7-21.-

This ends.example number three. 

'MG"iiB*-
11L _ 

- - - - _ Master Data . - . 

Figure 7-21 _ 
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CHAPTER EIGHT WELL LOGS & LITHOLOGY 

8.1. GENERAL 

.. --- -.---

8-1 

-- UsiJ:lg the_ Well Log application qn tli.e main menu bar of 
' the GWW software.you may do the following: -

l. Create a new welllog by entering drilliifgdata 
_(depths-and lithologic description of drilled layers) 

and construction data (hole and casing diameters, 
screen position, materials filling annulus). 

2. Use the exl.Sting lithologic symbols for various li- -
thologic members and/ or materials filling the annu­

___ lus or create new symbols directly on the screen. 

3. Display~ ~elllog with its construction details on the 
screen. 

4. Create--a-lithologic data base which will be used by 
other applications: the Cross Sectioh, 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 forrn or 
_ fotms that you created. 

Ibis application works in conjtinction with three exter­
na! ASCII files. One is named by default SCREEN.DLT, 
and for a new data base it must be contained in the GWW 
directory. It contains symbols for drawing a well screen 
and for painting both screen and blank casing. The other 
two files are named I.ITI!.DLT and ANNULUS.DLT: The 
first file contains many pre-programmed lithologic sym­
bols for displaying and printing various lithologic mem­
bers. The secona file contains severa! symbols that are­
commonly used_in displaying materials filling the annu- -
lar-space between the drilled hole and well casing (stich­
as conductor pipe, grave! pack, cement, clay, etc.). The 
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--Stru.cture ami details of these files are discussed in Ap-_ 
penclix E ... 

As in any other appliciitioñ of the GWW system;you 
may enter "dedica~ed" data for wells using this applica­
tion (lithology, construction details, materials-filling the 
annulus, size of concrete·b1Qck, etc.) and general data on­
a well using the Master data application (description, lo-­
cal name, coordinates, elevations, etc.). 

The lithologic data and welrconstruction, if you wish so,. __ 
that you enter in this application are uséd in the Cross 
Section an_d in Fence Diagrams applications. 

8.2. OPTIONS ON 

8-2 

THEMENUBAR 

· As shown in Figure 8-1, the major options on the appli­
-- cation's menu bar are the following: 

--· Figure 8-1 
-· --

•-Data 
• Well Log Data (abbreviated to W.L.Data) 
• Display 
• Construction 
• Report 
• Uthologic Units (abbreviated to Lith.Units) . 
• LoadMap. 

~ 

/ol: 
~------/ 
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• Make Random 
• Help 

Each of these options is explain':cl in detall in this chap­
ter. 

When the Well Log application is selected, the display 
- - window con;;ists of three main parts: 

8.3. -DATA 

Menu bar on the top, in one or two lines depending on 
the screen resolution yo u are using (one line for 1024x768 
or 800x600; two lines for 640x480). 

Lis! of wells on the left currently in the workirig 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 númber of wells in the~ lithologic 

-application of_the data base. · · 

Entry form with information on the first well on the list 
oran empty form for a new data base. 

The Data submenu is shown in Figure 8-2. The following 
options are available: 

• Select Working Set. 
• Delete Record. 
• General Data Units. 
• Change Entry Form. 
• Standard ASCIT Input. 
• Standard ASCIT Output. 
• Printer Setup. 
• Exit. 

You use Select Working Set 
'option in the same manner as 
with añyother application. Its 
use is explained in Chapter 5, 

General Data !J.nits 

Change Entry Form 

Standard ASCII Input 
Standard ASCII Qutput 

Printer Sctup 

SWL 

FigureB-2 

'-··· 
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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 yo u are currently us!Jlg, and (b) modify any 
unit. For additional instructions on selecting units, see 
Chapter-4, Section 4.5.-

To delete a re~o:ci,_do the following: 

l. Move the cursor to the well you wish to delete. 

--2. Select Data on the application's menu bar. 

"3. Select Delete Record, othold down the CTRL key and 
press D ke.y._ 

~ A warning will beelisplayed giving you a chance to-
__ -_· reconsider. 

You may:use the default entry forro as displayed in Fig­
ure 8-1, or any forro that yo u may ha ve created following 
the steps explained in Chapter"3. To change_ the forro: 

l. Select Data on the a,pplication's menu bar. 

~ Click on Change Entry Form. 

3. Select the forro name from the list displayed in the 
dialogue box which you wish to use as your entry 

. forro. 

4. Click on OK. 

You wili notice that fue new form has replaced the de­
fault forro. (This selection is done only for a new data 
base. The program remembers which entry form you 
have selected and-will display it next time you open the 
data base.) 

The option Standard ASOI Input is used for input of 
more than one well. This is to say that you-may input 
one, two, or as many wells as you wish from one ASCIT 
file.The ASCII file may contain lithology and depth in­
tervals, coordina tes 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 ASOI 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 ASCIT file with welllog information may look as fol­
lows: 

WELL:P0-1 
X: 657900.00 
Y: 949000.00 

··- ELEV: 80.00 
ELEVM: 79.22 
liTH: 

.13.000 CLAY _ 
22.000 SANDF 
32.000CLAY 
37.000SAND 
44.000 GRAVEL 
63.000 SANDM 
7l.OOOGWS 
90.000CLAY 
101.000 SAND SAND MEDTIJM GRAINED 
106.000 CLAY CLAYWlTii SOME GRAVEL 
109.000 CLAY 

HOLE: 
. 10.000 0.600 

. 55.000 0.400 
. 109.000 0.200 

CASING: 
10.000 0.500 
55.000 0.300 

108.000 0.100 
SCREEN: 

15.000 20.000 
26.000 32.000 

ANNULUS: 
10.000 CEMENT 
55.000 CLAYH 

109.<XJO-GWS 

' _. ;' 
~ -¡ 
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The option Standard ASOI Output is used to save data _ 
in standard.ASOI files. The data saved will include, as 
mentioned earlier all wells in the current working set, 
d~pth intervals, lithologic description, coordinates and 
elevations, and construction data. The format is the same 
as in the example above. For more detailed iliStructions 

· on ASCIT file read .Chapte!o,Section 5.5. 

Jhe Printer Setup option is exj:)iained in Cha pter 5, Sec­
tion 5.4. 

EDITING WEIL· 
LOGDATA 

8.4.1. Editing ~xisting To edit depths and lithology data for a well that is al-

8-6_ __ 

Data ready in the data base, do the following: __ 

__ l.....Select W.L.Data from the application's menu bar. The 
only available option on the submenu is Edit Log 
Data, as shown mFfgure 8-3. 

_2. Click Edit Log Data 
or press ENTER A 
table such as the one 
shown in Figure 8-4 
will be displayed. 
The table contains 
three columns. The 
first is Depth. the lnsert Row CtrH 
second Lith. Unit. Delete Row 
and the third CQID: 
ments. The depth 
value is the bottom 

-- of the !ayer de-
scribed in Uth. Unit Figure 8-3 

- cohurui"The code in 
this column must be 
listed in the ASCII 
file which contains codes, description and symbols 
for ea eh lithologic unit to be used i!l_the data base. As. 

/- :· 
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.. -.~-
L3 '-'lY 

i 

FigureB-4 

mentioned in 8.1., one such file will be copied to the 
GWW directory under the filename LTIH.DLT. Its 

_st:ructure, 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 ASCIT file con­
taining codes. If the code for sand is entered in 
LTIH.DLT file as SAND, in this table you must also 
type SAND. If you mistype;or simply forgot the 
code, the program will stop and wait for a correct 
code. Also, if you type depth intervals out of se­
quence, the cursor will return to the wrong input. 
You will not be able to save the data unless you cor­
rect the input. 

NOTE. Codes are case and content sensitive. 

3. You may edit depth intervals, codes for lithologic 
units, and comments. You will notice that for sorne 
layers (intervals of depth) there is no comment, while 
in others there is additional description of lithology 
in the Comment column. This is interpreted in the 
following way. Ea eh symbol in the file UTH.DLT is 
defined with a symbol name, which is the first word 
in the UTH.DLT file (CLAY, SILT), anda description 
which will show on the display and on the printed 
welllog. This is one or more words after the symbol 
name. You have the option to have the default de­
scription of lithology typed on the welllog orto type 
something different and/ or expanded. If you decide 
not to type anything in the column Comment, the de-

" 

'-·,. 
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fault description of lithology will be used from the 
file LITII.DLT. If you decide to type anythlng 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 t:he lithologic description. 

4. Por editiÍlg use keys TAB or ENTER to move to the 
next field, SHFT + TAB to returnto the previous field, 
up and down arrows, or use the mouse cursor. 

· --5. When you ha ve finished editing, press the combina-
. tion CTRL+S to save ·· 

and exit. Other combi­
nations are <iispláyed in 
Figure_B:-5. Por example 
CTRL+I will insert·a­
row, CTRL+D will de­
lete a row. If you wish to 
exit without saving 
what you have just ed­
ited, hold down the key .. 
CIRL and press the key 
X. 

·-
When you are in the editing 
mode, you may click on 

W.L Data 
. -

' ' '' ...... 

Qepth Data 
Ihickness Oat~ 
Oepth/Thidc. Ynits 

lnsert Row 
Delete Row 

.S.ave Log Dab! 
Exi1-ftlon't save] 

FigureB-5 

Clrl-1 
Clri-D 

Clri-S 
Clri-X 

W.L.Data agaiil. Now al! options are available, as shown 
in Figure 8-5. Normally your data are entered as depths. 
You may select the option Thickness Data, and yóur 
data in the table that you are editing will be expressed as . 
a thickness. The option Depthfrhick. 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 expresseci in 
new units. Make sure that this is what yoü wanted. 

- .. - -
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8.4.2. Creating a New To create a new welllog, the procedure is the following. 
Log 

8.5. LITHOLOGIC 
UNITS 

8-9 

l. In the Entry form_type the new Well Identification 
name or number, using any combination of numbers 
and characters. Fill othedietds with-information. If 
the Well Identification name already exists in your 
data base (it will exist if you ha ve typed sorne infor­
mation for this well either in the Master data appli­
cation or in any other application), the program wm 
autoni.atically fiU in the fields that already ha ve infor­
mation. Normally this would apply t9_X and Y coor­
dinates,.ground surface elevation and well 
description. - - · ·· - --- - ·· ·· 

2. Select W.L.Data and Edit Log Data. !ype the data into __ 
--the table. an·the last_liRe with information after you 

type a code for Lith. Unit, override the default de- -­
scription by adding another in the colurnn Comment, 
hold down the_ CTRL key and press S. 

-
We will stop here because you need to know more before __ 
-you·can crea te a log. 

On the screen and in the report, the GWW program dis­
plays lithologic units as various symbols and colors. You 
do not need to add colors if you do not wish to print logs 
on a color printer. However yo.),! dQ_need to have one 
lithologic symbol for each lithologic unit. 

As mentioned before~ these symbols are contained in a 
special ASCIT file, named for the GWW by default as 
LITH.DLT. You must _tell the program, when you start 
creating a new data base, this file's name and the path to 
find the file. This is accomplished using the option Lith. 
Units on the application's menu bar. 

.· - ' 
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When this option is invoked you will be offered four 
choices, as shown in Figure 8-6: 

•- Edit Lithological Unit 

• Standard ASCll Input 

• Standard ASCll Output :!~~~~§~~~§ 
• Delete Lithological Unit -

FigureS-6 

When creating a new data base you must start with the 
second option, Standard ASCll Input. The dialogue box 
will be displayed as shown in Figure 8-7 listing all files 
with extension .dlt (stands for "define liihology") in your 

- lothological Units Standard ASCII Input 

--¡Jiput file 

Alename: ._lji_._III _____ __, 

Diredory. C:\GWD 

Files: 

annulus.dlt 
lith.dlt 
screen.dlt 

Dlredorles: 

[ .. ) 
f-a-1 
f-b-1 
1-1:-1 
[-<1-J 

!!!-] 

FigureS-7 

IW;;Qi ·1 

~~~Íl~q 

current working directory. In the case displayed there 
are three files with this extension: 
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ANNULUS.DLT, which contain5 several codes and 
symbols to be used for displaying materials filling the 
annular space; 

Lllli.DLT, the main file with alllithologic units to be 
used in the data base;· _ 

' 

' SCREEN.DLT, which contains two entries, one for 
screen and anothet for blank casmg. 

Each of these files:is either completely or partially repro­
duced 4t Appendix_E. Yo u may change the name· fór the 
first and 5econd, but not for the third. The program looks 
fÓr tl'!_e file screen.dlt in the G~ directory. 

_ You mafedit a "ffthologic unit or you may add a new 
lith~logic unit: To do tftis: 

l. Select Lith. Units on the 
menubar. · 

T SeTect Edit Lithological 
Unit. -<-

The·screen will display a 
list with all currently avail­
able lithologic units. This is 
shown in Figüre-8-8. The 
list is read from the file 
U1HDLT which was used 
at sorne point in creating 
this data base. The first on 
this list is New Lith. U ni t. 

' -

Edil Lithological Unit 

Figure S-S 

Editing of existing lithologic units is shown in Figure 8-9 
for a unit coded as C,WIOS. The acronym is user-defin­
'able. In this case it stands for "k_lay With Interbeds Qf 
Sand". You may use anything, but acronyms or codes 
should be easy to reínémber. For this unit the default de­
scription that will he typed on the logis: CLAY with in­
terbeds of sand. You may modify this now, globally, for 
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Similarly, selecting the option Casing and typing infor­
mation the display may look as shown in Figure 8-16. 

-· figure 8-16 

--¡'r6r the scre~n you do not type the diameter. It is as­
. sumed to oe the casing diameter. You type the beginning 

and end of each_screen section. The final display may 
look as shown in Figure 8-17. 

Po-1 - Si:ieen 
·· · · ":í:~liliili ini11Eílilill~fó6atlilnil • 

You may select dif­
fetent 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. 

;~ :321 20 ª 
FigureS-17 

Figure 8-18 

( 



8.6.5. Annulus 
Materials 

8.7. DISPLAY 

8-17 -

-~---

CHAPTERS WELL LOGS & LITHOLOGY 

If you wish the display and -prir!_t to show the annular 
space filled with materials using- symbols and colors, 

- plus the description, you must read in the standard AS-
- en file which contains these symbols. Remember that 

the GWW program looks for two separate ASCII files, 
one for lithology and another for annulus-filling materi­
als. 

Yo u may display a welllog at any time. It may show only 
intervals of depth without any description and symbols. 
This will happen if yo u did not input the ASCII file wi~ 
codes, symbols and description of lithology. It may dis~ 
play intervals, lithologic symbols and description oJ­
units but without any construction details. This will hap­
pen if 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 
ari.d have entered constructioninformation. (The display 
will even show the height at scale of a concrete block on 
the surface.) 

To display a drilling and construction log of a well you 
should: 

l. Select, using cursor or up and down arrows, the well 
that yo u wish displayed. . , .< _ • 

2. Select Display from the menu bar. 

The log ~ill be displayed without any further interven­
tion. Once dlsplayed, you may zoom a portien, or: __ use 
the option Fit Wnd (Fit Wmdow): Notice that the hori-
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__ _figureB-19 

zontal and vertical scale of a log will depend on what 
you have selected in your Entry form. Assunúng that 
you are going to print using the USA letter format, that 
is 8.5xll inches,-with the standard default form created 
by the programmer for the GWW package yo u will ha ve 
20 an for the log. For a well100 m deep 1:500 would be 
an adequate scale. If you wantto print a well about 200 
m deep youshould change the scale to 1:1000. Assunúng 
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 an wide. Notice, how­
ever, that the entire welllog column will expand or 
stretch, depending on the horizontal scale you have se­
lected, at the expense of other columns. If you ha ve 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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CustomizationJor selecting fonts for the. display and 
printout of a welllog. 

--You may display static water leve/, or. any water leve/ on the 
Iog. Prepareyour Entryform with theentry SWL. (You shauzr· 
have first "created" this ítem to_be a part of the data base using 
the Data Structure_ Editor for Lithology.) Remember to type 
the SWL as absolute elevation, not the depth to water table. 
This value will be subtracted from the measuring point eleva­
tion (Zm) orland surface elevation (Z) and displayed as a line 
with in verse triilngle_ in the column describing lithology or 

. well construction. -

-8.8. REPORT You may print a welllog using the option Report from 
the application's menu bar.-As shown in Figure 8-20 you 
will have to select between two reporting-options: · 

• PrintLog 
• Print Table 

The option Print Log will print 
the log of the well currently se­
lected. The option Print Table 
will print information, in a-tabu­

·¡ar form, for all wells that com­
prise the current working set. 
The information which will be 

·- printed will depend on what yo u 
ha ve declared in the report form. 
When you select to print using 
one of options in the upper two 

Sded lag Fonn 
SdedTable Fonn 

Orawing Oimension 

SIY! Wdllag DII'Oiog -· 

FígureS-20 

lines of the menu, the program will prompt you to select 
a reporting form. The next two lines of the menu do the 
same, except you must first select a reporting form and 
then dedde to print by clicking on one of the options 
above. 

The option Drawing Dimension is useful for dedding 
on vertical scale of a log. When activated, it prompts you 

.¡ ~ . 
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. first for a reporting form, and tli.en displ~ys the length of 
the log and the number of pages it will be printed on. 

You may also save a welllog drawing for placing it on a 
nonstandard reporting form, eventually mixed-with 
other graphics. For.this, you use ?ave Well Log Drawing 
option, followed by Print Nonstandard Report from this 
or another applicatiori 

This option is explained in detall in Chapter 5, subsec­
-tion 5.3.2. It is used h select a working set, or wells to 
work with dir.e.ctly from a map. 

This routine is explained in more detall in Chapter 5, Sec­
tion 5.6. The program will allow you to select any one of 
the space distributed numeric parameters available for 
this application, including some thatmay 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 thatwill define the thickness of a major aquifer, 
the elevation of its top or bottom, or the elevation of.a 
major stratigraphic unit. With this information in the 
data base you may contour or place various elevation 
lines on lithologic cross sections. 

With the data currently in the welllog part of the data 
base, the only parameters that·are space-dependent and 
ha ve numerical val u es are the ones shown in Figure 8=21. 
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Random Mdl. Variable 
SWl 
DWL 

~The final option on the ConcrBiockDx 
menu bar is Help. Tilis is a ConcrBioci:Dy 
context-sensitive Windows- ConcrBioclcH 
written help which explaiJis:- "Ah ove GS 
almost everylhing ex- Vert.Scale 

Hor.Scale plained inthis manual. x 
y 
z 
ZM 

Figure 8-21 ~ 

- As an example you will create a welllog for the follow-

... '• .. -·· 

_ing case: ·· 

Lithology (in feet):·--

0-10 Clay 
10-16 Sand fine grained 
16-22 Sand with grave! 
22-36 c1ay 
36-48 Sand 
48-55 Silt 

· HoJe·djameter: 

0-10 12 inches 
10-55 6 inches 
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Casing diameter: 

~10 6inches 
1~55 3 inches 

WELL LOGS & LITHOLOGY 

. Screim set in two interval s· 16-22 and 36-48 feet. 

The upper 10 feet aie cemented, and the rest is filled with 
-grave! pack composed of sand and grave!. . 

For lithology description and annulus-filling ASCII files 
use the default files: LfTI'I.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 sea!~ 
125. The hoJizontal scale is not important. · The program 
uses its default. When this is done, continue as follows: 

l. Select Lith.UnitS. 

2. Select Standard ASOI Input. 

ª'-._ Clicl<on the file name Lith.dlt in Qle \ GWW directory.-

4. Select W.L.Data from the menu bar. 

5. Select Edit Log Data. 

-6. Select again W.L.Data. The whole menu is now avail­
able. 

7. Select Depthffhick.Units. 

8. Double-click on feet. Notice that the depth column in 
the tablé is now in feet. 

9. Type 10 and press TAB. 

lO.Type CLAY (with all upper-case letters). Press TAB. 

11. Type 16, press TAB; type SANDF and press-TAB. 

12.Type 22, p~ess TAB; type·Gws (acronym for grave! 
_ with sand), press TAB. 

13.Type 36, press TAB; type CLAY, press TAB. 

14.Type 48, press TAB; type SAND, press TAB. 
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15.Type 55, press TAB; type SILT and do not press TAB. 
Ii you press it and there is a blank line for one more 
!ayer hold down the CTRL key and press D to delete -­
the line. The screen displays a table ¡¡imilar to the one -
shown in Figure 8-22. 

- Figure 8-22 

- -
--llt66,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. N atice that the 
table diSplays feet wi.its. 

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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t.IW-1 - Annulus 

'€M!Mtiel!1brtii6:1 5MV~ll'''i + 
10 CEMENT ~~~ 

1------'S:.:_Sl!!-------f;!t 
'~" 
~~~ 
·:.· 

FigureB-23 

27. Type 10 and press TAB, then type 1 (one foot) and 
pr_~ss 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 

isdispla~. 

_29. Hold down the CTRL key and press- S to save the 
-- data. --

:·· 

:··· 

FigureB-24 

30. Select Construction again, then select Casing. Notice 
that units are meters. 

31. With the table open, select Construction, then Con­
struction Units, then double click on feet. 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 
t_able as shown in Figure 8-25 is displayed. 

34. Hold down the CTRL key and press S to save the 
data. 
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MW-1- casing 

· teet .. DfiliiieterJ't"""" + 
1-------_.;l;;O~::----..:.· ::.¡5; ;tt 
1-------~5~5~·~2~5---~'~ 

~· 
SI 

Figure 8-25 

35. Select Constrm:tion again, then select Screen .. Notice 
that units are meters. · 

36. With the table open, select Construction, then Con-
struction Units. Double click on feet. Notice that the 

~- table displa~s feet units. · · 

~7. Type 16, press TAB, type 22, press TAB. 

~- Type 36, press TAB,.type·48. The display is as shown 
in Figure 8-26. 

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

FigureB-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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FigureB-27 
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CHAPTER NINE- PUMPING TEST APPLICATION 

9.1. _INTRODUCTION 

9.1.1; General 

9-1 

-- Using the Pumping Test applicatien from the main menu 
of the GWW softWare you II1ay do the following: 

l. Create a data base containing information about 
pumped wells, field test data (drawdowns, time, 
pumping rates). - -

2. Interpfet field data by fitting one of the theoretical 
curves for nonleaky.aquifer, leaky aquifer, under 
confined or uhconfined conditions, with fully or pare_ 

-tially penetrating wells. -

3. Display the field data or fitted data on the screen or 
print them using one of_three display options: 

(a) both time and drawdown coordinate axes-are at 
logarithmic scale; - __ _ 

(b) both time and drawdown coordina te axes are at 
linear scale; 

::\e) time (abscissa) is at logaritlu!_lic 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 
· parametei?, (b) table form with measured and fitted 

data for one well, and (e) standard reporting forms 
showing the pumping test data and fitted curve. __ 

S. 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 OfThe 
Iniiíl>retation 

· Mode The program permits you to specify the following: 

9-2 

• Aquifer may be confined or unconfined. If uncon­
fined, the program adjusts drawdown data for de­
crease in the transmissivity using the formula 
derived by Jacob: 

... s' = s- (.,?/2m) 

where: 

s' = drawdown that would OCCl.l!"_ in an equivalent non-
- ~~aky__confined aquifer; -- --

- S = observed drawdown under- Water-table (uncon- .. -----
firied) conditions; 

m = initial sa~_!!ted thickness of aquifer. 

• Wells are expected to be fully penetrating but correc­
tions for parti.al 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 ~be prompted for 
additional input, such as the depth to the top and 
bottom of a well screen from the top of aquifer in the 
pumped well, as well as the-same for an observation 
well .. 

The program has four major curve fitting routines: 

(a) Theis, using the standard well function [W(u)] curve 
-fitting method; 

(b) Jacob's approx:imation of the Theis solution; 

(e) Hantush, using the standard leaky well function 
[W(u,r/B)] 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 

/19:¡) 
'-.--" 



9.1.3. Input Data 
Conventions 

9-3 

- -
CHAPTER9 PUMPING TEST APPLICATION 

producing the-ªpproximate fit, and then solving the 
complete well function equation.) · 

The Jacob's method is an approx:iination 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=z2S/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, implie_?. 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: 

2 . -
r=500 m; S=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 w:ell. 

You rnay skip any test data frorn 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 ffom a measuring point 
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• pumping rate 

• option t6 skip the point from calculation 

Each data set must start with the initialline (row in the 
editing table) containing O (zero) for the timeLO for the 
drawdown, and the initial_pumping_rate. For example, L 
a well was pumped at 2500 m3 1 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: 

Tune 

o 
Drawdow Rate 
n -
o 2500 

Skip 

1 
2 

2.34-
321 

However, yau may type a positive value for the drawdoum-at 
time zero (rcrui.iine) indicating thal_yau wish the program to 
accept this as the initia.Lstatic water leve l. This level is actually 
the depth Jo the water from the measuring poiz¡t (top of casing, 

. graund suiface, top.of concrete block, etc.). Every other value 
in the second column ("drawdown" column) will be intiT.c 

-- 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 musf provide the history of pumping during the 
pumping stage, ending the pumping with the line con­
taining the final tirrie of pumping; and the final draw­
down, and replacing the pumping rate with O at the time 
pump was shut off. From that time on, the time input 
must be in total time elapsed from the beginning of 
pumping, and not from the moment the recovery 
started. For example, if a well was l§umped for 240 min­
utes ata constant rate of 2500 m /day and the final 
drawdown was equal to 1.00 m, and then the pump was 
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--
shut off and therecovery measured, the data input must 
be the following: 

---º 0.00 2500 
240 1.00 o 
241 0.89 
242 0.81 
243 0.76 
245 0.68 
247 0.64 
250 056 
255 0.49 
260 0.45 
270 038 
280 034 
300 028 
320 024 
340 -- 021 
380 0.17 
42Q__ 0.14 

(Thls is the example-from D.K.Todd's book Groundwater 
Hydrology, 2nd edition, 1980, page 133. The manual 
matching produced the transmissivity equal to 1140 
m2/day,andthisprogram1162m2/day.) _ _ -.. 

_ -With the Theis method for a nonleaky aquifer, the fitting 
method produces the values of transmissivity and stor­
age coeffident. Using the Hantush method for a leaky 
aquifer, the fitting method produces the transmissivity, 
the storage coeffident and the leakance or leakage coef­
fident. 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 coeffident needs an explana­
tion. 

The leakance or leakage coeffident. defined as K' lb', 
where K' and b' are the hydraulic conductivity and 
thickness, respectively, of the semiconfining !ayer sepa­
rating two aquifers, characterizes the amount of leakage. 
-This coeffident is defined as the quantity of water that 

--·~ 
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flows across a unit area of thé boundary between the 
main aquifer and its semiconfining bed, if the difference 
between the head in the main aquifer and that of the 
pended water supplying leakage is unity (De Wiest, Geo­
hydrology, 1965, page 274). Usually the values of the leak­
age coeffident are expressed in 1/ti.me unit, that is in 
day-1, or se_c-!. Hantú.sh reported values between 
4.8x10-s sec-1 to 10-10 sec"1 for an artesian basin in New 
Mexico, while Walton reported values from 3.5x10"7 

seé to 8x10-~sec-~ for glacial drift deposits in Illinois. 

The recovery rñethod will produce only the transmissiv-
-- ity coeffident. Although it would be relatively easy to 

_report the storage coeffident as well, the programmers 
restricted the analysis to transmissivities following the .. 

______ctassical 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 applicá­
tion this is more important than for other applications, 
beca use this application involves calculation of parame- --·· . 
ters which must be done in a consistent system of units. 
You should not be concemed With the consistency .. The 
program tal<es care of this. But you must have control 
over your input data by knowing in which units you are 

. actually transferring the data. You must also spedfy in 
which units you wish to have the results for the parame­
ters. 

As you will soon notice, the program permits you to 
modify general units and measurement units. The gen­
eral units are the units for transmissivity and leakance, 
for average pumping rate to be reported on the form, 
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and-for various geometric input parameters in the case 
of partial penetration and unconfined aquifer. The meas­
urement units are the units f()r t!Jne, drawdown and 

__ pumping rate. The units you select for measured data­
will be displayed in ~e editing table. The general units­
will not be displayed on the screen, nor in reporting 
forms. Youmust be ~ure ofwrucn units you ha ve selected 
and label them properly by modifying the default re­
port:in:g forms. 

As shown in Figure 9-1; tfie major options on the appli­
cation's menu bar are fue following: 

.(·· . Pumplng Tests 1<:\gwdjttstl.g 

Qata fdit '.frt DiJ.Pioy Beport lila !<e Bandom Load M•P J:jelp 

Wellldent 

• Data 

• Edit 

• Fit 

• Display 

• Report 

• Make Random 

• LoadMap 

• Help 

Wellldent 

·-PT-1 

Obs. Well Distance -
Figure 9-1 

Average Pumping Ra 
2500. O[ 
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Ea eh of these options, except options Make Random and _ 
Load Map, is explained in detail in this Chapter. Ma)fe 
Random is discussed in C~pter 5, Section 5.6; LoadMap 
is.discussed in Chapter 5, Section 5.3.2. 

When the Pump Test application is selected, the display 
window consists of threéiruiin parts: -

• Menu bar on the top. 

• List of wells on the left currently comprising the ~ 
working set, with ~o numbers at the top referring to 
the number of tests in the current working set and the 
total rtumber of pumping tests in the data.~ase. 

• Entry form with inform~tion on the first well on the 
list or an empty form for a new data base. 

Only certain fields-on the entry formare available for 
input These are Well ldent (or identification of a well), 
Description of the well, and Obs. Well Distance. In all but -
the recovery method, you will be reminded to input this 
parameter if you forget to do so before fitting. 

Other fields on the fol.}ll are reserved for reporting the 
results, and you will not be permitted to modify them. 
These are the fields reporting the transmissivity, storage 

-éoeffident, leakance, estimation error, initial saturated 
thickness, and the fit method. 

- NOTE. If yau 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
na[ file (see Chapter 2) and reporting forms (see Chapter 3). 
However, be careful not to assign to these new en tries the same 
field name as in the default structure. Remember that the de­
fault field names are transmissivity, storage, 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 1Jy the test, and creat~_!he same field on a 
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new reporting fonn in which the transínissivity as selected by 
you w_ill be reported. This may became important if you wish 
to create a transmissivity con tour map by using pumping tests 

· results for a certain number of wells, by using calculated · 
transmissivities from grain size analyses, and by assigning 
transmissivities on the basis of well performance or mérely the 
lithology. --

The Data submenu- is-shown -­
in Figure 9~2. The following 
op.tions are available: 

• Select Working Set._ 

• Delete Record:-

• Select Entry Form. · · 
~elect Entry Form 

-- General Data Jlnits 
• General Data Units. Print Setup 

• Print Setiip. 

-•- Exit. 
Figure 9-2 

You use Select Working Set option in the same manner 
as with any other application. Its use is explained il} 
Chapter 5, Section 5.3. 11:5 purpose is to reduce a large set 
with many wells to_ a smaller set of wells which may be 
selected for whichever reason. 

To delete a record, do the following: 

l. Move the cursor to the well you wish to delete. 

2. Select Data on th~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 formas displayed in Figure 9-1, 
or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

l. Select Data on !he application's menu bar. 

2. Click cm Sele~t Entiy Form. 
-

3. Select the form name which you wish to use as your 
entry form: from the list displayed in the dialogue 
b~ - -

- 4. CllCk on OK. 
- -

As explained in Section 9.2., in the purnping test applica-
tion it may-be-inl.portant to design another entry form 

_. which would give you an opportunity to .. type sorne ad­
ditional valúes, su~ as for transmissivity, hydraulic.con­
ductivity, storage coeffident, 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 GenerarData Urúts displays 
a dialogue bo~ su eh as 
·shown in Figure 9-3. You 
may change urúts for every 
parameter that may appear 
in the calculation or on the 
entry or reporting form. Re­
member that the slide bar 
on the right indicates that 
there are more entries than 
what is displayed. Most of 
these parameters will ap­
pear on the entry and re­
porting forms. When you 

· select any of these parame-

Figure 9-3 

ters, you will be offered the full choice of urúts, all urúts 
that are spedfied in the GWW.UNT file_for a particular 
type of urúts. 
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TEST DATA 

9.4.1. Measurements 
Units 

9.4.2. Edit 
Attributes 
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~The Print Setup option is explained in Chapter 5, Section 
5.4. 

- ... 
-~ The submenu Edit looks as shown in Figure 9-4. To start, 
you~should- selector confirrn the units of measurements 

Edil Measurements 
Standard ASCII Input 
Standard ASCII Qutput 

lnsert Row CtrH 
Delete Row Ctrl-0 

§.ave t.4easurements Ctri-S 
E¡sit (don't save) 

Figure 9-4 

forá particular test. Wh._en you click on Measurements 
Units, the menu extends to three options: Time, Length, 
and Pumping Rate. The selection of units is the same as 
for the general data. When you select the ~option Edit 
Measurements the units that you have selected will be 
displayed in the editing table. This is shown in Figure 
9-6. 

Using the option Edit Attributes you may define your 
pumping test and aquifer scemirio. The display as 
shoW!l 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 yo u do not select Partial Penetration 

--
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box, the dis­
play will offer 
only the Con­
fined box. Ac­
tually, the 
following com­
binations are 
possible: 

(a) Confined 
aquifer box 
clicked. 
The box is 
"crossed". 
Par ti al 
penetration 

PUMPING TEST APPLICATION 

i PT 1 · 

!IZI C.nflned 

j lnitial SaL Tblctneaal 1 m 

Pumping WeR Data. fram Top ot Aquifer ·­

- to Top al Scrcen c:==:J m 

-· tD Bottom ~~aeen c:==:J m 

Observetion Well Data.. from Top of Aquifer •.. 

... to Top of Saeen c:==:J m 

... to Bollom of Sacen c==J m 

· Aqulfer Thldcnessl j m 

Figure 9-5 

box is not clicked (it is empty). No other input is re­
quired. 

(b) Both the confined aquifer box and patlial penetration 
boxes are empty. The case is of an unconfined aquifer. 
You must type the value for Initial Saturated Thick- -
ness. 

(e) Both confined aquifer box and partial penetration 
boxes are clicked. The display is as shown in Figure 
9-5. You do not fill the box for Initial Sat. Thickness, 
but you must fill in all boxes underneath, depending 
on whether you ha ve measured data from the pump­
ing well or from observation well. 

(d) Confined aquifer box is not clicked (the case is of a 
unconfined aquifer). Partial penetration box is 
clicked. You must type the value for initial saturated 
thickness and all required information for partía! 
penetration. 

9.4.3. Edit When you select the Edit Measurements option, the edit 

9-12 

Measurements table is displayed. lt may contain data as shown in Fig­
ure 9-6, or it may be empty prompting yo u for input. No­
tice the units displayed in the header. These are the units 
yo u ha ve selected using the option Measurements Units 
on the same menu. Notice also the first row of fue data,. 
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·with O for time 
and drawdown, 
and a value for 
pumping rate. 
You enter or edit 

-· data using the · 
TAB key, EN!ER 
ormouse. 

NOTE. Rememlier 
that you must not 
press TAB or EN­
TER when you fin­
ish -typing of the 

-last data input. If 
you do a new line 

will automatically 

PUMPING TEST APPLICATION 

--"':' 
~ 

1 

o 

1 

' 

-

be opened. Since it · Figure 9-6 
would be blank the _ 
fitting would fail. 
For this not to hap-
pen the piogram will warn you to delete the line. To delete any 
line, including the last blank line, you hold.doum the CTRL .. 
key and simultaneously press D. 

Yotrdo not need to keep repeating the pumping rate· 
value. Only if it changes should youtype the new value. 
The "Skip" column allows you to elimina te sorne points· 
from the calculation of the fit. Type • on the row yo u wish 
to .elimina te. 

You may input pumping test data from an ASCII file. 
This should be a standard ASCII file, with time, draw- · 
down, and pumping rate values separated by a comma 
or one or more spaces. The order of input is important: 
time, drawdown, pumping rate. When you choose the 
option Standard ASCII File the box prompting yo u to se­
lect a file will be displayed as shown in Figure 9-7. The 
program assumes that the extension of su eh files is . pmp, 
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but you may change 
this by typing your 
own wildcard combi­
nation. 

The normal procedure 
in crea ting a_test se"t­
would be to: 

l. Crea te a test well en­
try by assigning 
well identification, 
typing in -descrip­
tion, and typing the 
distance to observa­
tion well. 

Files: DirectDrics: 

D 
Figure 9-7 

2. Select Measurements Units for time, drawdown, and 
pumping rate. 

3. Select General Data Units. 

4. Set Edit Attributes for the-test. 

5. Input standard ASCII file. 

This option provides for saving test data that you have 
entered from the keyboard or that you may ha ve edited. 
When used, you will be prompted for an ASCII file 
name. The data are saved in a format which may look as 
follows: -

. r ,, 
/ -
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1.000 
2.000 
3.000 
5.000 
10.000 
15.000 

-20.000 

PUMPING TEST APPLICATION 

500 

. 25.000 

0280_. 
1.040 
1.775 
2.956 
4.894 
6.142 
7.059 
8.158 
8.720 
9.346 
9.674 
9.967 
10.230 
10.119 
9.940 
9.826 
9.754 
9.707 
9.657 
9.658 
9.652 
12.151_ 

FITTING 

30.000 
45.000 
50.000 
55.000 
60.000 
62.000 
64.000 
66.000 
68.00Q 
.70.000 
75.000 

. 80.000 
90.000 
120.000 

400 

The results of this test are interpreted in the following 
way. The well was pumped at a constant rate of 500 
m3 1 day in the first 60 minutes. In the second hour the 
pumping was at a reduced rate of 400 m3 1 day. The test 
terminated after two hours of pumping. -·· 

-

The GWW package contains four methods of fitting 
data: Theis, Jacob, Hantush, and. -
Recovery. This is shown in Figure 
9-8. Yo u must not use the recovery 
method if the data are not pre­
pared for the recovery. You may 
use either Theis or Hantush on 
the same set of data and see the Figure 9-8 
difference in fitting. 
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Ea eh of the methods works initerations. The fitting starts 
with values of transmissivity and storage coeffident_as ... 
initial guesses calculated using the Jacob's appro~a­
tion. Since the fit for the Theis method is a two-parame­
ter iterative algorithm (transmissivity and storage 
coeffident), it is much faster than the Hantush method 
which is a three-parameter algorlthm (transmissivity, 
storage coeffident, leakance ). If, on top of this, yo u select 
a pártial penetration case, the processing may take sev­
eral minutes on relativelyJast computers (82486 running 
at33MHz). 

In rare cªses it may happen that there will be no fit in a 
pre-spedfied number of iterations (set at 100). This will 
be the case when test data do not come close to theoreti­
cal expectations of a 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 fil_e is not correct. This will be the case if you have 
not followéd conventions as specified before, yo u ha ve a 
blank line in the data file, or, in the case of the recov:ery 

- -method, you have not typed cumulative time. 

9.6. DISPLAY 

If the fitting was 01<, 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 sorne input data lines are out of time 

-sequence. But the drawdown data may be mistyped or 
behave erratically. In that case the fit will not make sense 
unless you modify the data. One of displays of field data 
is shown in Figure 9-9 before the fit. 
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Figure 9-9 

1-
1-

l.,_ 

"' - -

Before accepting the-results, you will wanUo see how 
data are fitted. After you select the option Display you 
are asked to select 
one of three patterns 
(see Figure 9-10): 

• time at logarith­
-mic scale, draw­
down at linear 
scale; 

• time and draw­
down at logarith­
mic scale; 

Figure 9-10 

• fuñe 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. 
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1 

llllll 

1\.1 

Figure9·11 

~-

By selecting the Report option from the menu bar you 
may print the following: --

• Fit graph showing field or measured data and the fit· 
ted curve, along with results and other information 
iliat you selected to put on the report form.~ 

• A table for a single well d.isplaying measured data, 
fitted data, the difference between the two, time, 
pumping rates, and any other parameter tha t yo u de- -~ 
cided to put on the reporting form. 

• ~Atable foral! wells making the data base or working 
set displaying sorne general data such as wells' iden­
tifications, descriptions, coordinates, elevations, 
transmissivities, storage coefficients, leakance, etc. 

The submenu for reporting is as shown in Figure 9-12. If 
you select the upper option, Print Fit, the ~standar9 re­
porting form will be used including sorne general infor­
mation abciut the well, test results, methods of- fitting, 
and the diagram. This standard form, which is a part of 
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the ~data base template 
GWW.OOO, is prepared 
for the following urúts: 

• Tr¿msmissivity in 
m /day. -~ 

Seled Tllile Form 

• Drawdowns,_ aqui-­
fer thickness, dis­
tanc-~es and 
geometry of test 
wellfield setup in 

Srlee1 Oaaqrc.m Type log-lm Daagtam 

SM Dilg11111 

., Print N..-dlrd Rtport 

meters. -

• Time in rñinutes. 

~• Leakanceinday-1.- · 

.-p--umping rate~in m3/day. - _ 

ültlin D1agram ! 
I..Dg-L.og Oiagram r-

You may need to ni.odify this form for another set of 
units. [The-modüication is done using Tools from the 
main menu, followed by Report Forms Editor, then 
Pumping Tests, and Single Record FonÍl., File, Old,-~ 
~Stanaard form.J 

If you select the option Pri~t Fit, you will not be 
promptéd to select a reporting form. 

·-Similar! y, using the option Print General Data Table the 
standard report form will be assumed, and you will not 
be given the chance to replace it with another form that 
you may have created. 

The middle two options are used to first select a report­
ing form, and second to-print the form. Se~ect Fit Form 
is intended to print a report that is prepared for q single 
well, and Select Table Form is intended to print a report 
that is.prepared for all wells in the working set. 

In the GWW.OOO template data base, three reporting 
forms 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 toa 

·' 
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pre-designed form 
wlúch reports al! in­
formation about the 
test setup. The 
Standard form 
should be used for 
fully penetratin­
wells. It will report 

~ either Theis, Han-

PUMPING TEST APPLICATION 

Partiall'l:ne:lnltion 
Standard 
Table 

Figure 9-13 

tush, or recovery methods depending on the fitting~-~ 
method- selected. This form is prepared with metric 
units. Modify if if you wish to use another system of 
units. -

The Table form will report the single well test data ip 
columns wit1t~time intervals, measured and fitted draw­
downs, drawdown differences, pumping rates etc. One 
column will also show whether a point was skippedor 
included into the fit. 

For each type of reporting, whether for sirigle test or for­
alLtesred wells, you may create mc:>re than one reportfrtg 
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 interna! 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. 

Yo u may use the option Select Diagram Type to print the 
test data using one of three types, as shown in Figure 
9-12. 

Save Diagram is u5ed to save fue currently displayed 
diagram for printing using the Nonstandard Report op­
tion. As in other applications, you will be prómpted to 
save the graph under a name, and to decide on the dia­
gram size~ ~- -

9.8. MAKE RANDOM Tlús routine is explained in more details in Chapter ~' 
Section 5.6. The program will allow y_~u to select any one 
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of space distributed numeric parameters available for 
this application, including sorne that may ha ve no mean­
ing for contouring (such as e.g. average pumping rate, 
geometrical parameters referring to the~.position of 
pumping and observation well screens, etc.). Normally 
what you will want to. prepare for~ contouring ~will in­
elude transmissivity, h)'d!atilic 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 su eh as 
storage coeffiaent, specific yield, and leakance are usu­
ally knowl}. 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.· 
Tite random variable of­
fering may look as 
shown in Figure 9-14. 

LOAD MAP This option~is explained;­
in details in Chapter 5, . -
subsection 5.3.2. It is 
used to select a working 
set, or individual wells to 
work with, directly from 
amap. 

Rgure 9-14 

-9.10. HELP 

This is context-sensitive on-line help which guides you 
through various options and procedures. 

/" 
/' ..... ' ' 



9.11. EXAMPLE 

---. 

~ 
' 

9-22 

CHAPTER9 PUMPING TEST APPLICATION 

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 ata constant 
--rate of 500 gpm. Drawdowns during the pumping pe-

-riod are measured in an obsetvation welll50 ft from the 
pumped well, at times var)ring from 2 min to 6 hr. They 
are recorded-in-the table below. 

-- Pumping Tune Drawdown - Rate 
(min) (ft) - (gpm 
o . -o 500 
2 12-
3 1.9 
4 2.45 
5 2.9 -
6 "3.35 
7 3.65 
8- 4.1 
10 4.6 
14 5.5 
18 6.15 
24 7 
30 775 ~--

40 8.5 
50 9 
60 9.5 
80 10.05 
120 10.3 
180 10.5 

240 10.65 
360 10.8 

The procedure is as follows. 

\ 
/~ \ . ,. .. 
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l. From the main menu bar in the GWW select Appli-
cations. _ · 

2. Select Pumping Tests. 

3. Select Data, and clickon General Data Únits. 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 arid select gpd/ ft. Select StandardError and select 
feet. Click on OKto return to the Data menu. 

4. Type DW-1 in the Well Ident field, press TÁB; type 
Exaní.ple from DeWiest's book, 1965, p.264-266 in the 
Description field, press TAB; type 150 in the Distance 
field; press TAB. 

_5. Notice that the well list contains the well number· 
DW-1. Click with mouse on DW-1 in the welllist Win­
dow .. 

6. Select Edit, followed by Measurements Units. Click 
on Time and select minutes. Repeat the-procedúre 
(Edit,..Measurements Units) and select Drawdown. 
Click on feet. Repeat once again, select Pum ping rate 
and select gpm. 

7. Go once again to Edit and select Edit Attributes to 
-confirm that the Confined Aquifer box is crossed (if 

not click inside the box), and that Partial Penetration 
- box is empty. 

8. From Edit menu select Edit Measurements. Check 
that the time is in min, drawdown in ft, and pumping 
rateingpm. 

9. Start_typing. Type O in Time column, press TAB, type 
O 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 
tb the line 3. Type 3, press TAB; type 1.9, press TAB; 
press TAB twice more to move to the next time in- . 
tervaL · · · 
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11. Type 4, press TAB; type 2.45; press TAB three times. 

12. Keep typing untiL 
the last line, type 360 
in Time column, 
press TAB; type 10.8 
in Drawdown col­
umn. Stop here. The 
screen should dis-

- pl~y_ as shown in 
Figure 9-15. Instead 
of pressing TAB 
save the table by 
holding down the 
CTRL key and 
pressing S (for save). 

DW-1· 

-~ 
o 500 

.2 

2 45 
9 

35 

10 4 6 
14 5.5 

615 
24 7 
30 775 

=* 
8.5 

9 5 ., 05 
.o. 

1-
----

-· 

13. You are back in the 
application's main -· 
menu. Select Dis- · 
play to look at what 
you just typed. Se-
1 e_c.t_Log-Lin Di a- Figure 9-15 
gram. The screen's 
display should look as shown in Figure 9-16. 

' 
' 
' 
' 

1 

• 
• -

• 

' 
• 
• 1 

• 1 

• • • 
' • 
' • -·· 

Figure 9-16 
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-14. Click on Oose on the right side to remove the dis­
play. 

15. Select Fit, followed by Theis Method. Wait until the · 
results are displayed. The screen should look as 
shown in Figure 9-17. Notice the results: 

WeD ldent -
Figure9-17 

• Transmissivity = 27,175.74 gpd/ft 

• . Storage coefficient =0.000295 

• Estima te Error = 0.67 ft. 

16. Select Display. Select Log-Lin Diagram. The fitted; 
curve is as shown in Figure 9-18. Not too good! 

17. Print results by selecting Report and Print Fit. 

18. Check whether this may be a leaky aquifer case. First 
· remove the diagram from the display by clickfug on 

Close. 

19. Select Fit followed by Hantush method. Wait until 
the processing is finished and notice the results: 

• Transmissivity: 16,177.67 gpd/ft 

• St?rage coefficient = 0.00043 

• Leakance = 0.006161/day 
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Figure9-18 

• Error estímate = 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. Yo u do not need to loo k 
at the display. The comparison of Error estimates is 
sufficient to tell you which method fits better. 

Finally compare the results from the book with these re­
sults. Transmissivity in the book is equal to 20,500 
gpd/ft, storage coefficient is equal to 0.000315. While 
storage coefficients are of about the same order of mag­
nitude, the "nonleaky" transmissivity is overestimated 
for about 26%. It appears that the aquifer is less transmis­
sive, but a portian of pumped water is supplied from 
leakage. 

This ends the example. 

---~ 

' .. 
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10.1.1NTRODUCTION 

10.1.1. General 

10.2. MAlN MENU 
BAR 

10.2.1. Components 
ofthe 
Hydrograph 
Appücation 

10-1 

-Usingthe Hydrographs applicationfrom the mainmenu 
of the GWW softWare you may do the following: 

l. Crea te· a data base containing information about 
water levels in observation, monitoring or pumping 
wells. 

2. Switch between water"levels in absolute elevations -
_¡md depth to water table from a measuring. point. 

3. Display measured water level data for the whole or a 
---selected period of observation. Connect all water 

level points in the data base or select a "connection'.' 
· span, -leaving "unconnected" · poiñts as random 

poiñts on the hydrograph. 

4. Print the results in hydrograph forms with general 
data on wells· as a header and-one or more graphs 
and location maps. -· 

5. Interpola te· water levels, or depths to water table, for 
.any date within the period of observation. Prepare 
water level (or depth to water) data for contouring. 

6. Prepare water level (elevation) lines to be displayed 
on hydrogeological cross sections. 

As shown in Figure 10-1, the major options on the appli­
cation's menu bar are the following: 

• Data 
• W.Levels (abbreviated Water Levels) 
• Display 

----

_ _.--.;.· \ 

(;::?1) 
'---. 
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HyrlrographS \C\qwd\lestl !JW'I'4 

-~· R~port 
• Make Random 
• !-oad Map 
• Interpolation 
• Help 

-
Ea eh of these options, except options Make Random and 
Load Map, is explain~d in detall in:1lüs Chapter. Make 
Random is d.iscussed in Chapter 5, Section 5.6; Load 
Map is d.iscussed in Chapter 5, Section 5.3.2. 

When-the Hydrograph application is selected the dis­
play window consists of three main parts: 

• Menu bar on the top. 
• 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/monitodng wells, the left window will be empty, 
and the number of wells will be zero. This is the case as 
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shown in Figure 1G-l. Figure 1G-2 displays a case with 
many wells already in the data base. 

IWI%1b=::~='ili!C§:IIIIIIIIIIIi·~~··;~*~··1~~1~~:~; 
tt.tll !lfi. Uvcts DeaJN.y 8qlotl Wab= a-o- UN .M_, _.,.....,_ tieillo --... , .. ...... ,..., 

P0-1 ,._, ,._, ..... 
P0-5 
SRRG-" 
SRRG-11 
SRRG-15 
SRRG-1t 
SRRG-ZI ....... 
SRAG-21 
SRRG-J ....... 
SRRG-5 
SRRG-7 ....... 

Figure 10-2 

Jnthe.Entry Formas shown in Figure 10-1 and 10-2 you 
-may type the input into all or selected fields. The only 
field specific to this applica"tion 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 :·. 

10.3 .. 

DATA 

10.3.1. Options on the 
DataMenu 

10-3 

not in the entry .form of the 
Master data application. It is 
up to you to decide which ap­
plication to use for information 
that is "exchanged" between 
applications. 

The Data menu is shown in 
ure 10-3. The following options 
are available: 

Delete Record 

lieiect EII1Jy Fonn 

General Data !lnits 
Wortdng Time lnterval 

Standard ASCIIjnput 
Standard ASCII.Qutput 

Prinl Setup 

Figure 10-3 

Ciri-O 
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1 0.3.3. Delete Record 
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Form 
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• Select Working Set. 
• Delete Record . 
• - Select Entry Form. 

•- General Data Units. 
• Working Trme lnterval. 
• Standard ASCI~ Input.-
• Standard ASCII Output. ___ _ 

-• Priiit 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 whichever reason. 

To delete.a record you will do the following: 
-

. l. Move the cursor tn the well you wish to delete. 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the CTRL key and 
press Dkey. 

__ 4. A warning will be displayed giving you a chance to -
reconsider. 

-

You may use the default formas displayed in Figure 10-
1, or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

l. Select Data-"on the application's menu bar. 

2. Click on Select Entry Form,-

/ / 
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3. Select the form 
name which you 
wish to use as 
your entry form 
from fhe list dis­
played in the ·:: 
dialogue box as -
shown_in Figure 
10-4. -

4. Click on OK. 
-

In the Hydrographs 
applicafion it may 

HYDROGRAPHS 

- Entry Fonn 

Sclcd •n Entry Fonn 

l""lii( "fl 
lcanoeil 
¡t;oae~e.·j 

be desirable- to de- Figure 10-4 
sign another entry 
form with informa- . 

· J:ion other than m fhe standard form. For example, you 
---ay wish to identify -~ well eifher 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 fhis information to 
.selecta working set orto display one type of well onto a­
location map. You may fhink of ofher Eieces of informa­
tion to keep"in fhe hydrographs data base, such as fhe 
method.of measurement (chalk tape, electric line, re­
corder, logging device, etc.), or fhe use of fhe well ofher 
fhan for water leve! measurement. 

When activated, fhe 
option General 
Data Units displays 
a dialogue box such 
as shown in Figure 
10-S:· In the GWW 
data base template, 
which is used in fhe -
example shown in 
Figure 10-5, the only 

Figure 10-5 
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space-distributed numerical parameters are coordina tes 
and ground surface and measuring point elevations. 

10.3.6. Working Time The option Working Time Interval permits you to re-

10-6 

Interval duce a long period of observations to a shorter time 
span. This is importantin editing data, in displaying hy­
_drographs with more detall in a shorter period, and in 
reporting data for the period of interest. For example, if 
you are going_to use thé 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 withiri. the period from 1 J anuary -1984-

-- through 31-Decenlber 1988, you should proceed as-fol­
lows: 

l. Select Working Tune 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+ 

. - Working Time lnterval Start. 

Yeer 1198~ J _ Month D Doy D 
HourO MinE] 

Figurel0-6 

2. Wñen the dialogue box titled 'Working Tune lnterval 
End' opens type 1988 for the year, 12 for the month, 
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and 31 for the day. Press twice TAB. The display 
should look as shown in Figure 10-7. 

.. 

f , Working Time Jntcrval End J~·~~ 

Year ~~ 988 . ¡· t.1onth @:] Day §:] 

Hour[O Min[O 

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 
Input 

10-7 

You may_s_ªve the whole data base, al! the wells, in one 
ASCII data file. In the version 1.0, the-input format was 
made compatible with output format--{)f the UN/GW 
software. In the versiori 1.1, that "compatibility" was 
aba_ndoned in favour of a more "friendly" forma t. 

The ASCII input format is explained in Appendix D. 
However, if you are in doubt what is the proper format; 
you should create one example and save it using the op­
tion Standard ASCII 
Output. Once saved the 
file can be examined 
and the format noted. 
When the option Stand­
ard ASCII Input is in­
voked, the dialogue box 
will open as shown in 
Figure 10-8. The pro­
g_ram assumes the 

R, ..... ~ !!!1m!!!:!..-___ 1 1 i>KJ 
l.~>t,¡;¡¡;j 

AJes: Dlnn:tortes: 

DL 
Figurel0-8 

- - ,.-
...-: :.J: 



1 0.3.8. Standard ASCII 
Output 

-· 10.3.9. Print Setup 

10.4. WATER 
LEVELS 

10.4.1. Edit Water 
LevelData 

10-8 
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·standard extension for such files .hyd, but yo u may over­
ride thls and type any wildcard combination in the file-
namefield. · 

. This option is used to save the data base contaiÍring 
water leve! measurements in a standard ASCII file. J ust 
as in other parts of the 
f;WW 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 thls file as a 
standard ASCII input. 
When thls command is 
invoked, the dialogue 
box will open as shown 
in Figure 10-9. The pro­
gram assumes the 

Directory: C:\GWD 

Olreaories: 

DD 
FigureJ0-9 

standard extension for sich files .hyd, but you may over­
ride thls and type any wildcard combination in the file-

-=name field. The extensions are for your convenience. 

- The Print Setup option is explained in Chapter 5, Section 
5.4. 

Edit Water 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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SI 

Figure 10-10--~ 

You may delete a rów in the editing table !?Y 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 
orDepthto 
Water Leve! By clicking on Depth Data on the W.Levels menu you 

dedde to type in the values of depths to water table from 
a measuring poirit. The editing table in this case may 
lóok as shown in Figure 10-11. Conversely, by selecting ~ 

EI_Frio 

7 
Figure 10-11 
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1 0.4.3. Depth or 
Levei·Units 

10.5. DISPLAY 
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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 asShownin 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 
U ni ts o n t he 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 
file or another file created 
by you for youi- data base. 

m 
cm 
mm 
inch.­
feet 
)111rd 
mil e 

Figure 10-13 

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 lime Interval. The hydrographmay 
look as shown in Figure 10-14. All points will be con­
nected since the default connecting interval is very large, 
365_d-ªJ'S. 

--., 
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..... ;;¡¡ni 

Figure 10-U 

When you select the Report option from the menu bar 
the display looks as 
shown in Figure 10-15. 
As in other applications, 
if you select printing op­
tions in the upper part of 
the submenu the pro­
gram uses standard re­
porting forms. 

The difference between 

Seve Hydrograph Drawing 
Prlnt Nonstandard Fonn 

Select Hydrograph Fonn 
Select Table Fonn 

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, follo'wed 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 crea te 
imother iorm which will have a drawing field with the 
name of the map.] · 

-
/ .. 
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General Data Table option is intended to print a report _ 
that is prepared for all wells in the workiJ\g set. The datA. __ 
consist of well identification, description, coordina_t:s, 
and elevations. 

Using the lowermost two options will pemüt you to 
override the standard-repOffi.Iig forms and select an al--
temative form. An example 1 . 
is shown in Figure 10-16 for "••••~m•nts ,. 01< 

the hydrograph form. The r~ ISto•••"' 1 ~ 
porting forms created in the Figure 10-16 ~ 
GWW.OOO template, which 
are at your_disposal without modifications, iire Measure­
ments and Standard. The Standard reporting form 
places a header with general data on a well on the form, 
followed by tl:t~ hydrograpl} drawing field filling the rest 
of the form. The measurements reporting form uses the 
same header, but instead of the drawing field it presents 
a table with field measurements for the single well 
within the selected time interval. -

___ For.each type of reporting, whether for a single test or for 
all tested wells, you may crea te more than one reporting 
form. When you create such forms using Report Form 
Editor from the Tools menu, you should save them using 
Save As .. option, and assign an interna! file name. When 
the Select Hydrograph Form or Select Table Form op­
tion is invoked,_all these forms will be listed for you to 
choose from. 

Save Hydrograph Drawing is used to save the currently 
displayed hydrograph for printing using the Print Non­
standard Form option. As in qtheupplications, you will 
be prompted to save the graph under a name, and to de­
cide on the diagrail1 size. 

10.7.MAKE RANDOM This routine is expléiined in more detall in Chapter 5, Sec­
tion 5.6. The program will allow you to.select any one of 
space distributed numeric parameters available for this 
application, including sorne that may ha ve no meaning--

10-12 
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for contouring .(for example the elevation of the measur­
ing point). Thls routine is used mainly to create a loca­
tionmap showing only wells which make the water leve! 

-data base, or wells which ha ve a more or less continuous 
______ ,..,.:_.water-leve! measurement-record. · 

10.8. LOAD MAP 

10.9. INTERPOLATION 

10.9.1. Connection 
Interval 

10-13 

This optioñ-is explained in detall in Chapter 5, subsec­
tion 5.3.2. It is used-to selecta working set or individual · 
wells with which to work directly from a map. 

TI1isis ene of very important options in the hydrogra ph 
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 sparuung time 
interval in which you wish 
to have individual points on 
a hydrograph connected. 
The submenu of the Inter­
polation option is shown in 
Figure 10-17. 

Figure 10-17 

When you select Set Connection Span the display will 
prompt you to replace the default, which is 366.00 
(days),with an­
other interval. The 
display is as shown 

Conneclion int~rvaJ fdays) , , , 1 
¡ 

in Figure 10-18. For f"ij~§=======J 
example, selecting l! '*'"" 
31 days, which im-
P li es t ha t o n 1 y li?!tltit<! lit&iiiiél .d 
neighboring points 
observed in less Figure 10-18 
than 31 day ínter-
vals, will be con-

•. 

' -· 



10.9.2. Interpolation 
Date 
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nected with a solid line. If the span betWeen two neigh­
boring points is greater than 31 days, they will be dis­
played as scattered points, as shown in Figure 10-19. 

1; 
! 

'·· 

"' 
' o • -

-P..11W 

l 11 

f\ 
l h . 

' i Y•- 1 ¡ ¡ t--. 

-¡--~ ·-- ! • j 
j 

¡ 
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.Jtl~ 3CGI 3CGI 3CI&I 
~ -- 'IC&I 'ICBI' 1CIIa 

Figure 10-19 
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Using this option 
you can create a 
data set ready for-
contouring at a cer- v •• , !na& 1 "'"""' D o,¡y l!I:] 
tain date. You are 
prompted for the 
date as_shown in 
Figure 10-20. The 
option incorpo­
rates the make ran­
dom option from 

HourO WinD 

Figure 10-20 

other applications and seta specific date for which you 
wish to crea te the contour map. Depending on your type 
of data, depth to water or water levels in absolute eleva­
tions, you will be prompted for 'Save Random Moderof 
Water Depth' as shown in Figure 10-21 or "Save Random 
Model ofWater Leve!'. · ·· 
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You may create 
more than one 
contour map of 
water levels. You 

-.,..--- -=-need-to-select-the­
option 
Depth/Level at _ 
Date severa! times 
assigíürig each 
time another .. date 

HYDROGRAPHS 

lillllllr--- ---- ·- --- ---· ----
.. · S:ave R~ndom Motlel of W41te-r Oepth 

CHGmo - 'f 
CHStift . ~ 
Chemlstry l-4 
Cheml~ --fm 
Entryfonn.Chcmistry.Standard ~~; 
En1Jyform.GrainSizeturve.Sta 1~ 
Entryfonn.Hydrographa.stand .:::: 
Entryfonn.Uthology.Standard ~E 
EntJ)II'onn ... oSlerOota.Stand! & 
E vFonn.PumnTests.PartiaiF :4 

¡,~~-¡ 

1~1 

and labeling the ·._ _______ ...,. __ ...J 

random models to ·­
be created with Figure 10-21_ 

different names. --- __ . 
Examples could be Leve1July_84, Depth_Sep_87, etc. 
Yan should follow_the convention that interna! fie names --­
may be long but continuous. You may use points or un­
derscores to separate parts of the file name that have 
meaning to you. 

10.10. HELP This is context-sensitive on-line help which guides you 
through various options and procedures. 

10.11. EXAMPLE - 'EJ(_flJ¿A{p.[/E SIX: 

10-15 

In this- example you will crea te a water leve! entry, use 
the editor, create random models for water levels on 1 
June 1991 and depths to water table·on 15 December 
1991. You will display and print the_graph setting the 
maximum connectio~ interval to 30 days. 

_ The well's general data are the follo:wing: 

• Well name: SRRG-12 
• Description: Observation well in Irrigation System of 

Rio Guarico. -

• Coordinates: X=629000, Y=942000 
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• Ground Surface Elevation: 2=85.50 m 
• Measuring Point Elevation: 86.20 m 
• Measurements: 

Time -· Depth to water 

1/1/91U.5 

1/20/9113.1 

2/19/9113.6 

3/15/9113.9 

4/29/9114.2 

5 /16/91 14.7 
-

6 /14/91 14.3 

7 __L12/9-113.9 

8 /28/91 13.3 

9 /16/91 12.9 

10/14/91 12.6 

11/11/91 12.3_. 

12/06/91 12.1 

12/28/91 -11.8 

The procedure is as follows. 

1:- · Select Applications on the main menu bar of the 
GWW p_ackage: 

2. Select Hydrographs. The diSplay is as shown in Fig-
ure 10-1. · · 
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3. Type in Well Ident field 'SRRG-22'. Press TAB. 

4. Type in Description field 'Observation well in Irriga­
tion System of Rio Guarico'. Press TAB. 

~ ---~---5.-Type-629000-in-the-Easting field,-press TAB. Type-
942000 in the Northing field. Pre_ss TAB. 

6. Type 85.50 in the Ground Surface Elevation field. 
PressTAB. 

7. Type Quaterna.ryinthe Aquifer field. Press TAB. Type 
86.20 in the Measuring Point Elevation fiel d. 

--
8._Press PgDown twice. The cursor is on SRRG-12 in the 

list of wells. 

9. Select W.Levels. 

10. Select Edit W.Levei Data. Check that the last column 
___ is labeled as Depth [m]. 

11. Type 1991 in the Year column, press TAB, type 1, press 
TAB, type 1 press TAB twice. You should be in the 
Depth column. Type 12.5. Press TAB. You are now on 

___ the.second line. 
-

12. The program repeats the-last year ancl-month. Accept 
the year as 1991; press TAB to move to the day col­
-umn. Type 20, press TAB; press TAB again to confirrn 

_ the month as J anuary; press TAB again to m ove to the. 
deptb column. 
Type 13.1 and press 
TAB. 

13. Keep typing until 
the last line: 1991 in 
the Year column, 28. 
in the Da y column, 
12 in the month 
column, 11.8 in the 
depth column. The 
display should 
look as shown in­
Figure 10-22. 

w··-' at .. 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 

{)#.; 
1 

20 
19 
15 
29 
16 
14 
12 
28 
16 
14 
11 

6 
28 

SRRG-12 

~11( lib;~~:nil- llil!lllht ... t'-' 
1 12.5 
1 13.1 
2 13.6 
3 13.9 
4 14 2 ' 
5 14 7 

' 
6 14.3 
7 13 9 
8 13.3 
9 12 9 

' 10 12 6 
11 12.3 
12 12.1 
12 11 B 

-

Figure 10-22 
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14. Hold down the CTRL key and press S to save the 
data. 

15. Select lnterpolation, select Connection Span. Type 
30 and select OK. --

16. Select Display. The display should look as shown in 
Figure lQ-23. If the display shows only a coordina te 
syst~m, ora frame of a graph but without points and 
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lines, you should~eck which working time interval 
is currently selected. (Go to Data, and select Working 
Tlme lnterval.) 

17. Select Oose~ 

18. Select Interpolation. Select Depth/Level at Date. Fill 
the window prompting you for the interP.olation 
date with the numbers 1991, 12, 15 (15 December 
1991). 

19. Save the random model under the file name 
Depth_15_Dec_91. 

·20. Select W.Levels. Select Edit W.Level Data. Notice 
that the last column is labeled as depth [m). Select 
W~evels again. Select Leve! Data to_replace depth 
with leve!. Notice that the last column is labeled as 
Leve! [m) and that the data in this column are n~ 
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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 C1RL key and press X to exit without 
saving (you have not made an)_' change!). · __ ~~ __ 

22. Select Interpolation. Select Depth!Level at Date. 
Type 1991, 6, 1 (1 J~el991). SelectO K. 

-- 23. Save therandommoélel ofwater levels on 1 June 1991 
undet the name Level_1_june_91. · 

Using the application Mapping you will crea te 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 The objective of running a step drawd6wn test is to ob-
tain information about the performance and efficiency of 
the well being pumped. The data táken under controlled 

sondition.S 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 aup.Iity in the GWW package·-
rather than a data base ápplication. 

- . 

. Since this is a test of the productivity of a well, it is ofteh 
called a we-ll-production test. This is a variable-rate well-
production test. A well is pumped ata constant rate for 
a certain period of time (normally between one and 24 

· hours) and the drawdown is recorded at the end of the 
pwnping step. The pümping 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 pt.iniping rates one or more times (mini-
múm 3 steps).lt is understood that each step must be of 
the same duration as the others. 

Using the Step Drawdown Test application from the 
main menu of the GWW software, you may do the fol-
lowing: 

l. Crea te a data base containing information about step 
drawdo\\)"n test results and efficiency of clri!led wells. 

2. Display and print step drawdown test re!;;ults show-
ing two components of the total drawdown: aquifer 
loss and wellloss. 

11-1 
---~ 



11.2. MAIN MENU 
BAR 

11.2.1. Components of 
theStep 
Drawdown Test 
Application 
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3. Project the step drawdown pumping test results be­
yond the final step. This is used to forecast the draw­
down and/ or efficiency if the well will be pumped at 
a rate about 20% higher than in the test 

----
As shown in Figure 11-1, the major options on the ~pp!i­
cation's menu bar are the following: · 

- , Step Ornwdown Test Jc:\gWd\tesll. 

Qata J;.dH fit Dl,iplay. Beport Mate Bandom Load Map Help 
.. 

wenlderrt ~~ellldent ~ Descriptlo~ --· 

-- -· 
A 8 p 

·-

-

Figure 11-1 

• Data 
• Edit 
• Fit 
• Display 
• Report _ 
•- Make Random 
• LoadMap 
• Help 

Ea eh of these options, except options Make Random and 
Load Map, is explained in detall in this Chapter. Make 
Random is discussed in Chapter 5, Section 5.6; Load 
Map_is discussed in Chapter S, Section 5.3.2. 

, __ _ 
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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-we!ls, 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 yo u may input 
data into two fields: Well Ident and Description. All 
other fields are used to report results. The coefficients A 
and B are the coefficients used to fit the drawdown and 
pumping rate equation (see 11.5). 

11.3. DATA 

11-.-3;-I. Options on the The Data menu is shown in Figure ll-2. The following 
Data Meno options are available: 

• Select Working Set. 
• Delete Record. 

• Select Entry Form. 
• General Data Units. 
• Print Setup. CtrHJ 

• Exit. 
Doto !.[nhs 

Figure 11-2 

11-3 
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11.3.2. Select Working You use the_Select Working Set option in the same man-
Set ner as in any other application. Its use is explained ~ _ . 

Chapter 5, Section 5.3. Its Pl.!lP()Se isto reduce a large set 
with many wells to a smaller set of wells which ma:y be 
selected for any reóison. 

11.3.3. Delete Record To de}~te a record you will do the following: 

-
11.3.4. Select Entry 

Form 

11.3.5. General Data 
Units 

11-4 

l. Withcthe mouse =so~, select the well you wish to 
delete. 

2. Select Data on the application' s menu bar. 

3. Select Delete Record, or hold down the CT"RL key and 
press D key. - ·· 

4. A WaminffWi.ll be displayed giving you a chance to 
reconsider. · -- -

You may use the default formas displayed in Figure.ll-
--- 1,-tJr·any form that you may have created following the 

steps explained in Cha.R.ter 3. To change the form: 

l. Select Data on the application's menu bar. 

2. Click on Select Entry Form. 

3. Select the form name from the list displayed in the 
dialogue box. 

4. Click on OK. 

In the step drawdown test application you may think of 
typing and storing·additional-information such as 
pumping equipment, date of test, use of well, mainte­
nance information, etc., if you have not entered this into 
the·Master data entry form. 

When activated, the option General Data Units displays 
a dialogue box such as shown in Figure 10-5. In the 
GWW data base template, which is used in the exampre 
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shoWnin Figur~l0-5, the only space-distributed numeri­
cal parameters are coordina tes and ground ~urface and 
measuring point elevations. This information is taken 

_ from the Master Data applicatiori._. 
----------

11.3.6. Print Setup 

11.4. 

EDITDATAMENU 

11.4.1. Edit Data 
- Submenu 

11-5 

-
The Print Setup optionis explained in Chapter 5, Section 
5.4 .... 

Before-you-can create a data set or edit data you must 
type in the well identification number (Well Ident), and 
its description. If this is airead y a well which has been 
entered into the GWW system from another application, 
the description field should be automatically filled in 
with information: typed elsewhere-:-In that case the only 
entry necessary is the well identification. The display 
then looks as shown in Figure 11-3. The well is used in 
the Pumping test application and is airead y in the GWW 
system. 

·.· · ·. . Step Dr<1wdnwn Tes~ (C:\gw 

Wellldent 

PT-1 

A 

Figure 11-3 

Descript1on 

Todd 's boa k. pa! 

8 



- _ 11.4.2. Measurements 
Units 

11.4.3. Entering Data 
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Only when you select Edit Data and open the data table 
with two columns, drawdown and pumping rate, will 
you be able to use other options on the edit data menu. 
These options are shown in Figure 11-4 and are used for 
editing the table (inserting or deleting rows) and saving 
data. -

You may select units other than the default for draw­
downs and purírpiitg rates. To change the unit for draw-
down from m to ft: - - -

l. Select Edil 
---
2. Select Measurements Units. The-display is as shown 

__ in Figuren~. _ 

Figure 11-4 

3. Select Drawdowri. The dialogue box lists all units for 
length that are contained in the GWW.UNT file or 
that ha ve been created by yo u for this particular data 
base. 

4. Click on feet and selectO K. 

When you select Edit Data a two-column table wilfbe 
displayed with the cursor in the first row of the draw­
down colurnn. Check the units displayed for the draw­
down and pumping rate. Type the drawdowns and 
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corresponding pumping rates. For the fitting algorithm 
to work correctly you are expected to type drawdowns 
in increasing order, with the d!fference between draw-

- _downs being progressively larger for equal multiples of-
--~=--the.pumping-rate.-ln·()!her-words;-1 you ha ve tested the · 

well at rates 1000,2000 and 3000 m 1 da y, the correct val­
ues of drawdowns would be 1JJ(í,2.10, and 3.40.-lt would 
not be correct to have the drawdown values such as 1.00, 
1.90, 2.4. The reason is that the specific capadty of the 
well, which is defined as its p~ping rate or yield per 
unit of drawdown, must be decreasing with an increased 
pumping rate. In the "correct" case the specific capadties 
are 1000, 952, 882 m3 1 day /m; while_in the second case 
the sequence is 1000, 1053, 1250 m3 1 da y /m. In_the sec­
ond case when yo u seléct one of fitting methods, the pro­
gram will display_an error message ''Unable to fit. Check­
yourdata." 

You must not press TAB at the end of data entry. If the 
fifth step as·shown ii} Figure 11-5 was the final test step 
(drawdown 6 m; pumping . PT-1 

~:=~~ ~~:n::r:;:;;; ~i~~ Qiiliit•iii-tilil ~mpinil Riliti 
the number 5000. You wilr f--,.:1:__-+ __ __::1.::.oo:.:o:... 

d b 
2.1 2000 

save ata y either select- 3 . 3 3ooo 
ing Edit and clicking on 4 . 6 4000 

- -- Save measurements or by 6 5000 

11.5. -

FITfiNG 

holding down the .. CTRL 
key and pressing S. Figure 11-5 

If you do préss 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 b. After that yo u should save the 
data in one of two ways as explained above. 

According to classical theory, the total drawdown in a 
production well has two major components: the draw­
down sa (aquifer loss) due to laminar flow of water 
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through the aquifer toward the well and sw (wellloss) ~ 
due to the turbulent flow of water through the screen or _ .. 
well fa ce and inside the casing to the pump intake. Other 
components, such as additional drawdown due to the 
partial penetration of an aquifer, or the drawdown due 
to barrier boundaries of the aguifer or the btilld-up du~ 

· to recharge boundaries-of the aquifer, are normally cori­
tained_within the aquifer loss... . 
-

According to Jacob ("Radial Flow in a Leaky Artesian Aqui- -­
fer," Trans.Am.Geophys.Uñion, vol.27,no.2, 1946), well 
loss may be represented approximately by the following 
equation: _ 

Sw=B<i 

where 

sw = wellloss, [L] 

B = well-loss constant, ~ /L 5] 

Q-;;;..discharge, [L 3 /T]. 

Aquifer loss, sa, is liní!é!dy proportional to the pumping 
rate, i.e. 

sa=AQ 

Thus, the equation of totalloss during pumping may be 
_ writtenas 

s=AQ+ B<i 
The coefficient A has dimensions of TL -2. 

The second theory, presented by, among others Rora­
baugh ("Graphica/ and theoretica/ analysis of step-drawdown 
test of artesian wel/," Proc.Am.Soc.Civ.Eng. 79, separate 
no.362, 23 pp,-1953) and Karanjac ("Well Losses dueto Re­
duced Permeability around Well_ Screen," Ground Water, 
vol.lO, 1972) demonstrate that the wellloss is not neces­
sarily proportional to the secoiid power of pumping rate. 
In other words, welllosses may be sigrúficant although 
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turbulence may not have developed! The basic formula 
for W!?ll drawdown is 

S=AQ+ B<1' 

------this is a more general case, of which n=2 is an approxi­
mation. According to Roraballgft, n:·varies according to 
the aquifer..and well situatiori from less than 2 to 3.5. Val­
ues of n less than 2 may occur if Q is relatively low and 
fu!l turbulence has not yet developed in the entire well­
entry flow. For_v_erylow 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, yóu ·shou!d select one of the 
two fitting methods as shown in Figure 11-6. The com­
puter program then ·evaluates the coefficients A and B, 

_ _,an'!. d writes them into the entry form. The field 'p' will be 

11;6. 

DISPLAY 

Figure 11-6 

also filled_ with a value, either 2 if the quadratic fit is se­
lected or any value if the more general form is selected·: 

When yo u select the Display option on the menu bar, the 
scree!\may look as shown in Figure 11-7. The upper line 
defines the aquifer loss, and the lower line defines the 
total well drawdown. _The space under the first line and 
the abscissa is the aquifer loss, and the space between the­
two lines is the wellloss. On the screen you may assign 
different colors to ea eh of these two areas to emphasize· 
either of the well drawdown components. 
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-

The table under the graph reports the measured data 
(well drawdowns and pumping rates) and each draw­
down component from the fit aquiier loss and wellloss. 
The last line reports well efficiency_for each pumping 
step and for a hypothetic step which as~umes 20% higher 
pumping than the last rate. 

The average well efffciency taken as an arithmetic aver­
age for all pumpi.ng steps is calculated and entered into 
the entry form. Since the entry form is used for the 

_ header of the reporting form, these results will also be 
printed when the option Report is selected. 

When you select the Report option 
from the menu bar, the display looks 
as shown in Figure 11-8. As in other -
applications, you may use the stand-

Figure 11-8 
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··-a.rd reporting form (option 
Print) or you may select an­
other reporting form (Select 

STEP DRAWDOWN TEST 

· Form). In the latter case, a día- --
___ Jogue box will open suggest- · ~ ... ;:..,::;:;...,:;::::::::_ ::::::::::=:::::;----;;~::;- -

ing the names of all available ~ 

11.8. 
MAKERANDOM 

11-11 

reporting forms. In Figure 11-
9 only the-standard form is l'§!! 
avatJ.able, and there is no dif-
ference between the two 
printing options-yÜu 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. 

This routine is explained in more detall mChapter 5, Sec­
tion 5.6. The program will allow you to select any one of 
th~~pace distributed numeric parameters available for 
this application, inclucfutg sorne that may have no mean­
ing for contouring ( e.g. eleva- Rllndom M di. variable _ 

tion of the measuring point). A 

In· this application, the list of B 

numeric pa!"!IIDeters tha t · ~fliciency 
may be contoured may look ~ · 
as shownin Figure 11-10, al- z 
though it is questionable ZM 

whether most of these will 
have a meaning. The two pa- Figure 11-10 - · 
rameters that may be used 
are Z (land surface elevation}, which should be used for 
creating a location map with only -~ells 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-

.... / 
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· - ally entering the value obtained from the test and by con­
touring or displaying this parameter. 

11.9. LOAD MAP 

11.10. HELP 

11.11. EXAMPLE 

11-12_ 

1his option is explairied in detall 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. 

1his is context-sensitive on-line help which guides you 
through various options and procedures. 

__:_The example from H. Bouwer's book "Groundwater Hy­
drology,'' Fig. 4.13, published by McGraw-Hill Book Co. 
in 1978 will be used. The test data are as follows: 

'~3 /dav) 1
1000 2000 !4000 

. 

Draw- 456 10.74 29.48 downlm\ 

The analysis may proceed as follows. 

l. Select Applications on the main menu bar of the 
_ GWW package. <· , .• . 

• · 'L Seleet Step Drawdown Test. Th~ displéiy 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 Bouwei', 1978, Fig. 4.13. 
PressTAB. 

__ 5.-Press PgDown-twice.-The cursor should be on SDT-1-­
. in the list of wells. 

- · 6. Select Edit followed by Edit Data. Check the units for 
drawdown and pump~g rate. 1f units are not meter 

. for drawdoWI1 and m 1 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. · 

_J. 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; ijpi_ 

2000 for second pumping rafe; press TAB. 

9. Type 29.48 for third drawdown, press TAB; type 3000 
for first pumping rate. Do not press TAB. The display 
is as shown in Figure 11-11. Hold down the CTRL key 
and press Sto save the data. 

SDT-1 

nníWííií\Jil1mí Pú\'lipinü~:tm3/dliYi :+ 
4.56 1000 Wb 

r-~~ ~i:-:'-:~-:'::--+3:-::0:-:0~0I.--'2:.:0c..;;O..:.O ___ -f;':b, 
1-----...&..:..=..=..;.:_ _____ --i:::::; 

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=D.0035 
B =9.8xl0-7 

p = 2.00 . 
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Effidency (average)= 57%. 

11. Select Display. The display willlook as shownin Fig-
ure 11-12. __ 

' ... 
·~ 

.... .. 
• 
~ • r-------
-~ ~ 

., _\__ ....... 

'\ 
" 

- \ ., 
-- \ 

- -- \ " 
• 

1 ~ 1 lS = = 1 -~ ·1 

Figure11-U 

12. Try now the second, more general, method. Select Fit, 
followed by General equation. 

13. To view the results you must first remove the graph 
from the screen. Select Close. Notice that: 

A=0.004 
B = 6.8x10-8 
p = 2.31 

Effidency (average)= 66%. 

You may compare efficiendes and aquifer loss coeffi­
dent A, but you cannot compare the wellloss coeffi­
dents B since they have different dimensions. 

14. Select Display. The display willlook as shown in Fig­
ure 11-13. 

--., 
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.Exit the application by selecting Data, and Exit. 

-·--=-=----11~--- -soT-1 
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Figure 11-13 
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CHAPTER-TWELVE- GRAIN SIZE-CURVE 

12;1. - . 
INTRODUCTION 

-12.1.1. General 

12.2. MA1N MENU · 
BAR 

12.2.1. Components of 
the Grain Size 
Curve 

This ápplicationis a utility for creating and storing infor­
mation on grain sizes of drilled samples in the data base. 
With this applicatio_!l you may crea te a data base, display 

. grain size distribution curves and print one or more 
curves. 

. Application As shown in Figure 12-1, the major options on the appli­
- cation's menu bar are the following: 

• Data 

• Edit 

• Display 

• Report 

• ·LoadMap 

• Help 

12-1 

Gnrin Siz 

Qata .l;dH DIJiPiay Beport Load Map Help 

Wellldent 

Wellldent 

GSC-1 

Figure12-1 

Desc1 
Expl 
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The options Data, Edit, Display, and RE!port are ex­
pliúned in this Chapter. Load Map is discussed in Chap-
ter 5, Secti.on 5.3.2. · 

When the Grain Size Curve application is selected, the 
display window is composed of three main parts: 

• Menu bar on the top. 
---

• List of w~lls on the left currently comprising the 
working--set, with two numbers at the top r_ef_ernng to 
the total number of wells with grain size samples in 
the- data base and the number of such wells in the 
current workin~ ~í:_ 

--.- Entry form with information on the first well on the _ 
list or an-empty form for a newaa:ta base. 

.. If you- áre creating a new data base with producti.on or · 
--- exploration wells, the left window will be empty, and the 

number of wells will be zero. 1bis is the case as shown in 
Figure 12:1. 

12.2.2. Entry Form 

- 12.3. DATA 

12.3.1. Options on the 
DataMenu 

12-2 

In the Entry Formas shown in Figure 12-1 yo u may input 
data into two fields: Well ldent and Description. 

-
The Data menu is shown in Figure 12-2. The following 
options are available: 

• Select Working Set. _ • .¡, : 

• Delete Record. 



12.3.2. Select Working 
Set 

12.3.3. Delete Record 

12.3.4. Select Entry 
Fonn 
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• Select Entry Form. 

• General Data Units. 

• Print Setup. 

• Exit. ~eled Entry Form 

General Doto !!nits 

Print Setup 

FigureU-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. lts purpose is to reduce a large set 
with many wells to a smaller set of wells wlúch may be 
selected for any reason. 

' To delete a record you will do the following: 

l. With the cursor, select the well you wish to delete. 

2. Select Data on the application's menu bar. ,-,.. __ _ 

3: Select Delete Record, or hold down the CIRL key and 
press Dkey. 

4. A warning will be displayed giving you a chance"to 
reconsider. 

You may use the default formas displayed in Figure 12-
·1, or any form that you may ha ve cr.eated following the 
steps explained in Chapter 3. To change the form: 

l. Select Data on the application's menu bar. 

2. Click on Select Entry Form. 

3. Select the form name from the list ·01splayed in the 
dialogue box. 



12.3.5. General Data 
Units 

12.3.6. Print Setup 

12.4. 

EDIT DATA MENU 

12.4.1. Edit Data 
Submenu 
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. . 4. Click on OK. 

In the grain size curve application you may think oftyp­
ing and storing additional information such as uniform­
ity coeffident, dto, dzo, d60, etc. 

When activated, the option General Data Units displays 
a dialogue box such as shownin 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 frQ:m the Master Data application. 

The Print Setup option is explained in Chapter 5, Section 
5.4. 

Before you can create a data set or edit data you must 
type in the well identification number (Well Ident), and 
eventually its description. If this is 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.· 



12.4.2. Number of 
DataSets 
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Delete Row 

.Save Data Ctri-S 
EPI (don't save) Ctri-X 

Add NewSet 
Delete Set 

Std ASCII !nput 
Std ASCII 

FigureU-3 
' 

GRAIN SIZE CURVES 

Description 

When you are using this application to creE te a record·for 
new grain size curve, you will be prompted first to tell . 
the program how many sets of data you have for a par-

---ticular well. The limit for ea eh well is 5, but yo u may split 
the total number of data sets into a multiple of five as­
signing different well identifications, such as GSC-1/1,. 
GSC-1/2, etc. . 

When you select 
Edit Data in a new 
well, the display 
will be as shown in 
Figure 12-4, 
prompting you to 
type the number of 
data sets. For the ex­
ample that follows 
the number of data 
sets is three. 

Numher of data scts 

Figure12-4 



12.4.3. Data Entry 
Table 
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- Alter you dedde on number of data sets the editor will 
open and display a table which will contain four col­
umns; one for grain size diameters in millimeters, the 
other three for data sets. The prompt will be on the first 
line, waiting for you to identify this set. In the example, 
the three sets are representative for drill~d 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+ TÁB to return to previous 
fields. 

In the Diamo·(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 

Figure 12-5 

the data. The table may look as shown in Figure 12-5. 
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DISPLAY 

12.6. 

REPORTING 
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Figure 1~-6 

When you select the Display option on the menu bar, the 
screen may loo k as shown in Figure 12-6. The majority of 
the screen shows the grain size distribution curve. The 
lower portion shows one of the widely used grain size 
classifications identi.fying 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 Figure 12-7 
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12.8. HELP 
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12.9. ADDING OR 
DELETING 

SAMPLES 
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may use the standard reporting form (option Print) or. 
you may select another reporting form (Select Form). In 
the lattercase, a dialogue box will open suggesting the 
narnes 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 ha ve been calculated. 

You will use Save Diagram option to save the currently 
dis.played graph for printing using the Print Nonstan­
dard Report option. 

lbis option is explafii.ed in detall in Chapter 5, subsec­
tion 5.32. It is used to selecta working set, or individual 
wells to work with, directly from a map. 

lbis is context-sensitive on-line help which guides you 
thrcugh various options and pro­
cedures. 

On the Edit menu you will notice 
two options: Add New Set and 
Delete Set. When-you decide to 
add a new set, a new column will 
be opened for another set of data. F>nt:fq H~'"'*'i?J 
The Delete Set option !Jrompts Figure 12-8 
you to define which sample y;:¡u 
wish to delete. The screen may display something like 
what is shown in Figure 12-8. 
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-· In this example you will create one grain size distribu­
tion curve with the following information from the siev­
ing analysis: 

Diameter lrnml 
0.001 
0.005 
0.01 
0.05 
0.1 
0.5 
1 
2 
5 
10 
20 

Percenta¡e 1% l 
3 
6 

10 
18 
22 
33 
45 
59 
75 
88 
100 

The procedure is the following: 

l. Select Applications from the main menu bar. 

2. Select Grain Size Curve. 

3. Type in the Well Ident field Test-1 and press TAB. 

4. Type Landfill Monitoring Well in the description 
field. 

5. Press PageDown twice. You will be back on the well 
identified as Test-l. 

· 6. Select Edit on the menu bar and confirm Edit Data. 

7. Answer with the number 1 the prompt 'Number of 
data sets' and click on OK. 

, .. 
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8. In the field where is the prompt now type the depth 
interval for this sample, e.g. 12.5-14.5 ft. Press TAB. 

9. Start typing the grain size distribution data as re­
ceived from the laboratory. Type 0.001 in the column 
Diam. (mm) and press TAB. Type 3 under the column 
14.5-16.5 ft. Press TAB. 

10. Repeat input 
with the second 
p a ir o f da fa: 
0.005 and6. 

11. When you finish 
the input, after 
the last number, 
thatis 100, donot 
press TAB but 
use the combina­
tion CTRL S. 
This saves the 
data. The screen 
should display 
the tableas 
shown in Figure 
12-9. 

12. Display the curve 
Figure 12-9 

by selecting Display. the curve should look as shown 
in Figure 12-10. 

13. Select Oose to remove the curve from the display, 
and Data, followed by Exit to return to the main 
m en u. 

This ends example eight. 
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CHAPTER THIRTEEN 

13.1. 
INTRODUCTION 

13.1.1. General 

13.2. 

13-1 

APPUCATION'S 
CONTENT 

13.3. WELL 
FUNCTIONS 

MISCELLANEOUS APPLICATIONS 

In this application yo u will find several. utilities whlch 
do not create a data base and cannot be displayed or 
printed, but whlch are used to calcula te well functions, .. 
hydraulic conductivities from grain size analysis, and 
help in designing a production well. 

As shown in Figure 13-1, the utilities comprising this ap­
plication are the following: 

- . · Míscetlaneous (c:\gwd\!estl.g 

Well fundíons §rain Size Analysls Well !;onstr. Calculations !!elp . 

Figure 13-1 

• Well Functions 

• Grain Size Analysis 

• Well Construction Calculations 

Well functions are the functions frequently used in ·­
ground water hydJ:aulics. As shown in Figure 13-2, there 
are two functions: 
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Exit Alt-F4 

Figure 13-2 

• Non-leaky, or W(u) 

• Leaky, or W(u,r/B) 

You will notice that you may either type the arguments 
of the functions to obtain the values of functions, or you 
may type all components that make the argument and 
compute the drawdown ata point in space and time as a 
result of pum_p_!ng. 

13.3.1. Non-Leaky Well Yo u select this function by moving the cursor to the Non-

13-2 

Function Leaky option, or by typing N from the Well Function 
menu. This is the well function for a nonleaky isotropic 
artesian aquifer, fully penetrated by wells and constant­
dischargeconditions.lnotherwords,thisisthestandard 
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 coeffident), 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 

/ , 

(!_73) 
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u=?s/4Tt 

where, r is the distance from the pumped weú to the ob­
servation point, orto point at which drawdown is being 
calculated; S is the storage coefficient; T is the coefficient 
of transmissivity; and t is time after the pumping started. 

_ In the GWW program the dialogue box will open as 
shown in Figure 13-3 prompting you for input. Por ea eh 
of input parameters you may assign various units, 
whether consistent or not. Yo u may use this dialogue box 
as a 'ªlculator, replacing one or more parameters and 
quickly obtaining the drawdowns. 

\Vell funct+On 

Figure 13-3 

Asan example, calcula te the drawdown at 100 feet from 
a well pumped at 300 gpm for 30 days. The aquifer trans­
missivity and storage coefficient are 25000 gpd/ft and 
0.001, respectively. 

l. Select Well Functions. 



13.3.2. Leaky Well 
Function 
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2. Select Non-Leaky W(u). 
3. Type 100 for distance, change to feet if another unit is 

displayed (click on down arrow box, select feet;dick 
on OK). Press TAB. 

4. Type 25000 for transmissivity, change units to gpd/ft. 
PressTAB. 

5. Type 0.001, and press TAB. 

6. Type 30, press TAB, confinn days as units of time, 
press TAB. Notice that at this moment the values of 

__ function's argument u and the function itself are dis­
played in the Output Data fields. 

7. Type 300 for pumping rate, press TAB, check that 
units are in-gpd, and press TAB. The screen should 
loo k as shown in Figure13-3. The result is the follow­
ing:-

• Function's argument = 0.00002587811 

• Well Function = 9.984923 

• Drawdown = 1.426 feet 

This routine calcula tes the well function for a leaky arte­
sian aquifer with fully penetrating wells without water 
released from storage in the aquitard and under con­
stant-discharge conditions. Although the values of 
W(u,r/B), in terms of the practica! range of u and r/B, 
are given by Hantush and many other authors in tabular 
form, this portian of the program 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: 

r, T, S, t, Q m, P 

where: 

r = distance from pumped well 

T = transmissivity of main aquifer 

/•-
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S = storage coefficient of main aquifer 

t =auration of pumping 

m= thickness of seÍniconfining !ayer 

P =vertical permeability of semiconfining !ayer. 

The parameter B, which is important in tbe 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. 

'EX.Jli.!Jv[p.f./E TE9{ 

As an example, the following parameters are input: 

r = 10 feet 

T = 25000 gpd/ ft 

S= 0.001 

t = 30 days 

Q=300gpm 

m= 10feet 

p = 1000 gpd/!0 

The program-cal­
culated values are 
the following (see 
Figure 13-4): 

\Vr.ll f'uncliol'l 

Figure 13-4 
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u = 0.000000258781 

B-= 15.52252 feet 

W(u,r/B) = 1.445307 

Drawdown = 2.061 feet 

This is a utility program for calculating penneability val­
ues (hydraulic conductivities) from grain-size analysis 

_ (grain-size distribution curves). The permeabilities can 

!!.S.B.R 
.§lichter 
J;;ozeny 
Ierzaghi- Smooth Sand Grains 
Terzaghi- Angular Sand Grains 

Figure 13-5 

be calculated using one of seven available empirical for­
mulas as shown in Figure 13-5. Ea eh calculation requires 
sorne or all of the following input parameters: - -

l. Effective grain diameter (d10 or dzo), or the total 
grain-size distribution. 

2. Temperature of water in aquifer formation (dueto vis­
cosity dependance on temperature). 

3. Empirical coefficient which diSñnguishes between 
smooth and clean sand on one side and angular and 
clayey sand on the other side. 

' .;.. --, 
/ -.- ' 
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4. Total porosity of sand. 

The correcti.ons for water temperature are probably not 
important; the empirical formulas produce orily a correct 
order of magrútude considering the way in which forma­
tion samples are usually collected. . 

The Hazen fonnula applies to sands and gravels with 
effecti.ve grain diameter between 0.1 and 3.0 mm and 
uniformity coeffident d60/ d10 less than 5. To select the 
empirical· coeffident which considers grain uniformity, 
sorting, and cleanness, please note that typical values are 
asfollows: 

0.4 - 0.8 for clayey and nonuniform sand 

0.8 - 1.2 for clean and uniform sand. The more uni­
form the sand, the higher the coeffident. 

One example is shown in Figure 13-6. 

Hazen'n Formula 

Input Data 

D10[mm)§5 
Empiric Cocff .8 

Water Temperature re) 20 

O_utput K 

0.3716000 lcm/s f) 

. Figure 13-6 

The U .S. Bureau of Reclamation formula ( due to Creager, 
Justin, and Hinds) requires the dzo as the effective grain 
diameter (in mm), without any correcti.ons (for tempera­
ture, oran empirical coeffident). 

The Slichter founula applies to sands and gravels with 
effecti.ve grain diameter between 0.1 and 3.0 mm and 
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uniformity coefficient d60/ d1o less than 5. The formula 
requires the knowledge of total sand porosity, and there 
is also a correction for formation water temperature. 
With the Slichter formula, the porosity (total) must be 
typed as a fraction of 1.0, temperature in °C, and d10 in 
mm (screen diameter of 10% of the total sample retained 
on the screen). 

The Kozeny formula requires the following input: total 
porosity as a fraction of one, effective diameter (d10) in 
mm, and the formation water temperature. 

The Terzaghi form.ula. which applies mostly to coarse­
grained sand and grave!, needs the input values of d10, 
porosity as a fraction of one, and temperature. There is 
also a correction coefficient which takes into account two 
categories of sand grains: smooth and angular. 

Terzaghi's Formula (Smooth) 

There are sev- Input Data 

eral error trap- 010 [mm§.s 
ping routines Total Puros· •o 
which warn Wmr Tem¡n:roture rCJ 
you if a pa-
rameter is be- ·~~~~o~utp~ut KK -~~=-• 
y o n d t h e 1~· f~l 
acceptable 

:~~g ;~s~a~: _:l&:ii:'ii:d:·::~·;:~'i:T~I _______ _j 

is displayed in 
Figure 13-7 for 
the Terzaghi 
(smooth) for­
mula. 

Parasity must be between 0.013 and 1 ! 

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% ~-f the whole sample falls within the ínter­
val) is multiplied by a corresponding weighting factor, 
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which assigns a greater importance to finer than to 
coarser fractions. The temperature correction is also in­
troduced in the same manner as in the Slichter formula. 
The dialogue box for the Zamarin formula is shown in 
Figure 13-8. 

Fnu:tlon of S21mple 

<0.01 .05 0.50 ·1.00 

0.01 • 0.05 1 1.00. 2.00 

0.05·0.10 2.00. 3.00 

0.10·0.15 3.00. 5.00 

Figure13-8 0.15. 0.25 5.00. 7.00 

0.25. 0.50 7.00 ·10.00 

· Purosity C:J 
Waterlcmpcralure rCJ [=:J 

----· Output K -----
'------' lcm/s ~~] 

This portien 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
ca] 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 ccmzputed. 
After yo u enter all other val u es, the program will re place 

, , \'v'ell Coosiruction Parame1eTs-·' '' , 

Figure 13-9 

the question mark with the calculated value. You will 
also notice that for ea eh parameter except thepercentage 
of open screen area, which is dimensionless, you may 
select units of your choice. 

Recomroended Casing Diameter. The program relates 
the design pumping rate of the well pumped with a ver­
tical turbine pump to the optimum casing diameter. The 
diameter of the production-well casing should be two 
nominal sizes larger than the bowl of 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 rafes 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 
léngth as-calculated in this program is based in part on 
the effective open area of a screen and an optimurn ( criti­
ca!) screen entrance velocity. If _the length of a screen is 
less than recommended, implying lúgher entrance ve­
locities than the maximurn permitted, there will be a pos­
sibility of screen openings being clogged by the 
_!Iligration of finer particles from the aquifer toward the 
screen. This process and the critica! screen entrance ve­
locity depend largely on the type of aquifer material, 
wlúch is reflected in aquifer permeability. Thus, the m-­
putto the program consists of two components: (a) open 
screen area, (bYselected critica! (maximurn) entrance ve­
locity. 

Figure 13-10 displays an example in wlúch the screen di­
-._ ameter is calculated when the screen length and the per-

' , , ':~<l;~ '' \1/ell CÓnslruCtio~ P~rameters ' 

meter 

creen 

Screen Dia 

" of Open Area of S 

Pumpin 

Max. Entrance V 

Length of S 

g Rate 

elocity 

creen 

? jinch 

11 

300 gpm 

.11 ftls 

20 feet 

~:3?~;¡ 

l':tl 
'! 
'i' 
if 

;::=::::·:.·g:n ·~..:««««-Y.-: 

¡•: HINT: J.xee ? In field to be_ ~meut":d 
--~;.:.:..,:.~ ..... w.....;:~»'».w:.~; 

i:ttt~JI}il 

Figure 13-10 

centage of screen open area are known, maximurn en­
trance velocity is assigned, and the well is to be purnped 
ata certain design rate. 



13-12 

CHAPI'ER13 MISCELLANEOUS APPUCATIONS 

The example is as follows: 

A screen 20-ft long, with 17% open area, is to be used for 
pumping from a well at 300 gpm pumping rate. What is 
the minimum permissible screen diameter which will 
guarantee that the critica! en trance velodty of 0.1 ft/ sec 
will not be surpassed? 

You should start by pladng 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 velodty, and 20 feet forle!lgth 
ofthe screen. 

The program returns the value of 2.8 inches for screen 
diameter. 

Continuing with this example we will use metric units 
for a similar case: the open screen area is 17%, the screen 

_length 10m, the well is to be pumped at 1000 m3 /day 
and the maximum permitted entrance velod ty is 3 cm/ s. 
Find the well screen_diameter which will keep the en­
trance velodty less than the maximum permitted. Find 
also the recommended casing diameter considering that 
a vertical turbine pump with rated capacity of 1000 
m3 1 day is designed to be installed in such a well. 

Place a question 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. En trance 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. 



CHAPTER13 MISCELLANEOUS APPUCATIONS 

Welf Construction PMameters 9::3!iAM~ .. .; .. :· 

Screen Diameter 2.825817 linch l·iil 
"of Opcn Arca of S creen ~7.00 

Pumping Ratc 1000.0000 m3/day ~ -
Max. Entrancc Vclocity· 3.000000 crn/s f 

lcngth of Scrccn 10.000000 m f 
~>-'*'*''""'"' 

Figure 13-11 
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CHAPTER FOURTEEN CROSS SECTIONS 

14.1 

INTRODUCTION 

14.1.1. General Using this application you may create lithologic, hydro­
geologic or stratigraphic cross sections, and display on 
the screen and in reporting forms the following: 

• lithology at borehole sites. 

• Ground surface elevation along the cross section line. 

• Water levellin:és (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. 

1bis 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. 

14.1.2. Application 's As shown in Figure 14-1, the Cross Section application is 
Content comprised of the following major options: 

• Cross Sections. 

• Wells. 

14-1 



14.2. 

CROSS SECTION 

14-2 

CHAPI'ER 14 CROSS SECTIONS 

, Cross Section ¡c:\gw 

,!;.ross Section Wells Map .!irid Uodel .Qptions Help 

Figure 14-1 

• Map. 

• Grid Model. 

• Options. 

• Help. 

The Cross Section menu serves to create a cross section, 
to assign various attributes to the display and report, to 
save or copy cross sections, to select vertical and hori­
zontal scales and to check dimension of the drawing. It 
is also used to make a legend box with various text, in­
cluding scale, and to position the legend onto the draw­
ing. 

This menu is also used to select a reporting form and to 
print a cross section. 

Cross sections are created and saved as interna! files; Al­
ter you create a section, display it on the screen, and 
eventually print it, you may save the completed section 
under its own name. Cross sections then become an in­
tegral part of the Ground Water Information System 
(GWIS). You may' retrieve cross sectións any time you 
open your data base, you may print cross sections or add 
sorne content.-

,~.-, 

'.tn) 
\_ . .......- -
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New Cruss Section Lite ••• 
.!!Id Cruss Secllon 
!;lear Cruss Section 

~ave Cruss Section 
Save Croas Section As ... 

fdlt Parameters 

Depending on 
Whffi...fOU acti­
vate the Cross 
Section menu, 
sorne or all of 
the following 
options will be 
available, as 
shown in Fig­
ure 14-2: 

~ ~oordinate 

flevation l 

• New Cross 
Section 

• New Cross 
Section 
Like 

• Old Cross 
Section 

• Clear Cross 
Section 

Mate legend 
Wrlte Texltu Legend 
Write Scale to Legend 

Print Cruss Section 
Print Setup 
Dimension 

Exit AJt·F4 

Figure 14-2 

• Save Cross Section 

• Save Cross Section As ... 

• Edit Parameters 

• Units 

• Make Legend 

• Write Text to Legend 

• Write Scale to Legend 

• Print Cross Section 

• Print Setup 

• Dimension 

• Exit. 



14-4 

CHAPI'ER14 CROSS SECTIONS 

14.2.1. New Cross When you select New Cross Section, the dialogue box as 
Section shown in Figure 14-3 will be displayed. It will prompt 

- you to-type in the X andY 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. 

l"""""D Polat ¡,.¡ 
X 11 1 vi 1 

1 

1 Endina Point.,. xl 1 v[ 1 1 
1 z c ......... fml Label Step 

1 
rol 1 1 1 ..... 1 1 

1"'"' .. ' Horizolltllll:j IV ..... I1:1 1 1 

Wwf*-:;:WJ iii;;'!!. •. ,. r~v1 ;r-:: • :,: [J~;G~$id 

Figure 14-3 

You will also have a chance to control the drawing by 
selecting the More button (see Figure 14-3) which will 
then open another dialogue box as shown in Figure 14-4. 
There, you may control the drawing margins, colors of 
various parts of the drawing, lines and fonts. Keep in 
mind that 
themargins 
refer to the 
f r a m e 
around the 
drawing, 
not to page 
margins. 
Thisisnot a 
"fit-to-pag 
e" drawing, 
but rather it 
should fit 
the report­

------------o-,_-,,-e-,.,-,,.-.,,-,--------~ 

Margins (mm) 

Left IIII!J 1 Rlght ~ AboYe ~ BekJw ~ . _ 

TICk Heigtrt fmm) 

L:J 

Figure 14-4 

ing form that you may have created using the option 
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14.2.3. Old Cross 
Section 
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Tools from the main menu bar, followed by Report File 
Editor. 

-- ---
The New Cross Section option is also used when you 
select a cross section line from one of the existing maps 
by selecting the starting and ending points with a m o use. 
You will learn how to do this in Section 14.5, Adding 
Wells biDrawing Cross Section Line on the Map. 

Use the New Cross Section Like ... option to create a 
new cross section without lithology, without wells, or 
without any other content except for the coordina tes of 
the starting and ending points, scales, and drawing pa­
rameters. Actually you will use everything from the ex­
isting section except the content. This option is useful 
when you are not satisfied with the content for whatever 
reason For example, you may wish to modify the leg­
end, change the attributes for any line that is displayed, 
or reduce or expand the width of lithological columns at 
boreholes. 

When you select this op­
tion the dialogue box 
such as the one shown in 
Figure 14-5 will open. 
The GWW program dis­
plays the list with al! 
named cross sections 
saved in previous ses­
sions. 

You will use this option 
when you want to dis­
play the cross section, 
print itas it is, or modify 
it before printing and/ or 
saving. When you select 
one of listed cross sec-

Selecta Cross Sectlaa 

1 

secno~1 
secnON-Zc ... 

Figure 14-5 

1 

jé;·;OI\•.tj 

~ 
looi ... ~J 



14.2.4. Clear Cross 
Section 

14.2.5. Save Cross 
Section 

14.2.6. Save Cross 
Section As ... 

14-6 

CHAPrER14 CROSS SECfiONS 

tions, it will be displayed on the screen. The na me of the 
cross section will be displayed in the title bar on the top.· 

NOTE. Always look at the title bar to see with what you are 
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 coordina tes of the starting and ending 
points, scales, and attributes. If you keep working with 
this "cleared" cross section and save it under the same 
name, that is by selecting option Save Cross Section, the 
previous content will be erased ("cleared") and the new 
content will be saved inste a d. 

When you finish working on a cross section. you may 
want to save it. You ha ve 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 sectión, 
this option will be dimmed, which means unavailable. 

When you work on a new cross section, this will be the 
only "saving" option available. You will be prompted to 
assign an interna! cross section name. If you worked 
with an existing 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 yo u will assign another name to the modified 
section without- affecting the content of the one with 
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which you started. In this 
second case the dialogue box 
as the one shown in Figure 
14-6 will be displayed. 

You may edit the parameters 
of an existing cross section. 
When you select this option, 
the dialogue box as shown in 
Figure 14-7 will be dis-
played. You may modify 
anything in this box, al­
though normally, you will 

CROSS SECfiONS 

Figure 14-6 

1 

kan··J 
¡.-...¡ 
j. ' ¡ 

probably want to change one or both scales, and the ver­
tical interval of the display (Z Coordinate From .. To). 

V 1931150 

1 

End;ng Po;nt fml 
. X [674300 V 1966625 

Z Coardina.ta (m] Label S1ep 
F"'m 1-1 00 1 To '-11:::20;----,¡ · ¡:;j 1.;;-0 ---, 

1 

SCGJes 

Horizontal 1: 1175000 

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 modi.fy one or both 
scales. 
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Dr'B\\I'lng DmtensJon ' 

14.2.8. Make Legend The legend will usu­
ally consist of sorne 
text, scales, lithological 
symbols and descrip­
tions, and various in~ 

~X:':-~';:_'m-~:ws~::.'<:.~.;!;":}.'=;:;:;'.;'S;:::::-~.::;:::::~:¿-,;:-&~ 

~ Horizontal (cm]'( 22.52 ;~ 
~~~--:.,.~~:·~~.;·:s«:~::.-x..:...-.~~-<"i-:~ 

¡, Vertical [cmf 15.35 V 
k~"'$,t~w~m~~w;~~tt>X"\J_, 

t~~miJ~Nftf1J 

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 
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Figure 14-8 

tersection lines that you may superimpose onto the 
drawing. Using this option, you may position the legend 
box onto the drawing, assign its X and Y size, and add 
sorne offset to the frame to move it from the drawing's 
frame. To learn more aboutcreating a legend, please read 
Section 14.8. 

You may writlisome text to the legend, line by line. Each 
time yo u select this option, yo u will be prompted for text 
and for fonts for the text. The text lines will be printed in 
vertical succession from top to bottom within the legend 
frame you designed using the option Make Legend. 

Using this option, the program will add horizontal and 
vertical scales to the legend. 

When you decide to print a cross section, the program 
will display the list of all the available reporting forms. 
You may select one of the forms, and the program will 
print the report. 

This option is explained in Chapter 5, Section 5.4. 

As mentioned earlier in paragraph 14.2.7., you will use 
this option frequently to check the size of the drawing. 
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The numbers, wlúch are in centimeters by default, as 
s~ownin 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 wlúch is prepared for the drawing size 250 mm 
horizontally b)i154 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 portien of the cross section will not be 
printed. What will be printed will start aLthe lower left 
comer of the reporting form's drawing field. 

The cross section would not be the subject of tlús chapter 
had it not been for wells that have lithology identified 
and described. Adding wells to a cross section is the next 
step after you have selected your cross section line and 
defined its parameters. 

The second option on the 
application's menu bar, 
Wells, is comprised of the 
following, as shown in 
Figure 14-9: 

• Select Working Set 

• Select Working Group 

Select Worldng §roup 
Select W.G. Within Bange 

Add Wells to C.Section 

Add 

Figure 14-9 

.J :7 __ -



14.3.1. Select Working 
Set 

14.3.2. Select Working 
Group 

14.3.3. Select Working 
Group Within 

Range 
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• Select Working Group Within Range 

• Add Wells to Cross Section 

• Add Lithology to Legend. 

You use the Select Working Set option in the same man­
ner as in any other application. 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 !l?e well names, X or Y coordina tes, 
type of aquifer, etc. 

An alternative to selecting wells by names or identifica-· 
tion is to select them directly from a map. This will be 
explained in Section 14.4. Whichever method of selection 
yo u choose, the list of selected wells willlook something 
like what is shown in Figure 14-10. 

Once you identify a cross section line and have a list of 
wells comprising your worki.ng set, yo u may crea te 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 programas the spacing on eithei side 
of the cross section line within which the wells will be 
used and projected onto the section line. If you type 400, 
for example, this would mean that you want all wells 
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Unselected ttems Selected hems 

Figure 14-10 

that are less thÍm ~00 m from the cross section line to be 
projected onto the line. 

Befare you decide to crea te a working group, it is_impor­
tant to check that there are no wells curren ti y making the 
group. The method that you use to select wells will su­
perpose new wells onto the list of existing wells in the 
group, and you may plot sorne unwanted wells. Always 
display the list of selected wells by returning to the op­
tion Select Working Group. Check the list, as shown in 
Figu:r:e 14-10, before you apply the next option, Add 
Wells to Cross Section. 

When you are satisfied that wells on the listas displayed 
with the option Select Working Group are the ones you 
wish to have plotted, you may apply the option Add 
Wells to Cross Sectiol!. There may be one intermedia te 
step befare 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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toLegend_ 

14.4. MAP 
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Using this option you will be prompted to select 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 section.S-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 hlghlighted in Figure 14-11, prompts yo u 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. 

Figure 14-11 

l. Select Load Map. 

The procedure for se­
lecting cross section 
lines and wells using 
m a ps is explained 
with the following ex­
ample: 

2. The Load Map dialogue box as shown in Figure 14-12 
is displayed. In this example only one map has been 
created using the 
Mapping applica­
tion. The map was 
saved under the 
name BASIC. You 
will double click on 
the name BASIC, or 
click it once and 
pressENTER 

3. The map as shown 
ih Figure 14-13 will 

11 

BASIC 

Figure 14-12 

1 

= =:.! 

[irfiJ 

! r,:: 
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be displayed. This map contains (a) locations and 
identifications of wells, (b) water leve! contours for a 
certain date. Only locations and identifications of 
wells are of importance for lithological cross sections. 

4. You will notice severa! buttons vertically aligned on 
the right side. These buttons offer severa! options for 

Figure 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-' 1 ~' ~~~; 
ton line. If you select the button ;;'1 
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 until 
you come close to the initial point. Figure 14-14 
Then you will click on the End 

- ,, ,• 
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Point button to close the area. Using this button, the 
last selected point will connect with the first point, 
complete! y closingthe area. Yo u may repeat the same 
procedure with another area, selecting sorne distant 
points that could not be entered into the first area. · 
When you have finished creating areas for selecting 
wells to be in the working group (or working set), 
you must click on End Area. The selected wells will_ 
then become a part of either a working group or a 
working set, depending on wha t yo u ha ve attempted 
to create. 

Another way to select wells is to use the buttons 
Sel.Points and End Points as shown in Figure 14-15. 
Keep in mind that every method selected adds new wells 
to the working group list So if you 
wish to start froin scratch, you 
should go to Select Working Group 
option and unselect all wells before 
you start adding them to the list. 

When you click on the Sel.Points 
button you may proceed by clicking Figure 14-15 
on or near a well location to be se-
lected, one by one. Each time you click on a new well its 
identification is added to the working group list. To end 
the selection, click on End Points. 

You may also use the option Sel.In Rect. which stands 
for selecting wells within a rectangle. Click on this but­
ton, move the cursor to one of rectangle corners, click 
and drag the mouse and notice that a rectangle is being 
shaped. The button Sel.In Rect. and the rectangle se­
lected with four wells in it are shown in Figure 14-16. 

Figure 14-16 
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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 
button. The line will be drawn as 

Figure 14-17 

shown in Figure 14-
18. 

N ow go to the Cross 
Section menu and se- ·­
lect New Cross Sec­
tion, as shown in 
Figure 14-19. The pro­
gram will display the 
dialogue box named 
Cross SectionParame-

~ - _::_~-----·······il ... 
-·····-·· ··-·-'"'···-··-~L.... Z..f. -~ .... . : ,-----' 
"S'· : r ---------- --- --·--·-·;· - --.;··r··--------------

··tersas shown in Fig­
ure 14-20. Only the 
coordinates of start­
ing and ending points 
of the cro"ss section 
line, as drawn by you 
in the step before, 
will be displayed. 
You should fill in 
other fields to 
complete the cross 
section definition. 
The display may 
look as shown in 
Figure 14-21. You 

. ····-··-···¡············ ... 

Figure 14-18 

Figure 14-19 
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1 

Endmg Pomtl=::::-:---; 
X 1674<050 

1 

z Coordínata . 

~roml 1 Tol 

1 Y J8S7SOO 

Yl967400 

Label Stap 

1 

1 Vertical 1: 1 

Figure 14-20 

1 

1 

1 

1 1 

should definitely check the dirnension to dedde whether 
you need to modify the scale. 

If your working group was empty, you should go to the 
Wells menu, and select the option Select W.G. Within 

1 

stamng Point 
x 1:¡65S=a76=----i y ¡as7Soo 

1 

Endlng Point 

X 1674460 YJ967400 

1 

Z Coon>nato 

From 1·100 1 lo J120 

/

Scalos 

HonzontaJ1: l•soooo 

Figure 14-21 

Range. When prompted for distance, type 5000 as 
shown in Figure 14-
22. 

Now select the op­
tion Select Working 
Group to confirm 
that only the wells 

Enter dlsbn:e --

Figure 14-22 

-.~/; 

-·· 
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you wish to have plotted comprise the list. The display 
in our example looks as shown in Figure 14-23. 

Unselected ttems Selected ltems 

Figure 14-23 

The final step is nów to add the selected wells to create 
the cross section. From the Wells menu select Add Wells 
to C.Section, as shown in 
Figure 14-24. In a moment, 
the wells will be plotted, 
and the screen display may 
loo k as shown in Figure 14-
25. However, the widths of 
well lithological columns 
will be 10 mm by default. If 
this is not what you would 
like to ha ve, befare you de­
cided to plot wells you 
should have selected an-

Select Working Group 
Select W. G. Wlthln .Bange 

8dd Wells to C. Section 

Add uthology to Legend 

Figure 14-24 
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- acdion-blw 

~~~~~--~----~----~~~--,-
• • 

1 1 

1 

-: . .. 
:·.:.,.·: ' 

Figure 14-25 

other width. This is done by selecting the option Options 
on the menu bar, as shown in Figure 14-26, then selecti.ng 
Column Plotting Style and clicking on Set Column 
Width. The dialogue box labeled 
Log Plotting Style will open 
prompting you to type another 
column widthinmillimeters. The 
dialogue box is displayed in Fig­
ure 14-27. Type the new number 

s Sect!o~ [c;\gwcHc~ 
Options 

Set Column Wicltl1 

and select OK or press ENTER Figure 14-26 

In the termi­
nology of 
the GWW -
package, 

Horizontal Scale 1: III!I!J 
Colurnn WJdth (mm] ~~S~~====l 

O Plot Well Construction 

Chernlcal Con&tltuenta 

To the Rlght cl<;,;;n,;;on;,;;c:;,;>~=l'ljfd~ 
To the Left r<none> ljt 

Figure 14-27 

:'/'. 
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"intersection line" is the vertical projection of a grid 
model along the cross section line. You will learn in 
Chapter 15, Mapping Application, what grid models are 
and how they are created. A grid model is a collection of 
sorne value for ea eh cell of a model. In the Mapping Ap­
plication you decide on the grid, the number of rows and 
columns, and the spacing along rows and columns. You 

- then use the program to interpolate or extrapolate ran­
dom values at sorne 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 sorne meaningful names. 

-In the case of cross sections, you may be interested in 
having the following lines drawn: 

• Ground surface elevation. 

• One or more water table or piezometric pressure ele­
vations. 

• One or more lines connecting either lithologic units 
or stratigraphic formations. 

We may add one or more such lines to complement our 
lithologic cross section. 

You will notice the option Grid Model on the applica­
tion's menu bar. When you select this option the sub­
menu as shown in Figure 14-28 will be displayed. The 
Get Intersection Line option offers a list of all possible 
grid models in your current GWIS. The Edit Line Attrib­
utes is a routine Wm­
dows proced ure to 
select colors, line 
thickness and pattern 
(solid, dashed, dot­
ted, etc.), and label­
ing fonts. The Plot 
Intersection Line i s 
the plotting option or 
adding the line onto 
the cross section. The 

- Cross Section {c:l,gwd\tesr. 

Grid Model 

§et lntersection Une 

lntersection üne to Legend 

Figure 14-28 
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Intersection Line to Legend is used to add the line with 
its attributes and some text defining the-line to the leg­
end. You should use these opti.ons starti.ng with the top 
and ending with the bottom. 

Whén you select _the opti.on 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-
11 
...... ;;.;""';-;;;;;;~~~ 

utes and Plot Jntersection ~ 
Lineare available, as shown l>oot··q 
in Figure 14-30. When you 
click on Edit Line Attrib­
utes, the dialogue box as 
displayed in Figure 14-31 
prompts you to modify the 
default line pattern (one of 
six possible combinations, 

Figure 14-29 

l·••a 
1·-"J 

see Figure 14-32); default line thickness, which is 2 (2/10 
of a millimeter) using 
the thicknesses from 2 
through 10 (see Fig­
ure 14-33); line color 
using the whole Wm­
dows-supplied pal­
ette; label font (see 
Figure 14-34); etc. You 
may break the line by 
inserti.ng certain text 
such as SWL for stati.c 
water leve!, or the 

flot lntersection Line 
lntersection Line to Le 

Figure 14-30 

name of a formati.on. For this you use the Label field. The 
entries Distance #1 [mm], which b~default is 40 mm, 
means that your label will start 40 mm from the begin­
ning of the cross secti.on line. The second distance num-

":.'/"" 
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Pen Attríbutes 

Thickness 

Une Pattem 

lsolid Une 

-une Pattem 

Figure 14-32 

CROSS SECfiONS 

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

Une Attríbutes 
~----~ 

Label L-------¡==~ 
Distance 11 (mm( ;='4=0 =~ 

Distance 1 2(mm! IL-12~0 _ _, 

lffi''Hiií~i'F<inf~}t';;¡ 

! ··~···'""·"''"'" ····! . ~1~d$1 ~§§~ 

.. Figure 14-31 

Pen Attributes 

Thickness 

Figure 14-33 

ber, by default 120 mm, means that there will be a gap of 
120 mm between two successive labels. For example, if 
you areplotting the FW"';···~~~~~~~~~ ... j 
ground surface ele- O¡¡old 

vation line and 
want to label it as 
LS Elevation, the 
plotted segment 
with the label may 
look as shown in 
Figure 14-35. 

1 
8 
10 ~~~ 
12 ...... 
u ~ti 

" 16 ''"' u···:+ 

Figure 14-34 

O.U.nderUne 
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14.7.4. Plot Intersection Once you have selected a line to plot, edited it and rnodi­
Line ne'd the defaults, you rnay plot it by selecting the option 

Plot Intersection Line. 

14.8. LEGEND 

14-22 

... 
ó 
11. 

Figure 14-35 

Adding a legend toa cross section was briefly rnentioned 
in Sections 14.2.8. through 14.2.10. You will notice a block 
of options on the Cross Section rnenu, Figure 14-36, on 
the Wells menu, Figure 14-24, and on the Grid Model 
rnenu, Figure 14-28. 

The option Make Legend on the Cross Section rnenu 
prornpts you to select the relative position of the legend 
frarne within the drawing. The dialogue box is displayed 
in Figure 14-37. With a little bit of patience yo u rnay place 
the legend frarne to any place on the cross section diaw-
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t.1ake Legend 
Write Text to Legend 
Write Scale to Legend 

ing, either within the cross 
section or outside. Again, you 
should be careful and pay at­
tention to the size of the draw­
ing field of the reporting form 

p· -
1
4-

36 
that you will select for print-

tgure ing, as well as to the size of the 
cross section drawing to be placed on the reporting form. 

legend Positionlng 

Reletc comer polnts of map and lcgcnd 

The example shown 
in Figures 14-37 and 
14-38 creates a leg­
end frame 40 mm 
high and 30 mm 
wide, and positions 
it in the lower right 
corner of the C:ross 
section, with 5 mm 
offset from the right 
vertical axis and 1 
mm above the 

~~e~:~::h~~~ L_ ____ ~lt=0=$=i'=V=1_:W=·&m="~=·-=\l~--~ 
end frame it may 
not be always dis­
played immedi­

Figure 14-37 

ately. If this is the case, you should refresh the screen dis­
play by selecting one of sizing buttons (the small arrows 
in the upper right comer of :-:: 
the window). ·"-:: 

The next step is to write sorne 
text using the option_ Write 
Text to Legend from the 
Cross section menu. Suppose 
you type the word LEGEND 
as shown in Figure 14-39, 
then select the option Write 

Figure 14-38 

:9~/: 
'•w 

Scale to Legend. _'!'hen you will select the option Add 
Lithology to Legend from the Wells menu as displayed 
in Figure 14-40. The dialogue box labeled Select Lith. 
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Figure 14-39.--

CROSS SECTIONS 

Sclcct Worl:lng _!!roup 
Sclcct W.G. Within Bangc 

Add Wclls to C.Scction 

Units willlist all available 
codes for lithology. This is 
shown in Figure 14-41. Since 

Figure 14'--40 

f Scfcd Uth Untts 

Figure 14-41 

lithological cross sec­
tion with the legend 
block may look as dis­
played in Figure 14-43. 

Using Options menu 
you may enhance your 
cross section by adding 
well construction de­
tails and deciding on 

-the legend block will con­
tain codes copied as they ap­
pear in the list, you should 
select only the ones that 
have a clear description of li­
thology. The acronym 
CWIOS, which was created 
to present Clay With lnter­
beds Qf 5and, will have no 
meaning in the legend. 

The final display of the leg­

- end block m ay loo k as 
shown in Figure 14-42. The 

LEGEND 
1:150000 

41!1' 

en ·. 
1:1500 _¡j{j . 

~ ClAY 

·~o OM.a 

:-:.:-:-: so.ND 

"""'" /J;'./ SILT 

·····->·.: .. 
-11<1, 

. 676158¡ ·_:- ·: 
' ..... ,.. .... ·--

Figure 14-42 
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• ser:tiorHI/W 

LEGEHO 
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Figure1443 

plotting one or two chernical constituents along the 
wells. 

When yo u click on Options from the main menu, the dis­
- playisas showninFigure 14-44. You are offered to select 

the Column Plotting Style orto Edit Chemical Concen­
tration Parameters. The first one is used for adding well 

Figure 14-44 
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Concentration 
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. construction details an for selecting the width of vertical 
columns (with or without well construction). 

When activated this option expands toa dialogue box as 
shown in Figure 14-45. The box, titled Log Plotting 
Style, offers by default the horizontal scale 1:100 which_ 
can be overridden. It also offers a column width of S mm. 
Yo u will notice a small square box with the text Plot Well 
Construction. Click on this box if you.wish well con­
s~ction details to be displayed. 

The lower part of this dialogue box willlet yo u select one 
or two chemical constituents to be displayed either on 
left or right sitie of the lithologic column. By default, 
none constituent is selected: However, if yo u wish to plot 

O Plot Well Canstruction 

Chemlcal Constituents 

To the FUghtl<none> @l 
To tne Left l<none> @) 

Figure 14-45 

a constituent, click on the bar with arrows on either To 
the Right or To the Left option. GWW will open a list 
with all chemical constituents that you have declared in 
the Data Structuretool 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. It is intended to give you a 
chance to enhance the presentation by selecting severa! 
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attributes for each 
constituent to be 
presented. When 
you c!ick on Edit 
Chemical 
Conc.Params, the 
dialogue box as 
shown in Figure 
14-47 is dis­
played. Titled 
Constituents Al­
tributes, i t p re­
sents the lis t. of 
constituents on 
the left side, and 
attributes such as 
Line color, Fill 
color, and the range 
of values to be dis­
played. You may 
also choose be­
tween logarithmic 
and linear (bar) dis-

·-··play, and you may 
select the width for 
plotting the concen­
tration-depth dia­
gram on the cross 
section. 

CROSS SECTIONS 

Horizontal S cale 1: ~'1=00===:; 
Column Width [mm) c::ls ___ __¡ 

O Plo1 Well Construdion 

"'11 
No 
HCOl­
CI 

~: 

Figure1446 

-· [~¡~~;;'j [HRIC..O. f 
Min ._.ax 

1 D lt.::l 1D::::DD:___J 

Wld1h ~mtD.J rar ao~s f'1"'"1 
aectuan plotting t..:.!....J 

O Ugarftmh: O Bar 

Figure 14-47 

One example of a lithologic cross section with well con­
struction details is shown in Figure 14-48, and with 
chemical content diagrams on Figure 14-49. Both well 
construction and cherrúcal concentration of chloride and 
the total dissolved solids are shown in a zoomed portion 
of the same cross section in Figure 14-50. 
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Figure 14-49 
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-· 

""" LineJOD-CI-TDS 

on theleft side (max. 220 ppm) 

TIB on theright si de (max. 2200 ppm) 

-
Figure 14-50 
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CHAPTER F'IFI EEN MAPPING APPLICATION 

15.1 INTRODUCTION 

15.1.1. General 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 plumes, etc. 

This application is a utility forcreating maps, adding 
legends, superimposing various lines, areas;poirÍts and 
texts, and reporting. It uses the information.fioin the 
data base, with the Make Random option (seEH~::hapter 
Five) from other applications. It creates grid model.S 
from random points, associating a value of a distributed 
parameter with each cell in the model. .• ·.,· .. · · 

Location maps created in this application but based on 
the Random Model routine from other applications are 
used to select working sets of wells directly from the 
map. 

15.1.2. -Application's As shown in Figure 15-1, the Mapping application is 
Content comprised of the following major options: 

• Map 

• Grid 

• Random 

15·1 
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• Area 

• Une 

• Text 

• Help 

~~ Mapping {c:\gwd 

Map -- Grid Random Area .!Jne - Iext Help 

Figure 15-1 

The sequence of operation is normally as follows. 

l. You select a coordinate systendor 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 
sorne attributes for the map, such as fonts, colors, etc. 
All this is done using the Map menu. 

2. The next step is to use one set of random points to (a) 
add them and display.on the (b) create a 
model from 

m en u. 

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. 

r-·. . ' 
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15.2. MAP The Map menu serves to crea te a map, to assign various 
attributes to the display and report, to save or copy 
maps, to select the scale and to check dimension of the 
drawing. It is also used to make a legend box with vari­
ous text, including scale, and to position the legend onto 
the drawing. 

This menu is also used to select a reporting form and to 
printamap. 

Maps are created and saved as intemal files. After you 
create a map, display it on the screen, and print it, you 
may save the completed map under its own name. Maps 
then become an integral part of the Ground Water Infor­
mation System (GWIS). Yo u may retrieve maps any time 
you open your data base, you may also print a map, or 
add sorne content. 

Depending on when you activate the Map menu, sorne 
or all of the following options will be available, as shown 
in Figure 15-2: 

• NewMap 
_Mew Map 
New Map !,lke ... 

• New Map Uke ... Qld Map 
.!;leer Map 

• OldMap 
.Save Map 

• OearMap Save MapAs ... 

• SaveMap 
Malee Legend 
Write Text to Legend 

• Save MapAs ... 
Write Scale lo legend 

fdll Parameters 
• Make Legend 

Print Map 

• Write Text to Legend Prlnt Setup 
Oimension 

• Write Scale to Legend lmport DXF Ale 

• Edit Parameters Exit AII-F4 

• PrintMap Figure 15-2 
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• Print Setup 

• Dimension 

• Import DXF File 

• Exit 

15.2.1. New Map When you select New Map, the dialogue box as shown 
in Figure 15-3 will be displayed. It will prompt you to 
define the míni-
mum and maxi- • .........._ 

L:.,_:::._s~.::__To ~~ mum coordi­
na tes for the 
map, tick dis­
tance (the spac­
ing between tick 
marks along 
axes) and scale 
of the map. An 
example of a 
filled in Coordi­
nate System Pa-
rameters 
dialogue box is 

Yc-nt-.-
.._ 

Sc.llel: 

To 
11 

Fig.ne 15-3 

shown in Figure 15-4. It would be interpreted in the fol­
lowing way. The 

~~~--~~---~~--~~map-will-originate­
at the lower left 
point with coordi- -=- !ut~ooo 

VCoo-

1 To lntooo 

15-4 

n a t e s 
628000,938000, 
and will termínate 
at the upper right 
point with coordi-
n a t e s 
678000,970000. 
Ticks will be 
drawn on the in­
side of the map 

To !u~tG® 

S:C.• 1: 

Figure 1.5-4 

•• ¡,_) 
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border at 5000 units spacing. The scale of the map will be 
1:250,000. 

You will also have a chance to control the map drawing 
· by selecting the More button (see Figure 15-3) wlúch will 

then open another dialogue box as shown in Figure 15-5. 

r ----------- ----------- ---------·-----------
1 Map Dr.awmg Par.ameters ~ 

Margins (mm( 

Lefl /lf.l!lJ 1 Right /12.6 Above /12.6 / Below ~ 

Colors /WJ!f~lfihl;~Utl 

l~t¡o¡4ii$~!lfllrt~~4~~il 
/4i~1B'fl11 Wi)liift'illih$ii¡~ti.ij 

Figure15-5 

Font . 

li\M~fi.b;;¡);;~}1 
Tick Height (mm( 

/100 

There you may control drawing margins, colors of vari­
ous parts of the drawing, lines and fonts. Keep in mind, 
that the margins refer to the frame around the drawing, 
not to page margins. This is nota "fit-to-page" drawing, 
but rather it should fit the reporting form that you may 
ha ve created using the option Tools from the main menu 
bar, followed by Report File Editor. You may also mod­
ify the default tick height of 100 mm. 

15.2.2. New Map Like -· Use the New Map Like ... option to create a new map 
using one of existing maps but without any content, ex­
cept for coordina tes of the map, scale, and drawing pa­
rameters. Actually, you will use everything from the 
existing map except its content. This option is useful 
when you are not satisfied with the map content for -
wlúchever reason..Say yo u wish to modify the legend, or 
you wish to-change attributes for any line that is dis-

15-5 
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played. When you select this option you will be 
prompted to specify which one of existing maps you 
wish to copy, as shown in Figure 15-6. AlLyou will see on 
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--------------
New Uafl Uke :m tx1s,mg Onr. 

Select an Exlsting Map 

BASIC 

Figure 15-6 
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Figure 15-7 

the screen will be the coordina te system, as shown in Fig­
ure 15-7. 

15.2.3. Old Map When you select this option the dialogue box similar to 
the one shown in Figure 15-6 will open. The GWW pro­
gram displays the list with all named maps saved in pre-­
vious sessions. 
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You will use thls option when you will want to display 
the map, print it as it is, or modify it before printing 
and/or saving. When you select one of listed maps, it 
will be displayed on the screen. The name of the map 
will be displayed in the title bar on the top. 

NOTE. Always look at the title bar to see with what you are 
- currently working. This helps to prevent accidental changes, 

unwanted saving and overwriting. 

15.2.4. Clear Map This option clears the content of the currently selected 
map. What remains is the coordina te "system", thatis the 
X and Y coordinate axes, scales, and attributes. If you 
keep working wii:h this "cleared" map and save it under 
the same name, thát is by selecting option Save Map, the 
previous content will be erased ("cleared") and the new 
content will be saved instead. 

15.2.5. Save Map When you finish working on a map you may want to 
save it. You have two options: (1) to save it under the 
name that is displayed in the title bar, (2) to save it under 
a differentname. The option Save Map saves only under __ 
the same name as shown in the title bar. If thls l.s an un­
titled map, that is a new map, this option will be 
dimmed, which means unavailable. 

15.2.6. Save Map As ••• When you work on a new map, this will be the only "sav­
ing" option available. You will be prompted to assign an 
interna! map name. If you worked with an existing map 

· (yo u used the option Old Map ), you will ha ve the option 
to save it by selecting either Save Map, in which case the 
same map title will be kept and its content overwritten, 
or by using the option Save MapAs ... , in which case you 

. will assign another name to the modified map without 

15-7 

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 You will notice a block of options on the Map rnenu, Fig~ 
ure 15-2, on the Grid rnenu, Figure 15-11 (Add to Leg­
end), and on the Randorn rnenu, Figure 15-26, on the 
Area rnenu, Figure 15-40, and on the Line rnenu, Figure 
15-46. 

15-8 

The legend will normally consist of sorne text, scales, 
various points, contours, additionallines, such as rivers, 
roads, landfill facilities, mines, etc. l]sing this option, 
you rnay position the legend box onto the drawing, as­
sign its X and Y size, and add sorne offset to the frame to 
rnove it frorn the drawing's frarne. 

The option Make Legend on the Map rnenu prornpts 
you to select the relative position of the legend frarne 
within the drawing. The dialogue box is displayed in 
Figure 15-8. With a little bit of patience you rnay place the 

' lcgcnd PosHioning ::~i?fiM. 
Relate comer polnts of map and legend 

Add~onaiOHse~ 

xl 1 YL_J 

Figure 15-8 

legend frame to any place on the rnap drawing, either 
within the rnap 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 



15.2.8. Write Text to 
Legend 

15.2.9. Write Scale to 
Legend 

CHAYrER15 MAPPING APPLICATION 

to the size of the map drawing to be placed on the report­
ingferm .. 

. 

For examples on how this may work see Chapter 14, 
Cross Sections. · 

Yo u may write sorne text to the legend, line by line. Ea eh 
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. 

15.2.10. Edit You may edit the parameters of an existing map. When 

- 15-9 

Parameters · yo u select this option, th~ 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 normal procedure · 
in editing map parameters would be to select the scale 
and then check the dimension (size) of the map by select­
ing the option Dimension from the same menu. The dis­
play may look as shown in Figure 15-9. If not satisfied, 

. Orawiog Dimension 

FigurelS-9 
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you may retum to the Edit Parameters option and mod­
if)r_.the scale. - -

15.2.11. Print Map When you decide to print a map, the program will dis­
play the list of all the available reporting forms. You may 
select one of the forms, and the program will print the 
report. In the Mapping application, there are two default 
forms: landscape and portrait. 

15.2.12. Print Setup This option is explained in Chapter 5, Section 5.4. 

15.2.13. Dimension As mentioned earlier in paragraph 15.2.10., you will use 
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- 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, you assign 
the dimension and position of the drawing field. The di­
mensions assigned using the Tools option on the main 
menu and Report Form Editor should match the dimen­
sions of your current map in order to print its whole con­
tent. 

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 u5--

_ ing this option, are less than the reporting form's 
drawing field, the map will be centered within the draw­
ing field. If they are greater than the drawing field, a por­
tien of the map will not be printed. What will be printed 
will start at the lower left comer of the reporting form's 
drawing field. 



15.2.14. lmport DXF 
File 
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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 ~ 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 sorne 
limited text. When 
you select this option, 
the program Will_dis­
play a dialogue box 
su eh as the one shown 
in Figure 15-10 
prompting you to se­
lect a file with a .dxf 
extension. The pro-

= lmptn1 DXI Fit~ 

FUeDame: ¡:(¡e¡=-----' ~ 
Din:ctory. ~ 1 c;;;;;e¡ 
Ales:· 

EJD 
.. ] 

1+1 
1+1 
1+1 
("<ti 
Hi 

Figure 15-10 

gram will then translate the file and display the range of 
X and Y coordinates and the range of Z values for con­
touring on the screen. 

If you do not have a new map displayed on the screen, 
this is all that you will get from an imported .DXF file. 
However, if you know the range of the X and Y coordi­
na tes 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 coni:otir file labeled as basemap.dxf. This is a 
direct output file from AutoCad. To reproduce the map 
do the following: · 

l. From the Mapping application menu select Map. 



15-12 

CHAPTER15 MAPPING APPLICATION 

2. Select Import DXF File. As shown in Figure 15-10 
double click on the file name basemap.dxf. There will 
be a window showing the current operation, which 
is reading the file, line by line. It is a huge file, and it 
will take sorne time to read it all. When the reading 
is done, there will 
be a window dis­
playing the range 
of the values of the 
X and Y coordi­
nates, as shown in 
Figure 15-11. The 
range for the X co­
ordina te is from -
9275.2 to 14642.41, 
and for Y coordi­
nate it is from -5199.09 
to 13384.33. 

3. Remember the ranges 

x- coordlnate nmge 
-9275.21 to 14642.41 

y- coordinate range 
-51 99.09 to 1 3384.33 

Figure 15-11 

of X and Y values. Go to the Map menu and select 
New Map. Fill in the dialogue box with the following 
values: X Coordinate from 12000 to 13200,.Y Coordi­
na te from 4000 to 4800, Tick distance 100, Scale 10000. 
Wait until the map coordina te system is displayed. 

4. Select the Dimension option from the Map menu. 
Confirm the size of 14.5 by 10.5 cm for selected scale 
and selected range of coordina te values. 

Figure 15-U 
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5. With the map coordinate system still on the screen, 
select again Import DXF File. The procedure in step 
2 will be repeated but the program will continue with 
plotting the map content, that is contour lines, roads, 
etc. When you zoom into a portien of the map, it may 
look as shown in Figure 15-12. 

15.3. GRID MENU 

15-13 

15.3.1. Content Contour maps require data to be in a 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 no de 
has an associated "Z" value on the other hand. The "Z" 
value can be ground surface elevation, static or any 
water leve!, depth to water table, total dissolved solids, 
thickness of an aquifer, elevation of a stratigraphic con­
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 pofuts. 

-•' ~ :. ~ : 
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The second option on the ap­
plication's menu bar, Grid, is 
comprised of the following, 
as shown in Figure 15-13 (no­
tic e that not all options on 
this menu are available at all 
times): 

• NewGrid 

• New Grid Like ... 

• Old Grid 

• SaveGrid 

• Save Grid As ... 

• Edit 

• Add Contours to Map 

• Add Color Regions to 
Map 

• Add Area to Map 

• Add to Legend 

• Make Grid from Random 

• Make Contours 

• Make Color Regions 

• Set Subgrid Area 

• Get Subgrid Area 

• Clear Subgrid Area 

• Standard ASCII 1/0 

• Output to DXF File 

MAPPING APPLICATION 

Ncw Grid 
Ncw Grid l.ikc ... 
Qld Grid .. 
;:.~;;-s:~}'(: ~-; ¡ : :~ 

Savc Grid (!s ••• 

fdil ~ 

· Add Contours lo lvtap 
Add Color Rcgions To Map 
Add Arca to lvtap 
Add lo Legcnd 

Makc Grid from Bandom 
lvtakc Conlours 
Makc Color Rcgions 

Scl Grid Arca 
Gct Grid Arca 
Clear Grld Arca 

Standard ASCII lfO ~ 
Output lo DXF File 

Figure 15-13 

You use the New Grid option in the.same manner that 
you use the New File option. You will be prompted to 
define the model, that is its origin (Xo and Yo), which by 
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definition is in the lower 
l~ft comer of the grid, grid _ 
size and number of rows 
and columns. The dia­
logue box displayed in 
Figure 15-14 defines the 
following: 

Xo and Yo Minimum X and Y coordi­
na tes of the grid model; Figure 15-14 

DxandDy The distances in units of 
length (meter, feet, etc.) between X and Y grid lines; re­
spectively; 

NxandNy Number of grid lines in the X and Y dimensions. 

1:he number of grid lines in the X and Y dimensions must 
be a positive integer (without a decimal point) greater 
thari 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 theinterpolation 
process will be finer, smoother or better when the num-

-·- ber of grid lines is increased and the distance between 
lines reduced. How-
ever, the process of 
calculating contours 
takes longer. 

One example of grid 
parameters is shown 
in Figure 15-15. The 
model covers an area 
from ~.mínimum 
628000 to X maxi­
mum 678000, that is 
50 km since the data 
unit is meters, and 

Gud Parameter~ 

Xo )628000 

Yo )sssooo 

Dx )1000 Dy )1000 1 

Nx )oo 1 Ny )s21 1 

I~Wi~!!ftn! )::;~,?j 

Figure 15-15 

from Y Irtinimum 938000 to Y maximum 970000, that is 
32 km. The discretization of the space is done with 50 
columns and 32 rows, each of 1000 m length. Thus the 
model cells are squares of 1 km2 each. 
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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 wlúch are normally asso­
ciated with each grid cell. Using tlús 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. 

1 1 

:&elcc:t aa bistint Grid 

GRJD,Z 
_, 1 

GRJD,Z 
wll7-11 
wl87-7 

~ 
~ 
Wfn'l 

wl87-11 
wl87-7 ¡ i:M<ii] 

Hil""'l'J 

Figure 15-16 .. Figure 15-17 

15.3.3. Old.Grid You will select an existing grid to make contours or to 
add color regions to your map. The dialogue.box, such 
as the one displayed in Figure 15-17, will display the list 
of available grids. 

15.3.4. Save Grid When you select an existing grid and use it for whatever 
reason (the most obvious one is to make contours, dis­
play them and print the contour map), you may save it 
under the same name as the one you used to select the 
grid. You may modify the grid by reducing the distance 
between the X or Y lines, or modifying the grid coverage 
by changing the number of cells in X and/ or Y dimen­
sion. Whatever modification you make, you may save 
the grid under the same name. Tlús command will 
change the grid to reflect any changes you have made to 
it. If the grid you are working onhas not previously been 
named (e.g. you are creating a brand new grid), GWW 

15-16 
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displays a dialogue box that lets you enter a name and 
path. 

NOTE. The grid names are interna/ file names, not ASCII 
files. You may create equivalent ASCII files using another op­
tion on this menu. 

By using tlús 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 airead y has that 
name. This option displays the Filename dialogue box 
similartoFigure 15-16 or Figure 15-17. Entera name and _ 
pa th and click on OK, and 
GWW creates another in+·Pr,,~ 
file with that name. When 
resume working, you are work-1 
ing in the new grid. 

Edit Contour Attributes 
Edit Color 

15.3.6. Edit The option.Edit on this menu 
opens up with additional op­
tions. These options are shown 
in Figure 15-18. The major op­
tions for editing are: 

Figure 15-18 

15.3.6.1.Edit Grid 
Parameters 

15.3.6.2.Edit Contour 
Attributes 

15-17 

• Edit Grid Parameters 

• Edit Contour Levels 

• Edit Con tour Attributes 

• Edit Color Intervals 

Using this option, you are given another chance to mod­
ify grid size, coverage and density. The dialogue box, 
su eh as the one shown in Figure 15-15, will be displayed. 
Remember that by editing, that is, changing grid pa­
rameters of an established grid, 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 selecfMain Contours or Auxiliary Con-

. - •' - _., ;-· 



15.3.6.3.Edit Contour 
Levels 
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tours to edit, as displayed in Figure 15-19. In the termi­
nelogy of sorne other _ 
contouring packages, 
these options are 
equivalent to Labe!ed 
a n d Un!abeled e o n­
tours. Main or labeled 

Figure 15-19 

contours will contain in-line contour labels. 

Whl~ever contour you select, rriain or auxiliary, GWW 
will open a dialogue box giving you an opportunity to 
rnodify or control almost every attribute of a contour 
line. This is normally line thickness, line pattern (solid, 
dashed, dotted, or combinations), line color, fonts for la­
beis, etc. The display is the same as shown in sorne ear­
lier figures, such as Figure 14-31 in Chapter 14. 

GWW assigns sorne default 
minimum and rnaximum con­
tour levels and contour inter­
vals, depending on the range 
of the "Z" values found in a 
grid. However, this rnay not 
bé 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 rnay now edit 
either rnain levels or auxil­
iary levels, or one after the 
other. 

1f you select the Regular Values 
option, GWW will open another 
dialogue box as shown in Figure 
15-21. There you should specify 
the rninimum and the maxi­
rnum con tour line levels and the 
step. The prograrn will then 
make contours at equally 

Nain Lavels 

Aulcillrary Levels 

Figure 15-20 

From 1• 
To ~~===:::\1 

·Stop 1 1 

1 /ilt·LI i(fii:lií\;¡¡jWJ 

Figure 15-21 
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Intervals 
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spaced intervals using the step you supplied in this box. 

H you wish to sped.fy discreet 
contour levels for plotting, 
rather than equally spaced in­
tervals, use option Edit and 

- specify an irregular number 
of data units between contour 
lines. Contour levels do not 
have to be in any specific or­
der, or· equally spaced. One 
example of editing contour 
levels is shown in Figure 15-
22. 

75 0000 
ID. 0000 
as oooo 
90 0000 
95 0000 

100 OOOD 

IMT\j;ijtlf,Y;I [t\~r 1 
ctrH:Jns Lme. 
ctrt-[)..:QeJ Une 

Figure 15-22 

Tiús option is used to specify color intervals and color· 
values for various intervals. The option will ha ve sense 
only if you wish to print a contour map enhanced with 
color intervals. For this you need a color printer. When· 
yo u select this command, the display will be as shown in 
Figure 15-23. The program has preselected sorne default · 

Figure 15-23 

-· -· . . , ----



15.3.7. Add Contours to 
Map 

15.3.8. Add Color 
Regions to Map 
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intervals for you and has assigned a palette of colors to 
ea eh interval. You may override this by clicking with the 
mouse any interval you wish to modify and by clicking 
on a color from the color palette displayed in this dia­
logue box. You may also edit intervals for coloring. Just 
as in the option for setting contour levels you have two 
options: (1) Set Regular, or from the minimum contour 
level to the maximum, and assigning sorne uniform level­
step; (2) Edit, in which case you type any interval you 
wish. 

lbis command is interpreted by GWW as a combination 
of two commands: 

• Make contours, and 

• Add contours to the map 

The program calculates contours from the currently se­
lected grid file, using the currently selected contour lev­
els and contour attributes and draws the contours into 
the map, displaying the same. 

lbis option will be available only if you have selected a 
grid with values at the intersection of 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. 

lbis command is interpreted by GWW as a combination 
of two commands: 

• Make color regions, and 

• Add color regions to .the map. 

It will be available only if you have selected a grid with 
values at the intersection of each column and row. In 
other words, you must have used the option Make Grid 
from Randoni Points either during the current session 
or earlier. 



15.3.9. Add Area to 
Map 

15.3.10. Make Grid 
fromRandom 
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Tiús option is added to the Grid menu for convenience. 
Areas will be explained further in Section 15.5. Although 
you rnay crea te many areas, that is, closed lines that en­
circle a certain portien 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 pattems, colors, etc. 

Tiús 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. 

Tiús is a comrnand which interpola tes and, if necessary, 
extrapolates values of the "Z" parameter from discrete 
random points to the regwar model grid. To make it 
work you must have a currently selected random model 

_____ anda currently selected grid. If one of these two is miss­
ing, this comrnand will not be available. 

If you do execute this cornrnand, you rnay use its results 
to crea te a contour map, to save the grid selected but now 
with associated values at the intersection of ea eh colurnn 
and row in the model, or you may save the grid in an 
ASCll or .DXF file. 

15.3.11. Make Contours Tiús is álso a comrnand which will be available only if 
you have selected a grid which has calculated values at 
the intersection of each colurnn and row. The cornrnand 
will not display contours by itself. For this you need to 
activate the cornrnand Add Contours to Map, as ex­
plained in 15.3.7. 

- 15-21 
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15.3.12. Make Color 
Regions 

This is also a command whlch will be available only if 
you have selected a grid whlch has calculated values at 
the intersection of each column and row. The command 
will not display color regions by itself. For thls you need 
to actívate the command Add Color Regions to Map, as 
explained in 15.3.8. 

15.3.13. Set Subgrid 
Area 

This command is used to make contours within one or 
more closed areas. It is equivalent to blanking specified 
portions of a previously created grid. You may blank in­
side or outside the subgrid area. The subgrid area is an 
area digitized by yo u using the Area menu or input asan 
ASCII file also frcim 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. 

15-22 

A subgrid area may contain more than one are a. Yo u will 
learn in Section 15.5.2 to create an area file with more 
than one area. You may also crea te subgrid areas using a 
digitizing program or a text processor from outside the 
GWW package. A portien 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 
r 
2397834.0000000 
2398492.5000000 
2398769.7500000 
2398045.7500000 
2397718.5000000 
2397834.0000000 
r 

403318.6875000 
403703.6875000 
403684.4375000 
402960.6562500 
402594.9062500 
402879.8125000 
403318.6875000 

403703.6875000 
403850.0000000 
4031955000000 
402779.6875000 
403368.7500000 
403703.6875000 



15.3.14. Get Subgrid 
Area 

15.3.15.Ciear Subgrid 
Area 

15.3.16. Standard 
ASCll Input/Output 
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1lús subgrid area file is composed of two dosed areas, 
the first with 6 different points, and the second with 5 
points. The digitizing was in a dockwise direction. If this 
area is "set," the contours will be produced in these two 
dosed areas onl y. 

Yo u may ha ve more than one subgrid are a within w hich 
you wish to contour. With this command you will be 
prompted to select one of the available subgrid areas. 
This is a combination of commands: select and 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· dosed 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 pro~, e. . by SUR-
FER™. When you select this - • 
option the menu option ex- Output 
pands to two options: Input 
and Output, as shown in Fig- Figure 15-24 

ure 15-24. You will select In-
put if you wish to read an existing grid model from an 
ASCII file, or Output if yo u wish to write the grid model 
created by GWW to an ASCI file. A portion of the ASCII 
file with the grid model is reproduced below. 
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75.9089 75.9592 71.7994 71.9027 72.0099 
71.6.541 71.2471 71.3617 71.1524 71.2424 
71.3354 71.4302 715275 70.4314 70.5159 
70.7258 70.9576 71.2168 715073 71.3087 
71.6741 70.9735 73.8004 75.6722 75.8195 
75.9486 76.0329 76.0291 755818 75.0766 
74.4473 73.7384 73.0179 72.3480 71.7709 
71.2997 70.9180 70.6734 70.4999 70.3836 
70.3149 70.2850 715821 71.7099 67.9782 
67.9463 67.9067 67.87U 67.8304 67.7950 
75.8668 75.9182 71.8866 71.4863 71.6143 
71.7295 71.3211 71.2226 71.3183 71.4164 
71.5158 71.6163 70.4442 70.6280 70.7216 

The grid is the same as shown in Figure 15-15 with 50 
colUirulS and 32 rows. GWW writes five numbers in ea eh 
line of the ASCll file. The format is free, that is numeric 
entries are separated by one or more spaces 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 eachrow iswrittenin tenlines,each withfive num­
bers. 

When you dedde to write a grid model into an ASCll 
file, the program will give you two options for the order 
of writing the numbers: 

l. From the minimum Y value to the maximum Y val ue, 
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 
comer. 

2. From the maximum Y value to the minimum Y value, 
which places the o:-! gin of the coordina te system into 
the upper left comer of the model. This is the input 
r" :;_uired for most of currently used ground water 
mathematical nodeling software including the 
U.S.G.S. MODFLOW, the United Nations GWMOD, 
and others. With this option in GWW, yo u may crea te 
input data files for your modeling software. 
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You may also export the grid model as a .DXF file. The 
val u es exported are the coordina tes of the intersection of 
ea eh row and cell and the "Z" val u e assodated with ea eh 
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 yo u wish to ha ve 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 
leve! elevations or depths, or 
any other nurnerical space-dis­
tributed parameter. 

--~ ----~---- --
- r.-.... 0"''""''~"' •.•• 

When you select this option 
you will be prompted to select 
a file name, as shown in Figure 
15-25. 

EJD 
Figure 15-25 

The Random menu op­
tions and commands are 
shown in Figure 15-26. 
With this menu you may 
input one of the existing 
random models which 
you may have created us­
ing any GWW applica­
tions or which you may 
have imported as ASCII 
files created within or out­
sideofGWW. 

)l!ew Random Model 
Qld Random Model 
§ave Random Model 
Save Random Model As 

Add Polnts to Map 
Add Labels to Map 
Add Values to Map 
Add to Legend 

Show Parameters 

_Edil Plotting Parameters 

Standard ASCII Input 
Standard ASCII Output 

Figure 15-26 

• 
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This menu is used to create location maps displaying 
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 
m en u. 

Random models are created in applications other than 
mapping. Random models are interna! 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. 

657900.0 -- 949000.0 6.630000 P0-1 
660000.0 953500.0 7.450000 P0-2 
657800D 945300.0 7.570000 P0-4 
654500.0 941000.0 6.640000 PO-S 
675800.0 962300.0 5.000000 SRRG-10 
665000.0 958000.0 13.71000 SRRG-7 

669000.0 959200.0 11.32000 SRRG-8 

The first column is the X coordinate of the point, the sec­
ond column is its Y coordina te, the third column is its "Z" 
value, which in this case is the depth to water table from 
a measuring point. The last 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 yo u 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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dom model, ora standard ASCTI file input with aran­
dom-model will not mix with an existing random m o del. 

When you select New Random Model you will be 
prompted to answer severa! questions, such as Coordi­
nates Unit, and Is Z-value dimensioned, and to select 
type of units and unit for Z values. 

15.4.2. Old Random If you have used Random Model in any other applica­
Model tion of the GWW package, you ha ve created one or II:_~or~ 

random models to 
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which GWW. has :U>.Plli' 

given interna! file 
names. Using this op­
tion, you will be 
prompted to select an 
existing random 
model. The dialogue 
box is as shown in 
Figure 15-27. In this 
example we have 
used master data ap­
plications to create a 
random model with 

Selcd en Exlating Random Model 

WLB7-11 
WI..B7-7 

Figure 15-27 

all wells of which the ground surface elevation is known 
(Z random model), then we used a hydrographs applica­
tion to crea te two random models for water levels in J uly 
1987 (WL87-7) and in November 1987 (WL87-ll). The 
names of these models are the ones we have selected. 

If you have not created any random model in any appli­
cation, you cannot use this set of routines. You will have 
nothing-l:o plot. 

When a random model is input, either internally oras an 
ASCTI 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 bo_?C is shown in Fig­
ure 15-28. Notice that random models are dimensioned, 
that is the coordinates are either meters or feet, and z­
values are either dimensioned or nondimensioned. 
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. .. · ....... · ... -. ti~l\W:1FR0r 
1!20 • 51100 ~:~' 
~~u a:z:ML~~~~­

Nu.ba .. polrrb Z21 

Figure 15-28 

This routine is used only when you wish to input aran­
dom model ASen file and save as an interna! file within 
the GWW data base:Normally you would input an AS­
en file, which will contain the following information: X, 
Y, Z, well identification. You will then save this model 
under an interna! GWW name when prompted for this 
as shown in Figure 15-29. 

Save Random model 

c ..... ,""" '-' ptoi(·, H 
.. g-ftAUFAX :;; . • 

~~::~~ :~\ 
TD~uhenaq ~5 
IDSAII ,;: 
WaterOeothAIIAquHcrs199D-6 ·· · 
Watetl.cvc1Khobar15069J J 
WaterLeveiKhobar199D-6 ::-

~~:::r-Obs ~ 

Figure 15-29 
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15.4.4. Save Random 
MOdelAs 

You may save a currently used random model under the 
name of an existing random model. This will replace en­
tire! y the content of the internal file which contains aran­
dom model. It is important to understand that you may 
not have more than one random model open ata time. 

15-29 

15.4.5. Show 
Parameters 

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 andas a check that 
this is the model that you wish to work with. 

15.4.6. Edit Plot When you select the option Edit 
Parameters Plot Parameters, you will be 

given a choice of three entries as 
shown in Figure 15-30: 

Figure 15-30 

• Point 

• Label 

• Value 

For points, you may select 
one of 14 symbols and choose 
the size, as shown in Figure 
15-31. With sorne imagina­
tion and repetition, 

II+DVXO/::,. 

Z{j}~e+.-:&. 
Slzermm) U!.I~,.5_...J 

Figure 15-31 

Figure 15-32 

RDM Label Drawing :Aitribufes you may create various sym­
bols using these 14 predes­
igned symbols. One possible 
combination is shown in Fig­
ure 15-32. For Label you may 
select fonts, colors and align-

Figure 15-33 ment, as showri in Figures 15-
33, 15-34, and 15-35, respec-
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Figure 15-35 

tively. LikeWise you may select fonts, colors and align­
ment for values. Thls is shown in Figure 15-36. The at­
tributes you choose apply only to plotting and creating 
a location or contour map. 

ROM Valuc Drawing t.ttributes 

Figure 15-36 

With this command the points from the currently "ac­
tive" random model will be plotted. You control the size 
and symbol for points by using the option Edit Plot Pa­
rameters followed by Points. 

- ... /·-
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15.4.9. Add Values to 
Map 

15.4.10. Add to Legend 
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Labels will be plotted on top of the symbol for points. It 
is understood that you have previously used the option 
Edit Plot Parameters and selected fonts, colors, and 
aligrunent for labels. Horizontal and vertical aligrunent 
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 PlotParameters and selected fonts, col­
ors, and alignment for values. Horizontal and vertical 
aligrunent 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 !abe! and value. 

You will first be 
prompted to specify one 
of the labels that will be 
copied to the legend, as 
shown in Figure 15-37. 
Then you will be 
prompted to type sorne 

~ text that defines values 
plotted on the map. For 
example, you may type 
the text as "Depth to 
~water table inJuly 1987", 
or "TDS in ppm," or 
"Toluene content in 
ppm,"etc. 

Enttr 'l.abel' tl:xlln legend 

Figure 15-37 

As mentioned earlier, you may input a random model 
importing an ASCII file. This file could be created from 
another software program or use a text processor. It is 
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_ important to re­
member the or­
der of input 
variables: X coor­
dinate, Y coordi­
na te, Z value, 
well identifica­
tion. The format 
is free. 

When you select 
this option the 
GWW program 
will display a list 
of files with_the 
extension .rdm. 
You may select' 
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Alename: l!:liti=fti!~---..J 
Oircctory: C:\G'NO 

Files: Oi~ctarics: 

grld-•.ntm 1-1 
wells.rdm t-ai 

('<ti 
t<>l 
!'di 

1~ 

Figure 15-38 
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any file giving the path and file name. Tiús 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 
with a list of files 
with the exten­
sion .rdm. One 
example is 
shown in Figure 
15-39. 

S Random Wadcl Std. ASCII Outpu1 

Fllen .. u~:j L··::.::"'m;;;_ __ -..J\ v~~.Qic:.~·] 

~ 
Rles: DRdDries: 

DO 
Figure 15-39 
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15.5. AREA MENU The Area menu is used to 

15.5.1. New Area 

15.5.1. Digitizing Area 

> 
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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 su eh ar-

NewArea 

ºId Area 
.§.ave Arca 
SaveAreaAs 

Add Area to Map 
Add to Legend 

f.dit Plot Parameters 

· Standard ASCII Input e as under interna! file 
names, edit plotting pa­
rameters, etc. The menu 
options are listed in Figure 
15-40. 

Standard ASCII Output 
. ·-.-

DXF Output 

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 alter 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 !blijAtea::l 
row of buttons. For digitizing an 
area, the following buttons are im­
portant: Dig.Area, as shown in Fig­
ure 15-41, and End Point and End 
Digit, as shown in Figure 15-42. 

When you wish to digitize an area 
directly on the map (more cor­
rectly, on the screen display), you 
should proceed as follows: 

Figure 15-41 

Figure 15-42 
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1. Select the button Dig.Area on the right side of the 
_ .. -map. This will place t!J.e program into the digitizing 

mode. 

2. Move the cursor toa 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 duplica te 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, orto crea te 
another closed area. 

If you wish to finish digitizing, you should click on the 
button End Digit. With this you will get out of the digit­
izing mode and return to the area menu. Your current 
"area content" will contain the X and Y coordina tes of a11 
points that you have just digitized. You may save these 
points in an ASCII file, using the option on the same 
menu Standard ASOI Output, or you may save the 
points in a DXF file using the option DXF Output. But 
most of all you may save this area with a11 points, mak­
ing the area an interna! data base file using the optiof! 
Save Area or Save Area As. 

After you have terminated the first area by clicking on 
the End Point button, you may create another area by 
clicking on a point which is on the second area's bound­
ary. Continue clicking on other points and finish the sec­
ond area by clicking End Point. If ~is the last area you 
wish to digitize, press on End Digit to get out of the dig­
itizing mode. 
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H you have digitized more than 
one area, hoever, all of them are 
internally saved as one digitized 
area file. Each area will be de­
fined with same attributes: line 
thlckness, line color, line text~ -
text fonts, etc. 

You will notice other buttons on 
the right side of the map as 
shown in Figure 15-43. These are 
standard options on any of the 
Mapping application display or 
menu. You may always zoom in 
or out, or Fit to Window. It may 
help to digitize an area in a 
zoomed in display. 

Figure 15-43 

15.5.3. Old Area Yo u may crea te orie· or more are as by direct digitizing, or 
you may import areas as ASCII files. You may assign to 
these various interna! names, su eh 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 and 
place it into the current "area content," you should select 
the option Old Area. The GWW program will display a 
list of the available interna! file names. You may select 
one. The selected area becomes your current area. You 
may edit the area's attributes, plot the area onto the map, 
or use it for contouring, making ita grid area. 

15.5.4. , Save Area and Whether you have created an area by direct on-screen 
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Save Area As digitizing or have imported an area asan ASCII file you 
may save it under an interna! 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. H thls is a new area you 
will be offered the.option Save Area As. H thls is an ex-



CHAPTER15 MAPPING APPLICATION 

isting area which has its name, you will be offered both 
options Save Area or Save Area As. lnternally the pro·­
gram will associate with each saved area its attributes. 

15.5.5. Add Area to 
Map 

With this command the area currently occupying the 
"area content" will be plotted onto the map 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, 
espedally whether the area will be transparent or not; 
also check screen and printer colors. Ii 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 comrrumd 
with which you may restare the previous screen . . 

15.5.6. Add to Legend Building the legend block is context sensitive. You may 
add the currently active area to the legend. It will be 
shown as a rectangle, with all attributes as the area itseli, 
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 
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the area. 

15.5.7. Edit Plot An area has its own attrib-
Parameters utes, or parameters. When 

you select this option, the 
screen will display a dia­
logue box su eh as shown in 
Figure 15-44. The double 

---
.t.rr.a AtttibH1'r.S. 

181 Transparency 

Figure 1.544 

55! 
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arrows to the right indica te that each of options extends 
into more options. Notice the box labeled Íransparency. 
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. -

OptionBorder Attributes lets you define line thickness 
(from 1 through 6), line pattem (solid, dashed, dotted, 
dash dot, etc.), label w hich 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. 

) Arca Border Affríbutcs ' 

Pen Attributes­

Thickness 

Une Pattem 

\Salid Une 

Une Attributes 

Label 
L---¡:::::=~ 

Distance 11 (mm) \;::40=====i 

Distance 1 2(mm) L...\1_2o_....J 

\f7ii:abiífFCiili:i:>;.:i d 

Figure 15-45 

You may save the currently active area in an ASCll file. 
The file contains only the coordina tes of points making 
the area. One area is terminated with the combination /* 
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typed after the last point's coordina tes. One example of 
an ASCII file containing two areas is reproduced partly 
below. Notice that the last point's coordina tes are exactly 
the same as the first point's coordina tes. 

9236.12, 5842.62 
9208.25, 5871.94 
9168.44, 5853.06 
9138.56, 588031 
9142.56, 5911.75 

9341.69, 5846.81 

9236.12, 5842.62 

¡• 
9283.94, 5540.94 
9307.81, 5584.94 

. - -9343.69' 5587.00 

913656, 5427.75 
9108.69, 5455.00 
9174.44, 5538.81 
9283.94; 5540.94 

;•. 

You may é:reate such a file using any other commercially 
available software or a text processor. You may then in­
put such file into the GWW data base using the option 
Standard ASCII Input. 

15.5.9. DXF Output You may crea te a DXF output file with random points to 
use in another software package, most likely in AutoCad 
or another Computer Aided Design package. You will be 
prompted to select a file name and directory to save the 
output. 

15-38 
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You will u5e thls menu to add various lines to your map. 
These lines serve only to enhance a map, to add impor­
tant line features, etc. The lines are not used for contour­
ing, adding colors, and like procedures. 

The Line menu contains the following commands or op­
tions, as shown in Figure 15-46: 

• ·NewLine 

• Old Line 
New Une 
QldUne 

·• Save Line ~aVé Une 

• Save LineAs 
Save Une As 

Add Une to Map 
• Add Line to Map Add to Legend 

• Add to Legend fdil Plot Parameters 

Standard ASCII Input 
Standard ASCII Output • Edit Plot Parameters 

• Standard ASCII Input DXFOutput 

Figure 15-46 
• Standard ASCII Output 

• DXFOutput 

15.6.1. New Line 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 



15.6.2. Old Line 

15.6.3. Save Line and 
SaveLineAs 
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you will work on a new line without any interference 
with an existing line. 

To create a new line diredly fram GWW you must use its dig­
itizing capability. 

The GWW data base and information system may con­
tain one or more lines, whlch may be internally saved 
under specific names 
given to them by you in 
previous sessions. When 
you use this option the 
program displays a list 
of existing lines prompt­
ing you to select one 
from the list, as shown in 
Figure 15-47. · When yo u 
select a gne, it will be 

----------
- · Nt->wlinc El:!~ 

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 !abe! 
spacing. 

RJVERS 
ROAD 

Same as in other menus on the 
Mapping application title bar, 
these two commands are used to 
save a line under an interna! name. 
If the line is a new untitled line yo u 
will be prompted to Save LineAs, 

Figure 15-47 

IR<W> 
RNERS 
ROAD 

1 

that is the program will display a 
list of existing line names from Figure 15-48 

whlch you may choose one or as- -· 
sign an entirely name. The dialogüebox with file name 
selection may look as shown in Figure 15-48. If you are 
working on an existing, or titled, line, you will have op-



15.6.4. Add Line to Map 

~--

15.6.5. Add to Legend -
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tion to Save Line under its own name, or Save Line As 
giving.it é!nother name .. 

You may add a line to the map. This is probably the rea­
son why you are creating lines, editing them, giving 
them sorne attributes, and the like. Yo u wish them added 
to a map. The line may be a river, a road, á 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, pattem, color, etc. Once added, the line cannot 
be removed and the whole process of map building may 
have to be repeated. 

NOTE. It is a good advice to save a map after severa/ steps, so 
that you may start anew from a step befare, not from scratch: .... _ 

The legend block is gradually built up of parts: sorne 
text, scale, contour lines from the Grid menu, random 
points from the Random menu, areas from the Area 

. menu, various lines from the Line menu, etc. The option 
on the Line menu adds the currently available line to the 
legend. This means tha t if you wish to add more than one 
line to the legend block, you must place a line into the 
current "line content" and apply the command Add to . 
Legend, then selecta New Line and transfer another line 
using either Old Line or Standard ASCII Input com­
mand, and apply again the command Add to Legend. 
Each time you 
select Add to 
Legend~Y o u 
will be 
prompted to 
enter explana-
tion text, such 
as shown in 
Figure 15-49. 

------
1 egend fm Araa 

Enter explanatlon text 

Figure 15-49 
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This option works in the same way as in the Area menu. 
You may select the line tlúckness from 1 to 6, the line 
pattern (salid line, dashed, dots, and combinations), line 
color, the font for the label, and spacing between sub­
sequent la­
beis. The 
display is as 
sh <iw-ri in 
Figure 15-
50 .... 

You may 
"outsmart" 
theprogram 
by digitiz­
ing a line, 
writing 
sorne label 

1• l.abel '---.....,==' 
Dtstano& 1: ,mm¡ r¡o----1 

Lile Pattem !.::____J 

ISoid Une @ D1stanca • 2/mm] ~ 

t:; ; Mii'll;ioi'>O\)''''l n "*'...., ,..,.:.·.¡ 
WN&i.,H j'ltíiáAhl 

Figure 15-50 

or text which defines the line, and by selecting white 
color, or no color for the line. In tlús case the line will not 
be drawn but the text will. This is a hand y possibili ty for 
writing sorne text next to an existing line, su eh as the Rio 
Vaca Vieja parallel to the river line as shown in Figure 
15-51. The text was created following the steps: 

l. Select New Line. 

2. Digitize line (click on Dig.Line button to start digit­
izing). 

-

3. 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. 

- . 
J~'' 
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Figure 15-51 

6. Write to label field 'Vaca Vieja", change Distance #1 
from 40 mm to O mm, change the second default 
!l_!llllber from 120 mm to 60 mm and select OK. 

7. Select Palton font, 10 points, Italic. Click on OK to exit . 
this option. 

8. Select Add Line to Map. 

What is created is an invisible line with text that is vis­
ible. We are sure that you will find this small trick quite 
useful. (You may ave selected No Line from Line Pat­
tem.) 

You may save the currently active line in an ASCII file. 
The file contains only the coordina tes 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 
672282.68700000 

. -672537.68700000 
672610.68700000 

969797 25000000 
96962225000000 
96911925000000 
96900425000000 

- -­.: _,._. 
.. ····-



15.6.8. DXF Output 

15-44 

CHAPI'ER_lS MAPPING APPLICATION 

672987.68700000 

666385.75000000 
666150.75000000 
r 
635542.68700000 
635772.68700000 
635532.68700000 
635469.68700000 
635309.68700000 
635234.68700000 
635339.68700000 
635474.68700000 
635464.68700000 

628327.68700000 
62829Z:68700000 
r 

96943225000000 

938400.43700000 
938195.43700000 

96991225000000 
96960925000000 
969449 25000000 
96909225000000 
96894425000000 
968937 25000000 
96873425000000 
968587 25000000 
96834925000000 

955647 25000000 
95543925000000 

You may also import one or more lines from an ASCII 
file. The input format is free; the X and Y coordinates­
must be separated by one or more spaces or a comma. 
One paii-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 Une 
either when you wish to 
read the line from an AS­
CII input file, Figure 15-
52, or when you want to 
write to an ASCII file, 
Figure 15-53. 

--" 111111 1 r 4)1( r! 
Dlremuy: C:\GWD F~YJ 

FUet~: Dircc:concs: 

DD 
You may create a .DXF 
output file to use in an- Figure 15-52 

other software package, 
most likely AutoCad or another Computer Aided De­
sign package. You will be prompted to selecta file name 
and directory to save the output. The prograrn will open 
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,.--:------- -
--- :·. Lttn:(.IOUifNIIIDO.'<ffilot: fm::l 

... _, \illlll 1 k'«'\1 
o•rectory c:\GW[I lit d,.~n 

DD 
Figure 15-53 Figure 15-54 

a dialogue box with the list of available files with the ex­
tension .DXF, as shown in Figure 15-54. You will be 
prompted to select a file name. 

You will use this menu to add tex 
lines to your map. You may add a 
heading or a title to your map, wn 
sorne comments, etc. You do not ne 
to use the text menu options to crea 

·.tE 
ed 
t• 

a legend. I t is done using options fro 1m 
all mapping menus. 

The Text menu contains the followin 
commands or options, as shown ; 
Figure 15-55: 

• NewText 

J:!ewTexts 
ºId Tcxts 
.S. ave T exts 
Save Text As 

Add Texts to Map 

fdit Texts Parameters 

Standard ASCII Input 
Standard ASCII Output 

Figure 15-55 
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• Old Text 

• Save Text 

• Save Text As 

• Add Text to Map 

• Edit Text Parameters 

• Standard ASCII Input 

• Standard ASCII Output 

15.7.1. New Text Use tlús 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 coordina tes of the beginning of the text string 
or the position of the text block, the angle of the text 
block, color of the text, the fonts, and the horizontal and 

-vertical 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 bu!!on 

,' - ,:' MapTexts < - ' 
' ' ' 

Figure 15-56 
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New. Click on New. The screen will display the Text At­
tributes dialogue box as shown in Figure 15-57. Place­
ment of text is determined by the X and Y coordina tes of 

Text 

Figure 15-57 

the lower left corri.er of the first letter of the text string, or 
by alignment attributes in the Text Attributes dialogue 
box. 

You may write more than one line of text, assigning to 
_ _ each its position, angle, fonts a:nd colors. 

You may save this text block under its own interna! file 
name. You may have many such text blocks or file 
names. 

15.7.2. Old Text You will use this option to 
retrieve a previously cre­
ated and saved texf file 
containing one or more 
lines of text information. 

1 

When you use this option Figure 15-58 
the program displays a list 

1 

, .. .,.·,:q 
¡ .. dq 
,...,.il 

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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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 interna! name. If the text is a new untitled text you 
will be prompted to Save Text As, thil.t is the program 
will display a list of existing text names from which you 
may choose one or as­
sign an entirely new 
name. The dialogue 
box with file name se-
lection may look as 
shown in Figure 15-59. 
If you are working on 
an existing, or titled, 
text, you will have o¡r 
tion to S ave Text under 
its own name, or Save 
Text As giving it an­
othername. 

Figure 15-59 

15.7.4. Add Text to Map You may add a text to the map. This is probably the rea­
son why you are creating texts, editing them, giving 
them sorne attributes, and the like. You wish to add them 
toa map. The text may be a header, a subtitle, a company 
name, a comment or description, or anything that de­
scribes or enhances a map. Prior to adding a text to the 
map 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. 

15-48 

One example of adding text is shown in Figure 15-60. 
This is an insert, zoomed in. 

NOTE. It is a good advice to save a map after severa[ steps, so 
that you may start anew from a step before, not from scratch. 
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Figure 15-60 

15. 7.5. Edit Text When you select this option, the dialogue box su eh as the 
Parameters one shown in Figure 15-61 will be displayed. Using this 

option you-
may: 

• Edit an 
existing 
t e x t 
string. 

• Add an­
other text 
string to 
the same 
t e x t 
block. 

• Delete 
o ne o r 
more text 
strings. 

Mnp Te)(1s , 
RJo Guarlca lrrigadon System 

Figure 15-61 

Editing a text string or text line means changing the text 
itself, moving its position ·by changing X or Y coordi-
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na tes, replacing one font family and size with another, or 
changing its color. 

To edit you should do the following: 

l. Select with the =sor the line of text yo u wish to edit. 
This line will be highlighted. 

2. Click on Edit button. GWW will open another dia-­
logue box, Text Attributes, as shown in Figure 15-62. 

T ext J Río Guarico lrrigation System 

x -<:oord~nate jssoooo 
;::::=::===== 

y -coordinate /968000 

~===:::::;--__J 

Figure 15-62 

3. Work on modification and select OK to return to the 
textmenu. 

To create a new line of text within the same text block 
you should do the following: 

l. Click on New button. GWW will open an empty dia­
logue box, Text Attributes, such as shown in Figure 
15-57. . 

2. Crea te the new line of text by ·filling all boxes. Select 
OK to return to the text menu. 

3. Remember. to save this modified text block using 
either Save command, or Save As. 
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To delete a line of text from the current text block you 
should do the following: 

l. Select with the =sor the line of text you wish to de­
Jete. This line will be highlighted. 

2. Click on Delete button. This line of text will be de­
leted. 

3. Remember to save this modified text block using 
either Save command or S ave As. 

You may save a text that was created in GWW in an AS­
CII file, or you may crea te a text file with a text editor. 
When yo u wish to.input the _text as an ASCII file, GWW 
will prompt you for a -
file name to select the 
text, as shown in Figure 
15-63. 

To use a text editor you 
must observe certain 
rules and conventions. 
The text displayed in 
the example above 
when stored as an AS­
CII file will contain the 
following: 

Files: DtrcctDrtec: 

¡--¡~ 1 

Figure 15·63 

"Rio Guarico Irrigation System" 632000 968000 
10017490 "Palton"OOO 11 O 

Evidently, the first line is the text limited with quotation 
marks, followed by the X and Y coordina tes 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 O after the word Palton are 
color codes, meaning red, green, blue are each set at O 
value. The combination of three "zeros" is the black color. 
Remember that color values are from Oro 255. The com­
bination 255 ,O ,O is interpreted as pure red, the combina­
tion 0,255,0 as pure green, and the combination 0,0,255 

., 
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as pure blue. Each other combination of numbers is al"!­
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, that is 1 1 O de­
fines text font attributes, that is normal or bold, normal 
or italic, normal or underii.ned. O is for normal, 1 is for 
bold, italic, and underlined, in this.order. 

The first three numbers in this line define the horizontal 
and vertical offset of the text beginning, and the align­
ment of the text string. You should not be concemed with 
this, although you may know that the number 10 means 
horizontal offset (from the X, Y coordinates) equal to 10 
tenths of a millimeter, or, in this case, 1 mm. The number 
O which follows implies O tenths of millimeter vertic~l . 
offset. The number 17 is a combination uniquely defin­
ing the horizontal and vertical alignment. The remaining -
two numbers, 49 and O, define the size of the font se­
lected in 1/1 Oth of a millimeter and the angle in degrees. 
The size of 49 is equivalent to 4.9 mm, orto 14 points. The 
size of 56 is equivalent to 16 points, 64 is equivalent to 18 
points, and 21 to 6 points. 

Using the text editor to modify an existing text strffig or 
to create a new one becomes handy when you wish to 
crea te text strings longer than the maximum length as­
signed by GWW. 

An ASCll text file with two lines of text may look as re­
produced below. 

"Río Guarico Irrigation System" 632000 968000 
10 5 17 49 O "Palton" O 143 255 11 O 

"Estado Guarico, Republic of Venezuela" 632000 965000 

10017420"Arial"OOO 000 

When this file is imported into GWW and the command 
Add Text to Map is applied, the disElayed text may look 
as shown in Figure 15-64. 
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Figure 15-64 

You may save a text file, with one or more lines of text, 
that was created in GWW asan ASCII output file. Yoii. -­
may then edit this file using your text editor and import 
it again into GWW as an input ASCII file. Before yo u ex­
port the file, GWW will prompt you to give a file name 
to the text as displayed in Figure 15-65. 

Mup ¡cxts Std ~t:ll Oulput 

Files: 

DD 
Figure 15-65 
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CUSTOMIZATION 

The applications that can be customized are the follow­
ing: 

• Chemistry 

• Concentration-Depth 

• Concentration-Trme 

- • Hydrographs 

• Lithology (welllogs) 

• Step Drawdowns 

• PUmping tests, and 

• Grain Size Curves 

Remember thát changes made in the Customization op- -­
-tion will be written to the file GWW.INI which will be 
located fu-the Wmdows directory, just like any other 
"Application".ini file. Sorne portions of this file are repro­
duced below. 

[GWW] 
GWWDataBase=c \gwd\test2.gww 
lastPumpTests=PT-1 
lastldent=P0-1 
Frame=100 10 1800 2500 
lastMasterData=P-540 

LastUthology=P0-1 

[PumpTests] 
QUnit=m3/day 
l.engthUnit=m 

TuneUnit=min 

[WellFunct] 

TransUnit=gpd/ ft 

DrawUnit=feet 

,.~ . 
¡¿J_q) 
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16.1 INTRODUCTION 
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This is~a utility option in GWW which makes possible 
individual customization of various screeri 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 yourscreen-display and/or in 
printouts. You cannot replace English messages, menus, 
comments, instructions, and the like. But you may crea te 
reports of every part of the package in ybur own lan­
guage. This is made possible by using options from this 
Customization package. 

When you select Customization from themain 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 

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. 

/', 
' 1 

!J7': e-
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' Piper Ois¡ll3y Parameters '1llllm 
·select ltem(s) 
Border Color [Display) 
Baclcgr. Color (Display! 
Coord. Unes Color (Display) 
Border Color (Printj 
Baclcgr. Color (Print) 
Coord. Unes Color (Print) 
Labels Font [Display) 
Points Symbols Font (Display) 
Labels Font (Print) 
Points Symbols Font (Prlntj 

Figure 16-3 

Color (Printj 
Color (Prlnt) 

Unes Color [Print) 
L&D•els Font (Display) 

IIF'oints Symbols Font (Display) 
els Font (Print) 

1 Points Font (Print) 
Text 

Text 

Figure 16-4 

Translation of 'CATIONS' 

Figure 16-5 
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[Stiff] 
StiffBorderDisp=255 255 255 
StiffBackgroundDisp=255 255 255 
StiffLinesDisp=O O O 
StiffinteriorDisp=O O 255 
StiffLabFontDisp='Arial' 12 O O O O O O 
StiffSymFontDisp=' Arial' 10 O O O O O O 

CUSTOMIZATION 

In the Chemistry application, .as shown in Figure 16-2, 
you may customize the display and print for ea eh of the 

Figure 16-2 

chemical data graphical presentations: Piper, Wilcox, 
Stiff, or Schoeller diagrams. Since each of the presenta­
tions has a graphical drawing and a textual content, the 
options on the customization menu refer to screen and 
print colors (for ':>arder, background, or coordina te lines, 
or lines connectmg 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' 
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if you wish to write in Spanish, or 'KATIJONI' if you 
wish to use Serbian language. 

Only the lower portien of all options available for this 
application is shown in Figure 16-9. If, for example, you 

'·'Hydrographs Display Parameters ',: -.. : / 

Seled ltem(s) 
Coord. Unes Color 
Polygon Color (Display) 
Border Color (Print) 
Baclcgr. Color (Print) 
Coord. Unes Color (Print) 
Polygon Color (Print) 
Font (Display) 
Font (Print) 
'Depth' Texl 
'Levcl' T ext 

. Figure 16-9 

wish to report 
in Spanish, 
you will re­
place the word 
'Depth' with 
its Spanish 
equivalent 
'Profundidad,' 
as it is shown 

-
, 'Deplh' T~xt 

Translation of "0epth 1 

1 Profundldo~ 

Figure_ 16-10 

in Figure 16-10, or the word 'Leve!' with 'Nivel,' etc. You 
may also customize colors, fonts, color of textual attrib­
utes, etc. 

16.4. WELL LOGS You may enhance your lithologic or welllog by selecting 
different colors, and fonts. You may replace the header 

16-6 
r 

'. . 
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, V/ih:ox OispiDy Parameters 

· Select 

Figure 16-6 

Figure 16-7 

Select ltem[s] 
Border Color [Display] 
Baclcgr. Color [Displayj 
Coord. Unes Color (Display¡ 
Pillnt Polygon Color (Display¡ 
Border Color [Printj 
Backgr. Color [Print] 
Coord. Unes Color [Print] 
Point Polygon Color [Printj 
Labels Font [Display] 
Labels Font (Print] 

Figure 16-8 
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APPLICATION 

16.6. GRAIN SIZE 
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CURVE 
APPLICATION 

CHAPI'ER16 CUSTOMIZATION 

In a step drawdown diagram the following text appears 
on the graph or in the table: 'Drawdown,' 'Pumping_ 
Rate,' 'Aquifer Loss,' 'Well Loss,' and 'Effidency.' Yo u 
may replace each of these with their equivalents. The op­
tions are shown in Figure 16-13. 

Step Orltwdown Test Oisptay.~aramf:ters ;,, 

Select hem[s) 
Coord.System Font (Display) .. 
Table Headcr Font [Display! 
Table Data Font (Display) 
Coord.System Font (Prinlj 
Tablc.Hcadcr Font (PrinQ 
Tablc Data Font (Print) 
'Drawdown' Tcxt 
'Pumping Rate' Text 
'Aquifcr loss' Tcxt 
Wcllloss' Text 

Figure 16-13 

Here again, every word that appears on the diagram 
may be replaced. Titis is shown in Figure 16-14. In addi­
tion you may control the color of display and of print­
outs. You may "paint" the background, frame, or border 
of the drawing to enhance it if you are going to print in 
colors. 
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which contains the words 'Depth,' 'Hole,' 'Annulus,' 
'Casing,' 'Screen,' and 'Lithology,' with other words or 
equivalents in other languages. If you select fonts such 
as Czar from CorelDraw or Cyrillic from other sources, 
you may crea te a welllog in Russian using Cyrillic al­
phabet. (Of course, you may do it in Arabic, Hebrew, or 
any other language, provided you have fonts for their 
alphabets available.) 

Welllog display and print parameters, available for cus­
tomization, are displayed in Figures 16-11 and 16-12 ... _ 

· Welllog Oispl,.yParamcters~ 

Figure 16-11 

·. ·· Welllog OisplayParametersl!l'Jm 

Figure 16-12 
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DEPTII SERIES 

"16.9. 
CONCENTRATION · 

TIME SERIES 
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In this applications, most of customization is done from 
the application's menu. There, you can select header 
fonts, axis labeling, coloring and filling with colors vari· 
ous parts of a diagram. Here, you may replace one of the 
two English words, as shown in Figure 16-16. 

Although you 
may modify the 
display or print· 
out to sorne ex· 

. tent directly from 
the application, 
most of the cus· 
tomization will 
be done from this 
menu. 

Figure 16-16 

Figure 16-17 
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. Grain Size Curve Display Parnmeters ' 

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. Thls 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. 

Pumping Test Display Paramcters. ·, '; 

Sclcct 

m me• 
•orawdown• Text 
'Residual Drawdown' Text 
'Jacob t.lethod' Text 
'Thcis t.lcthod' Tcxt 
'Hantush Mcthod' Text 
'Rccovery t.lcthod' Text 
'Theis t.lethod for Partial Pcn.' Text 
'Error' Text 

Figure 16-15 

_=;:-:: 
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. Figure 17-1 

17.1.2. Application's As shown in Figure 17-1, the Fence Diagram application 

17-2 

Content is comprised of the following major options: 

• Model 

• Wells 

• Map 

• Grid 

• Drawing 

• Drawing Style 

• Help 

The Model menu is 
shown in Figure 17-2. In 
this menu yo u control the 
content of the fence dia­
gram, the viewing an­
gles, the scales, and the 
general layout of the 
drawing. 

The Wells menu is shown 
in Figure 17-3. In this 

-ºelete Panel 
P<tend Panel 

Scled Working Set 
Seled Working ,!!roup 

~lear Panels 

Maximum !,ength 

Ynits 

~oordinate Planes Parameters 

Figure 17-2 
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17.1 INTRODUCTION 

17.1.1. General -

17-1 

Using this application you may create fence diagrams, 
displaying on the screen and in reportingforms 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 app!ication. You may also use free-hand draw­
ing of lines, close polygons and fill in with lithologic or 
other symbols. 

,_ .Since it is a three dimensional presentation of the lithol­
ogy of a terrain on a two dimensional screen and paper, 
you may control angles of rotation along the x and y axis, 
and angle of projection on the Z axis. 

As in the other general-purpose utilities within GWW, 
such as Mapping and Cross Section, yo u may select hori­
zontal and vertical scales to fit your drawing on a se­
lected paper forma t. 

GWW stores fence diagrams as a part of the information 
system. The last created fence diagram is displayed al­
most automatically when you select this application. 
Thus the lithology of a selected part of the area is imme­
diately visible. 

.~ \ 

:' 3Z1 ,! 

\ __ .· 
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headers and textual expla· 
nations. 

The Draw Style menu is 
showninFigure 17-7. Using 
this menu you will control 
severa! display options, e.g. 
the width of lithologic col­
umns. 

The three dimensional pres­
enta !ion of lithology of an 
area is actually modeling 

O Sldp Undcfined Palygans 

O Sldp Unes AbDYt and Below log 

181 AIJ Panel Background 

Well Column Wldth (mmflt:..:t D:....__J 

Figure 17-7 

the lithology of an area. You select which part of the area 
you wish to model, which wells to use, how to present 
them; and you change the angles of viewing the cross 

__ ?ectiOn. 

The Model menu serves to create "panels" which pufto­
gether make a fence diagram or a lithologic model of the 

- area. 

A panel is a rectangle in space drawn in such a way _tllat 
a pair of two neighboring wells makes panel sides. One 
of the panels is shown in Figure 17-8. A well which is 

Figure 17-8 
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menu you select 
wel.l.s-te be used in a 
fence diagram. Be­
fare using the Model 
menu you will nor­
mally start by select­
ing wells to repre­
sent lithology. 

The Map menu is 
shown in Figure 17-4. 
This is a shortcut for 
selecting wells. You 
may crea te a working 
set or working group 
of wells directly !!om 
amap. 

The Grid menu is 
shown in Figure 17-5. 
Using this menu you 
may add one or more 
lines to the fence dia­
gram. These lines are 
created in the Map­
ping application. 

The Drawing menu is 
shown in Figure 17-6. 
With this menu you 
will finish the fence 
diagram as a draw­
ing. You will add vari­
ous legend blocks, 
such as the one ex­
plaining lithologic 
symbols used in the 
diagram, various 

FENCE DIAGRAM APPLICATION 

Figure 17-3 

Figure 17-4 

Figure 17-5 

Make Legend 
Add Text to Legend 
Add Scale to Legend 
Add Uthology to .Legend 

Print Drawing 
Print Setup 
Dlmenslon 

Figure 17-6 



17.2.1. Make Panels 
· from Wells 
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When this option is selected GWW autornatically crea tes 
panels frorn wells making the working group. Panels 
wlúch would cut through another panel will not be cre­
ated. This is to say that in sorne cases you should not 
expect that all possible cornbinations of panels will be 
created. For example, with 3 wells labeled W-1, W-2, W-
3, it rnay or rnay 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 ; .............................. , ..... 7' ......... .. 

s, fonts and 
color attrib­
utes. A typi­
cal screen 
rnay look as 
shown in 
Figure 17-
11. Notice 
tha t sorne ¡ 
wells are ' 
shared by 
three pan- .............. . 
els. 

. .. . . ..... . .... . .. 
. . . . . -. . . . . : . . 

Figure 17-11 -

' ' .. . ... -~ 

17.2.2. Delete Panel Once created, panels are stored in 
the information systern created by 
GWW with all their attributes and 
additional contents. Panels are 
like building blocks rnaking the VióJ{ '1! l;;eatiJffl 

17-6 

final drawin_g. Each pan~! is like Fi re 
17

_
12 a cross sectwn connectmg two gu 

wells. You rnay delete one or more :Qanels frorn the infor­
rnation systern. When tlús command is selected the 
screen displays a dialogue box as shown in Figure 17-12. 

- ' . 
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used by two or more panels is shared by these panels 
(Figure 17-9). More than one panel can be drawn 
through one well. Each panel may contain only two 
wells. 

Panels are 
labeled us­
ing the 
names of 
wells that 
make a 
panel. As 
shown in 
Figure 17-
10 the la­
beling is 
(MW-7-

Figure17-9 

UI'IIMII•c:t.d ttem• 

! (ww-G4C.NW-10) 
: (WW-GUIW-07) 

t•:.tc-~',:'+A li:'oi-n....,...,.•.:·. :-'1 
¡;::--:-···);:¡ ~-p¡ 

M W- 9). , ___ ,_ --~---~----·----· • .... ·· ··• • ... · ••· · 
Panels can 
only join 
one wi th 

Figure 17-10 

the other but they cannot cut through or protrude 
through. 



17 .2.5. Select Working 
Group (ofPanels) 
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many panels from the group of wells [using the com­
mand Make Panels from Wells]. Using this command 
you may elimina te sorne of panels that yo u do not want 
to work with. When this command is selected the dia­
logue box as shown in Figure 17-14 is displayed. Click­
ing with the mouse on a panel name on either Selected 

Unaelea.d tt..~• s.aecaod ••• 

~~~~~~.~------~m~~~~~~~.,------, 
(WW-84c.IIW-10) (MW-02..ww-Gl) 

(WW-G3.NW-G9l 
(WW-CI6.WW.07) 
(WW-G&,.ww-419) 
(WW-G1..NW-G8) 
(MW-G7.ww-o!l) 
(WW-119.MW-1 O) 

¡¡~,.:,;.;..;;;.¡;.:Aii· !.J\l /'-!;''·i~"·· :1 
tH'lllC'd jet "'H 

Figure 17-14 

or Unselected side you will move the·panel to the other 
si de. 

The command Select 
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 crea te a 
fence diagram after 
you click on the Re­
fresh button. When 
this command is se­
lected the dialogue 
box as shown in Fig-

-- ,_ __ 

f··;,;; .... Ji(;•.q [> -~-;.. ;•J 
¡ ...... "·,] ¡---~ 1 

Figure 17-15 

ure 17-15 is displayed. Clicking with the mouse on a 
panel name on either Selected or Unselected side you 
will move the panel to the other side. 

-· ,-_t, ~ _ .• 
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All available panels are listed. You may click on one or 
more-panels to select (highlight) them to be deleted. 
When you click on OK they will be deleted. 

17.2.3. Extend Panels In this application panels are defined as rectangles en­
closing a space between two neighboring w_ells. How­
ever, there may be cases when you will want to crea te a 
panel which will have only one side coindding with a 
well while the second side will be free. Such panels may 
be needed when you wish to interpret and display lithol­
ogy beyond end wells in a cross section. Su eh panels are 
created by "extending" an existing panel using the com­
mand Extend Panel. The dialogue box as shown in Fig­
ure 17-13 will be displayed with the list of all available 

17.2.4. Select Working 
Set (of Panels) 

17-7 

Panel to be extended 
MW-06 MW-09 

p.IW-li7.MW-ll8) 
p.IW-li7.MW-ll9) 

Figure 17-13 

Extenslon length 
fect 

panels. Extending a panel you will not widen this panel 
but you will crea te a new panel which will share the side 
well and 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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17.2.8. Units The units are taken 
from the Cross Sec­
tion application. 
However, you may 
change units within 
this application. 

FENCE DIAGRAM APPLICATION 

• 

¡ ,, 
·~. 

~ 
·:~· 

~~. -::. 

t~ 
~~ 

• 

Figure 17-17 

lillaximum Panel Length fleet] 

lllilil 

Figure 17-18 

· When you select the Units command you will be offered 
a dialogue box for Coordinates and for Elevations. 

17 .2.9. Coordinate 
Plane Parameters 

When this command is selected, the dialogue box as 
. 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 
Wells command is invoked GWW will sean all wells and 
will display the range of X, Y, and Z values for al! wells 
making a current working group. You may change this 

17-10 

. ( 
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17.2.6. Clear Panels This command is used to remove additional "enhance­
ments" 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 
lookasshowninFigure 17-16. Usingthe command Clear 

17.2.7. Maximum 
Length 

¡ 
t 
:~ 

·~-

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 eleared. 

Panels a,re automatically created using X and Y coordi­
nates of wells. Sorne panels may be too long. You may 
reduce the length of ea eh panel by assigning a maximum 
allowed length. The dialogue box is as shown in Figure 
17-18. 
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17_,~10. Viewing 
Parameters 

CHAPTER17 FENCE DIAGRAM APPLICATION 

-. The Z label font part of thls dialogue box is intuitive. So 
is the Color part in which yo u will select background col­
ors for "vertical" walls and the "horizontal" base of a 
fence diagram. (Neither the walls are vertical nor the 
base is horizontal, in most cases.) -

With the button Parameters you may control the follow­
ing: 

• ___ Rotation angle around the Z axis. 

• Rotation angle around the X axis. 

• Relative pr~jection ~~ance. 

• Normal or central projection. 

The angles of rotation enhance or hide sorne portions of 
. a fence diagram. The best practice is to experiment with 
different angles and find a combination which displays 
best what one wants to present. 

The relative projection distance is a measure of the 
viewer's location. It is equivalent to the diagonal of the 
three dimensional space that is displayed; and measured 
from the center of the space. It cannot be less than 1, that 
is a viewer is not allowed to "enter" too dose 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, respective! y 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 rota te the coordina te triedar. When you wish to dis­
play the new-view dick on the Reffesh button. If you 
ha ve rotated the triedar, but have dedded not to change 
the viewing angles, press the button Cancel. 
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S cales 

Horizontal 1 : ~ 
Vertical 1 : ~ 

Figure 17-19 

Colors 

j!x;;;;;t;¡~~;;:¡ 

Ir ?e ;;z~i>t~~):¡ 

1' ;;,,~_z)l&lie il 

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 elimina te sorne deeper 
layers by increasing Zmin and emphasizing only the up­
per part of a fence diagram. 

Selecting scales is not that straight forward procedure as 
it was in the Mapping or Cross Section applications. Re­
member that this is a "quasi" three dimensional presen­
tation on a two dimensional plane (screen or paper). The 
final dimension of a drawing will depend on severa! fac­
tors: on horizontal and, to lesser extent, vertical scales, 

· on angle of rotation around X axis (to be selected under 
the Parameters button) and on angle of rotation around 
Z axis. 

The best practice is to select diiferent combinations and 
check the size of the drawing using the option Dimen-
sion on the Drawing menu. -

- ~? / 
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panel to another in a straight forward way. (Y o u may ere­
ate-a continuous line by selecting a point on a well that 
is shared by two panels, but again, you will be drawing 
in individual panels.) 

To start drawing a line click on the button Line +.As long 
as you do not click on the same button again, the points 
that you will be making using the mouse will belong to 
the same line. Make severa! points with the mouse until 
you crea te a line. One such line is shown in Figure 17-23. 
To draw·another line, again click on the button Line.+.ln 

Figure 17-23 

plotting terminology this is equivalent to Pen U p. Click­
ing now with the mouse on the starting point of a second 
line is like the plotting command Pen Down. An example 
is shown in Figure 17-24. 

Figure 17-24 
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Rotation Angles (degrees) 

Around z-axis U 
Around x-axis~ 

Relative Projecioion Distance L.:ll:.____¡ 

D Normal Projection H\nl<i lliiiii~HI 

Figure 17-20 

Figure 17-21 

Figure 17-22 

17.2.11. Hand Drawn A free hand drawing is an option in this application. 

17-13 

Lines However, you should work in panels. Ea eh panel is an 
independent entity. You cannot extend a line from a 



17.2.13. Fine Tuning of 
Points 
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You may fine tune the position of points and lines by us­
ing the button Select. After you press on Select you may 
drag any point on a line. Figure 17-26 shows one such 

Figure 17-26 

move. Figure 17-27 shows that by moving a point on a 

Figure 17-27 



17.2.12. Filling with 
Lithologic Patterns 
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To delete a line click on the button Line- and click on one 
or mGre points on the line you wish to delete. The line 
will be deleted but thepoints 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 urút ora 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, rei!lember that 
the command Clear Panels will clear all panels that are 
currently displayed (or which make your current work­
ing group ofp_anels). 

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 pcilygon on the panel. This acts as a paint brush. The 
final display is as shown in Figure 17-25. 

feet 300_ 

250 

Figure 17-25 

.. ............... ~ 

' ' 

l 
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Unsalected ltama Salacted lterns 

~1 

~· WW-D3 
~•e 

~6 
~1 
~8 
~9 
WW-10 

Figure 17-28 

17.4. MAP MENU On thls menu you have three options: 

17-18 

• LoadMap 

• Select Working Set From Map 

• Select Working Group From Map 

The Load Map option is a general option for selecting 
wells either to make a Working Set 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. 

17.4.1. Load Map This option is used for two purposes: 

l. To crea te a working set of wells directly from a map. 



17.2.14. Points 

17.3. WELLS MENU 

17.3.1. Select Working 
Set 

17.3.2. Select Working 
Group 
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line which closes a filled polygon the new polygon be­
comes complete! y filled with the selected pattem. 

You have two additional buttons: Points + and -. Al­
though points can be drawn using the Line + button, the 

_ button Peints + draws but dees net cennect points. Uke­
wise, the butten Points- erases a peint but net the line. 

To select wells te be used en a fence diagram is nermally 
the initial step in using this application. Yeu have only 
twe eptiens en this menu: te select wells that will make 
a werking set, and-te select wells that will make a work­
ing greup (Figure 17-3). Yeu can make a werking greup 
only from wells that make a working set. 

Yeu use the select Working Set eptien in the same man­
ner as in any ether application. Its use is explained in 
Chapter 5, sectien 5.3. Its purpese is to reduce a large set 
with many wells te a smaller set ef wells which may be 
selected for any reasen. 

Only the wells that are included in a werking greup can 
be added te a fence diagram. Yeu may select a werking 
greup in severa! ways. One weuld be te use this eptien 
en the Wells menu, and manually pick wells ene by ene 
frem the Unselected list ef wells. The ether would be to 
use this eption and apply one ef selection conditions. For 
example, you could use well names, X and Y coordi­
nates, type of aquifer and the like. 

An alterna ti veto 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 selectien you cheose, the list of selected wells 
willlook something like what is shown in Figure 17-28. 



17.5. GRID MENU 
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4. Click on Select Working Group from Map. Nothing 
___happens. 

5. Click on Load Map. Wait for the dialogue box to list 
available maps. 

6. Select one of maps listed. 

7. Select wells to make a working group using either Rec­
tangle, Points, or Area. In the case of Pbints, 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 counterclockwisé-dírec­
tion outside the area!) yo u should clase the are a (End 
l:mnt) followed by Ene! 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 frorn this 
menu you will add one or more lines to your cross sec­
tion. The menu has only one option: 

• Get Intersection Line 

The sequence of operations is normally the following: - · 

l. Select Get Intersection Line. A dialogue box is opened 
with the list of available grid models (these grids are 
created in the Mapping application by making a grid 
rnodel 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 
Sk.ip Undefined Polygons on the Drawing Style 
menu must not be checked. 

-..-; 
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2. To create a working group of wells directly from a 
- map. ~ 

17.4.2. Select Working The sequence is normally: 
SetfromMap 

l. Oick on Wells to open the menu. 

2. Oick on Select Working Set and Unselect all wells. 
This is important because any selection adds new 
wells to the existing working set. 

3. Oick on Map to open the menu. 

4. Oick 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 
wii:..l-¡ when creating a fence diagram. 

17.4.3. Select Working The seql,!ence is normally: 
Group from Map 

17-19 

l. Click on Wells to open the menu. 

2. Click on Select Work.ing 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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you will make legend blocks to enhance the drawing. In 
thls menu you will also save the drawing by assigning a 
name. You will setup your printer and print the drawing. 

17;6.1. Make 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 
untilGWW recalcula tes the drawing and displays a dia­
logue box, Margins, on the screen. 

17-22 

17.6.2. Drawing 
- Margins 

You will be 
f i r s t 
prompte_d 
(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 

-
Left ft!J 

fM----1 
Above O 

1---~ 
Right o 

1---~ 
Below O 

Figure 17·30 

the printing form field. The shifting of the drawing be­
comes handy when you wish to make space for legend 
and text blocks. Remember that the drawing you are go­
ing to crea te will be saved and associated with a draw­
ing's nani.e but it will not become a part of the 
information system which you can later edit. In other 
words, the 3D drawings are not like 2D cross sections 
(application Cross Section) or maps (application Map­
ping). They are like "nonstandard" drawings: a pumping 
test, a hydro gra ph, a chemical diagram and a step draw­
down test diagram. You may print them provided you 

.l. 
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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 toa fence diagram one or many 
such lines as shown in Figure 17-29. 

Figure 17-29 

Using this command you will finish your drawing which 
you have created by selecting wells, making panels, se­
lecting scales and orientation, and other attributes. Here 

' . ' 
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l. Unless you are already in the Make Dráwing rnode 
you should select Make Drawing. The option Make 
Legend becornes available. 

2. Select Make Legend. 

3. In the dialogue box titled "Legend Positioning" select 
in which comer of the drawing you wish to place the 
legend. You ha ve four options: lower left, upper left, 
upper right and lower right. Yo u ha ve also the option 
to move the block from the selected comer both in X 

---and Y directions, that is you may place the legend to 
any part of the drawing. 

4. In the samE!. dialogue tJ_ox decide which comer of the 
legend block will coincide with the selected drawing 
point. For example, if you select Lower Left comer 
of the drawing and Lower Left comer of the legend 
block, and leave blank additional offset fields, the 
legend block will have its lower left comer in the 
lower left comer of the drawing and will extend to 
the right and above from this "origin". If you select 
upper right comer of the drawing and upper left cor- • 
ner of the legend block, the legend block will extend 
beyond the cross section drawing to the right. 

-

5. Select the offset in X and Y directions from the selected 
drawing comer points. The offset is in millimeters. 

6. Select the size of the legend block. Fill in the fields for ¡· 

X (width) and Y (height) size. 

NOTE 1. You may not like the position or the size of the legend 
block. You cannot erase the block without clearing _the whole 
cross section. It may happen that the frame of the legend block 
or its content will not be fully displayed on the screen after the 
block is created. Click on Fit Wnd button on the right to refresh 
the screen. 



17.6.3. Save Drawing 
As .•• 
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create a reporting form in the Cross Section application 
and select Drawing option under New Field menu. 

When you create a new fence d.iagram 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. 

17.6:4. Make Legend To crea te a legend block you must start with Make Leg­
end option. Using this option you will position the leg­
end block (box) onto.the drawing, assign its X and Y size, 
and add sorne offset to the frame to move it from the 
drawing's frame. You may make severallegend blocks 
and place them on the same drawing, but you must fin- _ . 
ish the complete creation of one block and fill its content 
before you can crea te another block. One of Make legend 
dialogue boxes prepared for the lithology description is 
shown in Figure 17-31. 

17-23 

Relate comer points of map and legend 

Map Comer Point legend Comer Point 
Lower Left Lower Left 
Upper Left 
Upper Right 
Lower Right 

Upper left 
Upper Right 
Lowcr Right 

Additional Offset,J!!!!!!L._., 

xl5 1 YL_j 
legcnd Field Dimension [mm] 

X 135 1 Y 125 1 

Figure 17-31 

l?:.:rr~¡ :1 
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At the end the program will open a font selection dia­
-- _Jogue box giving you an_opportunity to select font fam­

ily, size, and style. 

17.6.7. Add Lithology 
toLegend 

Using this option you will be prompted to select li­
thological symbols that may appear on th_e currently dis­
played fence diagram to have them become a part of the 
legend. 

17-26 

The procedure that follows assumes that yo u ha vean ac­
tive legend block created by using the option Make Leg­
end. If not, crea te first the legend block and position it on 
the screen. 

l. Select Add Lithology to Legend. A dialogue box titled 
"Select Lith. Units" will display a list of alllitholºgic 
symbols that yo u have made a part of your data base 
when you have created welllogs using the Well Log 
application. This is the same list of wells which is 
copied from the ASCII file LITH.DLT as distributed _ 
with the program, unle~s you have used another file 
created by you.The dialogue box may look as shown 
in Figure 17-32. 

Figure 17-32 

2. Click with the mouse on a symbol that yo u 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 ere-
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NOTE 2. If yau do not specify the "Legend Field Dimension" 
but leave the two fields blank, yau will be able to create a legend 
block withaut the frame. This may be very handy if yau are not 
su re what size of the block is needed for the text that yau intend 
to write. 

17.6.5. Wri~_J'ext To If you have created a legend block by using the option 
Legend Make Legend you may add sJme text to the legend. 

17.6.6. Write Scale to 
Legend 

I 7-25 

l. Sele_g Write Text to Legend. Type sorne text onto-the 
line in the Text to Legend dialogue box. 

2. Click on OK or press ENTER 

3. The Font Selection dialogue box offers you to selecta 
font frorn one of installed fonts. Select font family, size, 
and style. Keep in mind the size of the legend block and 
the length of the text string that you just typed. 

NOTE. The screen display in sorne parts of GWW is not 
What Yau See Is What Yau Get (WYSIWYG). This is espe­
cially true for the legend. It 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 rnay write severallines of text to the legend block 
provided you ha ve assigned enough space for the block. 
One typicalline might be the word LEG-END. 

The program knows which scales are used for drawing 
a fence diagram. When yo u select Write Scale to Legend, 
GWW will offer a default text for the horizontal scale, 
followed by a default text for vertical scale. You may ac­
cept these text options by pressing ENTER or clicking on -
OK, or yo u rnay override them by typing sornething else. 

-~-',/' .-
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17.6.8. Print Cross 
Section 
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SCJILE 

Figure 17-34 

A completed fence diagram with a header, legend block 
and a scale block is shown in Figure 17-34. 

Whenyoude­
cide to print a 
3D cross sec­
tion, the pro­
gram will 
display the 
list of all 
available re­
porting forros 
as shown in 
Figure 17-35.- "----------L...:==........II 
You may se­
lect one of the 

Figure 17-35 
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ates one symbol5 mm high. Thus if youwish to place 
6lithologic symbols on the legend, you need to crea te 
a legend block with mínimum height of 35 mm. 

3. The program offers now "Legend text for ... " the sym­
bol that you selected, and places the default text as­
sodated with this symbol. You may confirm it by 
pressing ENTER or clicking on OK button, or you 
may type another text. Here again you may use lan­
guage other than Eng!.i,sh! 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. · 



17.6.10. Dimensions of 
the Cross Section 
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number of copies, colors for a color printer, and many 
more. You cannot change the default printer! 

The dialogue box for selecting printer parameters is 
shown in Figure 17-36 for Hewlett Packard Laserjet ill 
printer. 

o eartrált 

®bandoc:ape 

Figure 17-36 

v·,·~;;~\ti\'1 ··L""',_-,, .. ,. 

¡···:ÁL~:: .. 3:·"J .·~:.:.:·.::\: 

¡o:ti.éi¡l\('1 

You will use this opti.on frequently to check the size of 
the drawing. The numbers are in centi.meters by default. 
Thé 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.Oóotemplate, which is 
prepared for the drawing size 250 mm horizontally by 
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forros, and the program will print the report. You crea te 
reporting forms using the Tools option on the GWW 
main menu, then Report Forms Editor, then Cross Sec­
tion. 

- NOTE. You TnllY place a fmce dingram title directly an the 
drcrwing using the Make Legmd and Write Text to Legmd op­
, tians. Or you may create a header or text field in the cross 
sectian reporting jorm. The first optian is handy to Tn!lke a one­
line title. The secand optian is useful for making a title with 
ane or more lines using object field attributes (alignmmt, 
jonts, 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 Wmdows, prior to running the 
GWW program. To do this: 

l. From Main group select Control Panel. 

2. Select Printers. 

3. Select one of installed printers as a default printer, or 
add sorne more printers to match your hardware. 

4. Select Setup and modify whatever you want to mod-
ify. 

5. Click on Setas default. 

6. Close Printers and Control Panel. 

You may do about the same from inside the GWW. From 
within the GWW you use Printer Setup to change the 
orientation of pri,ntout, portrait (vertical) or landscape 
(horizontal), the printing medium, the quality of print, 

''. 
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17.7.2. 2D Drawing ~When you select thls box the angle of orientation along 
the X axis will be returned to 90 degrees. The cross sec­
tion will becorne similar to the standard Cross Section 
application, except that in this application you rnay con­
nect lithologic units, fill thern with symbols and pattern, 
and add sorne free-hand drawn lines. 

17.7.3. Skip Undefmed 
Polygons 

17.7.4. Skip Lines 
Below and Above Log 

7. 7 .5. Fill Panel 
Backgroiiild 

17.7.6. Well Column 
Width 

17-32 

If you check the option Pararneters, you will notice that 
the "Around X axis" angle was set to 90. 

Sorne of polygons rnay be undefined. You are advised to 
keep thls box unchecked, which would be interpreted as 
"Do not skip undefined polygons." You certainly need to 
keep thls box unchecked if you wish to add sorne "inter­
section" lines, that is the ground surface elevation, sorne __ 
water leve! ata certain date, lithologic rnernbers and the 
like. 

Sorne polygons rnay extend above the ground surface 
elevation and rnay have lithology undefined. Checking · 
this box will prevent such polygons frorn being drawn. 

Leaving this box unchecked panels will be left transpar­
ent, that is without sides. Every well which would be 
covered by a front-drawn panel will be visible. Yet you 
willloose "three dimensionality." 

Just the same as in the Cross Section application you rnay 
control the width of well columns. The default is 10 mm. 

l. Select Dra~ing Style. 

2. Select Well Column Width. 

3. Type the new number. Take care not to select a too 
large width in which case yo u rnay overlap columns. 

4. SelectO K. 

NOTE. You may use "zero" column width Jor special pur­
poses. 

_,,,. 
~· ' 
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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 portien 
of the cross section will not be printed. What will be 
printed will start at the lower left comer of the reporting 

-form's drawing field. 

In this application you may control the dimensions of a 
drawing by selecting different horizontal scale ( of the XY 
plane) and by changing the angle of rotation. Changing 
the 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 
17.7. DRAWING·· 

STYLEMENU 

17.7.1. Draw Lithology 
Pattern 

17-31 

When you check this box lithologic units/members will 
have lithologic pattems (symbols) drawn. These are the 
same symbols that you are using in Well Log application 
and Cross section application. 

NOTE. You are advised to remove the check from this box 
when you are stil/ 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 Ii­
thologic symbols. But add Iithology 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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such as Atteberg limits, water content, friction angle, co­
hesion, etc. can be kept in a separa te parfof the data base 
under the title Geotechnical. Surface water data for a 
project si te ora larger area can be keptin a Surface-Water 
application. 

The User Data application uses all routines and utilities 
which are common to other components of the GWW 
system. You may make a random-model for user-data­
specific entries, use this model to create location or con­
tour map for your data, print reports with data in tables 
or in any other format designed by you ... 

·~However, before you start input of new data you must -­
prepare t:he data base for a new application. The first step 
is to go to File Struc­
ture Editor and create a 
new data structure for 
an application. 

l. Select Tools under 
the Main menu. 

2. Select File Structure 
Editor. 

3. Click on File. Notice 
on the menu which 
is as shown in Fig­
ure 18-2 two addi­
tional ·entries: 
New User File 
and Old U ser File. 

4. Select New User 
File. GWW opens 
a dialogue box as 

. shown in. Figure· 
18-3 prompting 

l!!ew User Ale 
Old J.!ser Ale 

Exlt Alt-F4 

Oeate Strudure from S TI) ASCII 
Wrtte Structur<Úo-STG ASCII 

Figure 18-2 

Enter newflle name 

j Precipitatio~ 

Figure 18-3 



CHAPTER EIGHTEEN USER DEFINED APPLICATION 

18-1 

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, pumpin5 test, or grain size. Notice 
on the Main menu of GWW under the Applications sub­
menu the last entry, User Data, Figure 18-1. 

e&Jmping Tests 
Hydrographs 
t.4apping 
~ell Log 
Cross .S.edion 
Fence Diagrams 
Step Drawdown Test 
§rain Slze Curve 

t.4iscellaneous 
Data 

Figure 18-1 

Creating one or more of your own applications, yo u may 
keep data that belong to a specific category ur.der its 
own header. For example, climatological data such as 
rainfall, evaporation, air temperatures, etc. for a project 
ora country can be~keptwithin an application titled Cli­
matology. Geotechnical data on samples from drilling, 

,/--..\ 

:413' 
'-
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l. Select Tools from the Main menu. 

2. Select Data Entry Forms Editor. Notice the last row, 
U ser Data, Figure 18-6. 

Report Forms Editor 

.Units -----

Qhemistry __ 
Eumping Tests 
Hydrographs 
.Well Log 
~ep Drawdown Test 
Giain Size Curve 

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 Predpi-
tation as shown in Figure 18-7. 

Enter u ser file name 

\ Precipitation 

Figure 18-7 

4. Select Predpitation from the list of user-defined appli­
cations. 
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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 afteryou type a name for a new application and 
click on OK, GWW will display the data structure 
with only one data item, Well Ident, as shown in Fig­
ure 18-4. 

Data ltems 
!:J e l] __ _;r_Q._~Qt"'----------·-~]!..=_ __ ~~1.-:¡,__._._ ..... _ 

Figure 18-4 

5. Select New and start creating a new data structure. 
When you are finished, the dialogue box may finally 
look as 
shown in 
Figure 18-5. 

6. Click on OK 
and exit the 
File Struc­
ture Editor. 

The next step is 
to create a new 
entry form. This 
step can be 
omitted if you 
are satisfied 
with what 
GWW will offer 
by default. If 

. you wish to ere­
ate a new entry 
form do the fol­
lowing. 

Wel..L.Jden_t 
Rainfall 
Evaporatio:c 
Serial 
Tipo 
Comentario 
Rainfall record 
Evaporation record 

22 
lO­
lO 
10 
10 
40 
20 
20 

Da1 

Nu 

N" 
eh 
Ch 
Ch 
Ch 
Ch 

Figure 18-5 
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Customization Help 

Data Structure Design 

Datafntry Forms Editor 
Be )Ort Fonns Eclitor 

Chemistry 
Eumping Tests 
Hydrographs 
,Well Log 
~ep Drawdown Test:-­
Grain Size Curve 
Map 
Cross Section 
Non standard 

Figure 18-9 

3. Froin 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 Predpitation. 

4. Crea te a report formas explained in Chapter 3. 

5. Save this form using the option Save As .. on the File 
Menu. 

Now GWW is prepared for this new application 

Since you may crea te 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 al! newly created applications. 
When you click on Predpitation and confirm the selec­
tion by clicking on OK, the display is as shown in Figure 
18-11. The User's application main m en u is comprised of 
the fol!owing major options: 

/ '/"' 
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5. Now you may create a new entry form using any of 
data fields displayed in the left-side window. The 
single fields are shown in Figure 18-8. The creation of 
entry forms is explained in details in Chapter 3. 

Wellldent 
Rainfall 
Evaporation 
Serial 

Comentario 
Rainfall record 
Evaporation record 
Description 
District 
Locality 
Owner·--
X 
y 
z 
ZM 

Figure 18-8 

6. After yo u crea te an entry form save it using the option 
Save As .. under the File menu. 

The final step in preparing GWW for this new applica­
tion is to crea te one or more reporting forms. 

l. Select Tools again on the Main menu. 

2. Select Report Forms Editor and notice the last row, 
User Data which expands to Single Record Report 
and Table Report, Figure 18-9. . 
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18.3.1. Data The following options are available on the Data sub­
menu: 

Select Working Set. This is explained in Chapter S, sec­
tionS.3. 

Delete record. This is used to delete an entire record 
from the data base. However, deleting a well from the _ 
UserData application will not delete this well from the 
data base, if the same well is used in sorne other applica-

. tion. lf yo u wish to delete a well completely the best way 
is to delete it from a11 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 frp_m. 

Standard ASOI Input and Standard ASCII Output are 
explained in Chapter S, section S.S. 

Printer Setup. This is explained in Chapter S, section ,'2.4. 
It is a standard Wmdows routine which displays the dia­
logue box of the printer driver that you have selected to 
be the default printer in Control Panel of the Windows 
MainMenu. 

Exit. Selecting this option or pressing ALT + F4 will termi­
nate the work in this application and return you to the 
GWW main menu. 

18.3.2. Units You may view or modify currently selected units. The 
dialogue box as displayed in Figure 18-12 will be 
opened. 

18.3.3. Report The following-options are available on the Report sub­
menu: 
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Enter user file name 

lfr"ecipltation 

Preci Jitñtion 

Figure 18-10 

Units Report Make Random Load Map Help 

User Files. Precipitation 

Walldant 

6eral 

Los Naranjos 

Figure 18-11 

• Data 

• Units 

• Report 

• Make Random 

• LoadMap 

• Help. 

The Entry form is the GWW's default form. 

18-7 

. / .... 
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18.3.5.Load Map This option, whlch is discussed 
in Chapter 5, section 5.3.2, is also 
ene of the important features of 
the GWW system. lt permits yo u 
to reduce a large set of data 
(wells, samples, stations) to a 
smaller set directly from the 
map. 

18.3.6. Help TNs is a context-sensitive help 
whlch contains most of the ex­
planations, procedures and rou-
tines that are applicable to the user data application. 

18.4. USING STO RED 
DATA TO CREA TE 
THEMATIC MAPS 

After rainfall data, e.g., are entered anda random model 
created using the data entry Rainfall, you may use the 
Mapping application to create two maps: (1) Location 
map showing locations of meteorological stations and 
their names (see Figure 18-14), and (2) Contour map of 
average annual rainfall expressed in mm/year (see Fig-
ure 18-15). · 

18-10 
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Curren! Settings Seled 
Rmnfnll mm 
Evaporalion [mm] 
X[m) 
Y[m] 
Z [m] 
Z~[m] 

• Print Report 

• Select Table Form 

• -Select Record Form 

m 
cm 

ondl 
feet 
In di 

¡:;:w;"n't ::q 
IKiti4iildl{;)j 

Figure 18-12 

The differences between these options are explained in 
Chapter 6, section 6.4.3. 

18.3.4. Make Random Tiús option is discussed in Chapter5, section 5.6. It is one ·· 
of the most important options provided in the user-de­
fined applications. Using this option you will create an 
interna! file which contains random points and their X 
and Y coordinates, well identification and a space-de­
pendent numerical parameter. Tiús parameter may be 
average annual rainfall for a climatological station, aver­
age annual evaporation, or anything else, depending on 
which data you are storing in this application. 

18-9 

When you select Make Randc:-:·. option GWW displays a 
dialogue box, as shoW!l in Figure 18-13, with the Iist of 
all space-dependen• ?'arameters for this and Master Data 
applications. Entry Rainfall is selected to create addi­
tional figures included in this chapter. 
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Figure 18-15 

18-12 
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** 

Figure 18-14 

18-11 
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J:tydrographs 
Jllapping 
lltell Lag 
Cross S.edion _ 
Eence Diagrama 
Stl:p Dnrwdown Test 
.Graln Size Curve 

Miscellaneous 
!.(ser Data 

CONCENTRATION-DEPTH SERIES 

Figure19-1 

lil Cbemlatry- CaRCICfttniUoii/Dep!h-!C:\bahnln\bahrelft.pwwl !W 
Qm lablcs ~ Oeaign Dl.ul*Y .Beports J;lptlooa l.Jiad ,Map Mate S.ndom 
tldp 

1117 
112S 
11r1 
11Q 

• Data 

• Tables 

-­=· 
• 

• LogDesign 

• Display 
• Reports 

• Options 
• Map 

• Make Random 

• Help 

-
y 

l8.'7' 1"' 

Figure 19-2 

Prior to using this application you must modify the file 
structure for "concentration - depth series" to make it 
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19.1 

INTRODUCTION 

19.1.1. General 
.~. 

Using this application you may create a data base with 
various chemical constituents related to the depth of 
sampling. This is especially important in cases when the 
sampling is repeated over the drilled hole depth, and 
samples are taken from soil and water as the drilling pro­
gresses. Likewise, in saline water environments such as 
in coastal aquifers, the salinity stratification is often the 
case. 

1 
The data base is in a form of individual tables, one for a 
well, plus some general information that may a1so 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 wiil be linear or 
logarithmic. You may display one or more constituents 
as linear graphs, and another as logarithmic. That is, 
each constituent may be assigned its own attributes for 
presentation. 

As in other parts of GWW, you may crea te graphs and 
save them for la ter printing. 

This application is a part of the Cltemistry application. It 
branches off from Cltemistry as shown in Figure 19-1. To 
actívate it, you should select Applications, then Cltemis­
try, and then Concentration-Depth. 

19.1.2. Application's As shown in Figure 19-2, the Concentration-Depth appli­
Content cation is comprised of the following major options: 

19-1 
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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 ASCll file, or you may save such data to an AS­
CII file. 11ús menu deals with wells and not with tables. 
Atable is the place in whlch you type cheiiÚcal constitu­
ents as a function of depth. 11ús latter is done using the 
menu Tables . 

. The Tables menu is shown in Figure 19-4. Using thls 
menu you either type your data, edit table, add or re-

Figure 19-4 · 

move sorne rows in the table, save data, exit (close) table, 
and check or modify units used for depth. Just the same 
as in other applications, you may save your tables 
(depth-concentration data) and/or import them as AS­
enfiles. 

The Log Design menu is shown in Figure 19-5. The com-

Figure 19-5 



19-3 

CHAPTER19 CONCENTRATION-DEPTH SERIES 

compatible with the parameters that you wish to store, 
display, and retrieve as reports. 

-From the Main menu on GWW, you should select Tools, 
followed by Data Structure Design. This activa tes the file 
structure editor. Select Files, followed by Old. From the 
list of intemal data structures select the one labeled 
Chem_Conc_Depth~Tab. In the default template, 
GWW.OOO, which comes on the distribution diskette, the 
only entry thatis prepared is Depth. Using the editor ere­
ate your own list of chemical constituents that you wish 
to store in the data base. One of such lists is shown below. 

Depth 

o 
fO . Num(Dim) Fixed 2 m 

10 Nun¡(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. 

The Data menu is shown in Figure 19-3. In this menu you-

Figure 19-3 

select your current working set (reduce a large set to a 
smaller, thematic set). You may check which units are 
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The Map menu is explained in Otapter 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 
Otapter S, Section 5.6. Itwill be used for creating location 
or site maps showing sampling points at which depth­
variable chemical data are available. 

19.2. DATAMENU 

The routines on this menu are equivalent to similar rou­
tines in other applications. For example, see Pumping 
Test, Hydrographs, Step-Drawdown, or Grain-Siz~ ap­
plication. 

19.3. TABLES MENU 

19-6 

Using the commands on this menu you are creating your 
data base as it refers to concentration of selected con­
stituents with depth. You may importan airead y created 
table as an ASCII file, one for a sample, or you may use 
the GWW editor. 

19.3.1. Ed.it Table When you select the Edit Table command for a new sam" 
ple,-the editor displays an empty table listing all con­
stituents that you ha ve listed in the Data Structure on the 
Tools menu. In the case of only four constituents selected 
(Na, Cl, TDS, and Conductivity), the table may look as 
shown in Figure 19-7. If you are going to editan existing 
table filled with data, the display may look as shown in 
Figure 19-8. -

/_.; 
,', /. 
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mands on this menu are used to customize the display 
and printout. The customization means, first, which con­
stituents from a table you wish to display. For example, 
although you may have entered·the values for Na, O, 
TDS, ¿md conductivity, -·::Ju may decide to display 
and/ or report only total áissolved solids. Second, you 
may assign sorne attnbutes to the constituents to be dis­
played: line and fill color, linear or logarithmic display, 
bar or Jine type of ~.~aph, minimum and maximum con­
centrations to display, etc. Y:·.: may also sele .:t the verti­
cal scale for the graph, and c. .. ·.:rol widths of individual. 
colwn!ls 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 désigns. 

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. 

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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The other way is to use the mouse and click on Tables on 
the menu bar and click again on Exit (Don't save). 

19.3.4. Standard The data tables can be created outside the GWW package 
ASCII Input and using a text processor. The format is similar to the format 

Output in other applications. One such table is reproduced be-_ 
low. 

<Depth> <CI> 

190.00 12200 

<Na> <TDS> <Conductivity> 

6300 22600 29800 

240.00 24300 12500 40000 

290.00 39300 20000 64500 

51200 

73500 

The first line is the header line which tells GWW what 
are the numbers that follow. As in any other part of 

_GWW, you musf be consistent in declaring the field 
names (Depth, O, etc.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Chem_Conc_Depth_Tab ). 

NOTE. The "depth" entry is protected. You cannot change the 
word or the way it is typed. GWW expects the word Depth 
which it uses internally. 

Using the command Standard ASCII Input you can im­
port data tables created with a text processor ora spread­
sheet program. (If you use spreadsheets, you must print 
such tables to a file. Spreadsheet program creates nor­
mally ASCII files, which then can be directly imported 
intoGWW.) 

Using the command Standard ASCII Output you are 
saving the data tables in ASCII format, such as the one 
shown above. · 
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Figure 19-7 

Figure 19-8 

To edit data, you use standard GWW commands: TAB. to 
move from one field to the next, Shift+TAB to move 
backwards, CTRL+I to inserta line, CTRL+D to delete a­
line. The program does not check the sequence of depth 
entries. You are expected to use the logical sequence, 
from shallow to deeper. 

19.3.2. Save Data When you finish typing the data you will save them us­
ing one of the two ways. The first is to press the Ctrl key 
and simultaneously press the S key. The other way is to 
use the mouse and click on Tables on the menu bar and 
click again on Save Data. 

19.3.3. Exit without You may decide only to view the data without saving 
saving them. Again, you have two ways to do it. The first is to 

press the Ctrl key and sirri.ultaneously press the X key. 

19·7 
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Ftgure 19-9 

You are selecting or unselecting a constituent by high­
lighting it. If you highlight a constituent on the left side, 
that is within "Fields" part of the box, such constituent. 
will be moved to the "Selected" side. If you highlight a 
constituent on the "Selected" side and press the button 
Del, this constituent will be deselected and will disap­
pear from the list of selected constituents. 

Below is explanation for each of options in this dialogue 
.box. 

Del ... Removes a constituent from the "Selected" field. 
Highlight the constituent you do not wish to display and 
press Del. 

Heading Height ... Using this option you may change 
the height of the header row, with_!lames of constituents, 
and words Depth and Label. The values are in millime­
ters. 

Column Axis Height ... Using this option_you~elect 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 .3.5. Depth Units The units for depth are normally specified in Data Struc­
ture, in interna! file Chem_Conc_Depth_Tab. However, 
you may change the units from within the application, 
using the command Depth Units. 

19.4. LOG DESIGN 
MENU 

On this menu you have five options: 

• New Log Design 

• Old Log Design 

• Edit Log Design 

• Save Log Design 

• Save Log DesignAs 

After you have created data table you will want to dis­
play graphs showing how concentration of one or more 
constituents changes with depth. Before you can display 
a graph, you need to crea te, modify or edit the design of 
such presentation. In GWW terminology, we use Log be=: 
sign, implying that this is a vertical presentation of 
chemistry with depth. 

19.4.1. New Log Design When you select New Log Design GWW opens a dia­
logue box as shown in Figure 19-9. Sorne of components 
in this dialogue apply to the general layout of the dis­
play, such as Heading height and column axis height, 
fonts to be used on the graph, units for depth-and leve!, 
and scale of the graph. The right side of the dialogue lists 
all available constituents (taken from Data Structure or 
from the interna! file Chem_ Conc_Depth_ Tab ). You may 
select one or more constituents to displªy, and by click­
ing on the button Attributes control how each constitu­
ent will be presented. 

19-9 

-·:' 1 
-¡../-
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The entry "Colurnn Heading" will offer the name of the 
constituent as found in the interna! file 
Chem_Conc_Depth_Tab. However, you may override 
this offer and type a different name ( e.g. in another lan­
guage). 

The options for colurnn 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 tb.e box 
Auto Size checked. GWW will then automatically select 
the size for the colurnn in which the graph is displayed. 

The Graph Type option allows you to select either line 
or bar graph. The AXis Type option allows yo u to display_ 
data as linear or logarithmic series. The Extreme Values 
(mínimum 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 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 LogDe­
sign, the list 
of all avail­
able designs 
will be 
listed, as 
shown in 
Figure 19-11. 

Cond_Cl_Na_TDS 
Conductivity 

Figure 19-11 
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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 wil1 use to print the graph, yciu 
may change the scale. 

Column Width ... The width you type here refers to the 
width of vertical colurnns in which Depth and Leve! val­
ues are displayed. The default is 15 mm. 

Plot ... The graph is designed to plot either Depth or 
Leve! axes on the left and the right. You may control 
whether you wish to plot one, both, or none (?) ordinate 
axes, and where you wil1 place the depth or leve! axis, to 
the left or to the right side of the graph. 

When you selecta constituent or a chemical diagram pa­
rameter, you may control-the way in which this particu­
lar constituent or parameter will be displayed. You will 
use the button Attributes. The dialogue box as shown in 
Figure 19-10 will be opened. 

9 Chemtstry- Conc:cntration/[)eptb (c.'\hhraln\bahrain.gwwJ !:O:llt! 
Q.ata Iables ).og Deslgn DilJIIey Bepolt$ .Qptions load .Map lr!Aalce Bandom 

Headlng Helght (mm) 

Column A.lds 

Column Headlng 1 

Depth /lt:Ytl Unlt r
Coluam Width (mmJ-----~------, 

~.U ~ Graph ~ t8l Auto Size 

_ Figure 19-10 

¿ :• .- . --
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Figure 19-13 

19-14 
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19.4.4. Save Log When you finish editing an existing log design, you may 
Design and Save Log · save it under the name it was opened. GWW will not 

Design As prompt you for a name. It will assume you want to use 
. -the old name. 

You rnay save a design under a different name. For this 
you will use the option Save Log Design As. 

19.4.5. Edit Log Design The sarne dialogue box as the one shown in Figure 19-9 
will be displayed and you may proceed with its editing 
in the same way in which you ha ve created a new design . 

. 19.5. DISPLAY 

19.6. REPORTS 

19-13 

Figure 19-12 displays a graph with conductivity as the 
only parameter selected. Figure 19-13 displays a graph 
with four different constituents and/ or parameters. 

You 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 forrn, for all wells 1 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 
<me of options in the upper two lines of the menu, the 
prograrn will prompt you to select a reporting forrn. 
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The Load Map option is a general option for selecting 
wells to make a Working Set of wells. 

19.8.1. Select Working _ The sequence is normally: 

19-16 

SetfromMap 

19.9. To Setup a 
Printer 

l. Click on Data to open the menu. 

2. Click on Select Work~ng 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. Wait for the dialogue 
box to list available maps. 

4. Select one of maps listed. 

S. Selectwells to make a working set using either Rectan­
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after you circle 
an area (remember, in clockwise direction you are se­
lecting within the 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: 

l. From Main Group select Control Panel. 
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Figure 19-14 

You may also save a depth-concentraticHÍ. 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 ASCII files, select the compatible 
mode of input. So, if your data have been prepared as 
ppm, you may use the default which is ppm. However, 
if the data have been prepared as epm, you should fol­
low the sequence: 

l. Select Options and select Show EPM values. 

2. Select Table and select Standard ASCII Input. 

/;; ~~ --- ) 
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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 constihi.ents: 
toluene, phenol, and benzene. 

The data to input are the.following: 

Depth Toluene Phenol Benzene 

5 o o o 
10 50 25 125 
15 100 65 1 120 
20 . 1000 75 70 
25 155 25 o 
30 o o o 

Since the range of toluene is from O to 1000, you may 
select to display toluene in logarithmic scale, and the 
other two linearly. 

-
l. To start with, from the GWW Main menu yol! will click 

on Tools, followed by Data Structure Design. 

2.Wait until the new menu bar is displayed. Select File, 
t he n Old. Loca te the int"E!rnal file titled 

Chem_Conc_Depth_Tab. 

3.Notice that there is only one entry, Depth. If you are 
working in feet system, you may want to replace the 
default unit for length, which is meter for foot. 
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2. Select Printers. 

3. Seíect one of installed prmters as a default printer,or 
add sorne more printers to match your hardware. 

4. Select Setup and modify whatever you want to mod­
ify. 

5. Click on Setas default. 

_{,. 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----------, 

Pllper Si¡:e: \A4 ll O x 257 mm \~\ 
Orientatlon-----. ~~F:·:llt-:qq 

!!;¡ ·- ® ""•"•" IFii~V 

l'~;t;: 

Paper ~un:c: L.jAutD_s_,,_,c< ____ _.\t:;;.,J O l.andscape 

.Copies: E::Jil 
'-------' 

0 RDD dpi 

CaojridgoO/SIMM•~ 1;' fO;\iOZt\ 
Z:WicrosattlA ·: r<::.w··--~~~¡ 
KP. Bar Codcs & Nore .;; · ;-~.;:.::_ .. 
HP: Fonns, Etc. i 
HP: Global Text + ¡;:~·:·.:~~;~_;¡ 

.:·--~· .. ~ .. ¡ 

Printer Resolution 

Printer Memory 

Eage Protcttion: 

Mcmory {MB): D Tr:u.cType Saccn Fonts lnstallcd 

Figure 19-15 
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entry, and second time to highlight this well and 
make it active. Alternatively select this well using the 
mouse. 

ll.Select Tables and click on Edit table. The display will 
be as shown in Figure 19-17. There will be four col­
urnns (Depth, Toluene, Phenol, Benzene), each with 

Figure 19-17 

a 0.00 value. Fill in the values as prepared for this 
example. The table willlook as shown in Figure 19-
18. 

12.When you finish typing, leave the cursor in the last 
·-- typed row, thatis depth30, in the fourth column, and 

Figure 19-18 

press the combination Ctrl S. (Alternatively, yo u 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 
onOK. 

15.Now you rnay see immediately the graph. Click on 
Display. The default parameters are used to display 
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4.Select New. Type Toluene. Use TAB to move to next 
field. Accept the default width of the field as 10 char­
acters. Move down the dialogue box and check Nu­
meric (do not check on Numeric dimensioned since 
the concentration of a 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. 

S.Repeat the same for Phenol. 

6.Repeat the same for Benzene. The list should now con­
tain 4 parameters as shown_ in Figure 19-16. 

Depeh 
'I'oluenll!! 
Phenol 

Data ltems 
10 Num(D~m) Fixed 2 m 
10 Num(Und) Fixed 2 
10 Num(Und) Fixed 2 

Figure 19-16 

7.Close the dialogue box by selecting OK, select File and 
Exit. The new data structure for depth-concentration 
is created. 

S.Click on Applications on the GWW Main menu, then 
on Chemistry, and then on Concentration- Depth. 

9.GWW will display an entry form which will have only 
one field, Well Identification. The cursor will be in 

this field. 

lO.Type the well nillnber, say MW-1. Now finish the in­
put by pressing Page Down key once to complete the 

/ /_· 
; .. 
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16.Modify the graph design. Select Log Design,--then 
Edit Log Design. Click on Toluene on the right side 
of the 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 Mínimum and Maximum type 0.1 
and 1000, respectively. Click also on Fill color and se­
lect a color. Click on OK to close the Attributes dia­
logue. Now replace the word Toluene in Column 
Heading box with TOLUENE ppb. Click also on 
Heading Font,-and select for font Arial 12 points, 
bold. Click on OK to close the font dialogue box, and 
then OK to elose 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. 

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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Figure 19-19 

Sclccted 

Tolucnc 
Phenol 
Bcnzcnc 

this graph. The display is as shown in Figure 19-20. 
Click on the button Close to remove this graph . 

Figure 19-20 

-~· 
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"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 wi1l be only one graphic field. 
Click on OK and select Display. The display is as 
shown in Figure 19-22. 

Figure 19-22 

-· .. 1 

19.Close the display, exit the application, and exit GWW. 

This ends this example. 

.(.!J ',, 
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20.1.2. Application's 
Content 
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l:lydrographs 
Uapping 
Well Log 
Cross .S.ection 

CONCENTRATION-TIME SERIES 

- fence Diagrams 
Step Drawdown Test 
§rain Size Curve 

Uiscellaneous 
!!ser Data 

Figure 20-1 

As shown in Figure 20-2; the Concentration-Trme appli­
cation is ~omprised of the following major options: 

Figure20-2 

• Data 

• Tables 

• LogDesign 

• Display 

• Reports 

• Options 
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20.1 INTRODUCTION 

20.1;1. General 

20-1 

Using this application you may create a data base with 
various chemical constituents related to the time of sam­
pling. 1his is especially important-in cases when the 
sampling is repeated over a -period of time, whlch is 
often the case in monitoring the propagation of contami­
nation, or dete¡joration of ground water quality with 
time. Likewise in satine water environments such as in 
coastal aquifers, the sea water intrusion may take place 
after a prolonged pumping. 

The data base is in a form of individual tables, one for a 
well, plus sorne general 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 attnbutes for presentation. --- --: 

As in other parts of GWW, you may crea te graphs and 
save them for later printing. 

This application is a part of the Chemistry application. 
Actually it branches off from Chemistry as shown in Fig­
ure 20-1. To activate it, you should select Applications, 
then Chemistry, and then Concentration-Trme. 
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check which units are currently used for general data 
(sarnpled well coordinates and elevations). You may se­
lect one of entry forms that you may .i:lave eventually cre­
ated. You may also delete a record. You may read general 
data on sampled wells (coordinates, elevations,aescrip­
tions, narnes, etc.) from an ASCIT file, or you may save 
such data to an ASCIT file. This menu deals with wells 
and not with tables. Atable is the place in which you type 
chemical constituents as a function of time. This latter is 
done using the menu Tables. On this submenu you will 
select the Time Interval in which you wish to display the 
da fa. That is to say, you may crea te a data base spanning 
a very large time period. However, when you wish to 
display or print the data, you may select a smaller time 
interval to emphasize the timé-dependent values. 

The Tables menu is shown in Figure 20-4. Using this 
menu you either type your data, edit table, add or re-

Figure20-4 

move· sorne rows in the table, save data, and exit (close) 
table. Just the same as in other applications, you may 
save your tables (time-concentration data) and/or im­
port them as ASCIT 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 exarnple, 
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•· LoadMap 

• Make Random 

• lnterpolation 

• Help 

Prior to using this application you must modify the file 
- structure for "concentration- time series" to make it com­

patible with the parameters that you wish to store, dis­
play, and retrieve as reports. 

From.the Main menu on GWW, you should select Tools, 
followed by Data Structure Design. This activates the 
file structure editor. Select Files, followed by Old. From 
the list of internal data structures select the one labeled 

-·- --
as Chem_Conc_Time_Tab. In the default templa te, 
GWW.OOO, which comes on the distribution diskette, the 
only entry that is prepared is Date. Using the editor ere­
ate your own list of chemical constituents that you wish 
to store in the data base. One of such lists is shown below. 

Date 10 Date mm/dd/yy 

O 10 Num(Und) Fixed 2 

Na 10 Num(Und) Fixed 2 

TDS 10 Num(Und) Fixed 1 

Conductivity 10 Num(Und) Float 1 

As it is prepared, one may store, display and report data 
on chloride, sodium, total dissolved solids, and on con­
ductivity of water. 

T h e Data m e n u i s 
shown in Figure 20-3. 
In this menu you se­
lect your current 
working set (reduce a 
large set to a smaller, 
thematic set). You may 

E¡¡lt Alt~4 

Figure 20-3 
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1AQDil 

Figure20-6 

for which conversion factors are available in the auxil­
iary file PPMTOEPM.TBL. 

The Map menu is explained in Chapter 5, Section 53.2. 
It is used to load a map and select sampled points di­
rectly from the map. 

The Make Random menu is also explained in details in· 
Chapter 5, Section 5.6. Itwill be used for creating location 
or site maps showing sampling points at which time­
variable chemical data are available. 

The routines on this menu are equivalent to similar rou­
tines in other applications. See, for example, Hy­
drographs application, especially for selecting the 
Working Time Interval. ·-

NOTE. Remember that the currerztly selt;cted Working Time 
Interval is displayed in the title bar nexfto the name of the data 
base file. 

{5/· 
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Figure lO-S 

although you may have entered the values for Na, O, 
TDS, and conductivity, you may decide to display 
and/or report only total dissolved solids. Second, you 
may assign sorne attributes to the constituents to be dis--­
played: line and fill color, linear or logarithmic display, 
minimum and maximum concentrations to display, etc. 
You may also control widths of individual columns used 
to display constituents. 

NOTE. The control of fonts used to label a graph ís accom­
plíshed from Customizatíon, whích 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. lt displays a graph with 
data from table connected to a currently highlighted 
sample, using the design for the graph as currently se­
lected. ~· 

The Reports menu is·-shown in Figure 20-6. Using the 
commands on this menu, you may print a·graph, or save 
it for future printing, or rnixing 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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20.3.2. Save Data When you finish typing the data you will save them us­
. ing one of two ways. The first is to press the Ctrl key and 
simultaneously press the S key. The other way is to use 
the mouse and click on Tables on the menu bar and click 
again on Save Data. 

20.3.3. Exit without · -You may ha ve decided only to view the data withouC 
saving saving them. When you are done with viewing the data, 

20-8 

· you may exit in one of the two ways. The first is to press 
the Ctrl key and simultaneously press the X key. The 
other way is to use the mouse and click on Tables on the 
menu bar and click again on Exit (Don't save). 

20.3.4. Standard The data tables can be created outside the GWW package 
ASCII Input and using a text proce$SOr. The format is similar to the format 

Output -in other applications. One such table is reproduced be­
low. 

<yyyy/mm/dd> <Cl> <Na> <Conductivity> 

1983/04/25 500.0 200.0 2200.0 2650.0 

1983/06/22 750.0 340.0 3300.0 4010.0 

1983/08/04 468.0 188.0 2100.0 2550.0 

The first 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 dedaring the field 
lliunes (time, O, eí:c.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Chem_Conc_Trme_Tab). The first entry is the date and 
time. You supply the format of data input 
(yyyy /mm/ dd), which you must follow in the data be­
low the header line. You may reverse the order of "date" 
input to one of date formats that are acceptable in GWW. 



20.3. T ABLES MENU 

CHAPTER20 CONCENTRATION-TIME SERIES 

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 ha ve listed in the Data Structure on the 
Tools menu. In the case when oilly three constituents are 
selected (say, EC, N03, and N02), the table may look as 
shown in Figure 20-7. Ifyou are going to editan existing 
table filled with data, the display may look as shown in 
Figure 20-8. 

20-7 

Constituents 

Figure 20-7 

Figure 20-8 

To edit data, you use standard GWW commands: TAB to 
move from one field to next, Shift+ TAB to move back­
wards, CTRL+I to inserta line, CTRL+D to delete a line. 
The program checks the sequence of time en tries. You are 
expected to use the logical sequence, from early time to 
la ter. 
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dialogue lists all available constituents (taken fromData 
Structure or from the interna! file 
Chem_Conc_Time_Tab). You may select one or more 
constituents to display, and by clicking on the button At­
tributes control how each constituent will be presented. 

Fields Seleded 

"'Ec~===1 EC ~~03 NOJ 
N02 N02 

Figure 20-9 

You are selecting or unselecting a constituent by high­
lighting it. If you highlight a const:ituent on the left side, 
that is within "Fields" part of the box, such constituent 
will be moved to the "Selected" side. If you highlight a 
constituent on the "Selected" side and press-the button 
Del, this constituent will be deselected and will diSap­
pear from the list of selected constituents. 

20.4.2. Attributes When you select a constituent or a chernical diagram pa­
rameter, you may control the way in which this particu­
lar constituent or parameter will be displ<!yed._ 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 th.e interna! file 
Chem_Conc_Trme_Tab. However, you may override this 
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The date/time format can be any of the following: 
yy/mm/dd, yyyy/mm/dd, -mm-yy, .mm.yy, etc. lt is 
important that the data that follow the header line must 
be typed according to the format declared in the header. 

Using the command Standard ASCII Input you can im­
port data tables created with a text processor ora spread­
sheet program. (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. 

20.4. LOG DESIGN On this menu you have five options: 
MENU 

• New Log Design 
·-

• Old Log Design 

• Edit Log Design 

• Save Log Design 

• Save Log DesignAs 

After you have created data table you will want to dis­
play graphs showing how concentration of one or more 
constituerits 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. 

20.4.1. New Log Design When you select New Log Design GWW opens a dia­
logue box as shown in Figure 20-9. The right side of the 
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20.4.4. Save Log 
Design and Save Log 

DesignAs 

20.4.5. Edit Log Design 

20.5. DISPLAY 

20-12 
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list of all available designs will be listed, as shown in Fig­
ure 20-11. 

TD~a-CHJcnzcnc 

Figure 20-1.1 

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 DesignAs. 

The same dialogue box as the shown in Figure 20-9 will 
be displayed and you may proceed with its editing in the 
same way in which you ha ve created a new design. 

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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offer and type a different name (e.g. in another lan­
guage). 

~Column Width (mm) 

Data~ Graph EJ 181 Auto Size 

~Graph Type . 
@Une O Bar 

1 ~~sType 
®Unear O Log 

Minimum jo Maximum jo ='==:::::_---=-=-:---==:::::.J 

Figure 20-10 

The options for colurnn and graph width allow you to 
increase or reduce the siie 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 colurnn in whlch 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. 

20.4.3. Old Log Design Since you may crea te one or more designs for displaying 
various constituents and save them by assigning names, 
you may also retrieve and use one of pre-created de- -
signs. When you select the option Old Log Design, the 

20-11 
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... 

NOTE. When you select the option Interpolation/Set Connec­
tion Span and type a relatively small number of days, the sam­
ples that are taken beyond the span selected (that is, at greater 
intervals than specified) will be shown as vertical bars. 

You may print a time-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: 

Figure 20-14 

• Print Working Set 

• Print Record Data 

The option Print Drawing will print the graph of the 
sample curren ti y selected. The option Print Working Set 
will print 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. 

Á(. ·7 .[ 
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Figure 20-12 

"" 

Figure 20-13 

20-13 
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20.8.1. Select Working_ The sequence is normally: 

20-16 

SetfromMap 

20.9. To Setup a 
.Printer 

l. Click on Data to open the menu .... 

2. Click on Select Working Set 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. Selectwells to make a working set using either Rectan­
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of.an Area, after you circle 
an area (iemember, m clockwise·direction you are se­
lecting within the area; in the counterclockwise direc­
tion outside the area!) yo u should clase the area (End 
fui.nt) followed by End Dig.itizing 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. Todo this: 

l. From Main Group select Control Panel. 

2. Select Printers. 

3. Select one of installed printers as a default printer, or 
add sorne more printers to match your hardware. 

4. Select Setup and modify whatever you want to mod-
ify. 

5. Click onSet as default. 

6. Clase Printers and Control Panel. 



20.7. OPTIONS 

20.8: LOAD MAP 
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You may also save a time-concentration graph for plac­
ing it on a nonstandard reporting form, eventually 
mixed with other graphics. For this, yo u _use S ave Draw­
ing option, followed by Print Nonstandard Report from 
this or another application. ~ 

Using-this command, you rnay 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 rnil­
lion, and vice versa. This option is also important to 
correctly import data tables as ASCIT files. Depending on 
whether the data are prepared as ppm or epm, you need, 
prior to importing ASCIT files, select the compatible 
mode of input. So, if your data have-lieen prepared as 
ppm, you may use the default which is ppm. However, 
if the data have been prepared as epm, you should fol­
low the sequence: 

l. Select Options and select Show EPM values. 

2. Select Table and select Standard ASCIT Input. 

The Load Map option is a general option for selecting 
wells to make a Working Set of wells. 
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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 interpola te 

HourD MinO 

Figure 20-16 Figure 20-17 

the data. Next you will be prompted to select one of 
available constituents, as shown in Figure 2Qc1S; of 
which you wish to ere­
ate a random file. (Re­
member that you need 
to have X and Y coordi­
nates foral! wells/sam-
ples in the data base. 
The random file con-
sists of the following l§fi 
columns: X, Y, concen-
tration ata certain date, Figure 20-18 
well identification.) 

You may also selecta "connection span", which is the 
maximum number of days that you allow to elapse if the 
two successive values are to be connected.-
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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----------......, 

Paper Si¡,e: 

Papcr .Source: '::jAut=::o':'SO:ei::_"=-'-----""'J!J 
&oplcs: E.=m 

~ ®Po[lra• 
O J.andscape 

Printer Resolution 

0 iDO dpl ® 100 dpl 

Prlnter Mcmory 

CarJridges,ISIMMs 

Z: Microsoft lA 
HP. Bar Codcs & More 
HP: Fonns. Etc. 
HP: Global Text 

f!oge Protedlon: ~~M===I;:!!I 
.Mcmory (MB): lz EJ l 0 T111.cTypc Scrccn Fonts lnstalled 

Figure 20-15 

Same as in the Hydrographs application~ you may crea te 
a random data file to be used to crea te a grid file and a 
contour map, for any chemical constituent at any time 
within the current Working Time Interval. You will select 
Interpolation on the menu bar. The display is as shown 
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lect OK accepting all defaults (2 decimal digits, fixed 
point arithmetics). Notice that Na is displayed in the 
list of constituents. 

S.Repeat the same for Cl. 

6.Repeat the same for TDS and for Conductivity, but se­
lect floating point for the data type, and decrease the 
number of decimal digits to l. The list should now_ 
~ontain 5 parameters as shown in Figure 20-19. 

Cl 
Na 
TDS 
Co~:~.duce:i.viey 

~O NumCUndl F~x.d ~ 
10 NumCUndJ F1x.d 2 
10 ~CUnd) Ploat 1 
10 NumCUndJ Float 1 

Figure 20-19 

7.Close the dialogue box by selecting O K, select File and -
Exit. The new data structure for the time-concentra­
tion portian 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 ha ve only 
one field, Well Identification. The cursor will be in 
this field. 

lO.Type the well number, say MW-1. Now finish the in­
put by pressing Page Down key once to complete the 
entry, and second time to highlight this well and 

make it active. Alternatively select this well using the 
mouse. 

ll.Select Tables and click on Edit table. The display will 
be as shown in Figure 20-20. There will be five col-

///, 
··1~1 

. ' 
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In the following example you will crea te data structure, 
use the default entry form supplied by GWW, and enter 
data with the following time=dependent constituents: 
Na, Cl, TDS, and Conductivity. 

The data to input are the following (in the order after the 
date: Na, Cl, TDS, and Conductivity). 

1984/05/01 100.0 250.0 2500.0 3000.0 

1984/06/01 150.0 300.0 3500.0 4000.0 

1984/07/01 250.0 400.0 5000.0 5368.0 

1984/08/01 200.0 340.0 4500.0 4988.0 

1984/10/01 250.0 410.0 5000.0 5800.0 

1984/10/15 200.0 386.0 4500.0 5300.0 

l.To start with, from the GWW Main menu 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 interna! file titled 
Chem_Conc_ Time_Tab. 

3.Notice that there is only one entry, Date. 

4.Select New. Type Na. Use TAB to move to the next 
field. Accept the default width of the field as 10 char­
acters. Move clown the dialogue box and check Nu­
meric (do noLcheck on-Numeric dimensioned since 
concentration of a chemical is a nondimensioned 
number!). Click on O K. In the next dialogue box se-
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defaults, click on OK to close this dialogue box:-

14.Now you may see immediately the graph. Click on 
Display. The default parameters are used to display 
this graph. The display is as shown in Figure 20-23. 
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• 
8 ·- / 

. - . . a 
.... "-... .... V ·-8 -~ ./ 

. ! 

~ V ~ ---- .__ 

.... ,., 
• ... 

./ % . ... 
. ~ ; ·*·· 

r: 1/ ""' l--
¡...- \ .., , .. ,., 

~ ... ./ 
~ ~ 

... 

1 •• .. ' . '. . ' . 
MW-1 
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Figure 20-23 

Click on the button Close to remove this graph. 

lS.Modify the graph design. Select Log Design, then 
Edit Log Design. Click on TDS on the right side of 
the dialogue box. The constituent TDS will be high-
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Figure 20-20 

umns (Ttme, 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 willlook as shown in Figure 20-21. 

Figure 20-21 

12.When you finish typing, leave the-cursor in the last 
typed row, and press the combination Ctrl S. (Alter-· 
natively, you may click on Tables, and then on Save.) 
If your time entries are not in sequence, GWW will 
beep on you, display a message Invalid Date/Ttme 

order!, and will place the•••••••··~ 
cursor in the line tha t is 1" 
out of the time sequence. 

13.Now you will crea te your 
own log design. Select 
Log Design on the menu 
bar. Select New Log De-
sign. The screen will dis-

Aelds Selected 

ffic•C:=:=:~~c,.------. 
Na Na 
TDS TDS 
Condm:tivhy Conductivity 

play four constituents as 
"selected fields ", as 
shown in Figure 20-22. 
Since you will accept the'--------------------' 

Figure 20-22 
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17.The task now is to have muy TDS displayed and/or 
printed. Select Log Design, then Edit Log Design. 
Highlight Na and click on Del. Repeat the same with 
Cl and Conductivity. Only TDS remains in the "se­
lected" list. Highlight TDS and click on Attributes. 
Notice that the width of the graph field is still25 mm. 
Close this dialogue, close the log design editing dia­
logue, and display the graph by selecting Display.- · 

Figure 20-25 

Notice that the TDS graph fills the whole screen. The 
display is shown in Figure 20·25. To check the width 
which is automatically selected beca use you left the 
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lighted. Now click on the button Attributes. In the 
new dialogue box in boxes for Minimurn 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 

MW-1 

... , .. , .. ,.. 

FigUre 20-24 

Figure 20-24. Save this log design. Close the display. 
Select Log Design, followed by S ave Log DesignAs. 
Type a name for this design. 

l ~' 
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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. 

lviW-1 

,..., , ... 
1100 

Figure 20-26 

Figure 20-26 shows the zoo"med time axis. Tiús is the 
lower part of the drawing. 

18.Exit the application, and exit GWW. 

Tiús ends this example. 
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(b) Help Files: 

• PUMP.HLP 

• XSECT.HLP 

• HYDRO.HLP 

• FORMED.HLP 

• GWW.HLP 

• ·GSC.HLP 
-· .. ~ 

• SDDT.HLP 

• EDFC.HLP 

• OiEM.HLP 

• CHEMT.HLP 
-

• CHEMW.HLP 

• UNIT.HLP 

• MAP.HLP 

• MASTERHLP 

• UTH.HLP 

• UFILE.HLP 

• XSMOD.HLP 

• :MISC.HLP 

(e) Various Auxilliary Files: 

•- PPMTOEPM.TBL 

• SCREEN. DLT 

• UTH.DLT 

• ANNULUS.DLT 

(d) GWW Data Base Templa te: 

• GWW.OOO 

usroFmEs·-

-· 



APPENDIX A .•• GWW FILES 

LIST OF FILES _ 
MAKING THE GWW 

FILESYSTEM 

The following files should be located in the \GWW 
directQzy after the in.stallation. 

(a) Executable Files (only GWW.EXE is directly 
executable; all other 'exe' files_are called from 
GWW.EXE): 

• GWW.EXE 

• MASFILE.EXE 

• FORMED.EXE 

• EDFC.EXE 

• UNITS.EXE 

• CHEM.EXE 

• OiEMT.EXE 

• CHEMW.EXE 

• HG.EXE 

• U1H.EXE 

• XSECT.EXE 

• MAP.EXE 

• PUMP.EXE 

• :MISC.EXE 

• GSC.EXE 

• SDDT.EXE 

• UFILE.EXE 

• XSMD.EXE 
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_¡L __________________ P_i~p_e_r_D_i_a~g~r_am __________________ ~• 
'p¡per Dlagram 

100 

80 · .. .>:::-.... 80 

60 . ' . .'• . 60 

SO 4+Cl 40 . · ... :.::--.:.:;.:.>~>~>_;.·.:'·.··:·. . . 40 Ca+Mg 

K 
20 ·. \:: ::::: >< ::< >=:: \:: ·. 2° CO HCO 

Na+ . :-: .::. ;.: ::. :-: .:'. >: .. 3+ 3 

-·~. . ::-:~ >: 1::-:: :·.-:~ ·.:-:.· :>:: >: >:: .' '1 

o 
100 80 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
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6 MW-6 

"!! ·- .. . . .. " . . . . " ~ 
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60 40 20 

Ca 

CATIONS 

o o 20 40 60 

Cl 

ANIONS 

80 
o 

100 



Wellldent 

MW-6 

snFFDwwam 1 
~=============;::;::==~,. 
1 Name 1 Type ~ 1 

Milliequivalents per liter 
54321012345 

Mg so. 

Na+ K CI 

Fe N03 

Cations 

Ca Mg Na K Fe 

Milliequivalents per liter 0.7999 1.3301 0.6499 0.00997 

Milligrams per liter 16.03 16.17 14.94 0.39 

.. 

Anions 

HC03 C03 S04 Cl N03 

Milliequivalents per liter 2.61994 0.03997 0.08012 

Milligrams per liter 159.85 1.92 2.84 

BOD COD Diss. Oxygen F B Si02 
... 

TOS Hardness Alkalinity Conductivity pH SAR 
213.00 250.00 6.90 0.6297 

1 Water Type Magnesium Bicarbonate 1 Cations (epm) Anions (epm) 
2.79 2.74 

Error Balance (% 
Aquifer ... -· 0.90 ~ 



Schoeller Diagram ~ 
schoeller Dlagram 

5 100 60 300 5 
90 100 MW-1 

4 80 50 90 
200 4 

70 
40 80 200 

MW-2 . ------
3 60 70 

100 1 3 
1 60 90 1 MW-3 

50 ,30 • -------.---
1 80 1 

1 50 100 
. MW-4 ' 2 40 . . 70 1 2 -------1 . 90 

40 60 80 ~ 100 MW-5 . /) . 
30 .' .{, 

, .. __ 
70 11 90 ---------

1 ·i: / ' -.. 30 
50 

/'1 80 ' . ' ·- 60 MW-6 !-·Ay;· "~ 1 ' 40 .¡1 70 ------·' ,. .\ ' ~·! 1 ~o:' . 60 1 
0.9 ··r~. 10. \\' 

20 30 k! 0.9 
0.8 50 0.8 

9 •• ·, .. ¡1 
0.7 1' 

,. 0.7 8 \ '. \ 1'· .:! 1 40 
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1 1 r,-
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1 20 !:, 1 

0.4 8 5 
~. 1' 1 :¡ 1 0.4 
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4 7. 1 ¡. 1 !f 1 20 

0.3 6 \\ ¡, 10 í :,: J 
0.3 . 

6 1 1 \'. 9 •• 1 
5 3 1 1 :/1 1 

5 \ \(· .. 8 ul :1{ 1 
0.2 4 . lt 7 0.2 1 ,t 9j ;/. 1 

2 4 . 11 6 ~ ii 1 
10 1 \ ll J' 1 3 

1 '\ 5 • 1 9 
3 • 1¡ 1 5! 1 8·-

\ \\ 4 
6 ¡. 1 7 1 5'! 1 0.1 2 1 \ 1. 1 6 0.1 

0.09 2 1 \ 1 
3 / 1 1 1 0.09 

0.08 1 r~ 5 0.08 
0.9 1 / 

1 ' JI 1 0.07 . \:/ 0.07 --
0.8 1 ilí 1 4 

0.06 1 0.06 0.7 1 ' 1 : 1 
0.05 1 0.6 1 

. \ 
'· • 1 1 3 0.05 

0.9 1 
1 

' 1 
0.04 0.8 0.5 0.9 1 1 t 1 0.04 1 1 

0.7 
0.4 

0.8 
1 1 1 2 

0.03 0.6 0.7 1 1 0.03 . 1 1 . 1 
0.6 1 1 1 0.5 0.3 . 0.9 

0.5 \ 0.8 • 1 

0.02 0.4 ~-~¡----- 1 1 0.02 
0.4 

0.91 -· 
0.2 0.61 0.81 1 

0.3 1 
0.7¡ 0.9 

0.3 
0.51 

0.8 1 o.~ 
0.4 1 o.$ 0.7 

0.01 ~ 1 0.01 
EPM Ca Mg Na Cl S04 HC0

3 
EPM 



Wilcox Diagram j 
~--------------------------------~~ 

WIICOX Diagram 

Sodium 
(alkali) 
Hazard 

Very 
High 

S4 

High 
S3 

Medium 
S2 

Low 
SI 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 

~ 

-< 
en 

100 

30 

28 

16 

14 

6 

4 

2 

500 1000 5000 

30 

20 

Conductivity (micromhoslcm at 25 °C) 

Cl C2 C3 C4 

Low Medium High Very Higlí 

Salinity Hazard 

,'/' .. 



Chemistry Concentration 1 Time 1 
Wellldent 

MW-1 I
Name 

. Monitoring well in Corozo Pando 

Easting (ft) Northing (ft) Gr. Sur!. Elev. (ft amsl) 
150 150 85.00 

480 

460 

440 

420 
~·- -- ··- 400 

380 

360 

340 

320 

300 

280 

260 

240 

220 

200 

180 

160 

140 

100 

80 

60 .-
40 

20 
o 

MW-1 
1994 



-1 _ CONCENTRATION.:.,DEPTH;SE~ES' 1 
~W~e:ll~ld~e~n~t~~~-------------------------.-.-.-. ________ _. 

MW-1 

Depth 
[feetl 

150 

1 Name 

Leve! 
[feet]-

.. .., 



MW-6 

Well Distance 
1.00 

1 

Fit Method 

Pump. Rate 
.300.00 72.000 

Results 

0.53 

Hantush Method 

.. , 



Well ldent 

MW-1 Monitoring well in Corozo Pando 

Storage 



fe el 

140 

130 

o 

I
CLAY 

DOLOMITE 

UMESTONE . 
SANO 

Cross Section A-A' 

Bar diagrams indicate TDS in ppm. 

The range is from Oto 450 ppm. 
1 

-10~--------------------------------------------------------------------~~~-10 
1 2 2100.8 

feet210.6 965.3 feet 



Well Ident 

MW-1 
¡Name 

Easting (ft) Northing (ft) 
150 -· 15IL 

__ , AqUifer 

Depth [feet] 
1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

¡:¡.,_ 

~ 

1 

' "'-... 

\ 
\ 

1\ 
-

2 3 

\...._ 

4 

Hydrograph 

~ 

Monitoring well in Corozo Pando 

Ground Sur!. Elev. (ft amsl) 
85.00 

MW-1 

.?----
( 

""" 1 
1 

lf 
1 

1 
1 

1 
"-~1 

5 6 7 8 9 
1994 

Meas.Pt.Eiev. (ft amsl) 

-

' 
-

10 

86.00 

~ 

-

11 

Leve! [feet] 

........... 

12 

84.8 

84.6 

84.4 

84.2 

84.0 

83.8 

83.6 

83.4 

83.2 

83.0 

82.8 

1 

1 

/.;. 7 
i ~ ~ 
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Ground Water for Windows (GWW) ... Example 

TASK 

l. Create a ground water data base with 6-wells. Each well has data mi location, drilling 
(lithology and constructioli), cheti:ristry (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 parameters: 

Ground Surface Elevation 
Total Dissolved Solids in ppm (TDS) 
Contact boundary between Quatemary clay and sand (overburden) and underlying 
bedrock (limestone and dolomite). 
Piezometric surface oil 12 June 1994. 
Transmissivity from pumping tests. 

3. Create lithostratigraphic cross section cónnecting 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> 
MW-1 
MW-2 
MW-3 
MW-4 
MW-5 
MW-6 

<X> 
150 
800 

1800 
300 

1000 
1900 

<Y> <Z> -<ZM> 
150 85.00 86.00 
250 92.00 93.00 
200 87.00 88.00 

.750 110.00 111.00 
650 120.00 121.00 
900 145.00 146.00 

HINT. You have two ways to input generalllocation data into GWW. The frrst way is to create 
an ASCII file such as above and impon as Standard ASCIT Input into Master application. The 
second way is to type the data directly into the GWW-created data base. 

' . ' 
~! 



Chemical Data (Samples) 

<Well Ident> <Ca> <Mg> . <Na> <K> <HC03> <S04> <Cl> <IDS> <Conductivity> <pH> 
MW-1 13.23 20.30 19.77 1.17 131.79 0.05 425 218.00 270.00 8.30 
MW-2 12.83 21.88 23.91 2.35 206.83 _0.05 2.84 272.00-320.00 7.00 
MW-3 17.64 20.67 29.89 0.39 223.92 1.92 2.84 299.00 350.00 -7.f0 
MW-4 15.23 17.63 12;8T 0.78 162,90 4.80 1.77 218.00 280.00 7 30 
MW-5 12.02 36.47 4.60 0.59 237.95 0.96 0.71 229.00 --270.00 7.50 
MW-6 16.03 16.17 14.94 0.39 159.85 1.92 2.84 213.00 250.00 6.90 

HINT. Same as for Master Data, you may input data either by creating frrst an ASCII file as 
the one above, or by typing the data direidy into the GWW-created data base. 

Chemical Data CDepth-related) 

MW-1 MW-2 MW-3. MW-4 MW-5 -. . MW-6 
<Depth> <IDS> <Depth> <TDS> <Depth> <TDS> <Depth> <TDS> <Depth> <IDS> <Depth> <TDS> 

15 D w m 22 ~ 25 m 25 m w m 
20- 305 25 320 30 330 30 320 30 400 25 300 
25 310 30 400 35 400 35 380 35 380 30 300 --
~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ 
35 450 ~ 280 45 380 45 400 45 380 ~ 400 
~ ~ ~ ~ ~ m ~ 3~ ~ ~ ~ ~ 

Chemical Data Cfime Series) 

MW-1 
<yyyy/mm/dd> <TDS> 
1994/02/15 250 
1994/03/12 320 
1994/03/28 330 
1994/04116 380 
1994/05/22 420 
1994/06/18 390 
1994/07/21 350 
1994/08/29 420 
1994/09117 380 
1994110115 320 
1994111/07 300 
1994/12/12 280 

50 320 
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Lithologic Data 

The data are contained in an ASCII file as shown below. If yo u decide to create a similar ASCII 
file you must follow the convenúon 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 c;odes (CLA Y, SAND, LIME, and DOLO) must be typed 

· iJpper case, as four letter words; the same applies to the annular space materials (CEMENT, 
PACK; OPEN). 

WELL: MW-1 
Lllli: 

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 

S CREEN: 
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 

S CREEN: 
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 

S CREEN: 
23.00 38.00 

ANNULUS: 
20.00 CEMENT 
38.00.PACK 
70.00 OPEN 

WELL: MW-4 
LITH: 

--20.00 CLA Y 
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 

S CREEN: 
25.00 41.00 

ANNULUS: 
22000 CEMENT 
42.00 PACK 

.... __ .120.00 OPEN 

WELL: MW-6 
LITH: 

30.00 CLAY 
60.00 SAND 
75.00 LIME 

150.00 DOLO 
HOLE: 

30.00 14.00 
150.00 6.00 

CASING: 
29.00 12.00 
60.00 6.00 

S CREEN: 
32.00 60.00 

ANNULUS: 
30.00 CEMENT 
60.00 PACK 

150.00 OPEN 

Pumping Test Data 

MW-1 (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 

5 



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 
4.8870 
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 

/
', {"; -; . 
. ::J 



6390.00 
6870.00 

1.6730 
1.5740 

0.0000 
0.0000 

7 

HINT. You do not need to repeat input of the pumping rate. It is sufficient to type 300 (gpm) 
on the first line, and sk:ip the rest until the time when the pump is switched off. Type O for the - · 
pumping rate at 4320 minutes when the recovery of levels starts. 

MW-4 (recovery test data) 
0.00 

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 

0.0000 
3.2800 
2.9190 
2.6570 
2.4930 
2.2300-
2.0990 
1.8370 
1.6070 
1.4760 
1.2460 
1.1150 
0.9180 
0.7870 
0.6890 
0.5580 
0.4590 

150.0000 
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 

MW-5 ( constant rate test - drawdown portion) 
0.00 
1.00 
1.50 
2.00 
2.50 

.3.00 
4.00 
5.00 
6.00 
8.00 

10.00 
12.00 
14.00 
18.00 
24.00 
30.00 
40.00 

0.0000 
0.6560 
0.8860 
0.9840 
1.1150 
1.2140 
1.3450 
1.4760 
1.5740 
1.7380 
1.8700 
1.9680 
2.0660 
2.1980 
2.3620 
2.4930 
2.6570 __ 

200.0000 
200.0000 

__ 200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 



50.00 
60.00 
80.00 

100.00 
120.00 
150.00 
180.00 
210.00 
240.00 

2.7880 
2.9520 
3.0500 
3.1490 
3.2800 
3.4110 
3.5100 
3.6080 
3.6740 

200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 

Y ou do not need to type the pumping rate 200 gpm more than once on the first line. 

MW-6 (constant-rate test - drawdown portian) 
0.02 0.1740" 300.0000 
0.03 0.4720 300.0000 
0.05 0.8330 300.0000 
0.07 1.2890 300.0000 
0.08 1.5480 300.0000 
0.10 1.8890 300.0000 
0.12 2.2070 300.0000 
0.13 2.5390 '· . 300.0000 
0.15 2.8630 300.0000 
0.17 3.1680 300.0000 
·0.18 3.4830 300.0000 
0.20 3.7690 300.0000 
0.22 4.0480 300.0000 
0.23 4.3100 300.0000 
0.25 4.6050 300.0000 
0.27 4.8350 300.0000 
0.28 5.0810 ·- 300.0000 
0.30 5.3040 300.0000 
0.32 5.5230 300.0000 
0.33 5.7370 300.0000 
0.37 6.1470 300.0000 
0.40 6.5010 300.0000 
0.43 6.8260 300.0000 
0.47 7.1140 300.0000 
0.50 7.3770 300.0000 
0.53 7.6230 300.0000 
0.57 7.8390 300.0000 
0.60 8.0330 300.0000 
0.63 8.2260 300.0000 
0.67 8.3770 300.0000 
0.70 8.5250 300.0000 
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0.73 8.6630 300.0000 
0.77 8.7870 300.0000 
0.80 8.9250 . 300.0000 
0.83 9.0460 300.0000 
0.87 9.1610 300.0000 
0.90 9.2630 300.0000 
0.93 9.3610 300.0000 
0.97 9.8200 300.0000 
1.00 9.5320 300.0000 
1.08 . 9.7120 300.0000 
1.17 9.8790 300.0000 
1.25 10.0330 300.0000 
1.33 10.1550 300.0000 
1.42 10.2630 300.0000 
1.50 10.3650 300.0000 
1.58 10.4760 300.0000 
1.67 10.6930 300.0000 
1.83 10.7350 300.0000 
2.00 10.8700 300.0000 
2.17 11.0080 300.0000 
2.33 11.1450 300.0000 
2.50 11.2500 300.0000 
2.67 11.3320 300.0000 
2.83 11.4540 300.0000 
3.00 11.5750 300.0000 
3.17 11.6870 300.0000 
3.33 11.7520 300.0000 
3.67 11.9130 300.0000 
4.00 12.0010 300.0000 
4.33 12.2110 300.0000 
4.67 12.5100 300.0000 
5.00 12.6770 300.0000 
5.50 12.8610 300.0000 
6.00 12.9030 300.0000 
6.50 13.1000 300.0000 
7.00 13.1460 300.0000 
7.50 13.1630 300.0000 
8.00 13.2550 300.0000 
8.50 13.3100 300.0000 
9.00 13.3890 300.0000 
9.50 13.4610 300.0000 

10.00 13.4940 300.0000 
11.00 13.6910 300.0000 
12.00 13.8220 300.0000 

/;1 / 
'. '~. 

'--



13.00 14.0520 _300.0000 
14.00 14.1830 300.0000 
15.00 14.3140 300.0000 
16.00 14.3990 300.0000 
17.00 14.5170 300.0000 
18.00 14.5370 300.0000 
19.00 14.5600 300.0000 
20.00 14.4780 300.0000 
22.00 14.6750 300.0000 
24.00. 14.8550 300.0000 
26.00 15.0160 300.0000 
28.00 15.1170 300.0000 
30.00 15.1340 300.0000 
32.00 15.2030 300.0000 
34.00 15.2490 300.0000 
36.00 15.3410 300.0000 
38.00 15.4950 300.0000 
40.00 15.6260 300.0000 
44.00 15.6520 300.0000 
48.00 15.6880 300.0000 
52.00 16.1510 300.0000 
64.00 16.3570 300.0000 
68.00 16.3930 300.0000 
72.00. 16.3050 300.0000 

Water Leve! Data 

MW-1 

150 150 85.00 86.00 
<yy/mm/dd> <Level> 
94/01/05 84.25 
94/02112 84 
94/03/11 83.8 
94/04115 83.1 
94/05/22 82.9 
94/06112 83.6 
94/07/05 84.1 
94/07/22 84.7 
94/08/12 84.9 
94/09/11 84.8 
94/10/09 84.5 
94/11112 84.3 

: Line 1, contains well name 
: Line 2, intended for 1ocation, blank here 
: Line 3, intended for aquifer, blank here 
: Line 4, X, Y, Z, ZM, respectively 
: Line 5, tells GWW the format for date 
: Line 6 till end, water leve! data entry 

_j); 



94/12/22 84.1 

* 
MW-2 

800 250 92c00 93.00 
<yylmm!dd> <Leve1> 
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 
94/07/05 91.1 
94/07/22 91.7 
94/08/12 91.9 
94/09/11 91.8 
94/10/09 91.5 
94/ll/12 91.3 
94/12/22 91.1 

* 
MW-3 

1800 200 87.00 88.00 
<yylmm!dd> <Level> 
94/01/05 86.25 
94/02112 86 
94/03111 85.8 
94/04115 85.1 
94/05/22 84.9 
94/06112 85.6 .. 
94/07/05 86.1 
94/07/22 86.7 
94/08112 86.9 
94/09111 86.8 
94/10/09 86.5 
94/11112 86.3 
94/12/22 86.1 

* 
MW-4 

300 750 110.00-111.00 

11 
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<yy/rnmldd> <Leve1> 
94/01/05 108.25 
94/02/12 108 
94/03111 107.8 
94/04115 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 
94fi0!09 108.5 
94/11/12 108.3 
94/12/22 108.1 

* 
MW-5 

1000 650 120.00 121.00 
<yy/rnmldd> <Leve!> 
94/01105 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 
94/08112 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/rnmldd> <Leve1> 
94/01/05 143.25 
94/02/12 14 3 
94/03/11 142.8 
94/04/15 142.1 
94/05/22 141.9 

1:' 



94/06!12 142.6 
94/07/05 143.1 
94/07/22 143.4 
94/08112 143.4 
94/09/11 143.3 
94110/09 143.3 
94111/12 143.1 
94112/22 142.8 

* 
Elevation of various lithologic units 

C1ay-Sand Sand-Limestone Limestone-Do1omite 
MW-1 70.0 55.0 33.0 
MW-2 80.0 64.0 37.0 
MW-3 55.0 52.0 32.0 
MW-4 90.0 75.0 50.0 
MW-5 98.0 80.0 55.0 
MW-6 115.0 85.0 70.0 

13 

Hint. Type these numbers into entry form for Well Logs. The frrst co1umn of nurnbers refers 
to the elevation of the contact between cláy and sand layers (in feet above mean sea leve!), 
the second to the contact between sand and limestone, and the third to the contact between 
limestone and dolomite. 

OUTPUTS 

Sorne of outputs (printouts, reports) are appended to this exercise. 
l. Well consrruction and lithologic log for well MW-1. 
2. Sarne for well MW-6. 
3. Pumping test interpretation for well MW-4 (recovery method). 
4. Pumping test interpretation for well MW-1 (drawdown and recovery). 
5. Pumping test iterpretation for well MW-2. 
6. Time series for TDS in well MW-1. 
7. TDS versus depth in well MW-1. 
8. TDS contour map. 
9. Piper diagrarn with 6 sarnples. 
10. Wilcox diagrarn. 
11. Schoeller diagrarn. 
12. STIFF diagrarn for well MW-1. 
13. Piezometric contour map on 12 June 1~94. 
14. Elevation contours of limestone-dolomite bedrock 
15. Lithologic cross section MW-1 - MW-2. 
16. Fence diagrarn. 
17. A Hydrograph. 



~~~------.--VV~e=ll~L~o~g~:=L=it=h=ol~o~gy~&~C==ons~tru~c~ti=·o~n----------==~1 
¡weni:;_z IIName J 
1 Dril!. Method 1 Dril!. Dates 

lx 800 250 lz 92.00 1 Meas. Pt. Elev. 93.00 

Annulus Lithology Elev. 
[feet] 

90 

5 
CLAY 

85 
Conductor 8 10 12 Pipe 
Cementedin 

80 

15 

75 

20 SAND 
Gravel 
Pack 

70 

25 
WeU 4 
thoroughly 
develo~ 
for 24 ours --

30 
by¡ump!ng 
an surgmg 

60 

35 

55 

40 
LIMESTONE 50 

45 
8 

45 

50 
Openhole 40 

55 

35 

60 

30 
DOLOMITE 

65 

70 



APPENDIXB 

DATA BASE 
STRUCI'URE 
FILES-

These are interna! files, contained within the data base 
templa te, GWW.OOO. You may retrive the files by follow--
ing the steps: - - -

l. Select Tools. · 

2 Select Data Structure Design. _ 

3. Select File. 

4. Select Old. 

5. Select any name or application from the list. 

6. Close the dialogué bÓx by clicking on O~. 

7. Select Write Structure to STO ASCII 

8. Type an ASCII filename under which this file will be 
saved. 

MASTER DATA STRUCTURE 

DATAEN1RY No. of Characters DataTn>e Formal No. of Decimal Dlaibl Unlt 
WeiJ ldent 10 WeiJ 
Desait>tion 50 Char 

District 20 Char 

l.ocalitv 20 Char 
Owner 20 Char 
X 10 N Fixed 2 m 
y 10 N Fixed 2 m 
z 10 N Fixed 2 m 
ZM 10 N Fixed 2 m 
Map Sheet No. 10 Char 
Year 10 Char 



DATAENIRY 
Wellldent 
Ca 

MJ< 
Na 
K 
Fe 
Mn 
HC03 
C03 
504 
a 
N03 
N02 
1'04 
F 
B 
Si02 
TOS 
Hardness 
Alkalinity 
Conductivity 

IPH-
Cations 
Anions 
SAR 
BaiErr 

DATAENIRY 

1 Cautnn 
MJ<PI>II\ . 
NapDJit 

II<DDm 
1 Feomn 

HC03ppm 
C03ppm 

'QpDJit 

N03PDJD 
P04Dtlli\ 

B= 
SKl?n= 

· DATABASESTRUCTUREHLES 
··-·--~ 

CHEMICAL DATA STRUCTURE 

No. of Charaders Data lVI>e Formal No. of Dedmal Oi211> 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 . 
10 
10 
10 
·to 
10 
10 
10 
10 
10 
8 
8 
8 
8 -- -· 

No.ofCharaders 

10 
10. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

WeD 
Fixed 2· 

Num(Und) Fixed 2 
Num(Und) Fixed 2 
N Fixed 2 
Num(Und) Fixed 2 
NU!!!!![nd) Fixed 2 

d) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 

¡..,. ·"" d) Fixed 2 
Num(Und) Fixed 2 
Num(Und) · Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und)-- Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 

Fixed 2 
Num(Und) Fixed 4 
Num(Und) Fixed 2 

CHEMICAL DATA STRUCilJRE 

FOR PARTS PER MILLION ENTRIES 

Data lVI>e Formal No. of Decimal Oiszit> 
Num(Und) Fixed 2 
NumrtJnd)_ Fixed 2 
N1mt(Und)_ Fixed 2 
Num__filnd)_ Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
NumrtJnd) Fixed 2 
N1mt(Und)_ Fixed 2 
Num(Und) .fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 

B-2 

Unit 

. . 

Unlt 



DATABASESTRUCTUREHLES B-3 

PUMPING TEST DATA STRUCTIJR.E 

DATAENTRY No. of Characters Data l'vPe 1 Formal No. of Decimal Digits Unit 

Well Ident 10 Well 

TestDate 10 Date dd.mm.vv 

Distance ilo Num(Dim) Fixed 2 m - -
Avd'Rate 15 Num(Dim) Float 7 m3/dav 

Duration 15 Num(Dim) Float 7 min 

InSatTh 15 Num(Dim) Fixed 2 m 

. Transmissivitv 15 Num(Dim) Float 7 m2/day 

S tora"" "5 Num(Und) Float 7 
Leakance 15 Num(Dim) Float 7 1/day 

·-ConfAqThickness 10 Num(Dim) Fixed2 m 

b 10 Num(Dim) Fixed2 m 

1 10 Num(Diin) Fixed2 m 

d 10 Num(Dim) Fixed2 m 

11 10 Num(Dim) Fixed2 m 
d1 10 Num(Dim) .Fixed2 m. -
StandardEnor 10 Num(Dim) Fixed2 m 
Method 25 Otar 

PUMPING TEST ADDmONAL DATA STRUCfURE 

DATAENTRY No. of Characters Data l'vPe Format No. of Decimal Oi2its Unit -
-Trme 10 Otar 
Drawdown 10 Otar 
PRate - 10 Otar 
Selection 10 Otar 
EstValues 10 Otar 
Diffe:rence 10 Otar 

HYDROGRAPHSDATASTRUCTURE 

DATAENTRY No. of Characters Data l'vPe Format No. of Decimal Djgits Unit 
Well ldent 10 Well 
AQUifer 30 Otar 



DATABASESTRUCTURE~ES 

HYDlWGRAPHS ADDmONAL DATA STRUCURE 

DATAENTRY No. of Characters Dat.a l'vPe I_Format No. of Decimal Diltits Unit 

Date 10 Date 1 mm/dd/yy 

Tlllle 10 Trme 1 hh:mm:ss 

IDet>th 10 Num(Dim) 1 Fixed 2 - m 

Leve! 10 Num(Dim) 1 Fixed . 2 m 

WELL LOG ANP LITHOLOGY DATA STRUCTURE 

DATAENTRY No. of Characters 1 Dat.a Tvoe Format No. of Decimal Diltits Unit 

Wellldent !O Well 

DrilL Dates 25 0\ar 
SWL 10 Num(Dim) Fixed 2 - m 

DWL 10 Num(Dim) Fixed 2 m 

DrilL Method 30 0\ar 
ConcrBlockDx 10 N Fixed 2 m 
ConcrBiockDv 10 Num(Dim) Fixed 2 m 
ConcrBiockH 10 Num(Dii¡lJ _ Fixed 2 m 
AboveGS !O Num(Dim) Fixed 2 m 
Vert.Scale 10 Num_í!)ndl Fixed 1 
Hor.5cale 10 NuÍn(Und) Fixed 1 

STEP DRAWDOWN TEST DATA STRUCTURE 

DATAENTRY No. of Characters 1 Dat.a l'vPe Format No. of Decimal Diltits Unit 
Well ldent 10 Well 

A 12 Num(Und) Float 4 
B 12 Num(Und) Float 4 
p 10 Num(Und) Fixed 2 
Efficiencv 10 Num(Und) 

-
Fixed 2 

GRAIN SIZE CURVE DATA STRUCTURE 

DATAENTRY No. of Characters Format 
Well ldent 10 



APPENDIX C.·~. ENTRYAND REPORTING FORMS 
•• _ _¡ • - • '. - > 

···.~ 

PARTONE: 
ENTRYFORMS 

. . :-..o~- ... - ~ ...... _.; •.. :-

MASTER DATA ENTRY FORMS (in English, Portuguese, 
and Spanish) _ - -

. ' ----

ldantlflcatlon 

DADOS PRJNOPAIS 

CORSAN SISTEUA DE INFO~ES DE ÁGUA SUBTEIIRANEA 

TOPE DELACUFERO FONDO DELACUFERO 



..... ENTRY & REPORÍING FORMS C2 

CHE~CALDATAENTRYFORMS 

ORGANICS IN WATER AND SOIL 
WaD tlent 1.1.1· Tli>hlx>elhane 

1.12· 

Tc!wne 1·(2-lolethaqo-1-metllyl . .p-
Benzano 

MotllyiEihyt 2·Ho>canono 

PC9-12fiJ Phonol 



ENTRY & REPORTING FORMS 

PUMPING TEST ENTRY FORMS (in English and 
Portuguese) 

Po~ 

Colld.llidr. Seleciouda (mlh) . 

Test 

~ 

NorthiJo; (m) 

C3 

' 



ENTRY & REPORTING FORMS C4 

HYDROGRAPHSENTRYFORM 

Water Levels 
-::·::: 
:.:': . ;.: :< ·:.: ': ~.; .:.::: : .· .... ::: ... 

Aquile:r 

E.-tlng (m) 

::·:. :·-·· 
·.-· ... · .. ·._ .. ·: .. 

WELL LOG ENTRY FORM 

Well & Construction 

ldentification 

()rill. Dalas 

SWL(mamol 

. Com menta: 



ENTRY & REPORTING FORMS es 

ADDITIONAL LITHOLOGY ENTRY FORM 

Addltional 
WeD tient 

~(mMS~ 

X 

-!, 

STEP-DRAWDOWN TEST ENTRY FORM 

ldentfflcation 



l 

ENTRY & REPORTING FORMS C6 

PART TWO: REPORTING FORMS AND REPORTS 

Wellldent 
STIFF Diagram • 

MW-5 
1 Name IType 

Milliequivalents per liter 
54 3-2 1 o 1 2 3 4 5 

Cations 

Ca Mg Na K Fe 

Milli{!quivalents per liter 0.5998 3.0000 0.2001 0.01509 0.0645 

Müligrams per liter 12.02 36.47 4.60 0.59 1.20 

Anions 

HC03 C03 S04 Cl N03 

Milliequivalents per liter 3.90000 0.01999 0.02003 0.00807 

Milli¡jrams per liter 237.95 0.96 0.71 0.50 

BOD COD Diss. Oxygen F B Si02 
--

TOS Hardness Alkalinily Conductivily pH SAR 
229.00 270.00 7.50 0.1491 

1 WaterType Magnesium Bicarbonate 1 Cations (epm) Anions (epm) 
3.88 3.95 

Error Balance (% 
Aquifer ···-. 

1.75 
---



· ENTRY & REPORTING FORMS C7 

--lif2:;;;,;:'i~jg;~~~~.~:;.,;;~:1; .. ; GQN~TION;i~riErnfsEirn:s :. ,;:::·,:t.':; ... ·· · CJ 

Wellldent 

MW-1 

Depth 
[m] 

150 

¡Name 

Northing Ground 
150 86.00 

Leve! 
[m] 

75 

70 



ENTRY & REPORTING FORMS es 

Schoeller Diagram ~ 
Schoeller Dlagram 

5 ~80 60 300 5 
50 ~so 200 MW-1 

4 80 4 
70 40 80 200 

3 60 70 3 MW-2 
60 ~80 -----

50 1 ,30 
50 80 • MW-3 : l 2 40 1 1 70 2 ·······-----

30 /.~. ~-, ..... 
40 60. ~so 50 

MW-4 
30 l" 80 -------

~--· .......... " \ ', ---·-- )' .:.- \.. .... 40 11 70 MW-5 
A.9 zo·: \ ~1 60 o.l -~ 2o ff1 

--------· 
0.8 ¿o .~. 30 50 0.8 MW-6 -.. , f., 1 
0.7 

8 1 '·' 1"· ... , 1 40 0.7 -------
0.6 7 •• ' , .. !:¡ 1 0.6 
0.5 ~o 6 '. \ ,~. , .. , 1 30 0.5 

0.4 8 5 \ 'if\. 20 ¡~ 1 0.4 
7 

. 8\\ i· . .. 1 
4 1 't 1 20 

0.3 6 1 7' \y, 
¿o ¡ill 1 0.3 

5 3 6 '.IX· . . ¡: 1 \ 5 '.\V. 8 . 'J j} 1 0.2 4 \\1. 7 ~ •• 1 
0.2 

2 4 •• \- 6 '1 1 ~o 3 ·. \ \\, 
5 .t f: 1 3. . \\ 8 . '. '+ . 1 1 

1. 1 7 

S:A9 2 \ \ 51• 6 o~ó~ •1 1 
0.08 A.9 

2 1 / 4: 1 5 0.08 
0.07 / 11 1 0.07 
0.06 

0.8 \ '>( p: 1 4 
0.06 0.7 . / ' 1 1 0.05 A.9 0.6 1 ' 3 0.05 

1 
. 1 

0.04 0.8 0.5 A.9 . 1 i 1 0.04 
0.7 0.8 \ 1 

. 1 
0.03 0.6 

0.4 0.7 1 1 1 2 0.03 \ 
A.~ 0.5 0.3 0.6 1 

0.5 \ o. 1 
0.02 0.4 

o:61 
A.9¡ 0.02 

0.2 0.4 
A.9 0.3 1 0.81 

0.5 1 01 0.3 o. 0.8 
0.4 1 0.7 

S:8A9 0.2 \ o 0.6 o~o8J 
8:A9 

0.2 0.3 \ O.f 0.5 0.008 \ 0.008 
0.007 0.08 1 o~ 0.4 0.007 
0.006 0.07 0.2 1 0.006 
0.005 8:A9 0.06 \ 1 o.:r-o.oo5 

. 0.05 S:A9 1 q.2 0.004 0.08 \ 0.004 
0.07 0.04 0.08 1 1 0.2 

0.003 0.06 0.07 
S:A9 1 1 0.003 

0.05 0.03 0.06 1 1 
0.05 0.08 1 

:A9 0.002 0.04 0.07 \ 0.002 
0.02 .. 0.04 0.06 1 0.08 8:A9 0.03 0.05 \ 0.07 

0.03 \ 0.06 0.08 
0.04 0.05 

0.07 
0.001 0.001 

EPM Ca Mg Na CI 804 HC0
3 

EPM 

5 '-~ 



ENTRY & REPOIITING FORMS 

Piper Diagram • 
L-------------~--~~------------~ 

Plper Dlagram 

60 

20 

100 80 60 40 20 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 

Ca 

CATIONS 

100 

80 80 

Ca+Mg 

20 

·~~~~~~~~~~~o 

o o 20 40 60 80 . 100 

Cl 

ANIONS 

C9 



ENTRY & REPORTING FORMS ClO 

Wilcox Diagram 

Wllcox olagram 

Sodium 
(alkali) 
Hazard 100 500 1000 5000 

Very 30 30 
High 

28 S4 

26 

High 
S3 

20 20 

18 
~ 

< 16 
Medium en 14 

S2 
12 

10 10 

8 

Low 6 
SI 4 

2 

o 
Conductivity (micromhos/cm at 25 •e) 

1 

Cl C2 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 



• 
Wellldent 

P-103 

P-152 

P-153 

P-163 

P-166 

P-170 

P-177 

P-180 

P-186 

P-20 

P-206 

P-577 

P-580 

P-600 

P-72 

P-74 

P-84 

SRRG-19 

SRRG-22 

SRRG-38 

SRRG-4 

SRRG-7 

SRRG-8 

..... . '• ~li:l.. ... ~ " .. .· .•. . . . . 1 [:1 u.,. ¡[ ·i-1·1 ' . . . . ' ., ...... 
. ' ·, .... ¡,,: .. :~:.~· ·.1.·: .,,,¡·~· . . . :l~ .. •· ' . ili . ., . 

>In ppm. sums of an/ons and •auv• ,; In epm. TOS In ppm. • Tn-=miiiiSi m a~ _Al/ 

Ca Mg Na, K Fe Catlons HC03 S04 Cl N03 • ~ •. TDS 

24.05 18.11 13.79 i 1.56 

12.83 21.88 23.91 2.35 

17.64 20.67 29.89 0.39 

15.23 17.63 12.87. 0.78 

14.43 

12.02 

14.43 

24.05 

17.64 

34.47 

64.53 

16.83 

14.43 

23.25 

25.25 

38.48 

21.24 

10.02 

9.62 

10.02 

8.02 

4.41 

6.41 

18.11 

36.47 

15.93 

15.80 

17.87 

26.02 

10.09 

17.38 

17.38 

21.76 

26.02 

20.30 

19.45 

10.94 

10.33 

8.27 

9.60 

1.95 

¡ 9.36 

13.79 

4.60 

16.78 

11.95 

25.98 

27.36 

34.94 

15.86 

22.99 

30.80 

24.83 

14.94 

19.77 

213.79 

197.70 

43.68 

183.91 

2.30 

39.08 

0.39 

0.59 13.03 

0.39 

1.17 

1.56 

0.78 

0.39 

0.39 

0.39 

0.78 

2.35 

1.96 

2.74 

1.17 

3.52 

4.30 

3.91 

2.35 

2.74 

3.33 

3.54 

3.89 

2.79 

2.82 

4.62 

2.77 

3.05 

3.52 

5.o7 

5.58 

2.97 

3.16 

4.31 

4.54 

4.29 

3.59 

10.73 

10.02 

3.19 

9.29 

0.54 

2.86 

187.92 3.84 5.32 

206.83 0.05 2.84 

223.92 1.92 2.84 

162.90 4.80 1.77 

172.67 

237.95 

158.63 

164.73 

183.04 

280.66 

331.91 

170.84 

189.75 

244.05 

259.91 

77.49 

202.56 

430.75 

506.41 

152.53 

408.79 

25.63 

122.03 

0.05 1.42 

0.96 0.71 

0.05 2.84 

4.80 3.90 

24.98 1.77 

12.97 4.96 

7.68 2.84 

0.05 3.90 

0.05 5.67 

0.96 0.35 

0.96 4.96 

7.68 3.90 

1.92 3.90 

0.96 1 66.64 

0.96 71.61 

24.98 

12,01 

1.92 

39.87 

5.67 

99.26 

1.77 

7.80 

37.20 

3.31 255.00 300.00 

3.47 272.00 320.00 
' 3.79 299.00 1350.00 

2.82 218.00 280.00 

2.87 

4.54 

2.68 

2.91 

3.57 

5.01 

5.68 

;2.91 

3.27 

4.27 

.4.42 

4.10 

3.47 

. 10.39 

. 10.34 

3.18 

9.75 

0.51 

3.05 

222.00 

229.00 

248.00 

2?8.00 

274.00 

390.00 

454.00 

226.00 

252.00 

330.00 

345.00 

243.00 

273.00 
' 

780.00 

805.00 

254.00 

730.00 

42.00 

229.00 

280.00 

27Ó.OO 

250.00 

290.00 

340.00 

470.00 

520.00 

260.00 

290.00 

370.00 

410.00 

380.00 

330.00 

950.00 

900.00 

290.00 

900.00 

45.00 

250.00 

'J 



·MW-1 

150 

MW-1 

480 

460 

440 

420 

380 
360 

340 

320 

300 

280 

260 

240 

220 

200 

180 

160 

140 

120 
lOO 

80 
60 

40 
20 
o 

ENTRY & REPORTING FORMS C12 

Chemistry Concentration 1 Time 

150 85.00 

1994 



ENTRY & REPORTING FORMS . C14 

1 W eliLog: Lithology & Construction 
Well Ident 

MW-2 
IName 

1 Drill. Method Rotary with bentonlte 

X 800 y 250 

1 Water Leve! (m AMSL) 

Depth Hola 
[m] 

5 

10 12 

15 

25 

30 

35 

40 

45 
8 

50 

55 

60 

65 

70 

Annulus 

Conductor 
Pipe 

· Cemented in 

Gravel 
Pack 
WeU 
tborougbly 
developed 
for 24 boUI'S 
by.fump!ng 
an surgmg 

Open 
bol e 

88.20 

1 DriiL Dates 15 to 22 March 1994 

Meas:Pt. Elev. 93.00 

es. SC4ks (1: xa) 

11 Horizontal 

Uthology 

CLA Y, witb some 
. siJt and fine sand 

SAND, f"me to medium 
grained 

LIMESTONE dolomitic, 
fnu:tured 

DOLOMITE with marly 
limestone, brown 

40.0 

Elev. 
[m] 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

1 



ENTRY & REPORTING FORMS C15 

TESTE DE BOMBEAMENTO ::. 

~------------------~~ 
POCO 

--

G 1433RM 1 P3 

· Disl P~ Obs. [m] 
6.0o- -

1 

Transmissividade [m2/h] 
9.10 

Método 

-

0.01 

-

-

- 0.1 
5 -= -e ., 
5 .a 
~ ·-.a 
.e ., 
~ 1 

·-

10 
0.1 

--

1 Municipio 
Flores da Cunha 

Vazáo Média [m3/h] Durac;áo [min] Espes. Sal Inicial [m] 
6.6667 900.00 

--· 

Resultados 
1 

Erro da Estimativa [m] 
0.02 

Coeficiente de Arrnazenamento Gotejamento [1/day] 
0.0097678 - -

--

1~ 
"-., 

r-, 

• 

1 10 

Tempo [min] 

-

100 

0.049710 

Método de Hantush 

--~-

• 
. 

1000 

,:-·/!) 
~· ..:¡ 

1 



Fit Method 

ENTRY & REPORTING FORMS 

Average Pump. 
15.000 1200.0 

Cl6 

Theis Method 

... 

'"'·· 



Well No. 

A-0001 
X 

123556~ 

j Aquifer 

Depth [feetl 
95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 
80 

.. 

(\ 

1 

81 

1 

l 
~'" 

_¡_ 

82 

ENTRY & REPORTING FORMS 

-· 

Descnption 

y 

10781674 

Quatemary 

t ~ 

~ 

-

1 _¡_ 

83 84 85 

Hydrograph Reporting Form . 

----

Observation well in St Johns District 

üround Surt". Elev. 
153.36 

. 

A-OOOI-

1 

~ 
~ 

1 
86 87 88 89 90 91 

-

Measunng 1"1, Elev. 

~-
·v 

-

92 

153.36 

Level [feet] 

-

93 

-

-

-

-

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

C17 

-



C-18 ENTRY &: REPOXI'ING FORMS 

::·:\~.::~: ~ . ·, .. ~---~· ... ::/,..:_ :~.,, .: - :Gnlm SIZe:cu~ ;;:;:- ~~-:.J':~ ";_,/::;;~, --- '<'<' .. 1 
W~ldent 

GSC-1 1 Descnptio" Honitoring Wel.l, LaDdfil.l RN Prcjec:t ] 

-12-14m 

---- 17-21 m 

100¡¡¡¡¡¡ 1 1 1 ililll 1. 1111 1 1 1 1 1 1111 1 1 1 1 1 

:11111111111111111 N~W llllllllllllllllllll 
711 

f: \ 

1\r, 
\ 

Q. 

#-40 
~ 

30~~~--~~~--~~~--~~ 

20~fH-+4--~fH-+4--IIH-I'H-+4-ll!l- ~-~ 

10~fH.+4~~~~~HH++4-~#+~+-­

o~~~~~~~~~~--~~~-
1000 100 10 1 0.1 D.01 D.001 car.nsam-. ..... 

Gr.- - sa-CIIy 1 j 1! j i ~ !11111 ~ 
> 

sew ~ (rnmJ 12-14m 17-21 m 

- --

0.001 3.00 7.00 

0.010 7.00 11.00 

0.050 12.00 15.00 

0.100 18.00 21.00 --
0.200 18.00 24.00 
0.500 22.00 28.00 
1.000 34.00 311.00 
2.000 44.00 52.00 
5.000 112.00 77.00 -

10.000 79.00 87.00 
20.000 117.00 118.00 
25.000 100.00 100.00 

--
- - -

:_.¡,...;. 



'.1\ 
~ ) ., 





LE GENO 
1:17110110 (HI 

11:11011 M 

~:o~ .. ~~~~.:::. 
!f¡~·=-..... . ·.·.·.· . .,.,., .... ,,,, ., 



C-22 'ENTllY & REPOin'ING FORMS 

PAIUTHREE: 
ASCIIffiE 
FORMFOR 
ADVANCED 
USERS 

Master File Entry 
Form 

mcr 'GWW M~~Soor Dala' (130.30.1470.!10) 2.1S.ZO.zo P(O.O.DJ 1l(l91.0.D) 
'GWW MIISoor Ilua' cc.o.o 
'ADa!' 20.U.D C(0.155.2SS) 

DATA 'Wellldmt. . '(l20.1Sl.2'UJ10)2.1S.D.OP(O.Ó.D) 11(255 255255) 
1dmt ·wo.o 
'NS 50115 Sorif'l2.l.D.O C(O.O.D) 
CIU0.-10 
'NS Soao s..;r 14.1.11.0 C(O.O.D) 

DATA Tw q - ; t390.VOM0.100) 2.15.0.0 P(O.o.D) 11(255.155.2SS) 
'DMaiplian • wo.o 
'Helv' 8,0,0.0 C(O.O.D) 

. -CIU0.-10 
'Camior'lO.O.O.O C(O.O.D) 

DATA 'Dislzia ' (1230.110.370.100) 2.15.0.0 P(O.O.D) 11(255.255.255) 
"Diotrii:t • wo.o 
'Helv' 8,0,0.0 C(O.O.D) 
CIU0.-10 
'Camior'lO.O.O.O C(O.O.D) 

DATA 'Loality '(13037113711.100) 2.15.0.0 P(O.O.OJ 11(255.255.255) 
'Loality . 'II.lO.O 
'Helv' 8.0.0.0 C(O.O.D) 
CIU0.-10 
'Coarior'lO.O.O.O C(O.O.D) 

DATA 'Olmo. '(50037113711.100) 2.15.0.0 P(O.O.D) 11(255.255.255) 
'Owner ·wo.o 
'Helv' 8,0.0.0 C(O.O.D) 
Cll.l0.-10 
'Coarior'lO.O.O.O C(O.O.D) 

DATA 'Well Idmt ' (120.1Sl.2'0.110) 6.15.0.0 P(O.O.DJ 11(255.255.255) 
'ldent 'II.lO.O 
'NS Soms Sorif'l2.l.D.O C(O.O.D) 
Cll.l0,-10 
'NS Soms 5orir 14.1.11.0 C(O.O.O) 

DATA 'Descriptian ' (3!10.170M0.100) 2.15.0.0 P(O.O.OJ 11(255.255.255) 
'Descriptian 'II.lO.O 
'Helv' 8.0.0.0 C(O.O.DJ 
Cll.l0,-10 



ENTRY le REPOKI'ING FORMS 

'Caarior'lO.D.D.O QU.D.DJ 
DAJ'A 1listria • (1230.170..170.100) 2.15.0.0 P(D.D.DJ 11(255.255.255) 

"DiSSZict ·wo.o 
'Helv' 8.0.0.0 QU.D.DJ 
C:B.l0.-10 -
'C.aaDer-' 10.0.0.0 C(O.D.DJ 

DAJ'A 'Uxüty • (130,370,370.100) 2.15.0.0 P(D.D.DJ B(255.255.255) 
'lAality • wo.o 
'Helv' 8.0.0.0 QU.D.DJ 
C:U0,-10 

'O:Iarit!r'lO.D.D.O C(O.D.DJ 
DAJ'A 'Ownor • (500,370,370.100) 2.15.0.0 P(D.D.DJ B(255.255.255) 

-o.m.r ·wo.o 
'Helv' S.O.O.D C(O.D.DJ 
C:U0.-10 
'O:Iarit!r'lO.O.D.D C(O.D.DJ 

DAJ'A 'X • (130.270,310,100) 2.15.0.0 P(D.D.D) B(255.255.255) 

~ ·wo.o 
'Helv' 8.0.0.0 C(O.D.DJ 
CB.l0.-10 
'Caarior'JO.D.D.D C(O.D.DJ 

DAJ'A 'Y • (470.270,3lil).l00) 2.15.0.0 P(D.D.DJ 11(2.55,255.255) 
'Naubi"" _·wo.o 
'Hoiv' 8.0.0.0 C(O.D.DJ 
CB.l0,-10 

1 ~'10.0.0.0 C(O.O.D)-
DAJ'A 'Z , (830.270.3110.100) 2.15.0.0 P(O.O.D) B(255.255.255) 

'Gramul Smf. Elft.' WO.D 
'Helv' 8.0.0.0 QU.O.DJ 

CB.l0,-10 
'Caarior'10.0.D.D C(O.D.DJ 

DAJ'A 'ZM • (1210.270.390.100) 2.15.0.0 P(D.D.DJ '8(255,255.255) 
~ Pt. Elev. 'li.lO.O 
'Hoiv' 8.0.0.0 C(O.O.DJ 
CB.l0,-10 
'O:Iarit!r'lO.O.D.D QU.O.DJ 

DATA 'Map Si8t No. • (1211).370.320.100) 2.15.0.0 1'(0.0.0) B(2.55,255.255) 
'Map lileet No. • wo.o 
'Helv" 8.0.0.0 C(O.O.DJ 
CB,J0,-10 
·c:..an..r·1o.o.o.o C(O.D.DJ 

C-23 



C-24 ENTllY &: REPOKI'ING FORMS 

DATA 'Well Ident ' 
_(120,160,270,110) 2,15,0,0 P(O,O,O) 
B(255 ,255 ,255) 

· 1dent 'LT,lO;O 

- 'MS Sans Serif' 12,1,0,0 C(O,O,O) 

CB,10,-10 

'MS Sans Serif' 14,1,0,0 C(O,O,O) 

The page origin is in the upper left comer. An measures referte the 
upper_Ieft comer. 

-

First box: FJeld Name is Well Ident. The field starts at 120 mm 
~ the left margin up~ mmer of the page (X=l20), and at 160 
mm from the tDJ) ~ (Y=l60). The hari%aúallength of the field 
is 270 mm and íis height is no mm. 

The numbers 2 and 15 represent the úame line thickness -(in 10th of 
a millimeter) and a parameter indka':ú'g whether this is a fullframe 
around the field ora partial úame (wíth ane, two or three lines), 

_respective! y. . 

The numbers 0,0 indicate that there is no border erahanc2n2 the field. 
The following numbers define the border: O- no border; 10- 1 mm 
border line; 20- 2 mm border line, etc. If the number is """"'tive the 
line is te the left or below. If it is positive the line is te-~ right or 
above .. 

The block P(O.O.O) is of no cxmcem. lt defines the colar of the labeL 
but this is overriden by another block on line 3. 

The block B(255,255,255) sets the color for backgrouiid. This combi­
nation is for no color. or white background. 1he sequence is red. 
green. and blue, or RGB. 

Example of an input 
text block in the 
Master Fue Enby 
Form: 



ENTRY &.: REPOKI'ING FORMS ··c-15 

Second bo:r: 'Ident' is the Jabel that will be displayed and 
prinled. Notice that Field NaJne and Label J111DU! do not need tD be 
ihe same. Field Name must appear exactly as it is entered into the 
Data File Structure, but you may type anything tD Label Name. 

The letters U' indicate the horizonlal and vertical a1ignmmt. respec­
tively. The letters llave the fallawing meaning: 

• L=left 
• e =c:c:mer 
• R=right 

• T=top 
• B=boltom 

In this example the ward Ident will start at the left edge of the field 
in !he upper ane thild of !he field. 

The m•mben 10,0 after U' indicate hDrizontal and vertical of&ets in 
X directian (10 teniN of a millimeler), andO in Y direction. 

Third box: 'MS Sans Sedf' is the fant family u.sed to write the 
label1denl'. The four JUD!Ibers after the fant faDüly define the fal­
lowing: 

• fimtsiiC 
• bold (l),IIOIIIUII. (O) 
• italic (1), DOt ilalic (O) 
• vndr:dinrrl (1), not undc:dincd (O) 

In this case, !he fant size is 12 paints, 'Ident' will be displayed and 
p1in1ed as boldface, no ilalia;, no undedining. 

The blodc qo,O,O) indicltes miar íor the 1abel. Three zeros mean 
black, three 255s woukl mean white. Any other c:mnbination wouid 
imply ane of more !han 16 millian <Xlkri. 

Fourth box: it defines the positian and of&ets Íar data to fill the 
field. CB stands far center ~), and bottunt (vertic:ally). 
10,-10 means horizontal offset 10 tenlhs of a mi1limeter (one mm tD 
the rignt), and -1 mm above !he bottum. 

Fifth box: same as box three, but this box refers to data. Font 
fainily is again 'MS Sans Serif', fant size is 14 points. Data will be 
printéd bo!Q, no i1alics, no underlining.lts colar will be black. 

Iext fields differ from Data fields in the f~. Thev 
have only1hree ~ of definilion. The íourth and fifth lineS, whiát 
define tite data filling the field, have no meaning here. -



.• .. ,__ 

APPENDIX D ... VARIOUS ASCII FILES •.. 
PROGRAM'S DEFAULT ANO EXAMPLES 

GWW.UNT 
Units, type of nnits, and 
conversion factors. 
First fine (header) is not 
a part of the file. • 

Data'I}>pe 

Length 
Length 
Length 

·Length 
Length 
Length 
Length 
Length 
Time 
Time 
Time 
Time 

Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
Volume 

Area 
Area 
Area 
Area 
Area 

Flowrate 
Flowrate 
Flowrate 
Flowrate 
Flowrate 
Flowrate 
Veiodty 
Velodty 
Velocity 
Velocity 
Velodty 

-

Unit Conversion 
Factor 

m 1.0000000E 00 · 
.on. 1.0000000E.(12 
mm UXXXXJOOE.m 
inch 2.5400000E.(12 
feet 3.0487800E-{)1 

yard 9.1440000E-{)1 
mile 1.6090000E 03 ~ -
Km 1.ooooilooE 03 

. sec l.OOOOOOOE 00 
min 6.0000000E 01 
hr 1.4400000E 03. 
da y 8.6400000E 04 
m3 1.0000000E 00- · 
1 1.0000000E.m 

an3 l.OOOOOOOE-Q6 
quart 9.4760000E-04 
barrel 1.5900000E-{)1 

-· 
acre-ft 1.2340000E 03 
gallon 3.7850000E.m 
ft3 2.8299688E.(12 
m2 1.0000000E 00 
ha 1.0000000E 04 
ft2 92902260E.(12 
acre 4.0470000E 03 

Donum 1.0000000E 03 
m3/s l.OOOOOOOE 00 
1/s l.OOOOOOOE.m 

gpm 63090000E-o5 -
g(UK)pm 7 .5770000E-o5 
acre-ft/d 1.4580000E-04 
m3/day 1.1500000E-o5 
m/sec l.OOOOOOOE 00 
on/sec 1.0000000E.(12 
m/d 1.1500000E-o5 
m/yr 

. --4.1975000E.m 
m3/s/acre 32708762E 01 

. 
' ., .. 



ASOI FILES- EXAMPLES 

Veloc!ty gpad 
Velocity ft/sec 

Transmissivity m2/s 
Transmissivity . m2/day 
Transmissivity gpd/ft 
Transmissivity g(UK)pd/ft 

_Transmissivity ft2/min 
Permeability m/s 
Permeability m/day 
Permeability crn/s 
Permeability gal/day/ft2 
Permeability ft/s 

/ 
Permeability ft/day· Pressure ____ 

---Pascal 
Pressure polDlds/ sq.in. 
Pressure lb/sq 
Pressure atmosphere 
Pressure millibar 
Pressure kg/m.s2 

Temperature Celsius ---

Energy joule 
Energy ft-lb 
Energy ft-poundal 

-¡- Energy BTU 
' Energy calorie 

Energy kg.m2/s2 
Force newton 
Force pound(f) 

Leakance 1/s 
Leakance 1/miri 
Leakance 1/day 

SpecCapacity m3/s/m 
SpecCapadty 1/s/m --
SpecCapadty m3/d/m 

1.C26438E-06 
3.0480000E..01 
l.OOOOOOOE 00 
1.1157 400E-o5 
1.3857491E-07 
1:6646841E-07 
1.4860773E-o3 
l.OOOOOOOE 00 
1.157 4000E-o5 
1.0000000E-Q2 
4.7160000E-07 
3.4800000E-Q2 - ... 
4.0277520E-07 
l.OOOOOOOE 00 
6.89SOOOOE 03 
1.0000000E 00 

_1.0130000E OS 
l.OOOOOOOE 02 
l.OOOOOOOE 00 
1.0000000E 00 
l.OOOOOOOE 00 
13560000E 00 
4.2140000E-Q2 
1.0SSOOOOE-o3 
4.1870000E 00 
l.OOOOOOOE 00 
1.0000000E 00 
4.4480000E 00 
1.0000000E 00 

.1.6666666E-Q2 
1.157 4070E-o5 
1.0000000E 00 
l.OOOOOOOE-o3 
1.1157400E-o5 -

D-2 
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ASCII FILES •• EXAMPLES 

PPMTOEPM.TBL 
The fust line (header) 

is-not a part of the me. 

Ca 
Mg 
Na 
K 
Fe 

Constituent 

Mn -
HC03 
C03 
504 
CI 
N03 
NO 
P04 
Si02 
Sr 
Zn 
Al 
NH4 
Ba 
Be 
Br 
Cd 
Co 
Cu 
F 
H 
OH 
I 
li 
Rb 

Conversion Factor 
0.04990 
0.08226 
0.04350 
0.02557 
0.05372 
0.03640 
0.01639 
0.03333 
0.02082 
0.02821 
0.01613 
0.02174 
0.03159 
0.27750. 
0.02283 
0.03060 
0.11119 
0.05544 
0.01456 
033288 
0.01251 
0.01779 
0.03394 
0.03148 
0.05264 
0.99209 
0.05880 
0.00788 
0.14411 
0.01170 
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ASCII FILES .. EXAMPLES 

GUARICO 
Example of a line file 

(a river). The flrSt line 
(header) is nota part 

oftheflle. 

X Coordinate 
672327.68700000 

. 672175.68700000 
672210.687()()()()() 
672457.68700000 
672540.68700000 
672367.68700000 
672282.68700000 
672537.68700000 
672610.68700000 
672987.68700000 
673195.68700000 
673057.687()()()()() 
673247.68700000 
673535.687()()()()() 
673897.68700000 
674237.68700000 
674337.68700000 
67 4067.687()()()()() 
673997.68700000 
673870.68700000 
673510.687()()()()() 
673117.687()()()()() 
672930.68700000 
673002.687()()()()() 
673177.687()()()()() 
673017.687()()()()() 
672712.68700000 
672515.687()()()()() 
672575.687()()()()() 
672857 .687()()()()() 
673002.68700000 
673257.68700000 
673462.68700000 
673205.687()()()()() 
673342.68700000 
673570.687()()()()() 

Y Coordinate 
970824.25000000 
970572.25000000 
970399.25000000 
970604.25000000 
970307.25000000 
969797.25000000 
969622.25000000 
969119.250()0000 
969004.25000000 
969432.25000000 
969052.25000000 
968689.25000000 
968517.25000000 
968509.25000000 
968989.25000000 
968362.25000000 
967899.25000000 
967649.25000000 
967559.25000000 
967364.25000000 
967297.25000000 
967222.25000000 
967219.25000000 
967~7 .25000000 
967689.25000000 
967897.25000000 
967592.25000000 
967367.25000000 
9670U.25000000 
96677 4.25000000 
966592.25000000 
966827.25000000 
966687.25000000 
966262.25000000 
965977.25000000 
9657 44.25000000 
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ASCII FILES .. EXAMPLES 

673682.68700000 
673670.68700000 
673920.68700000 
673747.68700000 
673130.68700000 
673295.68700000 
673377.68700000 
673372.68700000 
673152.68700000 
673155.68700000 
673862.68700000 

·--· --------
RANDOMDATA 
FILE EXAMPLE 

The first line -
(header) is not a 
part of the file. 

X Coordinate 
665000.0 
659000.0 
643300.0 
639300.0 
657900.0 
660000.0 
663600.0 
657800.0 
654863.0 
675800.0 
668100.0 
657700.0 
645300.0 
640700.0 
651500.0 
653200.0 
657800.0 
662200.0 
632600.0 
662400.0 
665000.0 

Y Coordinate 
958000.0 
959900.0 
965700.0 
965700.0 
949000.0 
953500.0 
950300.0 

. 945300.0 
938521.0 
962300.0 
954200.0 
964800.0 
955000.0 
961600.0 
955800.0 
966400.0 
967800.0 
967700.0 
959000.0 
967000.0 
958000.0 

966107.25000000 
966444.25000000 
966294.25000000 
965404.25000000 
965314.25000000 
965077.25000000 
964637.25000000 
964417.25000000 
964372.25000000 
963887.25000000 
963927.25000000 

Z Coordinate 
8331000 
83.90000 
81.82000 
81.50000 
80.00000 
79.00000 
78.00000 
80.00000 
7630000 
85.50000 
82.50000 
85.20000 
77.70000 
79.65000 
81.50000 
87.05000 
83.25000 
89.40000 
75.00000 
85.00000 
8331000 

Well Ident. 
EI_Frio 
P-184 
P-540 
P-543 
P0-1 
P0-2 
P0-3 
P0-4 
P0-5 
SRRG-10 
SRRG-11 
SRRG-15 
SRRG-18 
SRRG-21 
SRRG-24 
SRRG-28 
SRRG-3 
SRRG-4 
SRRG-40 
SRRG-5 
SRRG-7 
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ASCII FILES .. EXAMPLES 

669000.0 
661100.0 

PUMPING TEST 
DATAFILE­
RECOVERY 

· The first line must 
contain O for the time, · 

O for the drawdown, 
and the pumping rate. 

The second Iine must 
contain the total 

pumpiitg phase time, 
the total drawdown at 
the moment when the 

pump was shut off, 
and O for the pumping 

rate. Zeros for the 
pumping rate need not 

be typed after the 
second Iine. 

Tune (min) 

0.00 
240.00 
241.00 
242.00 
243.00 
245.00 
247.00 
250.00 
255.00 
260.00 
270.00 
280.00 
300.00 
320.00 
340.00 
380.00 
420.00 

959200.0 
966800.0 

84.35000 
89.15000 

Residual 
Drawdown (m) 

0.0000 
1.0000 
0.8900 
0.8100 
0.7600 
0.6800 
0.6400 
0.5600 
0.4900 
0.4500 
0.3800 
0.3400 
0.2800 
0.2400 
0.2100 
0.1700 
0.1400 

SRRG-S 
SRRG-9 

Pumping Rate 
(m3/day) 

2500.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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ASCII FILES- EXAMPLES 

Master Data Input/Output File~ produced by the Master Application's option 
Write to STD ASen Output. 

<Wdl-> <D j¡. > <Diooriol> <laúly> <o.-> <X> <Y> .<Z> <ZII> <r.clc--·ioo> <,.,..cllllpl-·,.:·> 
<Ja: ........... lly.> <Drilldlllr.> <e-:> <~a.r-> J)M.CIO 

B-1-----::=~------.:=---.::o - a.. 
!120.CXI ICXI.IIl ~- &ail ___ ....._ --·--- DoltO_~at_-_t.-._ -

llOO.CXI · 
ICXI.IIl ~- a.;¡ ___ ....._ --·--- DoltO_~at_-_t.-._IL_ 

The important things t0 remember when creating such a file using a tcxt ptucessor .llre the 
following: 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

The top 1incs (one or more) of the file, the "header" lincs, must conmin fidd names 
within squaie biaekets. 

The sequence of field names is not impOitant, but it must be consistent with the dala 
columns that follow. 

The fidd na mes must be typed exactly the same as tbey are enten:d into the file structure 
fót that particular application. This means the spe11ing must be co.mc:t and upper and 
lower case rule must be honored. 

The dala 1incs must conlain an equal number of data columns as specified in the header 
line(s). 

The 1ength of dala columns depends on the type of data. For character type the dala 
column should consist of exactly the same number of characters as specified in the file 
struc:ture. E.g., ü the field name "lnvestigation by" is specified as a field of 20 
characters, the data column must have exactly 20 characters. Add the character underline 
U to fill the field. In the example above, the field for "lnvestigation by: • is typed as 
Dames_&_Moore , making it 20 characters long. For numeric values the length 
of the field is not iinportant as long as there is at 1east one blank: fidd before and after 
the numeric value. If there is no dala (value) for a parametcr you should type one 
underlined U character instead the value. 

In character-defined field names, such as lnvestigation by:, ü there is more than one 
word, the words must be connected with one or more underlined U characters. In other 
words, GWW interprets a blank space as the end of the previous field and beginning of 
the next field. 

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 Fluorotrichloromethane was 
reduced to Fluorotrichloromet. ·· 



ASCII FILES- EXAMPLES D-8 ______ ..=;=.;.=:;;;~~;;,.,;;;:;;:__ _______ ,. 

Chemical Data Input/Output as produced by thc Chemical Applic:ati~'s op~­
Write to S'ID ASCII Output. 

<Wcll-> <O. a..> <8aiiiW-> <~> <-...,> <Hil:bl> <Zioc> <-> <..,._> <~> <~> 
<1.-t> <....._> <l.l.I·Taidw a > <1.1.2-Triala: 5 > <1.1-D'ó' > <1.14'($' > <1.2--D" H 1 > 
<1.2-Dir:\' 1 eor> <N alww> <Toe..c> C:Z..V rt xy~lpr> <1.(2 "C Jp;; cy> <1.0·.......,·1.....,.> 
<E ',p ¡ J > < > < . -=id> <N "'*'-N-.~> <T > <..._> <•s;' > 
CQ' ' ><T'**>•F ><!·t .... QiaridD>CT' ><XJI-D><"->C!'Sca:;r ><22 > 
ccmc. .Dildidc.> <~> <T > <Y..,t a.lañdD> <Ptaaa· !' > <&a.c> <O;' , > 
<)' 5 ;IC) 1 1 > <~~'-> <CV' 2 > <2;: a ;D' > <BJ•--= C'JRW> <.....,. e, 1 1 > <~ 
Hc:aae> <2-Mcllly)llt:aK> <lb*cwbccC51112> e~· C,T > <D '¡. > <Dillric:l> <~> co..r> <X> <Y> <Z> 
<2M> <IlrDof > <1)poof'br' . ·><k isai::a -.,::> <Ddlal-,:> < > <.....,..-.,.:> 
B-1_ APR._I!I!IO_ _ ;. J!ICIDIIO 11110 _ JGDD.CIDO 

JIOO.aii · ··-
ui6.oo 

920.00 100.00 ~- w_-_-..._ __ .a ___ DaO_Drillill..af ___ '--,_IL_ 

lllllii.IIIIO JICII.IIIID :z:tai.IIIIO 

----~~----------~~~~~~~--~--~-------~--~--~---D«UD 937.00 JCIO.CIO ~- ... ___ ..,.._ __ .a ___ DaO_DrillioJ..af_-_'--._11. _ 

______________ DnW_awm_.a_ 

Lithologic Data Input/Output as produced by lhe CbcmicaJ Applic:ation's option 
-- Write to S1D ASCII Output. 

WJ!U.: SllllG!I--­
X: 1561100.00 
Y: 9156100.00 
El.EV: 16.00 
I!I.BVN: 17 .IX) 

CBI Ol"''C'DX: O.SO 
CB! IJCKDY: 0.50 
CB1 <VXH· 0.40 
VSCAIJ!: W.O 
USCUE: ttJ 
Uill: 

IUIXlCAY 
17.CIDO SAND 
20.1100 OllA VEL 
:U.200CAY 
•uoo OllA vm. 
•1.700CAY 

HOU!: 
IO.CIDO 
:U.200 
.1.7110 

CASINO: 
IO.CIDO 
:U.200 
•1.700 

SCJIEI!lil: 

0.500 
0.300 
0.200 

0.000 
0.200 
0.100 

IUOO 20.1100 
30.000 00.000 

ANNI!t.IIS: 
10.11110 ceMI!NT 
.1.7000WS 



ASCII mES. EXAMPLES 

In this file you may not change the labels on the left side ending with the colon. You may 
change the aUgnment of onmeric values, that is the number of blank spaces. 1be cocles undcr 
entries LITH: and ANNULUS: must be consistent with cocles contained in the .DLT files tbat . 
you intend to use in the data base. 

Pumping. test ASCll file contains only the time/drawdownlpumping rate data. Other 
information about a test you must input manually (distance .to the observation well, type of 
aquifer, párlial penettation parameters, cte.). One eumple is Ieptoduced below. · 

3.00 0.2!110 220.0000 
5.00 0.69!10 220.00110 
1.00 1.2990 220.00110 

12.00 2.0!190 220.00110 . 
20.00 3.21110 220.00110 
ZI.OO 3JI010 220.00110 
30.00 UCIOO 220.0000 
31.00 4.'7000 220.0000 
.r/.110 5.1000 220.00110 
50.00 5~ 220.00110 
'11.00 5.'1Vl0 220.00110 
'70.00 6.1010 220.00110 
10.00 UOlO 220.0000 
90.00 6.'1V10 220.0000 

100.00 7.0000 220.00110 
130.00 7.5010 220.00110 
1'11.00 1.2!110 220.00110 
200.00 1.5CDO 220.00110 
ldO.OO 9.21100 220.0000 
320.00 9.69!10 220.00110 
310.00 10.21110 220.00110 
500.00 10.19!10 220.00110 

Again, it is not impoitaat to have the data lines aligned as in the example above. Data must be 
separated by at least one space. 

Area ASCll File 
1000.00 1000.00 50 
11'70.14 1000.00 51 
11'70.14 191.22 52 
11.ri.Jol 191.2253 
11.ri.Jol MJ.22 54 
1159.34 MJ.22 55 
1159.34 771.22 56 
1Dn.N 771.2257 
1Dn .M 914.62 51 
1000.00 914.62 59 
1000.00 1000.00 50 ,. 

This is a simple file which contains two columns: Z and Y c:oordinatcs. The 1ast line's 
coordinates must coincide with the first line's coordinates. The file must termínate with 1•. You 
may have two or more areas within the sarne ASCll file. Each area is separated from the next 
with a line containing the combination /*. 

'/; 
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-Text ASCll File (for mapping application) 

"SOLVENT BUILDING" 1020 970 
10 o 17 49 o "Palton" o o o 1 o o 

The format of this file is cxplained in Chapt.cr 15, sec:tion 15.7. 6. 

D-10 

An ASCII ten file with mcm: than one line of tenis n:produc:ed bclow. It storeS the iiiformation. 
on labeling lithologic cross sec:tions on a map. Then: are 3 cross sec:tions identified as North­
South, NW-SE, arufWest-East . 

.,.... 1110 1013 
10017560._"000 lOO 
"NNJmm" l210 liMO 
10017490--·000 100 

. - .. "'W!!sr 965 915 

l001756o._•ooo lO!J_ 
"BASr l:M'7 192 
10017560._"000 lOO 
·sounr 1200 7!0 
10017560 ..... "000 100 
"SE" 12!5 7tO 
10017560 ..... "000 100 

Grid File. This is a _portian of a grid file. The imponant thing to remembcr is the number 
of rows (NR) and columns (NC) in a grid model. The file must contain NRxNC valucs. ThA 
may start from the lowermost row or from the uppermost row, since, when input into GWW tir­
program will ask fiist whether the ordcring is from Ymin to Ymax, or the other way around. 
The number of decimal points is not important, neither is the alignment of dala columns, as long 
as the elata are separated by at least one space. 

75.91119 75-"92 71.19!N 71.91117 1l.OOI9 
71-1 71.:K71 71.3617 71.1DI 71.20C 
71~ 71A3CI! 11.sn5 10A31( 'lO..SIJ9 
'10.7251 '10.9576 71.2U111 71..scm 113lln 
71.6U1 '10.9715 73.100& 75.6722 75.1195 
15.- 76.Cl!29 76.CIZ91 75..51111 75.1m6 
"UM73 73.73U 73.0179 '/2.3aO 71.71119 
71.2WI '10.9110 10.673C 'lOA999 '10.3136 
'103149 '10.21!0 71..51121 71.'1099 tn.vm 
tfl.!l463 tn.911tf1 tfl.1112 tfi.13CN tfl.7950 
75.1661 75.9112 71.- 71A143 71.6143 
71.7295 713211 71.2Z115 713113 71.(164 
71..51511 71.61Q 70MC2 '10.6:110 '10.7216 
'10.9397 71.111( 71A5CI9 '12.2(06 72.47115 
71.1916 73.9599 74.3612 "U.71Q 7S.9111-
76.2072 16.A075 76..5SZ7 763016 75.1729 
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Severa! ASCU files with extension .dlt (stands for Define 
Lüthology)_have special meaning in the GWW package. 
These files are: - · 

• SCREEN.DLT, 

• U1H.DLT, and 

• ANNULUS.DLT. 

The files with the default extepsion .. dlt contain prepro­
grammed symbols for various lithological units, for well 
screeri~--imd for materials filling the annular space be­
tween the drilled hale and casing. You can use these 
symbols without modification, or_y:ou can make your 
own. 

Ea eh symbol is defined -~th symbol name, which is the 
first word in a .dlt file (e.g. CLAY, Sll.T; up to 10 charac­
ters, sensitive to the case of letters, that is upper case and 
lower case are not the same), and description which will 
show on the printed log. This is one or more words after 
the symbol name. 

The file SCREEN.DLT is the shortest and is fully repro­
. duced below. 

SCREEN Saeen 
22255255127000 

2 0.001.00 

10.00 2.00 

21.000.00 

11.00100 
• 
EMPTYEmpty 
1010 255255191000 

20.000.00 

• 

In this file there are only two symbols; one for screen de­
fined as SCREEN;the other for blank casing defined as 

•• 

EMPTY. You must not change this file's coded names. __ _ 
You may change the way in which a symbol is designed. 
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The file ANNULUS.DLT is also fully reproduced below. 

CEMENT CONDUCTOR \PIPE 
4.6 3.9 255 191 191127 o 127 
20.30 
150 
200S 
150S 
201.1 
14.91.1 

- 201.8 
14.91:8 
202.4 
14.92.4 
203.1 
153.1 
203.7 
153.7 
• 
CLAYH CLAYhard 
3 1 127 255 63 191 63 63 
200S 
00.81 
11.50S 
02.30 
130S 
• 
GWs GRAVEL pack\gravel & sand 
4 5 63 255 255 63 o 127 
204 
015 
124 
013 
104 
221 
032 
141 
030 
121 
212 
11.12 
233 
13.13 
20S1 
10.61 
222S._ 
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12.125 
234 
13.14" 
20505 
10.605 
• 
SANDSAND 
2 2 191255 255 o o 127 
200 

_10.30 .. 
1 0.3 0.3 
100 
211 
11.3 1 
11.3 1.3 
111 
21.3 05 
11.4 05 
11.3 0.6 
2 0.31.1 
10.41.1 
1 0.31.3 
20.715 
10.915 
10.917 
10.71.7 
20.8 0.2 
10.70.4 
10.80.4 

.. 10.8 03 
21.71 
11.61.2 
11.71.2 
11.81 
21.615 
1151.6 
11.71.7-
11.715 
20.40.6 
10.40.8 
10.60.7 
2 0.11.6 
1 0.1 1.7 
1 0.2 1.7 
21.6 0.1 

LITHOLOGICAL SYMBOLS 

' 
r .r~ 
J7/' 

'-~-
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11.603 
11.703 
• 

LITHOLOGICAL SYMBOLS 

This file contains severa! symbols that may be ~d to fill 
the annular space betweetl the walls of the drilled hole 
and casing. You may add more symbols, rename codes 
and type another description. 

Only a portian of the file LITH.DLT is reproduced below. 
This file contains codes and dt;!_scription for lithological 
units that may appear on a welllog. . 

·-
CLAYCLAY 
3 1.5 255 255191255 o o 
20.000.75 
00.751.50 
11.500.75 
02.250.00 
13.000.75 
• 
SILTSILT 
2 2 255 255 191 255 o o 

---------------------------------200 

111 
• 
CWIOS CLAY with interbeds of sand 
3 4 255 255 191127 o 63 
202.9 
00.8 3.6 
11.5 2.9 
0232.1 
132.9 
201.4 
00.8 2.1 
11.5 1.4 
0230.6 
131.4 
20.20 
1 0.4 0.2 
21.20 
11.4 0.2 
22.20 
12.40.2 
• 
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DOLO DOLOMITE 
3 4191255127 o o 63 
201 
131 
203 
133 
2 0.3 3 
102 
232 
12.71 
2123 
1154 
2150 
11.81 
• 
GRAVELGRAVEL 
4 5127255255 00127 
204 
015 
124 
013" 
104 
221 
032 
141 
030 
121 
212 
11.12 
233 
13.13 
2051 
10.61 
2225 
12.12.5 
234 
13.14 
20505 
10.60.5 
• 
GWS GRAVEL with sand 
5 191255 255 o o 127 
204 
015 
124 

LITHOLOGICAL SYMBOLS 
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• 
i.IME LIMESTONE 
3 4 255 255 191 o o o 
201 
131 
203 
133 
201 
103 
21.5 o 
11.51 
21.53 
11.54 
• 
ROCK1Rockl 
2 2 255255 255 o 00 
201 
121 
• 
ROCK2Rock2 
11255255255000 
200.5 

-----------------1-1.0.5----
• 
ROCK3Rock3 
0.5 0.5 255 255 255 o o o 
200.3 
1 0.5 0.3 
• 
ROCK4Rock4 
22255255255000 
2 0.51 
11.51 
211.5 
110.5 
• 
ROCK5Rock5 
11255255255000 -
2 0.3 0.5 
10.80.5 
2 0.5 0.3 
10.5 0.8 
• 
ROCK6Rock6 

LITHOLOGICAL SYMBOLS 
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3 3 255 255 255 o o o 
2115 
1215 
2151 
1152 
• 
ROCK7Rock7 
2 2 255255 255 o o o 
20515 
111 
211 
11515 
• 
ROCK8Rock8 
3 3 255255 255 o o o 
200 
133 
• 
ROCK9Rock9 
22255255255000 
200 
122 
• 
SANDSAND 
2 2 191 255 255 o o 127 
200 
10.30 

. 1 0.3 0.3 
100 
211 
11.31 
11.31.3 
111 
• 

LITHOLOGICAL SYMBOLS 

The meaning and creation of symbols will be_expl(!ined 
using simple examples from the file LITH.DLT. Take for 
example the symbol for SILT. The block for silt is copied 
herebelow. 

SILTSILT 
22255 255191255 00 
200 
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111 
• 

· The first line contains the code for silt "SILT", and the 
default description that will be typed in welllog if you 
do not override the default. (You can also modify this 
default by adding a word or more to Silt to better identify 
the uní t. 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 itseif. 
The philosophy of creating symbols is related to the size 
of blocks. One block is rel'eated in both horizontal and 

---------=-------=v:::-e::-:r:;::ti.-:c-::-,al 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 su eh a square shall 
be symmetrically repeated horizontally and vertically. 
We will demonstrate this concept later. 

The six numbers defining the color are, in the following 
order, Red, Green, Blue (RGB) for the background, and 
Red, Green, Blue (RGB) for the symbol. Remember that 
the number O is black, and the number 255 white. The 
combination 255,0,0 is red; the combination 0,255,0 is 
green; the combination 0,0,255 is blue. 

The combination 255,255,191 is interpreted as light yel­
low background, while the combination 255,0,0 is red 
symbol for silt. 

The block for silt, as well as any other symbol, termina tes 
with ". Between the second line and the asterisk sign, 
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there may be one or many lines. The first number in ea eh 
such line can be 2, 1 orO. The number 2 defines the start­
ing point, number 1 means "connect this point with the 
previous", number O means "make an are through this 
point without actually passing through it". In the third 
line of the SILT block, the remaining two numbers (0,0) 
define X and Y 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 diagonalline ap­
pears in the lower one hall of the square, connecting the 
point with coordinates (0,0) with the point with coordi­
nates (1,1). Since the small block which defined the sym­
bol is repeatedly used, the final appearance of this 
symbol is as is usually used for SILT. If you want to crea te 
a symbol for horizontallines widely spaced, such as the 
default symbol ROCKl, the design would be as follows: 

ROCK1 Rock1 (you riiáy type something else) 
2 2 255 255 255 O O O (white background, black line) 
201 
121 
• 

This is equivalent to saying "draw a straight line from 
starting point with X, Y coordina tes (0,1) to ending coor­
dinates (2,1)", which is along the middle of the block of 
size 2,2. If you want denser horizontallines, the block to 
define should be smaller, and so will be the spacing be­
tween repeating blocks. For example, 

ROCK2Rock2 
11255255255 000 
2005 
1105 
• 

Very narrowly spaced horizontal lines can be obtained 
by assigning even smaller size to the block, say 0.5 by 0.5. 
Thus the design for ROCK3 may be as follows: 

ROCK.3 Rock3 
05 05255255255 000 
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2 00.25 
1 0.5 0.25 
• 

This is interpreted as "eonnect the point with eoordinates 
0,0.25 with point eoordinates 0.5,0.25". 

In addition to eonnecting two points with straight lines, 
you may create an are between two points. This is done 
by inserting a line with the first number O between two 
lines starting wither with the number 2 or l. Suppose 
you want to create a sinusoidalline with amplitude 1.5 
aria period 3.0. The block to define shall be 3 by 1.5. The 
fixed points should be at eoordinates {0,0.75), (1.5,0.75), 
(3,0.75). These will be the three lines with starting num­
ber either 2 (fot the first point) or 1 (for the remaining 
two points). The top of are shall be at the point (0.75,1.5), 
and the bottom of are at the point (2.25,0). Thus the block 
to define a sinusoidal line, which may be used to de­
scribe clay, may look as follows: 

CLAYCiay 
31.5 255 255 255 00 o 
200.75 -
o 0.751.5 
11.5 0.75 
02.25 o 
13 0.75 
• 

By reducing the height of the block from 1.5 to 1.0 the 
waves will beeome more "ironed" and lines closer. For 
example, one may design the following block for schist 
or shale: 

SCHIST Paleozoic Schist 
3 1.0 255 255255 o o o 
200.5 
00.751 
11.5 0.5 
02.25 o 
11.5 .5 
• 



E-11 LITHOLOGICAL SYMBOLS 

You may connect severa! points to crea te a circle, or any 
rounded or semimunded object. Let us create a design 
for semirounded fine gravel. Define this block as 3 by 2. 

SRGRAV Senú-rounded grave! 
32 
2 0.70.4 
1 0.71.5 -
o 1.4 1.9 
11.9 1.4 
021 
11.6 0.5 
o 1.15 0.2 
10.70.4 
• 

As an exercise, double the size of this block and crea te 
grave! grains in checkered position, i.e ... second line 
shifted to middle between two grains in lines above and 
below. 

Now we wiii·create a symbol for "Oay alternating with 
fine sand". Define block as 3 by 2.5, and use the upper 1.5 
units for clay (actually, duplicate the design of CLAY), 
and lower one unit for sand. Start with "Oay line" in the 
upper 1.5 units. The starting point will be at coordina tes 
(0.00,1.75), and fixed points at (1.50,1.75) and (3.00,1.75). 
The are should pass through the points (0.75,2.50) and 
(2.25,1.00). Thus, the upper part of the block would be as 
follows: 

. 

3 2.5 255 255 255 255 O O (red line on white background) 
201.75 
00.752.5 
11.5 1.75 
02.251 
131.75 

The"sand" portien 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. Por example, 

200 
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rt'·' • ·~ '""'""'"'': ,,.... __ ..,...... __ __.:::..=~-----___;;::.:.:::.=..::.=...::..:....;;;~;__--

2 
o 
1 
o 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

10.1 o 
20.50 
10.60 
210 
11.1 o 
etc. 

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.) 

' 
ABOCWFS Alternating\bands of clay\ with fine sand 
3 2.5 255 255 255 O O O (Line #1, followed by:) 

0.00 1.75 2 
0.75 2.50 1 
1.50 1.75 2 
2.25 1.00 1 
3.00 1.75 2 
0.00 0.00 1 
0.10 0.00 2 
0.50 0.00 1 
0.60 0.00 2 
1.00 0.00 1 
1.10 0.00 2 
1.50 0.00 1 
1.60 0.00 2 
2.00 0.00 1 
2.10 0.00 

2.50 0.00 2 
2.60 0.00 1 
0.20 0.40 2 
0.30 0.40 1 
_0]0 0.40 2 
0.80 0.40 1 
1.20 0.40 2 
1.30 0.40 1 
1.70 0.40 2 
1.80 0.40 1 
2.20 0.40 2 
2.30 0.40 1 
2.70 0.40 • 
2.80 0.40 

0.00 0.80 
0.10 0.80 
0.50 0.80 
0.60 0.80 
1.00 0.80 
1.10 0.80 
1.50 0.80 
1.60 0.80 
2.00 0.80 
2.10 0.80 
2.50 0.80 
2.60 0.80 

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 sorne 
practice. 

The important thing to remember is that the program 
will stop you from a:ttempting to type a non-existing 
symbol. In the Well Log and Uthology application you 
first tell the program which file with lithological symbols 
you are going to use, then you type depths and codes; 

C:5/ 
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l. GENERALIDADES 

El agua es uno de los recursos naturales más importantes con lo que cuenta el país, de su 
aprovechamiento depende la existencia y desarrollo de grandes núcleos de población. 

Las sustancias tóxicas generadas por el crecimiento demográfico e industrial en muchos 
casos son inadecuadamente almacenadas, lo que propicia lixiviados que al infiltrarse en el 
suelo representan un factor de riesgo de contaminación del agua subterránea, así como el 
uso de agroquímicos y aguas residuales no tratadas. La contaminación de las aguas 
subterráneas pueden generar diversos efectos adversos como: daftos a la salud, inutilización 
de fuentes de agua potable y deterioro del medio ambiente. De ahí la importancia de 
delinear áreas de protección alrededor de las fuentes de abastecimiento de agua subterránea, 
lo cual consiste en definir los límites geográficos más críticos que protejan dichas fuentes 
de algún contaminante que eventualmente puede alcanzarlas. Para ello existen diversos 
métodos: manuales, analíticos, códigos analíticos y numéricos. 

La zona de contribución es el área del acuífero que recarga al pozo. Esta zona está sujeta a 
alteraciones de forma y tamafto dependiendo de los valores de bombeo del pozo y de otros 
factores. Algunos contaminantes localizados en la zona de contribución podrían ser atraídos 
dentro del pozo junto con el agua; por lo que el área de protección de un pozo de 
abastecimiento debería de abarcar si es posible la zona de contribución , Figura l. 

El primer paso para cualquier técnica de delineación involucra reunir la mayor información 
posible acerca de la hidrología y geología natural del área por proteger el recurso agua. En 
esta etapa el objetivo del equipo de planeación es establecer un mapa base de la comunidad, 
dando información a detalle de las características naturales del área superficial y del 
subsuelo y mostrar la localización de todos los pozos de abastecimiento público y fuentes 
de abastecimiento de agua. La Tabla 4.1 . · 

III. DELINEACIÓN DEL ÁREA DE PROTECCIÓN DE FUENTES DE 
ABASTECIMIENTO. 

111. l. Consideraciones. 

Es importante destacar que las áreas de protección no son tan apropiadas en acuíferos 
sobreexplotados, ya que estos tienden a interactuar y combinar, en este caso se necesita 
proteger toda el área de recarga del pozo, implantando controles estrictos en las actividades 
que se realicen dentro de dicha área. En este sentido cabe mencionar que el área de 
protección más amplia que se puede definir para un pozo o manantial es la de su captación 
y recarga. 

Es común emplear la máxima de tasa de extracción permitida (no la vigente) conjuntamente 
con la tasa promedio de recarga a largo plazo al calcular las áreas de protección. 

Para eliminar completamente el riesgo de contaminación, toda actividad potencialmente 
contaminante tendría que ser prohibida o controlada al niel requerido dentro de toda la zona 
de captación. Esto será frecuentemente insostenible debido a presiones socioeconómicas 

Instructor: Orlando Garcia Roja• 



PERFIL VERTICAL 

A 

A 

Superficie 
del terreno 

Nivel del agua 
antes del bombeo 

Direccidn del 
flujo del 
Agua Subterránea 

Curvas de 
Abatimiento 

14---- Zona de contribución ---""1 

¡----¡zona de influencia--.¡ 

l. 

--
Cono de. l 
Oepres1on 

PLANTA 

zoc 

Parteaguas 

Parteaguas 



Origen del agua 
subterránea Información hidrogeológica 

Calidad del Disponib! Localiza Transm! Alma e~ Conduct¡ Perfiles de Reuso del Pantanos Zonas de Cuencas Are as de Zonas Local. de 
agua lidad del ción de siv1dad na miento vidad suelo y agua inund~ de drenaje servicio de propue! fuentes 

subterr! agua pozos hidráulica geología superf! ción alean!! tas para el posibles de 
nea subterr! superfl cial rillado des!, conlamj 

nea cial rrollo nantes 

Mapa Topográfico .( .( .( .( .( .( 

Mapa Geológico .( .( .( .( .( 

Mapa de suelo .( .( .( .( 

Fotografías Aéreas .( .( .( .( .( .( 

Imagen de Satélite .( .( .( .( 

Mapeo del Sistema .( .( .( 

hidrológico 

Mapoo de zonas ./ 
pantanosas 

Mapeo de zonas de ./ ./ ./ 
inundación 

Mapas de INEGI .( .( .( .( .( 

Registros de pozos .( .( .( .( .( .( 

T1empo de .( .( •.( 

perforación 

Mapas de nivel de .( 

aguas freáticas 

Mapa de uso de .( .( .( .( 

suelo 

Mapeo de zonas .( .( .( .( 

Mapas de caminos y .( .( 

servicios 
Los registros del tiempo de perforación pueden ser usados también para obtener información de la geología del subsuelo de un 
área. 

Tabla 3.1 Información disponible de mapas existentes 

5 
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para el desarroll¿; por lo que resulta conveniente efectuar alguna división de la zona de 
captación para aplicar restricciones más severas en aquellas áreas cercanas al pozo o 
manantial. 

Esta subdivisión puede basarse en diversos criterios, dependiendo de la amenaza de 
contaminación percibida, que incluye: distancia horizontal, tiempo de flujo horizontal, 
proporción del área de recarga, dilución de la zona saturada y/o capacidad de atenuación. 
Sin embargo, en general se 'considera una combinación del tiempo de flujo horizontal y el 
criterio de distancia más apropiado. 

En la práctica, es conveniente realizar de dos a tres subdivisiones de toda la zona de 
captación: 

Área operacional; 
una zona de protección interior, relacionada al control de la contaminación de 
patógenos y; 
quizás una zona de protección exterior que permita un control diferencial de las fuentes 
puntuales o difusas de contaminación en el área restante. 

La zona operacional es el área interna de máxima protección, que comprende un área 
pequeña alrededor del mismo pozo o manantial. En esta área, no se deberán permitir 
actividades que no estén relacionadas propiamente con la extracción del agua, e incluso 
estas actividades deberán estar celosamente evaluadas y controladas para evitar la 
posibilidad de que algún contamir~ante alcance directamente al pozo. La especificación de 
la dimensión de esta área es un tanto arbitraria, dependerá hasta cierto punto del carácter de 
las formaciones geológicas presentes, pero siempre debe ser de mas de 30 m en radio 

Es recomendable definir una zona de protección interna, para prevenir a las captaciones de 
agua subterránea de la contaminación patogénica, basada en la distancia equivalente a un 
tiempo de flujo horizontal específico. El tiempo empleado ha variado significativamente 
entre las agencias reguladoras en los diferentes países de 1 O a 400 días. 

Una revisión de todos los casos históricos publicados sobre contaminación de aguas 
subterráneas por patógenos( ..... ), ha concluido que la distancia del transporte horizontal de 
la bacteria y virus en la zona saturada está gobernada principalmente por la velocidad del 
flujo de las aguas subterráneas. En incidentes de contaminación reportados, la distancia 
horizontal entre el pozo o manantial y la fuente de contaminación comprobada era 
equivalente a no más que la distancia recorrida por el agua subterránea en 20 días, a pesar 
del hecho de que los patógenos son capaces de sobrevivir más de 400 días en el subsuelo. 
Es razonable, en consecuencia, utilizara 50.días para definir la zona de protección interna, 
que concuerda con la practica existente en muchos casos. 

El criterio utilizado para la definición de la zona de protección externa será inevitablemente 
arbitrario. Puede ser un porcentaje fijo del área de la zona de captación o un tiempo fijo del 
flujo horizontal al pozo o manantial. Una posibilidad, teniendo en cuenta que las fuentes de 
contaminación puntual y difusa, y los contaminantes degradantes y persistentes necesitan 
diferentes tipos de medidas de control, sería usar el tiempo de flujo horizontal en un orden 
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de magnitud mayor que el usado para la zona de protección interna ( 500 días), pero 
establecer un límite mínimo de 25% como la proporción de la zona de captación protegida. 

111.3 Criterios para delinear áreas de protección de fuentes de abastecimiento. 

La Agencia Norteamericana de Protección Ambiental, EPA (1987) ha recomendado cinco 
criterios como las técnicas básicas para delinear las áreas de protección de fuentes de 
abastecimiento. Estos criterios son: 

Distancia. 

El criterio de distancia es usado para delinear áreas de protección en fuentes de 
abastecimiento mediante el cálculo de un radio fijo, medido desde el pozo a la frontera del 
área de protección de la fuente de abastecimiento. Esta técnica es la más simple, la menos 
cara, y el método más directo para delinear fuentes de abastecimiento. Este es sólo 
recomendado como un paso preliminar, debido a que no incluye los procesos de flujo de 
agua subterránea o transporte de contaminantes. 

Abatimiento. 

El abatimiento es el descenso de la elevación del nivel del agua inducido por un pozo de 
bombeo. El mayor abatimiento se presenta en el pozo y va disminuyendo conforme se aleja 
de este hasta alcanzar un límite externo donde el nivel del agua no es afectado por el 
bombeo. Este límite externo es la zona de influencia o la extensión del área del cono de 
depresión del pozo. Las velocidades del flujo de agua subterránea se incrementan alrededor 
del pozo de bombeo; por lo tanto, el abatimiento puede incrementar el flujo de 
contaminantes alrededor de un pozo. El criterio de abatimiento puede ser usado para 
delinear fos límites de la zona de influencia y ésta puede ser usada como un área de 
protección de la fuente de abastecimiento. 

Tiempo de viaje. 

El criterio de tiempo de viaje es usado para representar el tiempo que le toma al agua 
subterránea o a un contaminante fluir desde un punto dentro de la zona de contribución de 
un pozo, hasta el pozo. Usando este criterio, las isocronas (curvas de igual tiempo) para 
períodos de tiempo seleccionados, se delinean en un mapa. El área contenida dentro de una 
isocrona es referida como la zona de transporte (ZOT) y ésta se usa, como al área de 
protección de una fuente de abastecimiento. 

Fronteras de flujo. 

El criterio de frontera de flujo se usa para determinar los lugares donde se divide el agua 
subterránea y/o otras características físico/hidrológicas que controlan el flujo, para con ello 
definir el área geográfica que contribuye con agua subterránea a un pozo de bombeo. Esta 
áiea es la zona de contribución (ZOC) del pozo y se utiliza como un área de protección de 
fuentes de abastecimiento. Este método asume que los contaminantes entran al ZOC 
alcanzando eventualmente un pozo de bombeo. 
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El criterio de fronteras de flujo es especialmente usado para pequeños sistemas acuíferos. 

Capacidad asimilativa. 

El criterio de capacidad asimilativa toma en cuenta el hecho de que la sección saturada y/o 
la no saturada de un acuífero pueden atenuar la toxicidad de contaminantes antes de que 
éstos alcancen un pozo de bombeo por medio de los procesos de dilución, dispersión, 
absorción y precipitación química o degradación biológica. Esta técnica, sin embargo, 
requiere conócimientos de modelación sofisticada de transporte de contaminantes y una 
extensa información sobre la hidrología, geología y geoquímica del área de estudio. Por lo 
tanto, ésta técnica no es realista para estudios limitados. 

111.4. Métodos de delineación. 

111.4.1 Métodos manuales 

Radio arbitrario fijo. 

Este enfoque de protección de fuentes de abastecimiento involucra dibujar un circulo de 
radio específico alrededor de cada pozo para definir el área de protección. Por ejemplo, 
algunas comunidades en Georgia han seleccionado un radio de 1,500 ft (457.2 m) alrede.dor 
de cada pozo; el estado de Louisiana usa 1 milla (1 ,609 m) de radio para acuíferos 
confinados y 2 millas (3,218 m) para acuíferos no confinados. •· 

Ventaja y desventajas. '" ·" 

Este método es muy fácil" económico y requiere de técnicos con poca experiencia. ~ 
Escogiendo un radio fijo grande se le puede contrarrestar un poco a este método la baja 
efectividad y compensar en algo sus limitaciones técnicas. Este método puede verse como 
una medida temporal hasta poder usar un método de delineación más sofisticado. El método 
puede ser especialmente útil si existe una amenaza de contaminación inminente que 
demande inmediata atención. 

Formas variables. 

Este método involucra el uso de modelos analíticos para producir formas estandarizadas de 
áreas de protección de pozos, usando criterios hidro geológicos, tiempo de viaje y fronteras 
de flujo representativas (localización de características fisicas o hidrológicas que controlen 
el flujo de agua subterránea). Se calculan varias formas estandarizadas para diferentes 
grupos de condiciones hidrogeológicas. Son posibles muchas fom1as para cada grupo de 
condiciones, sin embargo, esta metodología escoge pocas formas generalizadas. La forma 
más conveniente es escoger por determinación para cada pozo que tan fielmente aquellas 
formas igualan las condiciones hidrogeológicas y de bombeo exhibidas por el pozo a 
proteger. Una vez que la forma estandarizada apropiada se ha identificado, esta deberá estar 
correctamente alineada el rededor la base del pozo en dirección del flujo de agua 
subterránea (Fig. 4.12). La extensión del área de protección del pozo aguas arriba se 
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Flow 

Various standardized forms are generated using analytical equations using sets of 
representative hydrogeologic parameters. Upgradient extent of WHPA is calculated with 

Time of Travel equation; downgradient with uniform flow equation. 

S TE P 21 Apply 5tandardized Form to Wellhead in Aquifer Type 

Direction of Ground 
Water Flow 

Standardized form is then applied lo wells with similar pumping rate 
and hydrogeologic parameters. 

Figure 4-12. Wellhead protection area delineation using the simplilied variable shapes method (U.S. EPA, 1987). 
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determina usando una ecuación de tiempo de viaje y la zona de contribución del pozo (el 
área total que recarga o contribuye con agua al pozo), incluyendo la distancia aguas abajo. 
Las fronteras de flujo de agua subterránea aguas abajo son calculadas usando la ecuación de 
flujo uniforme (Fig.4-13). 

La ventaja de usar formas variables, consiste en que este método requiere pocos datos de 
campo. actuales y puede implementarse fácilmente una vez que las formas estandarizadas 
han sido calculadas. Esto ofrece una mayor comprensión técnica en la delineación que el 
método de radio fijo con solo un pequeño incremento de costo. Una vez que las formas 
estandarizadas están desarrolladas, la información necesaria requerida es solo el volumen 
de bombeo del pozo, tipo de material y la dirección del flujo de agua subterránea (U.S. 
EPA, 1987). 

Las desventajas de esta metodología incluye el potencial de imprecisiones en áreas con 
muchos cambios geológicos y de fronteras hidrológicas. Además, es esencial recopilar una 
gran cantidad de datos para desarrollar las figuras de las fom1as estandarizadas y para 
caracterizas adecuadamente los patrones de flujo del agua subterránea en el sitio del pozo. 
A un nivel simple, este método es mas adecuado que los métodos de radio fijo arbitrario o 
calculado, pero sus resultados pueden ser inadecuados por pequeños errores en la 
información. 

Radio fijo calculado 

• Zona de captura de la fuente (So urce Catchmen Zones ). 

El área de la zona de captura de una fuente en una región sujeta a recarga anual, puede 
calcularse c<;m una relación de balance de agua como: 

Donde: 

AR Area de la zona de captura (m2
) 

q,. Volumen anual autorizado (m3
) 

A _ qaa 
R-

R, 

R. Recarga anual (m), calculado de un balance simple de aguas subterráneas. 

Este cálculo puede ser usado solo como una guía, en vista de que la recarga en el área de 
captura puede· variar por razones tales como la presencia depósitos en movimiento, 
variación en la cobertura vegetal, etc. 

Si la superficie piezométrica es horizontal, la captura en una fuente de extracción puede 
suponerse circular, y por lo tanto, el radio de captura podrá ser fácilmente calculado 
(Fig.S.l). Aunque esta situación normalmente no ocurre en la práctica, es una aproximación 
útil donde no existen suficientes datos para determinar el gradiente hidráulico y la dirección 
del flujo subterráneo. 

Instructor: Orlando Garcia Rojas 
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Las áreas de captura alrededor de las fuentes de abastecimiento se pueden delinear usando 
la ecuación anterior cuando no hay datos suficientes para justificar el uso de modelos 
numéricos, pero en general las zonas se pueden modificar manualmente considerando la 
geometría local y las fronteras topográficas. 

Puede ser necesario tomar en cuenta la interferencia entre pozos de extracción cercanos o 
adyacentes, en tales casos, son más apropiados los modelos numéricos o semianalíticos. El 
uso de tales modelos han mostrado que la geometría de las zonas de captura pueden ser 
complejas y aquellas zonas dibujadas por métodos manuales pueden representar una sobre 
simplificación de la geometría verdadera 

Las zonas de captura de los manantiales son también generalmente dibujadas usando 
métodos manuales porque los datos son generalmente escasos o no existen. Los 
manantiales son también algo complejos en detalle (particularmente estos consisten de 
fuente-.; separadas) y puede ser necesaria una visita del sitio para determinar como se 
colecta el agua en la fuente. 

Ejemplo. Pozo: P-41. Localización: Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

Q máx. = 30 lps 
Q exp. = 25 lps 
Tiempo de operación del pozo = 18 hrs/d 
Balance (Anzaldo, 1995) 

Período de balance: marzo/1982 a marzo/1992 
Area de la zona II = 256 km2=256,000,000 m2 

Recarga total zona II = 1,683.819 Mm3 

Cálculo BGS 

Volumen anual autorizado 

q"" = 591300.0m3 1 a 

Recarga anual: 

Recarga anual= (1,683.819)(1,000,000)/(10) = 168,381,900 m3/a 

R = Re e arg a"'"' 
' . 

Areahalancc 

= 168,381,900 = 0_657 m 
256,000,000 

Area de la zona de captura: 
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A~ = qoa! = 591,300.0 = 899 042.1m' 
R, 0.657 ' 

Radio de la zona de captura: 

r. = fE = r99,~42.1 = 534.95m 

• Zonas de protección interna y externa relacionadas a un tiempo de viaje. 

Una estimación del área Ad (m2) relacionada a un tiempo de viaje de una zona td (en días), 
puede también calcularse usando un enfoque volumétrico como: 

A - qtJ 
o-

bn 

Donde: 

q Volumen anual autorizado dividido ente 365 días ó el volumen día ó el volumen 
diario máximo autorizado, dependiendo si la zona de protección que se está delineando es 
la interna o la externa (m3/d). 
b Espesor del acuífero o longitud ranurada del pozo (m) 
e Porosidad efectiva. 

Esta ecuación no permite considerar la recarga, y asume que el espesor del acuífero es 
constante. Sin la dirección del flujo del agua subterránea, las zonas de protección pueden 
suponerse circulares con el radio calculado como se ilustra en la Figura 5.1. Este método 
es usado principalmente para acuíferos confinados. 

Las ventajas de este método de delineación incluyen su facilidad de aplicación, bajo costo, 
y no necesita técnicos muy expertos, así también se pueden delinear un gran número de 
pozos en relativamente poco tiempo. 

Ejemplo. Pozo P-41. Localización: Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

Q máx = 30 lps (interior) 
Q exp. = 25 lps (exterior 
Tiempo de operación del pozo = 18 hrs/d 
td = 50 días (interior) 
1d = 400 días &exterior 

Instructor: Orlando Garcia Rojas 
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b =104m 
n=0.2 

Calculo BGS 

Radio de la zona de protección interior: 

• 1 

Este valor es menor que el radio mínimo recomendado para definir la zona de protección 
interna (50 m), por lo que deberá adoptarse el radio interno de 50 m. 

Radio de la zona de protección exterior: 

A = qtJ = (1,947.89X400) = 37 459.4m' 
d bn (lo4Xo.2) ' 

El área de la zona exterior para 400 días de tiempo de viaje es de 37,459.4 m2 la cual es 
mucho menor al 25% de AR, por lo tanto deberá incrementarse. Considerando una zona de 
protección circular, por geometría simple el radio re del área de la zona exterior igual al 
25% de AR, es: 

fe =(0.5)(rR)=(0.5)(534.95)=267.48 m 

Radio de la Zona captura: 

111.4.2 Métodos semianaliticos. 

Cuando se puede conocer el gradiente hidráulico, existen métodos teóricos para describir el 
flujo en estado establecido alrededor de una fuente y por lo tanto delinear el tiempo de 
viaje. 
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La ecuación que describe la línea de frontera (Figura 5.2) de una zona de captura alrededor 
de un pozo en un acuífero confinado de extensión infinita bajo condiciones de estado 
establecido y un gradiente hidráulico uniforme es: 

.)l+tan[(2XnXkXbXi.(v)J = 0 
X q 

Donde: 

q Volumen de extracción (m3/d) 
k Conductividad hidráulica (m/d) 
i Gradiente hidráulico · 
b Espesor del acuífero (m) 
x, y Coordenadas (m) 

La ecuación anteior puede solucionarse para dar el ancho Y L máximo de la zona de captura 
aguas arriba como: 

y XL, la longitud máxima de la zona de captura aguas abajo como: 

Las coordenadas de los puntos (x, y) a lo largo de la isocrona, o línea en el acuífero del 
tiempo de viaje (td) a la extracción del pozo son idénticas, pueden describirse por la 
siguiente ecuación: 

Eq. 5.6 

Donde z, w, y t* son cantidages adimensionales definidas por: 

Instructor: Orlando Garcia Rojas 
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que facilitan el uso. 

Para puntos a lo largo del eje x, cuando este está en la dirección del flujo de agua 
subterránea, pasando a través del pozo, la ecuación (5.6) se reduce a: 

Eq. 5.7 

t* = z - log(l + z) 

El tiempo de viaje de cualquier punto a la fuente puede calcularse fácilmente usando las 
ecuaciones (5.6) y (5.7), pero el problema inverso de determinar (x y) dado td requiere el 
uso de métodos numéricos. Tales métodos están incluidos dentro del paquete de 
modelación semianalítico US EPA WHPA el cual se describe en el siguiente punto. 

Ejemplo. Pozo P .41. Localización. Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

q = 1,620 m3/d 
k= 5 rnld 
b =104m 
i = 0.0053 

Cálculo BGS 

Ancho máximo YL de la zona de captura aguas arriba del pozo: 

q 1,620 
Y = ----- = = 587 8!m 

L (kXbXi) (5XI04Xo.oo53) · 

Distancia XL aguas abajo del pozo al punto nulo: 
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111.4.3 Modelo scmianálitico WHP A. 

El programa WHPA es un modelo de flujo de agua subterránea semianalítico modular, 
desarrollado por US Environmental Protection Agency (USEP A) diseñado para asistir en la 
delineación de zonas de protección de fuentes de abastecimiento. 

El modelo consiste de cuatro módulos de cálculo independientes que se pueden usar para 
delinear zonas de captura. Todos los módulos contienen soluciones semianalíticas de zonas 
de captura, éstas son aplicables a acuíferos homogéneos que exhiben dos dimensiones, flujo 
de agua subterránea en estado establecido en un área plana con la opción de calcular cargas 
hidráulicas. Pueden representarse pozos de bombeo múltiple y pozos de inyección, así 
como simularse barreras o corrientes como condiciones de frontera las cuales existen en 
todo el espesor del acuífero. Uno de los módulos está basado en el método Monte Cario 
para determinar la incertidumbre en los resultado.s calculados. Otro de los módulos es una 
rutina general de trayectoria de partícula que puede usarse como un posprocesador para 
modelos de flujo de agua subterránea numéricos bidimensionales. Debido a que este 
módulo puede usar las cargas hidráulicas de salida de un modelo numérico para definir 
zonas de captura, los escenarios hidrogeológicos que pueden investigarse están únicamente 
limitade>s por la capacidad de modelo numérico. 

Una zona de captura se define como la zona que circunda un pozo de bombeo que 
abastecerá la recarga de agua subterránea de dicho pozo. Para problemas de flujo de agua 
subterránea de área bidimensional, la zona de captura corresponde al área de contribución 
alrededor del pozo. 

Descripción de módulos. 

RESSQC. 

Se delinean zonas de captura relacionadas con el tiempo alrededor de pozos de bombeo, o 
frentes contaminantes alrededor de pozos de inyección, para pozos de bombeo múltiple y 
pozos de inyección en acuíferos homogéneos con área de extensión infinita con flujo de 
agua subterránea en ambiente establecido y uniforme. Se toman en cuenta efectos de 
interferencia de pozos. · 

MWCAP (Multiple Well Capture) 

Se delinean en estado establecido, zonas de captura relacionadas al tiempo o híbridas para 
pozos de bombeo en acuíferos homogéneos con flujo de agua subterránea en ambiente 
establecido y uniforme. El acuífero puede ser infinito en extensión de área, o se pueden 
estimar los efectos de fronteras por corrientes cercanas o barreras (no flujo). Si se examinan 
pozos múltiples, se ignoran los efectos de interferencia entre pozos. 

GPTRAC (Genral Partície Tracking) 

Opción scmianalítica: Se delinean zonas de captura relacionadas con el tiempo para pozos 
de bombeo en acuíferos homogéneos con flujo de agua subterránea en ambiente establecido 
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y uniforme. El acuífero puede ser con área de extensión infinita, o puede ser limitado por 
fronteras de una o dos corrientes (paralelas) y/o barreras (de no flujo). El acuífero puede ser 
confinado, semiconfinado o no confinado con área de recarga. Se toman en cuenta los 
efectos por interferencia de pozos. 

Opción numérica: Se delinean zonas de captura relacionadas con el tiempo alrededor de 
campos de pozos de bombeo con flujo de agua subterránea establecido. En vista de que ésta 
opción representa trayectorias de partícula usando una carga obtenida en campo desde un 
código numérico de flujo de agua subterránea (diferencias finitas o elemento finito), se 
pueden considerar muchos tipos de condiciones de frontera así como acuíferos 
heterogéneos y anisotrópicos. 

MONTEC (Monte Cario) Se realizan análisis de incertidumbre para zonas de captura 
relacionadas con el tiempo para un pozo de bombeo individual en acuíferos homogéneos de 
área con extensión infinita. El acuífero puede ser confinado o semiconfinado. 

Las suposiciones básicas implícitas en los módulos analíticos del WHPA son: 

• El acuífero es isotrópico y homogéneo 
• El acuífero es infinito en extensión de área · 
• El flujo de agua subterránea es uniforme en términos de dirección y 

gradiente 
• Los pozos de extracción son totalmente penetrantes 
• Las fronteras (corrientes o barreras) son lineales y totalmente penetrantes 
• El flujo de agua subterránea es bidimensional. 

En términos simples el proceso básico llevado a cabo por los módulos del WHP A son los 
siguientes: 

• Cálculo de patrones de flujo regional del agua subterránea 
• Cálculo de abatimiento radial al rededor de un pozo de extracción 
• Resta los abatimientos calculados a las cargas hidráulicas regionales 
• Calculas los campos de velocidad usando datos de cargas hidráulicas y 

permeabilidad. 
• Determina como se mueven las partículas dentro de los campos de velocidad 

)' así calcula la trayectoria que una partícula debería seguir en un tiempo 
dado. 

Dentro de las ventajas del WHPA, podemos considerar que es que es una herramienta 
usada rápida y amigablemente en la delineación de zonas de protección. Se puede usar 
WHPA para delinear zonas de protección internas y externas, en aquellas situaciones en la 
que se dispone de datos hidrogeológicos limitados para describir el sistema. 

Las principales desventajas con WHPA son: 

Instructor: Orlando Garcia Rojas 
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Los módulos analíticos pueden ser aplicados únicamente en ambientes hidrogeológicos 
simples y condiciones de frontera totalmente penetrantes, los cuales son casos raros en la 
práctica. 

Los módulos son de uso limitado en la delineación de zonas de captura de fuentes ya que 
los modelos requieren la especificación de un gradiente hidráulico uniforme y esto en 
realidad implica una fuente infinita de agua subterránea aguas arriba del pozo. 

Ejemplo l. Pozo P-41. Localización : Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

Unidades: metros, días 
Número de pozos de descarga: 1 
Xmíx (m)= 77,000 
Xmáx (m)= 78,600 
Ymíx (m)= 249,300 
Ymáx (m)= 250,900 
T (m2/d) = sio 
b (m)= 104 
n=0.2 
i = 0.0053 
Ángulo de la dirección del flujo = 285 
Pozo de bombeo núm. 1 

X (m)= 77,550 
Y (m) = 250,450 
Q (m3/d) = 1,947.89 
r (m) = 0.13 

Núm. de trayectorias= 25 
Tiempo para la simulación (días)= 3,650 
Núm. de frentes (isocronas) = 3 
Valor del tiempo# 1 (días)= 50 
Valor del tiempo # 1 (días) = 400 
Valor del tiempo# 1 (días)= 500 
Número de líneas de trayectoria inversa= O 

Ejemplo 2. Pozo: P-41 y P-42. Localización: Col. San. Primitivo, Tlahuelipan, Hgo. 

Datos. 

Unidades: metros y días 
Número de pozos de descarga: 2 
Xmíx (m)= 77,000 
Xmáx (m)= 79,100 
Ymíx (m)= 249,300 
Ymáx (m)= 250,900 
T (m2/d) = 520 

Instructor: Orlando Garcia Rojas 
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b(m)=104 
n= 0.2 
i = 0.0053 
Angulo de la dirección del flujo = 285 
Pozo de bombeo núm. 1 

X(m) = 77,550 
Y(m) = 250,450 
Q(m3/d)= 1,947.89 
r (m)= 0.13 
Núm. de trayectorias= 25 

Pozo de bombeo núm. 2 
X( m) = 78,250 
Y(m) = 250,800 
Q (m3/d) = 1,490.40 
r (m)= 0.13 
Núm. de trayectorias= 25 

Tiempo para la simulación (días)= 3,650 
Núm. de frentes (isocronas) = 3 
Valor del tiempo # 1 (días) = 50 
Valor del tiempo # 1 (días) = 400 
Valor del tiempo# 1 (días)= 500 
Número de líneas de trayectoria inversa= O 

Instructor: Orlando Garcfa Rojas 
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POZO: P-41 y P-42. LOCALIZACION.: COL. SAN PRIMITIVO, TLAHUELILPAN, HGO. 

(M) 

250900 

250580 

250260 

249940 

249620 

249300 

P-41 

lsocrona interior: 
lsocrona exterior: 
lsocrona: 

77000 77420 

P-42 

t =50 días 
t = 400 días 
t = 500 días Dirección lkl flujo 

77840 78260 78680 79100 (M) 

., .. 
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PROTOCOLO DE MODELACIÓN 

•DEFINIR OBJETIVO DEL MODELO 

•DESARROLLO DEL MODELO CONCEPTUAL 

•BALANCE DE AGUAS SUBTERRÁNEAS 

•DISEÑO DEL MODELO (Código, discretización, parámetros 
hidráulicos, periodos de esfuerzo, etc.) 

•CALIBRACIÓN 

•VERIFICACIÓN 
, 

•ANALISIS DE SENSIBILIDAD 

•SIMULACIÓN PREDICTIV A · 

• VALIDACIÓN A FUTURO 



SOLUCIONES DE LAS ECUACIONES DE FLUJO DEL AGUA 
SUBTERRÁNEA 
(SEGÚN HUYAKORN Y PINDER, 1983) 

l. MÉTODOS ANALíTICOS 

SEPARACIÓN DE VARIABLES 

SOLUCIONES POR SIMILITUD 

TECNICAS DE VARIABLE COMPLEJA 

TRANSFORMACIONES DE FOURIER Y LAPLACE 

FUNCIONES DE GREEN 

MÉTODOS DE PERTUBACIONES REGULARES Y SINGULARES 

SERIES DE POTENCIAS 

11. MÉTODOS NUMÉRICOS 

MÉTODO DE DIFERENCIAS FINITAS 

MÉTODO DE ELEMENTO FINITO 

MÉTODO DE COLOCACIÓN 

MÉTODO DE LAS CARACTERÍSTICAS 

MÉTODO DE ELEMENTOS FRONTERIZO (BOUNDARY ELEMENT . 
METHOD) 
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"1"'""""!!,.. t, Tbe Steady-State. Saturated Flow Egnatjon; 

(1.1) 

2. Tbe Steady-State. J!nsaturated Flow Eguatfon; 

(1.2) 

(1.3) 

4, Tbe I, Jnsient. JJnsatnrated FJow Egnptlgn; 

-
where h is hydraulic head, Kx, Ky. and Kz are the components of saturated hydraulic 

conductivity in the x, y, and z coordinare directions, t is time, W is pressure head, Kx('!'), 

Ky('ljf), and Kz('l') are the components of unsaturated hydraulic conductivity, Ss is specific 

storage, C('ljf) is specific moisrure capacity. 
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1 DIIIITUS 

LOCAL 
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Telescopic mesh refinement. 

SI TE 

• • •"n 
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•• •• ltll 

(a) Boundaries for a regional finito difference grid are deftned &om lnformetlon about the regional 
flow system. The local and site grid~ have hydraulic boundaries defined from simulation results 
(Ward, Buss, Mercar and Hughes, Water Resources Resoarch, Z3{4), pp. 603-617, 1987, copyright 
by tho AnJ•rican Geophysical Union). 
(b) Finito element grids for regional and local scale modela. The grids match along tho nodos 
shown by squares. Boundary cocditioru along these nades are determinad from. the solution of the 
regiOnal scalo problem (Townloy and Wlison, 1980). 
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Fronteras del acuífero 

Celda activa 

Celda inactiva 

Columnas G) 

2 3 4 5 8 7 8 .9 

-

Dimensiones de la celda en la dirección del renglón· 

Dimensiones de la celda en la dirección de la columna· 

Dimensiones de la celda a lo largo de la dirección verti~al 

DISCRETIZACION DEL ACUIFERO 
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gne-djmension 

two:dimcnsjons 

three-dimensjons 

rainfall 

~ ~ ~ ~ ~ 
soil surface · 
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} demcnt 

~~~~~ 

impermeable layer 

soil surface 

.... watertable .. 

... ..., 
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-
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eiement 

Discretization or one-, two-, and tbree-dlmensional problem domains. 
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(b) 
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Finite difference 
block grid 

' 
/ 

• Mesh center node 

0 Source/sink node 

Flnlt<: dlff~~nc~ and linit~ ~l~m~nt grlds (from M~rcu and F•ust, 
1981). R~prlnt~d by ~.rmlssion of Ground W:u~r. © 1981. All righu 
~rv~d. 

(e) 

• Nodal point 
o Source/sink node 

(d) 

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

1\ 



Subdivide region 
a grid and app 
finite differenc 

approximations 
space and tim 

derivatives 

into 
ly 
e 
to 
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" 

Concepts of the 
physicial system 

Translate to 

Partial difference ec¡uation, 
boundary and initial 

conditions 

Finite element 
Finite difference approach 

approach 

Transform to 

Integral ec¡uation 

Subdivide region 
into elements 
and integrate 

First-order differential 
equations / ,...,., .. ~-"" 

approximation to 
time derivative 

System of algebraic 
equations 

Salve by direct rr 
iterative methocls 

Sotution 

Generalized model development by firiite difference and 
finite element methods (from Mercer and Faust, 1981). 
Reprinted by permission of Ground Water. Copyright © 
1981. All rights reserved. 
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FlElll SYSTEM 

.... 

• 
NIIMEIUCAL 

MODEL 

Measured 
Oulplll 

ERROR 
ANALYSIS 

~ 

Compollod ...... , 

Now-

Accepcable J CALIBRA TED l 
""" 1 MODEL 

·-
-

U""""1""blq. PARAMElEI!. 

..... ADJUSTMENT 

Trial-and.error calibration procedure (modifled from Petera. 1987). The fteld system is 
converted to a numericai model and calibratlon targets are set. The modal is executed and resulta 
are compared to the calibration targets. U lhe error in the simulated resulta is acceptable, the modal 
is considered calibrated; if the level of error is unacceptable, parameter values are adjusted and the 
model is run again until acceptable results are achieved. B.C., boundary condition: !.C., initial 
condition. 
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COMISION NACIONAL EvaluaCión de la prueba de bombeo 
DEL AGUA. Método de NEUMAN Proyecto: SN. J. DE LOS PLANES. B.C.S. 

Aculfero no confinado con 
respuesta retardada del nivel fraétlco Evaluado por: CNA Focha: 01/01197 

Prueba de Bombea Na. Focha do la Prueba: 05/07 n1 
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BALANCE PARA !99& 

VOL~ EX.T. TOTAL== 7,901.4Mjl m3 /año 
57 POZOS 
111 NORIAS 

' ' . ··' 

VOLUMf:N ANUA LJ\lJTORIZADO:. 8,199.6 Mil m'/año 

USOAGUA POTABLE 
76{,0 Mil m'faño 
2 POlOS 

IJSOABREVIIIDERO 
60 Mil hl' /año 
4pozos 
1 S noritu 

liSO AGRICOLA 
6, 969 Mil ml/año 
40 pozos 

'Z ,,,.;as 



(a) Esquema tridimensional del acuífero --- ···---· -· .. 

Malla de la cap~-~ 

-~alla de la capa~ ~-J--f--J....c:~~:j::;;;;::;:~::::-::;:-~·~fl 
"'-=~~-+~,.........: ,. - .. - - -- ~, 
1·- . • - -- - - - - - - - /, -- - . . . - - -- - . -: -·l',j 
-~ - : ~ ·:.. -.- : :. :_ ::_- . - - - l;Í' 

Malla de la capa} 

Mall.a_de ~_capa 2 

Malla de la capa 3 - - - · 
------ - - - - ,; - - - -. 

Celdas conteniendo material de 
ja_~ tres _unidades estratigráficas. 

Celda conteniendo material 
de una sola unida~~st_r~tigráfic~ 

ESQUEMAS DE DISCRETIZACION VERTICAL 
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FIG. Vlll.10 VOLUMEN DE EXTRACCION ANUAL DEL ACUIFERO · 
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Figura 8.20 
Comparación entre cargas hidráulicas observadas vs. calculadas para pozos seleccionados 
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MODELO CONCEPTUAL DE FUNCIONAMIENTO DEL SISTEMA 
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STEADY STA TE WATER TABLE ( 1950) 
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ESTIMATED WATER TABLE (1957): 
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ESTIMATED DRAWDOWN (1957) 
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ESTIMATED WATER TABLE ( 1993) 
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ESTIMATED DRAWDOWN (1993): 
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FUND.AMENTALS OF THE 1RANSPORT MQDEL 

Z.l GOVERNING EQUATIONS 

Íll grcundwau:r can be wriucn as follows (e.g.. Javandcl et. aL. 1984): 

wbl:m 

e 
t. 

.:r-
Drr 

V¡ 

iS the cmu:cmr.uicn oi mntl!!!Únmrs dissolved.in gmumiwaté:r¡.ML~3;­

i1 tiJ:I:Ico. T;_ 

is d. di!' '' e alaag tbe tcspeaive Cmc:Dan CWI' ijmne-axis.!.;. 

~-hydruciynamir:dispc:sicn cn=fficient, L 'rl; 

is tbc ~ or linear pcm:. wau:r'VClccity, LTl;-

(2.1) 

qL isthe vol11J.llCtric flu:cofwau:r-pcruniuol:miC afaquifi:nepz• :n •nin¡poata:S 

(positive) andsink:s (ncgativc), rl;. 

e; isthc coru:enmuicn ofrhc so'IJXCC orsink:s. .ML·3; 

- (J is thc parosity of Ihc porous rmfinm djmcnsinnlcss; ,. 
Í:Ht- is a cbcmicai n:action r=m. MI.·J-r-1.: .... 



when: 

P. is thc bulk dcnsity of thc porous mcdium. ML·3; 

e i3 thc conccntration of contaminants sorbed on thc porous mcdium, iv1M·1; 

,t is thc r:atc constan! of thc first-ordcr ratc n:actions, 11. 

By n:wriring thc P¡ ~ tcrm as: 

(2.3) 

and substituti.ng equations (2.2) and (2.3) into equation (2.1), thc following equation is 

obtaincd: 

ac ¡; ( ac) ¡; q o. ¡;¡: ac ( .p "') -=-D.- --(v.C)+u.C +U.---.t Cft:l.{. 
éJr. ax, '1 ax, ax, · e ' 8 ac éJr 8 

' 12.4) 

Moving thc founh tcrm on the right-hand side of cquation (2.4) to the left-hand sidc, equation 

(2.4) bccomcs: 

(2.5) 

when: R is callcd thc n:tardation factor, defined as 

(2.6) 

Equation (2.5) is the govcrning equation underlying in thc transpon model. Thc 

aanspon equation is linked to the flow cquation through thc relationship: 

whcn: 

K dh v, = -.::11.-
8 ax, _(2.7) 
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DATOS DE 
CAMPO 

SOLUCIONES 
ANALITICAS f--

SELECCION 
DELCODIGO 

COMPARACION 
CON DATOS DE f-.-' 

CAMPO 

DATOS DE 
CAMPO 

-::-:--

PROTOCOLO DE MODELAC/ON 

PROPOSITO 

l 

MODELO CONCEPTUAL 

J. 

MODELO MATEMATICO 

FORMULACION NUMERICA 

PROGRAMA DE COMPUTO 
l 

J CODIGO VERIFICADO? '1 

-- 0 
l 

1 
DIE!\10 DEL MODELO 

1 
CALIBRACION * 

1 
1 VERIFICACION 

l 

PREDICCION * 

l 
PRESENTACION DE 

RESULTADOS 

l 
• AUDITORIA 

NO 

1 1 

DATOS DE • CAMPO 

* INCLUYE ANALISIS DE 
SENSIBILIDAD 



PROTOCOLO DE MODELACION 

l. ESTABLECER EL PROPOSITO DEL MODELO. 

* EL MODELO SERA CONSTRUIDO PARA PREDICCION, 

INTERPRETACION O ANALISIS GENERICO? 

* QUE SE APRENDERA DEL MODELO?, A QUE 

INTERROGANTES RESPONDERA EL MODELO? 

* ES EL MODELO LA MEJOR MANERA DE OBTENER 

RESPUESTA A NUESTRA INTERROGANTES? 

* PUEDE UN MODELO ANALITICO PROPORCIONAR LA 

RESPUESTA O SE TIENE QUE CONSTRUIR UN 

MODELO NUMERICO? 

DETERMINAR LA ECUACION GOBERNANTE 

SELECCIONAR EL CODIGO DE COMPUTADORA 



TIPOS DE MODELOS EN TERMINOS DE SU 

APLICACION 

* PREDICTIVO: SE USA PARA PREDECIR EL FUTURO. 

REQUIERE CALIBRACION. 

* INTERPRETATIVO: SE USA PARA ORGANIZAR Y 

SINTETIZAR LOS DATOS DE CAMPO, Y PARA 

ENTENDER MEJOR LA DINAMICA DE UN SISTEMA DE. 

FLUJO. NO NECESARIAMENTE REQUIERE 

CALIBRACION. 

* GENERICO: SE USA PARA ANALIZAR EL FLUJO EN 

SISTEMAS HIDROGEOLOGICOS HIPOTETICOS. 

PUEDEN SER UTILES PARA FINES DE 

NORMATIVIDAD DE UNA REGION ESPECIFICA. NO 

NECESARIAMENTE REQUIERE CALIBRACION. 

r¡ 
lt 



2. DESARROLLO DE UN MODELO CONCEPTUAL 

DEL SISTEMA. 

* IDENTIFICACION DE LAS UNIDADES · HIDROESTRA­

TIGRAFICAS Y LAS FRONTERAS DEL SISTEMA. 

* ORGANIZACION DE LOS DATOS DE CAMPO. 

BALANCE HIDRICO, PARAMETROS DE ACUIFERO, 

ESFUERZOS HIDROLOGICOS. 

* VISITA AL SITIO. INFLUENCIA POSITIVA SOBRE LAS 

DECISIONES SUBJETIVAS QUE SE TOMARAN 

DURANTE LA CONSTRUCCION DEL MODELO.-



3. SELECCION DE LA ECUACION GOBERNANTE 

Y DE UN CODIGO DE COMPUTADORA. 

* LA ECUACION GOBERNANTE DEBE DESCRIBIR CON 

PRECISION LOS PROCESOS FISICOS ACTUANTES EN 

EL SISTEMA. SE VERIFICA APLICANDO EL MODELO 

A V ARIOS SITIOS ESPECIFICOS. 

* LA VERIFICACION DEL CODIGO SE REFIERE A LA 

COMPARACION DE LA SOLUCION NUMERICA CON 

UNA O MAS SOLUCIONES ANALITICAS O CON OTRAS 

SOLUCIONES NUMERICAS. 

* LA VERIFICACION DEL CODIGO ASEGURA QUE: EL. 

PROGRAMA DE COMPUTADORA RESUELVA CON 

PRECISION LAS ECUACIONES QUE CONSTITUYEN EL 

MODELO MATEMATICO. 

,:~,~, 



4. DISEÑO DEL MODELO 

EL MODELO CONCEPTUAL SE ACOMODA EN UNA 
-

FORMA ADECUADA PARA LA MODELACION. 

INCLUYE: 

* DISEÑO DE LA MALLA 

* SELECClON DE PERIODOS DE ESFUERZO. 

* ESPECIFTCACION DE CONDICIONES INICIALES Y DE 

FRONTERA 

* ESTIMACION PREVIA DE PARAMETROS DE ACUIFERO 

Y ESFUERZOS HIDROLOGICOS. 



5. CALIBRACION 

* SU PROPOSITO ES ESTABLECER QUE EL MODELO 

PUEDA REPRODUCIR LAS CARGAS Y LOS FLUJOS 

MEDIDOS EN CAMPO. 

* SE OBTIENE UN CONJUNTO DE VALORES PARA LOS 

P ARAMETROS DE ACUIFERO Y LOS ESFUERZOS 

HIDROLOGICOS QUE APROXIMA LAS CARGAS Y 

FLUJOS DE CAMPO. 

* SE PUEDE EFECTUAR POR ENSAYOS Y ERROR O 

MEDIANTE CODIGOS AUTOMATIZADOS DE 

ESTIMACION DE PARAMETROS. 

., 
-~. 
~--



6. ANALISIS DE SENSIBILIDAD EN CALIBRA­

CION 

* EL MODELO CALIBRADO ESTA INFLUENCIADO POR 

LA "INCERTIDUMBRE" QUE SE DERIVA DE LA 

IMPOSIBILIDAD DE DEFINIR CON EXACTITUD LA 

DISTRIBUCION ESPACIAL (Y TEMPORAL) DE LOS 

VALORES DE LOS PARAMETROS, ESFUERZOS, Y 

CONDICIONES DE FRONTERA. 

* SU PROPOSITO ES ESTABLECER EL EFECTO DE ESTA 

INCERTIDUMBRE SOBRE EL MODELO CALIBRADO. 

7. VERIFICACION DEL MODELO 

* SU PROPOSITO ES EL DE INCREMENTAR LA 

CONFIANZA EN EL MODELO, UTILIZANDO EL 

CONJUNTO DE VALORES CALIBRADOS DE LOS 

PARAMETROS Y DE LOS ESFUERZOS PARA REPRO­

DUCIR UN SEGUNDO CONJUNTO DE DATOS DE 

CAMPO. 



8. PREDICCION 

* CUANTIFICA LA RESPUESTA DEL SISTEMA HACIA 

EVENTOS FUTUROS. 

* SE CORRE EL MODELO CON VALORES CALIBRADOS 

DE LOS P ARAMETROS Y LOS ESFUERZOS, CON 

EXCEPCION DE AQUELLOS QUE SE ESPERA QUE 

CAMBIEN EN EL FUTURO. 

* LA INCERTIDUMBRE EN LA PREDICCION SE DERIVA 

DE LA INCERTIDUMBRE EN EL MODELO CALIBRADO 

Y DE LA IMPOSIBILIDAD DE ESTIMAR CON 

PRECISION LA OCURRENCIA Y MAGNITUD DE 

~ ESFUERZOS FUTUROS. 

., 
' 



9. ANALISIS DE SENSIBILIDAD EN PREDICCION 

* CUANTIFICA EL EFECTO DE LA INCERTIDUMBRE DE 

LOS VALORES DE LOS PARAMETROS SOBRE LA 

PREDICCION. 

* SE SIMULAN LOS AMBITOS DE V ARIACION DE 

ESFUERZOS FUTUROS ESTIMADOS PARA EXAMINAR 

SU IMPACTO EN LA PREDICCION. 

10. PRESENTACION DE RESULTADOS 

* LA PRESENTACION CLARA DEL DISEÑO DEL 

MODELO Y DE LOS RESULTADOS ES ESENCIAL PARA 

UNA COMUNICACION EFECTIVA DEL ESFUERZO DE 

MODELACION. 



11. AUDITORIA 

* LA AUDITORIA SE EFECTUA DES PUES DE V ARIOS 

AÑOS DE CONCLUIDO EL ESTUDIO DE MODELA­

CION. 

* SE RECABAN NUEVOS DATOS DE CAMPO PARA 

DETERMINAR SI LA PREDICCION FUE CORRECTA. SI 

ASILO ES, EL MODELO ESTA "VALIDADO" PARA EL. 

SITIO ESPECIFICO DE APLICACION. 

12. REDISEÑO DEL MODELO 

LA AUDITORIA, POR LO GENERAL, APORTARA 

NUEVOS ELEMENTOS SOBRE EL COMPORTAMIENTO 

DEL SISTEMA, QUE PUEDEN LLEVAR A CAMBIOS EN 

EL MODELO CONCEPTUAL O EN LOS PARAMETROS 

DEL MODELO. 

l~ 



ENFOQUES CONCEPTUALES 

ENFOOUE DE ACUIFERO: 

* SE BASA EN EL CONCEPTO DE . ACUIFEROS 

CONFINADOS Y LIBRES. 

* SUPONE FLUJO HORIZONTAL EN ACUIFEROS Y FLUJO 

VERTICAL DE ACUITARDOS 

* LA CONDUCTIVIDAD HIDRAULICA SE INTEGRA EN 

LA VERTICAL PARA OBTENER TRASMISIVIDAD. 

* SE USA PARA SIMULAR FLUJO BIDIMENSIONAL DEN 

PLANTA Y FLUJO CUASI-TRIDIMENSIONAL. 

* LAS CARGAS HIDRAULICAS SE CALCULAN EN LOS 

ACUIFEROS, PERO NO EN LOS ACUITARDOS. 

* SE INCORPORA EL ESPESOR Y LA CONDUCTIVIDAD 

HIDRAULICA DE LOS ACUITARDOS PARA CONECTAR 

LOS ACUIFEROS. 



ENFOQUE DE ACIDFERO 

SI EL ACUIFERO ES LIBRE: 

* SE UTILIZAN LAS HIPOTESIS DE DUPUIT. 

* Tx=KxH y Ty=Kyh, DONDE K ES CONDUCTIVIDAD 

HIDRAULICA Y h EL ESPESOR SATURADO DEL 

ACUIFERO. 

* S ES EL RENDIMIENTO ESPECIFICO. 

* L ES CERO, A MENOS QUE HA Y A UNA FUENTE. 

SUBYACIENDO AL ACUIFERO. 



ENFOQUE DE SISTEMA DE FLUJO 

* NO ES IMPORTANTE IDENTIFICAR LOS ACUIFEROS Y 

LOS ACUITARDOS "PER SE", SINO CONSTRUIR LA 

DISTRIBUCION TRIDIMENSIONAL DE LAS CARGAS, 

LAS CONDUCTIVIDADES HIDRAULICAS Y LAS 

PROPIEDADES DE ALMACENAMIENTO. 

* SE INCORPORAN LAS COMPONENTES HORIZONT A­

LES Y VERTICALES DE FLUJO A TRA VES DE TODO EL 

SISTEMA. 

* APTO PARA MODELOS BIDIMENSIONALES EN PERFIL 

Y PARA MODELOS TRIDIMENSIONALES. 



ENFOQUE DE ACUIFERO 

ECUACION GOBERNANTE: 

DONDE: 

h: 

T: 

S: 

R: 

L: 

CARGA HIDRAULICA, [m] 

TRASMISIVIDAD, [m2/día] 

COEFICIENTE DE ALMACENAMIENTO, [ ---] 

RECARGA (+)O DESCARGA(-), [m/día] 

GOTEO VERTICAL, [m/día], DADO POR: 

. hs-h 
L== -KZ ------1) 

DONDE: 

-· 

IG: CONDUCTIVIDAD HIDRAULICA DE ACUIT ARDO, 

[m2/día] 

b: ESPESOR DEL ACUIT ARDO, [m] 

hs: CARGA HIDRAULICA DE LA FUENTE AL OTRO 

LADO DEL ACUIFERO, [m] 

.:: 
~) ., 



ENFOQUE DE SISTEMA DE FLUJO 

ECUACION GOBERNANTE: 

DONDE: 

K: CONDUCTIVIDAD HIDRAULICA, [m2/día] 

Ss: ALMACENAMIENTO ESPECIFICO, [1/m] 

R*: VOLUMEN DE INGRESO (+) O EGRESO (-) POR 

UNIDAD DE VOLUMEN Y UNIDAD DE TIEMPO, [1/día] 
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INTRODUCCION AL MODELO 
MODULAR DE FLUJO DE 
AGUA SUBTERRANEA DEL 

U. S. G. S. 



VENTAJAS 

• Las modificaciones se limitan a paquetes 

Individuales . 

• Los paquetes se pueden incluir o quitar 

sin dificultad. 

• Corre en varios tipos de máquinas sin 

modif lcaci ón. 

• Modelo en 1, 2 ó 3 dimensiones • 

• Relativamente fácil de entender . 

• Muchas opciones. 

• Los formatos se pueden especificar por 

el usuario. 

• Calcula el flujo entre celda y celda. 

• Completamente documentado. 



VARIAS OPCIONES PARA : 

• Condiciones de flujo de agua subterranea. 

e Términos fuente . 

• Métodos de solución numé'rica . 
.. 
~·· 

e Entrada y salida de datos. ,. 
" 

• Condiciones de contorno. 

• Datos dependientes del tiempo. 



CONDICIONES DE FLU"O DE 
AGUA SUBTERRANEA 

• Problemas en 1, 2 6 3 dimensiones. 

• Condiciones artesianas • 

• Condiciones freáticas. 

• Condiciones parcialmente convertibles de 
artesianas a freátlcas y viceversa • 

• Condiciones totalmente convertibles de 
artesianas a freáticas y viceversa. 



TERMINOS FUENTE 

• POZOS DE BOMBEO O INYECCION. 

e DRENES. 

• INTERACCION CON RIOS. 
,, 

e EVAPOTRANSPIRACION • 

e RECARGA DISTRIBUIDA. /'!' .. 

• FUENTES O SUMIDEROS EXTERNOS. 



METODOS NUMERICOS DE 

SO LUCIO N 

• Procedimiento altamente Implícito. (SIP). 

• Sobrerrelajación sucesiva por secciones 
verticales. (SSOR). 



ENTRADA 
• Grupos de datos separados se pueden manejar 

en archivos de datos distintos. 

• Formatos especificados por el usuario. 

• Sólo las opciones seleccionadas entran al modelo. 

SALIDA 
• Cargas hidráulicas. 

• Abatimientos. 

• Balance de masas. 
, 

• Datos de iterocion. 

• Datos de tiempo. 

• Cálculos de flujo celda a celda. 

• Opción de archivos en binario. 

• Selección de salidas paro impresión . 



CONDICIONES DE CONTORNO 

• Carga prescrita . 

• Flujo prescrito . 

• Flujo nulo . 

• Flujo dependiente de la carga . 



--:;:,. 

REQUERIMIENTO DE DATOS 

• Datos sobre la malla de diferencias 
finitas. 

• Periodos de esfuerzo e intervalos de tiempo. 

• Parámetros del método de resolución. 

• Opciones . 

• Parámetros hidráulicos . 

• Condiciones de contorno. 

1 

• Términos fuente - sumidero . 

' '<>1 



PAQUETE BASICO 

• Tamaño del modelo . 

• Contornos. 

• Longitud de los Intervalos de tiempo. 

• Condiciones iniciales . 

• Salida. 

• Opciones ( Paquetes utilizados) 

REQUERIDO 



PAQUETE DE FLUJO 
CENTRADO EN LA CELDA 

• Lee los parámetros de acuífero . 

• Define los tipos de capas . 

• Calcula los coeficientes de las ecuaciones 
de diferencias finitas . · ·~ 

REQUERIDO 
(Por ahora) 



RESUMEN DE CONDICIONES DE FLUJO 
DE AGUA SUBTERRANEA Y DATOS REQUERIDOS 

Tipo REQUERIMIENTO DE DATOS 
CONDICION de DESCRIPCION 
DE FLUJO Ca12a S S~ T K BASE TECHO VCONT 
Artesiano o Estrictamente tr no SI no no no cd 

confinado 

Freático Estrictamente libre no tr no si si no cd 
(sólo la capa superior ) 

Parcialmente 2 T constante tr tr SI no no si cd 
Convertible (acuífero grueso) 

conversión S- S y 

Totalmente 3 Conversión T- K tr tr 
. 

si • cd no SI SI 
Convertible Conversión S -S y 

X= Parámetro utilizado 

:no= Parámetro no utilizado 
tr = Parámetro utilizado en simulaciones en transitorio 

cd= Parámetro utilizado si existe una capa debajo 



PAQUETE -DE POZOS 

• Lee datos de pozos . 

• Añade términos de pozo a las ecuaciones 
de diferencias finitas. 

• Condición de flujo prescrito. 

• Pozo en el centro de la celda. 

• Conceptualmente solo un pozo por celda . 

:. en la formulación las descargas se 
concentran. 



PAQUETE DE RECARGA 

• Lee los datos de recarga . 

• Multiplica la taza de recarga por el 
area de la celda. 

L 1 T * L2 = L3/ T 

• Añade términos de recarga a las 
ecuaciones de diferencias finitos. 

• Condición de flujo prescrito · . 



PAQUETE DE DRENES 

• Lee datos de drenes . 

• Calcula la filtración del dren . 

• Añade términos a las ecuaciones de 
diferencias finitas . 

• Condición de flujo dependiente de 
la carga . 

• Elevacidn del dren = carga en el dren. 

• Flujo al dren proporcional a la diferencia 
de carga.· 

• Factor de proporcionalidad =conductancia. 
L2 /T 

• Flujo al dren solamente. 



_PAQUETE DE RIOS 

, 
• Lee datos de no . 

• Calcula los términos de filtración. 

• Añade términos a las ecuaciones de 
diferencias finitas. 

• Condición de flujo dependiente de la carga. 

• Flujo vertical solamente . 

• El río es una fuente infiníta. 

KLW 
M 

t 
conductancia 

( HRIV- HAQ) . 



PAQUETE DE EVAPOTRANS_ 
PIRACION . 

• Lee datos de E T 

• Calcula la tosa de E T 

• Añade términos a los ecuaciones de 
diferencias finitas • 

• Condición de flujo dependiente de la carga. 

• Función lineal . 

• Q =O si h < elevación especificado • 

• Q= ETmox 
h- elevaciÓn especificada 
profundidad de extinción 

• Q-= ET max , paro h <. superficie • 



PAQUETE DE CONTORNO 
GENERAL DE CARGA ( GHB) 

• Lee datos de contorno general de carg-a. 

• Calcula los flujos . 

• Añade términos a las ecuaciones de 
diferencias finitas. 

• Condición de flujo dependiente de la e a rga . 

• Función lineal. 

• Similar al dren pero flujo puede ser + ó -



PAQUETE SIP 

(PROCEDIMIENTO ALTAMENTE_ 

IMPLICITO ) 

• Resuelve iterativamente el sistema de 
ecuaciones de diferencias finitas . 

• Imprime datos de iteración . 
' ., 



PAQUETE SSOR 

( SOBRERRELAJACION SUCESIVA­

POR SECCIONES VERTICALES } . 

• Resuelve iterativamente el sistema de 
ecuaciones de diferencias finitas. 

• Imprime datos de Iteración . 
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VENTAJAS Y DESVENTAJAS DE 
LOS METODOS DE RESOLUCION 

SSOR 
+ 

más directo 

menor requerimiento 
de memoria RAM 

resolución directa 
para sección vertical 

más fácil de entender 

mejor en sistemas 
multicapas 

+ 
1 

mas rapldo que 
el SSOR 

menos sensible a 
a los parámetros 
de aceleraciÓn 

sensible al parámetro 
· de aceleración 

1 

mas lento que el SIP 

SIP 
-
, 

muchos parametros 
para 11 sintonizar 

11 

difíc·11 de entender y 
• corregir 

mayor requerimiento 
de memoria RAM 

' ... : 
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VCONT 

• Se refiere a la conductancia entre nodos (vertical). 

e Hay NLAY- 1 arreglos de VCONT . 

• VCONT= 1\ . 1\ e [_-T' ] u X. uy 

• Incorpora tanto a K como a llz 

:. ~z no se define explicita mente. 

• Incorpora propiedades de capas adyacentes. 

• Sim.llar o lo conductancio usado por el modelo 
en lo horizontal, excepto : 

Horizontal: ~ 's y. K's se proporcionardn por . 
separado .. 

Vertical : ~·s y K • s se combinan a priori . 
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• 

SIMULACION DE ACUIFEROS 

e LA SIMULACION DE UN SISTEMA -

ACUIFERO CONSISTE EN LA CONSTRUC_ 
CION Y OPERACION DE UN MODELO 

CUYO COMPORTAMIENTO SE APROXIMA 
AL DEL ACUIFERO REAL • 

e EL USO DEL MODELO TIENE TRES 
. OBJETIVOS PRINCIPALES : 

(1) ENTENDIMIENTO 

(2) PREDICGION 

(3) CONTROL 



MODELO DE SIMULACION 

e EL TERMINO MODELO SE REFIERE A: 

(1) LA TEORIA QUE DESCRIBE AL 

PROCESO BAJO CONSIDERACION; 
(2) EL CODIGO DE COMPUTADORA 

QUE SE USA PARA SIMULAR 
EL PROCESO; 

(3) LA APLICACION DEL CODIGO A 
UN CASO PRACTICO ESPECIFICO. 

e SE PUEDEN APLICAR CRITERIOS DE 
EJECUCION PARA LOS TRES CASOS. 

l 
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• 
MODELOS 

e FISICOS 

e ANALOGICOS ELECTRICOS 

e MATEMATICOS 
- DETERMINISTICOS 

- ESTOCASTICOS 

- COMBINADOS 



\1 

MODELO CONCEPTUAL 

. MODELO MATEMATICO 

--

MODELO ANALITICO MODELO NUMERICO 

ECUACIONES QUE SE APRO-
ECUACION SIMPLIFICADA XIMAN NUMERICAMENTE 
CUYA SOLUCION SE PUEDE RESULTANDO EN UNA ECUA_ 
OBTENER POR METODOS CION MATRICIAL QUE SE 
ANALITICOS. PUEDE RESOLVER POR 

COMPUTADORA. 

1 



• 
MODELOS MATEMATICOS 

e CONSISTE EN 

- ECUACION (ES) DIFERENCIAL (ES) 
PARCIAL (ES) -

- CONDICIONES INICIALES 

- CONDICIONES DE CONTORNO 

e SE BASA EN 

- CONSERVACION DE LA MASA 

- CONSERVACION DEL IMPULSO 



• 
METODOS NUMERICOS 

e OFRECEN VENTAJAS PARA 

- AMBIENTES GEOLOGICOS COMPLEJOS 

-- HETEROGENEIDAD 

-- ANISOTROPIA 

- CONTORNOS IRREGULARES 

- PROCESOS NO LINEALES 

- PROCESOS ACOPLADOS 

7 



AREA TO BE MODELED 

• • • o •• • • -' • • ~ • • : • • • • • : •• 
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1 



M 

' ~ 
w 

'/ 

lf. 
1\.. 

/ 
v, 

• 

V • 
• • 

1\.' • ... • • • 
• • • • .¡ • 

V• • 
• • 
• • 
• • 

('o, 
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• block· cenler node • • le la 1- • • • o· source;slnk no de 
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FINITE ELEMENT MESH 

• nodal polnl 

o source/slnk node 

. ' 
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• PROPOSITO DE LA MODELACION 

e ENTENDIMIENTO DEL SISTEMA Y 
DE LOS PROCESOS. 

- INVESTIGACIONES DEL AREA 
- CONDICIONES PASADAS 

e PREDICCION 

. - CONDICIONES FUTURAS 
- ANALISIS DE DISEÑOS CORRECTIVOS 
- ANALISIS PARA CRITERIOS DE 

REGLAMENTACION 

e CONTROL 

- IMPLEMENTACION DE PROGRAMAS DE 
APROVECHAMIENTO O CORRECTIVOS 

- OPCIONES DE OPERACION 
- EXPLOTACION ·oPTIMA 



' 

• IDENTIFICACION DEL MODELO 

e A LA DETERMINACION DEL MODELO 
TEORICO CORRECTO SE LE CONOCE 
COMO IDENTIFICACION DEL MODELO. 

e DADA UNA CLASE DE MODELOS Y 
UN PROCESO. EL PROBLEMA DE 
IDENTIFICACION CONSISTE EN 
DETERMINAR EL MEJOR MODELO 
EN ALGUN SENTIDO MEDIANTE 
OBSERVACIONES DE ENTRADA-SA_ 
LIDA DEL PROCESO. 

• LA SELECCION DEL 
11 

MODELO. MAS 
VERDADERo•• ES UNA TAREA SUB_ 
JETIVA QUE DEBE REALIZAR EL 
MODELADOR. 

.. . , 



SELECCION DEL CODIGO 

• UNA VEZ QUE LA TEORIA SE 
IDENTIFICA, SE PROCEDE A LA 
SELECCION DEL CODIGO. 

e EL CODIGO DE COMPUTADORA -
(PROGRAMA) ES UN CONJUNTO 
DE INSTRUCCIONES DISEÑADAS 
PARA RESOI:..VER EL MODELO 
TEORICO. LA MAYORIA DE LOS 
INDICES DE EJECUCION SE HAN 
DESARROLLADO PARA LOS 
CODIGOS DE COMPUTADORA, A LO 
QUE SE LLAMA VALIDACION DEL 
MODELO. 

--• LA VALIDACION ES UN PROCESO DE 
PRUEBA APLICADO AL CODIGO DE 
COMPUTADQRA,DONDE LOS OBJE_ 
TIVOS SON: 

(1) VERIFICAR LA EXACTITUD DEL 
ALGORITMO COMPUTACIONAL EMPLEA_ 
DO PARA RESOLVER LAS ECUACIO _ 
NES QUE DESCRIBEN EL FENOMENO • 

(2) ASEGURAR QUE EL CODIGO DE 
COMPUTADORA SEA COMPLETAMENTE 
OPERACIONA _. 

• 

¡o 
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e SELECCION DEL CODIGO (CONTINUA) 

• SE DICE QUE UN CODIGO DE COMPUTADORA 
ESiA' VALIDAD0

1 
SI SE HAN EFECTUADO 

LAS PRUEBAS SUFICIENTES PARA 
DEMOSTRAR QUE REPRESENTA CON 
EXACTITUD AL MODELO TEORICO. 

• LAS PRUEBAS PUEDEN CONSISTIR EN : 

(1) COMPARACION CON SOLUCIONES 
ANALITICAS. 

(2) COMPARACION CON OTROS CODIGOS 



FLUJO DEL AGUA SUBTERRANEA e 
MARCO FISICO 

e PLANO HIDROGEOLOGICO MOSTRANDO LA 
EXTENSION, CONTORNOS, Y CONDICIONES 
DE CONTORNO DE TODOS LOS ACUIFEROS 

e PLANO TOPOGRAFICO MOSTRANDO LOS 
CUERPOS DE AGUA SUPERFICIALES 

e PLANOS DE CONFIGURACION DE LA SUPER­
FICIE FREATICA, DEL BASAMENTO, Y DEL 
ESPESOR SATURADO 

e PLANO DE TRANSMISIVIDAD MOSTRANDO 
EL ACUIFERO Y SUS CONTORNOS 

e PLANO DE CONDUCTIVIDAD HIDRAULICA Y 
ALMACENAMIENTO ESPECIFICO DE LA 
CAPA CONFINANTE 

e 'PLANO DE VARIACION DEL COEFICIENTE 
DE ALMACENAMIENTO EN EL ACUIFERO 

e CONEXION HIDRAULICA ENTRE EL 
ACUIFERO Y LOS CUERPOS DE AGUA 
SUPERFICIAL ES 

1'7 
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• FLUJO DE AGUA SUBTERRANEA (CONT) 

ESFUERZOS SOBRE EL SISTEMA 

e TIPO Y EXTENSION DE LAS AREAS DE 
RECARGA (AREAS IRRIGADAS, CUERPOS 
DE AGUA SUPERFICIALES, POZOS DE 
RECARGA, ETC. 

e ·aoMBEO DE AGUA SUBTERRANEA 
(DISTRIBUIDO EN TIEMPO Y ESPACIO) 

e GASTO EN CAUCES SUPERFICIALES 
(DISTRIBUIDO EN TIEMPO Y ESPACIO) 

e PRECIPITACION 

e EVAPOTRANSPIRACION 

OTROS FACTORES 

e CONDICIONES ECONOMICAS 

e ASPECTOS LEGALES 

e USO DEL SUELO 

' ,. 

lb 



APLICACION DEL MODELO 

• LA APLICACION DEL MODELO TIENE 
TRES ETAPAS PRINCIPALES : 

( 1 ) CONCEPTUALIZACION DEL SISTEMA 

(2) CALIBRACION DEL MODELO 

(3) PREDICCION 

e LA MAYORIA DE LAS APLICACIONES 
INCLUYEN A LAS TRES ETAPAS, 
AUNQUE CON DIFERENTES GRADOS 
DE ESFUERZO. 

' 

• 
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e APLICACION DEL MODELO ( CONT.) 

.. ., 
e 
o 
·¡; 
o 
E "' o - ~ .. -., .. 
., E 
e';: - .. .. ... 
o ., 
- o .. -
:::1 
~ .. 
~"O 

mal 

r-

-
a 

IN 1 C 1 O INICIO 

Perímetros esti mad os Perímetros estim 
inicialmente 
especificación d el modelo 

Inicialmente. 

CORR 1 DA ESPECIFICACION 
DEL 

MODELO 
DEL 

MODELO 

,... -------- --------, 

COMPARACION DE 

VALORES CALCU_ 
LADOS CON LOS 

OBSERVADOS. 

lbuena 

( FIN 

o 
u --'O 
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o 

.. -.. 
o 
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.. 
o 
>"' .. e 
:o­
c O> 
~e 
o o _ .. 
::oo 
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o 
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-

- ensayo y error 

CORRIDA 
r--- DEL 

MODELO 

.._ CALCULO 
no DEL CRITERIO 

Si -=~~V_!~!, J _¡ -------
¿SON ACEPTABLES no· 

LOS 
RESULTADOS .. 

• 

Si 

( FIN ) 

- automático 

a dos 

PROCEDIMIENTOS PARA CALIBRACION DEL MODELO 

MEDIANTE ENSAYO Y ERROR Y AJUSTE AUTOMA­

TIC O. 
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APLICACION DEL MODELO (CONT;)e 

e LA CONCEPTUALIZACION DEL SISTEMA 
INCLUYE LA ORGANIZACION DE LA 
INFORMACION SOBRE EL SISTEMA 
ACUIFERO DENTRO DE UN MARCO 
INTERNAMENTE CONSISTENTE. LA 
CONCEPTUALIZACION INCLUYE LOS 
FACTORES QUE CONTROLAN AL 
SISTEMA DE FLUJO TALES COMO 
GEOMETRIA Y ESTRATIGRAFIA, CONDICIONES 
INICIALES Y DE CONTORNO, Y PARAMETROS 
IDROLOGICOS • 

e LA CONCEPTUALIZACION DEL SISTEMA ES 
UNA TAREA SUBJETIVA Y NO SE 
DISPONE EN GENERAL DE INDICES 
CUANTITATIVOS DE CORRECCION . 

• )q 
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Mej~r:e­
modelo 

concept 

.. 

~ 
. 
-

'-

el 

u al 

DETERMINE LA NECESI_ 
DAD DE UN MODELO -
NUMERICO. 

'V 
RECOPILE E INTERPRE-
TE LOS DATOS DISPO-
NIBLES 

"' 
-

RECABE NUEVOS DATOS 
Y OBSERVÉ EL SISTEMA ---

Conceptuollzocidn ~ Calibración 

PREPARE LOS DATOS PREPARE LOS DATOS 
PARA EL MODELO PARA EL MODELO 
USANDO LOS PARAMf:_ USANDO LOS PARAME. ~ 

TROS ESTIMADOS. TROS ESTIMADOS. 

"' 
v 

COMPARE LOS RESUL 1-
INTERPRETE LOS .TADOS CON LOS 
RESULTADOS. DATOS OBSERVADOS. 

Resultados 0~ Bueno ¡y Molo 
1 

so ti sf octori os reproducciÓn reproduce Ion 

PRUEBAS DE SENSIBILIDAD 

'V 

SE NEC.ESITAN MAS DATOS~ . . 
~·no 

.. 
PREDICCION 
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·­APLICACION DEL MODELO (CON·T~}:~·; .. 

• LA REPRODUCCION HISTORICA O CALIBR4-
CION DEL MODELO SE EMPLEA PARA·_-:', · 
REFINAR LAS ESTIMACIONES DE LOS . 
PARAMETROS HIDROLOGICOS Y CONDICIOti~J:. 
NES DE CONTORNO MEDIANTE LA ·_ '.· · : 
COMPARACION DE LOS RESULTADOS ·CO-N-

-LOS DATOS OBSERVADOS. . 'í . - ,.' 

e LA CALIBRACION SE PUEDE EFECTliÁR,:~-: · 
POR ENSAYO Y ERROR O POR REGRESIG.N 
AUTOMATICA. PARA AMBOS, EL AN"'LJSJ§:.·:·1 

DE SENSIBILIDAD ES PARTE DEL PROCESO 
DE AJUSTE. 

' ' . 
e EL GRADO DE AJUSTE ENTRE LAS 

VARIABLES CALCULADAS (P. E. CARGAS 
HIDRAULICAS ) Y LOS VALORES MEDIDOS 
PERMITE JUZGAR EL PROCESO DE 
CALIBRACION • 

1 

'20 



USO ERR()NEO .. DEL M.ODELO 

e LA· MAYORIA DE LOS ERRORES DE 
MODELACION OCURREN EN LA APLICACION 
DEL MODELo¡., ENTRE LOS EJEMPLOS MAS 
COMUNES DE, MAL. USO SE TIENEN : 

( 1) SOBREMODELACION -HACER . EL MODELO 
·- .' MAS COMPLEJO QUE. LO PERMITIDO 

· POR .... LOS DATOS, O QUE LO REQUERIDO 
.POR LOS. OBJETIVOS; . . 

(2) CONCEPTUALIZACION INCORRECTA - ; 
.. BA~AR:~ EL MODELO EN UNA CARAC-

- . ·JER.I;ZACION POBRE O INCOMPLETA 
DEL· 'ACÚIFERO; 

(3) SELECCION INCORRECTA DEL MODELO 
-SELECCIONAR UN MODELO SIN -
ENTENDER,. BIEN SUS LIMITACIONES; 

(4) CONDICIONES DE CONTORNO Y /0 
.PARAMETROS DEL MODELO INCORRECTOS 

' 
(5) PREOICCION INAP.ROPIADA- PRONOS_ 

.TICAR BAJO CONDICIONES MUY 
DIFERENTES A LAS. EMPLEADAS EN LA 
.CALIBRACION; 



... 
. ' 

(6) MALA INTIERPRETACI0~2 ·e=·*-: ~NTER- · 
PRETACION HIDROlOGICA .. P.OBPE DE 
LOS RESULTADOS . CALCUL4\DOS. 

(7) APROXIMACION NUMERICAi =BURDA 
(IMPORTANCIA .DEL BALANCE DE 
MASAS) 

(8) 'ERRORES NO · DEThCTADOS- EN EL 
CODIGO NUMERICO ( ~MP.ORl'ANCIA DE 
LA VAUDACION ) . 

).~ 

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


