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SIMULACION COMPUTACIONAL DE FLUJO EN MEDIOS POROSOS SATURADOS

Rodrigo Medina Banhuelos

Introduccion:

El analisis del comportamiento observado de un acuifero, y la prediccién
de su evolucién futura, son objetives importantes que se pretende alcanzar
mediante una serie de estudlos muliidfsciplina?los que permiten simular el

movimiento del agua en medios porosos.

La implementacién de un modeloc numérico de simulaclén requiere de

informacién =~proveniente” de diversas disciplinas. Los resultados_

proporcionados por estudlos geolégicos, geofisicos, hidrogeoquimicos,
hidraulicos, cllimatologlcos, etc. constituyen _los archives de datos que

caracterlzan al acuifero estudiado.

La metodologia que -se _gmpléﬁ_‘én el proceso de modelacién numérica,
consliste en obtener una solucidn aproximada de la ecuacidén diferencial que
goblerna el movimiento del agua en un medio poroso saturadeo. La regién de
simulacién se define de acuerdo a la geometria del sistema acuifcro
estudiado, y se le 1imponen condiciones de freontera Jjustificables por la

geologia y la hidraulica subterranea. Adicionalmente, para la solucion

transitoria se requiere de condicliones iniclales (observadas o deducidas)

para el tiempo de Ilnicio de la simulacién.

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

.solucién de la ecuacién de flujo, condiciones iniciales y de frontera

especificados, se procede a ejecutar las simulaciones de callbracion del
sistema, enfocadas a reproducir el comportamiento observado. La
incertidumbre en los valores asignados a los parametros hidraullicos y a la
recarga del sistema, entre otros factores, pueden conducir a wuna
discrepancia entre los niveles piezomélricos observados y los simulados.
La calibracion del modelo consiste en modificar los archivos de datos
propuestos originalmente, hasta obtener un funcionamlento del sigicma que

sea similar al observado histéricamente.



Las simulacicnes predictivas se realizan utilizando los archives de datos
callbrados y permiten prever el éaaﬁa?tamientorque el sistema acuifero
adoptara en el futuro al ser sometido a diversas politicas de explotacioén.
Las conflguraciones de niveles plezométricos obtenidas mediante
simulaciones predictivas, son determinantes en la toma de decisiones pa}a
€l manejo raclional de los recursos hidréuliéos y para el diseio de las

estructuras requeridas. N -

En los subcapitulos siguientes se presentan aléhﬁos aspectos lmportantes
del proceso de simulacion numérica, entre estos la deduccién de la
ecuacion diferencial que describe el movimiento del agua en medios

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

frontera, un ‘ejemplo del procedimiento de solucién analitica de un
problema con valores a la frontera, y finalmente un articulo referente a
la simulacién~"numérica del acuifero de San Luis Potosi que llustra

concretamente la metodologia expuesta. - -



DEDUCCION DE LA ECUACION DIFERENCIAL DE FLUJDO EN MEDIOS POROSQOS

' La deduccién de la ecuacién de ffujo para un medio poroso saturado

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

PVx

Vi

///,/’_

PV ~ B%(PVI)

—_— PN T

3 L
Py < 3y {pvy)

d
Er(pvd

se

Segun la ecuacién de continuidad (Ley de Conservacién de la Materia), las

entradas (E) menos las salidas (S) en un sistema,

volumen almacenado dentro del mismo (AV).

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

control —E~—
L™T

donde:

Las entradas menos las salidas en la direccién x

pvx Ay bz -

- r 3
Densidad del fluido M
L3
l )
f o 3\
Descarga especifica L
. T 7

pvx +

d(pvx) Ax

dax

E-5=4V

se puede expresar como pvA

Ay Az

son iguales al cambio de

seran:

de



Andlogamente:

en la dirececién y:

pvy Ax Az - [ pvy + —giexz)ny ] Y3V — B
3y )

en la‘'direccidén z:

pvz Ox Ay - ) pvz + —éigiz)ﬁz Ax Ay -
az

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

| atevx) , 9lpvy) | 8lpvz)
_ dx dy az

Ax Ay Az

Dividiendo entre el volumen Ax dy bz, se “obtiene

almacenamlento por unidad de-volumen del sistema:

- dlpvx) . alpvy) . dlpvz)
dx dy a3z

AY

Para un sistema en estado estaclonario la variacién del

con respecto al tiempo (Av) es lgual a cero:

av = 0

Supeoniendo densidad del flﬁ1qo constante:

avx dvy _ dvz

ax ay dz

Sustituyendo la ecuacién de Darcy:

v=-K oh en cada componente

- aL

el—camblo cn el

volumen

(1)

almacenado

(2)



a—Kxa_rl +a_ Ky@ +a_ Kz@ =0 . (3)
ax ax ay dy -8z

Suponiendo que el material es isotrépico (Kx = Ky = Kz) y homogénco (K =

cte).

i 2 2 2 -
e 8h o -
g 2+ 2 =0 S (4)
ax ady az""

Esta ecuacldén es conocida como 1la Ecuacién de Laplace y es de gran
utilidad en hidrogeologia. La solucion de esta ecuacion describe el valor
de la carga hidraulica en estado estacionario en cualquier punto en una

regién tridimensional. . —

Flujo transitorio en medio saturado.-- . T

La ley de conservacidén de masa requiere que la masa que se¢ almacena por
unidad de tiempo por unidad de volumen dentro del volumen de control, seca
igual a la variacién conrespecto al tiempo de la densidad p del fluido
que se encuentra dentro de los poros del material limitado poer el volumen

de control - -

3(pvx) . dlpvy) R alpvz) --d(pn) (5)
3x gy ——d8z at

donde n es la porosidad del materlal.

Desarrollando el lado derecho de la ecuacion.

a(pvx) . alpvy) 6(pvz)jﬁ= n ép o an (6)
dx dy az at at
n Clo es la masa producida por la expansion del " agua por unidad
at

de tiempo cuando cambia su densidad

P én es la masa producida por la compactaclén del medio poroso

at



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 hidraulica h, y que el volumen de agua producido por los 2
mecanismos cuando la carga hidraulica h disminuye una unidad, es Ss

(coeficiente-de almacenamiento especifiéo {8 D)

Ss = pg(a+nB) e {7)

éompreslbilidad de la matriz solida
compresibilidad del flufdo - —

]

El camblo de masa de fluido almacenado por unlidad de tlempo es: -

T ' av = p 55 2B (8)
I - |
La ecuacidén (6) se puede expresar como: e
_ 8lpvx) _ alpvy) _ 3lpvz) _ p Ss dh (9)
ax dy dz at

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

. s avx
cadena, y considerando que los términos p 3% Son mucho mayores que los

ap

vX , ¥ sustltuyendo la Ley de Darcy, se obtiene:

ax
S kx| vl iy | 4% ke D | 255 2 (10)
ax ax dy ay dz dz at
Conslderando medio lsdtropo: Kx = Ky = gé

2 2 2
gh, o, o _ Sson (11)
x>  ay® oz K at
2 2 2
&n o 2'h _ s o (12)
ax® ey’ 82t T at



1)  Solucién por inspeccién

Esta ecuacidén se conoce como Jla ecuacién de difusién. La solucién

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

(x,y,z) de la reglién para cualquler tiempo t. -

Problemas con valores a la frontera

Un problema de valores a la frontera es un modelo matematico

La técnica de anélisi§ de un problema de valecores a la {rontera es -un

proceso de 4 pasos:’

1) Examen del problema fisico - S
2) -Planteamiento del problema fisico en términos de un problema —_—
matematico equivalente A -

3) Soluclién del problema matematico con técnicas matematicas
4) Interpretacion de los-resultados matematicos en términos del problema
fisico.

Los problemas™'de flujo en medios porosos ‘dan luéér a un problema

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

Para definir completamente un —problema transitorio de valores a la

frontera en flujo subterranec se necesita conocer:

1) El tamafio vy forma de la regiéon de flujo (geometria del sistema)

2) La ecuacidén de flujo dentro de la region

3) Las condiciones de frontera alrededor de la region

4) Las condiclones iniclales en la regién

5) La distribucién espaclial de los parametros hidrogeeclégicos que
contreolan el flujo

6) Un método matematico de solucidn

5i el‘problema con valores a la frontera es para estado estacionaric, no

se requlere conocer las condiciones iniclales del sistema.

Los métodos de solucidn para un problema con valores a-la frontera _pueden

ser clasificados en 5 enfoques:

2) Solucion por técnicas graficas (redes de flujo)

3) Soluclién por modelos analéglcos {(clircultos eléctricos)

4) Solucién por técnicas matemdticas analiticas

5) Soluclén por técnlcas matematicas numéricas (modelos.computacionales) -



Ejemplec de una solucién .analitica a un problema de valores a la frontera

. — —_—

Considere el problema de flujo subterranec mostrado en las figuras:

- LIIIIILEI 777777
y=y A Al B
k = K

- - 1 - _

.E

D srrrririrsrsd/ C —_—

X=0 X=X

La ecuacién de flujo en dos dimensiones para flujo en- zona saturada y

estado estaclonario es:

2 2 — .
“h & h 5 - )

—_— : 5 x2 3 y2

La expresion matematica de las condicliones de frontera es:

gh _ _ - - .
3y - 0 en y=0_y y=n (2)
— h=h0 e X=0 - - - (3)
h = h1 en = XL - - = {4) N

Se obtendrd h {x,y) usando la técnica de separacién de variables:

Se supone en el método de separacién de varliables que la solucidén es un

producto de la forma:
hix,y} = X{x} Y(y) .= == (5)

La ecuacién {1) se expresa ahora como:




_Dividiendo entre X Y se obtiene: .._. .

2 2 —_—

1
2 Ry

Q
>

1.
X

Q

~ El lado izqulerdo es independiente de y. El lado derecho, a pesar de su -
aparlencia, debe ser independiente de y;.debido a gque.es igual al iado )
izqulerdo. Anéloéamente. el lado derecho es independiente de x, y
también el lado izquierdo. Si1 los dos términos de la ecuaclién son

independientes de x y y, cada término debe ser- igual a una constante. e

entonces: ™

o1}
>

xl -
il
(]
“«

<l

=11
x
383
Q
<
i

La constante G puede ser positiva, negativa o cero. Los 3 casos conducen
a una solucién tipo producto. Pero sélo el caso G = 0 da lugar a una

solucidén que tlene significado fisico para este problema. Por lo tanto:

Q@
>

><| —
[N
]
o
<
ol

o3
x

=¥
ey

Estas son ecuaciones diferenclales ordinarias cuyas soluciones son bien

conocidas: —
X = Ax + B y Y=Cy+D - - - - (10)

La solucién producto (5) es:

h (x,y} (Ax + B)(Cy + D) - - - (11)

Los coeficlentes A, B, C y D se evaluan medlante las condiciones de
frontera. Diferenciando-{11) con respecto a y se obtiene:

._6h

3y (Ax + B)C - - - (12)



La condicién de frontera {2) implica que C = 0. La ecuacién (11) gqueda

como: -

hix,y) = (Ax + B)D = Ex + F - - - (13)

De acuerdo a la_s_c_g_ndlciones de frontera (3) y (4);
F=ho y E=~(ho - h1})/xL. La solucién es entonces:

h(x,y) = ho <(ho - h1) = . - - - (14)
}
Se aprecia claramente que la ecuacién (14) satisface las condiciones de
frontera (3} y (4). La derivada con respectc a y ég _1gua1 a cero
satisfaciendo 1la condicién (2). La segunda derivada de-—hi(x,y) con
respecto a x también ‘es iguﬂ a cero. Por lo tantc la soluclién (14)

satisface la ecuacién de fiujo (1).

10
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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 Geofislca, UNAM, Mexico Clty
Apdo., Postal 22-582, 14000 Mexico, D.F., Mexico

ABSTRACT. A numerical model is implemented for the aqulfer of the City of San
Luis Potosi, which takes-.into account the contribution of an underlying
thermal source. Previously, it was thought to be overexploited. By means of
the numerical model, it is shown that this ls not the case, because there is a“
contribution from the underlying thermal source. Since _the propéffies of the
thermal source” are not known, the procedure-used to incorporate them is to
ad just the-values of the vertical hydraulic conductlivity between the thermal.
source and the aquifer until the actual piezometric levels in the aquifer were
reproduced. For this case study, such a procedure has produced useful results.

INTRODUCTION

The Valley of San Luls Potosi, is located in the high plateau of the Republic
of Mexlico (Fig.1) and it lies in the semi-arld reglon. The water demand of the
City of San Luis Potosi, caplital of the state of the same name, for
agricultural, urban and industrial-uses, has been steadily increasing. Most of

--the_water supplied to the city 1s from underground sources, because due to the

reduced rainfall, the surface water contributlion is small (only 8 %).

There . is.concern with respect to the future evolution of the aquifer,‘because
in the lasfifew years the observed speed of drawdown has reached the rate of
1.3 m year . However, if the hydraulic balance of the aquifer 1s carried out
taking into account only what is known about the aguifer, the predicted rate
of drawdown is even larger. On the basis of thermal, chemical and hydraulic
evidences, in a previous study: Instituto de Geofisica, UNAM (1988), it was
established that the differences between the observed and the predicted rate
of drawdown ls due, to water supplied by deeper geoleoglcal formations with
thermal activity. o

Taking into account these facts, it was decided to implement a numerical model
of the aquifer to improve the understanding of its behavior, specially with
respect to the deep thermal sources, and to predict the system behavior under’
different exploltation policies for the next twenty years. —— -
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Figure 1: Locatlion map of San Luls Potosi Basln

HYDROGEOLOGIC MODEL

On the basls of the avallable geologlcal, geophyslcal, plezometric an
hydrochemical informatlion, the proposed hydrogeological_model of the syste
includes a "shallow aquifer" of reduced ylield and poor quality water. Thi
aquifer overlies a "clay formation" which in turn confines a deeper aquifer
Most of the water is produced at this "deep aquifer", which has therm
activity (Fig.2). Below it, lay the "thermal sources". :



Qal= Alluvial dc'posns, Quoternary.~ J,‘?i:\n

Tlce Contera Ignimbrite formation, Tertlary. “{ Foult,

Tip= Portezuslo Lotlte farmation, Tartiary, \ Genero} ground water flow (cold),
Tem= San Miguellic Rhyclits formation, Tertlory, ¥ warm water fiow. ’

~— ‘\-:

HEAT SOURCE

Figure 2: The hydrogeological model -

In this fligure, 1t can be observed, that the system of regional flow ls
important for aquifer performance, producing a vertical component of hot
water. For a detalled geological description of the system, the reader is
referred to the previous study: Instltuto de Geofisica, UNAM (1988).

MODELLING OF THE SYSTEM ——

For the implementation of the numerical model, a conceptual model of 1its
behavior was deflined, suitable differential equations were adopted, a computer
program was selected and its callbration was carried out using the available
information. The plezometric levels produced by the program, were interpolated
using the package SURFER: Golden Software, Inc., (1989) to obtain a more
convenlent graphical representation. ’ .

The comceptual model

The limits of the area included in the model, are shown in Fig. 3 and were
based on geologlcal consliderations.
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Figure 3: Grid used In the numerical simulation !
The San Miguelito range at -the west and the San Pedro range at the easL:

constltute natural boundaries because they present conditlons of no flow, and
at some places constant head (Fig. 4). ‘
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The northern.and southern limits were selected on the basls of the plezometric
information that was avallable and they were taken as impermeahle, because
there is evidence that the flow there, is negligible. The shallow aquifer,
located on the upper part of the system, -functlions as a unlt Iindependent of
the deep aqulifer, because the clay layer that separates them is sensibly
impervious. Takling into account that most of the water ls produced at the deep
aquifer, the purpose of the model . is the -prediction of its behavior
exclusively, leaving aslde the shallow aquifer.

The Basic Equation -

The governing equation.used was:

a(. ah af. ah a{, 3h) _ . ah
#oH) © w5« aleR) s R @)
where Ss = specific coefficlent of storage (L
K = Hydraullc conductivity [LT ']
h = Hydraulic head [L]
t = Time [T]



However, the analysis of the flow was malnly two-dimensional, because only two
horlzontal layers were incorpeorated in the model.

The computer code MODFLGCW: McDonald & Harbaugh, (1984), was used in all
calculations. This model applles the—cells method which ylelds finite
differences approximatlons

'The deep aquifer can be> satisfactorily modelled using a 2x2 Km grid and
applying finite difference schemes on them, as illustrated in Fig. 4. Layer I
includes the best known part of the system, where the value of the hydraullc
properties are known or at least can be estimated. Layer Il was introduced to~
model the deeper, less known geological formations which supply the thermal
water. The flow and interactlon between layers I and 1I, is due to the
differences of hydraulic head between them. In layer II, 1t was assumed a
constant hydraulic head that remailned greater than the head of layer I,
throughout the runs. This induces a vertical component of flow whose magnitude
can be adjusted varying the ratlo of the hydraullic conductivity (Kz) to the
thickness of the layer where the flow takes place.. __

An upper boundary condition of no flow—was considered in layer I, which

correspends to the clay layer whose hydraulic conductivity is neglected. In
" the horizontal limits of the aquifer, ‘either constant head or no flow boundary
conditions were considered, as indicated in Fig. 4.

CALIBRATION o

In the period January 1987- July 1989, heads were measured monthly in
observation wells distributed throughout the reglon that was modelled. At the
same time, the pumping rate was measured in-some cases and estimated by

indirect means in others. R

In addition, the plezometric head distribution corresponding to 1960, 1s
available and there are estimates of the_historical evolution of the pumping

rates,.

The -hydraulic propertles of the known part of the aquifer were obtalned by
means of pumping tests and also scme pumping tests avallable from previous
studies were interpreted. Transmissivity varies between 1x10 and
8x10 m"s ., The calibration for layer I, started with these values and then
were modified on the-basis of the results of the callbration. The properties
of layer Il were adjusted until the behavior of the system was reproduced in a

satisfactory manner.

In spite of the additional piezometric information that was avallable, 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 perliod. Once the
results of the calibration were obtained, the data of less quallity that were

avallable for the period 1960 - 1988, were used to verify it.

In the evaluation of the storage coefficients of the region modelled, 10

values that were determined by pumping tests were incorporated. The extenslon



of the confining clay_ layer was determined by means of the analysis of the
prevailing geological conditions (inferred from well 1logs) and geophysical
surveys. The values of the storage coefflg}ents that were used for the cells
that behave as confined, are between 2x10  and 7x10 ~. In the case of cells

that perform as unconfined, values between 0.02 and 0.15, were used. ’

using the estimated values of S and T, led to the

The 1initial runs,
distribution of the plezometric heads shown in Fig. 5.

{

s

Head in observation well + 1700 masl

a3
-}

Figure 5: Contour map of predicted piezometric heads, without thermal sources



In this figure the predicted drawdowns deviate drastically from _those
observed, the greatest deviations occurring in the area where the thermal
manifestatlions have been observed (Fig. 6). - — o
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The general conclusion drawn from these results, was that the observed
behavior cannot be predicted satisfactorily using the observed values-of S and
T, when only horizontal flow is modelled. The yleld of the actual system is
nmuch larger than the one obtalned in such model.

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

a.- Increaslng the storage coefficlent of the aquifer, considering it as
uncenfined in all the reglon modelled. ---

b.=- _Incorporating additional socurces of water in the cells, where
required. =

The Tirst option 1is unrealistic, since it contradicts geologic evidence
directly supplied by well logs and must be discarded, In spite of the fact
that it was used in a previous study: Niedzielsky, (1990). _
On the other hand, the Inclusion of additlional sources_in the model is fully
justified by the hydrochemical and thermal evidences: Cardoha (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 {Flg. 6}. Therefore, thls was the option that was adopted in the

model. It was incorporated by means of an additional layer (layer II) whose

properties were adjusted in the calibration of the model, " assuming the

piezometric head of that layer is constant. —-

Since the hydraulic properties of the main aquifer (layer I) are the best
known, in the callbratlion, 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 (Kz) between layers I and II, based on

the temperatures and well discharges measured in the fleld, was used in the
Initial simulations, and then they were adjJusted until the actual pliezometric
distributions in the thermal area were reproduced. The stopping criterion for
the calibratlon process was that the actual heads should be ‘predicted with an
error of less than one meter in the "‘thermal zone, as shown in Flg. 7.

Using the calibrated model, a global mass balance of the region was carried
out. The results obtained are listed in Table 1.

Table 1: Mass Balance of the Aquifer

3 -1

Concept — Q(m™s ) %

Aquifer storage 0.34 . 13

Lateral recharge (cold water) 0.36 14

Upward supply (hot water) 1.90 73 -
Total well extractlon _. - 2.60 100

The distribution of the supply. shows clearly that the most important
contribution comes from the vertlcal flow which originates in the reglonal
system and exhibits thermal anomalies.
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Figure 7: Contour map of predicted plezometric heads, after callbration

Long period verification —

As was already mentioned, the information avallable for the perlod 1960 -
1988, was used to test the results of the calibration. Thus, after the
calibration was completed, a run covering that perlod was carried out.

Taking the known initlal condlitions for 1960 and estimating the evolution of
the rate of pumping in the perioed, -the piezometric heads were predicted, uslng
the calibrated model. The results of the simulation after 29 years, had
differences of "less than 3 meters between the observed and computed heads, In
the thermal area. This indicates, speclally taking Iinto account the low
quality of the information available for the pericd, 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.

10



TESTING DIFFERENT PUMPING POLICIES

" The analysis of a wide range of exploitation policies of the system lis

necessary, to quantify the potential of the thermal sources,

for the city of San Luls Potosi.

as a water supply

Predictions of the behavidr of the system for a period of 21 years (1989 -
2010),
considered were:

— et

1I.

IT.

11.

II.

under different exploitation policles™ were carried out.

.0- Keeping the present
.1- Increasing the
.2- Increasing the
. 3= Increasing the

1-—Increaéiné the

rate of extraction
rate of extraction

rate of extractlon-

rate of extraction

(13 cells) 5% every 5 years.

2- Increasing the
(13 cells) 10%
3- Increasing the
(13 cells) 20%
4- Increasing the
{13 cells) 40%

rate of extraction
every 5 years.
rate of extraction
every 5 years,
rate of "extraction
every 5 years.

S5 % every 5 years.
10 % every 5 years.
20 %4 every .5 years.
in the thermal area
in the thermal--area

in the thermal area

1£m1he thermal area

The optlons

extraction rate fixed during the uholé period.

exclusively
excluslively
exclusively

7exclusively

In Table 2 the results obtained for the different policies that were tested
are shown. For each policy the total volume extracted during the period of 21
years

sources,
Finally,
whole period in the modelled region,

is given and then _the percentages which originate
the storage of the aquifer and the neighboring regions is indicated.
in the last column the total volume of drawdown produced during the
is given in millions of cubic meters.

in the thermal

These results are also 1lllustrated in graphical~-form, in Fig. 8. Clearly, to

ensure a drawdown as low as possible,

thermal region is the best option.

locating the additional demand in. the

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

Policy

II.
II.
I1.
IT.

[

=W N e

Total " Pumped Of Thermal From Aquifer From the Drawdown
Volume Origin Storage __ Boundary Yolume
(m*x10°) (%) (%) - (%) (m°x10°)

1698 81 3 16 3440
When increments in pumping are uniformly distributed
1915 81 5 14 6000
2153 76 7 17 -8800
2702 77 11 12 16000
When all increments of pumping are taken from thermal area

1866 83 4 13 4800
2069 B1 5 14 6400
2184 82 6 12 7600
2946 82 B 10 13600

11
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Figure 8: Comparison of simulated polic'les

CONCLUSIONS

A numerical model that takes inte account the contribution of thermal sources
was developed, and using it, different operation pollcies have been tested,
for the aquifer of the City of San_Luls Potosi.

Initially, it was Intended to implement a model without thermal sources,
However, it turned ‘out tec be impossible to achieve a model capable of
predicting the observed behavior, when only horizontal flow was modelled. This
pointed out the need of incorporating thermal socurces in the model, in order
to "explain the vertical flux coming from deeper geological formations, whose
hydraulic properties are unknown. This vertlcal supply was incorporated in the
model, introducing a layer of consg§ét hydraulic head in the lower aquifer.

Since the properties of such layer were unknown, lt was necessary to derive
them during the calibration process. The main parameter that was adjusted was
the vertical hydraulic conductivity that exists between layers I and II. A
the same time, the hydraulic properties, T and S, of the aquifer and the
boundary condltions were alsc adjusted. The fact that "an additional parameter
was Introduced in the calibration, made this process more complicated than Is
usual for this kind of applications. However, this form of proceeding is
similar to what is usually done when applying modelling techniques in the
horizontal plane, for which 1t is standard to ellminate nelghboring reglons
with insufficient hydrological information by 1imposing sultable boundary
conditions. In many cases, the supply coming from such regions 1s qulte
significant for the behavior of the part of the aqulifer which is modelled.

12
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The results of the callbratlon were satisfactorily verified by réproducing the
observed behavior in a longer period (1960-1988) of exploitation of the
aquifer, for which Incomplete hydrometric information was avallable. The
results of this study indicate that the procedure used here, to study a deep
geologlical formation for which no information is available, may be useful more
generally. In particular, in the case study here reported, In spite of the
insufficient knowledge of the deep formation, 1t was .possible to make
recommendatlons for the policles to be followed in the production of the
aquifer. These recommendations are 'better founded than if the lack of
information about the thermal sources, had lnhibited the development of such

model.

The distribution of plezometric heads predicted on the assumption that the
present rate of pumping is continued through the whole period, 1989 - 2010
(Fig. 9 option I1.0) Iindicates that the present extraction can be continued

without producing exceedingly large drawdowns.

Figure 9: Contour map of predicted piezometric heads (1989 pumping rate)

13



Figure 8, clearly 1illustrates the fact that 1f the pumping rate is to be

increased, the most convenlent optlon from the point of view of keeplng the-

drawdowns as small as possible, is to concentrate the demand in the thermal
area.” However, 1f such policy is adopted, the supply would contain a greater
volume of thermal water, which would deteriorate its quality. Thus, in such
case, It would be important to monitor the dissolved jons and the water
temperature. If this is done, “it should be recommended that the information
gathered in this manner, be used to improve the numerical model and to test
the assumptions on which it 1s based:-
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

1. ABRIR UN ARCHIVO O CREAR UNO NUEVO

1. En file se utiliza opern para abrir un modelo ya extistente.

2. En file 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 continuacion se piden las unidades en que se trabajara a lo largo del modelo.-
5. En este momento se pregunta si se desea tener como base algun dibujo (generalmente

hecho en autocad). El archivo tiene que estar en formato dxf, en autocad se tecle;&four

para crear un archivo en este formato. =~ —
6. A continuacion se dan las caracteristicas de la malla de discretizacidn. Se piden la
coordenada minima y maxima en X, asi como el numero de columnas deseadas en el

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

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

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

coordenadas méaximas y minimas son tomadas de este dibujo, aunque si se desea se

pueden modificar. -

8. A continuacion se muestra la zona discretizada y el plano base. En el menu principal se

escoge input para alimentar el modelo con los datos.

1X CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 1
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

2. ALIMENTACION DE LOS DATOS DEL MODELO

e En el mend que aparece del lado izquierdo existen 3 opciones para.-visualizar las

columnas, renglones o-capas del modelo. -
e En goto previous o next se puede visualizar I;(—:apa anterior o, la siguiente. Tambien se
pude visualizar la columna o renglon siguiente o anterior, si estas se estan visualizando.
¢ Del menu que se encuentra en la porcién_baja de la pantalla: -
F1 - (help).Ayuda. - ) -

F2 - Después de presionarlo podemos obtener las coordenadas de cualquier
punto del modelo. T _ o
F3 - (save) Para salvar. —
F4 - (map) Para introducir otro dibujo o plano base al modelo. Se pueden
" afiadir el ndmero de dibujos o planos base que se deseé.
F5 - (zoom in) Para-aer un acercamiento de al_guEEt porcién del modelo.
- (zoom out) _Para tener una viéualizaci(’)n completa de la zona del modelo.
F7 - (pan) Para desplazarse por el modelo al estar en acercamiento.
F8 - (vert exag) Para determinar la exaggr_zmlpién vertical que se utilizara para
poder visualizar mejor las secciones.
F9 - (overlay) Esta opcién se utiliza para “apagar” o “prender” las capas de
dibujos. Es decir para poder visualizar o no ciertos dibujos que se hayen
importado en F4, o la distribucion de las diferentes caracteristicas del

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

F10 - (main menu) Para regresar al menu principal.

1. Medificacion de la malla y delimitacion de celdas activas e inactivas -
¢ En el ment superior se selecciona grid.
* Con las opciones add column, delete column y add row, delete row se pueden agregar o

borrar columnas o renglones del modelo.

IX CURSQO INTERNACIONAL DE CONTAMINACION DE ACUIFERQS 2
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2. A

MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

Lo mismo se puede hacer con las capas cuando se visualiza una seccién: Ndtese que esta
es una discretizacion matémética,__y no forzosamente se necesita discretizar en el mismo
numero de estratos geologicos. Es decir, un estrato geologico puede subdividirse para
efectos de discretizacion, teniendo las mismas caracteristicas todas las subcapas creadas

para éste estrato.

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

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

en cuenta las irregularidades del terreno, o de las capas geologicas. —
Las superficies se pueden-importar en archivos en formato ASCII. Los archivos deben
ser una lista de tres columnas de las coordenadas en X,Y,Z de varios puntos, 0 se puede
importar un archivo creado en’ SURFER (grd). - o

Las celdas inactivas son zonas donde el modelo no.interviene. Para delimitarlas se utiliza
la opcidn inactive cells. Se puede trang.'r_ un poligono para marcarlo como inactivo. Para}
revertir la eleccidn se puede tambien marcar, un poligono activo.

Esta delimitacion.se realiza en una sola capa. Es importante copiar esta informacion a las

capas"que lo requieran, usando el comando copy polygon.

Asignacion de valores de conductividad hidriulica y almacenamiento

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

A continuacioén se asignan los valores de conductividad hidraulica, almacenamiento y
porosidad que por default asignara el modelo a todos los nodos.

Posteriormente se zonifica la malla con las opciones del menu izquierdo assign single,
polygon o window. _ -
Después de seleccionar una zona se puede elegir entre darle un valor nuevo (rew) o de
asignarle algin valor ciue haye sido designado con anterioridad. B |
Dependiendo si se escoje conductivity o storage en la opcion de properties, se podra

zonificar la conductividad hidraulica o el almacenamiento y la porosidad—
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

e Esimportante copiar las propiedades necesarias a las capas que lo requieran utilizando la

opcion copy layer del menu 1zquierdo.

¢ 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 di6 como defalut.

3. Asignacion de fronteras : -

® Enboundaries se encuentran las diferentes opciones de frontera. Se pueden asignar
comd linea, poligono o ventana por medio del menu de la izquierda. ) -

» Enla opcién de recharge se agrega la regarga en mm/afio. Nétese que no solo la recarga

por Iluvia puede ser representada de esta manera,.tan solo se necesitan respetar las

unidades en que.esta recarga se asigna.. . .

4. Alimentacion de la informacion de los pozos

e En la opcién de pozos (wells) se pueden afiadir, borrar, copiar o editar pozos por medio
del menu izquierdo.
e Al seleccionar add well se localiza el punto donde se localiza el pozo. En la ventana que

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

__que el pozo se encuentra ranurado y el historial de bombeo del pozo.

NOTAS:

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

b) Las unidades de bombeo son m*/dia.

¢) Si el pozo es de recarga las unidades de bombeo se denotan coﬁ ‘signo positivo.

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

¢) El modelo no tiene una escala de tiempo real, asi que es necesario tomar la fecha en que
se inicia la simulacion como difa cero dentro del medelo. De esta m-a;era las fechas del
historial del pozo, asi como el resto de los datos del modelo que tienen variacion con el ~

tiempo, deben de ser asignados en nimero de dias a partir de la fecha que-se-tomé como dia

cCro.
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

3. PARA CORRER EL MODELO

¢ En el ment principal se escoge run.

. Se escoge si la simulacion es en estado transitorio (transient) o estacionario (steady-
state). o - - '

o Seg selecciona run, y se selecciona modflow. ™ ---

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

seleccionan.

4. PARA VISUALIZAR LOS RESULTADOS

¢ En el menu principal se selecciona outpur. - --

¢ Si el modelo fué corrido en estado transitorio, en time se puede escoger el momento en ¢l
tiempo en que se desea visualizar la configuracion de la superficie piezométrica.

e En goto se puede visualizar la configuracion de la superficie piezométrica en las
diferentes capas.

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

contorno maximo y minimo. .

e En el menu superior, en velocities se obtienen vectores del flujo del agua en donde se
aprecia la direccidn del movimiento del agua subterranea. En opfions se puede escoger el
tamafio relativo de estos vectores y su densidad por area. Estos vectores no son

propiamente lineas de flujo, ya que estas, por definicién no se cruzan entre si.
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EJEMPLO DEL VISUAL MODFLOW

- _ 1. DESCRIPCION DEL PROBLEMA

Este ejemplo-esta basado en ¢l flujo del agua subterranea en un sistema formado por un
acuifero libre en la porcion superior, un acuitardo en la porcion media, y un acuifero

confinado en la porcion inferior, como se muestra en la figura 1.

RECARGA = 1D CM/ANO

‘ y : /__1‘Sm
15 m — _ e
///’///‘ 4+ 1z m

&

ACUIFERO s

idm - -
N —— Bm

| ACUITARDG l ‘
v Yy — v v

I / —0m
ACUIFERO A : -
O m - '1000 !

I 1
i

2000 m

Figura 1. Dimensiones del acuifero

|

Notas: ’ 7 .y

* Este ejemplo estd tomado del manual de Visual Modflow por Waterloo Hydrogeologic

Inc.
e Elsimbolo ¢ significa enter.

s Elsimbolo “3 significa presionar el botén izquierdo del mouse.
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EJEMPLO DEL VISUAL MODFLOW

2. CREACION DE UN NUEVO MODELO

Estando en el sistema operativo teclear - ' -

VMODFLOW ¢ o

Esto nos lleva a la pantalla de Visual Modflow
% OK. L
8 FILE | ‘
4 NEW -

Apafecera una ventana preguntando por el nombre del nuevo modelo.

Teclear el nombre del nuevo modelo;
VMEJEM &

(Visual Modflow asigna automaticamente la terminacion .vmf)

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

seleccionan utilizando el mouse. ) ————
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| File

P RN 3 4 S A RN A NS A, K N R N

Unit selection

— Time unit — — Pumping rate unit
) seconds ® m*sday

O minutes O ti*rday
— Conductivity unit Ohours Ous- gpm
O cm/second (® days O l:!S gpd
® mssecond Q years

: — Recharge
- if' O ttrday (Oinchessyear

O msday-—.. Q ) (%) mm~year.

O tt/second O meters” day

O ttrsecond
O tirday

Figura 2. Ventana de seleccién de unidades

‘B meters
“B m/sec

“B days

‘B m’/day
“0 mm/year

- “ OK.
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- 3. DISENO DE LA MALLA —

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

formato dxf.
‘B YES
‘98 VMEXAMP.DXF

En el caso en que se ha escogido un mapa, Visual Modflow leera las coordenadas maximas

y minimas del mapa y las sugerira como las dimensiones del modelo. Aparecera una -—.
ventana para definir las dimensiones y caracteristicas de la malla (figura 3) solo se requiere

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

MR R R Visal HODELOME
| File Input Run Outpul Setup Help

O M BT M0 G 0 S RN Y 6 . P P e S A M MR

% . .
Mesh Dimensions

nuymber of columns |48

minimum X [m] |0.8208

maximum XIm] 2000.8808 '

number of rows 8 Cross-5ection View

minimum Y [m] 8.a88 J
Loy B s )
maximym YIm] . 2000.A80 BRI BRI
S f i e { e
SAES ESER|
& - x'ﬁ s
=
Plan Uiew

number of layers

minimum Z elevation [m]l |8.888

J
N B e A
=

maximum Z elevationlml [15.808 o [RE BB B [
R EE D
© BEEE

Figura 3. Ventana de disefio de la malla
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Enter number of columns 40 ¢

Enter Minimum X (m) 0

Enter Maximum X (m) 2000 ¢

Enter number of rows 40 &

Enter Minimum Y (m) - 0 .

Enter Maximum Y (m) 2000 & -

Enter number of layers 6 ¢ T -

Enter Minimum Z (m) 0

Enter Maximum Z (m) 15 &

B O.K. -

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

al FIODFLO demo™e jempla 4

File [oput Run Output Setup Help

- B Y
- 11
1 ot
1
] 4]
= 1
o~
el "
g
-] p—p [
oA
7] - b
fi =
e
1~
N .
181
1hY L1
3\ =t
1
a3z 5
ey A= =
] =3
= - ¥ = - e |
by ¥ 1
T \] T

i[Dben’filés;, Setup: printers i exit . VisualMODFLOW: 5 i oo i

Figura 4. Archivo importado en formato dxf

IX CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 5
MODULO Il MODELOS MATEMATICOS EN GEOHIDROLOQGIA Y CONTAMINACION DE ACUIFEROS
OCTUBRE DE 1997



EJEMPLO DEL VlSl-JAL MODFLOW
4. REFINAMIENTO DE LA MALLA -

Se necesita refinar la malla alrededor de los pozos de abastecimiento de agua (supply we-lls)
‘y~de la perforacidn abandonada (abandoned borehole). El tamafio de la celda representa el
tamafio del pozo, por lo tanto una malla mas discretizada simular el pozo de una manera
mas realistica. Ademas del tamaifio del pozo, si existe abatimiento alrededor del pozo, una
discretizacion mayor producira pendientes menos abruptas del nivel estatico en zonas de

abatimiento.

“B en INPUT -
‘8 en ADD COLUMN 7 o
Mover el mouse a cualquier lugar en 1d malla y & el BOTON DERECHO DEL MOUSE. o —=

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

Aparecera una ventana para la informacion de la malla (figura 5). —
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| File Grid _Hells Properties Boundaries Parficles Calibrate Annotate” ZBud Help
e =
aieusito = ;
e \
== gagers
1 | .r:/ 1
Add t i B
Ofdd single grid line at [m]
(® Evenly spaced grid fines trom: I1359 J {m]
to: (1558 | tmd
i at intervals of: I25 | I [m]
a3 OKEHE I Cancels . .
X 737.8 : S T T T aam
Y884 - | A r N AEr AERESS
Z 13.8 : L
Row (24 | 0 " d
Column (D15 [{[iEE z s [ T g i
Layer (K01 || Hetg | lsavel @:H
fE“iﬁftgthe”ﬁlﬁééiiﬁn”z@f&théidmm”'" nianithe:screen

Figura 5. Ventana de refinamiento de la malla

Escoger EVENLY SPACED GRID LINES FROM: (lineas igualmente espaciadas

desde:) “® en el circulo vacio.

En las ventanas asignar los siguientes valores:

from 1350 & -
to 1550 & T
at intervals of 25 &

‘B en O.K.

“B en ADD ROW -
Mover el mouse a cualquier lugar en la malla y Y8 el BOTON DERECHO DEL MOUSE.

Aparecera una ventana para la informacion de la malla.
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Escoger EVENLY SPACED GRID LINES FROM: (lineas igualmente espaciadas

desde:) “B en el circulo vacio.

En las ventanas-asignar los siguientes valores:

from s — ; _ -

to 600 & —= o ;
at intervals of 25 &

‘B en O.K.

Esto a refinado la malla alrededor de los pozos de abastecimiento de agua (;z;pply wells).

Ahora lo haremios alrededor de la perforacion abandonada (abandoned borehole).

“8 en ADD COLUMN o —

Mover el mouse a cualquier lugar en la malla y “8 ¢! BOTON DERECHO DEL MOUSE.
Aparecera una ventana para la informacion de la malla. .

Escoger EVENLY SPACED GRID LINES FROM: (lineas igualmente espaciadas

desde:) “B en el circulo vacio.

En las ventanas asignar los siguientes valores:

from 795

to 900 ¢ o
at intervals of 10 ¢ 'M

‘D enOK.

“B en ADD ROW
Mover el.mouse a cualquief lugar en la malla y 0 el BOTON DERECHO DEL MOUSE.

Aparecera una ventana para la informacion de la malla.

Escoger EVENLY SPACED GRID LINES FROM: (lineés igualmente espaciadas -
desde:) ¥D en el circulo vacio.
En las ventanas asignar los siguientes valores:

from 950 ¢

to . 1100 ¢

at intervals of 10 ¢ -

“B en O.K. _
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Ahora vamos a determinar la exagerggi(’)n vertical.
5 VIEW ROW

Mover el cursor a cualquier lugar en la malla. Al mover el cursor de arriba hacia abajo de la
malla el renglén ocupado cambia a color rojo. B en cualquier rengi()n. Ahora ha sido
transferido de una vista aérea a una vista de seccién. En este momento el modelo no tiene
exageracion verﬁcal. Para poder visualizar la seccion mejor:

‘8 F8 (Del menu de la parte inferior de la pantalla) —
Aparece una ventana, escribir:- . . .-

25¢ -

“B 0O.K. - o

Ahora se visualizan las 6 capas en la pantalla. | -
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5. PARA IMPORTAR UNA SUPERFICIE —

“B VIEW COLUMN
Mover el mouse alamallay “B en cualquier columna.

¥ IMPORT SURFACE - -

Aparecera una ventana como la de la figura 6.

ﬁ%ﬁ%@?ﬁ@%ﬁ %«%ﬁ&%@immum

umdemo \a"‘iamﬁo.“” ﬁ“ﬁit@%@ .
1 File Grid I-leﬂs _Pr ;

ZBud Help

Import Options - 1

(®) From Ascil (x,y,2)

() From SURFER GRD

Import filename: _

| c\umdemo\vmexamp.asc

Surface Options
® Impor1 ground surface

O Import bottom elevation of:

Layer

L 1 B

Minimum layer thickness :

§5§

e % s Use CI nearest sample points. ==
Y :
Z: ;
Row (D) EROGE
Col umn €J) Fl"’ MM tr:m
Layer (K) t Spere— ) poea Fi wpr ME 'tau @*
EDeletc . the ;highlightedscolumn izt oo oy Bt : ; z

Figura 6. Menu para importar superficies

“8 en CHOOSE FILENAME

Para escoger el archivo conteniendo la superficie.

YB6 VMEXAMP.ASC
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-

B OK.
B OK. -
Esto importara una superficie con una pendiente que va de 18 metros al norte hasta 15

metros al sur (figura 7).

- [ c™umdemo™e jemplo.vmf ]

Flle Grld Nells Properties Boundaries Particles Calibrate Aonotate ZBud

||i|IIIIIII|

il

H X 1025.0
Y g7

4 Z ~18.8

i Row CD
g Cot umn ()32 | FZ%; [F‘{%%f;g

| Layer (0 i7" L ESav QZ@%?“

“bﬂ zoomed @Mﬁu

Figura 7. Superficie topografica importada
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6. ASIGNACION DE LOS VALORES DE CONDUCTIVIDAD
HIDRAULICA; ALMACENAMIENTO Y RECARGA

“B VIEW LAYER

Seleccionar la capa superior y 8. Esto debera de crear una vista aérea del lugar.

“Y PROPERTIES (en el meni superior)
“B CONDUCTIVITY - _

En este momento el modelo preguntara si se desca salvar la informacién de la malia.

‘B en YES - ) -
Hay que asegurarse de estar viendo la capa superior (capa 1)..Esto se puede ver en el cubo
que se encuentra en la parte inferior izquierda. ' s

A continuacion una ventana pide los valores que se asignaran como default a todas las

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

Conductividad hidraulica en X y Y (Kx y Ky) en m/s: 2e-4 & -

Conductividad hidraulica en Z (Kz) en m/s: 2e-4-
Coeficiente de almacenamiento(Ss) en 1/m: le-4 &
Rendimiento especifico (Sy): 02 ¢
Porosidad (Por): 0.35 &
‘B OK. ' -

Ahora se asignara el valor de conductividad hidraulica del acuitardo (capas 3 y 4).

“D GO TO (en el menu de la izquierda) |
Aparecera una ventana, escribir:

3 ¢

B OK. o '
‘B ASSIGN WINDOW
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Mover el mouse a la celda de la esquina superior izquierda y “§ en el centro de la celda.
Después mover el mouse a la esquina inferior derechay “® en el centro de la celda. Esto

creard una ventana que cubrira toda la capa. Aparecera una ventana para asignar la

conductividad. _ i -

8 NEW

Toda la malla cambiara a color.azul. Asignar los valores de conductividad hidréulica del
acuitardo: . ‘ -

Kx (m/s)= le-10 & — ) -
(El_vé]or de Ky sera asignado automaticamente)

Kz (m/s)= le-10 & o

‘B O.K. —

8 COPY LAYER (del ment izquierdo) e .

Aparecera una venatana, escoger:

‘B COPY ALL PROPERTIES (seleccionando el récuadro)__

Y% LAYER 4 (le dara un color verdoso.a la capa)

‘B OK.

Ahora se asignaran los valores de almacenamiento al acuitardo.
“§ PROPERTIES (en el ment superior) - -

‘6 ALMACENAMIENTO

‘B ASSIGN WINDOW

Mover el mouse a la celda de la esquina superior izquierday 3 en el centro de la celda.
Después mover el mouse a la esquina inferior derechay “B en el centro de la celda. Esto
creara una ventana que cubrird toda la capa. Aparecera una ventana para asignar el
almacenamiento.

“® NEW (toda la malla cambiara a color azul)
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Asignar los valores de almacenamiento y porosidad:

~Ss (1/m): le-2 &

Sy: - 0.003 & ' - -
Por: O 0.65 d— N -
B OK. o

“6 COPY LAYER (del menu izquierdo)
Aparecera una ventana, escoger:

“8 COPY ALL PROPERTIES (seleccionando el recuadro) : -
B —L—,—AYER 4 (ie dard un color verdoso a la capa) )

B O.K. ' . e
Para comprobar los valores tanto.de conductividad como de almacenamiento mediante 8
en EDIT SINGLE, del menu izquierdo. Esto creara una ventana mostrando los valores de

conductividad hidraulica y el almacenamiento para cada celda mediante un 0 en ella.

Ahora se simulara el efecto de la perforacidn abandonada para ver el efecto en transporte.
‘& PROPERTIES : J— '
“8 CONDUCTIVITIES

“B GO TO (Dar un valor de 1 pﬁa ir a la capa i)

B 0K ——

“B ZOOM IN (Del ment inferior) -

Hacer una ventana cerca de la perforacion abandonada (abandoned borehole)
“f ASSIGN SINGLE (Esto es para asignar propiedades a una sola celda)

Aparecera una ventana de asignacion (figura 8).
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fProperty #[3 | I
K« Imssk (B (e

; EZ[PY):
g Ky [mosl: [24 ]--

Kz tmsk: @1

Row cn
Column ¢J)
Laver (K1

i|Assign;

Figura 8. Asignando las propiedades a la perforacion abandonada.

B NEW (Dara un color verde)

Asignar los siguientes valores:

Kx (m-fs) =  lel &

(El valor de Ky sera asignado automaticamente)

Kz(m/s)= 1le-1 & -

“G En el centro de la perforaci()ﬁ abandonada (definida por el circulo) para designar

Ia celda a la que se le asignaran las propiedades.
B O.K.
“% COPY LAYER (del ment izquierdo) —

Aparecera una ventana, escoger:
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“B COPY ONLY PROPERTY # - —
Escribir: -

3

“B SELECT ALL

Todas las capas cambiaran de color (figura 9).

‘8 OK. ) T - -
“§ ZOOM OUT S

e Wy =“ “ -LE'&’_ i E
"‘.5%@ late ""i":‘«%l v: -

SN T w&‘ﬁﬁimmuug?ﬁt [ umdemo ™o Jernplaise sl 5T
Flle Gnd Uells Properties Boundaries Particles Calibrate nnnotate ZBud Help

E Copy ulndm:u.;m
| Copy alf Properties _
Copy only property # E
- Copy from layer 1 : A e vy
AL L IR\ .
To i .
" -
e I 3 \‘. i
eSS
Talact, Nons
Fove) [ |
THow 850 i) Ecé:l 1000 1075
Col umn CJ) i oy T ’Fgm iFlﬁm
Pt 200 L Maln
Lager (K1 M I&WIEE@M ml.ausf o ter§

Figura 9. Copiando las propiedades de la perforacién abandonada.

Ahora se le dara a la capa superior larecarga. . -

‘B PROPERTIES
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Y8 RECHARGE

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

evapotranspiracion, se encuentran en el menu de fronteras (BOUNDARIES) y no en el
de propiedades.

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

100 & — -
B 0K.

-~ Visual Modflow asigna automaticamente la recarga a la capa superior del modelo.-

1X CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 17
MODULO Il MODELOS MATEMATICOS EN GEQHIDROLOGIA Y CONTAMINACION DE ACUIFEROS

OCTUBRE DE 1997



EJEMPLO DEL VISUAL MODFLOW

7. DELIMITACION DE LAS FRONTERAS DE FLUJO

“8 BOUNDARIES
“8 CONSTANT HEAD

Aparecera una ventana preguntando si se desea salvar la informacién. - -
% YES
“% ASSIGN LINE (del ment izquierdo) -

Mover el mouse a la celda de la esquina superior izquierday “8 en el centro de Ia celda.
Después mover el mouse a-la esquina superior derechay “ con el botén derecho en el
centro de la celda. Una linea horizontal de celdas cambiara a color rosa y aparecerd una

ventana para asignar los valores de carga constante (figura 10). Asignar los siguientes

valores:

Code #: 1

“B en el cuadro de STOP TIME

Stop time: 3650 ¢

Start point: 18 & -

End Point: 18

‘B OK.

La linea rosa cambiara a color rojo indicando que la carga constante ha sido asignada.
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e N ¥ S [ v o g ST T AT g AR R &Liw I»—n-«w fg'] s T

Hssign Lonsia eac Ies Callbraie Annotate - ZBud Help

O Assign to appropriate layer ] [ i
Start Stoo Constant 430
Time [day]l Time [dayl Head [m] B.zzar +

E (5700 ][3658.808 | Stert Pt [18.668_] | , 22

: *  End Pt. (18] % =

o
l -
bk} u
e 1
gl - - =il
31 ] = LEFT 1 1
- AT i

% 19712 SASCEE = i
Y 43763 - | E I’ paRRaii
Z 15.2 I
Row (L) 0 :
Col umn (J)55 ElEEEE] !
Lager‘ (K1

Figura 10. Menu para la asignacion de la carga constante

‘% COPY LAYER

Aparecerd la ventana para copiar éropiedad'e's.’ En el cuadro COPY ONLY CODE # ya
tendra el numero 1.

“3 LAYER 2 (esto hard cambiar de color la capa 2)--

5 OK. o

Ahora asignaremos los valores de carga constante del acuifero inferior.
“B GO TO (en el menu de la izquierda)
Escoger:

5
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‘8 OK.
“0 ASSIGN LINE

Mover el mouse a la celda de la esquina superior izquiérday “8 en el centro de la celda.

Después mover el mouse-a la esquina superior derechay “& con ¢l botén derecho en el

centro de la celda. Una linea horizontal de celdas cambiara a color rosa y aparecera una

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

Code #: 2 ¢ ' - -

“% en el cuadro de STOP TIME — - .
Stop time: 3650 & X —
Startpoint:  16.5° ¢

End Point: 16.5 o

‘¥ O.K.

La linea rosa cambiara a color rojo indicando que la carga constante ha sido asignada.

‘B COPY LAYER o -

Aparecera la ventana para copiar propiedades. En el cuadro COPY ONLY CODE #
reemplazar el valor tecleando el nimero 2. .-

“B LAYER 6 (esto hara cambiar de color la capa 6)

‘B OK.

“B ASSIGN LINE ) -

Mover el mouse a la celda de la esquina inferior izquierda y “D en el centro de la celda.
Después mover el mouse a la esquina inferior derechaS{ “B con el boton derecho en el
centro de-ta celda. Una linea horizontal de celdas cambiara a color rosa y aparecera una
ventana para asignar los valores de carga constante.:Asignar los siguientes valores:

Code #: 3d

“% en el cuadro de STOP TIME
Stop time: 3650 ¢

Start point: ~ 14.5 &

End Point: 14.5

& OK.
La linea rosa cambiard a color rojo indicando que la carga constante ha sido asignada.

“B COPY LAYER
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Aparecera la ventana para copiar propiedades—En el cuadro COPY ONLY CODE #

reemplazar el valor tecleando el nimero 3.

T “8 LAYER 6 (esto hara cambiar de color la capa 6)

‘3 OK.

Después de asignar los valores de carga constante:
“B VIEW COLUMN

“B en cualquier columna para ver una seccién del modelo (figura 11).

- File Grid HWells Properties Boundaries Particles Calibrate Annotate ZBud Help

[Vlew:Calmn &
wsUl&waﬂwwu -

’fﬁm PR “fa';ﬁz, ,g;;"‘”

joverbs fol -l

ChEL oot 3 1

Row C D29
Col umn CJ)32
Layer (K)

”%03 mE
= ’i‘“ Hsavd:

[T

bl
;Han

Sdins, PR 4,

Figure 11. Fronteras de carga constante

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

‘8 VIEW LAYER
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B en la capa superior del modelo (capa 1) —~
“8 BOUNDARIES _

“B RIVERS

“B ASSIGN LINE

Utilizando el plano base como guia se hay que digitalizar el rio mediante ‘8 comenzando __

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

al final (al margen inferior derecho) hay que “B en el botén derecho. Aparecerd una

ventaﬁa—para pedir la informacion del rio (figura 12). Co—

0 e R e isial MODFLOM = [ e vindatio N Jemplolvnt ) Gl b b e e
| File Grid Wells—Properties Boundaries Particles Calibrate - Annotate ZBud Help |

e

| -1

— - I NN

e

L
4

! n
t p =il i1

H gn Hive =
X Assign to appropriate laysr -

Start Stoo River Stage River Bottom Conductance
Time [dayl Time [dayl Elevation [m] Elevation [m] [mZ-day]
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Figura 12. Ventana de informacion del rio.

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

“B en el cuadro de STOP TIME

Stop time: 3650 ¢ "
Start Point River Stage: 145 &

Start Point River Bottom:  14.0 &

Conductance: _ 1000 &

End Point River Stage: 135 &

End Point River Bottom: 13.0 & E

Conductance: 1000 =

B-0K.

Después de que el rio ha sido definido, una linea azul delimitara su extension.
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EJEMPLO DEL ViSUAL MODFLOW

8. ASIGNACION DE PARTICULAS

Ahora asignaremos algunas particulas que emarien de la zona de tanques (refueling area)
para delimitar el area de influencia que tienen estos tanques. Las particulas pueden ser de 2
tipos: backward, para delimitar el area de donde las particulas provienen; y forward, pdra

delimitar el area hacia donde van las particulas— —-

NOTA: Esta manera de simular ¢l movimiento de las particulas se realiza toinando en
cuenta UNIGAMENTE el flujo del agua subterranea. En la nueva version del Visual

Modflow se encuentra un paquete de simulaciéon de movimiento de contaminantes

mucho mas completo, llamado MT3D.

“B PARTICLES

“B YES (Para salvar la informacion de las fronteras)

“# ADD CIRCLE B
“B En el centro del area de tanques (refueling area) que se encﬁentra en la porcién centro-
superior de la zona. Expander el circulo que se forma hasta que cubra el recuadro del area
de tanques y “B. Aparecera una ventana (figura 13) seleccionar:

“8 FORWARD -
B O.K.
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EJEMPLO DEL VISUAL MODFLOW
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Figura 13. Agregando particulas
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EJEMPLO DEL VISUAL MODFLOW

9. AGREGANDO POZOS

Y5 WELLS "~ ~ T -
“B YES (Para salvar la informacién de las particulas)
8 ZOOM IN (F5)

“B cerca de los pozos de abastecimiento de agua (supply wells) y hacer una ventana que los

abarque volviendo a & para conseguir un acercamiento de la zona.

‘5 ADD WELL - L

Mover el cursor al centro del pozo de la izquierday “B en él. Aparecera una ventana con

la informacién del pozo (figura 14).

&vhwlmwg‘éﬁ & RLTE lmg&%}}%]

Well name
(POZ0 1

X Location
[1495.98 ]tm] Start [day]l Stop [dayl Rate Im®~d]

Y Location ]B.BBB |3BSB.BBB I-ZBB.EIBB IL [
[525.31 |lm] = hg Lk
[Fﬁicﬁm [t:lur'"xg‘éﬁm"”‘]_
(EECERaE] |FocTeencale
Screen from: e
[S.08 7 Jtml
L

To

[.29] JCm]

. Pumping Schedule

£

Well casing display as:

I Elevation

] o= e

Figura 14. Informacion del pozo -
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EfEMPLO DEL VISUAL MODFLOW

Agregar la siguiente informacion:

Well Name: POZO 1
Stop Day: 3650
Rate: -200

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

debe ser positive.

/% ADD SCREEN

Estos pozos deberan estar ranurados solo en ¢l acuifero inferior, que son los ultimos 5+

metros del modelo:’ ¥B dentro dél pozo a una elevacion aproximada de 5 metros, y hay que

mover la barra roja hasta la base del pozo y 0 otra vez. Los tltimos 5 metros del-pozo
deben de haber cambiado de color representando el intervalo ranurado.

% OK. )
“& COPY WELL

Mover el cursor hasta que esté posicionado sobre el pozo izquierdo y B, después mover el

cursor al pozo de la derechay “® en él para copiar el pozo.
Y8 EDIT WELL
“B El pozo de la derecha

Cuando aparezca el menti cambiar el nombre del pozo por POZO 2y “Ben OK.
Y3 MAIN MENU (F10) (Del meni inferior)

“8 YES (para salvar la informacion de los pozos)
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EJEMPLO DEL VISUAL MODFLOW

10. PARA CORRER VISUAL MODFLOW

YD RUN

“B O.K. (para aceptar el estado estacionario)

“B RUN MODEL - - : —
. NOTA: La versién de Visual Modflow que se les ha entregado es un DEMO de
N prictica que no tiene la capacidad de correr el modelo.

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

T i e iual MODFEONZ -\ vmdamo e Jomplavmr il
- | File Basic Suluer Recharge Layers BCF OC Pathlines Run Translate l‘1T3D Help
- JUBSICotnAE ] CEEE RS
. RUBWE S R | i T . ABA
an = il
— ] Wtizadad !
/""'
i T
o gUe
- DJRGA FODFLOW;
B<J Run MODPATH
[JRun Zone Budget
[JRun MT3D
——— dglll L
823 i i
ES=Sus s i.::ﬁ:i—w ]
ial ’ I
Row Cn
Column ¢J) BE
Layer (K E ?

Figura 15. Corriendo el Visual Modflow

“D en el recuadro de MODFLOW

“B en el recuadro de MODPATH —
B OK.
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EJEMPLO DEL VISUAL MODFLOW

11. VISUALIZACION DE LOS RESULTADOS _

“B OUTPUT

Esto nos permite ver los niveles piezométricos calculados para el acuifero superior

(figura 16).

H X =293.9
H Y 1683.9

4 Z -

 Row QD]
8 Col umn (J}
H Layer (K)1

Figura 16. Niveles piezométricos
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EJEMPLO DEL VISUAL MODFLOW

“® PATHLINES (del menu superior)

Esto nos permite ver el movimiento de las particulas (figura 717).

Uisual MODF

File Contours Uelocities

v 19193

iz 15.3
HRow tnz
# Column {J)4
§ Layer (KN

Figura 17. Movimiento de las particulas
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EJEMPLO DEL VISUAL MODFLOW

“8 VIEW COLUMN

Mover el cursor hacia alguna columna cerca de la perforacién abandonada y “B. Esto nos

dara una visionde la secciéon del modelo (figura 18). = -

Y '11@2

H 2 28.3

il Row Cn

H Col umn (JJ)16
§ Layer (KD

1800

2000 [
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EJEMPLO DEL VISUAL MODFLOW

La figura 19 muestra en un acercamiento del movimiento de las particulas, y se aprecia
como es que la contaminacién del acuifero superior puede llegar a los pozos de

abastecimiento-que bombean del acuifero inferior por medio de la perforacion abandonada.

1 1]:
1400 1514 |-

d Col umn ()30
4 Lager (KD
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EJEMPLO DEL VISUAL MODFLOW

Las figuras 20 y 21 muestran el resultado si laconductividad hidraulica que-simula la
perforacion abandonada no hubiera sido tomada en cuenta. Este resultado predeciria que la
contaminacién permaneceria en el acuifero superior sin infiltrarse por la perforacion -
abandonada. De esta manera se predeciria erroneamente que los pozos de abastecimiento no

se contaminarian.

d DDFLO demo™e jempld E&m
File Contours Uelocities Zbud Annotate Help
. 8.0 —
{B.D
Ayt
.5
-
j—"
— 1
B 1€
16.0
15.5 HHi-
: 0 Rz
-5 ; Tpsise DRt
2 | £ o8e8
Row . (D ; £00
Column (J) :Wﬁ %g, " 3: foies ;
Layer (K11 [l 2 Helplisdi | Il Save 1 L3N
{|Displau: pathlines Gi DTy ;

Figura 20. Movimiento de particulas cuando no se toma en cuenta la perforacion

abandonada.
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EJEMPLO DEL VISUAL MODFLOW

, * Uisual MODFLOW - [ c:\umdemoe jemplo.umf 1
8 File Contours Uelocities Pathlines Zbud Annotate Help

1508

dRow (D
H Col umn (J)16
d Layer (K)

Figura 21. Seccién mostrando que el movimiento de las particulas estd restringido al
acuifero superior, cuando no se toma en cuenta la infiltracion por medio de la perforacion

“abandonada.

“8 MAIN MENU (del meni superior)
“% FILE
Y8 EXIT.
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%( *g:) (Kvay) —(Kz ) % ' 1.3)

%(K;(‘*’)%) ¥ %(Ky(‘l{)%) + %(chv)("g + 1)) = C(\v)%w (1.4)

‘where h is hydraulic head, Ky, Ky, and K; are the components‘of saturated hydraulic
conductvity in the x, y, and z coordinate directions, t is time, ¥ is pressure head, K (y),
K,(y), and K;(y) are the components of unsaturated hydraulic conductivity, S, is specific
storage, C(y) is specific moisture capacity.
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" A) SEPARACION DE VARIABLES

SOLUCIONES DE LAS ECUACIONES DE
FLUJO DEL AGUA SUBTERRANEA

—— (SEGUN HUYAKORN Y PINDER, 1983)

I. METODOS ANALITICOS

B) SOLUCIONES POR SIMILITUD

"""~ C) TECNICAS DE VARIABLE COMPLEJA

D) TRANSFORMACIONES DE FOURIER Y LAPLACE

E) FUNCIONES DE GREEN. N

F) METODOS DE PERTUBACIONES REGULARES Y
SINGULARES o

G) SERIES DE POTENCIAS _

Il. METODOS NUMERICOS -

A) METODO DE DIFERENCIAS FINITAS

C) METODO DE ELEMENTO FINITO

D) METODO DE COLOCACION

E) METODO DE LAS CARACTERISTICAS

F) METODO DE ELEMENTOS FRONTERIZOS
(BOUNDARY ELEMENT METHOD)
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Finite difference and finite element grids (from Mercer and Faust,
-1981). Reprinted by permission of Ground Water. © 1981. All rights
reserved.
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" Telescopic mesh refinement.
(a) Boundaries for a regional finite difference grid are defined fram information about the regional

. flow system. The local and site grids have hydraulic boundaries defined from simulation resuits

{Ward, Buss, Mercer and Hughes, Water Resources Research, 23(4), pp. 603-617, 1987, copyright
by the American Geophysical Union). )

{b) Finite element grids for regional and local scaie models. The grids match along the nodes
shown by squares. Boundary conditions along thess nodes are determined from the solution of the
reqional scale problem (Townley and Wilson. 1980).
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Discretization of one-, two-, and three-dimensional problem domains.




Renglones (i)

-

%

&

o~

o

g
th a2 W N

~=—=—= Fronteras del acuifero

o

0
ar,
acy

avg

Celda activa : o -
Celda inactiva

Dimensiones de Ia celda en la direccion del renglon-

Dimensiones de la celda en la direccion de la columna:

Dimensiones de la celda a lo largé de la direccion vertical

DISCRETIZACION DEL ACUIFERO

R

R

— 13-




(x—Ax,y—Ay) (x,y—Ay) (x+Ax, y—Ay) | i-1,j-1) (-1 (i+1,j-1)
. 4

*r— ' g — - ? —-
-a3)] | en  Jetann a-uaf t len 4<i+1-p__l =
| Ay je— Az — Ay - pe—Ax—— J
o= - - - ‘— 1 k —
G-any+4y) (y+ay) Gtany+a&) - (-ljHD— @i+ (+LJFD
@ .. ' ® —

xy and #f -notation for finite differences.

e3

o4 o0 e2 Ay

/

o]

Block-centered grid.




'METODO OE LAS DIFERENCIAS FINITAS
gcmc:’b'n—a(t con ﬁm);}@/ pa/a Una ég /a/a ; -

>0, = SA%AV o
Jond@ @; = ccwa(ct{ hacia |a clda LT —

Ss - al\WClVQQWILVI{'D MPQC( F;CO LJ
“AV = velomen da la celda L -
A h = chabto o mcrzuaewfo do la carga hidllv,bfq
- el infervalo o Hewpo 4T

—

i 1
— a / —
/7 (I
/, f i H“’K
L] , l
SR A | |

wi K T~7°

), K41

Celdan x,),l( ¢ H’IAICLS o‘.L lus 6 cedes ao\yacm+

— 15~



Zmdéﬂ‘ dﬂ-l flujo hacia [a czua i,j,l( e oltreccion

de_ las Fi(a\s, vamizwfo_ A la celda .i,j-l, kK -
-. (h;;;-nk "h‘i:‘j“.“k'
(g_) q = KR . ' ) U—zyO(Q

AC. By -
hipa O ESET 8 Dure)
Jondn.l \’\b):k ____::‘CaUm hidvaolica 2w ,,( hodo i,j,k @-h L )
ik = Car(yq—lniclrzfulim wn el hoo‘a i;_]—-—'".-k Cm L)
L %k s cavdal o toues do la cara autve (a5 celdas
AN A L s oty L
KK im= conduefiidad Widpziclica a 1o la’,?” o (a
- i _ Fla endre los nodes A",), kR 2 £,j- k. (m LT‘/'
AC; AVK = oirzdch la.-Cﬂ[ACL harma, 17 la olifLCcz'o'n d-L
e fila (%) —
"Ar:r‘la = distancia entre lo5 nodos i,j,K ¢ i,k (Lj

~ (dda 4k Celda ik
/ - -~ 4 :. - g
P i
: \: | %
| ® >0 | _
| 9k :
S l '..'.' ! AC;
ey~ o I S ‘
A'\,i-| A K
~ g
A I”j‘--‘/a-

FLUJO HACIA LA ceLpa 4 j, ke desds o alda £,k
_ 1= |



F/u]o on In o{zrtcaon dz Jas 7[;/0(3 M'/n /ez ez/a/ct ..r/j,/( y
[ celda ,&JH k:

i Ky bty Lma=in)

A

2 a!lﬂCdor) dL /4_ (o/uﬁuﬂa y cle /a cz]a/q 4‘/",} k a /a a/o(a
Sejok: -

gﬁ*.’iu: — KC +J-1Jk AV Unﬁ' k ‘J'k) (4J

K

- 4,

_ in o(:rzrcwn 0(1 [6( fa/wuna y dl /4 ae/a/a ,e,j /( a /d (4/:/4
.I J’ JaJL

_ /(C | Ardy (hz-:,j,x“ Najore) '(‘5} '

g‘-l. . I3
AT R J:jk .) ) AC‘_-‘/Z- -
2’! /CL A;/t(da’n VZ/%ka/ / t/ '{ /c//'o 6{250[1 t/ 14440 a /4
(£lda £k _ , |
o - | au,;,xu - l"-";j:k)
%fjf’b‘é :*K'/éj;k*»’i ArJ-AC‘- Vi ( é)
B ’ AVK"&_ ‘

57/461’!/’ 0 /7(41/ L vjo cra ¢ JTzdto [a
i vl b ) ko

_ (b= Mg
?’;,},k"%_ k "l'k % .Ar -AC AV l‘ C?)

K-Y2



o ——

() w

Lowguctanctr Higrmuca= K A ( 2

K — @/,Jucqlfuia(aa/ k/o{m’d/:'(a [-T-/
4 = arla I{zq;rd/ a la 0/{‘{.85610'0 ﬂé/ 7[/u'v (LZJ
L= /07/'7@( A (4 ﬁﬂyzclaﬂd 0 a&ﬂé/};}’« Qh?é’,{ ks (L

?am /a a’;/Lca'v'n aé f/ajo /m///a a Tus ,4‘/45 ,e_fﬂ(n -/ch

(ﬂ//a{dj AR e .cf,J',/( ; Ja 60&1&5'5/4@ ﬁ:b&_ﬂfa/zéqp

(8)

| - 2e, 4y,
(K}"j‘_yz/k -—‘Kg.

Mkt Ay,
Sobstitoyende (8) e (2) 50 Fraue: -
%-j-'?,,k = ({e),j-j'-,k (hirj-',&’hi,,',&Jw (?) i

Je ‘/'/fu¢/ fp/-ma y Jes ecvaciones (3) a (7 ) puden Sty as_;_'
rusm'vlas.' : - ‘

Fojoan= Kipoo Chijuh 1) (fo)- -
%-5,;.& = (G, ([’lz-u,j.k’H;.,'.k) (1)
2”*‘%:5'“ - Ccﬁ-;,,-,k [_"’;+:,,-.t"1’k.,:k) ~(/.2)
Fijuoy = CVij, e, (.h;,j,k-‘r "I'b'.j.-/() (13)
i = g by he ) [14)



C— =

4 ppn[a a'oh.es zxyjer/zas hgiv Y’ M/ﬂmn omo.

o C{,, joka Pi,j,(,n /74}# _iL_ ?"3},1:'1 s)

S}L_"”IO di,j,{; f-’/?[/fya &'/d“/}-téﬁma j[ulhflﬁ --446/'4 7;54/04
AR (LBT")-)/ Fijkn y .?jd',k',, (0/257401%45 A
dimensionss  L*T" y Lr! rﬁpzo#udm«?é. _

-_QMJ . ?am ;// caso- oo récarra 4 74’4%3'&@ L7 -
- Yoze: o o,
skt = ikt ) h=/ Ll
sitdo f.\ =0 post by g0 ndpuadiente )
,[ /,//’o ,mwm‘zm[z dL/ oo

?ﬂ/a_ Ja /’nﬁ /7{’2_@‘0//]_ /ﬂV{i{?ﬂé A on 5.

Ak 2 = (K“/‘.’j’&,z (Kx,x - /Zoj_,k) , A =2 (I7)

41

Siendo Z;I/-,{: la cayga A/b//??[f?rp&/ 179 [Z.)
CRIV; - 4 5 = (ondvetancia hidraliea ;ﬁ,/ Vel écza‘q
1)1 %84 . PP

_/?Mj/v/ana/&,‘
a;‘;j.‘(,: - —C{’%’j,k,z hj”-,k + CK“£',£’.2 2;-”.'{ (/8}
—_— L — -
ﬂq‘.k,z /'l;:)j,t %'.j,l(.z

Compirese con la compcion 19 )

__,/7-—



i ?a/a- _t,/ CQ;TD fare/z/ &Nﬁunés -'pz}aé'a/w L2 Zlﬂr/?czs

gve a-,[xc-}zn 4 vna ce /Iq , O Fene:

0 A N
3 _ /4
QS:JK - ;\Z;: a)']"k'“ - ZP K h h‘i;J"k +£ %':'7:&’" ( /

- hzt Fp h=t

R = Hh + Qx‘-kl- h 525)

}.J,h' "J'k JJ’

4

A@M(m L],k :% ﬁc‘,j,n,n Y Qg,-.i;iq

o
‘nof Ay jkn N

'ncluyma‘o @Si,-j.;t 2n (‘) 5‘2‘ 208!
q»“)j‘&,h—’—a)}j‘f-i—,k +gj"51j,k+ %“'éljf‘( + 3'. i + g:

4 ) k- €3
| —_— A h‘;jlk
- T Q_Sz,,',»( — SS},_],»L AJL 4r; AG Y, [.ZU -
Jonde: "’

hAh“"f.'”‘ - apmxi meecidn Ao cli{:armccb F:'m'{hf‘i A /"“dﬂﬁm"la
At v |a carga-)'lidra'u(i(a nwpzc{'oa, 'ﬁw&po (LT..{)

55..:,;,1 = aluecemauinde Mﬁa'ﬁ‘m AL [a celda :;,J',k (L")
Av 4,4V, = volowen de la celda 4, jik (L)

-~ 20—



Substiboyando las ecvaciones (0 a (14) y la (20]
en (21} 50 obtime la APROXIMACION- DE DIFERE. A5
Fiites para la zelda £, j,R 3 -

C Qi, -5k (hif;:-',{rh#;lk) tC &,J%m U‘%mkh "';,,-,J _

0l W)+ €l Ch o —hyn) —
T CVin‘:k‘i_(h,:,j-,k-l-fl"z,j,nj-“'C%i;k'ry,_ '(-lﬂ;.,;,k+a:l’\;u-,x) -

- . L | A h‘;'.’ ’ \
+_ P":le kR hé;-jik T Q":)J‘:K . SS;;jK‘A‘GAC‘:Av‘ ﬁ Cll/

Evacuscion per Texamwe  Bhy,jk L
B At ,
pam un ;HLapo ’&u« w ¢l wal [os ‘{ie'rm?nos A (a

ﬂ,wacién (ll) Sém ;qlua.o!oj o "1‘111.1.'_

(A ) k= W
: -—._).l_... —— k)0 .'.JK il
< A.ﬁ ‘M o tm "'é:.—l . [23)

es dwir) hY xva’u'a coﬁ [a cana \n,iolm.’ulica"aﬁ. [q‘
Cl[o((k lz‘)j,_]( Ob‘)l'el/lfola v 'ozn'oa(o qa-f,enbr fm;]" .

Conﬂ'dtmo'o , u E_Cuau'c;n Cl3 J ) /q___,exprzﬁ‘c'én _o(L 7
Lo APROKMACION BE DIFEREVCIAS FINITAS yarn un
Hﬂwpo 'Em 2 la cz_(j_ola ,L‘)d‘}k_ JZ

.__;Z[_.



CARGA

Y
|
| S
| .
o N
‘ |
hij o
| At o, l _ l
— i |
r' tm.1 tm itm.]. i
' TIEMPO . P

tn Tiempo al final del intervalo de tiempo m. |

h™; ik Carga en el nodo i, j, k al tiempo ¢

----- Backward diﬁerfihcc approximation to slope of hydrograph :
at time t; ‘ - B ‘

Figura I11.3 Hidrografia de la celda i, j, k.



(™
CQ’_}J ,‘l)k (h/ﬂ-bl ”,Q) JJ"I)k I’}‘“ k. B h. . )

’er

e U,,((h..(—h O G0

IRl

'\’ CV,,”, »jk; )+ Cv k+" (h"“’k“ ;“k.)

_-_F P,,” K Vi T Q} =33, (Ard AV)U”‘”‘“ f‘“"’—"") (24
%aﬂn}pmlw . R
C \/,,,, k-4 l"” k-1 »-5”,& h; -k +CR4,,--:& kmv' K -
+ (" ;,,, CC&—i ik K;,, a,k CK;“-H& R CC+1,J k.
= CV; 5 ket +HCOFM) lq R, h,m
gy Wi + g W = RHS,, (29)

de i
00.0,1 HCOE))K"’ J‘JJK-—-jCLJA/({' fh/) LzT,

RHS“JI'K Q/ ple Lw"- h:j:’& /_[_‘é“ ‘t"-—-) "-BT#

L

; DCLJJ,Q = SS!"J},K AGACZA_VK - - _ - - ALZ'
Lxpresandom  pn »For'!Ma e matriz:

ZARLVERT AT
51?-0\0[0 [A_] = Mact‘l‘n?_ ob. (03 COLF;CLM'FE-’ Al [a ca a l’l JJ‘AU(th

{k'; = w.cb_'z du. les. va[orzs e (o CalJa( buo(ra Jlir
gara

l‘[‘( = vechr do s termines Conx'f-a,.{g; ;QH5 B
: — 23—



| "

. A Yy
N

Fronterz del acuiferc )
~ — — Fronteras impermeables del. modelo

% Ceida mactiva -

il Celdas de carga hidraulica constante

Celdas de carga variable

‘ - DISCRETIZACION ZEL ACUIFERO, MOSTRANDO SUS FRONTERAS Y

LA DESIGNACION I E CELDAS.

_.97_4__



. superficie 7
N - - .- del
_ terreno

_Material de baia 7
|- permeabilidad .
. en el lecho delrio

a

7

Limite de la celda —

l:lm]tes imﬁel:meables Carga hidrau]ica
la celda
/Superfk’ - <
del rio / '

= L

Material de baja permeabilidad”

—7

Limite de la celda

CONCEPTUALIZACION DE UN RIO

— 25—



Figura IILS Discretizacion de corrientes en secciones.

gy



K Conductividad
Hidraulica del

w7 /////////////{ /o

N
: ~
W
T ' A;cho del rio
_K*L*W
CONDUCT. LECHOp, 4, 3 i

CALCULO DE LA CONDUCTANCIA DEL LECHO DEL RIO. -



IR

-~ 87—

FIGURE 3.

(50
754

692 |-

o

~

n
!

R
e

4 53
400
i [
283 |

<25

167 )

[ —

050

HiZ%

1.25 Zon

L

S 200

cleady State Heads

275 350

A

3.50

.
425 Hoa EC

l:—' I'__[T_"T'—'I"_'r"'ITT"'"R!r ] ﬁU"‘T”P_"' 3

- TASK

-

i
|

l

77'( Fyr——iy =«
i ] |
-1 £9Z
u.; | A
g | )
S €33
/ -
i\ 575
) . - =51
/ / :
| -1 4.58
T __

[

R T P B Y
L SO

g "

-1 2 25
1.a7
-{ 1.08 -

350

|- .
5 €50 T25 800 EBSEOA%)

i

.50

.59

Contours in ft.

1l mile



FIGURE 4

-,

TASK

Heads

Stale

Transient

7
|
f/
}
|

i
1.25

a4

9 50

-

725 B.OGO  E.

20

E.

!

E

5.00

\
500

o
.
[~
e o
[+ -
-
3 - g
] —
a
Q —
Q
[ ™~y ”y [Ty) I~ . m ] 0~ L Ts] r- o (]
a2 < m ", - 0 < - « ™~ o < n
) - w w o'y ["8] - - 'y (3] o~ — -— 01...
L N L L L L L L T
' . e
- - n
P I7g)
O —— - '
I LV
\Illllllvl_
B L . 43
% / : o
L ; ]
Ty
r _ \ ey ./m
\ T r
— / o i \\/1 |”... .
- Ay 192
J / /./.\ V\ i\ 5 \ _._.‘.u
o e \ w
—_ . N - ..r”ll\ \ - —
= {- \\ // T~ 7 \\\ ¢
(T . -
oAy “

. - ~ \ o _— T ]
— N W
['s BN L - ~ i T - 'y
Sy - . - ™~ —— /. ;/ll.l W e P v
R il I
. e J.”.'ll“”!.ll/.o.lpllllll.‘l

- \\\\. ,.c. ~. N l\.\\n"\ - \ullll’l,\l\\\\l
rm \-\.\\II\\”\\ \\\\\\l/,/// //./I./, ..//MQ“‘\\I\\ \Il =
AtN - [ N A 791
T / /\//,t},:. — .

. e’ Y I.f e —— . —

e = o —-—— ~ J.JI- —~— e ———

Ta o e ..-rlt., m.w«.b.__-l-...-iln..lilIlll.llllllllll.l|||||I|||||_|_I| O
[ P . — !l.ll-.l’ll]l.l . -\.-IIIII\.\\.!‘I/I\\\-" r
~ M\I\\.\Il / . i ~

¥ " - —
— RS -
L . T T— m—
lllll\lllllll’\lll/l\h
, _r.... - S ~ .,\ - . — — - .

o O S T T S T e U IS D T B OO Rl i SO LS T I g =~
.U.U N oy [Ta] F- 0 = o~ " 't r- -0 o<
u o)) ~ I - 0 < -+ o] ~ te] o "y}
r- o Te) o) ud - - "y o~ o~ - — o

13



ik

_0¢ —

FIGURE 5. N
Transient Stale Heads © TASK 3 - |
0S5 125 00 275 550 425 900 £75  £.E0 TZ5 0 BO0 BTE 950 g
B el o B e 1 B S R S e Rt S el Sy ey H R
'[_J‘{T Vfljfw r“” 71’—1{*'1 -
69z |- ’ ( | . - eo;z
\ ES‘ / u‘a ‘, '. - N
| ' gl 3 || ,J r L e
633 |- = 2 /‘ A €33
- " e ' ... . - Contours in £t
575 Rl . 1 l Tr—— i ‘ h J./S
3 | -
7 F | -{ 517
517 [~ \ f )
1.00 |- < | > ; o { o - 4.00
3.42 | =S o, Q/ - 3.42
;i: \\ \ . %\ %/\-\ . -
283 | ) \ \"‘\ ‘\\\\ \\l - 2.8
—_— ' ' \. b -
2.25 ) \ ( \ ‘ 1\ . \ N\ o -{ 2.25
. \‘ \\‘ L ir : \ \ \" ‘ |
—:-\ \\\ ht i A : ~ ! ‘l‘. ‘ -l 167
167 ‘1 \ \\ «\‘ C \ Lo \ b 1 mile
DAL L O
f s LV O T W W | DY . VI | Lt b -\ N I Y I J ..J,-’_f YN ) W%
S en 125 zob 275 350 425 500 £.°5 €80 "IE E4d &7 953

| R |



|
.

| ; y
Tronsiel:nt State Drawdowns | TASK 3 | 1/‘

FIGURE 8.

050 1.25 200 275 350 425 500 575 €50 725 800 875 95

7.50 Ilf I — ,qu ARy ALEREN I I I o e A wn RS
/ P77 VT T
692 K / / / /\ \)) > o~ . €.92
n . ! wn 1~
or ) O C@) i e
‘4 / ,/ ) - >- contours in ft.
5.75 ; - 5.75
f - . K —
g 517 i / 4517
S 4.58 ' -{ 4.58
4.00 (< - 4.00
o -
{ 3.42 - 3.42
S 283 | {283
- 1 :
] 2.25 |- . -1 2.25
- T
Merr ﬂ 167 1 nile
1.08 \ 108
- - _
0.50 |\ U VN WY 0 TR T ST TR AN ¥ A M W VI M I 0.50

050 125 200 2375 350 425 500 575 €50 725 800 8&75 9539 l

|



' A 4 2 il -\’___ "' aA o =
L ST T Sl (T TR 4 114 -']'m!n!r! ! ML Tt LRI R o

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

- - CURSOS ABIERTOS

- X CURSO INTERNACIONAL
__ CONTAMINACION DE ACUIFEROS

. —— MODULO llIl: —

MODELOS MATEMATIC OS EN GEOHIDROLOGIA'Y
CONTAMINACION DE ACUIFEROS

TEMA :

MODELOS MATEMATICOS Y COMPUTACION
APLICADA A LA GEOHIDROLOGIA

PRESENTADO POR: ING. LUIS ERNESTO LESSER CARRILLO

. OCTUBRE 1998
PALACIO DE MINERIA

Palacio de Mineria Calle de Tacuba 5 Primer piso - Deleg Cuauhtemoc 06000 Mexico, D.F. APDQ. Postal M-2285

Telefonos. 51728935 G240y B21-7135  G21AGRT Fax - 510-0573  521.4020 AL 26



-

_The United Nations' g ‘WW

- ' | ' | , EL(/*Q"V _./%:L-k’/ff—c, / é.fjé,/L

' GROUND WATER FOR WINDOWS
Ground Water Information System Software

USER'S MANUAL

d =
[ -

Chemistry Step  Pumping Test Hydrographs
Drawdown -
ﬁ FILE E -
Forms Editor Data Structure Units GWAW

Editor

wellLogs & Cross Sections ~ Mapping Grain Size
Lithology - Curves

Ground \\-‘atct‘ﬁjofﬂvarc‘.-_ .

" for \\"imlms—'s‘.‘-;:;

- Fence Diagrams-

Authors: Dr.D.Braticevic & Dr.J.Karanjac Version 1.1, March 1995

&)



HD‘EE

1560 Lincoin Road Chair: Gary D. Moore
Columbus, Ohio 43212-2722 Vice Chair: Niison Guiguer
U.S.A.

Internatlonal Association of Hydrogeolog|sts
- ‘Commission on Hydrogeology and Computers

Tel: +614 276 8123 Fax +614 276 8123 - - Email: GMoare§751 @aol.com -

—

- ' DISCLAIMER

The International Association of Hydrdga)logists (IAH) assume no responsibility-and shall
have no liability resulting from_the use-of the Ground Water for Windows (GWW)

software.

~ In distributing this software, JAH makes no offer-of user support. The users of GWW are
encouraged to become thoroughly familiar with“the detailed documentation-included with --
the software. -

A limited number of copies of the GWW. software and manual is being-distributed by IAH
to its members in developing nations funded by the IAH Developing Nations Program
Fund. The GWW software is non-copyrighted and can be freely copied and distributed
with proper acknowledgment given to the United Nations.
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Environment, Planning, and Management Branch, United Nations, New York, New York,
10017, USA, so that future versions can benefit.

- Dr. John E. Moore
" IAH President
_ September, 1995



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

Jo edit your autoexec.bat file in Microsoft Windows™:
In Program Manager, open Accessories Group.
Open Notepad o
Select File = 7=
Select Open =

_List all files by typing *.* R
Under Directories select C:\ -

-Select autoexec.bat file
At line path=C: add to file ;CAGWW
At the end of your autoexec.bat file add the line SET GWW=CAGWW
9. Select File and Save )

10.  Exit and reboot your system

Ll A o

Example of autoexec.bat file (bold entries show location of file additions)

C\WINDOWS\net start

CAWINDOWS\SMARTDRV.EXE /X 1024 128 - - B
PROMPT $pig

SET PATH=C:\MOUSE;CA\WINDOWS;C:\D&8;C:\HDM;C\AOL; CAGWW

MOUSE -
SET TEMP=C:\DOS

SET CWW=C:AGWW .

To edit your config svs file in Microsoft WindowsTs-
1. In Program Manager, open Accessories Group
2. Open Notepad -

3. Select File
~—4 -~ Select Open
5. List all files by typing *.*
6. Under Directories select C:\
7. Select config.sys file
2. Change your file so that it contains:
Files=70
Buffers=10
9. Select File and Save
10.  Exit and reboot your system

Example of config.sys file (bold entnies show location of file changes)

BUFFERS = 30 . =
DEVICE=CAWINDOWS\HIMEM.SYS -

device=c:\dos\emm386.exe x=c800-cbff

DOS=HIGH

FILES=70 ' -

rem LASTDRIVE=P -

DEVICE=CAWINDOWS\IFSHLP.SYS -

- -STACK$=9,256 R
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GROUND WATER FOR WINDOWS ... OVERVIEW

s

Ground Water for Windows is a relational data base and a
Ground Water Information System (GWIS). The GWW
combines the principles of Geographic Information Sys-
tems (GIS) with powerful dedicated ground water data

processing and reporting modules:

Master Data
Chemical Data(including time and depth series)
Pumping Test Processing and Aquifer Parameters

Well Logs and Well Construction Data- o

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.

MAPPING
APPLICATION

"
-
-

User-defined storage and retrieval applications.

The GWW is capable of:

Contouring any space-distributed parameter; such

as any chemical constituent; interpolated water level .

or depth to water, transmissivity, hydraulic conduc-
tivity or any other hydrogeological parameter; stra-
tigraphic contacts expressed as depth or absolute
elevations; thicknesses of lithostratigraphic mem-
bers; ground surface elevation; etc.

Adding color regions to the map.
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LITHOLOGIC
CROSS SECTIONS

Creating a gridded equidistant model from random
values.

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

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

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

Importmg ASCT files containing the coordinates of
points, lines, areas, grid models, and text.

e__Saving various thematic maps as'a part of the infor-~

mation system.

Preparing various ASCII data files for direct input
_into the modelmg software packages. =

Using maps to reduce a large data set to a-smaller

subset belonging to a free-hand drawn area, a rectan-
gle, or simply selecting wells point by point.

Using maps to select cross section lines and for select-

ing wells within a range from the cross sectionline to -
be plotted on the lithologic or stratlgraph.lc Cross sec- -

tion.

You may create lithologic cross sections directly from a

map by using a mouse and selecting points one by one,
by selecting a hand-drawn area and adding wells within

a certain range from the cross section line, or by selecting

a polygon area.

You may add various lines connecting wells: -

ground surface elevation
static or dynamic water level lines

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

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

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

You may also add well construction details, such as cas-
ing diameters and position of well screens. Of an appeal
in contaminant movement studiés will be the option to

‘add one or two graphs representing chemical constitu-

ents with depth of sampling.

FENCE DIAGRAMS
or THREE
DIMENSIONAL
MODELING OF
LITHOLOGY

iii

Using this application you may create one or more fence

(block) diagrams. The features of this application are:

¢ Selecting wells for presentation on fence diagrams.

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

e Filling layers or closed polygons with lithologic sym- ___

bols and pattern.

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

® Making drawings with legend blocks, labels and
headers.

¢ Saving drawings for printing.
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WELL LOG AND
WELL -

CONSTRUCTION

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

~ e Create a new well log by entering drlllmg data
(depths_and lithologic description of drilled layers)
and construction data (hole and casing diaméters,

— screen positions; materials filling annulus).

— : ® Use the existing hthologlc symbols for various li-
- - thologic members and/or materials filling the annu-
e lus.

s—Create new symbols dlrectly on the screen or using a ..
text processor. —_

¢ Display a well log with its construction details on the
screen. ;

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

e Print a well log, using a default reporting form or
your own created forms. "

® You may display static water levels on the log.

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

* You may enlarge the well construction detail by ex-
panding to other columns. By selecting a large verti-
cal scale, the well log will continue to print on
subsequent pages.

® Youmay design the screen pattern (bridges, holes, or
slots) and display or print lines and backgrounds of
every symbol in colors.

® You may customize the display and replace English
words with equivalents in your native language.

iv _
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CHEMICAL DATA WiththeC Hemistry application of GWW you can c!g_?he

APPLICATION

following

¢ Create the chémical portion.of the Ground Water In-
formation System (GWAS) with-unlimited number—
(except for practical reasons!) of constituents and pa-
rameters. You may include any contaminant, trace
metal, rare elements, and the like.

¢ Display on the screen the following diagrams: STIFF,
PIPER, WILGOX, and SCHOELLER. Customize the
displays, colors, fonts and other attributes. Translate
to languages other than English if you need so.

® Add alocation map to your reports.

e Input data in ppm or epmiinits. -

® Import chemical’data as ASCII files from other data
base programs or spreadsheets.Prepare data for con-
touring, create internal files with random points tobe
used in the Mapping application for gridding and
contouring.

¢ Report chemical data'in tables and graphs.

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

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

GRAIN SIZE  This is one application which might become handy if
DISTRIBUTION  you have collected plenty of granulometric samples and
CURVES  have them analyzed in a lab. Coupled with another ap-

plication, MISCELLANEOQUS, in which you may calcu-’
late hydraulic conductivities based on empirical formu-
las by Hazen, Kozeny, Terzaghi, Slichter, Zamarin, and
the U.S. Bureau of Reclamation, you can produce hy-
draulic conductivities and transmissivities for layers in
boreholes. -
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PUMPING TEST
DATA
APPLICATION

vi

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 pad;age.
The following methods and -options are featured:

¢ Confined aquifer tests and corrections for uncon-
fined aquifer conditions.

—— o Corrections for partial penetration of test well

and/or observation well in a confined or unconfined
non-leaky aquifer. - -~

® (lassical Theis and Hantush methods for non-leaky
——and leaky aquifers.

- ~® Recovery method. o —

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

o_ Possibility to use test wells which were pumped at
various rates during the test.

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

mented before.

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

® linear (time) - linear (drawdown) scale
® Jogarithmic (time) - linear (drawdown) scale
¢ logarithmic (time) - logarithmic (drawdown) scale

You may report the test results in a graph form or as a
table.
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WATER LEVEL  You may use this application to keep in the data base all
MEASUREMENTS  water level measurements for all observation or moru-
APPLICATION  toring wells. The options included in the module are:

Display of water levels in a selected time period.

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

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

e Interpolation of water levels or depths to water at a
T : selected-interval. This permits the creation of water
level contour maps for a certain date although there-
may not be measurements on that day.

STEP DRAWDOWN  The step drawdown test is conducted to show the effi-

= PUMPING TEST  ciency of a well to be used as a production or water sup-
APPLICATION  ply well. The total drawdown is broken down into two

components: aquifer loss (inevitablejand well loss (to be
prevented). Two methods of fitting are built in the

GWW: _
o Sw=aQ +bQ? (classical Jacob theory)
: __,ilp['_lfal_:.]dr_,nl..'“ 2t B . Sw= aQ + an (Rorabaugh theory)

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

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

¢ Well functions for leaky and non-leaky aquifers. You
may calculate drawdowns as a function of distance

vil
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from a pumped well, time of pumping, hydro-
geological characteristics of the aquifer, namely

transmissivity and storage coefficients, charac-__

teristics of the semiconfining layer if the.aquifer is a
leaky one, and the pumping rate.

¢ Empirical formulas by varieus authors for calculat-
ing the hydraulic conductivity on the basis of effec-
tive grain sizes (Hazen, U.S.B.R., Kozeny, Terzaghy,
Slichter) or the total curve (Zamarin).

® Design of a well considering its diameter, screen -

characteristics, length of screen, entrance velocity to
— screen;-and the pumping rate. With all but one of
these parameters known, the program calculatesthe
remaining unknown parameter. The program also

suggests a.casing diameter for a corresponding

pumping rate-if a vertical turbine pump is to be used.

You may decide to.keep in the data base some informa-

APPLICATIONS. _ tion which has not been foreseenby GWW. A good examn-

GENERAL

CAPABILITIES

viii

ple is inventory of production wells in an irrigation area,

or data on rainfall and evaporaton. Theoretically you”

may store just about anything. You assigna name to your
"additional” application, prepare entry and reporting
forms as for any other application and use most of op-
tions available for other applications.

—_—

The GWW software is independent of printers, plotters,
mice devices, digitizing tablets, video display standards,
fonts;etc. All this is taken care of by WINDOWS.

The GWW is also language independent. Well, almost!

The program and its messages will remain in English,

but you may create every reporting form without a sin-
gle English word.

——
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You may create displays and printouts with 16 million .

colors, if you need to and have a pnnter capable of print-
ing them.

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

"CorelDraw fonts, etc.

_ . .You may reduce a large data base to a smaller working
- set. This is accomplished with a very versatile Selection

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

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

Maps, cross sections, pumping tests, step-drawdown
tests, and grain size distribution curves remain in the
data base as an integral part of the information system.
You do notneed to recalculate or reconstruct them ].f you
do not-wish to. =
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ACKNOWLEDGMENT -

INTRODUCTION

_ The Ground Water for Windows (GWW in text to follow)
- software ‘package has been developed by the then

United Nations Department for Economic and Social De-
velopment; Science, Technology, Energy, Environment
and Natural Resources Division; Water Resources
Branch, New York. The programming is an outcome of a
spedial service agreement with the programmers of the
- United Nations Ground Water Software series (UN/GW
in the text to follow), now known as the DOS Version of
the United Nations Ground Water Software. =~ ~  __

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

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

The author of this manual is indebted to Laura Peters and
Jill Raffety of Golder Associates Inc. (Atlanta) who edited
portions of the manual in draft form. He thanks his asso-
date, the principal programmer of the software package
Dr. D. Braticevic, for listening to-ideas and suggesting

- some excellent solutions of his own. If the users of this

software package find it useful and beneficial in their

wi
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work, and like it as much as we the authors do, let them
remember our respective spouses, Obrena Karanjac and
Jesenka Braticevic, without whose patience, under-

- standing, encouragement, and compassion we would

have given up long ago. We, as authors, dedicate this
work to them.

The former United Nations Department for Economic and
Social Development; Science, Technology, Energy, Environ-

ment and Natural Resources Division; Water Resources ~

Branch and its current successor Department for Develop-
ment Support and Management Services assume No respon-
sibility and shall have no liability, consequential or
otherwise, of any kind arising from the use of this pro-
gram material.

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

"Since the GWW package is programmed to run under

Microsoft Windows, which provides most of the basic
tools used by GWW, sometimes it may be difficult for a
novice to differentiate between error messages created
by either Windows or GWW. Also it would not be sur-
prising to encounter some problems using GWW, ver-
sion 1.1, in situations that have not been foreseen by the
authors. Furthermore to test the whole system exten-
sively and eventually discover and remove all remaining
inconcistencies and/or bugs would take months of
work. Rather than that, the authors and the U.N. have
decided to present this package and have it tested under
the real-world situation.

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

There are several conventions, whether typographical or
symbols, that have special meaning in this manual. The
names of menus, and menu and dialogue box options
when they refer to actions which you should follow ap-
pear in boldface type (e. g Map menu, Save As .. menu
option).

The hand pointer emphasizes lmportant points. Some
paragraphs will be printed as italics. These ‘are normally
Notes or Comments with some general hints or sugges-
tions. Names of some data fields will also be printed us-
ing italic font style. o

Throughout this manual, the term ENTER is equivalent

to RETURN. In most cases, this is also equivalent to click-

ing the mouse on the OK button in dialogue boxes.

The term Cursor refers to the screen cursor that moves
when you move the mouse. The shape of this cursor de-
pends on the function selected, and on the action being

. performed. For details, see a Windows Manual.

The phrase Select the ... means you should move the
mouse cursor to the middle of the item that you are go-

ing to select, and then press the left mouse button once.

Alternatively, you may select an item by using the key-
board with the combination of keys, the first of which is

ALT and the second is the character underlined on the

menu.

There are many examples in this manual. The beginning
of each example is marked with the symbol on the left.
Each page with an example being worked out is marked

with the symbol: - %
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Some of the cliparts used in this manual are taken either
directly or modified from Micrografx Designer and
CorelDraw.

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

— -

The GWW package with all its executable files, example
ASCTI files, and the help files occupies about 11 mega-

- bytes (MB) of disk space. A table listing all files that com- —
—prise the system is presented in Appendix A.

Filename extensions have special meanings in this pack-
age:”

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

help for each major program subdivision;
file with default units;
screen and lithologic symbols ASCII files.

In addition to exe files, there are several files which have
special importance:

The template data base, with all default structures and
forms (both-entry and reporting); this is a blank data
base, without data and information, but with all internal
files that serve as a starting point in establishing a GWIS.
You must not erase this file! You may copy the contents
of another database "empty" file to GWW.000 but you
must have this file in the GWW directory if you wish to
create a new data base.

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

ANNULUS.DLT

—— - ~  LITH.DLT

1.5. HARDWARE
REQUIREMENTS
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You may add to this file additional chemical ions which
you intend to keep in your data base. It is s fuly repro-
duced in Appendix D. -

An ASCII file which contains symbols for drawmg

" screen on a well log and painting blank casing. You may

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

An ASCII file which contains codes, descnptlon and
symbols for-several typical cases of materials filling an
annular space (a space between the drilled hole and cas-
ing). It is fully reproduced in Appendix E.

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

~tert, or delete some parts. You may also rename it and .

read into the program as an ASCII input file in the proper
place. It is partially reproduced in Appendix E. -

The system may work without some of the executable

 files. If, for example, the file chem.exe is missing or cor-

rupted, the package will work without the chemical ap-
plication.

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

Ground Water for Windows requires an 80386, 80486, or
80586 (Pentium) personal computer. The software is
written for the top-of-line present-day computers. It will
run on any computer system which supports Windows,
including an 80386 SX with mathematical co-processor,
but its efficiency, speed, and overall usability will be
greatly improved on fast computers, equipped with
plenty of Random Access Memory (RAM), and with a
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large hard disk. Your computer system must also contain
the following or equivalent:

Minimum of 4 megabytes of RAM. It is recom-
mended that 8MB or more system memory be in-
stalled for incréased performance. This is a standard
requirement for any.: la%e-sme contemporary Win=-=
dows application. -

Ahard disk drive with at least 16 megabytes of avail-
able hard disk space (after Windows is installed) for
the installation of the whole system. Depending on
the size of the data base to be created and/or han-
dled, a minimum of 6MB additional disk space
shouldbe available for temporary disk space.’ Do not
forget that Windows also needs some storage space
for file swapping and keeping temporary informa-
tion (virtual disk). Also the data base you are going
to create may grow to several megabytes size. Each
data base is backed up automatically, which requires
additional several megabytes storage.

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

Avideo adapter, such as standard VGA (640x480), or
enhanced or super VGA (800x600 and 1024x768).

Amouse.

A printer. -

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

An almost ideal system configuration for running GWW,
at the time this manual is written, would be as follows:
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e 280486 (DX, DX2, or DX4) PC with minimum 8MB of
RAM, running at minimum 66MHz, and minimum
256KB cache memory;

—— @ 300MB hard disk;
® one3.5" high density (1.44MB) ﬂoppy disk drive;

—— of 17" or greater size; -

® 24 bit 2MB graphics accelerator super VGA video

card, with 1 or 2MB RAM on-board; -
—— e 2serialand 1 parallel port;

— 7 ® alaser printer with minimum reselution 300 dots per
) inch (DPI), preferably the new generatlon of 600 DPI
- laser printers;

"o color printet, such asHP DeskJet 1200C, 550C,-or
.560C; HP Paint]Jet XL300; or Seiko Instruments Per-
sonal ColorPoint PSE; '

* amouse;

- ¢ adigitizing tablet 12" by 12", or-a full size digitizer.

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

1.6. SOFTWARE —
REQUIREMENTS -

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

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

The minimum entries that should appear in your AUTO-
EXEC.BAT file are the foliowing;:

1-7

¢ non-interlaced super VGA color monitor, preferably ~—
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e C:\WINDOWS\SMARTDRV.EXE
e SET GWW=C\GWW

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

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

¢ FILES=70.-
® bg".fT{ers=10

- =1.7. FEATURES AND : -

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

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

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

The data base is relational. This is interpreted in the fol-
lowing sense. Each data base is composed of wells, well
points, water points, springs, and the like. Each well or a
water point is an entity defined with its X and Y coordi-
nates and a unique identification. The well identification
can be a number, a string of characters, or any combina-
tion of numbers and characters. Each well point (well,
spring, etc.) comprises various data and information

1-8
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each of which is uniquely identified. Each data entry
form must start with the Well Identification field. This
field entry is used to relate information input from chf-

- ferent applications. For example, if you create a master

data file, assigning the identification number to a well
‘55, and then type the information for well 55 in a hy-
drograph entry form, thatinformation can automatically
be assoaated with all entries made for well number 55.

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

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

-any way you wish.

You may create various thematic maps which, when
saved, become an integral part of the data base. Ideally
you may create a base map for-your project, country or
the whole region. You may fill this base map with infor-
mation such as location™of all drilled-wells - one map
with the location of all wells for which the driller’s log
and lithological characterization are available - another
map with the location of all wells with water samples -
still another map, and so on. You may create many such
maps and retrieve them when you wish to see at a glance
the amount of particular information available in your
data base. A water level contour map for a certain date is
also one of the maps available in the data base. Once set
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up, it may be retrieved in almost an instant, without re-
calculation.

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

_ ® creating a regularly spaced grid from irregularly

spaced data;
¢ selecting any portion of the map to do the gridding

> = and contouring;

e contouring, using a gridded model, and cieating
contour maps for any parameter dlstnbuted in the
X-Y space;

¢ contour line editing, that is selecting labeled and aux-

iliary contour lines, colors, color intervals, line thick--

nesses and pattems, fonts for labels, and many more;

¢ adding text, lines and areas to maps; and

® sCTeen dlgmzmg of lines and areas, and savmg them -

in stand ard ASCII files.

As a spetial bonus you may use the mapping application”
- of the GWW to prepare data files as input to mathemati-

cal models, such as the MODFLOW.

GWW creates not only a ground water data base, but a
Ground Water Information System (GWIS). It combines
classical ground water information with digitally

_ mapped geographic displays. Entire maps can be im-

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

Graphics programs require a lot of memory. If you have
a slow machine with little available RAM, or if you are
using an earlier version of Windows, GWW can be very
slow or you may run into other problems. For example,
GWW might become incapable of certain operations,
such as printing. It is recommended to use GWW alone;
all other applications should be closed before running
GWW.
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NOTE. Remember that a fully devgloped GWIS, with about

= - 1000 wells, 20 maps and 10 cross sections fully colored, named
' asobjects and stored in GWIS, may easily become 3MB big.

1.8.
PRE-INSTALLATION —

— _ - ‘Before you perform any installation procedures you
- : - should backup the original GWW program floppy disks
~ 7 and use the backup copies for installation. This-can be
done using-the Windows File Manager Copy Disk op-
— tion. Note, however, that when you copy a floppy disk,
. both disks (source and destination) must have the same
- : - storage capacity.-In the case of GWW, you should be us-
- ing high density 3.5-in floppy disks. The procedure to

copy floppy disks from Windows is the following:

- 1. In the Main group, choose File Managef icon.

- —2. Insert the source disk in the drive you want to copy
from-— o '

3. From the Disk menu, choose Copy Disk..

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

- screen may look as in Figure 1-1.

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

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

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

1-11
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Source In:

The installation is from one of disk drives using the DOS
prompt. Before you start the installation read the file
Readme.1st. This file will contain additional information
after this manual was written. The installation procedure
may be different, depending on the version of the pro-

- gram. The GWW software package comes on 4 diskettes,

which are 3.5-in. size, double sided and high density (1.4

MB). o

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

2. Log (change drive to A: or B:) to the floppy disk drive -

from which you wish to install GWW.

3. From the DOS command line type InstallA or In-

stallB, depending on which disk drive you are using
for the installation, and follow the prompts.

Disk One contains an installation batch file, IN-
STALLA.BAT or INSTALLB.BAT. All files come in com-
pressed form, or archived. The installation routine will
decompress the files. Disk one contains also a decom-
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pressing file, ARI EXE. Its use is prohibited for comumer-
cial purposes. This file will be copied to the directory
C:\GWW, which wil be created by the INSTALLA.BAT
or INSTALLB.BAT file on disk one. You should place
disk two, disk three and disk four in one of floppy disk
drives and repeat the command INSTALLA or IN-
STALLB. All files on all four diskettes will be decom-
pressed and copied to the directory C:\GWW. The order

_of disk decompressing and installation is not important,

_except that disk no. 1 must come first because it contains
the decompressing file.

NOTE. To install GWW alone you need about 14 MB d;sk

- -—space!

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

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

2. You should ensure that your AUTOEXEC.BAT file
contains the line SET GWW=C:\GWW (see also 1.6).
(You may have another drive letter, not necessarily C.
However, if your installation program copied the
files to the C: drive you should move all files to an-
other drive 6n which you should create the directory
\GWW.)

3. If you do not have a separate GWW group on your
Windows menu, and you want to have it, you may
create it in the following way. ..
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3.1. From the File menu in the Program Manager’s
group, choose New. The New Program Object dia-
logue box will appear.

~ 3.2. Select the Program Group option, and then choose

OK. The Program Group Properties dia- logue box
will appear.

:3.3. In the description box, type Ground Water for Win-

dows, This description will appear in the title bar of
the group window and below the group icon.

34. Choose OK.

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

4.1. Open the GWW group. (Clickvon the title bar with
the words "Ground Water for Windows.”)

4.2. From the File menu in Program Managér, choose

New. The New Program Object dialogue box willap- = .

pear.

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

4.4. In the Description box, type a description that

uniquely identifies the GWW application such as
Ground Water for Windows. This description will be-
come the label that appears under the icon in the
group window.

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

4.6. Inthe Working Directory box, type the name of the

S directory where the program files (data base file) for

T the GWW application are located and where new

~ - files will be placed. The directory you specify here

will become the current directory while the applica-

tion is running. In Figure 1-2, you will notice that a

T directory EGYPT has been created to accept all files

- that may be created when running the GWW soft-
ware.

: [CAGWWAGWW EXE
| Wantinn @recnry.  [CAEGYPT
et Koy lﬁ:me
o - % {7 Run Minimized
Figure 1-2.
= The working directory should have already been created in step -
1 -

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

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

1-15 _—
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There is an extensive on-line help in GWW. Every major
module has its own on-line hélp system. Thus, in a sense,
the help is context-sensitive. To find information in Help,
choose Contents from the Help menu. To search for spe-
cific information, choose the Search button in the Help

window. The Help part of the software has been written - ~

using .RTF (rich text format) files, together with the Win-
dows Help Compiler, which turns the .RTF files into a
hypertext Help file, complete with contents page, hy-
pertext links, and pop-up definitions.

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

BASICS

W~1 The Parts of a _Wmdow

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

- i . E N
Data Applications Jools Customization Help
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- “Figure 1-4

~#~Window borders are the four edges that define the .

border of a window. = _

¢ The title bar is the area directly below the window’s
topborder. The title bar shows the name of the appli-
cation, GWW, and the name of your open data base.

¢ The control-menu box, in the upper left corner of the

window, lets you move and size the window, close
the window, or switch to another application.

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

The mouse pointer (cursor) indicates where the mouse

cursor is currently positioned on the screen.

Maximize and minimize are sizing buttons. They are lo-
cated in the upper right corner of the window and are
used to maximize or minimize the window. The Maxi-
mize button enlarges the window to fill the entire screen,

and the Minimize button reduces the window to an icon.
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If the window is maximized, the Restore button replaces
the Maximize button. Restore restores the window to its
previous size and position._

In most of the GWW windows/screens you will be able
to size and resize the window. A good practice is to maxi-

mize the initial window-displaying the main menu=

(Data, Applications, Tools, ..., Help). In some GWW
graphics applications, you will be able to fit to window,
that is to fill the whole window with the graphics. In
other applications, you will be able to use the command
Display Full Form, which is opposite to the command
Normal Display. Display full form command works as
View page command in most other graphics programs
(CorelDraw, Designer, etc.).

2. Working with Icons

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

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

One of options to start the GWW program is from the
DOS command line typing the following command:
WIN C\GWW\GWW.EXE C:\GWD\DEMO.GWW.

This command is interpreted in the following way:

(a) Start Windows (Win portion).

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

(c) 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 line as the only line in it. By simply typing
GWW you will initiate the program, both Windows and
the GWW application. _
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Another option s to create GWW group, GWW program

item, as explained in section 1.10. In the GWW group
there will be the main GWW icon which is the executable

__ icon for starting the GWW program.

To activate the GWW program, you should double-click

-on the GWW icon. With the keyboard, use the arrow

keys to select this icon, and then press ENTER._

3. Working -with Menus -

Immediately below an application window’s title bar is
a menu bar. The menu bar lists the names of one or more
menus. For example, in Windows, the Program Manager

.menu bar contains the File, Options, Window, and Help

menus. The menu bar for the mapping application in
GWW contains the following menus on the menu bar:
Map, Grid, Random, Area, Line, Text, and Help (see
Figure 1-5). Additionally, the Random menu is alsc open.

EERUENIN Area Line Jext Help
New Random Modal —-
0ld Random Model

-1 Save Random Model
Save Random Mode! As

Add Points to Map
Add Labels to Map
Add Values to Map
Addto Legend

Show Parameters

Edit Plotting Parameiers

Standard ASCIl Input
Standard ASCII Output

Point

Figure 1-5

To open a menu, follow these steps:

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

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

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

In some windows in GWW, such as creating and editing .
an entry data form, or a'reporting form, you may want
to modify some of the attributes of a data field. For in-
stance, you want to change the label or data font. If you
click inside a larger frame which contains several fields,
the whole frame will be selected. This is not what you -

__ want=You need to click outside the frame, and then

1-20

move the mouse pointer inside the data field you wish
to modify. Click again and this field w1ll become the ob-
ject you workawith. -

4. Workmg with Dialogue Boxes.

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

Pen Atiributes Line Attributes

Thickness .
' 2 l_%j Label L

Line Pattern _ Distance £1 [mm] -

[ 7
e [mri
Figure 1-6

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

- When an application -contains more information than-

- can fit in a window, vertical and horizontal scroll bars
appear along the window’s.right and bottom edges, as ___

—  shown in Figure 1-7. Within the scroll bars, a scroll box

moves to_reflect your relative position within the docu-

T 2 bante Tata s R I On Bt £ v

Charlés Clity County Landfill Facilicy

A Norhng Gronrs Surtace Eve Mzt P Ew
L 240L360.00 404300.00 $5.17

=3

Chambars D.C. -

v
e

Figure 1-7

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

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

1-21 -
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1.13. Warnings

-tion. However, if

1-22

It is relativel y 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

. to start the GWW program again by clicking on its-icon. _

You may open another-data base and have two bases —-
concurrenly run- -
ning, one in back-
ground and another

as an active app]jca- Can't cpen "c.'\hahraintbah‘r;i\n.gww"
File_corrupted or stilf in use,

you decide to start - m——
the same data base i -

which has not been ==

closed, the GWW ' .
will display the er- - ' - ks
Tor message as
shown in Figure 1.8.
This will be a warning that you have not closed the pre-
vious data base.

Figure 1-8 : =

If, at any moment you do not see the GWW window,
either its main or an application’s window, remember to
invoke the Windows Task List. Task List is a window that

- displays a list of all the applications you are currently

running. You can use Task List to switch to another ap-
plication.

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

Once in Task List, double-click the name of the applica-
tion you want to switch to. The-case with Chemistry ap-
plication running in background is shown in Figure 1.9.
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FFl Capture 7

METZ FreeMem

GWW [c:\bahrain\bahrain gww] .
Program Manager .
Ventura Publizher - C: \GW\BDDK\CH1 Ch ™
M5-DOS Prompt .

—. . __Try also not to close a GWW application by clicking on
T - the Control menubox (a small diskette symbol in the 1 up-

~  per left corner of each window). Although it is intended - -

to be used for switching to other applications, try to use
- the GWW way of closing an application, that is, use the
" Exit command which is normally located at the bottom

-—of the leftmost menu option.

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

Pkr -
_— 1k

| Edit Fit Display Report Make Random

_ Delete Record Ctrl-D
Select Entry Form

General Data Units
General Data Std. ASCII Input

i General Data Std. ASCIi Qutput atelite p:
r.Pumping Rate
Print Setup - -
Excit Alt-F4

I

—

Figure 1-10
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‘GWW DATA AND"
_.. FORMS STRUCTURE

2.1.1. ObjectsIn
GWW

2.1.2. Foreign
Languages
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21. .BASIC
- CONCEPTS OF

e

The GWW data base is built of objects. For the definition -

of an object see Chapter 1, Section 1.7.

In GWW, each data field is an object. Thanks to this, you

can create your own entry and reporting forms, you can

assign to the éontent of each-field the label, label font,”

label color, field border, and field background color. You
may fill the field with data and assign to the data the
same kind of attributes such as font, color, and text align-
ment, both horizontal and vertical.

object. Lines, areas, grids, gridded models, well logs,
chemical data, water level data, measurements during a
pumping tests, and many more can be saved in an ASCI
data file, with all, some or no attributes.

You'may use different languages in designing your entry

and reporting forms. Most of thé program-built mes- -

sages on the screen will be in English, but you will work
more comfortably using your own language in entry

- forms and creating reports in your language. For all pre-

designed forms, such as chemical retrieval diagrams
(STIFE, Piper, etc.) or well logs, you have an opportunity
to replace the defaults with your own text. In the pre-re-
lease beta tests, data bases have been created with fonts
in Arabic, Hindi, Nepalese, and Cynlhc, in addition to
English and Spanish.
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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. Several forms can be stacked into a GWW
application. You may select one of the available formns,
either a default form pre-programmed by the GWW pro-
grammer, or a form created by you. In Chapter Three

lines are saved separately from the values they dlsplay

with other applications, values are stored in data base
tables or in exported ASCII files.

In most cases, forms can be either e;u:ry or-feporiing
forms. Some reporting forms can apply to a single analy-

“you will learn how to create such forms. GWW form out-—

To optlm.lze disk space-and to be able to share values —

sis, such as to one STIFF diagram (in the Chemistry ap-- ’

plication) with associated parameters defining one
single sample. They may also report information from
more than one sample, such as Piper Diagram, Wilcox,
and Schoeller diagrams in the Chemistry application.

GWW supplies an entry form in each application only -

Defauit Forms-—when you make a change in the data structure. That is if

2.2 —

you add a new data field or edit an existing one and use
the button OK to save the change, GWW will interpret

_ this as a change which requires a new entry form. The

program-supplied entry form will list all data fields that

. currently make the data structure for an application.
Standard Forms _ Standard Forms are the forms selected by you to be -

standard for a particular data base. The program comes
with standard (default) forms for each category of entry
and reporting. You may override the defaults and create
your own standard forms, associated with the data base
of which they become a part. Aftér creating a form, you
should save it using internal data base name ‘Standard’.
You may also save the form as an ASCII file on the disk
and edit it later if you wish so.

Entry Forms can be either standard (default), which are

built into the program, or created by you as explained
above. Entry Forms can be custom created; you can add
some parameters, use language other than English,

/——.

gg .
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Rs:pomngﬁenns

2.14.. Relational Data,

Base

— 2.1.5. Data Base

2.1,6. File
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change label fonts, colors, or alignments, and many
more. You may have more than one entry form for each
major application group. -

Reporting Forms can also be standard (default), one for

‘each category of reporting, either taken as the forms that

-are supplied with the package or modified to customize

the need of a project. Reporting Forms can also be cre--
ated under different names for different reporting needs. -
Nonstandard forms are used to report mixed graphics,
say a well log and a chemical diagram on the same-re-
porting form. Nonstandard forms are created using a
special option on the Reporting Forms Editor.

The GWW data base is a relational data base. "Rela-
‘tional" in this context implies that the application will
find all information needed no matter where it is input
or stored. In this way any information is typed only once.
For example, X and Y coordinates are required in most
applications, but normally you will type this informa-
tion only in Master Data Entry Form. Or, if you import
a hydrograph data file or a lithological data file created
by the version one of the United Nations software (GW5
or GW6 modules), which is a non-Windows application,
X and Y coordinates and ground surface elevations will
automatically become a part of the master data base.

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

A file can be a data file, either ASCII or binary, or an in-
ternal file. GWW internal files are created by the pro-
gram or by the user. These are not DOS files but they
are integral parts of the GWW data base. You can create,
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— 2.1.7.

2.1.8.

2.1.9.

Fields-

Text Field

e text

2-4-._

edit, save, or delete most of them. For example, you may
create and edit various text that will enhance a map. You
may save this text object as an internal file, assigning to
this a name. However, unless you save this text as an
ASCII output file you may not view or edit the text out-

- side the GWW program. You may edit this text inside the

GWW program provided you have associated a name
with thetext. '

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

—a frame with the STIFF diagram, some text field identi-
fying the project, plus data fields with constituents in

mg/! or epm, or both. There may be another drawing on

the same page-{forin) with a map showing I locatlon of the
_sampling point. -

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

system:

o text . : _
e data

There are four types of fields on rep?_r_ﬁng forms in the
GWW system:

e . data
¢ drawing

¢ column (for reporting on more than one well)

This is a constant-content field with some predefined
textual content. This text will always be displayed when-
ever the form, whether entry or reporting, is selected.
This field is used for headings, textual comments, expla-
nations and the like. A special form of a text field is the
Header. It has some default values which are selected
when the field is created using the Form Editor.
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2.1.10. Text Field Text Field attributes are:
Attributes o —
T 7 e Field Name ' _ B
7 ~ o Border
— . e Background = -

— e Field Label (text typed in the field) .
- - . Label'prntr
e Label Color
—— @ Label AIignment ’ -

2.1.11. Data Field Data Field contains numerical or textual (character) data. _
An entry in a data field must conform to one of these

data types:

B e well identification (a unique data type which is used
___ to_relate various parts of the data base to the same
—  well or sample);

o character (alphanumeric string);

. intééer;

¢ floating point number, dimensioned;

¢ floating point number, nondimensioned;

o date;and

® time. . N -

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

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

2.1.12. Data Field Data Field has all the properties (attributes) of a text field
Attributes plus attributes for data:
e Data Font
e Data Color

2-5
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2.1.13. Drawing Field

2.1.14; Column Field—.

2.1.15. Field Name

. Data Alignment (vertical and horizontal)

- canbe reported on the same page.

2-6 - —

Drawing Field contains a drawing. Since a "Drawing”
field may have a title or a text, this field has the same
attributes as a text field. Only report forms may contain
a drawing field. A reporting form may contain more than
one drawing field. An individual water sample can be

- presented as a STIFF diagram, with its location on an- .
other drawing which could be a location map. Both ..

maps, plus much of other textual or numeric mformatlon

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

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

the same (case-sensitive, number of characters or blank

spaces, etc.). Nothing will happen if you mistype one or
more field names in a reporting form. These fields will

_ remain blank in the report since the program will find -

nothing to associate the fields with.

NOTE. Do not forget the special role of data field names: these
must be uniquely defined, case-sensitive typed as declared in
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. -

Some field names are protected! The protection implies that
you should not try to modify these field names. If you do,
GWW will not be able to use them in some calculations, draw-
ings, or for creating graphics. The protected field names are: X,
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2.1.17.

2.1.18,

2.1.19.

. Border -

Background

Y, Z, ZM in master data structure, all major cations and ani-
ons in chemical data structure, the entries Cations, Anions,
SAR, EPM in chemical data structure, most of pumping test

" field names in pumping test data structure-SWL in well log

data structure, all step-drawdown field names in step-draw-
down data structure, and-all field names in hydrographs data
structure. You may add newfields with their own field names,
but do not attempt to change the existing field names if you
suspect that GWW may need them for a calculation or graphi-
cal display.

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

——formation without any line defining its frame. Set Frame

Field Label

Label Font

2-7

. in Border attribute to None.

_ Background refers to the color selected by you to paiﬁt a
field. The whole.color palette provided by Windows is
-avaitable. Each field can be painted.

Field label refers to the text typed to 1dent1fy a field. Here

~ is the possibility to use languages other than English. Al-
- though a field may be identified with Field Name, say

Conductivity, which should not be changed if you wish

.GWW to use it to_produce a Wilcox diagram, e.g., the

field label may be typed in Spanish as Conductividad.
Unless you change it, the field label will be identical to
the Field Name selected in creating a form.

You select a Label font. Whatever comes with Windows '

can be used. The selection is standard-as explained in the
Windows manual; you select the font, the size (points),
and style such as bold, normal or italic. You may down-
loadadditional fonts, which are not provided by Win-
dows. One of fonts could be Cyrillic, with which you
may create your groundwater data bases in Russian, Bul--
garian, or Serbian. You may use an Arabic font to create
data bases in Arabic (hopefully, by correctly assuming
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2.1.20. Label Color__

2.2, DATA BASE
STRUCTURE

2.2.1. Data Base
Structure

Concept

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

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

. the three slides (R for red, G for green, B for blue) in the

appropriate dialog box, ‘or by directly selecting a color
from the palette _ —

Label Alignment is used to align the label either 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, respectively. You may also use vari- _

ous offset options.

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

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

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

(c) data type;

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

(e) unit selection for the data.
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The default data structures are built into the data base
template, GWW.000. When you start a new data base this
file will provide all necessary structures, same as stand-

" ard data entry and reporting. forms..You -will have a
chance to modify these to better suit your requirements.
You will learn to do it in Example 1.

_ - -NOTE. Your first step in creating anew data base will be to
- modify the default data structure for one or more applications.
-For example, GWW does not know which stratigraphic units
-~ you wish to define and that you wish to keep in the data base
the elevations of their tops or bottoms. If you do not enter ele-
vation data on positions of stratigraphic units you cannot cre-
ate contour maps for such data, nor you can draw stratigraphic

~ lines of lithostrati _grgphzc cross sections.

—rian s

" One example is provided in the following table for the

—=- Master Data Structure file.~All file structures are repro-
duced in Appendix A. )
| Field Name ___Field Length  Field Type Format No.decdigits Unit symbol |
Well Ident 10 Well —
- Description 50 | Char
District 15 Char
Locality 15 Char N
Owner 15 Char
X 10 Num(Dim)  Fixed 2 m
Y 10 Num(Dim)  Fixed 2 m
—7— 10 Num(Dim)  Fixed 2 m
Zm 10 Num(Dim) _ Fixed 2 m
Map Sheet No. 10 Char .

In simpleterms, the data base structure is the list of data |
entries that you wish to have in your data base. You can
create these lists independently for each of the following
applications:

¢ Master data

¢ Chemistry - samples B
e Chemistry: concentration-depfl:l series

¢ Chemistry: concentration-time series

2-9
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2.2.2. Data Base
Content

e Pumpmg tests
. Hydrographs - ) T
¢ Lithology/well logs
e Step drawdown tests - —
e Grain size distribution curves, and
¢ User-defined applications.
_ Normally, you should observe the following:

(1) Each application structure must start with the well
identification. This item uniquely defines a well ora
sample. The information related to this well or sam-
ple will be linked to any application which needs to
use it (display or report).

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

This will become more clear when we work with some
examples. '

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

2-10
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23. EXAMPLE OF

make while working in a data base will be saved only in
that data base, not in the template GWW.000.
NOT_E. You may, of course, make your changes in a data base

to which you assign another name, and then copy your data
base into GWW.000. In this way, next time you wish to create

@ new data base your own version of the template will be read

. as the standard! This may be one of your first steps in creating

CREATING A NEW
"DATA FILE .
STRUCTURE )
23.1. Getting
Started

211 —- -

a template GWW.000 as a country or project specific default.

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

Also you may save your data base structure for each ap-
plication as an ASCTI file, and use it for another data base
to override the default.

~ All data base default file structures which are prepared

—for you as a default are listed in Appendix B. The Master

data file structure is already dlsplayed above.

If you have created the GWW group and GWW program
itemn properties, as suggested in Chapter 1, Section 1.10.,
you may start the GWW program by doubie clicking on
the GWW icon. The initial screen as shown in Figure 2-1
will appear displaying the United Nations logo and the
menu bar with Data, Application, Tools, Customization,
and Help menus. Normally, when you start GWW for
the first time you will notice the titte GWW][;] in the title
bar. This reminds you that you have not yet opened a
data base. (In a repeated work the last opened data base
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Figure 2-1

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

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

1. Select Data from the menu bar. The display is as shown
_ inFigure 2-2. -

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

3. Type the new name for your data base. Type Exam-
ple.gww. Use the extension .gww for your conven-
ience. GWW offers you a list of available files with
extension .gww.
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- GWY/ [cigwditest. g\wd
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Figure 2-2

7. Opén GWAV Data Base. BB Rar
Data Base Name

Filename: . J
Directory:  CAGWD

Files: _ Directories:

test.gww
tes1l.gww

Figure 2-3

NOTE. Be careful when prompted for a data base name. If you
select option New GWW Data Base and give a name of an
existing data base, all file structure, input and output forms,
data base content, and all objects that make this data base will
be erased. You will start from a brand new data base using the
default template GWW.000. However, the program will warn
you and stop you from accidentally erasing an exzstmg data
base.

At this moment the GWW program will read in the tem-
plate data base structure, GWW.000, and use it as the
starting point for your new data base. You will learn to
modify some of default data structures in the section
which follows.
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= NOTE. Remember again that you may customize the template _
- GWW.000 and use it repeatedly with data structure, and vari-
- ous forms set up to make your work tailored to your needs.

2.3.3. Editing an
Existing Data ;
File Structure - . — - ) _

.~ - For each of the major applications, the GWW package
- already contains a preprogrammed standard data file -
structure: The list of data base constituents is shown in
Section 2.2.1. for the master data, and in Appendix B for
chemistry, hydrographs, lithology, pumping tests, step
drawdown tests, and grain size distribution curves. -

o -~ . 7~ To modify an existing data structure file you  should fol-
- aa —  low this sequence of cperations:

— 1. Select Tools from the menu bar. The menu as shown
in Figure 24 opens.

Data Applications EEUIENE Customization Help

Data Structure Design

) N Data Entry Forms Editor )
Report Forms Editor »
N . Units
Figure 2-4

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

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

2-14__
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LA s roe I

New User File
Old UserFile

- . Bxt ARF4
- Create Structure From STD ASCI
Write Structure to STD ASCI

L Figure 2-5

- = 4.Select Old. The dialogue box as shownin Figure 2-6is
— _ displayed. The box is titled "Select an Existing File"
T : and lists all pre-programmed structure files for all
"~ applications.

Enter File Name

L

ChemConcDepth
ChemConcTime
Chem_Conc_Degpth_Tab
Chem_Conc_Time_Tab
Chemistry

- ChemistryPPM
GrainSizeCurve

HGWL

Hydrographs

Lithology

MasterData

Figure 2-6

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

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

2-15
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[Vel] [dent 30 -Vadl

Description E1t Char

District 20 Char

Locality 20 Char

Owner - 20 Char .

X 10 Hum{Dim) Fizxed 2 =

Y - 10 Hum(Dim) Fixed 2 =

Z— - 10 Nun(Dim) Fimed 2 a

¥ 10 Hum(Dim) Fixed 2 n

Map Sheet Ho. - 10  Char

Year of- Comstructicnll Char

fagk ] [Taneety

Figure 2-7

box will contain several buttons the role of which is

clear: New, Edit, Delete, OK, Cancel. o

NOTE. Remember that these files are not ASCII files, but in-
ternal files associated with the data base that you have opened.
Any modification will be kept mternally and will affect only
the data base currently in use.

: | EXAMPLE ONE

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

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

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

(3) Reduce the number of decimal digits for chlorine
from 2 to 1.

(4) Rename Well Ident with Well Number.
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(5) Rename Conductivity with its Spanish equivalent,
Conductividad. (This is to demonstrate language-
versatility of the software. However, notice that the

Wilcox diagram. When you change it, the dlagram
will not be created.)

You should follow the proceéiure as expi_e;med l_ﬁelow.

1. Select Tools from the menu bar.
2. Select Data Structure Design.
—  3.ClickonFile. -

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

name Chemistry typed on the command line, as
shown in Figure 2-8. Press Enter, or click on the com-

~§~ “Enter File Name

Chemistry

- § |ChemConcDepth

f |ChemConcTime
Chem_Conc_Depth_Tab
Chem Conc Time Tab

|ChemistryPPM
GrainSizeCurve
HGWL
Hydrographs
Lithology
MasterData

-Figure 2-8

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

2-17

word Conductivity is used by GWW to create the ™

5. Click on Chemistry. If will be highlighted, and the



Data kems

jMn ..
HCO3 - . Hum(Und) Fixed

¥=ll Tdent . 10 Well
Ca 10 Kun(Und) Fized

Mg 10 HNum(OUnd) Fized
Ha. 10 Hum(Und) Fixed

K - 10 Num(Und) Fixed
Fe ; 10 Hum(Und) Fixed
Nun(Und) Fizxed

Co3 Num(OUnd) Fixed
S04 Rum(Und} Fixed
cl Hun(Ond) Fized
NO3 - Num(Und) Fizxed
NO2 Rum(Und) Fized
PO4 Nun{Und) Fixed
E Hum(Upd) Fixed

NN RN
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Figure 2-9 —

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

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

- to move to the next line, Field Length. _
' NOTE. Remember that you must terminate the input by either

pressing OK or using the Tab key. Whatever you typed will not
be saved if you terminate the input by pointing the mouse to
and clicking in another field. This applies equally to data in-
put, data editing, creating data forms, and creating data struc-
ture files. It is one of the major conventions of data input using
Windows. ’

Anticipate the minimum toluene content of 0.001 ppm
and maximum of 99. Replace the default field length of
10 with 6. Click on Numeric. Do not use Numeric(Dim)
since the chemical data default is equivalents per mil-
lions (epm), or parts per million (ppm), depending on
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which option you have selected when starting the input.
You may always switch between epm and ppm. Replace
the default number of decimal digits (2) with number 3.
Click on OK. Notice that Toluene has been added to list

_of constituents on the last line.

8. Do the same for benzene.Clickon New, type Benzene
for Field-Name, 6 for Field Length. Select Numerical
for Data Type, and change 2 with 3 for Number of

- Decimal Digits. Click on OK.

9. Highlight-Cl. Click on Edit button. Click on OK-Re-
place 2 with 1 in‘the number of decimal digits field.
~Click on OK.

10. Highlight Well Ident and chck on Edit button’ Re-
place the word-Ident with the word Number. Press
Enter or use the Tab key. Click on OK.

INOTE. The Well Ident is a special field, the name of which is

2-19

" used by the program to connect different parts of the data base.
__Actually, this entry is used to create a relational data base. You

will notice that "Well’ is one of the data types, in addition to
character, numeric (nondimensioned), numeric (dimen-
sioned), data, time, and comment (see Figure 2-7). If you
change the well identification in the chemistry data structure
file, you must do the same in all other data structure files. Be

- very careful and ensure that you have done this in an abso-

lutely identical way.

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

12. Click on OK. You will be back in the File menu. The
changes are automatically recorded in your data
base.

13. Click on Exit, then on Data, and Exit again. This will
terminate the modification to your chemistry data-
structure file for the data base currently selected (Ex-
ample.gww). Remember, what you do in this exami- —

ple affects only your currently opened database! You _
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g Data ltems
Ca :

Vell
Num(Und) Fixed
Hum(Und) Fixed
~Humn(Und) Fixed
- g o Num(Und) Fixed
s Num(Und) Fixed
. : - 3 Bun{Und) Fixed
Run(Urnd) Fixed
Hum(Ond) Fixed
Num({Und) Fixed
Num(Und) Fixed
Rum(Und) Fixed
Num{Ond)} Fixed
- " I 0 _ _Nun(Und) Fixed
- . Hum(Und) Fixed

PNONNMNENPORMNDMNDNRRNI R

- : Data tems

PO4 10 Num{Und) Fixed
B 10 Num(Und) Fixed
SiQ2 10 Num(Und) Fixed
TDS 10 Num(Und) Fixed
Hardness 10 Hun(Und) Fixed
Alkalinity 10 Num{(Und) Fixged
Conductividad 10 Hum(Und) Fixed
pH : 10 Nun(Und) Fixed

8 Nun{UOpd) Fised

B Hum(Und) Fixed

Hum(Und) Fixed
Hum{Und) Fixed
Hum(Und)} Fixed
Nun(Und) Fixed

WA EPNPMRNMN R N R R R

Figure 2-11

still have the template, GWW.000, intact, in the case
you want-to go back and start from the default.

2-20
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= - NOTE. Remember the Windows way of exiting an application:
ALT+F4. Or, click on Data, and then on Exit: Sometimes you
may experience a problem in attempting to exit using the op-
- tions on the menw: Data and Exit. If this becomes a case, use
the combination of keys ALT and F4.

This terminates our example number one.

2.4, FURTHER :
—OPTIONS ON DATA —
STRUCTURE FILE
- MENU -

24.1. WritingData = -
Structure to _ . :
- Standard ASCII - o T
Files —- You may save a data structure file as an ASCII file. This
option will become available only after you select an ex-
isting data file structure. Suppose you wish to delete

S 7"NOZ2 from the list of items in the chemistry part of the .

data base structure, and save the new data structure un-
- der the name chem.str. The procedure to follow is:

1. Select Tools from the main menu.
2. Select File Structure Pesign.
3. Select File.
—_ 4. Select Old. ' -
5. Double dlick on Chemistry.

6. Move the cursor down to NO2 and click on the Delete
‘ button. The screen display is as shown in Figure 2-12.

7. Select OK.

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

9. Type Chem.str when prompted _f_c;r the file name. Th; ..

display looks is as shown in Figure 2-13. The file

2-21 i
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. i+, Fite Structure

" Data hems

Vell Nunber 10 Vell
Ca 10 Hum(Ond) Fixed 2
- Mg - 10 Hun(Und) Fixed 2
Ha 10 Hun(Und) Fixed 2
K —Hum(Und) Fixed 2
. Fe ——1-3— Hua(Und) Fixed 2
Mn Hun{Und) Fixed 2
HCO3 - - 10 Hun(Ond) Fixed 2
- €03 — 10 Nun{Und) Fixed 2
S04 10 Hun(Und) Fi 2
1
2

o . Filename: -[chem.str

Directory:  CAGWD

Files: N Directeries:

I
- - |F=
: o
e
FdJ-
H
N fm]

~ Figure 2-13-

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

At this moment you have created an ASCII file, which
will be stored in your current or working directory, and -
you have also modified your data base internally.

]
3
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-2.4.2. Creating Data--
Structure from
Standard ASCII _ - :
Files You may also import an ASCII data structure file and re-

T place your standard file with the new file. For example,

= if you wish to replace [in another data base] the standard
__chemistry data structure file (built into the template
~ GWW.000) with the file you have just created, Chem.str, -

-~ proceed as follows:

1. Select Tools from the main menu.
2. Select File Structure Design.
- 3. Select File. -
- _4. Select Old.

— 5. Select Chemistry to let the program know- that you
- ~wish to replace the Chemistry data structure. —

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

7. Select File again. Select Create Structure from STD
= ASCIIL.

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

(.teah- hlc btrum:rc Frarn ﬁ \( !I

Filename: (chem.str ] I"‘@‘*fa

Directory:. CAGWD

Flles: Directories:

Figure 2-14

2'23 s
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9. Check its content, edit it if you wish to, and exit by
clicking on OK. To see some options in the editing of
data structure we will add Zinc content to the list.

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

Fld Name: IZjnc ] ‘

. —_ Field I;cngth: |1IJ -

'T_yﬁe
T O well Ident
- QO Character
@ iNumeric. )
~O.Numeric [Dim]) -
O Date —
—— O Time

Figure 2-15 -

Numeric box. Remember that the concentration of a

chemical constituent is a nondimensioned numerical

value. After you click on OK the dialogue box as
- shown in Figure 2-16 is displayed.

Field Name: Zinc

Number of Decimal(Sign.) Digits:

Format
@ Fixed Point

O Exponent
QO Floating Point

2-24
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SUMMARY OF THIS

CHAPTER

2-25

11. Notice different options for the data format: floating
point, exponential, and fixed point. As an example,

the number 25 will be typed as 25.00 if the fixed point

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

 as 2.5E+01 with the exponential format.

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

13. Select Exit to return to the main menu.

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

- When you open a new data base the default data file

structure as contained in the \GWW program directory
under the template file GWW.000 is used. Whether you
modify a parameter or not, this data file structure be-
comes associated with the data base name you gave to
the base. When you open this data base next time, the
program does not read the default structures from the
\GWW directory but uses its internal data file structure.

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

You may modify the data file structure in an existing
data base with or without data typed in. GWW will first
copy your data into an iternal backup file, so that you
will not loose data. However, it is advisable to first copy
all information in ASCI] files using the option Standard
ASCII Output that is available in every application.
Once you have modified your data file structure, you
may read these ASCII files if you did loose accidentally
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some data because you modified e1ther field name or _
any other attribute.

Remember, at the end, that all data processing and data
management that follows is related to what you have de-
- : clared in the data structure internal files. You will be able
to come again to this-utilify éven if you have created a —
data base and typed data in. A careful planning of your
. intended data input and the ways in which the data will .
be reported, displayed or presented, reduces greatly the —
— : risk of loosing data or washng the time searching for in-
consistencies. - -

2-26 -
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main menu-bar, Tools, as a submenu under two names:

CHAPTER THREE = _ FORMS
3.1. CONCEPTOF - -
' FORMS _
3.1.1. General ... This chapter introduces the Form Tool. It is located on the "

Data Entry Forms Editor and Report Form Editor. You will -

use one or the other-depending on whether you wish to
create and/or edit data entry forms or data reporting
forms. The emphasis of this chapter is on creahng your

‘There-are two major groupof forms: data entry formand

report form.

Data 'entry form editor is activated as follows:.

1. Select Tools from the main menu bar (see Figure 2-4).
2. Select Data Entry Forms Editor.

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

- Data reporting form editor is activated as follows:

1. Select Tools from the méin menu bar (see Figure 2-4).
2. Select Report Forms Editor.

3. Select an application for which you wish to change or
create a reporting form. Notice that the menu contin-
ues prompting you to choose between a single record
or a table or group record.

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

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

fo

)
3

N
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Dtl; B»Illzﬂens 0 Quhmizainn Help
Data Structre Design

' . Data Entry Forms Editor 3. __
— fomton e BT -
— | Lot Coemiswy
- I Pumping 1

Single Hecord Form

: Well Log

— **’ Figure3-1 -~

—measurements (time, drawdown, pumping rates) for -
"‘ one single well, as well as a table with pumping testre- - .
S sults (transmissivity, storage coefficients, etc.) for many _
- wells. The first will belong to the group of single reports, -
_--and the second to-the group of table reports

Since the GWW package treats data as objects, you can
place objects on a form, whether entry or reporting, ac-
- - = —  cording to your own design, or you can use predesigned
forms. The predesigned forms are built into the data base
- template, GWW.000. These are internal files, which you
can retrive (using option Old in the sequence Tools/Data
- Entry Forms Editor/Form/Old) and modify. You may

_ also copy them to standard ASCTI files and save them on -
the disk.

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

The master data entry form from the GWW.000 template
is reproduced in Appendix C. This master data entry -
form, when activated by the GWW program, displays .

the screen as shown in Figure 3-2.

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

" |
f’g//"
S
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¢ single fields (with a list of all single fields)

. - ¢ columns (with a list of column fields, which make a
table) -

¢ drawings (with a list of drawing fields, such as a
— _ E STIFF diagram, a hydmgraph well log, etc) —

— Figure 3-2

The Form Editor reads field names from internal data
structure files which are a part. of either the GWW.000
template for a new data base or your own data base. For
— example, if you open a chemical entry form for an indi-
vidual sample, the list of data items the will be displayed
on the left will be directly copied from the chemistry data
structure file, plus the items from the master data struc-

ture file.
3.1.3. Entry Form You may select an existing form or create a new one by
Selection clicking on Form on the Menu bar (or by typing ALT F)

The following options are offered:

3-3
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3.1.4.

Content of a
Form

3-4

¢ New . .

e Old -~ i -
® Save -

e Save As-..

® C(lear Form ~

e Standard ASCII Input

‘® Standard ASCII Output

e Print 7 .

e Exit - -

You will select New if you wish to create a new form. If

you wish to use one of existing forms (old forms) you ™

will select Old. In this case a dlalogue box will open of-
fering you a list of existing forms. —_

Any form that you select or create can be saved as an
AS(CII'file if you select the option Standard ASCII Out-

put. 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. Textual fields are selected or created
from the next entry on the menu bar, New Field. When
the Form Editor is activated, a list with all possible fields
from this and the Master Data application is automat-
ically created depending on the application and the type
of form.
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3.2.

STANDARD
FORMS

3-5

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

ing and Northing. The ground surface elevation data
field, labeled as Z in the data structure file, is labeled as
Ground Surf Elev in theentry form. You may modify
this, and save the modified data entry form as standard,
or under a different name. Again, you may use your own
language, provided you have font types, and create your
entry formin a language other than English.- -

Examples of standard data entry forms are shown in Fig-
ure 3-3 for chemistry, and in Figure 34 for well construc-

L s

tion and lithology.

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

‘hasbeen replaced in the entry form with the words East-
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Figure3-4 -—---
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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 uniguely defines
an item or a piece of information..It.is the basis of a data base.
You use these field names to create your forms. Once selected
to be placed on a form, each field lgbel can be replaced by an-

Baze podataka Drrmno i

Lokaci)a ] Viassuk

I This 1s an example of the dxia boe cvated with Secbuan words. I

‘Do not forget the difference between a Field Name assigned by -
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: other name, text, or font. Look at Figure 3-2. The data field
. with the name-X in the data structure file (horizontal coordi-
nate) is labeled Easting on the entry form. However, this item
" will be.cross referenced in each and every application by refer-
B ~ “ring to its data structure file name, which is X.

3.3. REPORTING -
—- FORMS - - -
3.3.1. Typesof
— Reporting - -
. “Forms * The types of reporting forms available depend on the ap-
~- - -—plication, since each application-generates different
__types of report-Fowever, two types of reportmg forms
- - .are common to all applications: -

e Single record form

¢ Table form

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

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

3.3.2. Single Record ' Single record forms are created for printing information
Forms for a single well, single chemical analysis, or a single hy-
drograph. The fields that may be included in such aform

are the following:

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

- all fields declared in a partlcular application.

3-7  ——
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In addition, columns and drawings are also included.
_ For example, in the Chemistry application, one analysis

- may report constituents and various parameters, plus a
- STIFF diagram; in the Hydrographs application, a well
may report a table with measured data, plus a hy-
drograph in a "drawmg" field.

3.3.3. Group Record A group record form mcludes information from more
Form than one well. A typical example is a PIPER diagram
which presents a table (Column}) with well/ sample iden-
tifications, plus a drawing containing a PIPER diagram
S T ; ) with all selected samples. Prior to creating such a group
report, you should select a working group. This is a sub-
set of all information in your-data base on which you
wish to work and present in a group report. Fields which
are "Single" in single record form are "Columns" in group

- -record form.  — :

3.3.4. Hydrograph This is a report of the single report type. It is made of
Report  _ columns which contain measured data and a graphics
field for a hydrograph.

3.3.5. Hydrograph -
General Table .
Report This is a report of a "table form," with general informa-
tion and data from the Master Data entry form.

3-8
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3.4,

3.4.1.

FORM EDITOR

Elements of a
Form

_.3-9

Frameisa reEtangﬂa_r outside edge of a form, which can

" . beedited by Attributes from the Menu bar, using the op-

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

— .o Horizontal offset. .
—# -Vertical offset . h

o Width LT
e Height

If you intend to print your reports on a "11" by 17" or an
A3 format printer, you may select the width and height
parameters accordingly. You should select the frame ac-
cording to the printer you intend to use.-You may orient
your report as portrait or landscape and select the frame
width and height accordingly. —

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

¢ Activating the Form Editor a default frame is used -

which is different for entry and reporting forms.

¢ Theexisting frame can be edited using the option At-

tributes, followed by Setup Frame.

¢ When a new data field is generated, the Form Editor
will automatically assign its size and will position it
to the right of the last field provided it fits the frame.
If not, it is placed into the next line. In this way the
horizontal size of the frame is used as a default for
locating fields. -
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» When a header is defined, its width is equal to the
width of the frame and it is posmoned at the top of
the form. -

e When a drawing field is defined, it is located to oc-

_cupy the whole width of the frame immediately un-

_ derneath the last field. The Editor assumes that the

drawing will occupy the rest of the page until its bot-
tom. :

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

- ——On the-Form Editor menu bar under Options you may"
~ select to display form rulers. This is a switch which turns

rulers at the top and left edges of the 'screen on (Show
Rulers)-or off (Hide Rulers). The on-screen rulers help
position fields and graphics. The measurement unit for
both the horizontal and vertical ruler is millimeters by
the default. _

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

At any moment when you are in the Form Editor you
may select to display the full form or you may work with
the normal display. This will depend on what size of the
screen you have. On a 20-inch monitor you may work all
the time with full display, but on a 14-inch monitor the
normal display is your only chance! In the Display Full
Form mode some fonts may not appear right. Do not be
alarmed. This is only in viewing the form, notin printing
a report. (At some time, the Form Editor is not truly
WYSIWYG.) -
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3.4.2. Adding Field h . .._
to a Form New Field on the Menu bar offers three options: ‘

-~ & Add Header

® Add Text Field

wr e ¢ Add Drawing Fiél_t_:l

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

3.4.3. TextField .. Atext field may have the following attributes: T -
-Attributes - _ L — -
’ ¢ Field Name )

e Border

¢ Background
¢ Field Label
- e LabelFont .
¢ Label Color
o Label Alignment

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

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

3-11
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ple, if in the chemistry entry form the field that will input
i the alkalinity values of a water sample is typed as Alka-
- - linity, the Field Name in a reporting form must be typed

» exactly the same (case-sensitive, exact number of charac-
ters or blank spaces).

- NOTE: Remember again, that in the Form Editor modeé you

- must not modify field names. If you do it, you should also mod-

ify data field names in Data Structure File Editor.

3.45. Border - —. Border includes the user-defined solid frame around a

T 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 lor2)or thlck (numbers
T o ' 3and 4). .

--3.4.6. Background Background refers to the color selected by y01:17 to paint
- a field. The whole color palette provided by the Win-
_dows is available. Each field can be painted.

3.4.7. FieldLabel _ Field Label refers to the text typed to identify a field.

Here is the possibility to use languages other than Eng-
‘lish. Although a field may be identified with Field
"""" Name, say conductivity, the field label may be typed in
Spanish as Conductividad. Unless you change it, the
field label will be identical to the Field Name selected in
creating a form. ~

3.4.8. Label Font Label Font is user selectable. Whatever comes with Win-
: ‘ dows can be used. The selection is standard as explained

in the Windows manual, that isyou may select the font,

the size (points), and style such as bold, normal, or italic.

3-12__
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3.4.9.

You may use various fonts such as Cyrillic, Arablc,
- - Greek, Hindi, etc.

Label Color - ‘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.

3.4.10. Label - —

.- Alignment Label Alignment is used to align the label either as left L

_ or right aligned or centered. The label can be placed on
- top, center or bottom of the field.- -—--

3.4.11. Options._ . ~ 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.

3.5.

CREATING A  In this section the general procedure in creating a new
NEW FORM  form is explained. The example which follows will give
~ youa better feeling for this routine supported by screen

displays reproduced in the manual.

1. Select New from the Form menu.

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

3. Start with Well Ident. Notice where the field will be
displayed.

4. To modify its attributes select Attributes.

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

3-13
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3.6.

SELECTING

AND EDITING AN

OLD FORM

3-14.

and top, right and bottom, right and top). You may
also assign the shadow thickness.

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

7. Continue with.another data field.

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

9. Select New Field.
10. Select Add header.

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

"12. Changé the label font by selecting Attributes and La-

bel font.

13. Move the header to 2 suitable location by draggmg it
with the mouse.

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

15. Type the name you wish this new entry form to be
saved under.

To select an old form:

1. Select Form. -
2. Select Old.

3. From the dialogue box labeled as Load Form select
one of the existing forms. Normally only the stand-
ard form will be offered when you start the program.
You may create many more forms and select one of
your own forms. Double dlick on Standard or click
once on Standard and tlick on ENTER. The standard
entry form will be displayed. S
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4. Click with the mouse outside the form. Then click on
a field you wish to modify."You will notice that the

- solid line around the field becomes dotted. Now you
B can select Attributes and any of the attributes on the™
pop-down menu, such as label font, label color, data
font, etc. These attributes refer only to the field-which
has been selected. You may-move the field to a new ——-
‘location, or size it. You may enhance the whole field _
by selecting background and selecting a color from a
color palette.

5. When you are finished, select Form again. -

6. Select Save as... and give the new or old name for this
- entry form. _ —_

3.7.READINGFROM —— . — — :
AND WRITING TO B S
AN ASCII FILE - -
DATA ENTRY FORM ’

3.7.1. . Reading From You may read an entry form file created anci saved as an
an ASCII File _ASCII file. For example, if you have created an ASCII
entry form file.and have'given it the name MAS-
TER1.FRM, you may retrieve it as follows:
- 1. Select Tools from the main menu bar.
2. Select Data Entry-Form Editor.
3. Select Master Data application.
4. Select Form from the menu bar.
5. Select Standard ASCII Input.

6. Select the filename MASTER1.FRM from the list of
filenames in the dialogue box.

3.7.2. Writing to an You may create your own entry form and save it as an
ASCII File ASCII file. The following procedure creates an ASCII en-
try form file with the filename MASTER1.FRM.

1. Select Tools from the main menu bar. _

3-15
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3.8.

2. Select Data Entry Form Editor.

3. Select Master Data application. =~ -

4. Select Form from the menu bar.

5. Select New.

6. Create your own entry form from the fields offered on

the leftside of the window, using new fields for head-

ers. -
7. Select Standard ASCII Output.

8.Type MASTER. FRM as a new filename in the dialogue

box. =

PRINTING AN You may print the entry form which is currently selected.

ENTRY FORM

3-16_

1. Select Form from the menu bar.

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

3. Select Print. The displayed entry form will be printed.

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

(SR
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3.9.1. Create a New .
-~ T Master Data -

 Entry Form __ EXAMPLE TWO

—The task will be to create a new master data entry form.
Since there will be a lot of activities in creating the form,
individual tasks will be specified at the beginning of
- T each activity. — '

" 1. To start this exercise, select Tools from_tl'_le-main menu,
then select Data Entry Forms Editor. The screen s as
shown in Figure 3-6. Click on Master Data. You are

ions Customization Help
o _Dats Structure Design | ]

Data Entry Forms Editor Master Data

Report Farms Editor Chemistry 3
) Units Pumping Tests
— = Hydrographs
’ YWell Log

- - - Step Drawdown Test
Grain Size Curve
User Data

g Figure 3-6

3-17
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be-
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__Type: "

Label: %

=

xy |mm} _ R
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data fields on the left, and the window for a new
form. _

2. Start with New Field, to add a Header. The Header

should read as follows: Master Data Entry Form -
Guarico Data Base. Make the header about 2 cm high,
use Times 14 bold font, add shadow to the right and
above the header field. (You may also exercise with
label color and background color.)

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

“Field Laber . BRRIRLTE

Figure 3-8

Ty

by
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s object has square handles on the corners. You can use

- these handles to resize the object. You can move the
whole object to a new place by clicking in its interior
and dragging the rectangle to a new place.

_ 2.2. Place the pointer (mouse cursor) on the lower left
_handle. Click and drag the handle for about 1 cmn
downward. Notice that the object becomes larger.

B 2 3. V\ﬁth the ob]ect still selected (notice dashed lines,

and square handles), se-
lect Attributes. The list
- of attributes is displayed
as shown in Figure 3-9.
Whatever changes you
thake, your action will
affect only the selected

Field Name
‘Border
Background

. - N - T _ E‘:dl];__’h‘t' lster | object, Header field. No-
o b ""T- - tice the bottom option
— Label Color

. , . ~ on this menu, Frame

. Label Al t ’
- - , et Setup, which when
- Lot Font clicked displays the dia-

- Dwmniu logue box as shown'in
B id Piafa ABzmameen Figure _3-10. It refers to
Frame Setup the entire form size and

1] horizontal and vertical
— offsets. If you anticipate

Figure3-9 - having more data fields,
- or wish to use another-
layout, you may edit .
this form prior to con-
tinuing creating your

L E L Frame Paramete

I entry form.

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

3-19 ——

Hoarizontal Offset

m_]
Vertical Offset fmm] E
Width [mm]
Height [mm] -

[l‘.mneii

Figure 3-10
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Font Face . i X Bold
Fixedsys - [# # [halic_
Terminal - :
_ MS Sans Serif “[OunderLine
Courier : .
- . MS Serif
| |Roman
Script
Modem
{Small Fonts -
font availability has nothing to do with the GWW
_ software. Select Times Roman, select 14 points, click
on bold. Click on OK. -
7 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-
Popup Shadow
23
Full Frame
- : [ONone™  [XI'None
' Left [ Left
‘ X Right [ Right
B Above [:I Above
: EI Below D Below
‘ % Figure 3-12 -
3-20
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- - tangle. By default it has all four sides filled with solid
lines of thickness 1. Shadow refers to emphasizing

the form of the object. While thickness of the lines can
be 2, 4, 6, 8, or 10, the size of the shadow can be be-

— tween 1 and 5 millimeters. At some point during cre- .=

— _ ating the form, click on Option, and place the ruler
on the form. The ruler is in millimeters.

Select popup > shadow by clicking first on number 3, and
- then on the right and above boxes Select OK. The screen
is now displaying the header field with all its attributes

(Figure 3-13).

Master. Baty Entry Form - Guarieo Data Base

PEAE SIS eExp et BIR Ht Y

3
oA

KA E2 Y.

: I -

daster Dot Entry Form - Guarico Dats
L - —{~ Type: Text

) Label. Master Data

xyfmm} (1.7) [131.22)
dx_dy {130. 15)

3 3¢ DXGNAAD P SAehh $L LLHVOIEUND 0P A9 R £ SO0 NI E SPANLDEE L NI IU NI P P EATFES LWL A W

G TR I BB e 14 I A PA R BeA

Figure 3-13

3. Add several more fields: Well Identification, Descrip-
tion, Location (not Locality as in the listing on the
left), X Coordinate, Y Coordinate, Elevation (m
AMSL), and Map Sheet No. For all use Tirnes 10 (nor-
mal) font, except for Well Identification use Times 10
bold. Separate Well Identification from the rest with
a thicker shadow frame, using left and lower shad-
ows. Create a background color for all data fields ex-
cept for Well Identification.

321
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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

T the Header field. Make the move by clicking inside

the field and dragging the whole field. Expand the

_ field slightly to-the right. Do this by clicking and

dragging the right upper handle. Try to combine

- T both moves in one! Do it by clicking on the lower

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

3.3. Select Attributes. Click on Field Label. Replace
the word Ident with Identification. Select OK. )

T T - oo _ 3.4.Select Attributes-again. Click on Border. Click on -
i - - "4 for frame, and on'4 for shadow, dlicking also on
B boxes forleft-and below. Click on OK.

. 3.5. Select Label Font. Click on Times Roman, 10‘
"~ points, and on the box for bold. Select OK to exit.

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

3.7. Select Attributes and Background. Select any
color you want by clicking on a small rectangie in the

_ palette. Click OK. The screen display is as shown in
Figure 3-14. ‘

¢
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3.8. Click on-Description in the list on the left. Move

the field into the colored field. Resize it to fit. Select

Attributes, followed by Label Font. Select Times, 10
" points, and click on OK.

" 3.9. Click on Locality in the list on the left. Move the

- field under the Description line. Select Attributes,

— followed by Label Font. Select Times, 10 points, and

o click on OK. Select Attributes again, then Field label,
- and correct Locality to Location.

3.10. Click on X on the left. Select Attributes, fol-
- ' lowed by Label Font. Select Times, 10 points, and

- click on OK. Select Attributes again, then erld label, .

._and add Coordinate after X. -.

— 3.11. Repeat the same procedure with Y, changmg Y
- - toYCoordinate. - -

-3.12. Repeat the same with Z, typing E'Field Label

Elevation (m AMSL) instead of Z.

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

The final form is as shown in Figure 3-15. This terminates
.example two.

‘J
r:*v€&; D N M N sy S e
-—mw

Mastay Duts Entry Form - Guarito Data Base

,
3
:

|

Y Consmame

B gn AMEL l M Shest Be I

% Figure 3-15
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3.10. Nonstandard  This is a special category which ap;;eers in Report Form

Forms- Editor and in several applications (hydrographs, pump-

ing tests, well logs, step-drawdown test, and grain size

- curves). It is used to create a report with several draw-
only type of data are

' (pumpmg test at well M1; hydrograph at well Bl etc.).

- ield F:ug Options- Help

T | Add Text Field
- - Add Drawing Field

Figure 3-16

The procedure to print a c’oinposite report is the follow--

——— mgal‘ _

1. Create a Nonstandard reporting form using the Tools
menu and Report Form Editor. Notice that this is a spe-
" dial category which is not related to any application. Cre-
_ ate several drawing fields and assign to each a name.

Write down the names of drawings you wish to use, and

"~ their corresponding sizes (width and height). Remember
that in applications you are normally asked to select a
drawing’ size.

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

3. Go to another application. Repeat the same procedure

4.When you have created all drawmgs that you wish to
place on that "nonstandard” reportmg form, select op-

3-24_ .

- ings from different applications on the same form. The——

header, text field. and drawing
=" fields. Each drawing is named, say PT-M1, HG-B1
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tion report from whichever application, followed by

Print Nonstandard Report. From the dialogue box

which lists all available nonstandard report forms select
—the one that you have created for this purpose.

One of typical examples would be to place a chermcal
diagram and a pumping test graph next to a well log and
site location map showing the posmon of that well rela---
tive to other wells.

You may use the Nonstandard Reporting Form to place

—— several graphs beloriging to the same application on the

same form. This applies to, for example, hydrographs, _.
pumping tests, or well logs:~ -

3-25
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4.1. GENERAL,_

The GWW software package has a very flexible system

. of units. You may use a default system, which is created

by the programmers of the GWW, or you may replace

-..— this system with yotir own system. -

4.1.1. " Unit Type

4.1.2. Units

4.1.3. Conversion
Factor

4-1

In the GWW software the following terminology is used: .-
® unit type o

" e unit | L

¢ conversion factor

Unit typeis the ma_jbr_ category of units: length, time, vol-
ume, area, flowrate, transmissivity, permeability or hy-
draulic conductivity are examples of unit types.

- Although-the standard GWW units file, by default

named GWW.UNT and located in the \GWW directory,
contains more types such as temperature, force, velocity,
pressure, energy, etc.-the GWW software needs only the
following types: length, time, flowrate, transmissibility,
permeability, and velocity.

Cubic meter per second, square meter, minute, gallon
per day per foot, etc. are UNITS. Parts per million is also
a unit. o

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

)

3
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4.1.4. Basic Units
4.2, WORK WITH
UNITS -
—4.21,
4-2

of unit. For instance, if unit type is TIME and its basic

unit is SECOND and the new unit is MINUTE, the con- -

version factor should be 1. (second)" 60 /(minute), that is

- 0.0166667.

‘Each type of units (length, area, volume, time, flowrate,

etc.) must have one unit that-is referred to as the BASIC

- UNIT:. It is important that basic units for flowrate, trans-
missivity, and permeability are consistent with basic -

units for length and time. In the GWW.UNT file the basic

" unit for length is meter-and for time second. Thus, the

program expects that the basic unit for pumping rate
(flowrate) is m3/ s, for transmissivity m?/ s, and for per-
meability m/s, regardiess the fact that you may not want-

to use these units. (In every part of the program, in its .

applications, you will have a chance to-select your own
units for computation and reporting. )

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

Units as'a Tool -~ Normally you do not need to be concerned with this part '

of the GWW software package. Almost everything you
need is already pre-programmed for you. You may,
eventually, use this utility as a calculator for converting
some units that you may need in other programs or in
your routine hydrogeological work. Only if you wish to
include some uncommon units that the programmers.
were not aware of, you may exploit the features of the
Units Tool.

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

00 Miscellaneous Customization Help
[Jata e De (

Data Entry Forms Editor—p} -
Repaort Forms Editor 4

_Qliits

Figure 4-1

- 2. Move the cursor to Units or type letter.U. The subpro-
gram UNITS.EXE-is loaded and the screen will dis-
play Unit types, Units and Factors asshownin Figure

-~ ——4-2. You will notice that context-sensitive HELP is
also available for this part of the program.

mls' [c \gwd‘.guancu gww

Unit Sysu:m Cnnverslons Help_. —-

inch 0.0254

fe=t 0.304878

yard 0.9144
Transnissivity unile 1609

Porneability
Pressure -

Figure 42
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4.2.3.

Type

4.2.2. Modifying Unit

Adding New

Unit

4-4

The program loads the unit system that is currently dis-
played using the file GWW.UNT from the \GWW direc-
tory if this is a new data base. If this is an established data
base, the GWW program will associate with the base the
unit system that you have worked with and have saved
together with other data.

If you wish, for example, to change the name of a unit

type you should use the button Rename Type. You may

add a new type-using the button Add New Type, or you

may delete a type of units. As an exercise rename the
—type permeability with Hydr. Conductivity.

1. Move the cursor down to the line’ Permeabmty

3 T 2. Click the mouse on Rename Type. ;
3. Inthe dialogue box that will open type the new name:

Hydr. Conductivity.
4. Click OK.

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

You may add new units for any unit type. As anexample,
prior to adding gallons per day per foot, which is the unit

- for transmissivity, delete the same unit from the list.

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

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

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

4. Select now Add New Unit.

5. In the dialogue box that will open you will be
prompted to type the new unit name for the Type =
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Transmissivity. When you type gpd/ft the screen
should look as shown in Figure 4-3.—

%ﬁ'ﬁ " Units [clgwdiguarico.gww] I?ij‘\
Unit System Conversions Help

GWW - New Unit

000111574
000001664684
00001036522
8956045
000001385749

e S EARTATER, S

M
eI YPE
RN AYPE SR

6. Click on OK. .

7. Anew dialogue box will open prompting you to enter
a conversion factor which will relate this new unit
—with any other unit of this type. On the right side the
list of all currently selected units for this type will be

- shown. For example, 1}f you know the conwversign be-
tween gpd/ft and m“/day, you may select m*/day

— . ~ using the upper and lower arrow buttons on the
screen display. The screen will look as shown in Fig-
ure 4-4.-

_ Enter conversion factor

1 gpdift =
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.- 8. Select m?/day and type .01242. The screen will look
as shown in Figure 4-5. ™~

" Now Ui
Enter conversion factor

— 1 gpdift = [.01242| . m2/day

14

_ 'Figure 4-5 - . -

-~ - 9 ClickonOK.

Although you | have: typed the conversmn factor relatmg
the unit gpd /ft with the unit m? /day, thelist of units and
factors, which is shown in Figure 4-6, shows the conver-
o _ sion for gpd/ft relative to the basic umt that is tom2/s

(see also 4.1.4 above). _
Unit Type Units and Factors
— Length 7y ness 1
Tine P~ [m2/day 0.0000111574
Volune 3 g(UK)pd-£ft 0.0000001664684
sq ftrday 0.000001036522

sq ft/sec 0. 08956045

Pernaab;l;tv-u
Pressure

Tenperature e
- Eperqgy Lo -

Figure 4-6

4-6
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4.3. UNIT
CONVERSION
" UTILITY

4.7

This is a calculator which yo:ﬁ'iﬁay use to recalculate

- some values expressed in one unit to their equivalents in

other units. For example, you may wish to calculate
length in feet. Once you are in Units subprogram you

- should select conversions (see Figure 4-2). The GWW

Unit Conversion Utility as shown in Figure 4-7 will be

-displayed. The procedure is'as follows.

Value [fect]=l£ 5

Unit Type Equivaicnt Values

) B U.3§|4B79 [ll] : —
} [Tine wd | -30.4878 {[cm)

Volume 3 304 .87B [nm)
i |Area - : 12.0031 [inch
Flovrate
Velocity . 0.333419 [yard}
Transnissivity 0.000189483 (nile}]
Perneability -

i

Figure 47  __

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

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



" Value [feetj55.77)

Velacity—flj
Transnissivity .

Equivalent Values

0.304878 [m)

. 30.4878 [cn]
304.878 [mm]
12.0031 [inch]

0.333419 [yard] -
0.000189483 [mile] -

Permeability
Pressure

4.4. USING UNIT -
SYSTEM OTHER -
THAN ' .
PRE-PROGRAMMED
- FORGWW

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

INESTSI )l Conversions  Help

-~ Standard ASCII Input
Standard ASCIl Output
Load Standard GWW Units

Exit Alt-F4

Figure 4-9

4-8
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1. Standard ASGII Input
2. Standard ASCII Output o

3. Load Standard GWW Units - -

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

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

4-9

lnpul irom Standard ASCH. Ftlc

Filename: im j
Directory:  CGWD _
Fiies: Directories:
gww.unt [.-]
- 2
H4
Fei -
Fdi
EH
Em
Figure 410

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 followmg meaning:
unit type, unit, conversion factor.
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4.5.UNITSIN Each application handles units that are specific to that
INDIVIDUAL  application in its own way. Normally you may view the
APPLICATIONS  units currently used (using option General Data Units).
These units can be changed within an application.

Insome applications you decide on current units for data
" measured in the field-You may convert from metric to ™
practical American hydrologic units, if you wish so,

. without affecting the general data units set.

However, be careful when changing units for length and

elevation that are used in the mapping and cross section

— applications. The units must be consistent, otherwise
' youmay end up by not being able to add some lires onto
_ —- cross sections. This will happen if you create the data
g base in feet and decide to use metric system for cross sec-
- tions. . - -

4-10



CHAPTERFIVE =~ ._ COMMON ROUTINES

51. GENERAL Tobegin with you should know that the GWW package
- comprises the followmg applications:

e Master Data N :
- ~___® Chemistry: Samples : _ T
] Chemistry' Concentration—Depth Series
- o - @ PumpmgTests
e Hydrographs

* Mapping ) | .' -
e Cross Sections
- A - & Fence Diagrams T
@ Step Drawdown Tests
¢ Grain Size Distribution Curves
e Miscellaneous
e User Data

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

Some of procedures and routines are either exactly the
same or about the same in more than one application. In
this Chapter we will describe some routines and proce-
dures which are common to more than one application,
such as: (a) selection of units for a particular application,
(b) selection of a working set or a working group, that is
reducing a large set of data to a smaller subset; (c) setting
up the printer, (d) creating random data "models” (inter-
nal files) to be used for mapping, gridding and contour-
ing, and (e) reading from standard ASCII files and/or
writing to standard ASCII files.

5-1
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5.2 -

Chemistry
Pumging Tests
Hydrographs

Mapping

Well Log _
CrossSeling

Eence Diagrams —
Step Drawdewn Test
Grain Size Corve .

Misceilaneous
UserData

Figure 5-1

In addition to setting up a syste:Zn of units as explained
in Chapter Four, each application has its own way of per-
mitting you to select units for that particular application.

from Tools on the Main menu bar.

Drawdown tests,
Chemical Concen-
tration -Depth Se-

ries, Chemical -

Concentration -
Time series, and
Grain Size Analysis
have the option
General Data Units
on the Data menu,
asshownin Flgl.u'e
5-2.

Once in the application, you mwmmgd@
, conversion factor. This must be done using option Umts

- The apphcat:ons Hydrographs, Pumping Tests, Step-

Edit Fit Digplay Report Make Random LesdM -

Delete Record CuHD
Select Entry Form
General Data Units

DERCRPCION

Print Setup

Rate e Borabacy Pran.

Figure 5-2
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1

same for which- -
ever data entry
you select to” —
change. This is
shown-in Figure 5-3.

Cament Setings
i |
om
Z{n). T no
inch
— | {feet
i

The Master Data application permits you to select units
from the Units menu on the application’s menu bar.

__Depending on what you have selected to keep in your
— Master Data application you may select units for any en- -
try that is identified as numerical {(dimensioned) data
type. In the standard case-which is supplied as a default
for master data structure, you may change units for co-
ordinates (X and
ground sur-
face elevation (Z)
and for elevatiort —
of the measuring Yiml
point (ZM). When 1Ly i
you select Units on
the menu bar, the
offering will be the '"“

Seled

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.

" Figure 5-3

Wels My Gridhodd Qpbons Heip

New Copss Serten

New Cress Sertion Like...
{ld Cress Secien
Clear Cross Sectisa

Seve Cross Section
Suve Cross Section As._

5.3

E£R Peamrters

Make Legend
Write Teed fo Legend

flevation Unils

Figure 5-4
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In applications Pumping Tests and Hydrographs the se-
lection is different for general data and. for measured
data. In the application Hydrographs, the general data
are the same as in the Master-Data application (coordi-
nates and elevations). In a pumping test the general data
are distance between a pumping and an observation well,
“transmissivity, standard error of fit, and the same coordi-
nates and elevations as in the Master Data application, as
. shown in Figure 5-5 for transrmsswlty and in Figure 5-6
for average pumping rates. .

: Duraton [min]
- InSaiTh [m]
Transmissivity [mefday]
Lekence [1/day]
ConfAqThickness {m|

b [m}

| jm)

dfm]

{1 [m]

BRI s
a e S e

R DR

Figure 5-6

5-4
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The program obtains the list of dimensioned entries
from data structure files (Chapter Two), and the units
from the System of Units (Chapter Four). )

For the pumping test- and hydrographs applications you
may also want to select units for measurement or-obser-
vation data, such as levels, drawdowns; time of pump-
ing and pumping rate. These are called measurement
units and-the option for selecting them is located on Edit
submenu as shown in Figure 5-7. For the pumping test

Fite Cnnlrnt“ Cditar [PumpTests; cigwdinew.gww|

5-5

well "Edit Attributes CtriA :
Edit Measurements CHE B : =
Standard ASCH Input - -
Standard ASCII-Qutput et -
insert Row 12 - R smare P ——
Delete Row Ctri-D
Save Measurements ~ Cirl-S
Exit [don't save) Ctrb-X
Length
—— Pumping Rate
Figure 5-7

application you may select units for time, length and

. pumping rate, and for the hydrographs application for

time and length. Figure 5-8 displays the units that may
be available for pumping rate (flowrate).

m3fs

Ifs

gpm

- [ 19fUK]pm
) acre-tijd
m3jday

Figure 5-8
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~53. SELECTION OF
WELLS OR
SAMPLES OR
REDUCTION-OF A
LARGE DATA SET
TO A SMALLER
—--.  SUBSET

NOTE. It is important to note that what you are doing in an
application is relevant only for calculations and reporting but
will not modify the system of units that you have taken either
from the default file with units, GWW.UNT, or have-modified

_ and saved using the option Units from the Tools submenu.

This is one of the most important and attractive opera-
tions in the GWW system. Being programmed to run un-
der Windows and relying on Windows resources, a large
pool of memory and huge storage capacity, and espe-
dlally counting on the processor-speed of 66 MHz and

your data base to 100 wells.)

Working with a large set of wells may become inefficient
after a certain number. Yet very often we want to pay our
attention to an area, an aquifer, a parameter, or to certain
wells that differ in something from the rest. For example,
we may have 500 wells in our data base, but we wish to
create a map showing locations of wells in which one
specific chemical constituents has been identified. In ad-
dition, we wish to create a contour map of that constitu-
ent using only wells in which it was detected above a
certain limit. In other words, we want to eliminate from

. the display all wells in which this constituent is less than

5.3.1. Select Condition

the prescribed minimum.
How we do it?

We have several ways for filtering the data base and
searching for samples/wells that satisfy a defined crite-
rion. These are discussed one by one below.

The-applications Master Data, Chemistry, Pumping
Tests, Hydrographs, Well Logs and Lithology, and Step
Drawdown Pumping Tests have all Select Working Set

above, the GWW package has been programmed for -
- large data bases. Under "large” we-mean hundreds or -
. ——even thousands of wells or water samples. (If you intend

..to run GWW on a 25MHz 3865X PC, you better limit
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- ooption on the Data submenu. An example from the Mas-
ter Da_lta menu is shown in Figure 5-9.-In the example

3 [)ata qQw i (

- Units Report Make Random Load Map Help

11

Delete Record Cri-D Wlas
Select Entry Form

- T _ Standard ASCII [nput b
T - Standard ASCl Qutput

Printer Setup
. Exit Alt-F4 . T
. - .lp17e | 665000.00 958000 .00
- ' ~~— .. Figure5-9 '

: ___ shown the data base contains rhore 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 selected, and keep
working only on this reduced set.

When you click on Select Working Set a box similar to
the one shown in Figure 5-10 will appear. The difference
will be in 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 tems Seiected tams

El_Frno
P-103
P-110
P-152

—_ P-153
- T P-155
P-163
) P-166 _
-— P-169
P170

R I - Figure 5-10

1. Click on Unselect All. The ‘Selected Items’ window
will be without any well. All wells are moved to the
left window, and the display looks as shown in Fig-

- ure 5-10.

_2._Click on Select Condition. The dialogue box as

- shown in Figure 5-11 will appear offering you to se-
lect a variable to use as a ‘selection condition’. The
variables are all data that make a part of your Master
data portion of the data base.

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

Figure 5-12.
- Variable T =" | Variable

Well ident —fﬁ

ﬁ(;oaditinn Value

LI _

iy W e
[vax vsi [fsﬂtnecl A]

Figure 5-11
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- 4. Chck on Well Ident, which was suggested by the pro-
gram as a default, and
type under the Condi- Variable
tion Value the equal sign ™} - fwetiioem M| |-
in the left box and the -

- © =~ _combination S* in the Condition Value

-right box. The program = ]
permits you to use logi- L
cal operators =,> ,< in |[— Fors

- the left box; and wild- )

cards (* and ?).in the
right box. In the case
shown in Figure 5-13, the

- interpretation is as follows. Select only wells 1dent1-

fied with a well name starting with letter Sregardless -

of what follows after the first letter. You could have

used the second character in the identification name,

T . -the third, or any, using wildcard symbols for the

- ‘ characters that you do not cate. h

5. Select OK. Notice in Figure 5-14 the ‘Selected Items’ S

Figure 5-13

Unselected ltems

Salectad hems

—15!_—_Frin i¥] [SRRG-0 o]
P-103 e ISARRG-T1 N
P-110 =1 |SRRG-12
P-152 =] - |SRRG-13 5!
P-153 1  ISRRG-15
- P-155 SRRG-16 i
P-163 - SRAG-17
— P-166 SRRG-18
P-1639 SRRG-19—
P-170 SRRG-2 R
P17 SRRG-20 5 .
P177 =il {SRRG-21
} P18 sl ISRRG-22

Figure 5-14

window filled with identification names starting
- with the letter S.

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

o _ 5'9 TTRT '- T
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5.3.2. Selection from a
Map

5-10

ing with the letter S, as shown in Fighre 5-15. In ad-
_dition, the number of wells, displayed on top of the
hst will reflect the altered working set content.

Manies D30 ] a 4wt M)

'lﬂﬁ

eV BN A AT gy

SRTAI A A ————
SRt i «K!#aha&ﬂ!?ﬁ?ﬂ%wks&m& g o
43 Sodd § ORS00 X O RS S EAE &S EE LT SRR R RS

3 ~

A AR AR W AR AL IALY, VRARCA L AR WS A VR e A T T A

-
Figure 5-15

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

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

You will notice that in all but Mapping and Cross section
applications there is an option Load Map or Map on the
menu bar. This option is used to select wells directly
from a map. You create these maps in the Mapping ap-
plication, placing either all wells or already reduced set
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5-11 -

"maps.

or selected wells to emphasize thematic purpose of

maps.

_When you se-

lect Load Map
option the dia-

logue box as

shown in Fig-

ure 5-16 will-

be displayed.
The lower
field lists all

currently

available
Re-

Load Map

Select an existing map

L

basic-log

Figure 5-16

member that maps are ob]ects in the GWW system, and
each is associated with a name. In the case displayed ifi
Figure 5-16 there is only one map, named basic-log,
which contains locations and names of wells which may
have known lithology or well log. You may either type
the map name (exactly as it is shown) or double click.
with the mouse on the map name. The-map will be dis-
played as shown in Figure 5-17.

- Master Datz | ; Clgwiinew.gww] FEs v
nm Units  Report Mal> Random Load Map ]jelp
Well ident ™ hasiciog
- w25
P A
—— Lt i [ zebani’
d : ; : Y : o
: [y : Pl SdinHed
H L e H H o
LE e = i : i Sk
BN Al -
i 2 = ’ Balinnius

p1s R g . L o

P-180 ; s s & .

P-184 T

R8s :

P18 -

Pz 5

P-200 i

P-205 £

P-205 &2

P-207 =

214 ", -

215 2

P2IB - L

P23 £
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Close

- . Zoom In
Zoom Out

Fit Wnd.

"~ SelIn.Rect.
Sel.Points

End Points

_.End Point

Enwd .Area

" Returns the display to its normal view.

_Sel.In Area-

5-12._

Notice various buttons on the nght side. Their meaning
is as follows: -

Removes the map from the display.

Permits you to enlarge a portion of the map.

Redraws the map to fit the entire window.
Permits you to select wells within a rectangle. —
Permits you to select well points one by one.

Ends selection of wells point by point. -

Permits you to selects wells with free hand, makmg a
closed contour around wells.

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

After the line delineating an area is ‘closed, ‘End - Area’
command selects all wells within this area. _

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

. Masic: Dota | cigwdinew.gww]
Dasts  Units Report  kdake Raedom  Losd Map Help
TEETIXERRX Ty

Well ldeat * basicdag
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selecting wells_using a map, all wells should be unse-
lected so that only the really desired wells will make the
data set. In Figure 5-18 a rectangle is drawn by dragging
—the mouse from one point to another. The wells located
-within this rectangle are displayed on the left side of Fig-~

ure 5>-19. _
”n- Usis Brpert biskx Rasdam Lesd Mir Hep J
N Well iem = bowi-ing -
- T s e .- —_—
\PO-1 [T s
PO-2 . P
tRo-3 R
<SRRG 15~ g
SRAG-IE FOU,. _
sRRe-7a =, s
- |sARG-20 AR "
— bkt i ":-.- ft? sccc
i . Ract i ‘ ﬁjff“; -
e - _ TRAGS A
— ] gy )
e %
- Y
) ~ 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. '

p—-h:—ﬂ"'ﬂ-ﬂ"
LX1 L]

-

[ 31
-]

o

L)

——hy
¢

¥~

Figure 5-20

5-13

AR
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B 1. From the Data menu bar option Select Working Set
is activated.

~ 2.In the selection dialogue box all wells are unselected.
T 3. Load Map option is selected.

4. The map named "BASIC-LOG’ is transferred into the
= upper window and selected by clicking OK. The dis-
- play is as shown in Figure 5-20 without the con-
' toured area.

5. Sel.In Areabutton is activated. _

6. Using free hand drawing with the mouse, a line is
—  made with several points around wells to be selected.
- The final point is close to the inijtial point.

- - 7. End Point (second from the bottom) is activated.
-.8. End Area button is activated. B

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

= Master Data [ ; c:
S Data Units Report Make Random Load Ma

Well Ident

- |SRAG-28 - =
SRRG-3
SRRG-4 -
SRRG-5 -~
" |SRRG-9
Asunmn} .'.;l
Figure 5-21
533. Selection of - -
Wells - — B
One by One You may select wells one by one, without using a map,

in the followmg way.

5-14
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5-15

1. Activate option Select Working Set as before.
2. Unselect all wells. -

3. Click with mouse on a well on the left side (unse=—

lected) to move it to the select window.

4. Repeat the same operation with other wells that you
want to work with. "~ ~

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

Theconcept of a Working Group whichis used in Chem-’

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

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

You select wells for a-Worhng group in exactly the same

- way as-explained above. There is only one minor differ-

ence in the case of Chemistry application. There, the op-
tion on the menu bar-is Map, followed by two other
options: Make Working Set and Make Working Group.
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Note that group display diagrams (Piper, Wilcox, Schoel-
ler) will not display what they are supposed to display
unless a working group has been created.

5.4. SETTING UP
PRINTER

Selection of printers and attributes related to printing is
normally a Windows operation. For this you go to Main
—_— Windows menu, select Control Panel, then Printers, and
configure the printer you wish to use.

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

—combination CTRL+ESC key to go to the task assign-
ment, select Program Manager, then select Main, and
. Control Panel, then Printers. Change the default printer,
. close Control Panel '
and return to the ap-
_Phcatlon by aFtlvat— Select Worsking Set
ing once again the
task assignment list | Detete Record
(CTRL+ESC). Select Entry Form
-—| Standard ASCIl Input
Printer Setup is an Standard ASCIl Qutput
optionlocated on the Printer Setup
Data submenu of

Units Report Make Random

: . Exit Alt-F4
every application.
The example shown me
in Figure 5-22 is from —
- the Master Data Figure 5-22

5-16-—
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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 ITl. You can access the same

" driver’s menu from the Windows’ Control Panel.

5.5.
FROM STANDARD

READING -

ASCII FILEOR —

WRITING TO
STANDARD ASCII
FILE

5-17

-

ASCTI or text files are prepared with a text editor or word

processor and saved unformatted. This type of file con- -
" tains only. the printable ASCII characters and the few

control codes needed for minimal formatting, such as
carriage returns and linefeeds.

ASCII files in the GWW system serve in two ways:

1. To save most of the information from the GWW data
base internal format in separate files that can be ed-
-ited, modified, and input back into the GWW system.

2. To-provide external connection with other data base
formats such as dBase IV, FoxPro, Clipper, etc. There
is no direct import of other data base formats into the
GWW system. However, every data base package
can, if programmed, export information in ASCII file_
format. This information, modified to be compatible,
can then be imported into the GWW system.
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5-18

What can you save from the GWW-internal files and
structures in an ASCH output file?

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

. the GWW into ASCII files.

1. Data structures, such as Master Data structure file,
~~which is reproduced in Appendix B.

2. M such as Chermstry application entry -

form, which is also reproduced in Appendix C.

3. &ep_qmgg_ﬁom such as Well Log reporting form,
which is reproduced in Appendix C.

4. Master data for all wells that make working set. When

~ you select to read the data from a standard ASCII in-

“put file the dialogu€ box as shown in Figure 5-24 will -

open prompting you for the name of the file-The

same kind of the dia-
logue box will be dis-

Eree Flc Name | played, as shown in
Fieseme: (me.asc 1 e Figure 5-25, when you
Directory  CAGWD P decide to write master
Files® Dwrectaries:

o

L)

]

el

)

A % " Ot to Standiord ASCH File |

— Number of ¢ ds in cigwdimd.asc
13
Figure 5-24
.data to a standard ASCII

file. Again you will be

prompli?td ffhr the file

name. After the transfer .

is completed there will Figure >-25

be a message displayed

showing how many wells have been written to the
ASCII output file. This should be a good practice to
back up the information entered into the GWW sys-
tem by creating output ASCII files, which then can be
used as input files in the case something goes wrong.
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5. Chemical data for all wells that make working set.

Comments that apply for master data are valid here
too. Every piece of information referring to the
chemical part of the data base will be copied to the
ASCTI file. Constituents will be transferred in parts
per million (ppm) or equivalents per million (epm)

- depending on in which units they were displayed

when you have selected to copy them to the ASCII
file.

) ] 6. Mm&mg@mmgmiiﬂ_ will be saved as one

ASCHI file for all wells. This file will contain all gen-
eral data identifying wells and all measurements.

— The format of such a file is very strict, to make it con-

&

sistent with the output format of hydrograph- data
files from the United Nations Ground Water Soft-

"' ware Version One. You must not modify this format_

if you wish the GWW software to correctly input the
mformauon

will be saved on the hle-for—smgle— h

test basis. This is to say that each pumping test will
be saved in its own data file. Actually the file will

contain-three columns, one with time, another with .

drawdown or level measurements, and the third one
with pumping rates. An example of-a-pumping test
data file is also presented in Appendix D.

will be saved in an ASCII file on the
file-for-single-well basis, that is one data file for each
well. Only lithological data, including depth inter-
vals, codes and description of lithologic units will be
saved. Again, the output ASCII file format for lithol-
is made consistent with the Version One of the
U.N. Ground Water software.

9. In Well Log application there are two more informa-

tion files that can be saved as ASCII files: codes, sym-

bols and textual description of materials filling
annular space of a well, see Figure 5-26, and codes,
symbols, and default description of lithologic units a
well had been drilled through. These are specific in-
formation files and will be discussed in Chapter 10:

. Well Logs and Lithology.
10.

In Mapping application almost every component of
amap can be saved as an ASCII file. For example, you
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Constr. Units

- 11
Annulus Materials Edit
Q. NN | 949000.00 “Standard ASCll Input | 7
Standard ASCII Qutput
Concrete Block - —— ocales
Dy Height Vertical | Horzonta
" Figure56 -

may create a line by directly digitizing on the screen

and save this-line as an ASCII file. Or you may use

your digitizing tablet, create a line and save it in.an
— - —ASCII file, which, then, may be used to input the in-
- formation into the GWW system. More than one line
can be saved as one ASCII file. Each line is termi-
. -nated with /* characters on a separate file line.

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

You may save an entire grid in an ASCII file, using the
option on the grid submenu as shown in Figure 5-27. The

grid, which is actually a gridded Thodel, associates a nu-

meric value with every node of the model network. This
value can be land surface elevation for the grid model of
the ground surface, a water level elevation, total dis-
solved solids, a content of a constituent, or anything
from your data base that has a numeric value associated
with the location of a point (that is, with X and Y coordi-
- nates). Such files can be used as input data files to mod-
eling software such as MODFLOW, U.N. GWMOD, etc:

5-20
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You may save areas and randem points. This last data
file is the basis for creating contour maps. One example
of a random data file is presented in Appendix D.

As before, this file is written in the free format. The col-

~ umns have the following meaning: X coordinate, Y coor-

_ dinate, ground surface elevation, and well identification.

The attractive possibility is to create an ASCII file with

"~ four such col- ~
umns of num-
bers and char-
acters, and

- - ~ inputitinto the

GWW for fur-
ther process-

T Ing: creating a__

map, making
contours, add-
ing color inter-
vals to the
map, and
printing the
map.

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

S Random Area Line

New Grid

New Grid Like::-
0ld Grid

e el

BT s S S AV th B

Mapping |cigwdinew.q

Edit

Standard ASCU O

sFuLUtn R RN e

Jext Help

Figure 5-27

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

53-21 —- =~ -
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" Save TextAs —_

New Texts
0Old Texts
Save Textis

Add Texts to Map e I

Edit Texts Parameters

Standarid ASCII Input

5-22

b i] Standard ASCH Outpit
|~ i .?“:‘
H - [) /__] -
L —
_I-'igure 5-28
! l.j-l- - ]II | !smE-]

(a) The format of ASCII input and ASCI output files is

identical. In other words, what you save as an ASCII
output file from within the GWW._system, you may
use as an ASCII input file to the same or another data
_ base created with the GWW program.

(b) You may edit ASCII files created by the GWW pro-

gram, but in some files it is important to keep the

. same data format, while in other files it is not.

tc) When the GWW program saves data in an ASCII file, __

it may add underscore characters to fill some gaps in
the information. It is important to keep these charac-
ters in the files in order for the GWW to read them
correctly.

(d) Master data and Chemistry applications will create a

very specific first line in the ASCI output file. They
will list all entries according to field names from the
data structure and place these field names within an-
gular brackets. The program expects tofind these
same entries in numeric form in the lines that follow.
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_ 5.6. CREATING-
RANDOM MODELS-

5-23 -

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

The Random Model is an option which is built into every
application of the GWW package and which prepares
data for creatmg contour maps. You may create a ran-
dom model and consequently a contour map, of every

in the data base which is associated
with the location of wells,-that is w1th X and Y coordi-

nates.

- The option Make Random is located on the menu bar in

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

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

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-



~  CHAPTER5 COMMON ROUTINES

- ing on that date). Once E Random Mdl. Variablc -
- you supply the date ' fca
- (month, day, year) the _ [Ms =
rest is the same as in . K &
- . other parts of the pro-  g* _ Rl
gram QN { .
One example isshownin _lIg" 2
.. Figures 5-29 and 5-30. N N
T . When Make Random PO4
T : option is activated from 0
the Chemistry applica- Si02
- tion, the display list is as D cos i
- N shown in Figure 5-29. Alicalinity [
o * .. 7 Notice the side bar since - jGanduetivity = N
N R ___ the list is too long to fill l
- one screen length. When, .. Figure5-29°
= in this-example, the TDS

(total dissolved solids) -
parameter is selected, the program scans all wells and

samples, reads X and Y coordinates and prompts you for_
-— the-random point file e o
. name as shown in Savr Handom Model  Bhaks ol

Figure 5-30. By de-

_fault you will be of- | [rs

fered the name of =

. selected parameter | &

which you may-con- |

— : " firm or change. -

The random point file

is an internal file
— which is used then in E—

the Mapping applica-

tion for creating vari-

ous thematic maps.

There, its content may be saved as an ASCII file. As dis- -

cussed earlier in this Chapter, such an ASCII file will

have four columns, with X and Y coordinates in the first

~ two columns, the TDS values in the third, and well iden-
tification name in the fourth column.

Figure 5-30
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57. EDITING A
TABLE AND
ATTEMPTING TO
ESCAPE WITHOUT
COMPLETING _
EDITING

In several applications you may be editing input data in
a table. These applications are: pumping test, step-draw-
down test, grain size curve, and hydrographs.-If you
open a table with the measurement data and attempt to
activate another option, such as display or fit while still
in the editing mode, there will be an error or warning
message as shown in Figure 5-31. You may then either
cancell this attempted operation, save data before the

" operation is exe- —

5-25

_ited data. v You are editing measurement data

cuted, or exit the
table without sav- -
ing the newly ed- - —-

Sawve or Exit data before this operation,
- ar
cancel this operation -

Figure5-31
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MASTER DATA APPLICATION

The Master Data application is the heart of the whole =

system. Every well, entered from any application, ends -
up in the Master Data application. It serves a kind of
housekeeping for the information that is shared among

. applications.

The Master Data application is intended for entering
general information for -wells, water points, and/or

ing:

e Well 1denttf1cat10n wh1ch can be any combinationof

characters and numbers, up to the size specified by
you {or the program s default) in the file structure
- tool. :

_e Xand Y coordinates that uniquely locate awell,a
- water point and/or a sample.

¢ Z coordinate, or ground surface elevation, or an ele-
vation of any other point on the well that has been
surveyed, measured or taken from a map.

e 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.

e State, region, province, country, or a county; one,
more than one, or all'of these. —

¢ Owner of well.

® Year of construction.

® Relationship of the well to: river basin, hydrologic
unit, aquifer system, municipal water supply
scheme, landfill monitoring system, irrigation sys-
tem, etc. ’

water samples. This information is generally the follow-
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6.2. RELATIONSHIP

BETWEEN MASTER -
DATA AND OTHER
—_ APPLICATIONS -

o Use of well. ) T
e Equipment installed. -

e Number of the topographic map to which the well
belongs.

One especially convenient entry would be one character

. code {Yes or No) specifying additional information
about this well. For example; if you want to have a quick

overview of all wells in the data base that have a water

. level monitoring record, you may add a field into the

Master data structure which will prompt you to enter
either Y (for Yes) or N (for No)..The name of the field may

be as follows: Water Level Data Available? This code can

then be used to reduce the data base to a working set of
wells for which a water level record exists. Thus without
switching to the Hydrographs application you may cre-

ate amap showing locations and names ofall water level _

recording wells.

Similarly, you may want to have a coded field for lithol-
ogy, chemistry, pumping tests, etc.

_i)epending on what you have entered on Entry Forms

for other applications, some of the information from the

Master Data part of the data base will be copied to other-

application’s entry forms. For example; you may have
selected to.-have on Entry Form for Chemistry the coor-
dinates and location/description of wells. If this infor-
mation is typed in the Master Data application, the same
information will be directly copied to Chemistry Entry
Form as soon as you type the Well Identification name
within the Chemistry application of a well that exists in
the Master Data application.

Conversely, if you are satisfied with entering general in-
formation for a well consisting only of its coordinates
and elevations, leaving the field on its location, local
name, or description blank, you may enter this informa-

N

Ly
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tion under the Chemistry application and it'will be cop-
ied to the Master Data application next time you work
with it.

You may begin inputting data in any application, not

necessarily in the Master Data application. When you
have finished, you may switch to the Master Data and -
notice that all wells that you entered in the other apph-
cation will be found in the Master Data application as

 well. This is the relational aspect of the data base.

The screen display. of the Master Data application may
look as shown in-Figure 6-1. The left window contains
___the list of all wells that are currently in the data base.

ATl

SR TRR T RUEE Y VRT3 (S BN

Municipal Water Supply wWell ib El_Frio

Nordwhy Oround Surface Ewv Measur P Bev
5565000, 00 959000.00 £3.31 #3.31
Ceancy Overmar

” [Eamng

k1 n'lo

Figure 6-1

Please note, however, that only the wells that you have
selected as the Working Set will be listed. The program
remembers what you left last time you worked with the-
data base. If you closed the data base working with a
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‘reduced Working Set, that is what you will find next time

you open the data base.

Most of the screen is occupied with the Master Data En-
try Form. As you type the information, you.can move
from one field to another using either TAB key or EN-
TER. Remember that information is not saved unless you
press TABor ENTER. One entire well is saved only if you
answer all prompts (fields) on the Form, or if you press
the PAGE DOWN key. As soon as you press the PAGE
DOWN key, you will notice that the identification num-
ber of the well will appear in the well list window.

~ To move forward in the form usé the TAB key. To move

“backward use the SHIFT+TAB key combination. To -

move from one well to another use PAGEUP or PAGE-

‘—DOWN Alternatively to finish entering information for .

6.4.

6.4.1.

-OPTIONS ON

Data Submenu

.~ awell, press PAGEDOWN or PAGEUP. One well on the

list of wells window becomes highlighted. Now you
may use arrow keys to move up or down. To select a well
you may always click with the mouse on its name in the
list. o

The following options are available on the Data sub-
menu: - -

Select Working Set. This is explained in Chapter 5, sec-
Hon5.3. -

Delete Record. This is used to delete an entire record
from the data base. However, deleting a well from the
Master Data application will not delete this well from the
data base, if the same well is used in some other applica-
tion. Remember this is a relational data base. The infor-
mation about the well is still written to another
application’s base and transferred to the Master Data ap-
plication for housekeeping. If you wish to eliminate a

well completely the best way is to delete it from applica-
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6.4.2.

6.4.3.

Units

Report

——tions other than the Master Data. When it disappears
from all applications, only then you should delete it from
the Master Data

‘Select Entry Form You may have more than one Entry
Form in your data base. Prior to inputting data you
should select an Entry Form. When you activate this op-
tion a dialogue box with all available entry form names
w111 be displayed for you to choose from.

- Standard ASCII Input. This is explained in Chapter 5,
section 5.5. It is used to import data from other pro-
grams, such as dBase IV, provided they are saved as a
standard ASCII file and that they follow the GWW con-
vention of input. Using this option you may enter many

~ ‘wells at once without using the Entry Form.

~ Standard ASCII Output. This s also explained in Chap-
—ter’5, section 5.5. It is mainly used to back up your data .
base. )

"~ Printer Setup This is explained in Chapter 5, section 5 4.
It is a standard Windows routine which displays the dia-
logue box of the printer driver that you have selected to

. be the default printer in Control Parel of the Windows

"~ Main Menu.

Exit. Selecting this option or pressing ALT+F4 will termi-
nate the work in the Master Data application and return
you to the GWW main menu.

Units are discussed in Chapter 5, section 5.2.

The following‘ options are available on the Data sub-
menu: '

e Print Report - -
o Select Table Form )

¢ Select Record Eorm

6-5
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-~ There is a line separating the Print Report option from

6-6

the rest. In the Master Data application, and in most
other applications, you may want to print the informa-""
tion for each well on separate pages, or group all the in-
formationfor all the wells on one or more pages. The first
option would be pnnimg arecord, and the second print-
ing a table. L — -

Grouped information may be printed in a table like the
one shown in Figure 6-2. An individual record for a well
may be printed in a record-form as shown in Figure-6-3.
Both of these forms can be designed using Tools on the
Main menu bar, and selecting Report Forms Editor as

o FomEﬂmr[:\_gwd\newgdwl R ot i3
Eurm New Fickd Atributes Qp‘hans Help

Coordinstes

Well ident

Figure 6-2
explained in Chapter 3. - =

The normal procedure in printing a report would be to
choose between one of options: Select Table Form or Se-
lect Record Form, and then select Print Report. For ex-
ample the report as displayed in Figure 6-2 was printed
using the following sequence:

1. Report.
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6.4.4.

Make Random

Form Edior [cqwdinew.gww] : e
e e e pions e

_ 6.7

- Figure 6-3

2. Select Table Form. The dialogue box opened suggest-
ing only one reporting form with the default name
Coordinates (this is a pre-programimned part of the
GWW.000 template).

3. The name Coordinates was double clicked.

4. Print Report option was then selected.

This option is discussed in Chapter 5, section 5.6. Itis one

of the most important options provided by the GWW °

system. Normally you would want to produce a location
map showing all wells contained in the data base. To do

this, activate the Make Random option, select Z, the’ ~

land surface coordinate, if available for all wells, or any
other distributed numerical parameter that may be
known for all wells (such as X or Y coordinate), and cre-
ate a random model. (Random Model is a misnomer in this

early stage of the discussion. Using this option you only

create a file which contains random points and their X
and Y coordinates, well identification and a space-de-
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6.4-5‘ -

pendent numerical parameter. Only in the Mapping ap-
- plication you will create a gridded mode] from these ran-
dom points.)

Load Map This option, which'is discussed in Chapter 5, subsection
' 5.3.2, is also one of the most important features of the
GWW system. It permits you to reduce a large set of
wells to a smaller set by directly selecting from the map.

Help __ This is-a context-sensitive help which contains most of

- the explanations, procedures and routines that are appli-

— Table to the Master Data application.

~* ——— NOTE. Carefully evaluate what you will store in the Master

= : Data application. When you backup any application, say

chemistry, all data entries coming from that application plus
from the Master Data application will be copied to an ASCII
file. The ASCII backup for chemistry may become unnecessar-
ily "loaded” with information from the-Master Data applica-
tion if you keep in the latter too many entries.

On the other hand, well logs application will not backup data
entries which have not been foreseen by the programmer. For
example, even if you prepare data entry fields such as elevation
of a stratigraphic unit, or thickness of another unit, etc., the

option Write to STD ASCII File will not copy this information —

to an ASCII file. If this information is maintained in the Mas-
ter Data application, it will be backed up in and ASCII file.

6.5. WARNING  Try to keep the number of field entries within the Master
Application to 2 minimum. This is because all Master en-
tries will be copied to every other application’s ASCII
backup file. For example, backing up the Chemistry, you
will copy not only cations and anions, and all other
chemical constituents, but also all Master data.

6-8
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7.1, GENERAL .. _ -
In the Chemistry application you can do the following: |

- ~~ 1.Create the chemical portion of the Ground Water Infor-
L mation System (GWIS).

- Jsplay on the screen the following d1agrams STIFF,
A PIPER, WILCOX and SCHOELLER- - -

~ 3.Report chemical data in tables and graphs. ’
4Add a locaﬁon'maja tc—) srour rep;)rts. -

5.Prepare data for contouring, create internal files with
random points to be used in the Mapping application for
gridding and contouring. -

'72. MAIN MENU
BAR AND MAJOR L _ o
OPTIONS

“The main menu bar for the Cheﬁstry application is
shown in Figure 7-1. The screen is composed of three
parts o

:f"f':
Data Diagrams Reports Qptions Map Make Bandom ]jelp
Well Ident

Identification Data
Well Ident Description

Figure 7-1

- 1. Menu bar with major options.

2. Well Identification window on the left, with the list of
— all wells/samples.

|

N
oy
v

Nt .
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CHEMISTRY APPLICATION

7-2

3. Entry Form for data in-
. putorediting.

The list of wells is en- —

larged in Figure 7-2. You’
may move and resize this

option for moving and

~ resizing windows. With a

large number of samples
in the data base you may

need to use the-side slide -

bar to select a sample of
interest. -

" The Entry Form is a de-

fault form prepared by the
programmer. You may se-
lect one of your own

-window using Windows— —

P T R

forms with constituents other than the ones shown in

L Identification Data ]
Well idert Descngtion
P-110 Production Well as Lot 110f
Input Data
| ]eca ™ Na K Fe
13.23 20.30 19.77 1,17
Mn HCO3 co3 S04 ct
131.79 24.30 0.05 4,25
NO3 NO2___ PO4 F B
| sioz 108 Hardness Allcairaty Canductnty
215.00 - 270.00
pev —
830 Computed Data
SAR Catons Anons Balance Emor %
—_ 0.7988 2,22 3.09 4.09
Figure 7-3
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Figt-x}e 7-3. The Entry Form is also a window. You may
move this window and resize it if you wish to_place it on
a more convenient place on the screen.

= ~-Note. By default, the Entry Form is set to accept data as parts

per million (ppm). If you prefer to input epm go to Options
first and click on Show EPM Values. )

7.3. DATA SUBMENU : ' _

iElEN Diagrams Reports  Options

- ' T . Selecting the option Make Nata Group
'DATA from the | SelectWorking Set
menu bar will bring SelectEntry Form

the pop-down sub- [ pelete Recard CtrHD
menu as shown in Standard ASCH input

Figure 7-4. By now Standard ASCIl Qutput

you should know | old to Std. ASCIt Conversion
the function and -

use of each of these P"_mc' Setup
commands. Most of Exit ARFA
it was explained in .

- Chapter 5. 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.

You should be careful in selecting this option. It works in
conjunction with the option Standard ASCII Input. First,
you should convert from your old UN/GW data base
into an ASCII file using Old to Std. ASCII Conversion,

7-3
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7.4 DIAGRAMS

P

then you should read this ASCII file using Standard AS-
CI 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. ASCH Conversion will always create an AS-

CII filewith constituents in epm.

As shown in Figure 7-5, the
Chemistry application cur- §SIENHEIE

rently has the followmg dia- Piper Diagram
grams: . Wiicox Diagram—
Stiff Diagram

) glger Dlagram or.trilinear Schoeller Diagram
Wilcox diagram or irriga-

-tion agram. -
° Dlagram B
¢ SCHOELLER Diagram. —  Figure7-5

In addition to the explanation

_ that follows in this Chapter, Chapter 16 Customization

7.4.1,  Stiff Diagram

7-4 -

explains how to customize each of these diagrams, both
for display and for print. Under the customization you
will be able to select colors for each part of the diagram,

select fonts (family and size), and select colors of labels. -

You will also have a chance to replace the words selected

by the programmer with your own, in English or inany

other language.

The STIFF Diagram is named after H.A. Stiff, Jr. Thisis a
single sample graph displaying graphically major cat-
ions and-major anions. On the screen you. will see only
the graph but on the reporting form you may have all
constituents (rna]or minor, rare, trace, contaminants,
etc.) printed in a table, plus you may have a small loca-
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tion map showing the relative position of the well being
displayed. One-example of the screen display of the
T STIFF diagram is shown in Figure 7-6.

. - - j .
— ) ) Miliequivaleres per iter - Cieed
5 4 ) 2 1 0 P} ITTYT 4 5 - Rty ' —_
— hd hal M M .le I*.
| Sttt 4. -
= ce HOO#CG,
Mg 80,
Nasi - 1

Figure 7-6 -— ) —

7.4.2. Piper Diagram . Named after AM. Piper, the trilinear diagram presents
graphically a group of analyses on the same plot. Figure

- 7-7 displays the upper part of the diagram, while Figure
'7-8 displays the lower part with identification of
wells/samples. The numbers on the left, 1 through 9 and
letter A are codes that appear on the diagram itself. Next —

to these are well or sample identification names. You
may display on one Piper Diagram as many samples as
you wish, but the display. list with sample identification
may become crowded or may go beyond the page for-
mat. The number of samples you may actually display

_ will depend on the report format you have selected, and
on the font size you selected for printing the identifica-
tion. With fonts as small as 8 points you may safely dis-
play and print up to 40 samples, aligned vertically in
four columns containing 10 samples each. (If you select

a larger font for labeling, fewer samples will be dis-
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7.4.3.

played ) Of-course, you may always use larger paper or
use landscape orientation. -

. Figure 7-7 -

I MB 8 RGN PSR .
2 M § SWGIS 6 W2
1 Mg A RGT H SRAGZ
i ME § FRGIS | SR6

- 5 KRN ¢ SR | WGE
6 SRS 2 WG K SAGE
) : SR L SACE

B Figure 7-8

Wilcox Diagram WILCOX Diagram is named after Wilcox from the U.S.
Department of Agriculture. This diagram is used in
studying the suitability of water for irrigation purposes.
High content of exchangeable sodium is highly undesir-
able for agriculture, as is the high total dissolved solids
content, expressed as conductivity of water. An example
of a screen display of the Wilcox diagram is shown in

Figure 7-9.

7-6.
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High

I
SAR
Buaaa8BYBEN
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Lol ]

e R -] et
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Lab -~ ]

CRRG- 10

SRAG-17

LN L
ne>omy

7.44. Schoeller o -
Diagram The SCHOELLER Diagram, named after professor
Schoeller, is a group diagram displaying (1) the total con-
centrations of major cations and anions in both ppm and
epm, and (2) the relative water composition for many
samples. Because of the graphical limitations of lines
(solid, dashed, dashed dotted, and dots on the line) it is
not advisable to display more than 10 samples on one
Schoeller diagram. Read also section 7.6. Options. One
- example is shown in Figure 7-10.

7.5. TABLES -

You 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--

7-7
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7-8

and Tableppm. Both are set to report in the landscape o

orientation. L

You may also design your own table repbrting forms se-
lecting any constituent and/or parameter that youmay
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Figure 7-10

have in the data base. However, be careful in selecting o

the units of reporting. In the GWW system chemical con-
stituents have simple chemical names such as Ca for cal-
cium, NO3 for nitrates, etc. If displayed like this they will
be reported as equivalent per millions. To distinguish
epm from ppm for the same constituent, the GWW sys-
tem adds ppm after the parameter name. For example
Ca will be calcium in epm, but Cappm will be calcium in
ppm. You may place either or both on the same table
form. One such reporting form is reproduced in Appen-
dix C. For advanced users of the GWW software, addi-
tional explanation of format and attributes is given in
Appendix C.
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) 7.6. REPORTS -

Opbons  Map Make Random Help

When activated, the re- BalZalEm
" Print Wicox Diagram

. - -port Optlaﬁ displays a Print St Diagram
— - pop-down submenu as  print Sghocller Diagram

-shown in Figure 7-11.  “gun Aper Disgram
o " 7 Thereisadifferenceinse- . SaveWicxxDiagam

lecting to print using one  Seve Stff Dizgram
- of the four commands —orooulerliogen L
. _listed in the upper rectan- Eﬁ?&ﬂ:’f” Set _
o “gle. When these print  pigpecosdan. -~ |7 :

- . —eommands are activated, Print Nonstandard Report || -

- . ) the program will assume PREIRT A
- that you want to use _ ‘
Figure 7—11

-.-- standard printing or re-
_ porting forms. You will
- ) not be prompted to select a reporting form, as you will
' be if you select one of the lowermost four options.-Also
- the program will print only samples-in-the working
‘ _ group in the case of group diagrams (in upper rectangle).

For example to print a STIFF diagram, you should select
the sample you want to print by moving the cursor
within the sample list on the left, or by using PageUp or

— PageDown if you are in the Entry Form window. Once
you select the sample you have two options:

1. Select Print Stiff Diagram on the Reports menu. The
standard reporting form will be used.

2. Select Print Record Data. The dialogue box will offer
you all available reporting forms for the STIFF dia-
grams. Select one of these and the program will print
it accordingly.

Using the commands from the lower rectangle permit;,
_ you to select (a) the diagram to print, (b) the reporting
form for that diagram, (c} the table form for all or a group
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7.7. OPTIONS

7-10

of constituents in the base, and (d) one of nonstandard
reporting forms intended for mixing graphics using
more than one application. _

If you select Print Working Set, all forms designed by
you or by the GWW programmer will be listed in a dia-
logue box, permitting-you to choose from any of them:™
For example the list will include, by default, the dia-
grams such as Piper, Wilcox, and Schoeller, plus any
other table form or alternative designs of diagrams that
you may have created. You should be careful, however,
not to select Print Working Set for a Piper diagram if you
have more than 30 samples in the set. Likewise, it is rec-
ommended not to print more than 10 samples.on a
Schoeller diagram. In these cases, you are advised to use
the command Print Group. The options Print Working
Set and Print Group-are identical except for the content
of reporting. ~ ___

. You may also-save any graphics that is currently dis-

played. Depending on which type of graphics is dis-
played you will use Save Piper, Save Wilcox, Save Stiff,
or Save Schoeller Diagram. GWW will then open a dia-
logue box prompting you for the name of the drawing

“and for its dimension. You may print such a saved draw-

ing using the Print Nonstandard Report option from
this or another apphcatlon

The GWW software uses a special external file to convert
between ppm and epm values. This is a simple ASCI
file, named by default PPMTOEPM.TBL, the partial con-
tent of which is shown below and its full content in Ap-
pendix D.

e Ca 0.04990 ~

e Mg 0.08224 R

e Na 0.04350

e K  0.02558

e Fe 0.05372 -
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. ~ currently on your display, you

- - e Mn 0.03640

e HCO3 0.01639 i
e CO3 0.03333
e SO4 0.02082 .
— e e Cl 0.02820
_ e NO3 0.01613
e-PO4 0.03159 -
e 502 027750 -

- Note. You may add more con- —.
- stituents and their conversion

factors. The ppm values when Map Make Ran
multiplied by these factors con- alue
vert to epm values. Stew B Yeluos
- D din hat ha Set Max. Balance Error
epen gonw you have Set Schoeller Range

—may switch between ppm and -

epm at any time. The sub- - - —

el menu with these options is Figure 7-12

~-  shownin Figure 7-12.

Set Max.Balance Error is another optmn which permits
you to override the default built in the program. STIFF
and PIPER diagrams will not calculate and display if
there is an imbalance between sum of cations and sum of
anions. By default the maximum permissible "imbal-
ance" is set at 10%, but you may assign your own crite-

rion using this option. When invoked, the d1alogue box -

wﬂl be d.lsplayed as shown in Figure 7-13.

Enter madmum cations-aniens balance

crror %]

7-11
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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 some 30
epm, and also reduce the lower limit to 0.01 to display
the smallest concentrations. When invoked this com-
mand first prompts you to set the minimum value for
Schoeller diagram; as shown in Figure 7-14, and then to
B enter the maximum value for the same d.lagram

- Enter minimum value vaiue for Schozller

- | diagram [EPM)

7.8, MAP

The Map option per-
mits you to select

- Make Data Group from Map

wells or samples di- Select Working Set from Map
- rectly from the map.
N The submenu for Map
is shown in Figure 7- Figure 7-15

15. You may create

one or more maps showing locations of all or selected
wells, water points or samples using the option Make
Random, then the Mapping application in which you ac-
tually create a map.

To select wells directly from a map you should follow the
sequence: -

7-12
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MAKE RANDOM

7-13 -

1. Select Data on the menu bar.
2. Choose Select Working Set. —
3

7 Click on Unselect All to remove all wells from the
selection list.

. Click on OK.

4
5. Select Map on the menu bar.
6

. Select Load Map and select one of existing maps, the
names of which will be listed in the dialogue box.

7. Depending on what you want to create a working
- group or a working set; select one of options Make
-Data Group from Map or Make Working Set from

Map.

" 8. Use one of methods for selection of wells from the

map: area, points, or rectangle. If you choose the op-
‘Hion Select Points you must terminate-the selection
clicking on the button End Points. If you choose se-
lect Area you must terminate the selection clicking
on End Area. Do not forget to close the area by select-
ing End Point. The option Select In Rectangle auto-
matically closes the operation of selection. Notice
that selected wells are listed in the selection window
on the left side.

9. Select Data.

10. Select Make Data Group or Select Working Set, de-
- pending on what you have decided to create. You
will notice that all the wells that were selected from
the map are still displayed on the left part of the win-
dow under "Unselected Item”. Confirm the selection
by dicking on Select All.

11. Click on OK.

This option is explained in Chapter 5, section 5.6. In the
chemistry application you may create random models
for every chemical parameter, every constituent, for total

dissolved solids, alkalinity, hardness, pH values, for to-
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7.10. HELP

7.11,

EXAMPLE

tal anions or cations, for sodium absorption ratio, or, in _
short, for-every space-depen'dent item which has a nu-
merical value. This in turn permits you to create a con-

tour map for every such parameter.

When this option is invoked the
dialogue box, like the one shown
_ in Figure 7-16, will be displayed.
- The box lists all space-distributed
parameters from the chemistry
application and-the master data
application. When you select a
parameter of which you wish to

~ create a random point internal

file, all wells or samples in the cur-
rent working set will be scanned
and included into the random

Random Md. Variable B

Figure 7-16

points file, prov1ded they have Xand Y coordmates

The final option on the menu bar is

Help. This is a con-

_text-sensitive Windows-written help which explains al-
most everything explained in this manual.

EXAMPLE THREE

This is Example number three. The first task is to create
a new data base with the following constituents in the

base:

¢ gonduc‘-tivity
o Toluene
"o Phenol
® Benzene
e Iron

7-14—
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Thé -second task is to transfer the following data into the
base:;

Well Identification - MW-1

|

TDS = 466 ppm

H=8.2 —

onductivity-=-412 micromhos per cm at 25°C
Toluene = 4.5 ppm : )
Phenol = 2.4 ppm
Benzene = 2.3 ppm
Iron = 2.4 ppm

" You must follow the steps:

- o . 2. Create a new entry form.

- 3 vapﬁe‘ data into the en&; form and the data base. - .

7.11.1. Create g New
Data File

" Structure

. Start GWW and select New GWW Data Base.

. Give the base the name FARMLAND.GWW.

. Select Tools.

- Select Data Structure Design.

. Select File.

Select O1d. -

Select Chemistry.

. Move the cursor to Ca and click on the button Delete.

- Repeat with all constituents, deleting one by one. Re-
tain only Well Ident, Fe (Iron), TDS (Total dissolved
solids), pH, and Conductivity. What remains may

@ look as shown in Figure 7-17.

W 0N W ok W N R

10. Click on New.

7-15

Description - Monitoring Well at Farmland Landfill--
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[
F},.’ leapt Al well
Fa

18 NumiUsd) Fized 2
[TBS 10 Hum(Und) Fixed 2
Condustivity 10 bom(Und} Fixed 2
i 10 Wum(Und) Fixed 2

Figure 7-17

- 11. In the dialogue box type Toluene in New Field. Re- -
S place the default field length of 10 with 6. Click on
o Numeric. Replace the default- number of decimal

.. digits (2) with number 3. Click on OK. Notice that
- Toluene has been added to list of constituents on the
- last line. :

12. Do the same for Benzene. Click on New, type Ben-
o zene for Field Name, 6 for Field length. Select Nu-
merical for Data Type, and change 2 with 3 for

T Number of Decimal Digits. Click on OK.

13. Do the same for Phenol. The list of constituents
-+ should look as shown in Figure 7-18.

~ 14. Click on OK. The changes are automatically recorded
in your new data base.

15. Click on Flle, then on Exit.

7.11.2. Create a New 1. Select Tools.
Entry Form

2. Select Data Entry Forms Editor.
3. Select Chemistry.

4. Select'Form. -

@ 5. Select New. o
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7.11.3. Create Data
Base Entry

¢

7-17

Data Items J———
11 Tewpt 10__wel,
10 10 Mm(Uad) Faxed 2
iTos 10 Hum(Ued) Fizad 2 B
— [Conductavaty 10 Mux(Upd) Fixed 2
pH 10 Num{Und) Fized 2
[Tolusas 3 Num(Und) Fiewd 3 .- -
Baszase --6- Hoa(Uod) Fixed 3

Phencl & Mom(Usd) Fixed 3 M

~  Figure7-18
6. Select first New Field, Header, and type EXAMPLE
THREE ... New Chemical Data Base. Enhance this
field by adding border, changing fonts and other at-—
~ tributes. ' - ]

7. Click on Well Ident-from the list on the left side. See
where the field is placed on the form. Move if you
wish to another place. Change the default size, add
border, change font to 12 or 14 points, boldface. —

8. Click on Description. Change attributes if you wish.

9.. Click on pH, then on TDS, then on Conductivity.
Continue by selecting Toluene, Benzene, and finally
Phenol. The form may look as shown in Figure 7-19.

10. When satisfied with the content and layout, click on
Form, followed-by Save As ... Confirm by double
clicking on Standard.

11. Click on Form, and on Exit.

1. Select Applications.

- 2. Select Chemistry.

3. Select Data menu. _

4. Select New Entry Form, and double click on Stand-
ard.



Figure 7-19

Start typing, MW-1 in the Well Identification field,
foliowed by TAB. Continue with the description
field, then with other fields. Always end a field with
the TAB key.. When finished, press PAGE DOWN.
The cursor is now in the blank Well Ident field, wait-
ing for you to continue with another sample. If you
press PAGE DOWN instead, or click with the mouse
on MW-1 entry in the list of wells7/samples, the
screen should look something like what is shown in

Figure 7-20.

To be sure that all common data are kept also in the
Master Data application, close this application by se-
_ lecting Data, and Exit.

I EXAMPLE THREE .. Farmland Facllity Chemical Data Base

" | Description
Monitaring Well on Farmland Facilaity
Fe TDS (ppm) Conductvity pH
2.40 466.00 412.00 g8.20

Toluene Benzene |Phenal
4.500 2.300 {2.4

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 display is as shown in Figure 7-21."

This ends.example number three.

“S] — Master Opta | ; e\gwiitarmiznd. gww) BT
Data  Units Beport Make Random Load Mop Hep

S R S T R RSN *M-u.h-nin.»wt

Monitoring well on Farmland Facilicy
Grour Surtace Sev Meanr Pt Eev

7-19
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CHAPTER EIGHT

WELL LOGS & LITHOLOGY

" Using the Well Log application on the main menu bar of

*_the GWW software.you may do the following: -

1. Create a new well log by entering drilling data

__(depths-and lithologic description of drilled layers)
and construction data (hole and casing diameters,
screen position, materials filling annulus).

2. Use the existing lithologic symbols for various li- -

. thologic members and/or materials filling the annu-
___ " lusor create new symbols directly on the screen.

3. Display a well log with its construction details on the
ScTeen. -

4. Create-a—hthologic data base which will be used by
other applications: the Cross Section, for creating li-
thologic cross section; the Fence Diagrams, for creat-
ing three-dimensional fence or block diagrams; and

_the Mapping application for creating various ran-
dom models and contour maps. .7

5. Print a well log, using a default reporting form or
. forms that you created.

This application works in conjunction with three exter-
nal ASCTI files. One is named by default SCREEN.DLT,
and for anew data base it must be contained in the GWW
directory. It contains symbols for drawing a well screen
and for painting both screen and blank casing. The other
two files are named LITH.DLT and ANNULUS.DLT. The
first file contains many pre-programmed lithologic sym-
bols for displaying and printing various lithologic mem-
bers. The second file contains several symbols that are-
commonly used in displaying materials filling the annu- -
lar-space between the drilled hole and well casing (such’
as conductor pipe, gravel pack, cement, clay, etc.). The

(70
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~ structure and detaﬂs of these files are discussed in Ap-
pendix E. -

As in any other application of the GWW system; you
-- . may enter "dedicated” data for wells using this applica-
tion (hthology, construction details, materials filling the
annulus, size of concrete’block, etc.) and general data on™
a well using the Master data application (description, lo-
cal name, coordinates, elevations, etc.).

The hthologlc data and well construction, if youwishso, .
that you enter in this application are used in the Cross
Section and in Fence Diagrams apphcatlons —

OPTIONS ON - -

8.2.
- THE MENU BAR —
- - As shownin Flgure 8-1, the major optlons on the apph-
cation’s menu bar are the following:
e \‘\Hi Fog ey fww] -,
SRRG-10 - 734320.00 | 3ps7920.00 119.40 120.00
SRRG-3
SRRG - Concrsts Block Sciles
saes e e S T
SRRG-8 _
SRRG-Y SWL
116.00
";I-'igmrg 8-1
e—Data , -
® Well Log Data (abbreviated to W.L.Data)
¢ Display -
¢ Construction
. ¢ Report
e Lithologic Units (abbreviated to Lith.Units) - _
® Load Map.
8-2
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B e Make Random
® Help -

Each of these optmns is explamed in detail in this chap-
— I ter.

When the Well Log application is selected, the display
— - window consists of three main parts:

* Menu bar on the top, in one or two lines depending on
the screen resolution you are using (one line for 1024x768
— or 800x600; two lines for 640x480).

- List of wells on the left currently in the working set, with
- the number of wells. The first number tells how many
—wells are currently in the working set, and the second
number tells the total number of wells in the lithologic

~ application of the data base.

Entry form with information on the first well on the list
~°  oran empty form for a new data base.

8.3. T~ DATA

The Data submenu is shown in Figure 8-2. The followmg
options are available:

Select Workmg Set.

®

e Delete Record. Delete Record Ctri-D

¢ General Data Units. General Data Units

¢ Change Entry Form. Change Entry Form

¢ Standard ASCII Input. —

Standard ASCIl Input

. Stgndard ASCH Output. Standard ASCH Qutput 0

¢ Printer Setup. -

bt PE:;tm' — AltF 4 <
You use Select Working Set [spre - "’
option in the same manner as |SRRG8
with any other application. Its  [SRRES - = jsw

use is explained in Chapter 5, Figure 8-2

. 8-3 — T
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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 pem"l.i_ts ybu to (a) check

which units you are currently using, and (b) modify any

unit. For additional instructions on selecting units, see
Chapter-4, Section 4.5.”

To delete arecord, do the following:

1. Move the cursor to the well you wish to délétc-;.-
—2. Select Data on the application’s menu bar.

3. Select Delete Record, of hold down the CTRL key and

press D key..

4. Awarning will be_d.lsplayed giving you a chance to

= . reconsider.

You may use the default entry form as displayed in Fig-
- ure8-1, or any form that you may have created following
the steps explained in Chapter-3. To change the form:

1. Select.Data on the qppﬁczﬁon’s menu bar.
2. Click on Change Entry Form.

3. Select the form name from the list displayed in the
dialogue box which you wish to use as your entry
- form.

4. Click on OK.

You will notice that the new form has replaced the de-
fault form. (This selection is done only for a new data
base. The program remembers which entry form you
have selected and-will display it next time you open the
data base.)

The option Standard ASCII Input is used for input of
more than one well. This is to say that you-may input
one, two, or as many wells as you wish from one ASCII
file.The ASCII file may contain lithology and depth in-
tervals, coordinates and elevations, construction details,
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and static water-level (SWL). If the file was created using
the next option on the submenu, Standard ASCII Out-
put, the file would contain by.default all wells in the cur-
rent working set including not only lithology but also the

. .information on well construction, such as hole and cas-

ing diameters, screened intervals, and information on
annulus.

An ASCII file with well log information may look as fol-
lows: —

WELL: PO-1

X: 657900.00 -

Y: 949000.00 -- '
ELEV: 80.00 - -

_ ELEVM: 79.22

LITH: -
.13.000 CLAY _
22.000 SANDF
32.000 CLAY —_
37.000 SAND

44.000 GRAVEL

63.000 SANDM

71.000 GWS

90.000 CLAY

101.000 SAND SAND MEDIUM GRAINED ..
106.000 CLAY CLAY WITH SOME GRAVEL

109.000 CLAY
HOLE:
.10000  0.600 B
55000 0400 _
109.000 0200
CASING: -
10000  0.500
55000 0300
108.000  0.100
SCREEN: o
15.000 20.000 o
26.000 32.000
ANNULUS:
10.000 CEMENT
55.000 CLAYH
109.000 GWS _ _
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8.4.1.

84. EDITING WELL-
= LOG DATA

The option Standard ASCII Output is used to save data _
in standard ASCTI files. The data saved will include, as
mentioned earlier all wells in the current working set,
depth intervals, lithologic description, coordinates and
elevations, and construction data. The format is the same
as in the example above. For more detailed instructions
“on ASCI file read Chapter 5, Sectiori 5.5. *—‘

.~ The Pnnter Setup optlon is explained in Chapter 5, Sec-

tion 5.4. . .

Editing Existing To edlt depths and hthology data for a well that is al-
Data

ready in the data base, do the followmg

... 1._Select W.L.Data from the application’s menu bar. The

only available option on the submenu is Edit Log
Data, as shown in Figure 8-3.

_2. Click Edit Log Data ZFF7TY e
or press ENTER. A "Daty ISCN Digpiay Constru
table suchastheone -y,
shown in Figure 8-4 Depth Data

—  will be displayed. - T

The table contains | Uestl %h'dms.s dl:al:a_
three columns. The 3 epth/Thick. Units ¢
first is Dep_th, the ] insert Row CuH  be
second Lith. Unit, _Delete Row cuHd |-

and the third Com-

ments. The depth

value is the bottom
“of the layer de-
scribed in Lith. Unit Figure 8-3
column."The code in e
this column must be
listed in the ASCII
file which contains codes, description and symbols
for each lithologic unit to be used in the data base. As.

SavelogData  CulS e
Exit {don't save}- - CrkX |3

[l
ljoujwinge
d

8-6___.
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Py P TESTRTRETY FT TR, T
k2] A0 LR o R DR o e R STy
& e 3 g PR e A e

13 |CLAY

22 |SANDF SAND fine With some \madium graised sand

32 |CLAY

37 [SAND

44 IGRAVEL [3JRAVEL all granulations)\ wWith sand

63 [SANDM

71 |GWS

90 |CLAY

101 |SAND TISAND medium grained

[ I

8-7

106 [CLAY CLAY With soma gravel

Figure 84

mentioned in 8.1., oné such file will be copied to the
GWW directory under the filename LITH.DLT. Its

—__structure, symbol creation and color codes are ex-

plained in Appendix E. You need to know now that

- each code is unique, and that its name -must be typed

exactly the same as it is typed in the ASCII file con-
taining codes. If the code for sand is entered in
LITH.DLT file as SAND, in this table you must also
type SAND. If you mistype, or simply forgot the
code, the program will stop and wait for a correct
code. Also, if you type depth intervals out of se-
quence, the cursor will return to the wrong input.
You will not be able to save the data unless you cor-
rect the input.

NQOTE. Codes are case and content sensitive.

. You may edit depth intervals, codes for lithologic

units, and comments. You will notice that for some
layers (intervals of depth) there is no comment, while
in others there is additional description of lithology
in the Comment column. This is interpreted in the
following way. Each symbol in the file LITH.DLT is
defined with a symbol name, which is the first word
in the LITH.DLT file (CLAY, SILT), and a description
which will show on the display and on the printed
well log. This is one or more words after the symbol
name. You have the option to have the default de-
scription of lithology typed on the well log or to type
something different and/or expanded. If you decide
not to type anything in the column Comment, the de-
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. CTRL+I will insert-a” | {nickness Data

_ When you are in the editing

fault description of lithology will be used from the
file LITH.DLT. If you decide to type anything in the
Comment column, the program will reproduce what
you type and not the default. You may type long de-
scriptions, but use backslash (\) as delimiters. The
number of characters or words you will be able to

type within the column width will depend on what -

font sizé you have selected, and the width of the col-
umn for the lithologic description.

4. For editing use keys TAB or ENTER to move to the
next field, SHFT+TAB to return to the previous field,
up and down arrows, or use the mouse cursor.

-5. When you have finished editing, press the combina-
- tion CTRL+S to save '
and exit. Other combi-
nations are displayed in
Figure 8-5. For example

\a ANV EIER Display Const

epth ata _

row, CTRL+D will de- Depth{Thick. Units
lete a row. If you wish to — CtH
exit without saving | °° F;’:; D
what you have just ed-

ited, hold down the key.. | SavelogData  Cul-§
CTRL and press the key | _Exit{don't save) Cui-X
X. —_—

— Figure 8-5

mode, you may click on

W.L.Data again. Now all options are available, as shown -
- in Figure 8-5. Normally your data are entered as depths.

You may select the ‘option Thickness Data, and your

data in the table that you are editing will be expressed as .

a thickness. The option Depth/Thick. Units allows you
to change units for depths. When you select this option,
the dialogue box will display a list of avaiiable units for
length. Be careful, if you now select another unit, the
depths currently in the data base will be multiplied by
the corresponding conversion factor and expressed in
new units. Make sure that this is what you wanted.
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8.4.2.

Creating a New To create a new well log, the procedure is the folowing.

Log

8.5.

LITHOLOGIC

UNITS

8-9

1. In the Entry form type the new Well Identification .
name or number, using any combination of numbers

and characters. Fill other fields with-information. f ——

the Well Identification name already exists in your
data base (it will exist if you have typed some infor-
mation for this well either in the Master data appli-
cation or in any other application), the program will
automatically fill in the fields that already have infor-
mation. Normally this would apply to X and Y coor-
dinates, ground surface elevation and well
description. : — -

2. Select W.L.Data and Edit Log Data. Type the datainto -

—the table. On'the last lire with information after you
type a code for Lith. Unit, override the default de- ~
scription by adding another in the column Comment,
hold down the CTRL key and press S.

We will stop here because you need to know more before .

‘you-can create a log.

On the screen and in the report, the GWW program dis-
plays lithologic units as various symbols and colors. You
do not need to add colors if you do not wish to print logs
on a color printer. However you do need to have one
lithologic symbol for each lithologic unit.

As mentioned before, these symbols are contained in a

’ speciEI ASCII file, named for the GWW by default as

LITH.DLT. You must tell the program, when you start
creating a new data base, this file’s name and the path to
find the file. This is accomplished using the option Lith.
Units on the application’s menu bar.
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8.5.1.

Read In File

with Symbols -
* for Lithologic™

Units

o Delete Lithological Unit ™

8-10

“When this option is invoked you will be offered four

choices, as shown in Figure 8-6: - __

I dittfaithologinasl Unit

¢. Edit Lithological Unit
. Standard.ASCH-Input Standard ASCII input
A Standard ASCIl Qutput
e Standard ASCII Output | __Delete Litholagical Units

Figure 8-6

When creating a new data base you must start with the
second option, Standard ASCII Input. The dialogue box
will be displayed as shown in Figure 8-7 listing all files
with extension .dlt (stands for "define lithology™) in your

Eors Lithological Units Standard ASCH Input

Input fiie

Filename_: m

Directory: CAGWD

Files: . Directories:

aonulus.dit v
lith.dht F2]
screen.dit

Figure 8-7

current working directory. In the case displayed there
are three files with this extension:
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8.5.2.

ANNULUS.DLT, which contains several codes and
symbols to be used for d15p1aymg materials filling the
annular space;

LITH.DLT, the main fﬂe W1th all hthologlc units to be

used in the data base, .

~  SCREEN.DLT, wblch contains two e—ntries,' one for
screen and another for blank casing.

Each of these files is either completely or partially repro-
duced in Appendix E. You may change the namé for the
first and second, but not for the third. The program looks
for the file screen.dlt in the GWW directory.

“Edit Litholegic = You may edit aﬁlhologm unit or you may add a new

Symbols-and ~—lrtholog1c unit. To do this:
Descriptions

1. Select thh Units on the

- menu bar. e L dit Lithological Uni
[New Lith. Unit] _
2. Select Edit thhologlcal BOULDER
Unit. - — cLAY

~

CLAYH
The-screen will display a CWG
list with all currently avail- m_gs
able lithologic units. This is
shown in Figure-8-8. The TR Tl
list is read from the file
LITH.DLT which was used
- at some point in creating _
this data base. The first on Figure 8-8

- this list is New Lith. Unit. - —

" Editing of existing lithologic units is shown in Figure 8-9
for a unit coded as CWIOS. The acronym is user-defin-
able. In this case it stands for "Clay With Interbeds Of
Sand". You may use anything, but acronyms or codes
should be easy to remember. For this unit the default de-
scription that will be typed on the log is: CLAY with in-

8-11

terbeds of sand. You may modify this now, globally, for
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8.6.3. Casing
8.6.4. Scrgen
8.6.5. Construction
Units

8-16

Similarly, selecting the option Casing and typing infor-
mation the display may look as shown in Figure 8-16.

| PO'L Casm!! ;
pr .-,:;-:t"' I ﬂ;mr!ml :*:

0.5 b
55 0.3 |4
108 c.1
_. Figure 8-16

For the screen you do not type the diameter. It is as-
- sumed to be the casing diameter. You type the beginning

and end. of each_screen section. The final display may
look as shown in Figure 8-17.

PO-1 — Screen

Dt Tl E waiAg D g Em |
1ls 20

26 |32)

You may select dif-
ferent units for
length and for vari-
ous diameters. The
option for this is
Constr.Units on the
Construction menu,
which branches into
two_suboptions as
shown in Figure 8-
18.

Figure 8-17

7

Annulus

Hole

Casing

Screen

. 4

Annulus Materfals - 2ometer Unit | |
Figure 8-18
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8.7.

DISPLAY

If you wish the display and print to show the annular
space filled with materials using symbols and colors,

~ plus the description, you must read in the standard AS-

CII file which contains these symbols. Remember that
the GWW program looks for two separate ASCT files,
one for lithology and another for annulus-filling materi-
als.

You may display a well log at any time. It may show only
intervals of depth without any description and symbols.
This will happen if you did not input the ASCII file with
codes, symbols and description of lithology. It may dis:

play intervals, lithologic symbols and description of-

units but without any construction details. This will hap-
penif you did input the lithology ASCTI file, but not con-
struction details. It may display construction,
annulus-filling materials, and lithology, as shown in Fig-
ure 8-19, if you have all associated files in the data base
and have entered construction information. (The display
will even show the height at scale of a concrete block on
the surface.) —

To diéplay a drilling and construction log of a well you
should: :

1. Select, using cursor or up and down arrows, the well
that you wish displayed. -

2. Select Display from the menu bar.

The log will be displayed without any further interven-
tion. Once displayed, you may zoom a portion, or use

the option Fit Wnd (Fit Window): Notice that the hori-

8-17 -

.1“\:' ~
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8-18"~

CONDUCTOR]
PIPE

10 10

::-_ -
3 o4 CLAY hard

_ Figure 8-19

zontal and vertical scale of a log will depend on what
you have selected in your Entry form. Assuming that-
you are going to print using the USA letter format, that
is 8.5x11 inches,-with the standard default form created
by the programmer for the GWW package you will have
20 cm for the log. For a well 100 m deep 1:500 would be
an adequate scale. If you wantto print a well about 200
m deep you should change the scale to 1:1000. Assuming
a well was drilled with an initial-diameter between 0.2
and 0.6 m, selecting 1:40 for the horizontal scale would
make the log between 0.5 and 1.5 cm wide. Notice, how-
ever, that the entire well log column will expand or
stretch, depending on the horizontal scale you have se-
lected, at the expense of other columns. If you have too
much text to type in a narrow column (lithology or an-
nuius), change fonts selected for typing. See Chapter 16
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=

8-19

Customization for selecting fonts for the display and
printout of a well log.

—You may display static water level, or any water level on the

log. Prepare your Entry form with the entry SWL. (You should™
have first “created” this item to be a part of the data base using
the Data Structure. Editor for Lithology.) Remember to type
the SWL as absolute elevation, not the depth to water table.
This value will be subtracted from the measuring point eleva-
tion (Zm) or land surface elevation (Z) and displayed as a line
with inverse triangle in the column describing Izthology or

. well construction.

You may print a well log using the option Report from
the application’s menu bar- As shown in Figure 8-20 you

- will have to select between two reporting-options: - -

. Pnnt Log

¢ Print Table o R Ul i
The option Print Log will print p"ml.ug )

the log of the well currently se- Pt el

lected. The option Print Table :3::?::?

will print information, in a-tabu- e

‘lar form, for all wells that com- Drawing Dimeasian

prise the current working set. Save Well Log Drawing | ~

The information which will be Print Nonstandard Repot |
* printed will depend on what you i

have declared in the report form. ‘

Figure 8-20

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. The next two lines of the menu do the
same, except you must first select a reporting form and
then decide to print by clicking on one of the options
above.

The option Drawing Dimension is useful for deciding
on vertical scale of a log. When activated, it prompts you
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first for a reporting form, and then displays the length of
the log and the number of pages it will be printed on.

You may also save a well log drawing for placing iton a
nonstandard reporting form, eventually mixed-with
other graphics. For this, you use Save Well Log Drawing
option, followed by Print Nonstandard Report from this
or another application.

— - This c?;;tion is explained in detail in Chapter 5, subsec-
T -tion 5.3.2. It is used to select a working set, or wells to
work with directly from a map. —- - -

.. Thisroutineis explained in more detail in Chapter 5, Sec-
tion 5.6. The program will allow you to select any one of
the space distributed numeric parameters available for
this application, incduding some thatmay have no mean-
ing for contouring (e.g., scales, size of conaete block,

“etc.). Likewise, the static and dynamic water levels (SWL
- and DWL) may have no meaning if they were taken at
different dates.

You may decide to include for your project some pa-_ __

rameters that will define the thickness of a major aquifer,
the elevation of its top or bottom, or the elevation of a
major stratigraphic unit. With this information in the
data base you may contour or place various elevation
lines on lithologic cross sections.

With the data currently in the well log part of the data
base, the only parameters that are space-dependent and
have numerical values are the ones shown in Figure 8-21.

8-20
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8.11.

HELP

Random Mdl. Variable

, SWL - - e
_The final option on the Er::trBlo kD -
menu bar is HEIP 'I'h._is isa ConcrBlockDy -
context-sensitive Windows- {ConcrBlockH  —
written help which explains:—|jAbove GS —
almost everything ex- :_’""t-ssm:e
plained in-this manual. x‘"‘ cale
Y
- z .
e ZM
- ) o Figure 8-21

—— EXAMPLE FOUR

As an example you will create a well log for the follow-
ing case: :

Lithology (in feet):—

0-10 Clay

10-16 Sand fine grained
16-22 Sand with gravel
2236 Clay

3648 Sand

48-55 Silt

0-10 12 inches -
1055 6 inches

8-21
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-gravel pack composed of sand and gravel.

8-22

Casing diameter: -

0-10 6 inches
10-55 3 inches

 Screén setin two intervals: 16-22 and 36-48 feet. ~ __

The upper 10 feet are cemented,-and the rest s filled with

For lithology description and annulus-filling ASCII files
use the default files: LITH.DLT and ANNULUS.DLT.

You will start by filling in the fields in the Entry Form.
Give the name to the well MW-1. Select the vertical scale
125. The horizontal scale is not important. The program
uses its default. When this is done, continue as follows:
1. Select Lith.Units.

2. Select Standard ASCII Input. .

3. Clickon the file name Lith.dit in the \GWW directory.
4. Select W.L.Data from the menu bar. )

5. Select Edit Log Data.

6. Select again W.L.Data. The whole menu is now avail-
able.

7. Select Depth/Thick.Units.

8. Double-click on feet. Notice that the &epth columnin
the table is now in feet.

9. Type 10 and press TAB.
10.Type CLAY (with all upper-case letters). Press TAB.
11.Type 16, press TAB; type SANDF and press TAB.

12.Type 22, press TAB; type GWS (acronym for gravel
_ with sand), press TAB.

13.Type 36, press TAB; type CLAY, press TAB.
14.Type 48, press TAB; type SAND, press TAB.
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) 15.Type 55, press TAB; type SILT and do not press TAB.
%}‘ If you press it and there is a blank line for one more
layer hold down the CTRL key and press D to delete
the line. The screen displays a table similar to the one -
- shown in Figure 8-22.

B o — "MW

= “Gomment

Fzgure 8-22

-+ —16:Hold down the CTRL key and press S to save the ta-
ble. :

__17.Select Construction.
18.Select Annulus Materials.
19.Select Standard ASCII Input. —

20. Select the file name ANNU'LUS 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-
B struction Units. Double click on feet. Nofice that the
o table displays feet units.

23.Type 10 and press TAB, then type CEMENT and press
TAB.

24.Type 55 and press TAB, then type GWS. The screen
displays the table as shown in Figure 8-23.

25. Hold down the CTRL key and press S to save the
data. —

26. Select Construction again and select Hole. The table
opens but with metric units. Select Construction,
then Construction Units and double click on feet.

8-.23
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MW-1 — Annulus

10 [CEMENT N
o ) 55 | -
g — R . N 5;::;&

Figure 8-23

27. Type IUTdnﬂdip_ress TAB, then type 1 (one foot) and
press TAB.

expressed in feet). The'table as shown in Figure 8-24

R is displayed.
- ~.29. Hold down the CTRL key and press S to save the
e — data. ) - o
- MW-1 - Hole
Py "“
B 551.9 o
- Figure 8-24

30. Select Construction again, then select Casing. Notice
that units are meters. -

31. With the table open, select Construction, then Con-
struction Units, then double click on feet. Notice the
change of units.

~ 32. Type 10, press TAB, type 0.5 (6 inches, in feet).
33. Type-55, press TAB, type 0.25 (3 inches, in feet).-The
table as shown in Figure 8-25 is displayed.

34. Hold down the CTRL key and press S to save the
data. ,

8-24

_-—2_8. Type 55 and press TAB, then type 05 (for 6 inches
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_ r‘* Mw-1— Casing
10 75 [
55].25 =
_ o Figure 825

35. Select Construttlon again, then select Screen. Notice
that units are meters.

36. With the table open, select Construction, then Con-
struction Units. Double click on feet. Notice that the
~ - table displays feet units. ~

— 37. Type 16, press TAB, type 22, press TAB. -
38. Type 36, press TAB, type48. The dlsplay is as shown .

- in Figure 8-26.
- MW.-1 — Screen
16 22
S " I
B
Figure 8-26

39. Hold down the CTRL key and press S to save the
data. ‘ _

Now that all information for this well has been inputted,
you may display the log. Select Display. Practice with
Zoom In, Zoom QOut, and Fit Wnd (Fit to Window). The
log may look on the screen as shown in Figure 8-27.

This ends example four. -

8-25
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- CHAPTER NINE ’PUM_PING TEST APPLICATION

9.1, _INTRODUCTION - 3

9.1.1: General - - Usingthe Pu;nping Test application from the main menu
- of the GWW software you may do the following: N
1. Create a data base containing information about
pumped wells, field test data (drawdowns, time,
— pumping rates). —_—

- . _2. Interpret field data by fitting one of the theoretxcal
- —_ " curves for nonleaky aquifer, leaky aquifer, under - ———
—  confined or unconfined conditions, with fully or par-.

tially penetrating wells. . —

- 3. Display the field data or fitted data on the screen or B
- print them using one of three display options: I

(a) both time and drawdown coordmate axes-are at -
logarithmic scale; -

(b) both time and drawdown coordmate axes are at
linear scale;

~{c) time (absassa) is at logarithmic scale, and d:aw-
down (ordinate) is at linear scale.

4. Print the results in one of the following forms: (a) table
— " form with general data on wells and hydrogeologic
- parameters, (b) table form with measured and fitted -
data for one well, and (c) standard reporting forms -
showing the pumping test data and fitted curve. . .7

5. Prepare the data on hydrogeological parameters for
contouring. Normally you would like to produce a
contour map of transmissivity, or prepare an input
data file with transmissivities and hydraulic conduc-
tivities to be used for modeling,

/198)
L,--'/
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9.1.2. Features Of The

Interpretation

- Mode

9.2

The program permits you to specify the following:

e Aquifer may be confined or unconfined. If uncon-

fined, the program adjusts drawdown data for de-
crease in the transmissivity using the formula
derived by Jacob:

. §=s-($/2m)

where:

s’ = drawdown that would occur in an equivalent non-

~leaky confined aquifer; -

s = observed drawdown under water-table (uncon- -
~ fined) conditions; T - N -

m = initial saturated thii:khess of aquifer.

e Wells are expected to be fully penetrating but correc-

tions for partial penetration-are included for the case
of nonleaky aquifer. The program permits partial
penetration of pumped or observation wells. In the
case of partial penetration, you will be prompted for
additional input, such as the depth to the top and
bottom of a well screen from the top of aquifer in the
pumped well, as well as the same for an observation
well. :

The program has four major curve fitting routines:

(a) Theis, using the standard well function [W(u)] curve
fitting method;

(b) Jacob’s approximation of tkle Theis solution;

(c) Hantush, using the standard leaky well function
[W(u,r/B)] curve fitting method;

(d) Recovery method.

In all cases the program does the fitting without prompt-

by first solving the Jacob’s approximation equation and

- ing you for initial guesses. (The initial guess is provided
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9.1.3.

Input Data
Conventions

9-3

producing the_approximate fit, and then solving the
complete well function equation.)

The Jacob’s method is an approximation to the solution
provided by the much more involved Theis method

- which is valid only when a certain condition is satisfied.

This condition is contained in the size of the well func-
tion’s argument. The argument u is defined as:

. u=r°5/4Tt

where r is-the distance between pumped and observa-
tion wells, t is the time of pumping, and T and S are aqui-
fer parameters transmissivity and storage coefficient,

~ respectively.

~ This condition, expressed as the well function’s argu-
ment u being less than about 0.01, implies that the dis-.

tance between pumping and observation well, 1, should
be small or the time of pumping large. For a certainrange
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:

r=500 m; $=0.10; T=500 mz/ day;' t from 1 to 100 days.

The pumping test does not need to be run with a per-
fectly stable pumping rate. Pumping rate fluctuations
are allowed and curve fitting will take them into account
provided the history of pumping is known (exact rates
and times of changing rates). Theoretically, the method
can be used for the whole step-drawdown test as well.

You may skip any test data from curve fitting. These
points will still be shown on the screen and on the
printed graph but with a different symbol and color.

The data for a pumping test analysis normally consist of
four entries:-

e time —

¢ drawdown or depth to water from a measuring point
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¢ pumping rate B
e option to skip the point from calculation

Each data set must start with the initial line (row in the
editing table) containing 0 (zero) for the time, 0 for the
drawdown, and the uunalpumpmg rate. For example, if _
a well was pumped at 2500 m 3/ day, and the drawdown
after the first minute was 2.34 m, after the second minute
3.21 m, etc., the data input must look as follows:

Drawdow

Time n Rate Skip

0 0 2500 -

1 2.34- -
2 321 - —_

9-4

However, you may type a positive value for the drawdouwn-at
time zero (row one) indicating that you wish the program to
accept this as the initial static water level. This level is actually
the depth to the water from the measuring point (top of casing,

ground surface, top.of concrete block, etc.). Every other value

in the second column (“drawdown” column) will be inter-
preted as the depth to the water and the vertical axis on the
pumping diagrams will be labeled accordingly.

_There is noneed torepeat input of pumping rates as long
as the rate is constant. Only when it changes, the change .
should be typed. :

In the case of the recovery of water levels after the pump
stopped discharging, the convention is the following:

You must provide the history of pumping during the
pumping stage, ending the pumping with the line con-
taining the final time of pumiping, and the final draw-
down, and replacing the pumping rate with 0 at the time
pump was shut off. From that time on, the time input
must be in total time elapsed from the beginning of
pumping, and not from the moment the recovery
started. For example, if a well was pum ped for 240 min-
utes at a constant rate of 2500 m~/day and the final
drawdown was equal to 1.00 m, and then the pump was
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- shut off and the recovery measured, the data input must

CHAPTER 9
be the following:
_0 0.00
240 1.00
241 0.89
242 0.81
243 0.76
245 0.68
i . 247 0.64
250 0.56
255 049
260 045
27 038
280 034
R 300 028
- - 320 024
— T340 T 021
T 1380 0.17
- . 420 014

(This is the example from D.K.Todd’s book Groundwater

_ Hydrology, 2nd edition, 1980, page 133. The manual
- matchmg produced the transn‘usswlty equal to 1140
m?/ day, and this program 1162 m 2/ day.)

9.1.4. Aquifer
Parameters

_ - With the Theis method for a nonleaky aquifer, the fitting

method produces the values of transmissivity and stor-

. age coefficient. Using the Hantush method for a leaky-

aquifer, the fitting method produces the transmissivity,
the storage coefficient and the leakance or leakage coef-
ficient. While the physical meanings and interpretation
of the transmissivity and storage coefficients is well
known and fully explained in any basic textbook on hy-
drogeology, the leakage coefficient needs an explana-

tion.

The leakance or leakage coefficient, defined as K'/b’,
where K’ and b’ are the hydraulic conductivity and

thickness, respectively, of the semiconfining layer sepa-
rating two aquifers, characterizes the amount of leakage.
- This coefficient is defined as the quantity of water that

9-5
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9.1.5.

flows across a unit area of the boundary between the
main aquifer and its semiconfining bed, if the difference
between the head in the main aquifer and that of the
ponded water supplying leakage is unity.(De Wiest, Geo-
hydrology, 1965, page 274). Usually the values of the leak-
age coefficient are expressed in 1/time unit, that is in
day” ! Qr sgc. 1 Hantush reported values between
4.8x10® sec™ to 10 O'sec for an artesian basin in New
Mexico, wmle Walton reported values from 3.5x10

sec to 8x10 0 sec- ! for glacial drift deposits in Illinois.

The recovery method will produce only the transmissiv-
ity coefficient. Although it would be relatively easy to
report the storage coefficient as well, the programmers

restricted the analysis to transmissivities following the .

classical approach to the recovery part of the test.

Units

In general we do not know beforehand whether an aqui-
fer-is leaky or nonleaky. You should try both methods,
Theis and Hantush, and accept the one which produces
a better fit. The quality of fit is printed as the Estimation
Error entry. This is, in essence, the standard deviation.

-Although the GWW package has its system of units in
the file GWW.UNT,-you may override the basic units in
every part of the program. For the pumping test applica-
tion this is more important than for other applications,

because this application involves calculation of parame- _

ters which must be done in a consistent system of units.
You should not be concerned with the consistency. The
program takes care of this. But you must have control
over your input data by knowing in which units you are

- actually transferring the data. You must also specify in

9-6 _

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 for time, drawdown and
' __pumping rate. The units you select for measured data™
— will be displayed in the editing table. The general units-

— : will not be displayed on the screen, nor in reporting
forms. Youmust be sure of which units you have selected —
and label them properly by modifying the default re- -
porting forms.

9.2, MAIN MENU BAR

- V 7 Asshown in Figure 9-1; thié major options on the appli-
_____ . = cation’s menu bar are the following: —

— Data Edit Fit Dl;_play Beport Mala:ﬁandom Load Map ﬂelp

Wwelil Ideat

T Well ident Descﬁpﬁnn
) PT-1
- - Obs. Well Distance Average Pumping Ra

2500.01

_ - o o - o e o ey
. R P D S S S o o S sy

e Data

e Edit

e Fit .
¢ Display -
. Iigport

¢ Make Random -
e Load Map

¢ Help

9.7
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9-8___

Each of these options, except options Make Random and _

Load Map, is explained in detail in this Chapter. Make

Random is discussed in Chapter 5, Section 5.6; Load Map
is. discussed in Chapter 5, Section 5.3.2.

When the Pump Test application is selected the chsplay
window consists of three main parts:

. M_enu bar on the top.

¢ List of wells on the left currently comprising the
working set, with two numbers at the top referring to
the number of tests in the current working set and the
total number of pumping tests in the data base.

e Entry form with information on the first well on the
list or an empty form for a new data base. -

Only certain fields on the entry form are available for
input. These are Well Ident (or identification of a well),

Description of the well, and Obs. Well Distance. Inallbut -

the recovery method, you will be reminded to input this
parameter if you forget to do so before fitting. - —.. -

Other fields on the form are reserved for reporting the
results, and you will not be permitted to modify them.
These are the fields reporting the transmissivity, storage
" coefficient, leakance, estimation error, initial saturated

_ thickness, and the fit method.

— NOTE. If you wish to keep in your data base transmissivity,

storage coefficients, leakance, hydraulic conductivities, etc.
which you may modify or input without accepting the results
Sfrom pumping tests, you must modify the data structure inter-
nal file (see Chapter 2) and reporting forms (see Chapter 3).
However, be careful not to assign to these new entries the same
field name as in the default structure. Remember that the de-
fault field names are transmissivity, storage, leakance. If you

wish to have double parameter for transmissivity, you may add -

to.the data structure TRANS, place this entry on your entry
and reporting form, type the value that you wish to accept as

" the representative value for the transmissivity into this

TRANS field in the entry form, in addition to the value pro-
duced automatically by the test, and create the same field on a
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. selected for wl'uchever Ieason.

new reporting form in which the transmissivity as selected by
you will be reported. This may become important if you wish
to create a transmissivity contour map by using pumping tests

" results for a certain number of wells, by using calculated’

transmissivities from grain size analyses, and by assigning
transmissivities on the basis Qf well vell performance or merely the
hthology —.

The Data submenu isshown -
in Figure 9-2. The following ==
options are-available:

Edit Ett Display |
Select Working Sct

o Select Working Set.  —
® Delete Record:~ _

® Select Entry Form.

e General Data Units.

Delete Record Ctri-D

Select Entry Form

General Data Units

B Print Setup .
e PrintSetup. = - Exit Al-F4 -
- Figure 9-2 -

‘o Exit.

You use Select Working Set option in the samé manner
as with any other application. Its use is explained in
Chapter 5, Section 5.3. Its purpose is to reduce a large set
with many wells to a smaller set of wells which may be

To delete a _record, do the following:

1. Move the cursor to the well you wish to delete.
2. Select Data on the apphcatmn s menu bar.

3. Select Delete Record, or hold down the CTRL key and
press D key.

4. A warning will be displayed glvmg you a chance to
reconsider. ST
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~ 4. Click on OK.

" may change units for every

_entry or reporting form. Re-

9-10

You may use the default form as displayed in Figure 9-1,
or any form that you may have created following the
steps explained in Chapter 3. To change the form:

1. Select Data on the application’s menu bar.

2. Click on Select Entry Form.

3. Select the form name which you wish to use as your
entry form from the list displayed in the d1alogue
box.

~ Asexplained in Section 9.2., in the pumping test applica-

tion it maybe-important to design another entry form

_which would give you an opportunity to type some ad-
_____ ditional values, such as for transmissivity, hydrauli¢ con-

ductivity, storage coefficient, leakance, conductivity of
semi-confining bed, thickness of semiconfining bed, etc.
These values may then be contoured or reported in a ta-
ble.

When activated, the optlon GeneraIData Units displays
a dialogue box such as
‘shown in Figure 9-3. You

parameter that may appear
in the calculation or on the

member that the slide bar

on the right indicates that

there are more entries than

what is displayed. Most of

these parameters will ap-
ear on the entry and re-

gorting forms. Va*fhen you Figure 9-3

" select any of these parame-

ters, you will be offered the full choice of units, all units
that are specified in the GWW.UNT file for a particular
type of units.
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“The Print Setup option is explained in Chapter 5, Section

54.

9.4.

EDITING PUMP

TEST DATA

9.4.1. Measurements - The submenu Edit looks as shown in Figure 9-4. To start,
- you should select or confirm the units of measurements

Units

9.4.2. Edit

Attributes

— £9% 728BK Free
Dsta 0

Fit Display Report Make Random Load Map

Measurements Units

3110.036

Figure 94

Edit Attributes Ctrl-A
Edit Measurements Ctri-t
{52, | Standard ASCH Input :
testz | Standard ASCIl Qutput crpter
—es An example from th
Todd1 Insert Row CrH Avelage Pumping Rate Duta
. Deiete Row - CtrHD 1200.000
. Save Measurements Cirk-S
Exit (don't save} CtrkX

for a particular test. When you click on Measurements
Units, the menu extends to three options: Time, Length,
and Pumping Rate. The selection of units is the same as
for the general data. When you select the option Edit
Measurements the units that you have selected will be
displayed in the editing table. This is shown in Figure

9-6.

Using the option Edit Attributes you may define your
pumping test and aquifer scenario. The display as
shown in Figure 9-5 looks like this. only if you click on-
Partial Penetration box and declare the test as a partial -
penetration setup. If you do not select Partial Penetration
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~  box, the dis-
play will offer
only the Con-
fined box. Ac-
tually, the
following com-
binations are

- _ possible:

— (a) Confined

. aquifer box
- clicked.
’ The box is

- : "crossed”.

T Partial

penetration

i confined

! initiol S Thickness| | m

B'Partial Penciration| !ﬂ“m‘{:‘{ﬂ F‘mg

JFumping Well Data. from Top of Aquiter .
" Top of Screen m
- to Bottom of Sexeen m
§0bservation Well Data, from Top of Aguiter ...
« 10 Top of Screen m
. to Bottom of Screen m

" Aquifer Thickness :j m

_ Figure 9-5

© -— °  boxis not clicked (it is empty). No other input is re-

quired.

ness.

(b) Both the confined aq{ijer box and partial penetration
- boxes are empty. The case is of an unconfined aquifer.
You must type the value for Initial Saturated Thick- -

(c) Both confined aquifer box and partial penetration
boxes are clicked. The display is as shown in Figure

~ 9-5. You do not fill the box for Initial Sat. Thickness,
——  but you must fill in all boxes underneath, depending
on whether you have measured data from the pump-

ing well or from observation well.

- - (d) Confined aquifer box is not clicked (the case is of a
unconfined aquifer). Partial penetration box is
clicked. You must type the value for initial saturated
thickness and all required information for partial

penetration.

9.4.3. Edit

Measurements

When you select the Edit Measurements option, the edit
table is displayed. It may contain data as shown in Fig-

ure 9-6, or it may be empty prompting you for input. No-

tice the units displayed in the header. These are the units

you have selected using the option Measurements Units
- on the same menu. Notice also the first row of the data, -

9-12__
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-~ 'with 0 for time P11
and drawdown, Pepiempllontialicn [+
and a value for L - g
——— pumping rate. FS BT 9
_ I You enter or edit EX M H
~ data using the - IR &
_. TAB key, ENTER, _ - &l 0. g
~ or mouse. A MK q
- B 2
— - NOTE. Remember ETART
B that you must not T B
press TAB or EN- B —r 5]
- | TER when you fin- vy —
- - ish typing of the 0] H
_ —last data input. If T H
- T __you do a new line T B ‘

S : will automatically -
) ’ ' - be opened. Since it . -~ Figure 9-6
) " would be blank the
fitting would fail.
For this not to hap- _
pen the program will warn you to delete the line. To delete any
ST line, including the last blank line, you hold down the CTRL
key and simultaneously press D.

You-do not need to keep repeating the pumping rate-
value. Only if it changes should you type the new value.
The "Skip" column allows you to eliminate some points'
from the calculation of the fit. Type * on the row you wish
to eliminate.

9.4.4.Standard ASCII You may input pumping test data from an ASCII file.

Input This should be a standard ASCIH file, with time, draw-
down, and pumping rate values separated by a comma
or one or more spaces. The order of input is important:
time, drawdown, pumping rate. When you choose the
option Standard ASCII File the box prompting you to se-
lect a file will be displayed as shown in Figure 9-7. The
program assumes that the extension of such files is.pmp,
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9.4.5. Standard ASCII

Output

but you may change
this by typing your
own wildcard combi-
nation.

The normal procedure

in creating a test set’

y_\{ould be to:

1.

2. Select Measurements Units for time, drawdo;/,vn, and

Create a test well en-
try by assigning
well identification,
typing in descrip-
tion, and typing the
distance to observa-
tion well.

_ pumping rate.

" Vumping test Standara ASCH lnpit < |

3. Select Gener;.l Data Units.
4. Set Edit Attributes for the-test.
5. Input standard ASCII file.

Flguré 8-7

This option provides for saving test data that you have

entered from the keyboard or that you may have edited.
When used, you will be prompted for an ASCII file
name. The data are saved in a format which may look as
follows:

9-14
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1.000 0280 .. 500

2.000 1.040

3.000 1775 - -

5.000 2.956 -

10.000 4894 : -

15.000 6.142

_20.000 7.059 -

25.000 8.158 -
30,000 8.720 _.

45000 . 9346

50.000 9674

55.000 9.967 .

60.000 10230 400

62000 - 10119

64.000 9.940

66.000 9.826 ]

68.000 9.754
70000 9.707

75000 - 9.657

- 80.000 9.658

90.000 9.652

- 9.5,

120.000 12.151_

The results of this test are mterpreted in the following
way. The well was pumped at a constant rate of 500
m>/ day in the first 60 minutes. In the second hour the

pumping was at a reduced rate of 400 m 3/ day. The test

terminated after two hours of pumping.

FITTING _

The GWW package contains four methods of fitting
data: Theis, Jacob, Hantush, and - - o
Recovery. This is shown in Figure
9-8. Youmust not use the recovery
method if the data are not pre-

BN Display Repor
“Theis Method
Jacob Method

Hantush Method
pared for the recovery. You may Recovery Method
use either Theis or Hantush on — Y
the same set of data and see the Figure 9-8

difference in fitting.

9-15 -
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Each of the methods works initerations. The fitting starts

initial guesses calculated using the Jacob’s approxima-

tion. Since the fit for the Theis method is a two-parame-

ter iterative algorithm (transmissivity and storage

coefficient), it is much faster than the Hantush method

- which is a three-parameter algorithm (transmissivity,
storage coefficient, leakance). If, on top of this, you select
a partial penetration case, the processing may take sev-
eral minutes on relatively fast computers (82486 running
at 33 MHz). :

In rare cases it may happen that there will be no fit in a
pre-specified number of iterations (set at 100). This will
_ - . be the case when test data do not come close to theoreti-
- : cal expectations of a normal leaky or nonleaky aquifer.
However, if you notice at the first iteration that the esti-
—- mation error is labeled with five or miore asterisks, your
data file is not correct. This will be the case if you have
not followed conventions as specified before, you have a
blank line in the data file, or, in the case of the recovery

— - method, you have not typed cumulative time.

If the fitting was OK, the results will be typed into the
- entry form.

9.6. DISPLAY T

. The display is used for (a) viewing field data before fit-
ting, and (b) displaying the fit.”

— You may wish to view the test data to check for errors in
typing or measurements. Time data will be OK since the
editor will warn if some input data lines are out of time

-sequence. But the drawdown data may be mistyped or
behave erratically. In that case the fit will not make sense
unless you modify the data. One of displays of field data
is shown in Figure 9-9 before the fit.

9-16
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CHAPTER ¢
P13
ol ] E‘B\
L1
? .
' Figure 9-9

Before -accepting the results, you will want to see how
data are fitted. After you select the option Display you
are asked to select .

one of three patterns
(see Figure 9-10):

D:splay Bepon Make Flandom

L »z%%%?%

& ‘*-’b

B ‘*&“’ &

® time at logarith-
mic scale, draw-
down at linear
scale;

Log-Lin Diagram
Lin-Lin Diagram
Log-Log Diagram

e time and draw-
down at logarith- Figure 9-10
mic scale; -

® time and drawdown at linear scale.

Notice that the printout will always be in semilogarith-
mic scale. One of fitted semilogarithmic displays is
shown in Figure 9-11 for the Hantush fitting method.
Notice the difference of display for points that have been
skipped. On the color screen this is even more obvious.
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— : Figure 9-11

By sé_lecting the Report option from the menu bar you
may print the following: -
_» TFit graph showing field or measured data and the fit-
ted curve, along with results and other information
that you selected to put on the report form..

¢ A table for a single well displaying measured data,
fitted data, the difference between the two, time,
pumping rates, and any other parameter that youde-
. cided to put on the reporting form.

¢ - A table for all wells making the data base or working
set displaying some general data such as wells” iden-
tifications, descriptions, coordinates, elevations,
transmissivities, storage coefficients, leakance, etc.

The submenu for reporting is as shown in Figure 9-12. If
you select the upper option, Print Fit, the standard re-
porting form will be used including some general infor-
mation about the well, test results, methods of-fitting,
and the diagram. This standard form, which is a part of

9-18
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the data base template
GWW.000, is prepared
for the following units:

o Trzansmlsswny in

m"/day.

Seled Table Form

Select Fit Form

L4 Drawdowns,_ aqui-_ oy Select Diagram Type LogLin Diagram
fer thickness, dis- Save Diagram LinLin Diagram |
: P — -
tancdes and T —r—

geometry of test
wellfield setup in
meters.
¢ Timein minutes. - -~
e Leakance in day'1 )
¢ Pumping rate'in m>/ day. -

You may need to mod.Lfy this form for another set of
units. [The-modification is done using Tools from the
main menu, followed by Report Forms Editor, then
Pumping Tests, and Single Record Form, File, Old,—

“Standard form.]

If you select the optilc;n—uI-’ri‘qt Fit, you will not be
prompted to select a reporting form.

"~ Similarly, using the option Print General Data Table the
_ standard report form will be assumed, and you will not

be given the chance to replace it with another form that

you may have created.

The middle two options are used to first select a report-
ing form, and second to print the form. Select Fit Form "
is intended to print a report that is prepared for a single
well, and Select Table Form is intended to print a report

. thatis.prepared for all wells in the working set.

In the GWW.000 template data base, three reporting
forms have been prepared by programmers to report fit-
ted data. When you select the option Select Fit Form you
will be asked to choose from the list of forms as shown
in Figure 9-13. The "PartialPenetration’ form refers to a

_—
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pre-designed form I

which reports all in- d
formation about the PartialPenetration
test setup. The | [sanderd

should be used for
— - fully penetrating—
wells. It will report
. either Theis, Han-
tush, or recovery methods depending on the fitting ™
method-selected. This form is prepared with metric
units. Modify if if you wish to use another system of
— units.

Figure 9-13

_ * —-  The Table form will report the single well test data in

___ columns with time intervals, measured and fitted draw-

: downs, drawdown differences, pumping rates etc. One

=7 column will also show whether a point was skipped or
included into the fit. _ _ -

For each type of reporting, whether for single test or for—

... all tested wells, you may create more than one reporting
form. When you create such forms using Report Form
Editor from the Tools menu, you should save them using
Save As .. option, and assign an internal file name. When

—“the Select Fit Form or Select Table Form option is in-
voked, all these forms will be listed for you to choose -
from.

- Youmay use the option Select Diagram Type to print the
‘test data-using one of three types, as shown in Figure
9-12.

Save Diagram is used to save the currently displayed
diagram for printing using the Nonstandard Report op-
tion. As in other applications, you will be prompted to
save the graph under a name, and to decide on the dia-
gram size.

MAKE RANDOM  This routine is explained in more details in Chapter 5,
Section 5.6. The program will allow you to select any one

9-20_
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' changes at every point-

of space distributed numeric parameters available for
this application, including some that may have no mean-
ing for contouring (such as e.g. average pumping rate,

" geometrical parameters referring to the position of

pumping and observation well screens, etc.). Normally
what you will want to. prepare for. contouring will in-
clude transmissivity, hydraulic conductivity (if you de-
cide to keep this parameter in data base), saturated
thickness of aquifer, etc. You should exercise caution in
what to contour. Hydrogeological parameters such as
storage coefficient, specific yield, and leakance are usu-
ally known at occasional points within a large ground
water system. It would make more sense to assign differ-
ent zones with distinct values of such parameters, rather
than smoothly changing
contour lines implying

~  ——The random variable of- E,',;‘;;‘:f, 2
fering may look as Durstion
_ shown in Figure 9-14. Trnomissivity [
Storage S
T Leakance ¥ :
-| Eos] [Geeet] |
9.9. LOADMAP This option is explained«
in details in Chapter 5, - - -~ Figure 9-14
subsection 5.3.2. It is
used to select a working
set, orindividual welis to
work with, directly from
a map. '
79.10. . HELP —'

9-21

This is context-sensitive on-line help which guides you
through various options and procedures.
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EXAMPLE

- ____ Time

EXAMPLE FIVE

In tlus 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 completeiy penetrating well is pumped at a constant

—rate 0f 500 gpm. Drawdowns during the pumping pe-
_ “riod are measured in an observation well 150 ft from the _
- pumped well, at times varying from 2 min to 6 hr. They

are recorded-in-the table below.

Drawdown Pumping o

- Rate
(rnin) (ft) _ m
0 0 &
-2 12.
3 1.9 -
4 245
— 5 29 - -
) 335 -
7 3.65 -
h 8-- 41
10 4.6
14 55 - -
18 6.15
24 - 7
30 775
40 85
50 9
60 95
B0 10.05 _
120 10.3
180 105
240 10.65
360 10.8

9-22

The procedure is as follows.
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1. From the main menu bar in the GWW select Appli-
catlons -

2. Select Pumping Tests. -

3. Select Data, and click on General Data Units. When

- .. thewindow 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-

— : " rityandselect gpd/ft. Select StandardError and select
feet. Click on OK to return to the Data menu.

4. Type DW-1 in the Well Ident field, press TAB; type
- — Example from DeWiest’s book, 1965, p.264-266 in the
- Description field, press TAB; type 150 in the Distance

— - . field; press TAB. ;

___5. Notice that the well list contains the well number
- DW-1. Click with mouse on DW-1 in the well list win-

=T dow..

—- 6. Select Edit, followed by Measurements Units. Click
on Time and select minutes. Repeat the-procedure
(Edit, Measurements Units) and select Drawdown.
Click on feet. Repeat once again, select Pumping rate
- and select gpm. —

. 7. Go once again to Edit and select Edit Attributes to
- — confirm that the Confined Aquifer box is crossed (if
not click inside the box), and that Partial Penetration

- box is empty.

8. From Edit menu select Edit Measurements. Check
that the time is in min, drawdown in ft, and pumping
rate in gpm.

9. Start typing. Type 0 in Time column, press TAB, type
0 in Drawdown column, press TAB; type 500 in
Pumping Rate column, press TAB twice. The cursor
should be in first column of the line two. -

10. Type 2 in Time column, press TAB; type 1.2 in Draw-
down column; press TAB; press TAB twice to move
to the line 3. Type 3, press TAB; type 1.9, press TAB;

terval

g}‘ ' _ press TAB twice more to move to the next time in-
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12. Keep typing until...

the last line, type 360
in Time column,
press TAB; type 10.8
in Drawdown col-
umn. Stop here. The
screen should dis-
play as shown in
Figure 9-15. Instead
of pressing TAB
save the table by
holding down the
CTRL key and
pressing S (for save).

. You are back in the

application’s main ™

menu. Select Dis-
play to look at what
you just typed. Se-
lect Log-Lin Dia-
gram. The screen’s

display should look as shown in Figure 9-16.

" 11. Type 4, press TAB; type 2.45; press TAB three times.

DW-1
| 3
L ]
H . -
J
.
L
| t . "lm
] _ -]
Figure 9-16 ;

Dw-t-
Ymafriti (Depth fired) | O fopmi | Sl |-

. D 0 500

2 1.2

3 1.9

4 2 45

5 2 9

3 3 35

7 3.65

= 8 !
10 46 -
14 §.5 E
18 6 15 L
24 7 B
a0 7 75 it
40 8.5 el
50 £l e
60 35 i
B0 10 0S5 - ¢
120 10.3 T
180 10.5 s
240 10.65 o
360 A

Figure 9-15
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- -14. Click on Close on the right side to remove the dis-
play. - ' _
15. Select Fit, followed by Theis Method. Wait until the '

results are displayed. The screen should look as
_ - o shown in Figure 9-17. Notice the results:

. Wellgent . . ¥ Dmscrpnon B
- i . - Exomple from Dewiest's book, 1965, p.264-266
" | Obs. Well Distance Average Pumping Rate  Duraton tntial Saturated *
156.00 500.0000 366.00C0

_— Transmissmry Swrage Cosfficient
o . 27175.77 0.00029%52380
R —_— Fit Methoo - Theis Methaod
- Figure 9-17

o Transmissivity = 27,175.74 gpd/ft
- - e Storage coefficient =0.000295. -
e Estimate Error = 0.67 ft. —

16. Select Display. Select Log-Lin Diagram. The fitted:
- curve is as shown in Figure 9-18. Not too good!

17. Print results by selecting Report and Print Fit.

. 18. Check whether this may be a leaky aquifer case. Fl.rst
%  remove the diagram from the display by clicking on
Close.

19. Select Fit followed by Hantush method. Wait until
the processing is finished and notice the results:

® Transmissivity: 16,177.67 gpd /ft
~® Storage coefficient = 0.00043
¢ Leakance = 0.00616 1/day




D2
] \l _
, Y
3 o ’
i\l
S 11
3
I kN
£ N
. BN
[ ] N
[ )
[ ] h
" N
"l 0 o oD
T jin]. - =
Figure 9-18

e FErrorestimate=0.14 . —

20. Look at the fit. Select Display, followed by Log-Lin
Diagram. The display is as shown in Figure 9-19. No-
tice that the fit is much better. You do not need to look
at the display. The comparison of Error estimates is
sufficient to tell you which method fits better.

Finally compare the results from the book with these re-
sults. Transmissivity in the book is equal to 20,500
gpd/ft, storage coefficient is equal to 0.000315. While
storage coefficients are of about the same order of mag-
nitude, the "nonleaky” transmissivity is overestimated
for about 26%. It appears that the aquifer is less transmis-
sive, but a portion of pumped water is supplied from
leakage.

This ends the example.
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T

Degth (1)
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Figure 9-19 —
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CHAPTER TEN ~—HYDROGRAPHS APPLICATION -

10.L.INTRODUCTION .

10.1.1. General

10.2. MAIN MENU

BAR

10.2.1. Components

of the
Hydrograph
Application

10-1

-Using the Hydrographs application from the main menu

of the GWW software you may do the following:

1. Create-a data base containing information about
water lévels in observation, monitoring or pumping
wells. - -

2. Switch between water levels in _absolute elevations
and depth to water table from a measuring point.

3. Display measured water level data for the whole or a

——selected period of observation. Connect all water

level points in the data base or select a "connection”

* span, leaving "unconnected” points as random
points on the hydrograph. —

4. Print the results in hydrograph forms with general
data on wells as a header and one or more graphs
and location maps. : h

5. Interpolate water levels, or depths to water table, for
.any date within the period of observation. Prepare
water level (or depth to water) data for contouring.

6. Prepare water level (elevation) lines to be displayed
- onhydrogeological cross sections.

As shown in Figure 10-1, the major options on the appli-
cation’s menu bar are the following:

¢ Data N
®¢ W.Levels (abbreviated Water Levels)
® Display
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e ,VR'c_epqrt S

ey e _sR 0 rHydrographs [Chgwdiiestl.pew] D LEE e
Data W.Levels Digpley Beport Make RBandom Load Mep nterpolation  Help
Well Ident

L - Figure 10-1

e Make Random

~ @ Load Map

10-2

o Interpolation
e Help

Each of these options, except options Make Random and
Load Map, is explained in detail in this Chapter. Make
Random is discussed in Chapter 5, Section 5.6; Load
‘Map is discussed in Chapter 5, Section 5.3.2.

When the Hydrograph application is selected the dis-
play window consists of three main parts:

¢ Menu bar on the top.

e List of wells on the left currently included in the
‘working set, with two numbers at the top referring to
the number of such wells making the current work-
ing set and the total number of wells with water level
records in the data base.

¢ Entry form with information on the first well on the
list or an empty form for a new data base.

If you are creating a new data base with observa-
tion/monitoring wells, the left window will be empty,
and the number of wells will be zero. This is the case as
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shown in Figure 10-1. Figure 10-2 displays a case with
many wells ah'eady in the data base.
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10.2.2. Entry Form R

In the Entry Form as shown in Figure 10-1 and 10-2 you
-may type the input into all or selected fields. The only
field specific to this application is ‘Aquifer’. All other
- fields are copied from the Master data structure and
Master data application. However, you may decide to
~type coordinates and elevations in this entry form and .
not in the entry form of the __ -
Master data application. It is |
up to you to decide which ap- WM w.Levels Display |
plication to use for information [EEEEETTIIE
that is "exchanged" between Delete Record CtriD
applications. —

Seiect Entry Form

— General Data Units
. YYorking Time interval

10.3. - - Standard ASCII input
Standard ASCI! Qutput
DATA B ,
Print Setup
10.3.1. Optionsonthe The Data menu is shown in Fig{ eat  _ AN-F4
Data Menu ure 10-3. The following options Figure 10-3

are available: —

10-3 i
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"~ @ Select Working Set.
e Delete Record. ' .
- o Select Entry Form. -
¢- General Data Units.
- e Working Time Interval. -

e Standard ASCII Qutput.
—e Print Setup.
e Exit. =~ T

10.3.2. - Select Working You use Select Working Set option in the same manner
Set - —.. asinany other application. Its use is explained in Chap-

B 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.

10.3.3. Delete Record  To delete a record you will do the followmg =

e - 1. Move the cursor to the well you wish to delete.
2. Select Data on the application’s menu bar.

" 3. Select Delete Record, or hold down the CTRL key and
press D key.

-~ 4. Awarning will be dlsplayed glvmg you a chance to

reconsider.

10.3.4. Select Entry You may use the default form as displayed in Figure 10-
Form 1, or any form that you may have created following the
steps explained in Chapter 3. To change the form:

1. Select Data'on the application’s menu bar.

2. Click on Select Entry Form.-

10-4 -

- e Standard ASCI Input—— - -
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- 3. Select the form
: name which you
- wish to use as
- : your entry form
- from the list dis-

played in the =

- dialogue box as
shown _in Figure

104. _

4. ClickonOK.

In the Hydrographs
application it may :
. be desirable to de- _- Figure 104

- sign another entry - L
- form with informa-. . B

" tion other than in the standard form. For example, you
~—may wish to identify a well either as an observation,
monitoring or production well. This information may be
kept in the-Master data application or in the Hy-
— “— drographs application. You may use this information to

.selecta working set or to display one type of wellontoa

location map. You may think of other pieces of informa-
tion to keep in the hydrographs data base, such as the
method.of measurement (chalk tape, electric line, re-
corder, logging device, etc.), or the use of the well other
than for water level measurement.

Carent Sefings Select
10.3.5. General Data When activated, the |k n ]
Units _ option General |[fll -
— 7 Data Units displays ;[:EL] - ﬁ;
_ a dialogue box such - "
as shown in Figure lnch

10-5- In the GWW
data base template,
which is used in the -
example shown in
Figure 10-5, the only

Figure 10-5

10-5
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- space-distributed numerical parameters are coordinates
and ground surface and measuring point elevations.

. Working Time The option Working Time Interval permits you to re-
Interval duce a long period of observations to a shorter time

- span. This is important in editing data, in displaying hy-

_drographs with more detail in a shorter period, and in

reporting data for the period of interest. For example, if

you are going o use the data base for making a mathe-

matical model of an area, your interest may be in a cer-

__ tain period of time in which you wish to calibrate your
“model.

For example,if you decide to display and print hy-

drographs within the period from 1 January-1984-

_____ through 31 December 1988, you should proceed as-fol-

lows: i

1 Select Workmg Time Interval from the Data menu.
The display prompts you to input the starting year,
month and day. Type 1984, press tab, type 1, press
TAB, type 1, press TAB. Press TABtwice more to skip
hour and minute. The screen should look as shown

- in Figure 10-6.-

Workiag Time Intérval Start . ERTETE

ot [T ooy [

Hour E MmD .

r Tancef ',

Figure 10-6

2. When the dialogue box titled "Working Time Interval
End’ opens type 1988 for the year, 12 for the month
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and 31 for the day. Press twice TAB. The display
should look as shown in Figure 10-7.

Waorking Time IntervalEnd . BRE ELCR

—- Figure 10-7

- - - 3. Click on OK to close this dialogue. The whole data set
- 1s now reduced to the selected time interval. -

10.3.7. Standard ASCH You may save the whole data base, all the wells, in one
Input ASCT data file. In the version 1.0, the-input format was
— made compatible with output format-of the UN/GW
software. In the version 1.1, that "compatibility” was
abandoned in favour of a more "friendly" format.

The ASCII input format is explained in Appendix D.
However, if you are in doubt what is the proper format,
S 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. | fuessme: } | ok ]
When the option Stand- | oreco: cowo
ard ASCII Input is in- | fues: Direciortes:
voked, the dialogue box i
will open as shown in kel
Figure 10-8. The pro- L
[

gram assumes the
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"~ standard extension for such files .hyd, but you may over-
ride this and type any wildcard combination in the file-
name field. : ‘

10.3.8. Standard ASCII .This option is used to save the data base containing
Output water level measurements in a standard ASCII file. Just
- as in other parts of the —

) - GWW package, it is a
_ - good idea to save the
- data from time to time __
- in an ASCI file, What- | "o lerend | foe7] .

; ever may happen to | ™™ % -

Flle Directorics:
your data base, you i *

B 5 inbor d eveds- Stindncd ASCIH Qi 5.

N "~ may always re-create it Eﬁ
- — by reading this file as a Fel
. standard ASCII input. --{tH,
: When this command is
- - invoked, the dialogue
' box will open as shown Figure 10-9

in Figure 10-9. The pro-

gram assumes the

standard extension for sich files .hyd, but you may over-

ride this and type any wildcard combination in the file-
—name field. The extensions are for your convenience.

. 10.3.9. Print Setup - The Print Setup option is explained in Chapter 5, Section -
54.
10.4. WATER
LEVELS —
10.4.1. Edit Water Edit Water Level Data is the first option on the W.Levels
Level Data 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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Qata ARV N Display Report Make Randnm Load Map 1nl

l EditW. Level Data Cul-E 8 S|

—_ - Depth Data TR P U —

] - Lovel Dats Mot Bhemem | Depth Ik
- it . 1 11.27
PS40 Depth/Level Units A 3 1
— 53.:3 InsetRow - - CtrH 4 12.56
— - 3 11.32
. m Save W. Level Data Ctri-S 7 i1 28
PO-5 Exit [don't save) Ctri-X 8 11.18
T SHRG-10 - 1984 1 9 11.18
SARG-11 1984 1 10 11.08
N L LT T 1Q04 3 11 1t Nc

- — - Figure 10-10

- T ‘ You may delete a row in the echtmg table by holding
R ~ down the CTRL key and simultaneously pressing D."You
' ] ‘ o may insert a row by holding down the CTRL key and
) simultaneously pressing I. You may save the data by

_ holding down the CTRL key and pressing S. You may

- quit or exit without saving the data by holding down the

- - CTRL key and pressing X.

10.4.2. Selecting Levels .
or Depth te - -

Water Level By dlicking on Depth Data on the W.Levels menu you

decide to type in the values of depths to water table from

"""" a measuring point. The editing table in this case may

look as shown in Figure 10-11. Conversely, by selecting

El_Frio o
‘Neari Bay | Month | Bhimm | Depttijm] |+
1984 1 1 11.24 |5
1984 1 2 12.77 =
1984 1 4 12 .42
1984 1 5
1984 1 6
1984 1 7

Figure 10-11

- S 10-9_ . - -
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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 as shown in Figure 10-12.

- o El_Frio e e
- Yeer! Day.  Month [hhimm | Levetl fm} | ¢
o 1984 [_._ 1 1
- 1984 1 2
N 1984 1 4
1984 1 3
1984 1 6
- 1984 1 7
. - — B ~ Figure 10-12 -

10.4.3. Depth or —_ - — ' -

Level'Units .  Although you may have selected meters as a basic unit
- of length (that is of depth
and/or elevation), you may
override the default by us-
ing the option Depth/Level
- Unitson the W.Levels
menu. The display may
look as shown in Figure 10-
13 offering a list with all
- possible length units as
read from the GWW.UNT
file or another file created

by you for your data base.

10.5. DISPLAY -

When you select the Display option on the menu bar, a
portion of the hydrograph for the currently selected well
will be displayed within the specified time interval using
the option Working Time Interval. The hydrograph may
look as shown in Figure 10-14. All points will be con-
nected since the default connecting interval is very large,
365 days.

10-10
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10.6. REPORTING

10-11.

Figure 10-14

When you select the Report option from the menu bar
the display looks as
shown in Figure 10-15.

As in other appliCations, RN Make Random Loac
if you select printing op- Print Hydrograph
tions in the upper part of Print General Data Tabic

™

Save Hydrograph Drawing
Print Nonstandard Form
Select Hydrograph Form
.“ - Select Table Form
The difference between
Print Hydrograph and
Print General Data Ta-
ble is as follows. Print Hydrograph prints one hy-

the submenu the pro-
gram uses standard re-
porting forms.

Figure 10-15

* drograph for a single well. There will be a header with

identification data, followed by the graph. [You may
place a loation map on the same reporting form. For this
you need to (a) create such a map using the Map appli-
cation, (b) modify the standard reporting form or create
another form which will have a drawmg field with the
name of the map.]
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General Data Table option is intended to print a report
that is prepared for all wells in the working set. Thedata
consist of well identification, description, coordmates,
and elevations.

Using the lowermost two options will permit you to
override the standard-reporting forms and select an al-
ternative form. An example | |

is shown in Figure 10-16 for

the hydrograph form. The re-

porting forms created in the

GWW.000 template, which -
are at your disposal without modifications, are Measure-
ments and Standard. The Standard reporting form
places a header with general data on a well on the form,
followed by the hydrograph drawing field filling the rest
of the form. The measurements reporting form uses the
same header, but instead of the drawing field it presents
a table with field measurements for the single well

Messurements ¥
Swndard LEE

Figure 10-16 ' ~—

‘within the selected time interval.

__Foreach type of reporting, whether for a single test or for

all tested wells, you may create more than one reporting
form. When you create such forms using Report Form
Editor from the Tools menu, you should save them using
Save As .. option, and assign an internal file name. When
the Select Hydrograph Form or Select Table Form op-
tion is invoked,.all these forms will be listed for you to
choose from.

Save Hydrograph Drawing is used to save the currently
displayed hydrograph for printing using the Print Non-
standard Form option. Asin other applications, you will
be prompted to save the graph under a name, and to de-
cide on the diagram size.

10.7. MAKE RANDOM This routine is explained in more detail in Chapter 5, Sec-

10-12°

tion 5.6. The program will allow you to select any one of
space distributed numeric parameters available for this
application, including some that may have no meaning-
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for contouring (for example the elevation-of the measur-
ing point). This routine is used mainly to create a loca-
tion map showing only wells which make the water level
—— data base, or wells which have a more or less continuous
— : —water-level measurement-record. - - T

- 10.8. LOAD MAP

This optiont is explained in detail in Chapter 5, subsec-
tion 5.3.2. It is used-to select a working set or individual -
wells with which to work directly from a map.

10.9. INTERPOLATION - B
Thisis one of very important options in the hydrograph
~  __ application. It permits you to create a contour map for
—— any date within the time interval for which you have
data. It also permits you to decide on the spanning time
interval in which you wish
to have individual points on N
a hydrograph connected.
The submenu of the Inter-
: : : : Set Connection Span
gf;i?g?o?lp;l on is shown In Depth/Level at Date
) Figure 10-17
10.9.1. Connection When you select Set Connection Span the display will
Interval prompt you to replace the default, which is 366.00
(days), with an- — e
other interval. The | B gL ST
display is as shown

in Figure 10-18. For
example, selecting | |NEEEEH |
31 days, which im-
plies that only
neighboring points :
observed in less Figure 10-18
‘than 31 day inter-

vals, will be con-

........

10-13
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10.9.2. Interpolation
Date

10-14

nected with a solid line. If the span between two neigh-

boring points is greater than 31 days, they will be dis-

played as scattered points, as shown in Figure 10-19.
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54 N - L -] ey 283
Figure 10-19

Using this option
you can create a
data set ready for -
contouring at a cer-
tain date. You are
prompted for the
date as_shown in .
Figure 10-20. The
option incorpo- Figure 10-20

rates the make ran-

dom option from

other applications and set a specific date for which you
wish to create the contour map. Depending on your type
of data, depth to water or water levels in absolute eleva-
tions, you will be prompted for ‘Save Random Model of
Water Depth’.as shown in Figure 10-21 or "Save Random
Model of Water Level’.




CHAPTER 10

HYDROGRAPHS

water levels. You

You may create
more than one
contour map of

need-to-select-the—J-

10.10. HELP

"10.11. EXAMPLE

10-15

option
Depth/Level at
Date several times
assigning each
time another date
and labeling the

. Save Random Mode! of Wzlcr szlh

I'pVatcl'Demh

CHGrefs
CHStift
Chemistry
ChemistryPPM ™~
EntryForm.Chemistry. Standan:l 5
Emryan GrainSizeCurve.Stag:
EntryForm.Hydrographs. Standf7>
EntryForm.Lithology.Stendard 5

random models to
be created with
different names.

Examples could be Level_July_84, Depth_Sep_ 87 etc.

Figure 10-21.

You should follow the convention that internal fie names
may be long but continuous. You may use points or un- .-
derscores to separate parts of the file name that have

meaning to you. -

This is context-sensitive on-line help which guides you
through various options and procedures.

In this example you will create a water level entry, use
the editor, create random models for water levels on 1

EXAMPLE SIX.

June 1991 and depths to water table on 15 December

1991. You will display and print the graph setting the

maximum connection interval to 30 days.

_ The well’s general data are the following:

¢ Well name: SRRG-12

¢ Description: Observation well in Irrigation System of

Rio Guarico.

e Coordinates: X=629000, Y=942000
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e Ground Surface Elevation: Z=85.50 m
¢ Measuring Point Elevation: §6.20m —
® Measurements:

- Time " Depth to water
1/1/9112.5 )
1/20/9113.1
2/19/9113.6 .

T 3/15/91139 , " -
4/29/91142 - . '
5/16/91 147 - ‘
6/14/91 143 o

| 7/12/91 139
8 /28/91 13.3 L
9 /16/91 12.9

10/14/91 126

" 11/11/91 123..

©12/06/91 121
12/28/91 711.8

The procedure is as follows.

1. 'Select Applications on the main menu bar of the
GWW package. '

2. Select Hydrographs. The display is as shown in Fig-
ure 10-1. - '
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3. Type in Well Ident field ‘SRRG-22". Press TAB.

4. Type in Description field ‘Observation well in Irriga-

5.-Type-629000-in-the-Easting field, press TAB Type—

7. Type Quaternary in the Aquifer field. Press TAB. Type

8._Press PgDown twice. The cursor is on SRRG-12 in the

tion System of Rio Guarico’. Press TAB

942000 in the Northing field. Press TAB.
6. Type 85.50 in the Ground Surface Elevation field.

Press TAB.

86.20 in the Measuring Point Elevation field. . _

list of wells.

9. Select W. Levels

10. Select Edit W.Level Data. Check that the last column

~_islabeled as Depth [m].

11. Type 1991in 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

12. The program repeats theJast year and-month. Accept
the year as 1991; press TAB to move to the day col-
umn. Type 20, press TAB; press TAB again to confirm

. the month as January; press TAB again to move to the

13.

__the second line.

depth column.
Type 13.1 and press
TAB.

Keep typing until

the last line: 1991 in

the Year column, 28

in the Day column,
12 in the month
column, 11.8 in the
depth column. The
display should

look as shown in.

Figure 10-22.

SRRAG-12

Yeat,

1991

1

[

12.5}

1921

20

13.

1991

19

13.

1991

15

13.

1991

29

14

1991

16

14

1991

14

14.

1991

12

[ RETR-4 BT N % LN P

13

1991

28

13.

1991

16

12

1991

14

12

1991

11

i2.

1991

6

i2.

1591

28

11 B

Flwlo|uiwlwlw| I oo

Figure 10-22
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14. Hold down the CTRL key and press S to save the

data.

15. Select Interpolation, select Connechon Span. Type
30 and select OK. '

16. Select Display. The display should look as shown in

Figure 10-23. If the display shows only a coordinate
system, or a frame of a graph but without points and

- SRRG-22
n.ln m - ) L )
1
- 143
— - - /
- 7
h . /"/
\ y s
LY . l/’ -
\ £
. 4123
18 N 7
_ -
AN / -
\vy Jris
T H k] -] L] L ] ] T T 4]
L]
Figure 10-23

lines, you should check which working time interval
is currently selected. (Go to Data, and select Workmg
Time Interval ) -

_ 17. Select Close.

18. Select Interpolation. Select Depth/Level at Date. Fill
the window prompting you for the interpolation
date with the numbers 1991, 12, 15 (15 December

1991).

19. Save the random model under the file name
Depth_15_Dec_91.

'20. Select W.Levels. Select Edit W.Level Data. Notice

that the last column is labeled as depth [m]. Select
W.Levels again. Select Level Data to replace depth
with level. Notice that the last column is labeled as

Level {m] and that the data in this column are no
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longer 12.5,13.1, 13.6, ..., 11.8, but converted to water

levels in absolute elevations: 73.7,73.1, ..., 74 4.

21. Hold down the CTRL key and press X to exit without

saving (you have not made any change!). -

22. Select Interpolation. Select Depth/Level at Date.

Type 1991, 6, 1 (1 June1991). Select OK.

- 23.Save the random model of water levels on 1 June 1991

- under the name Level_1_June_91.

_Using the applicif_iﬁh Mapping you will create contour
maps of depths on 15 December 1991 and levels on 1

June 1991 for this example.

—Exit the application by selecting-Data, and Exit.

10-19
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CHAPTER ELEVEN

STEP DRAWDOWN TEST

1.1

INTRODUCTION

fl_lll General

11-1 —

The objective of running a step drawdown test is to ob-
tain information about the performance and efficiency of
the well being pumped. The data taken under controlled
__conditions give a measure of the productive capacity of

the completed well and provide data on which the selec- . -

—tion of the pumping equipment can be based: The Step-
Drawdown application is a utility in the GWW package-
rather than a data base apphcatlon.

-Since this is a test of the productmty ofa well itis often
called a well-production test. This is a variable-rate well-
production test. A well is pumped at a constant rate for
a certain period of time (normally between one and 24

“hours) and the drawdown is recorded at the end of the
pumping step. The pumping rate is then changed, nor-
mally increased, and the well is pumped for the same
period of time. The water level is then measured and the
drawdown calculated. The same procedure is repeated
with different pumping rates one or more times (mini-
mum 3 steps). It is understood that each step must be of
the same duration as the others.

Using the Step Drawdown Test application from the
main menu of the GWW software, you may do the fol-
lowing:

1. Create a data base containing information about step
drawdown test results and efficiency of drilled wells.

2. Display and print step drawdown test results show-
ing two components of the total drawdown: aquifer
loss and well loss.

244,

—
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3. Project the step drawdown pumping test results be-
yond the final step. This is used to forecast the draw-
down and/ or efficiency if the well will be pumped at
a rate about 20% higher than in the test.

11.2. MAIN MENU . cw

11 2.1. Components of L
the Step

BAR i -

Drawdown Test As shown in F1gure 11-1, the major options on the apph-
Apphcatlon cation’s menu bar are the following:

. Step {)rawdnwn Test [c \gwﬂ\lsqn g

N -Dam Edﬂ Eit Dlsplay Bepon Make Random Load Map Help

Well Ident Well Ident Descnptlon ’
_ l! ___| : _

A - B p

- - e Data -
e Edit
e Fit LT
® Display
® Report _ ,
® - Make Random -
¢ Load Map
¢ Help

Each of these options, except options Make Random and
Load Map, is explained in detail in this Chapter. Make
Random is discussed in Chapter 5, Section 5.6; Load
Map is discussed in Chapter 5, Section 5.3.2.

11-2
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When the Step.Drawdown Test application is selected,
the display window is composed of three main parts:

® Menu bar on the top. -

N ——————e-List of-wells on the left-currently comprising the

11.2.2.Entry Form

11.3. DATA

11:3:1. Options on the
Data Menu

11-3

working set, with two numbers at the top referring to
the total number of wells with step drawdown tests
in the data base and the number of such wells in the
current working set.

¢ Entry form with information on the first well on the
list or an empty form for a new data base.

If you are creating a new data base with production or
test-wells, the left window will be ‘empty, and the num-
ber of wells will be zero. This is"the case as shown in

- Figure 11-1.

In the Entry Form as shown in Figure 11-1 you may input
data into two fields: Well Ident and Description. All
other fields are used to report results. The coefficients A
and B are the coefficients used to fit the drawdown and
pumping rate equation (see 11.5).

The Data menu is shown in Figure 11-2. The following
options are available:

e Select Working Set. -

¢ Delete Record. Y

® Select Entry Form. DEIEN Edit Fit Display |
¢ General Data Units. Select Yorking Set

o Print Setup - Delete Record  Cut-D
e Exit Select Entry Form

Genersal Data Units

Print Setup

Exdt AlF4

Figure 11-2 j
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11.3.2. Select Working You use the Select Working Set option in the same man-
Set rer as in any other application. Its use is explained in
- - . ' Chapter 5, Section 5.3. Its purpose is to reduce a large set
' oo with many wells to a smaller set of wells which may be
= . selected for any reasorn.

11.3.3. Delete Record  To delete a record you will do the following:

1. With-the mouse cursor, select the well you wish to
_delete.

2. Select Data on the apph;:at{on’s menu bar.

- _ ) - 3. Select Delete Record, or hold down the CTRL key and
- - press D key.

- 4. A warning will be.displayed g1v1ng you a chance to
reconsider.

11.3.4. Select Entry You may use the default form as displayed in Figure 11-
Form ~— l;or-any form that you may have created following the
- steps explained in Chapter 3. To change the form:

i

- 1. Select Data on the application’s menu bar.
2. Click on Select Entry Form.

3. Select the form name from the list displayed in the
_ dialogue box.

4. Click on OK.

In the step drawdown test application you may think of

— typing and storing-additional-information such as
pumping equipment, date of test, use of well, mainte-
nance information, etc., if you have not entered this into
the'Master data entry form.

11.3.5. GeneralData  When activated, the option General Data Units displays
_ Units a dialogue box such as shown in Figure 10-5. In the
- , GWW data base template, which is used in the example

11-4

—_ —_



CHAPTER11 " STEP DRAWDOWN TEST

shown in Figure 10-5, the only space-distributed numeri-
cal parameters are coordinates and ground surface and
measuring point elevations. This information is taken
__ from the Master Data application. .

11.3.6. PrintSetup -  The Print Setup option is explained in Chapter 5, Section
T 54. . ' -
114, o -
EDIT DATAMENU  _ S
11.4.1. EditData =  Before -you can create a data set or edit data you must
- Submenu . type in the well identification number (Well Ident), and

e its description. If this is already a well which has been
entered into the GWW system from another application,
the description field should be automatically filled in
with information typed elsewhere. In that case the only
entry necessary is the well identification. The display
then looks as shown in Figure 11-3. The well is used in
the Pumping test application and is already in the GWW
system.

Data Edit Fit Display Report Make Random LnadMap

_Well dent Well ldent Description
FI-1 Todd's boock. pa

A B

Figure 11-3
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—_ 11.4.2. Measurements

Units

11.4.3. Entering Data

11-6.

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 114 and are used for
editing the table (msertmg or deleting rows) and savmg
data. - :

You may select units other than the default for draw-
downs and purriping rates. To change the unit for draw-
down from m to ft:

1 Select Edit. L -

2. Select Measurements Umts The display is as shown .

in Figure 11-4. .

o!ep Drawdm-m Tcst [c \g‘ '
Eit Digplay Repnrl Make Handom Load Map

4 Edit Data Ctr-E
m Insert Row cutt Descnption
Delete Row Curl-D ~
Save Measurements CtkS | 8
Exit [don't save) Ctri-X soo -0.00000005¢C

Measurements Units  Ctri-5  Drawdown

Pumping Rate .

Figure 114

3. Select Drawdowri. The dialogue box lists all units for
length that are contained in the GWW.UNT file or
that have been created by you for this particular data
base.

4. Click on feet and select OK.

When you select Edit Data a two-column table will be
displayed with the cursor in the first row of the draw-
down column. Check the units displayed for the draw-
down and pumping rate. Type the drawdowns and
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corresponding pumping rates. For the fitting algorithm
to work correctly you are expected to type drawdowns

in increasing order, with the difference between draw- ~

__downs being progressively larger for equal multiples of ~
the.pumping rate.-In-other-words; 1f you have tested the-
well at rates 1000, 2000 and 3000 m*/ day, the correct val-
ues of drawdowns wouldbe 1.00, 2.10, and 340.-Itwould
not be correct to have the drawdown values such as 1.00, -
1.90, 2.4. The reason is that the specific capacity of the
well, which is defined as its pumping rate or yield per
unit of drawdown, must be decreasmg with an increased
pumping rate. In the “correct case the spedific capacities
are 1000, 952, 882 m 3/ day/m; whﬂe in the second case
the sequence is 1000, 1053, 1250 m %/ day/m. In the sec-
ond case when you seléct one of fitting methods, the pro-
gram will dlsplay an error message "Unable to fit. Check—
your data.” -

You must not press TAB at the end of data entry. If the
fifth step as shown in Figure 11-5 was the final test step
(drawdown 6 m; pumping

rate_5000 m®/day), the PT] —_
-cursor must remain after i Pumping Rale:
the number 5000. You will ;ggg
save data by either select- 3000
ing Edit and clicking on 4000

- ~Save measurements or by 5000
holding down the CTRL :
key and pressing S. Figure 11-5

11.5. -

FITTING

If you do press TAB at the end of data entry and the new
line is opened, you must delete this line by holding the
CTRL key and pressing D. After that you should save the
data in one of two ways as explained above.

According to classical theory, the total drawdown in a
production well has two major components: the draw-
down sa (aquifer loss) due to laminar flow of water —

11-7
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through the aquifer toward the well and sw (well loss)
due to the turbulent flow of water through the screenor
well face and inside the casing to the pump intake. Other
components, such as additional drawdown due to the

- partial penetration of an aquifer, or the drawdown due
to barrier boundaries of the aquifer or the build-up due

— " to recharge boundariésof the aquifer, are normally con-

tamed_wit}ﬁn the aquifer loss...

According to Jacob ("Radial Flow in a Leaky Artesian Aqui- -—
fer,” Trans.Am.Geophys.Union, vol.27,no.2, 1946), well
loss may be represented approximately by the following
equation: _ ‘ -

T Sw = BQ2

where

sw=wellloss, [L] =
B = well-loss constant, [T2/L°] =~ e
Q= discharge, [L3/T]. S

Aquifer loss, sa, is linearly proportional to the pumping
rate, i.e.

T sa=AQ

" Thus, the equation of total loss during pumping may be
.. written as -

s=AQ+ BQ2
The coefficient A has dimensions of TL™.

The second theory, presented by, among others Rora-
baugh ("Graphical and theoretical analysis of step-drawdoun
test of artesian well,” Proc. Am.Soc.Civ.Eng. 79, separate
no.362, 23 pp,-1953) and Karanjac (“Well Losses due to Re- -
duced Permeability-around Well Screen,” Ground Water,
vol.10, 1972) demonstrate that the well loss is not neces-
sarily proportional to the second power of pumping rate.
In other words, well losses may be significant although

11-8 —
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11.6.

DISPLAY

11-9

turbulence may not have developed! The basic formula
for well drawdown is

s=AQ +BQ" o o

This is a more general case, of which n=2 is an approxr

mation. According to Rorabaugh, n'varies according to

the aquifer and well situation from less than 2 to 3.5. Val-
ues of n less than 2 may occur if Q is relatively low and

- full turbulence has not yet developed in the entire well-

entry flow. For very low values of Q, the flow may even
be laminar throughout the system, in which case the well
loss coefflc:lent will be zero.

After the data are entered, you should select one of the
two fitting metheds as shown in Figure 11-6. The com-
puter program then evaluates the coefficients A and B,
___and writes them into the entry form. The field 'p’ will be

Quadratic [s = a™Q +b*Q"2] !

. General_[s = 20 +b"Qp) ' I_escrlptlon

- - Figure 11-6

also filled with a value, either 2 if the quadratic fit is se-
lected or any value if the more general form is selected:

When you select the Display option on the menu bar, the

screen may look as shown in Figure 11-7. The upper line

defines the aquifer loss, and the lower line defines the

total well drawdown. The space under the first line and

the abscissa is the aquifer loss, and the space between the-
two lines is the well loss. On the screen you may assign

different colors to each of these two areas to emphasize’
either of the well drawdown components.
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Fanpry kam Imciday
.ﬂ un 2 b -] o «m [ ]
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— B B Drwacown 1 21 2 o [ 3 -
_ PumpingRete | 00 [ 20 | 3m | a0 | mp | @
_ —_ Aquifer loss -{-0% | 13 = k- ] LTS [ $)
‘Wall Loss oo s s 125 3 — _
— . Figure 11-7

The table under the graph reports the measured data
" (well drawdowns and pumping rates) and each draw-
down component from the fit: aquifer loss and well loss.
o The last line reports well efficiency for each pumping
‘ step and for a hypothetic step which assumes 20% higher
- pumping than the last rate.

~ The average well efficiency taken as an arithmetic aver-
age for all pumping steps is calculated and entered into
the entry form. Since the entry form is used for the

- header of the reporting form, these results will also be
printed when the ' option Report is selected.

11.7. REPORTING

. - cled_Funn
When you select the Report option | Save Diagram _
from the menu bar, the display looks Print Nonstandard Repart

as shown in Figure 11-8. As in other -

Figure 11-8
applications, you may use the stand- aure

11-10 ~
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“ard reporting form (option

Print) or you may select an-

other reporting form (Select

- Form). In the latter case,a dia- ~ | L

— - .. ——logue box will-open suggest- - | Fardan

ing the names of all available

reporting forms. In Figure 11-

9 only the-standard form is

 available, and there is no dif-

— ference between the two :

T prmtmg options-you may se- Figure11-9
lect - - _

—. . __Save Diagram is used to save the gugenﬂy di §pla¥ed

ST o step-drawdown-graph for printing using the Print Non- _

—standard Report option.

- . This routine is explained in more detail mChapter 5, Sec-
- tion 5.6. The program will allow you to select any one of
" the space distributed numeric parameters available for

this application, including some that may have no mean-

ing for contouring (e.g. eleva- Random MdL. Variable -
- tion of the measuring point). [& -
— In this application, the list of |
numeric parameters that jEfficiency
may be contoured may look [X-
as shown in Figure 11-10, al- gM

though it is questionable
whether most of these will '
have a meaning. The two pa- Figure 11-10 .
rameters that may be used

are Z (land surface elevation), which should be used for
creating a location map with only wells tested with step-.

drawdown tests, and Efficiency, to show different well

efficiencies. You may also add a parameter such as spe-
cific capacity of wells to your reporting form, by manu-

11-11_
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11.11.

EXAMPLE

- _ Q i
) [m3 ‘day) 1000 2000 !4000
Draw- -
down (m) 456 10.74 2948 _

CHAPTER11 . STEP DRAWDOWN TEST

" ally entering the value obtained from the test and by con-

touring or displaying this parameter.

This option is explained in detail in Chapter 5, subsec-
tion 5.3.2. It is used to select a working set, or individual
wells to work with, d1rectly from a map.

This is context-sensitive on-line help which guides you
through various options and procedures.

EXAMPLE SEVEN

_The example from H. Bouwer’s book "Groundwater Hy-

drology," Fig. 4.13, published by McGraw-Hill Book Co.

in 1978 will be used. The test data are as follows:

The analysis may proceed as follows.

1. Select Applications on the main menu bar of the
_ ‘GWW package. :

2. Seleet Step Drawdown Test. The dlsplay isas shown o
in Figure 11-1.
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3. In the Well Ident field type SDT-1. Press TAB.

4. Inthe Descnptlon field type Bouwer, 1978, Fig. 4.13.
Press TAB.

5.-Press PgDown-twice.-The cursor should be on SDT—I S
- in the list of wells.

" 6. Select Edit followed by Edit Data. Check the units for

drawdown and pump, ping rate. If units are not meter

- for drawdown and m" /day for pumping rate select

Edit again and then Measurements Units. Select the

one you wish to change (drawdown or pumping

rate), make the change, and select OK to return. Then
_select Edit Data again to open the table.

__7. Type 4.56 for first drawdown, press TAB; t}'r'pe 1000 for

first pumping rate; press TAB.

~ 8.-Type 10.74 for second drawdown, press “TAB; type.
2000 for second pumping rate; press TAB.

9. Type 29.48 for third drawdown, press TAB; type 3000

tor first pumping rate. Do not press TAB. The display

is as shown in Figure 11-11. Hold down the CTRLkey -~

and press S to save the data.

) _ SDT+ -
— [Deavdown [l Dmping Hate [majdoay}] 1
4.56 1000
10.74 . 2000
29.48 - 3009

Figure 11-11

10. Select Fit and first try the classical Jacob’s equation.
- Select Quadratic. The results are immediately writ-
ten into the entry form.

- A=0.0035
B =9.8x107
p=200 -
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Efficiency (average) = 57%. —

11. Select Display. The display will look as shown in Fig-
ure 11-12. .-

Figure 11-12

12. Try now the second, more general, method. Select Fit,
followed by General equation.

13. To view the results you must first remove the graph
from the screen. Select Close. Notice that:

A=0.004
B =6.8x107
p=231

Efficiency (average) = 66%.

You may compare efficiencies and aquifer loss coeffi-
cient A, but you cannot compare the well loss coeffi-
cients B since they have different dimensions.

14. Select Display. The display will look as shown in Fig-
ure 11-13.
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Exit the application by selecting Data, and Exit.

[
]
1
Dravvdown [m]
B 2]

a
(-]
- Crawdown 455 1074 343 [
Pumping Rate foii] Ian am a0
Aqunfer Loay [ 8§03 B Ous L35
Well Losa D55 27644 THD AMET
_Effciency ] ms 1i5 5id ]
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CHAPTER TWELVE —  GRAIN SIZE CURVE
- s S : =
'INTRODUCTION B
“12.11. Genmeral . Thisapplicationisa utility for creating and storing infor- o
- mation on grain sizes of drilled samples in the data base.
_ With this application you may create a data base, display
T grain size distribution curves and print one or more
S — _ curves. L — . -
12.2. MAIN MENU "~ B )
: BAR - -
122.1. Components of : o "
the Grain Size '
Curve
. Application As shown in Figure 12-1, the major options on the appli- -
- cation’s menu bar are the following: .
® Data )
‘ - Dol limIaEm R Grmn‘hz —
e Edit Data Edit Digplay Beport Load Map Help
® Dlsplay Well Ident _
* Report Welidet -~ lDesoy
¢ Load Map GSC-1 Expl
e Help
- : Figure 12-1
12-1
) zér
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The options Data, Edit, Display, and Report are ex-
plained in this Chapter. Load Map is discussed in Chap-
ter 5, Section 5.3.2.

When the Grain Size Curve application is seiectecf the
display window is composed of three main parts: "

e Menu bar on the top.

e 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 grain size samples in
the-data base and the number of such wells in the
current working set. —

Y Entry form with information on the first well on the

list or an-empty form for a new data base.

12.2.2. Entry Form

- 12.3. DATA

12.3.1. Options on the
Data Menu

12-2

exploration wells, the left window will be empty, and the
number of wells will be zero. This is the case as shown in
Figure 12-1.

e

In the Entry Form as shown in Figure 12-1 you may input
data into two fields: Well Ident and Description.

The Data menu is shown in Figure 12-2. The followmg
options are available: :

v

® Select Working Set.
e Delete Record.

If you are creating a new data base with production or
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12.3.2.

12.3.3.

12,34,

Select Working
Set

Delete Record

Select Entry
Form

12-3

® Select Entry Form.

® Genera.l Data UnitS. Select _\'_.fo[king Sel

® Print Setup.

o Exit Select Entry Form il ldent
General Data Units
Print Setup
Exdt AlHF4

- Figure 12-2

You use the Select Working Set option in the same man-
ner as in any other application. Its use is explained in
Chapter 5, Section 5.3. Its purpose is to reduce a large set
with many wells to a smaller set of wells which may be
selected for any reason.

—— ~

To delete a record you will do the following:

1. With the cursor, select the well you wish to delete.

2. Select Data on the application’s menu bar. - -

3. Select Delete Record, or hold down the CTRL key and
press D key.

4. A warning will be displayed giving you a chance.to
reconsider.

You may use the default form as displayed in Figure 12-

1, or any form that you may have created following the

steps explained in Chapter 3. To change the form:

1. Select Data on the application’s menu bar.

2. Click on Select Entry Form.

3. Select the form name from the list displayed in the
dialogue box.
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12.3.5. General Data

- Units

12.3.6. Print Setup

12.4.

EDIT DATA MENU

12.4.1. Edit Data

Submenu

12-4

. "4, Click on OK.

In the grain size curve application jrou may think of typ-
ing and storing additional information such as uniform-
ity coefficient, d1o, d2g, deo, etc.

When activated, the option General Data Units displays
a dialogue box such as shown in Chapter 10, Figure 10-5.
In the GWW data base template, which is used in the
example shown in Figure 10-5, the only space-distrib-
uted numerical parameters are coordinates and ground
surface and measuring point elevations. This informa-
tion is taken from the Master Data application.

The Print Setup option is explained in Chapter 5, Section
54.

Before you can create a data set or edit data you must
type in the well identification number (Well Ident), and
eventually its description. If this is already a well which
hasbeen 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.

e -
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12.4.2, Number of
Data Sets

12-5

oL Grain SizeCurve fAg

Display vBeport Load Map

Edit Data Cirl-E
Insert Row CtriH
Delete Row Ctri-D A
b —

Save Data Ctri-S Description
Exit (don't save] Ctri-X
Add New Set
Delete Set B
Std ASCII Input
Std ASCIl Qutput

I

Figure 12-3

When you are using this application to create a record for
new grain size curve, yoii will be prompted first to tell ..
the program how many sets of data you have for a par-

.. ticular well. The limit for each well is 5, but you may split

the total number of data sets into a multiple of five as-
signing different well identifications, such as GSC-1/1,
GSC-1/2, etc. '

When you select
Edit Data in a new
well, the dlsplay Number of data sets
will be as shown in
Figure 12-4, [ ]
prompting you to
type the number of
data sets. For the ex-
ample that follows
the number of data
sets is three.

Figure 12-4
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12.4.3. Data Entry ,

Table — After you decide on number of data sets the editor will
open and display a table which will contain four col-
umns; one for grain size diameters in millimeters, the
other three for data sets. The prompt will be on the first
line, waiting for you to identify this set. In the example,
the three sets are representative for drilled intervals of
depth: 12-15 m, 22-26 m, and 32-34 m. You may type any

~ identification in these fields. Use TAB to move from one
field to another, or Shift+TAB to return to previous
fields. -

In the Diam:-(mm) column, type grain diameters in mil-
limeters, starting with the smallest and gradually cover-
ing the whole grain size distribution curve. You must

_ follow the order from the smallest to the largest size. In
the remaining columns, type the cumulative percentage
of the sample by weight passing through the sieve of the
corresponding grain diameter.

When you finish the input, do not use TAB but hold
down the CTRL key and simultaneously press S to save

Figure12-5 —

the data. The table may look as shown in Figure 12-5.

12-6
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12.5. . -
DISPLAY
" GSC
® L,
_g -
- E o
* A 4
o ke
Figure 12-6

« Whenyou select the Display option on the menu bar, the
screenmay look as shown in Figure 12-6. The majority of
the screen shows the grain size distribution curve. The
lower portion shows one of the widely used grain size
classifications identifying the limits of various fractions:
silt and clay, sand, and gravel.

EET Make Random Lo
12.6. Select Form
REPORTING When you select the Report op- Save Diagram

tion from the menu bar the dis- - -
play looks as shown is Figure Print Nonstandard Report
12-7. As in other applications, you Figure 12-7

12-7
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may use the standard reporting form (option Print) or .
you may select another reporting form (Select Form). In
the latter-case, a dialogue box will open suggesting the
names of all available reporting forms. In addition to the
curve and dassification, the standard reporting form

- contains a header identifying the well and a table similar
to the one displayed in Figure 12-5. N

You may create another reporting form to which you

may add a location map showing the location of the re-

ported well or of any other well from which grain size
~ distribution curves have been calculated.

You will use Save Dizagram option to save mmnﬂx
displayed graph for printing using the Print Nonstan-
dard Report option.

12.7. LOAD MAP

This option is explained in detail in Chapter 5, subsec-
tion 5.3.2. It is used to select a working set, or individual
..... wells to work with, directly from a map.

This is context-sensitive on-line help whxch gLudes you
threugh various options and pro- E R
cedures.

12.9. ADDING OR  On the Edit menu you will notice
DELETING two options: Add New Set and
SAMPLES Delete Set. When you decide to
add a new set, a new column will
be opened for another set of data.
The Delete Set option prompts Figure 12-8
you to define which sample vou
wish to delete. The screen may display somet'mng like
what is shown in Figure 12-8.

12-8
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12.10. EXAMPLE EXAMPLE EIGHT

— In this example you will create one grain size distribu-
tion curve with the following information from the siev-
ing analysis: ~

Diameter {mm Percentage (%

0.001 -3
0.005 6
0.01 10
0.05 18
0.1 22
05 33
1 45
2 59
5 75
10 88
20 100

The procedure is the following:

Select Applications from the main menu bar.
Select Grain Size Curve.
Type in the Well Ident field Test-1 and press TAB.

Type Landfill Monitoring Well in the description
field.

5. Press PageDown twice. You will be back on the well
identified as Test-1.

%,' -6. Select Edit on the menu bar and confirm Edit Data.

IR s

7. Answer with the number 1 the prompt ‘Number of
data sets’ and click on OK.

12-9



CHAPTER12 GRAIN SIZE CURVES

12-10

8. In the field where is the prompt now type the depth

9.

10. Repeat input

11.

12.

13.

interval for this sample, e.g. 12.5-14.5 ft. Press TAB.

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.

with the second Test-1
pair of data:

0.005 and 6.

When you finish
the input, after
the last number,
thatis 100, do not
press TAB but
use the combina-
tion CTRL S.
This saves the
data. The screen
should display
the table as
shown in Figure

12-9. Figure 12-9
Display the curve

by selecting Display. the curve should look as shown
in Figure 12-10.

Select Close to remove the curve from the display,
and Data, followed by Exit to return to the main
menu.

This ends example eight.
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wx Test-1 -

100

1451851

—1

A

12-11

100 10

14
Gmin Eize in Millmean

Figure 12-10
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CHAPTER THIRTEEN
MISCELLAN EOUS APPLICATIONS

- 13.1. -
INTRODUCTION o "

13.1.1. General In this application you will find several utilities which
do not create a data base and cannot be displayed or
printed, but which are used to calculate well functions,
hydraulic conductivities from grain size analysis, and
help in designing a production well.

APPLICATION’S
CONTENT

As shown in Figure 13-1, the utilities comprisingﬂthis ap- —
plication are the following:

e _ S Mnscellaneous fc: \gwd\tcsﬂ aw
Well Fum:tmns gram Slze Analysis Well Constr. Calculations Help

Figure 13-1
¢ Well Functions
¢ Grain Size Analysis
® Well Construction Calculations

13.3. WELL
FUNCTIONS

_ Well functions are the functions frequently used in —
ground water hydraulics. As shown in Figure 13-2, there
are two functions:

13-1 .
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T , Miscellaneous fcigw
VORI - ain Size Analysis Well Constr. Calculatior
Non-Leaky W(u)
- Leaky W(u.r/b)
Exit AWF4

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 at a point in space and time as a
result of pumping.

13.3.1. Non-Leaky Well You select this function by moving the cursor to the Non-
: Function Leaky option, or by typing N from the Well Function
~ menu. This is the well function for a nonleaky isotropic
artesian aquifer, fully penetrated by wells and constant-
discharge conditions. In other words, this is the standard
well function for the most common case of ideal repre-
sentation of confined aquifers. When this function is
multiplied by Q/(12.5664 «T), where Q is the constant
pumping rate and T is the transmissivity of the aquifer,
the drawdown in the well is obtained.

The theory leading to the nonequilibrium equation, or
Theis theory, is well documented in every ground water
textbook, and will not be repeated here. The well func-
tion is tabulated as a function of the argument u, which
lumps together the two most important aquifer parame-
ters (transmissivity and storage coefficient), the distance
from the pumping well at which the drawdown is calcu-
lated, and the time since the start of pumping. -

Thus, the argument u is equal to

13-2
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13-3

u=r5/4Tt

where, T is the distance from the pumped well to the ob-
servation point, or to point at which drawdown is being
calculated; S is the storage coefficient; T is the coefficient
of transmissivity; and tis time after the pumping started.

In the GWW program the dialogue box will open as
shown in Figure 13-3 prompting you for input. For each
of input parameters you may assign various units,
whether consistent or not. You may use this dialogue box
as a calculator, replacing one or more parameters and
quickly obtauung the drawdowns.

AR 1yt Data _
Distance fram Pumped Well [100 feet xa
Aquifer Transmissivity 125000 gpdmt B
Aquifer Storage Coef. |.001

Time of Pumping [30

Pumping Rate |300

u Eu nnnnzsann
Wlu] 13.984823

Drewdown fﬁ.nzsons

Figure 13-3

EXAMPLE NINE

As an example, calculate the drawdown at 100 feet from
a well pumped at 300 gpm for 30 days. The aquifer trans-
missivity and storage coefficient are 25000 gpd/ft and
0.001, respectively. —

1. ' Select Well Functions.
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2. Select Non-Leaky W(u).

3. Type 100 for distance, change to feet if another unit is
’ displayed (click on down arrow box, select feet, click

on OK). Press TAB.

4. Type 25000 for transmissivity, change units to gpd/ft.
Press TAB.

5. Type 0.001, and press TAB.

- 6. Type 30, press TAB, confirm days as units of time,
press TAB. Notice that at this moment the values of
_function’s argument u and the function itself are dis-

played in the Output Data fields.

7. Type 300 for pumping rate, press TAB, check that
units are in-gpd, and press TAB. The screen should
look as shown in Figure 13-3. The result is the follow-
ing: :

¢ Function’s argument = 0.00002587811
e Well Function = 9.984923
— ¢ Drawdown = 1.426 feet

13.3.2. Leaky Well This routine calculates the well function for a leaky arte-
Function sian aquifer with fully penetrating wells without water
released from storage in the aquitard and under con-
stant-discharge conditions. Although the values of
W(u,r/B), in terms of the practical range of u and r/B,
are given by Hantush and many other authors in tabular
form, this portion of the program calculates not only the
function W(u,r/B), but also the arguments u and r/B
from basic hydrogeological and pumping parameters.

— These parametzrs are:
I,T, S, t,Q,mrP
where:

r = distance from pumped well

T = transmissivity of main aquifer

13-4
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S = storage coefficient of main aquifer

t =duration of pumping -

m = thickness of semiconfining layer

P = vertical permeability of semiconfining layer.

The parameter B, which is important in the Hantush
leaky aquifer theory, is defined as follows:

BZ=T/P/m

The ratio /B, which is one of arguments of the leaky
well function, is dimensionless.

EXAMPLE TEN,

As an example, the following parameters are input:

| T = 10 feet - ”
T = 25000 gpd/ft

Lo e -"1Wn:ll.Fu.iicliq‘nj.—::j:‘
S = 0.001 ISR ippotOst: R
t = 30 da S Distance trom Pumped Well [1g feet
y Aquiter Transmisshvity |25000 gpam
=300 eI Aguiter Storage Coef, {081
Q gp Time of Pumping [30 doy
m = 10 feet Pumping Rate |35
‘ Thickn of Semicoafining layer |10
P=1000 gpd/ft2 Hydraulic Conductivity of Layer [1600
. | E————————— Output Dat
The program-cal- o Jo.ononos2ss e i i
culated values are wars e ,
i T
the following (see o T »

Figure 13-4).
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u = 0.000000258781
-~ B=1552252feet = -
Wi(u,r/B) = 1.445307
%’ ' Drawdown = 2.061 feet

13.4. GRAIN SIZE
ANALYSIS

Thisisa utility program for calculating permeability val-
ues (hydraulic conductivities) from grain-size analysis
(grain-size distribution curves). The permeabilities can

"__'cellaneouo fc: \gwd\tesl gw}

Grain Size dnalysis Well Constr. Calculations Help

Hazen e

US.B.R
Slichter
Kozeny
Terzaghi - Smooth Sand Grains -
Terzaghi - Angular Sand Grains
Zamarin

Figure 13-5

be calculated using one of seven available empirical for-
mulas as shown in Figure 13-5. Each calculation requires
some or all of the following input parameters:

1. Effect:ve grain diameter (d10 or d20), or the total
grain-size distribution.

2. Temperature of water in aquifer formation (due to vis-
cosity dependance on temperature).

3. Empirical coefficient which distinguishes between
smooth and clean sand on one side and angular and
clayey sand on the other side.

13-6 -
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4. Total porosity of sand.

The corrections for water temperature are probably not
important; the empirical formulas produce only a correct
order of magnitude considering the way in which forma-
tion samples are usually collected. .

The Hazen formula applies to sands and gravels with
effective grain diameter between 0.1 and 3.0 mm and
uniformity coefficient deo/d10 less than 5. To select the
empirical coefficdent which considers grain uniformity,
sorting, and cleanness, please note that typical values are
as follows:

0.4 - 0.8 for clayey and nonuniform sand

0.8 - 1.2 for clean and uniform sand. The more uni-
form the sand, the higher the coefficient.

One example is shown in Figure 13-6.

Hazen's Forimula

AN inputData  EENEEENEEN

D10 [mm] |.5
Empiric Ceeft].B
Water Temperature ['C] |20

13-7

.| I Output K __ IR

L

. Figure 13-6

The U.S. Bureay of Reclamation formula (due to Creager,

Justin, and Hinds) requires the d20 as the effective grain
diameter (in mm), without any corrections (for tempera-
ture, or an empirical coefficient).

The Slichter formula applies to sands and gravels with
effective grain diameter between 0.1 and 3.0 mm and
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uniformity coefficient deo/d10 less than 5. The formula
requires the knowledge of total sand porosity, and there
is also a correction for formation water temperature.
With the Slichter formula, the porosity (total) must be
typed as a fraction of 1.0, temperature in "C, and digp in
min (screen diameter of 10% of the total sample retained
on the screen).

The Kozeny formula requires the following input: total
porosity as a fraction of one, effective diameter (d1p) in

mm, and the formation water temperature.

The Terzaghi forrmula, which applies mostly to coarse-
grained sand and gravel, needs the input values of dio,
porosity as a fraction of one, and temperature. There is
also a correction coefficient which takes into account two
categories of sand grains: smooth and angular.

Terzaghi's Formula ([Smooth)

There are sev- puummes InpvtDats =
eral error trap- 016 fmm] |5

ping routines Total Porasity| 40 .

Whic_h warn Water Temperature [*C)
you if a pa-

rameter is be- NENEEEE OvyuiK SEESNAEEEES
yond the 1 FET:
acceptable
range. One
such message
is displayed in
Figure 13-7 for
the Terzaghi
(smooth) for-
mula.

Figure 13-7

The Zamarin formula requires the input of the whole
grain-size curve. Each fraction of sample analysis (typed
as 0.12 if 12% of the whole sample falls within the inter-
val) is multiplied by a corresponding weighting factor,
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13.5. WELL
CONSTRUCTION

13-9

which assigns a greater importance to finer than to
coarser fractions. The temperature correction is also in-
troduced in the same manner as in the Slichter formula.
The dialogue box for the Zamarin formula is shown in
Figure 13-8.

Zamarin s Formula .

_ Input Data _
Fraction of Sample
<0.01 .65 0.50 - 1.00
.01 - 0.05 ] 1.00- 2.00
P
—_ 0.95-6.10 2.0G-3.00
0.10-0.15 3.00-5.00
thure 13-8 0.15-0.25 5.00 - 7.00
0.25-0.50 7.00-10.00
Perosity
Water Temperature [*C}
_ Output K I
L |[ows_ 18]

' This portion of the program may help you select proper

casing diameter and proper screen length and to evalu-
ate whether the screen entrance velocity is above a criti-
cal velocity. The routine is written in such a way that you
must assign all but one parameter, and the program will
calculate the missing parameter.

The entries in this routine are:

e Screen diameter
e % of open screen area
¢ Pumping rate
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e Maximum entrance velocity

® Length of screen

The dialogue box for this routine is as shown in Figure
13-9. You will notice the hint: Type ? in field to be computed.
After you enter all other values, the program will replace

Screen Diameter |inch |

% of Open Area of Screen | . .
Pumping Rate gpm g3
Max. Entrance Velocity fiis . £
Length of Screen inch &

s <

HINT: Type ? in field to be computed o

Figure 13-9

the question mark with the calculated value. You will
also notice that for each parameter except the percentage
of open screen area, which is dimensionless, you may
select units of your choice.

Recommended 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 rates are calculated ac-
cording to recommendations in Walton (Groundwater Re-
source Evaluation, McGraw-Hill, 1972, p.299).
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Screen Length. The recommended screen length is a

function of entrance velocities into the well. The screen
% léngth ascalculated in this program is based in part on

the effective open area of a screen and an optimum (criti-
cal) screen entrance velocity. If the length of a screen is
less than recommended, implying higher entrance ve-
locities than the maximum permitted, there will be a pos-
sibility of screen openings being clogged by the
‘Iigration of finer particles from the aquifer toward the
screen. This process and the critical screen entrance ve-
locity depend largely on the type of aquifer material,
which is reflected in aquifer permeability. Thus, the in-
put to the program consists of two components: (a) open
screen area, (b) selected critical (maximum) entrance ve-

locity. -

EXAMPLE ELEVEN

Figure 13-10 displays an example in which the screen di-
~..ameter is calculated when the screen length and the per-

Well Constriiction Parameters

Screen Diameter |?
% of Open Area of Screen {17

Pumping Rate |300 gpm .
Max. Entrance Velocity |.1] fifs &
Length of Screen |20 feet &

o HINT: Type ? in fisld to be computed

Figure 13-10

centage of screen open area are known, maximum en-
trance velodity is assigned, and the well is to be pumped
at a certain design rate.

13-11 -

o
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The example is as follows: N

A screen 20-ft long, with 17% open area, is to be used for
pumping from a well at 300 gpm pumping rate. What is
the minimum permissible screen diameter which will
guarantee that the critical entrance velocity of 0.1 ft/sec
will not be surpassed?

You should start by placing a question mark in the first
field (screen diameter). Type 17 for the percentage of
open screen area, 300 gpm for the pumping rate, 0.1 ft/s
for the maximum entrance velocity, and 20 feet for length
of the screen.

The program returns the value of 2.8 inches for screen
diameter.

Continuing with this example we will use metric units
for a similar case: the open screen area is 17%, the screen

_length 10 m, the well is to be pumped at 1000 m 3/ day

and the maximum permitted entrance velocityis3 cm/s.
Find the well screen diameter which will keep the en-
trance velocity less than the maximum permitted. Find
also the recommended casing diameter considering that
a vertlcal turbine pump with rated capacity of 1000
m°/ day is designed to be installed in such a well.

Place a question mark in the field Screen Diameter. Type
17 for the % of Open Area of Screen. Type 1000 for the
Pumping Rate, and change the unit to m3/day. Type for
Max. Entrance Velocity 3 and change the unit to cm/s.
Type 10 for the Length of Screen and change the unit to
meters. As shown in Figure 13-11, the program returns
2.8 inches for the minimum recommended screen diame-
ter, and 6 inches for the casing diameter in which a ver-
tical turbine pump will be housed.

This ends example number eleven.
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- Weli Constiurfio

| 9:35 AM;

Screen Diameter |2.825817 linch
% of Open Area of Screen [$7.00
~ Pumping Rate {1000.0000 m3/day

Max. Entrance Velocity-|3.000000 cmjs
Length of Screen |10.000000 m

HINT: Type ? in field to be computed

e fl4e |16

T r—— n———
comended Diameter 6.000000 z{inch *3
SR LTI S RN e e

ey e, B L P

Figure 13-11

13-13
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CHAPTER FOURTEEN

14.1
INTRODUCTION

CROSS SECTIONS

14.1.1. General —-I:fsing 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 level liriés (static, dynamic, drawdown) along
the cross section line.

Stratlgraphxc and lithologic contacts.

Well construction details, including the posmon of
screen.

One or two chemical constituents or contaminants
along well’s depth.

This application is a utility for drawing cross sections,
adding a legend, and reporting. It uses the information --
from the data base that was created using the Well Log
and Lithology application (see Chapter Eight). The "in-
tersecton” 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 Asshownin Figure 14-1, the Cross Section application is
Content comprised of the following major options:

14-1

Cross Sections. -
Wells.

EL



CHAPTER 14 CROSS SECTIONS

14.2.

CROSS SECTION

14-2

Wells Map Grid Model Options Help

sz B "
Lross Section

Figure 14-1 —_

e Map.

The Cross Section menu serves to create a cross section,
to assign various attributes to the display and report, to =
save Or copy cross sections, to select vertical and hori-
zontal scales and to check dimension of the drawing. It —
is also used to make a legend box with various text, in-
cluding scale, and to position the legend onto the draw-
ing.

This menu is also used to select a reporting form and to
print a cross section.

Cross sections are created and saved as internal files. Af-

‘ter you create a section, display it on the screen, and

eventually print it, you may save the completed section
under its own name. Cross sections then become an in-
tegral part of the Ground Water Information System
(GWIS). You may retrieve cross sections any time you
open your data base, you may print cross sections or add
some content.-

SN

- 287
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CROSS SECTIONS

Depending on
when you acti-
vate the Cross
Section menu,
some or all of

New Cross Section

New Cross Section Like...
Did Cross Sectton

Clear Cross Section

the following

Save Croas Section
Save Cross Section As...

options will be
available, as
shown in Fig-

Edit Paraineters -

ure 14-2:

o New Cross

Make Legend - L
Write Text to Legend
Vrite Scale to Legend

® (Clear Cross
Section

Section Print Cross Section
- Print Setup
o New Cross Dimension
Section Exit YTy
Like
® Old Cross Figure 14-2
"~ Section

® Save Cross Section
® Save Cross Section As ...

¢ Edit Parameters
¢ Units
e Make Legend

Elevation L

14-3

e Write Text to Legend
® Write Scale to Legend
¢ Print Cross Section

¢ Print Setup

¢ Dimension

o Exit,
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14.2.1. New Cross When youselect New Cross Section, the dialogue box as
"~ Section shown in Figure 14-3 will be displayed. It will prompt
"~ you to type in the X and Y coordinates for the starting
and ending points, the interval of depth (Z coordinate)
to be covered by the cross section, to assign a label step
for the vertical axis, and to select a horizontal and verti-
cal scale.

Starting Puoint {m]

x | v[ |
Ending Pa;ml_m _! Y[ _I

Z Coordinate fm] — Label Step
Foml__ ] To[ ] [

Scales

“ o L e

- Figure 14-3 _
You will also have a chance to control the drawing by
selecting the More button (see Figure 14-3) which will
then open another dialogue box as shown in Figure 14-4.
There, you may control the drawing margins, colors of
various parts of the drawing, lines and fonts. Keep in
mind that
the margins
refer to the
frame

Margins [mm]

around the ||, "B now 125 ] avove [125™] Bolow ,

drawing,
not to page
margins.
Thisisnot a
"fit-to-pag
e" drawing,
but rather it
should fit ;

the report- Figure 144

ing form that you may have created using the option

ick Height fmm]

14-4

(SN
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14.2.2. New Cross
Section Like ...

14.2.3. Old Cross
Section

14-5

Tools from the main menu bar, followed by Report File
Editor.

The New Cross 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 mouse.
You will learn how to do this in Section 14.5, Adding
Wells by Drawing Cross Section Line on the Map.

Use the New Cross Section Like ... option to create a
new coss section without lithology, without wells, or
without any other content except for the coordinates of
the starting and ending points, scales, and drawing pa-
rameters. Actually you will use everything from the ex-
isting section except the content. This option is useful
when you are not satisfied with the content for whatever
reason. For example, you may wish to modify the leg-
end, change the attributes for any line that is 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. =

-I-he GWW program diS' Select 8 Crogs Section
plays the list with all | |
named cross sections SECTION-]
saved in previous ses- big
sions.

You will use this option
when you want to dis-
play the cross section,
print it as it is, or modify
it before printing and/or
saving. When you select
one of listed cross sec-

Figure 14-5
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="

14.2.4. Clear Cross
N Section

14.2.5. Save Cross
Section

14.2.6. Save Cross
Section As ...

14-6

tions, it will be displayed on the screen. The name of the
cross section will be displayed in the title bar on the top.

NOTE. Ahways look at the title bar to see with what you are

currently working. This helps to prevent accidental changes,
unwanted saving and overwriting.

This option clears the content of the currently selected
cross section. What remains is the coordinate "system”,
that is the X and Y coordinates of the starting and ending
points, scales, and attributes. If you keep working with
this "cleared" cross section and save it under the same
name, that is by selecting option Save Cross Section, the
previous content will be erased ("cleared") and the new
content will be saved instead.

When you finish working on a cross section you may
want to save it. You have two options: (1) to save it under
the name that is displayed in the title bar, (2) to save it
under a different name. The option Save Cross Section
saves only under the same name as shown in the title bar.
If this is an untitled cross section, that is a new section,
this option will be dimmed, which means unavailable.

When you work on a new cross section, this will be the
only "saving” option available. You will be prompted to
assign an internal cross section name. If you worked
with an existing cross section (you used the option Old
Cross Section), you will have the option to save it by
selecting either Save Cross Section, in which case the
same section title will be kept and its content overwrit-
ten, or by using the option Save Cross Section As ..., in
which case you will assign another name to the modified
section without affecting the content of the one with
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CROSS SECTIONS

14.2.7. Edit Parameters

14-7

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

Figure 14-6

probably want to change one or both scales, and the ver-
tical interval of the display (Z Coordinate From .. To).

Starting Point [m]
¥ |653600 | v [937150 |
i Ending Point [m
X |674300 ] v | 966625 i
.
Z Coordinate [m] Label Step
Fram To
Scales
Honzontas 1: (175085 ] verticas 1: [f650 ]
Ereianien]  [Eieaesa it A

.as shown in Figur

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
e 14-8. If not satisfied, you may return
to the Edit Parameters option and modify one or both
scales.

N

W
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14.2.8. Make Legend

14.2.9. Write Text to
Legend

- 14.2.10. Write Scale to
Legend

14.2.11. Print Cross
Section

14.2.12, Print Setup

14.2.13. Dimension

14-8

R O

" Horizontal fem]

The legend will usu-

ally consist of some |  Vertcallem}: 15.35
: : SR SN N e e ed
text, scales, lithological | M =EREES R

symbols and descrip-
tions, and various in-

Figure 14-8

tersection lines that you may superimpose onto the
drawing. Using this option, you may position the legend
box onto the drawing, assign its X and Y size, and add
some offset to the frame to move it from the drawing’s
frame. To learn more about creating a legend, please read
Section 14.8.

You may write some text to the legend, line by line. Each
time you select this option, you will be prompted for text
and for fonts for the text. The text lines will be printed in
vertical succession from top to bottom within the legend
frame you designed using the option Make Legend.

Using this option, the program will add horizontal and
vertical scales to the legend.

When you decide to print a cross section, the program _

will display the list of all the available reporting forms.
You may select one of the forms, and the program will
print the report.

This option is explained in Chapter 5, Section 5.4.

As mentioned earlier in paragraph 14.2.7., you will use
this option frequently to check the size of the drawing.
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14.3. _

ADDING WELLS TO
A CROSS SECTION

14-9

The numbers, which are in centimeters by default, as
shown in Figure 14-8, include drawing margins. The fol-
lowing is important to keep in mind: cross sections are
printed using either a default reporting form or one
which you created. When you create a reporting form,
you assign the dimension and position of the drawing
field. The dimensions assigned using the Tools option on
the main menu and Report Form Editor should match

.the dimensions of your current cross section in order to

print its whole content.

For example, currently you have a cross section report-
ing form which is prepared for the drawing size 250 mm
horizontally by 154 mm vertically in landscape orienta-
tion, and 180 mm horizontally by 250 mm vertically in
portrait orientation. If your drawing’s dimensions, as
displayed using this option, are less than the reporting

- form’s drawing field, the cross section will be centered

within the drawing field. If they are greater than the
drawing field, a portion of the cross section will not be
printed. What will be printed will start at the lower left

. corner of the reporting form’s drawing field.

The cross section would not be the subject of this chapter -
had it not been for wells that have lithology identified
and described. Adding wells to a cross section is the next
step after you have selected your cross section line and
defined its parameters.

The second option on the

Select Working Set

application’s menu bar,
Wells, is comprised of the Select Working Group
fc)]_]_ovvj_ngJr as ShOWI'l in Select W.G. Within Bange
Figure 14-9: Add Wells to C.Section
o Select Working Set Add Lithology to Legend
Figure 14-9

¢ Select Working Group
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14.3.1. Select Working

Set

14.3.2. Select Working

Group

14.3.3. Select Working

Group Within
Range

14-10

e Select Working Group Within Range
e Add Wells to Cross Section
¢ Add Lithology to Legend.

You use the Select Working Set option in the same man-
ner as in any other application. Its use is explained in
Chapter 5, section 5.3. Its purpose is to reduce a large set
with many wells to a smaller set of wells which may be
selected for any reason. —

Only the wells that are included in a working group can
be added to a cross section. You may select a working
group in many ways. One would be to use this option on
the Wells menu, and manually pick wells one by one

" from the Unselected list of wells. The other would be to

use this option and apply one of selection conditions. For
example, you could use well names, X or Y coordinates,
type of aquifer, etc.

An alternative to selecting wells by names or identifica-
tion is to select them directly from a map. This will be
explained in Section 14.4. Whichever method of selection
you choose, the list of selected wells will look something
like what is shown in Figure 14-10.

Once you identify a cross section line and have a list of
wells comprising your working set, you may create wells
to make your working group and add them to a cross
section by specifying the range from the section line.
When you select this option, the number you supply is
interpreted by the program as the spacing on either side
of the cross section line within which the wells will be
used and projected onto the section line. If you type 400,
for example, this would mean that you want all ‘wells
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14.3.4. Add Wells to

Cross Section

14-11

Unsedectad Hems Selected Hems

PO-1
PO-3
PO-4
PO-5
SRRG-10
SRRG-3
SRRG~
SRRG-6
SRRG-7
SRRG-8
SRRG-9

Resact AR

St

g B T By
ER et R i i Fal

Figure 14-10

that are less than 400 m from the cross section line to be
projected onto the line.

Before you decide to create a working group, it isimpor-
tant to check that there are no wells currently making the
group. The method that you use to select wells will su-
perpose new wells onto the list of existing wells in the
group, and you may plot some unwanted wells. Always
display the list of selected wells by returning to the op-
tion Select Working Group. Check the list, as shown in
Figure 14-10, before you apply the next option, Add
Wells to Cross Section.

When you are satisfied that wells on the list as displayed
with the option Select Working Group are the ones you
wish to have plotted, you may apply the option Add
Wells to Cross Section. There may be one intermediate
step before you do this; that is select the width of li-
thological columns for wells. This is done by using op-
tion Options from the menu bat, which will be explained
in Section 14.6.

After you select Add Wells to Cross Section, the wells
selected will be plotted.
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14.3.5. Add Lithology

to Legend _

14.4. MAP

14-12

Using this option you will be prompted to 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 sections directly from a map is a much more
convenient method than creating cross sections by typ-
ing coordinates of starting and ending points and pick-
ing up wells manually. This option on the menu bar,
which is highlighted in Figure 14-11, prompts you first to
load a map,-and then to create either a working set or a
working group. Of course, to use the option, you must
have created one or more maps showing the locations of
wells with available lithological data. You may create
such a map using the Mapping application.

. The procedure for se-
i SR was  lecting cross section
VS Grid Model Options  Hell ;.0 214 wells using
Load Map maps is explained

Select Working Set from Map with the following ex-
_ Select Working Group from Map ample'

Figure 14-11
1. Select Load Map.

2. The Load Map dialogue box as shown in Figure 14-12
is displayed. In this example only one map has been
created using the om0 ____
Mapping applica- S
tion. The map was Select an castiog mep
saved under the [
name BASIC. You BASIC
will double click on
the name BASIC, or
click it once and -
press ENTER. - —

3. The map as shown :
in Figure 14-13 will Figure 14-12
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- be displayed. This map contains (a) locations and
identifications of wells, (b) water level contours for a
certain date. Only locations and identifications of
wells are of importance for lithological cross sections.

4. You will notice several buttons vertically aligned on
the right side. These buttons offer several options for

Figure 14-13

selecting wells. You may select wells by selecting a
rectangle, a free drawn area, points by points, or by
drawing a cross section line and selecting a range
from the line.

'Figure 14-14 shows a portion of the but-
ton line. If you select the button
Selln Area, you will need to draw e :
a polygon around the wellsthat you |
wish to select. You will start by
clicking the mouse on one point, 2ty
move the mouse a certain distance, =~ e
click it again, and repeat this until
you come close to the initial point. Figure 14-14
Then you will click on the End

14-13
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14-14

Point button to close the area. Using this button, the
last selected point will connect with the first point,
completely closing the area. You may repeat the same
procedure with another area, selecting some distant
points that could not be entered into the first area.’
When you have finished creating areas for selecting
wells to be in the working group (or working set),
you must click on End Area. The selected wells will _
then become a part of either a working group or a
working set, depending on what you have attempted
to create. C

Another way to select wells is to use the buttons
Sel.Points and End Points as shown in Figure 14-15.
Keep in mind that every method selected adds new wells
to the working group list. So if you
wish to start from scratch, you
should go to Select Working Group
option and unselect all wells before
you start adding them to the list.

When you click on the Sel.Points i

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. Toend
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.
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14.5.

ADDING WELLSBY - - -
DRAWING CROSS -
SECTION LINE ON
THE MAP

You may also add wells by drawing a cross section line

on the map. To do.this, select wells by defining the cross - -

section line, and by displaying all wells that are 5000 m
from the line. Select the last button la-
beled as Dig.End.Pts, as shown in Fig-
ure 14-14 and blown up in Figure 14~
17. Move the cursor to one end of the
future cross section line. Hold the left
button of the mouse and drag the cur- _
sor to other end of the line. Release the Figure 14-17
button. The line will be drawn as

. shown in Figure 14-
Now go to the Cross -l % {/’ W
Section menu and se- --@»/ r/*‘
. lect New Cross Sec- o LA
tion, as shown in "1

Figure 14-19. The pro-
gram will display the
- dialogue box named i,
Cross Section Parame- /
“ters as shown in Fig-
ure 14-20. Only the : . g
coordinates of start- & S
ing and ending points Figure 14-18
of the cross section
line, as drawn by you
in the step before,
will be displayed.
You should fill in
other fields to
complete the cross
section definition.
The display may Figure 14-19
look as shown in
Figure 14-21. You . -

E

A8

g
L. SO VT JrOu N S -.....—. .

Wells Map Grid

New Cross Section
New Cross Section Like...

Lross Section

14-15
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- - Starting Point - .

x (R 1 r[|es7300 ]
Ending Point —

X 674450 | r|ss7400 ]
ZCoordnate Label Stap
2 Y e R
:Smies

T

G| [famons

14-16

~ Crune Sectivgr Pecaneetens - 0L T TS

Figure 14-20

should definitely check the dimension to decide whether
you need to modify the scale.

If your working group was empty, you should go to the
Wells menu, and select the 0pﬁon Select W.G. Within

Lrun ‘n.t.l-m l*aramr:lcu ‘.:":':I": -

Starting Point )
X |653976 ] v [es7s00 |
Ending Point =
X (674460 | r{es7400 ] ;
Z Coordinate Label Stap
Fom[100 | Toft20 |
Scales -
Honzontal 1: (160000 | Venmn:

Figure 14-21

Range When prompted for dlstance type 5000 as
shown in Figure 14- ' .
22.

Now select the op-
tion Select Working
Group to confirm
that only the wells

Figure 14-22
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14.6.

CREATING CROSS
SECTION WITH
SELECTED WELLS

14-17

you wish to have plotted comprise the list. The display

in our example looks as shown in Figure 14-23.

Unselected ltoms

Selected items

SRRG-3
SRRG4
SRRG-5
- |SRRG9

PO-1
PO-3
PO-4
PO-6
SRRG-10
SRRG-7
SRRG-8

Figure 14-23

The final step is now to add the selected wells to create
the cross section. From the Wells menu select Add Wells

to C.Section, as shown in
Figure 14-24. In a moment,
the wells will be plotted,
and the screen display may
look 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 have, before you de-
cided to plot wells you
should have selected an-

Map Grid Model
Select Working Set

Select Working Group
Select W.G. Within Range

Add Wells to C.Section
Add Lithology to Legend

Figure 14-24

F g i
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14.7.

ADDING
INTERSECTION
LINES

14-18

Figure 14-25

other width. This is done by selecting the option Options
on the menu bar, as shown in Figure 14-26, then selecting
Column Plotting Style and clicking on Set Column
Width. The dialogue box labeled
Log Plotting Style will open
prompting you to type another
column width in millimeters. The EEISROIN G R TG
dialogue box is displayed in Fig-
ure 14-27. Type the new number
and select OK or press ENTER. Figure 14-26

Horizontal Scale 1: [
Column Width {mml |5

- [ Plot Well Construction

Chemical Constituents

To the Right [<nonc> =
To the Left |<nonc> Iﬁ ;
L T
In the termi- {addiorei [Eidences iy
nology of
the GWW - Figure 14-27
package, '
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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
some value for each cell of a model. In the Mapping Ap-
plication you decide on the grid, the number of rows and
columns, and the spacing along rows and columns. You

" then use the program to interpolate or extrapolate ran-
dom values at some points to create a grid model in
which a selected parameter will have one value for each
cell of the model. These grid models are saved internally
with some meaningful names.

“In the case of cross sections, you may be interested in
having the following lines drawn:

¢ 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.

14.7.1. Grid Model You will notice the option Grid Model on the applica-
Menu tion’s menu bar. When you select this option the sub-
menu as shown in Figure 14-28 will be displayed. The
Get Intersection Line option offers a list of all possible
grid models in your current GWIS. The Edit Line Attrib-
utes is a routine Win- —
dows procedure to [y BES
select colors, line [WeNFEVIRISE Options Help
thickness and pattern
(solid, dashed, dot-
ted, etc.), and label-
ing fonts. The Plot
Intersection Line is
the plotting option or Figure 14-28
adding the line onto
the cross section. The

Get Intersection Line

o LRSS .
a kgt

b L b SRS LR .
ey ety nhian L

Intersection Lire to Legend

14-19
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14.7.2. Get Intersection
Line

'14.7.3. Edit Line
Attributes

14-20

Intersection Line to Legend is used to add the line with
its attributes and some text defining the-line to the leg-
end. You should use these options starting with the top
and ending with the bottom.

When you select the option Get Intersection Line, the
dialogue box as shown in Figure 14-29 displays a list of
all available grid models and prompts you to select one.

When one of the available
grid models is selected, the
options Edit Line Attrib-
utes and Plot Intersection
Line are available, as shown
in Figure 14-30. When you
click on Edit Line Attrib-
utes, the dialogue box as
displayed in Figure 14-31
prompts you to modify the
default line pattern (one of
six possible combinations,
see Figure 14-32); default ]me thlclcness, wl'uch is2 (2/ 10
of a millimeter) using K :
the thicknesses from 2
through 10 (see Fig- [HRNVIRISN Options Help
ure 14-33); line color
using the whole Win-
dows-supplied pal-
ette; label font (see
Figure 14-34); etc. You
may break the line by
inserting certain text :

such as SWL for static Flgure 14-30

water level, or the

name of a formation. For this you use the Label field. The
entries Distance #1 [mm], which by default is 40 mm,
means that your label will start 40 mm from the begin-
ning of the cross section line. The second distance num-

Figure 14-29

Get Intersection Line

Edit Line Attributes

Plet Intersection Line
Intersection Line to Legend
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Pen Attributes Line Attributes

Thickness
2 15 Labe! L

Line Patter ' Distance #1 [mm] -
[Solid Line | £% Distance # 2 {mm)] -

" Figure 14-31
o Pen Attributes
Line Pattemn Thickness
Solid Line 2 Y
Solid Line 1
] Dash Line
Dot Line 3
4
6 .

Figure 14-32 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
youare plotting the o seec——————e——

ground surface ele- Font Face Size | (8o
vation line and {Fixedsys # (4 % Onaic

. Terminal 53 -
want to label it as MS Sans Serit  [: =1 Junderne

LS Elevation, the :n':s"g::ﬂ

plotted segment | |50
with the label may 's‘r:g;'gnm
look as shown in

Figure 14-35.

E TR

14-21
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14.7.4. Plot Intersection

Line

14.8. LEGEND

14-22

Once you have selected a line to plot, edited it and modi-
f:2d the defaults, you may plot it by selecting the option
Plot Intersection Line.

LS ievation

Figure 14-35

Adding a legend to a cross section was briefly mentioned
in Sections 14.2.8. through 14.2.10. You will notice a block
of options on the Cross Section menu, Figure 14-36, on
the Wells menu, Figure 14-24, and on the Grid Model
menu, Figure 14-28.

The option Make Legend on the Cross Section menu
prompts you to select the relative position of the legend
frame within the drawing. The dialogue box is displayed
in Figure 14-37. With a little bit of patience you may place
the legend frame to any place on the cross section draw-
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Make Legend
Write Text to Legend

Write Scale to Legend

Figure 14-36  _

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

that you will select for print-
ing, as well as to the size of the

cross section drawing to be placed on the reporting form.

14.23

The example ShOWN s e
S el T i hegend Posigoning T TRk

in Figures 14-37 and
14-38 creates a leg-

Reiate comer points of mep and legend

Map Cornet Point Legend Comer Poim

end frame 40 mm
high and 30 mm
wide, and positions
it in the lower right

corner of the cross

X . Additional Offset [mm
section, with 5 mm x[5 AL

offset from the right

mm above the
lower x axis. When

) | Legend Field Dimension fmm
vertical axis and 1 x [30 v [4g]

you make the leg-
end frame it may
not be always dis-
played immedi-

ately. If this is the case, you should refresh the screen dis-
play by selecting one of sizing buttons (the small arrows

in the upper right corner of
the window).

The next step is to write some
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

Scale to Legend. Then you will select the option Add
thhology to Legend from the Wells menu as displayed
in Figure 14-40. The dialogue box labeled Select Lith.

Figure 14-37

ngre 14-38

e

70 -

e
0
S

lacx
.. oreise ,
. . 98TSEg - |



CROSS SECTIONS

Select Working Set

Select Working Group
Select W.G. Within Range

Add We{ls to C.Section

Add Lithology to Legend

Units will list all available

codes for lithology. This is _ Figure 14-40

shown in Figure 14-41. Since

"the legend block will con-

PR tain codes copied as they ap- .
Select kemis) pear in the list, you should

L SelectLith: Unils

Wh select only the ones that
CLAYH have a clear description of li-
pavi thology. The acronym
DOLO_ CWIOS, which was created
to present Clay With Inter-
GRAVELF beds Of Sand, will have no
GWC g
meaning in the legend.

== The final display of the leg-

-end block may look as

Figure 14-41
' shown in Figure 14-42. The

lithological cross sec-

tion with the legend .
block may look as dis- o
played in Figure 14-43. LEGEND 5
e .
- 1:150000 e
1:1500 80
14.9. OPTIONS Using Options menu T e E-m
. you may enhance your [T Jonn e
cross section by adding IO P w
well construction de- T e e
tails and deciding on = e

14-24

vl
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Figure 1443

plotting one or two chemical constituents along the
wells.

When you click on Options from the main menu, the dis-
~ play is as shown in Figure 14~44. You are offered to select
the Column Plotting Style or to Edit Chemical Concen-
tration Parameters. The first one is used for adding well

m Wells Map Grid Model SIS
Column Plotting Style ..,

Edit Chemical Cons. Params

Figure 1444
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14.9.1. Column Plotting

Style

14.9.2. Edit Chemical

Concentration
Parameters

14-26

. .construction details an for selecting the width of vertical

columns (with or without well construction).

When activated this option expands to a dialogue box as
shown in Figure 14-45. The box, titled Log Plotting

Style, offers by default the horizontal scale 1:100 which

canbe overridden. It also offers a column width of 5 mm.
You will notice a small square box with the text Plot Well
Construction. Click on this box if you.wish well con-
struction details to be displayed.

The lower part of this dialogue box will let you select one
or two chemical constituents to be displayed either on
left or right side of the lithologic column. By defauit,
none constituent is selected. However, if you wish to plot

Horizantsl Scale 1:
R

] Piot Well Canstruction
- - -
Chemical Constituents

To e Len[coone> 13

Ty ey [ oo s
gy b e A g
A iy s BB 4
MR = Eiacashani il

Figure 14-45

a constituent, click on the bar with arrows on either To
the Right or To the Left option. GWW will open a list
with all chemical constituents that you have declared in
the Data Structure tool on the GWW Main menu bar for
the application Concentration-Depth. One example of a
list of constituents is shown in Figure 14-46.

The second option under the Option menu is titled Edit
Chemical Conc.Params. It is intended to give you a
chance to enhance the presentation by selecting several

-1
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14-27

attributes for each
constituent to be
presented. When
you click on Edit
Chemical
Conc.Params, the
dialogue box as
shown in Figure
14-47 is dis-
played. Titled
Constituents At-
tributes, it pre-
sents the list of
constituents on
the left side, and
attributes such as
Line color, Fill
color, and the range
of values to be dis-
played. You 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.

Harizontal Scale 1:
Column Width jmm}[5__ |

[ Piot Well Construction
. ]
Chemical Constituents

To the Right

Width fa
recoun plating
O Logaritmic O Bar

Figure 14-47

One example of a lithologic cross section with well con-
struction details is shown in Figure 14-48, and with
chemical content diagrams on Figure 14~49. Both well
construction and chemical concentration 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 1448

-~ ** Line300-C+-TDS

Figure 14-49
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*= | ine300-CI-TDS

1 on the left side (max. 220 ppm)

right side (max. 2200 ppm)

 TES on the

Figure 14-50
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CHAPTER FIFTEEN MAPPING APPLICATION

15.1 INTRODUCTION

15.1.1. General Usmg this application you may create various themahc

15.1.2.

“Application’s

Content

15-1

maps:

 Location maps with wells, sampling points, survey-
ing points, benchmarks, etc.

e 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 for creating maps, adding
legends, superimposing various lines, areas, points and
texts, and reporting. It uses the information from the
data base, with the Make Random option (seeChapter

Five) from other applications. It creates grid models’

from random points, associating a value of a distributed
parameter with each cell in the model. '

Location maps created in this application but based on
the Random Model routine from other applications are
used to select working sets of wells directly from the
map. .

As shown in Figure 15-1, the Mapping application is
comprised of the following major options:

. o. Map

e Grid
e Random

'\
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- ) e Area

o Text

e Help

| Map- Grid Random Area Line Text Help

Figure 15-1 -
The sequence of operation is normally as follows.

1. You select a coordinate system for a new map. This
means you select the range of X and range of Y val-
ues. Then you dedide on the scale of the map, check
the dimension of the map at selected scale. You select
some attributes for the map, such as fonts, colors, etc.
All this is done using the Map menu.

2. The next step is to use one set of random points to (a)
add them and display on the map, (b) createagrid
model from random.points.-This-is-done using the

- ————— " Random menu.

3. You enhance your map by adding various areas, lines,
and texts. This is done using the Area, Line, and Text
menus. In the process you are building a legend
block. .

4. You use the Grid menu to create a grid model from
random points, to calculate various contour lines,
and to add contours to the map. You may enhance
your contour map by adding colors to certain areas.

15-2 - - —

307
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15.2.

15-3

The Map menu serves to create a map, to assign various
attributes to the display and report, to save or copy
maps, to select the scale and to check dimension of the
drawing. It is also used to make a legend box with vari-
ous text, including scale, and to position the legend onto
the drawing.

This menu is also used to select a reporting form and to
print a map. -

Maps are created and saved as internal files. After you
create a map, display it on the screen, and print it, you
may save the completed map under its own name. Maps
then become an integral part of the Ground Water Infor-
mation System (GWIS). You may retrieve maps any time
you open your data base, you may also print a map, or
add some content.

Depending on when you activate the Map menu, some
or all of the following options will be available, as shown
in Figure 15-2:

¢ New Map New Map
New Map Like...
¢ New Map Like.... Qld Map
Llear Map
¢ Old Map Save Map
e Clear Map Save Map As...
Make Legend
® Save MaP Write Text to Legend
o Save Map As .. Write Scale to Legend
Edit Parameters
® Make Legend Print Mep
¢ Write Text to Legend Print Setup
Dimension
e Write Scale to Legend Import DXF File
e Edit Parameters Exit ARF4
e Print Map Figure 15-2
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15.2.1. New Map

15-4

o Print Setup

e Dimension )
Import DXF File
e Exit

When you select New Map, the dialogue box as shown
in Figure 15-3 will be dlsplayed It will prompt you to
define the mini-

Cuoedin

Bt Systten Harsdeiess

mum and maxi- X Cantads

mum coordi- ! J ™ | 1
nates for the T v —
map, tick dis- T | _
tance (the spac- T, Gt ] _-
lng between tick Somer: [ ] (T
marks along

axes) and scale

of the map. An

example of a Figure 15-3

filled in Coordi-

nate System Pa-

rameters

dialogue box is
shown in Figure 15+4. It would be mterpreted in the fol-
lowing way. The

map-will originate — i

X Coorchneo

OOtk Sy 1Ca R RIOVE (e

at the lower left

point with coordi- Ymﬁ:m"’“” ] T [ezwmo |
n a t e s T e I ]
628000,938000, —

and will terminate Tick Dustmnce E
at the upper right Sous 1: (—
point with coordi-

n a t e s

678000,970000.

Ticks will be

drawn on the in- Figure 15-4

side of the map
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15.2.2. New Map Like...

border at 5000 units spacing. The scale of the map will be
1:250,000.

You will also have a chance to control the map drawing

" by selecting the More button (see Figure 15-3} which will

then open another dialogue box as shown in Figure 15-5.

fon e iMap Drawing Fj‘g.ra;t‘)ct'crﬁ--r.r

Margins [mmj]

Left Right Above Below

15-5

There you may control drawing margins, colors of vari-
ous parts of the drawing, lines and fonts. Keep in mind,
that the margins refer to the frame around the drawing,
not to page margins. This is not a "fit-to-page” drawing,
but rather it should fit the reporting form that you may
have created using the option Tools from the main menu
bar, followed by Report File Editor. You may also mod-
ify the default tick height of 100 mm.

Use the New Map Like ... option to create a new map
using one of existing maps but without any content, ex-
cept for coordinates of the map, scale, and drawing pa-
rameters. Actually, you will use everything from the
existing map except its content. This option is useful
when you are not satisfied with the map content for
whichever reason. Say you wish to modify thelegend, or
you wish to.change attributes for any line that is dis-
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played. When you select this option you will be
prompted to specify which one of existing maps you
wish to copy, as shown in Figure 15-6. All you will see on

CNew Map ;;;;:;;xnsimg one’.
- Select an Existing Map -
BASIC
Figure 15-6
3 Figure 15-7

the screen will be the coordinate system, as shown in Fig-
ure 15-7. :

15.2.3. OldMap 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.

15-6

,
oS
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15.2.4. Clear Map

15.2.5. Save Map

15.2.6. Save Map As ...

15.7

You will use this option when you will want to display
the map, print it as it is, or modify it before printing
and/or saving. When you select one of listed maps, it
will be displayed on the screen. The name of the map
will be displayed in the title bar on the top.

NOTE. Always look at the title bar to see with what you are
currently working. This helps to prevent accidental changes,
unwanted saving and overwriting.

This option clears the content of the currently selected
map. What remains is the coordinate "system”, that is the
X and Y coordinate axes, scales, and attributes. If you
keep working with this "cleared” map and save it under
the same name, that is by selecting option Save Map, the
previous content will be erased ("cleared”) and the new
content will be saved instead.

r

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

adifferent name. The option Save Map saves only under.

the same name as shown in the title bar. If this is an un-
titled map, that is 2 new map, this option will be
dimmed, which means unavailable.

When you work on a new map, this will be the only "sav-
ing" option available. You will be prompted to assign an
internal map name. If you worked with an existing map

(you used the option Old Map), you will have the option

to save it by selecting either Save Map, in which case the
same map title will be kept and its content overwritten,
or by using the option Save Map As ..., in which case you

-will assign another name to the modified map without

affecting the content of the one you started with. In this

second case the dialogue box similar to the one shown in

Figure 15-6 will be displayed.

o
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15.2.7. Make Legend

15-8

You will notice a block of options on the Map menu, Fig-
ure 15-2, on the Grid menu, Figure 15-11 (Add to Leg-
end), and on the Random menu, Figure 15-26, on the
Area menu, Figure 1540, and on the Line menu, Figure
1546.

The legend will normally consist of some text, scales,
various points, contours, additional lines, such as rivers,
roads, landfill facilities, mines, etc. Using this option,
you may position the legend box onto the drawing, as-
sign its X and Y size, and add some offset to the frame to
move it from the drawing'’s frame.

The option Make Legend on the Map menu prompts
you to select the relative position of the legend frame
within the drawing. The dialogue box is displayed in
Figure 15-8. With a little bit of patience you may place the

Relate corner pnints n1 map and Iegend

Map Comer Paint Legend Corner Point

Lower Left
Upper Left

Lower Right

Additional Offset Imm
x[__] v
Legend Field Dimension [mm)
T ——
ok

2

e 5

o i
RS ke

Figure 15-8

legend frame to any place on the map drawing, either
within the map or outside. You should be careful and
pay attention to the size of the drawing field of the re-
porting form that you will select for printing, as well as
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15.2.8. Write Text to
Legend

15.2.9. Write Scale to
Legend

15.2.10. Edit

Parameters -

- 15-9

to the size of the map drawing to be placed on the report-
ing form.. -

For examples on how this may work see Chapter 14,
Cross Sections.

You may write some text to the legend, line by line. Each
time you select this option, you will be prompted for text
and for fonts for the text. The text lines will be printed in
vertical succession from top to bottom within the legend
frame you designed using the option Make Legend.

Using this option the program will add the scale for the
map to the legend.

You may edit the parameters of an existing map. When
you select this option, the dialogue box as shown in Fig-
ure 15-4 will be displayed. You may modify anything in
this box, although normally, you will probably want to

~-change the scale, the tick distance, and one or more map

drawing parameters. Remember the More option (but-
ton) opens another dialogue box in which you control

. drawing parameters, Figure 15-5. The 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,
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you may return to the Edit Parameters opnon and mod-

_ ify the scale. -

15.2.11. Print Map When you decide to print a map, the program will dis-

play the list of all the available reporting forms. You may
select 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

15-10

As mentioned earlier in paragraph 15.2.10., you will use

- this option frequently to check the size of the drawing.

The numbers, which are in 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 us-
_ing this option, are less than the reporting form’s
drawing field, the map will be centered within the draw-
ing field. If they are greater than the drawing field, a por-
tion of the map will not be printed. What will be printed
will start at the lower left corner of the reporting form'’s
drawing field.
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15.2.14. Import DXF
File

15-11

One of the features of the GWW package is to that it al-
lows files to be imported from other major graphics pro-
grams. One standard is the Drawing Interchange File, or
DXF format, produced by Autodesk for AutoCAD and
supported by most CADD programs. Only selected ob-
jects from a DXF file will be imported. GWW eliminates
three dimensional
.DXF images. Nor-
mally, it will import
two-dimensional con-
tour lines, other lines
such as roads, rivers,
and the like, and some
limited text. When:
you select this option,
the program will dis-
play a dialogue box
such as the one shown

Filename: lm - I r S
Directory:  CAGWD ¥
Files:-

[basemap.dd
{rivers.dd

Directones:

EXXKLE

" in Figure 15-10
- prompting you to se-

Figure 15-10
lect a file with a .dxf

extension. The pro-
gram will then translate the file and display the range of
X and Y coordinates and the range of Z values for con-
touring on the screen.

If you do not have a new map displayed on the screen,
this is all that you will get from an imported .DXF file.
However, if you know the range of the X and Y coordi-
nates and have created a new map before importing a
DXF file, the GWW program will translate the .DXF file
and plot the contours onto your map.

On the distribution diskette you will find one example
with a .dxf contour file labeled as basemap.dxf. Thisis a
direct output file from AutoCad. To reproduce the map
do the following: ‘

1. From the Mapping application menu select Map.

MAPPING APPLICATION

26
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2. Select Import DXF File. As shown in Figure 15-10

double click on the file name basemap.dxf. There will

- be a window showing the current operation, which
is reading the file, line by line. It is a huge file, and it

will take some time to read it all. When the reading

is done, there will

be a window dis-

playing the range

Of the Va}.ues Of th.e x - coordinate range
X and Y coordi- -9275.21 to 14642.41

) nates, as shown in y- mnrdi;ate range
Figure 15-11. The -5199.08 t0 13384.33  _

range for the X co-
ordinate is from -
9275.2 to 14642.41,
and for Y coordi-

T nate it is from -5199.09 Figure 15-11
to 13384.33.

3. Remember the ranges
of X and Y values. Go to the Map menu and select
New Map. Fill in the dialogue box with the following
values: X Coordinate from 12000 to 13200,.Y Coordi-
— nate from 4000 to 4800, Tick distance 100, Scale 10000.
Wait until the map coordinate system is displayed.

4. Select the Dimension option from the Map menu.
Confirm the size of 14.5 by 10.5 cm for selected scale -
and selected range of coordinate values.

wsd /"‘"‘
o

ES b B HE RN R R VT PR N S PR S HIN R NG S RN B B RS PR TR R T

* Figure 15-12

15-12



CHAPTER 15 MAPPING APPLICATION

15.3.

GRID MENU
15.3.1. Content

15-13

5. With the map coordinate system still on the screen,
select again Import DXF File. The procedure in step
2 will be repeated but the program will continue with
plotting the map content, that is contour lines, roads,
etc. When you zoom into a portion of the map, it may
look as shown in Figure 15-12.

Contour maps require data to be in a special regularly
spaced format before such maps can be generated. Grid-
ding is the process of taking random data (or data at ran-
dom points) and through interpolation and
extrapolation converting the data to the regularly spaced
form, which is then used to create a surface repre-

~ sentation. Gridding is the heart of the Mapping applica-

tion program.

Remember that the term GRID may imply an empty
model on one hand, or a grid model in which every node
has an associated "Z" value on the other hand. The "Z"
value can be ground surface elevation, static or any
water level, depth to water table, total dissolved solids,

- thickness of an aquifer, elevation of a stratigraphic con-

tact, concentration of a contaminant, transmissivity of an
aquifer, and much more.

The term model implies a rectangle made up of rows and
columns. The gridding routine attempts to interpolate a
"Z" value at the intersection of each row and column.
This intersection is called a node. Smoothness of the final
contours is normally a function of input data, grid den-
sity, and search parameters which are built into the pro-
gram. You may override this last parameter by assigning
more or less importance to distant points.
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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-
tice that not all options on
this menu are available at all
times):

¢ New Grid

e New Grid Like ...

e Qld Grid

e Save Grid

® Save Grid As ...

e Edit

¢ Add Contours to Map

¢ Add Color Regions to
Map

® Add Area to Map

e Add toLegend

¢ Make Grid from Random

e Make Contours

¢ Make Color Regions

e Set Subgrid Area

¢ Get Subgrid Area

¢ (Clear Subgrid Area

e Standard ASCIII/O

¢ Output to DXF File

New Grid

New Grid Like...
0Old Grid _
saee Son

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 Grid Area
Get Grid Area
Clear Grid Area

Standard ASCI IO
Output to 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

= (7
wr f
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Xo and Yo

Dx and Dy

Nx and Ny

15-15

definition is in the lower )
left corner of the grid, grid _ |IREEERENEE
size and number of rows
and columns. The dia-
logue box displayed in
Figure 15-14 defines the
following:

Minimum X and Y coordi-

‘nates of the grid model; .. Figure15-14

The distances in units of
length (meter, feet, etc.) between X and Y grid hnes, re-
spectively;

Number of grid lines in the X and Y dimensions.

The number of grid lines in the X and Y dimensions must
be a positive integer (without a decimal point) greater
than one. The distance in data units between the X or Y
grid lines may be a positive real quantity (with a decimal
point). For square grid cells, the Dx and Dy values
should be equal. It is expected that the interpolation
process will be finer, smoother or better when the num-

. ber of grid lines is increased and the distance between

lines reduced. How-

ever, the process of 'f-,-_3:;':;-Zf;;f=_f:5":3‘—§f r Grid Parateters okl E
calculating contours
takes longer. Xo (628000 J

on le of erid Yo |938000 |

e example o

parameterg is shg\flvn D d
in Figure 15-15. The Nx Ny
model covers an area
from X minimum mncer |
628000 to X maxi-
mum 678000, that is Figure 15-15

50 km since the data '

unit is meters, and

from Y miinimum 938000 to Y maximum 970000, that is
32 km. The discretization of the space is done with 50
columns and 32 rows, each of 1000 m length. Thus the
model cells are squares of 1 km? each.

o
< e
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15.3.2. New Grid Like... When you select this option only the grid parameters as
displayed in Figure 15-15 will be copied from the se-
lected grid, not the "Z" values which are normally asso-
ciated with each grid cell. Using this option you accept
the same size, spacing and density of the grid model, and

- intend to use it for creating a grid model of another "Z”
parameter. The dialogue box such as the one shown in
Figure 15-16, offers you a list of all available grids.

= I o7 Nerw Grid Lite gp Existing nn-r————- A e N ¢ 1] ncld——_m
Select an Existing Grid Selcct an Existing Grid
L J [
GRID-Z - o e SRID-Z
w711 grid-1
wil -7 wil?-11
wil?-7
Figure 15-16 -~ Figure 15-17

- 15.3.3. OldGrid You will select an existing grid to make contours or to
add color regions to your map. The dialogue.box, such
as the one displayed in Figure 15-17, will display the list

- of available grids.

15.3.4. Save Grid When youselect an existing grid and use it for whatever
reason (the most obvious one is to make contours, dis-
play them and print the contour map), you may save it
under the same name as the one you used to select the
grid. You may modify the grid by reducing the distance
between the X or Y lines, or modifying the grid coverage
by changing the number of cells in X and/or Y dimen-
sion. Whatever modification you make, you may save
the grid under the same name. This command will
change the grid to reflect any changes you have made to
it. If the grid you are working on has not previously been
named (e.g. you are creating a brand new grid), GWW

15-16
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="

15.3.5.

Save Grid As....

15.3.6. Edit

15.3.6.1.Edit Grid

Parameters

15.3.6.2.Edit Contour

Atwributes

1517

displays a dialogue box that lets you enter a name and
path.

NOTE. The grid names are internal file names: not ASCII
files. You may create equivalent ASCII files using another op-
tion on this menu.

By using this command to give your grid a different
name from what it had, you can save the current
(changed) version without disturbing the original ver-
sion. The name should be different from any other file;
otherwise you will replace the file that already has that
name. This option displays the Filename dialogue box
similar to Figure 15-16 or Figure 15-17. Enter a name and .
path and click on OK, and
GWW creates another internal
file with that name. When yo
resume working, you are work
ing in the new grid.

Edit Grid Parameters
Edit Contour Levels
Edit Contour Attributes »
Edit Color Intervals

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

Edit Grid Parameters
Edit Contour Levels
Edit Contour Attributes

Edit Color Intervals

Using this option, you are given another chance to mod-
ify grid size, coverage and density. The dialogue box,
such as the one shown in Figure 15-15, will be displayed.
Remember that by editing, that is, changing grid pa-
rameters of an established grid, you are losing its con-
tent. In other words, for any change you need to make
the grid again ("Make Grid from Random’).

After you select Edit Contour Levels, the program al-
lows you to select Main Contours or Auxiliary Con-
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15.3.6.3.Edit Contour

Levels

15-18

tours to edit, as displayed in Figure 15-19. In the termi-
relogy of some other

contouring packages,
these options are Auxilliary Contours
equivalent to Labeled .
a%dmcom . Figure15-19

tours. Main or labeled

contours will contain in-line contour labels.

Whichever contour you select, main or auxiliary, GWW
will open a dialogue box giving you an opportunity to
modify or control almost every attribute of a contour
line. This is normally line thickness, line pattern (solid,
dashed, dotted, or combinations), line color, fonts for la-
bels, etc. The display is the same as shown in some ear-
lier figures, such as Figure 14-31 in Chapter 14. -

Contous Leveds - L0

GWW assigns some default
minimum and maximum con-
tour levels and contour inter-
vals, depending on the range
of the "Z" values found in a 5
grid. However, this may not Aulaty Lovels
be what you want to use. Af- T
ter you select Edit Contour
Levels, GWW will display the
dialogue box as shown in Fig-
ure 15-20. You may now edit
either main levels or auxil-
iary levels, or one after the Figure 15-20
other.

If you select the Regular Values
option, GWW will open another
dialogue box as shown in Figure
15-21. There you should specify
the minimum and the maxi-
mum contour line levels and the
step. The program will then
make contours at equally

Figure 15-21
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15.3.6.4.Edit Color

Intervals

15-19

spaced intervals using the step you supplied in this box.

If you wish to specify discreet TS50
contour levels for plotting, 8% 9000
rather than equally spaced in- % o00o

100 0000

tervals, use option Edit and
specify an irregular number
of data units between contour
lines. Contour levels do not
have to be in any spedific or-
der, or-equally spaced. One
example of editing contour
levels is shown in Figure 15-

22' B Ctr-i=Ins Lme.
Ctri-D=Del Line

Figure 15-22

This option is used to specify color intervals and color-

values for various intervals. The option will have sense
only if you wish to print a contour map enhanced with

color intervals. For this you need a color printer. When

you select this command, the display will be as shown in

Figure 15-23. The program has preselected some default -

PO T T

L

Figure 15-23
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_ intervals for you and has assigned a palette of colors to
each interval. You may override this by clicking with the -
mouse any interval you wish to modify and by dlicking
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 some uniform level~
step; (2) Edit, in which case you type any interval you
wish.

15.3.7. Add Contoursto This command is interpreted by GWW as a combination
Map of two commands:

o Make contours, and

¢ Add contours to the map

The program calculates contours from the currently se-
lected grid file, using the currently selected contour lev-
els and contour attributes and draws the contours into
the map, displaying the same.

This option will be available only if you have selected a
grid with values at the intersection of each column and . _
row. In other words, you must have used the option
Make Grid from Random Points either during the cur-
rent session or earlier.

15.3.8. Add Color This command is interpreted by GWW as a combination
Regions to Map  of two commands:

¢ Make color regions, and

¢ Add color regions to the map.

t will be available only if you have selected a grid with
values at the intersection of each column and row. In
other words, you must have used the option Make Grid
from Random Points either during the current session
or earlier.

15-20

- -

e
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15.3.9. Add Area to
Map

15.3.10. Make Grid
from Random

15.3.11. Make Contours

-15-21

This option is added to the Grid menu for convenience.
Areas will be explained further in Section 15.5. Although
you may create many areas, that is, closed lines that en-
circle a certain portion of the map, and give them differ-
ent names, only one area can be selected as the current
area. You may add this area to the map in this menu or
in the Area menu. In the latter you may edit plotting pa-
rameters, make an area fransparent or not, assign differ-
ent line patterns, colors, etc.

This is one of the most important routines in creating a
contour map. Before you can make a grid from random
points, you must select a random model. The Random
Model menu is discussed in Section 154. and its sub-
sequent paragraphs.

This is a command which interpolates and, if necessary,
extrapolates values of the "Z" parameter from discrete
random points to the regular model grid. To make it
work you must have a currently selected random model
and a currently selected grid. If one of these two is miss-
ing, this command will not be available.

If you do execute this command, you may use its results
to create a contour map, to save the grid selected but now
with associated values at the intersection of each column
and row in the model, or you may save the grid in an
ASCII or .DXF file.

This is also a command which will be available only if -

you have selected a grid which has calculated values at
the intersection of each column and row. The command
will not display contours by itself. For this you need to
activate the command Add Contours to Map, as ex-
plained in 15.3.7.

N

7y
N
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15.3.12. Make Color

Regions

15.3.13, Set Subgrid

Area

This is also a command which will be available only if
you have selected a grid which has calculated values at

" the intersection of each column and row. The command

will not display color regions by itself. For this you need
to activate the command Add Color Regions to Map, as
explained in 15.3.8.

This command is used to make contours within one or
more closed areas. It is equivalent to blanking specified
portions of a previously created grid. You may blank in-
side or outside the subgrid area. The subgrid area is an
area digitized by you using the Area menu or inputas an
ASCTI file also from the Area menu. If the area was dig-
itized using a clockwise direction of digitizing points,

the area outside of the subgrid area will be blanked and
contours and/or color regions will be applied only to the
interior of the subgrid area. The opposite is also true.

A subgrid area may contain more than one area. You will
learn in Section 15.5.2 to areate an area file with more
than one area. You may also create subgrid areas using a
digitizing program or a text processor from outside the
GWW package. A portion of a subgrid area, saved as an
ASCII file, is reproduced below.

2396063.0000000 403318.6875000
2396602.0000000 403703.6875000
2397164.2500000 403684.4375000
2397333.5000000 402960.6562500
2396552.0000000 402594 9062500
2396070.7500000 402879.8125000 i
2396063.0000000 403318.6875000
/ll
2397834.0000000 403703.6875000
2398492.5000000  403850.0000000
2398769.7500000 403195.5000000

. 2398045.7500000 4027796875000
2397718.5000000 403368 7500000
2397834.0000000  403703.6875000
/ »

15-22
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15.3.14. Get Subgrid
Area

15.3.15.Clear Subgrid
Area

15.3.16. Standard
ASCII Input/Output

15-23

This subgrid area file is composed of two closed areas,
the first with 6 different points, and the second with 5
points. The digitizing was in a clockwise direction. If this
area is "set,” the contours will be produced in these two
closed areas only.

You may have more than one subgrid area within which
you wish to contour. With this command you will be
prompted to select one of the available subgrid areas.
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"closed area, you will use this command to
remove the subgrid area and return to contouring within

" the rectangular grid.

You may save a grid model in an ASCII file or input the
grid model from an ASCII file. This file could have been

created by GWW or by any other program, e.g. by SUR-
FER™. When you select this - Input
option the menu option ex- |_Output |

pands to two options: Input

and Output, as shown in Fig- Figure 15-24

ure 15-24. You will select In-

put if you wish to read an existing grid model from an
ASCII file, or Output if you wish to write the grid model
created by GWW to an ASCI file. A portion of the ASCII
file with the grid model is reproduced below.
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15-24

759089 759592 717994 71.9027 72.0099
71.6541 712471 713617 71.1524 71.2424°
713354 714302 715275 704314 70.5159
70.7258 709576 712168 715073 71.3087
71.6741 709735 73.8004 75672 758195
759486 76.0329 76.0291 755818 75.0766
744473 73.7384 73.0179 723480 71.7709
712997 709180 70.6734 70.499% 70.3836
703149 702850 715821 71.7099 67.9782 —
67.9463 679067 67.8712 678304 67.7950
758668 759182 71.8866 714863 716143
71L7295 713211 712226 713183 714164
715158 716163 704442 706280 707216

The grid is the same as shown in Figure 15-15 with 50
columns and 32 rows. GWW writes five numbers in each
line of the ASCII file. The format is free, that is numeric
entries are separated by one or more spaces or a comma.
The first ten lines of this file represent "Z" values for row
one. Remember that the model is made of 50 columns
and 32 rows. The ASCII file should contain 320 rows,
since each row is written in ten lines, each with five num-
bers.

When you decide to write a grid model into an ASCII
file, the program will give you two opuons for the order
of writing the numbers:

1. From the minimurm Y value to the maximum Y value,
that is from row 1 to the last row, which is row 32 in
this example. This is a normal way of writing the file,
the one which follows the standard convention of the
coordinate system with the origin in the lower left
corner.

2. From the maximum Y value to the minimum Y value,
which places the or:gin of the coordinate system into
the upper left corner of the model. This is the input
resuired for most of currently used ground water
mathematical modeling software including the
U.5.G.S5. MODFLOW, the United Nations GWMOD,
and others. With this option in GWW, you may create
input data files for your modeling software.
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15.3.17. Output to
DXF File

15.4.
RANDOM MENU

15-25

You may also export the grid model as a .DXF file. The
values exported are the coordinates of the intersection of
each row and cell and the "Z" value assocated with each
intersection. You may input such files in AutoCad and
create a three-dimensional contour map. Before GWW
creates a .DXF contour file, you will be asked to select

- whichlayer you wish to have written to the file. The term

“layer" refers to the "Z" parameter, which could be one of
many with which you have created gnd models Nor-
mally, this may be the ground
surface elevation, one of water
level elevations or depths, or
any other numerical space-dis-
tributed parameter.

When you select this option
you will be prompted to select
a file name, as shown in Figure
15-25. Figure 15-25

0)d Random Model
The Random menu op- | Save Random Model
tions and commands are | Save Random Model As
shown in Figure 15-26. | Add Points to Mag
With this menu you may | Add Labels to Map
input one of the existing | Add Values to Map
random models which | AddtoLegend
you may have created us- | Show Parameters
ing any GWW applica-
tions or which you may
have imported as ASCII | Standard ASCH Input
files created within or out- | Standard ASCIl Output
side of GWW.

Edit Fiotting Parameters »

Figure 1526 .
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15.4.1. New Random

Madel

15-26

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
menu.

Random models are created in applications other than
mapping. Random models are internal files containing
for each point its X and Y coordinates, the "Z" value
which could be any numerical distributed parameter,
and the well or point identification name or number. It
will be easier to understand a random data file in an AS-
CII format. One of such files is partially reproduced be- _
low. '

6579000 —  949000.0 6.630000 PO-1
660000.0 953500.0 7.450000 PO-2
657800.0 945300.0 7.570000 PO-4
654500.0 941000.0 6.640000 PO-5
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 s its Y coordinate, the third column is its "Z"
value, which in this case is the depth to water table from
a measuring point. The last column is the well identifica-
tion.

You may create such files using any other software, not
necessarily the GWW package. The format of data is free,
that is column values are separated by one or more
spaces.

You are advised to always start with this option since
whatever you input as random points will simply add to
whatever you may currently have in the memory for
random models. By selecting New Random Model you
guarantee that your next step, the selection of an old ran-

272
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dom model, or a standard ASCII file input with a ran-
dom model will not mix with an existing random model.

When you select New Random Model you will be
prompted to answer several questions, such as Coordi-
nates Unit, and Is Z-value dimensioned, and to select
type of units and unit for Z values.

15.4.2. Old Random If you have used Random Model in any other applica-

~ existing random

15-27

Model tion of the GWW package, you have created one or more

random models to
which GWW. has
given internal file
names. Using this op-
tion, you will be
prompted to selectan

model. The dialogue
box is as shown in
Figure 15-27. In this | T
example we have
used master data ap-
plications to create a Figure 15-27

random model with

all wells of which the ground surface elevation is known
(Z random model), then we used a hydrographs applica-
tion to create two random models for water levels in July
1987 (WL87-7) and in November 1987 (WL87-11). The
names of these models are the ones we have selected.

If you have not created any random model in any appli-

cation, you cannot use this set of routines. You will have
nothing to plot.

When a random model is input, either internally or as an
ASCII file GWW will inform you about-random model
limits for the X and Y coordinates and for the "Z" values.
Ore of examples of this information box is shown in Fig-

ure 15-28. Notice that random models are dimensioned, -

that is the coordinates are either meters or feet, and Z-
values are either dimensioned or nondimensioned.

7.L5

et
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Mapping [chhabraickbabrai
Mep Grid Pandom Ares Line Jod Help

Figure 15-28

15.4.3. Save Random This routine is used only when you wish to input a ran-

Model dom model ASCII file and save as an internal file within
the GWW data base. Normally you would input an AS-
CII file, which will contain the following information: X,
Y, Z, well identification. You will then save this model
under an internal GWW name when prompted for this
as shown in Figure 15-29.

;“ﬂ Save Random model

[ms—xhnbar-rdm

Obs'Wellsd4-rdm
TDS-Khobarrdm
TDS-Muhamrag

TDSANI
WaterDesthAllAquiters1990-6
WatericvelKhobar1 50693
WeterLevelKhobar1 990-6
X-Khobar-Obs o
X-PTest 4

Figure 15-29

15-28
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15.4.4. Save Random

Model As

15.4.5. Show
Parameters

15.4.6. Edit Plot
Parameters

You may save a currently used random model under the
name of an existing random model. This will replace en-
tirely the content of the internal file which contains a ran-
dom model. It is important to understand that you may
not have more than one random model open at a time.

This is the option which displays only the range of val-
ues for X and Y coordinates and the "Z" value. One ex-
ample is shown in Figure 15-28. You cannot edit these
values. They serve only as a reminder and as a check that
this is the model that you wish to work with.

When you select the option Edit Point
Plot Parameters, you will be Label
given a choice of three entries as
shown in Figure 15-30: ]

o Figure 15-30

1= 0 PO Draving Sembois
e Point B+ovxoa
e Label XO$ 08 XA

e Value : Sizenm] [15_ |
For points, you may select [

one of 14 symbols and choose

the size, as shown in Figure Figure 15-31
15-31. With some imagina-
tion and repetition, Figure 15-32

el

you may create various sym-
bols using these 14 predes-
igned symbols. One possible
combination is shown in Fig-

ure 15-32. For Label you may
select fonts, colors and align-

15-29

Figure 15-33 o ment, as shown in Figures 15-
33, 15-34, and 15-35, respec-
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Font Face

Fixedsys
[¥erminal
MS Sans Serif
Courier

MS Serif

Fout Scledtion -

OB’

- [ patic

[ underLine

15.4.7. Add Points to
Map

15-30

and Justilicati

Horizomally

Vertically
Ceett Civop
@ Center T center
O Right X Bottam

Dx-uﬁsel[ﬂﬂ mm]
EY oftset [110 mm]

Figure 15-35

tively. Likewise you may select fonts, colors and align-
ment for values. This is shown in Figure 15-36. The at-
tributes you choose apply only to plotting and creating
a location or contour map. -

‘ROM Value Drawing &iibate:

Number of Decimal Dlgnts

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 ophon Edit Plot Pa-
rameters followed by Points.
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15.4.

8. AddLabelsto
Map

15.4.9. Add Values to

Map

15.4.10. Add to Legend

15.4.11. Standard
ASCII Input

" text that defines values W\Hl I

15-31

Labels will be plotted on top of the symbol for points. It
is understood that you have previously used the option
Edit Plot Parameters and selected fonts, colors, and
alignment for labels. Horizontal and vertical alignment
attributes will control the position of labels with respect
to the position of symbols for points.

Values will be plotted to the right of the symbol for
points. It is understood that you have previously used
the option Edit Plot Parameters and selected fonts, col-
ors, and alignment for values. Horizontal and vertical
alignment attributes will control the position of values
with respect to the position of the symbol for points.

With this option you may add one point to the map leg-
end. The point will be copied to the legend block with
the same attributes as the one used for its plotting. This
applies to font, color, alignment of its label and value.

You will first be
prompted to specify one
of the labels that will be

copied to the legend, as | Legend for ROM Point

shown in Figure 15-37. Enter 'Label* text in legend
Then you will be
prompted to type some

plotted on the map. For
example, you may type
the text as "Depth to

-water table in July 1987",

or "TDS in ppm," or
"Toluene content in Figure 15-37
ppm,” etc.

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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Random Muode! Std. AS

CHl Inpma & - &

important to re-

member the or-
der of input Fitename: [T
variables: X coor- Diredts E;D
dinate, Y coordi- e _ _
nate, 7 value, Files: Directaries:
well identifica- 32::3: }ii

— ~  tHon. The format m B
N . l-d-]
is free [[:-an
When you select
this option the

will display a list

of files with the

extension .rdm.

You may select’

any file giving the path and file name. This is shown in
Figure 15-38.

15.4.12. Standard
ASCII Output
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 =~ Random Made Std. ASCH Qutpunt
GWW. When
you select this Flilename: [ram P
option the pro- rectony tc;mmu l LM?
gram displays a s o e
dialogue box P )
with a list of files i
with the exten-

- sion .rdm. One
example is
shown in Figure
15-39. Figure 15-39

15-32
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15.5.

AREA MENU The Area menu is used to
digitize an area, which will -

be used for contouring
within or outside its
boundary, or which will be
simply plotted onto the
map. With this menu you
may create or import more
than one area, save such ar-
eas under internal file
names, edit plotting pa-
rameters, etc. The menu
options are listed in Figure
15-40.

0Old Area
Save Arca
Save Area As

Add Area to Map
Add to Legend

Edit Piot Parameters

- Standard ASCIl Input
Standard ASCII Output |
DXF Output

Figure 15-40

15.5.1. New Area The GWW package adds new areas to currently present
areas. In order to have a clear "area” space you should
use the option New Area prior to creating or importing
an area. You will see no-visible action after you select
New Area, but the "area content” will be emptied if there

were another area in it.

15.5.2. Digitizing Area The GWW package incorporates digitizing capabilities
when it comes to creating areas and lines. When a map

- 15-33

- is displayed you will notice a vertical
row of buttons. For digitizing an
area, the following buttons are im-

Figure 15-41

portant: Dig.Area, as shown in Fig-

ure 1541, and End Point and End

Digit, as shown in Figure 15-42.

When you wish to digitize an area st

directly on the map (more cor- . {EndPomt

rectly, on the screen display), you B,

should proceed as follows: i
Figure 15-42
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15-34

1. Select the button Dig.Area on the right side of the
—_map. This will place the program into the digitizing
mode.

2. Move the cursor to a point where you wish to start the
area. Press the left mouse button. Move the cursor to
the second point and click the mouse. Be careful here.

If you are going to use this area as a closed area
within which you wish to later make contours, digit-
ize in a clockwise direction. If you wish to do the op-
posite, to contour outside the area, digitize in
counterclockwise direction.

3. When you finish digitizing, you are expected to be
close to the point you started with. Remember, an
area must be a closed area. However, since it is not
possible to manually duplicate two points, the initial
and final, the program will do this automatically
when you terminate the digitizing input by clicking
on the button End Point.

4. You have now two options. Either to finish digitizing,

as what you wanted was one smgle area, or to create
another closed area.

If you wish to finish digitizing, you should click on the
button End Digit. With this you will get out of the digit-
izing mode and return to the area menu. Your current
"area content” will contain the X and Y coordinates of all
points that you have just digitized. You may save these
points in an ASCII file, using the option on the same
menu Standard ASCII Output, or you may save the
points in a DXF file using the option DXF Output. But
most of all you may save this area with all points, mak-
ing the area an internal data base file using the option
Save Area or Save Area As.

After you have terminated the first area by clicking on
the End Point button, you may create another area by
clicking on a point which is on the second area’s bound-
ary. Continue clicking on other points and finish the sec-
ond area by clicking End Point. If this is the last area you
wish to digitize, press on End Digit to get out of the dig-
itizing mode.
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15.5.3. OId Area

15.5.4. . Save Area and

Save Area As

15-35

If you have digitized more than
one area, hoever, all of them are
internally saved as one digitized
area file. Each area will be de-
fined with same attributes: line
thickness, line color, line text, -
text fonts, etc.

You will notice 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.

You may create one or more areas by direct digitizing, or
you may import areas as ASCII files. You may assign to

. these various internal names, such as Landfill cell A, ore-

body CW, Tailings cell G, etc. Each may be identified
with its own attributes. All these areas are stored within
the information system, and are not currently trans-
ferred into the current "area content.”

When you wish to pick one of the available areas 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 internal file names. You may select
one. The selected area becomes your current area. You
may edit the area’s attributes, plot the area onto the map,
or use it for contouring, making it a grid area.

Whether you have created an area by direct on-screen
digitizing or have imported an area as an ASCII file you
may save it under an internal file name to make the area
a part of the GWW data base or information system. The
difference between Save Area and Save Area As is the
same as in the previous menus. If this is a new area you
will be offered the option Save Area As. If this is an ex-

[
{':/5-/ :



CHAPTER 15 MAPPING APPLICATION

isting area which has its name, you will be offered both
options Save Area or Save Area As. Internally the pro-
gram will associate with each saved area its attributes.

15.5.5. Add Areato With this command the area currently occupying the
Map "area content” will be plotted onto the map with default
attributes or attributes assigned by you using the Edit
Plot Parameters option.

Before you add an area to a map check the attributes,

- especially whether the area will be transparent or not;
also check screen and printer colors. If the area. is not
transparent you will cover the rest of the content of the
map with the area. Likewise, if the background color
(either screen or print) is any color other than white, the
whole area will be painted masking thus the other con-
tent.

= NOTE. The GWW software does not have an Undo command
with which you may restore the previous screen. _

15.5.6. Addto Legend Building the legend block is context sensitive. You may
add the currently active area to the legend. It will be - —
shown as a rectangle, with all attributes as the area itself,
that is the line thickness, line color, print color, and trans-
parency or nontransparency. After you select Add to
Legend you will be prompted for a text which defines
the area.

<07 Ares AtripitRs T,

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 suchasshownin | [Fingra

Figure 15-44. The double

X Transparency

TS
v Cangel

Figure 1544

15-36
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arrows to the right indicate that each of options extends
into more optons. Notice the box labeled Transparency.
If crossed, the area will be transparent and-the content

~under it will be visible. Options Screen Color and Print
Color will open a color palette for you to select colors
that will fill the area.

Option Border Attributes lets you define line thickness -
(from 1 through 6), line pattern (solid, dashed, dotted,
dash dot, etc.), label which will intersect the border of the

. area and display or print a text, font for the label, dis-
tance where the label will be displayed or printed, and
the spacing between two subsequent labels. An area bor-
der attributes dialogue box is displayed in Figure 15-45.

L Area Bosder Attrbute g 1 45T o -

Pen Attributes-. Line Atinbutes

Thickness

Distance 21 [mm
Line Pattemn l ]-
Iiolid Line J_g Distance # 2 {mm]

T S R e e T -
[ 21 aaf Fantsos | -

e T
* 1o g o
I:.S*‘r-rm:mmw

rx M A

Figure 1545

15.5.8. Standard ASCII
Input and

Output You may save the currently active area in an ASCII file.

The file contains only the coordinates of points making

the area. One area is terminated with the combination /*

15-37

e
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15.5.9. DXF Output

15-38

typed after the last point’s coordinates. One example of
an ASCTI file containing two areas is reproduced partly
below. Notice that the last point’s coordinates are exactly
the same as the first point’s coordinates.

9236.12, 5842.62
9208.25, 5871.94
9168.44, 5853.06
9138.56, 5880.31
9142.56, 5911.75
9341.69, 5846.81
9236.12, 5842.62

9283.94, 5540.94
9307.81, 5584.94

.--9343.69, 5587.00

9136.56, 5427.75
9108.69, 5455.00
917444, 553881
9283.94, 5540.94

You may create such a file using any other commercially
available software or a text processor. You may then in-
put such file into the GWW data base using the option
Standard ASCII Input.

You may create a DXF output file with random points to
use in another software package, most likely in AutoCad
or another Computer Aided Design package. You will be
prompted to select a file name and directory to save the
output. -
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15.6.

LINE MENU

15.6.1. New Line

15-39

You will use this menu to add various lines to your map.
These lines serve only to enhance a map, to add impor-
tant line features, etc. The lines are not used for contour-

_ ing, adding colors, and like procedures.

The Line menu contains the following commands or op-
tions, as shown in Figure 15-46:

¢ New Line
 Old Line _
— _ Oid Line
@ Save Line Save Line
) Save Line As
¢ Saveline As
Add Line to Map

¢ Add Line to Map Add to Legend
* Add to Legend - Edit Plot Parameters

. Standard ASCH Input
¢ Edit Plo:t Parame#ers Standard ASCII Output
e Standard ASCII Input DXF Output

Figure 15-46
¢ Standard ASCII Output

¢ DXF Output

The GWW mapping application in principle adds a new
content of a kind to the content of the same kind that may
eventually be filling the "content space.” In the case of
lines, this is interpreted as saying that there may be one
or more lines already in the current "line content,” and
that any other line may just add to the content. To avoid
mixing lines, you are advised to use the option New
Line. Nothing visible will happen, but the command will
remove from the current view any line that eventually
may be there. With this command it is guaranteed that
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=

15.6.2. Old Line

15.6.3. Save Line and
Save Line As

15-40

you will work on a new line without any interference
with an existing line. -

To create a new line directly from GWW you must use its dig-
itizing capability.

The GWW data base and information system may con-
tain one or more lines, which may be internally saved
under specific names
given to them by you in .
previous sessions. When Select an Extating Linc

you use this option the | [ _ |

program displays a list | mres
o ROAD )

of existing lines prompt-
ing you to select one
from the list, as shown in ;Detets
Figure 1547. When you -
select a line, it will be
transferred into the "line
content" with all of its at- .
tributes. The line attrib- Figure 1547
utes are: thickness,
pattern, color, label, font
for label, and text or label
spacing.

' [Roso J
Same as in other menus on the | e
Mapping application title bar, § [
these two comumands are used to
save a line under an internal name.
If the line is a new untitled line you —
will be prompted to Save Line As, —
that is the program will display a
list of existing line names from Figure 15-48
which you may choose one or as- -
sign an entirely name. The dialogiie box with file name

" selection may look as shown in Figure 1548. If you are

working on an existing, or titled, line, you will have op-
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15.6.4. Add Line to Map

="

15.6.5. Add to Legend -

15-41

tion to Save Line under its own name, or Save Line As
giving it another name.

You may add a line to the map. This is probably the rea-
son why you are creating lines, editing them, giving
them some attributes, and the like. You wish them added
to a map. The line may be a river, a road, a wire fence, a
“boundary between geologic formations, or anything that
is normally found on maps. Prior to adding a line to the
map you should check line attributes or parameters; its
thickness, pattern, color, etc. Once added, the line cannot
be removed and the whole process of map building may
have to be repeated.

NOTE. 1t is a good advice to save a map after several steps, so
that you may start anew from a step before, not from scratch.

The legend block is gradually built up of parts: some
text, scale, contour lines from the Grid menu, random
points from the Random menu, areas from the Area

.. menu, various lines from the Line menu, etc. The option

on the Line menu adds the currently available line to the
legend. This means that if you wish to add more than one

line to the legend block, you must place a line into the -
current “line content” and apply the command Add to .

Legend, then 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 you
will = be
prompted to
enter explana- [ ]
tion text, such ] T
as shown in l-?i%"éi?:ziﬂl@?"-=:i:’£'=:l (Cancelvi
Figure 15-49.
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15.6.6. Edit Plot
Parameters
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This option works in the same way as in the Area menu.
You may select the line thickness from 1 to 6, the line
pattern (solid line, dashed, dots, and combinations), line
color, the font for the label, and spacing between sub-

sequent la-
bels. The
display is as
shown in
Figure 15-
50....

You may
"outsmart"
the program
by digitiz-
ing a line,
writing
some label

ATy
T—'E:j i g
[

Figure 15-50

or text which defines the line, and by selecting white
color, or no color for the line. In this case the line will not
be drawn but the text will. This is a handy possibility for
writing some text next to an existing line, such as the Rio
Vaca Vieja parallel to the river line as shown in Figure

15-51. The text was created following the steps:

1. Select New Line. 7
2. Digitize line (click on Dig.Line button to start digit-

izing}.

3. Terminate digitizing (click on End Point followed by

End Digit).

4. Select Edit Plot Parameters.
5. Select Line color and click on blank field in the right

lower corner.
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Figure 15-51

6. Write to label field "Vaca Vieja", change Distance #1
from 40 mm to 0 mm, change the second default
number from 120 mm to 60 mm and select OK.

7. Select Palton font, 10 points, Italic. Click on OK to exit
this option.
o 8. Select Add Line to Map.

What is created is an invisible line with text that is vis-
ible. We are sure that you will find this small trick quite
useful. (You may ave selected No Line from Line Pat-
tern.) ’

15.6.7. Standard ASCII You may save the currently active line in an ASCII file.
Input and/or Qutput  The file contains only the coordinates of points making
. the line. One line is terminated with the combination /*
typed after the last point’s coordinates. One example of
an ASCII file containing two lines is reproduced partly
below.

672367 68700000 969797 25000000
672282.68700000 969622 25000000
7672537 68700000 969119.25000000
672610.68700000 969004 25000000

15-43
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15.6.8. DXF Output

15-44

CHAPTER15
672987.68700000 9694322500000

o 6638575000000  938400.43700000
666450.75000000  938195.43700000
/ *
635542.68700000 9699122500000
635772.68700000  969609.25000000
635532.68700000 969449 25000000
635469.68700000  969092.25000000
635309.68700000  968944.25000000
635234.68700000  968937.25000000
635339.66700000  968734.25000000
635474.68700000  968587.25000000
635464.68700000  968349.25000000
628327.68700000 9564725000000
626292.68700000  955439.25000000
/#

You may also import one or more lines from an ASCIH
file. The input format is free; the X and Y coordinates-
must be separated by one or more spaces or a comma.
One pair of coordinates, that is one point of a line, is
typed on one line of the ASCII file.

The program will
prompt you to select a
file name for the line
either when you wish to
read the line from an AS-
CII input file, Figure 15-
52, or when you want to
write to an ASCII file,
Figure 15-53.

You may create a .DXF
output file to use in an-
other software package,
most likely AutoCad or another Computer Aided De-
sign package. You will be prompted to select a file name
and directory to save the output. The program will open

Figure 15-52
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K L i S ASCH Ooipnt  ERTILTS . - Linelut Owpen 10 ONF File. Kadoch |
Direstary  CAGWD Eu"“" 7 Directary:  CAGWD
Flles: Derectories: Files:
rivers.iin [} |baseman. dxdt =l
- e rvers. dxf e
H Hr
Fot !
- HH - Fei
HH H
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.

15.7‘

You _wiII use this menu to add tex

ines 10 your map. You may add TR
heading or a title to your map, write 0ld Texts

some comunents, etc. You do not need|
to use the text menu options to create

a legend. Itis done using options fro
all mapping menus.

The Text menu contains the following]
commands or options, as shown in| gyao4.c4 accn Output

Figure 15-55:

. New Text

15-45

Save Texts
Save Text As

Add Texis to Map

Edit Texts Parameters

Standard ASCII Input

Figure 15-55
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15.7.1. New Text

15-46

e OlId Text

® Save Text

® Save Text As

e Add Textto Map

e Edit 'fext Parameters
e Standard ASCII Input

e Standard ASCII Output

Use this option to create a text block. Each set of text in-
formation is called a block. For each line of text you will
specify the coordinates of the beginning of the text string
or the position of the text block, the angle of the text
block, color of the text, the fonts, and the horizontal and
-vertical alignment.

When you select the New Text option, the dialogue box
as shownin Figure 15-56 will be displayed. The only rea-
sonable option available for a new text is the button

‘Deiric]

Figure 15-56

e
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15.7.2. Old Text

15-47

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 coordinates of

TML l
’ r«?ﬁ%mww B A o S ANy S NSO AN
X -Coordinate L J

Y-Coordmm‘aL ]

otin] -

Figure 15-57

the lower left corner of the first letter of the text string, or
by alignment attributes in the Text Attributes dialogue
box.

You may write more than one line of text, assigning to

_ each its position, angle, fonts and colors.

You may save this text block under its own internal file
name. You may have many such text blocks or file
names.

Sclect an Existing Todt
[ J
Thie-1 - Y
You will use this option to
retrieve a previously cre-
ated and saved text file
containing one or more
lines of text information.
When you use this option Figure 15-58

the program displays a list
of existing texts prompting you to select one from the
list, as shown in Figure 15-58. When you select a text, it

et
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15.7.3. Save Text and
Save Text As

15.7.4. Add Text to Map
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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 internal name. If the text is a new untitled text you
will be prompted to Save Text As, that is the program
will display a list of existing text names from which you

may choose one or as-
sign an entirely new
name. The dialogue
box with file name se-
lection may look as
shown in Figure 15-59.
If you are working on
an existing, or titled,
text, you will have op-
tion to Save Text under
its own name, or Save
Text As giving it an-
other name.

Figure 15-59

You may add a text to the map. This is probably the rea-
son why you are creating texts, editing them, giving
them some attributes, and the like. You wish to add them
to a map. The text may be a header, a subtitle, a company
name, a comment or description, or anything that de-
scribes or enhances a map. Prior to adding a text to the
map you should check text attributes or parameters, that
is its-position, angle, font family and size, and color.
Once added, the text cannot be removed and the whole
process of map building may have to be repeated.

One example of adding text is shown in Figure 15-60.
This is an insert, zoomed in.

NOTE. It is a good advice to save a map after several steps, so
that you may start anew from a step before, not from scratch.
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Figure 15-60 . -

T 15.7.5. Edit Text Whenyouselectthisoption, the dialogueboxsuchasthe -
Parameters one shown in Figure 15-61 will be displayed. Using this
' option you
may:

¢ Edit an & 3
e xisting FUn Guarim Irﬂgadon System
t e x t
string.

e Add an-
other text
string to
the same
t e x t
block.

® Delete ) Figure 15-61
one or
more fext
strings.

- Editing a text string or text line means changing the text -
itself, moving its position by changing X or Y coordi-

15-49
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nates, replacing one font family and size with another, or
changing its color.

To edit you should do the following:

1. Select with the cursor the line of text you wish to edit.
This line will be highlighted.

2. Click on Edit button. GWW will open another dia--
logue box, Text Attributes, as shown in Figure 15-62.

Map Tesas fre S e B

bl Hio Guarico Irrigation Sysiem

Text |Rio Guarico migation System

T e —
B e 4 T AN R T Tyl e
B a5 o B L e

X -Coordmate |630000

= : : Y -Coordinate |968000

Angle [dag]

15-50

Figure 15-62

3. Work on modification and select OK to return to the
text menu.

To create a new line of text within the same text block
you should do the following:

1. Click on New button. GWW will open an empty dia-
logue box, Text Attributes, such as shown in Figure
15-57. ‘

2. Create the new line of text by filling all boxes. Select

OK to return to the text menu.

3. Remember. to save this modified text block using

either Save command, or Save As.
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15.7.6. Standard ASCII

Input

15-51

To delete a line of text from the current text block you
shouid do the foliowing:

1. Select witﬁ the cursor the line of text you wish to de-
lete. This line will be highlighted. -

2. Click on Delete button. This line of text will be de-
leted.

3. Remember to save this modified text block using
either Save command or Save As.

CII file, or you may create a text file with a text editor.
When you wish to input the text as an ASCII file, GWW
will prompt you for a = :
file name to select the

text, as shown in Figure :
Toia gur Fleasme: [ | ]ﬂ

Directory:  CIA\GWD
To use a text editor you |} fe= Dreciones
guarnico.mbx [}

must observe certain el
rules and conventions. 34
The text displayed in i
the example above
when stored as an AS-
CII file will contain the Figure 15-63
following;

"Rio Guarico Irrigation System” 632000 968000
10017490 "Palton" 000 110

Evidently, the first line is the text limited with quotation
marks, followed by the X and Y coordinates defining its
position on the map. The second line contains the text
string attributes and font family, size, and color. The font
family is Palton. The three 0 after the word Palton are
color codes, meaning red, green, blue are each set at 0
value. The combination of three "zeros" is the black color.
Remember that color values are from 0to 255. The com-
bination 255,0,0 is interpreted as pure red, the combina- .
Hon 0,255,0 as pure green, and the combination 0,0,255
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15-52

as pure blue. Each other combination of numbers is an-
other nuance. (This is to say that there will be over 16
million colors. Multiply 256 by 256 by 256 to see how
many colors you may create!)

The set of numbers after the color code, thatis 11 0 de-
fines text font attributes, that is normal or bold, normal
or italic, normal or underlined. 0 is for normal, 1 is for
bold, italic, and underlined, in this order.

The first three numbers in this line define the horizontal
and vertical offset of the text beginning, and the align-
ment of the text string. You should not be concerned with
this, although you may know that the number 10 means
horizontal offset (from the XY coordinates) equal to 10
tenths of a millimeter, or, in this case, 1 mm. The number

0 which follows implies 0 tenths of millimeter vertical 7

offset. The number 17 is a combination uniquely defin-
ing the horizontal and vertical alignment. The remaining
two numbers, 49 and 0, define the size of the font se-
lected in 1/10th of a millimeter and the angle in degrees.
The size of 49 is equivalent to 4.9 mm, or to 14 points. The
size of 56 is equivalent to 16 points, 64 is equivalent to 18
points, and 21 to 6 points.

Using the text editor to modify an existing text string or
to create a new one becomes handy when you wish to
create text strings longer than the maximum length as-
signed by GWW.

An ASCII text file with two lines of text may look as re-
produced below.

"Rio Guarico Irrigation System" 632000 968000
10517490 "Palton" 0143255 110

"Estado Guarico, Republic of Venezuela” 632000 965000
10017420"Anal" 0006 000

When this file is imported into GWW and the command
Add Text to Map is applied, the displayed text may look
as shown in Figure 15-64.



CHAPTER 15 MAPPING APPLICATION

Rio G{ﬁn’co Im'gétion Syste:{;i

P542 | P53
%5 . o

Figure 15-64

15.7.7. Standard ASCII You may save a text file, with one or more lines of text,
Output  that was created in GWW as an ASCII output file. You
may then edit this file using your text editor and import
it again into GWW as an input ASCTI file. Before you ex-
port the file, GWW will prompt you to give a file name

to the text as displayed in Figure 15-65.

Figure 15-65

15-53 -
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CHAPTER 16.

CUSTOMIZATION

16-2

The applications that can be customized are the follow-

mg:
¢ Chemistry
* Concentration-Depth

¢ Concentration-Time

- ® Hydro grapﬁs

o Lithology (well logs)
¢ Step Drawdowns —
* Pumping tests, and |

* (Grain Size Curves

Remember that changes made in the Customization op-

‘tion will be written to the file GWW.INI which will be

located in the Windows directory, just like any other
“Application.ini file. Some portions of this file are repro-

duced below.

[GwWw]
GWWnDataBase=c:\gwd \test2. gww

LastPumpTests=PT-1
Lastldent=PO-1

Frame=100 10 1800 2500
LastMasterData=P-540
LastLithology=PO-1

{PumpTests]
QUnit=m3/day
LengthUnit=m
TimeUnit=min
[WellFunct]
TransUnit=gpd/ ft

DrawUnit=feet
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16.1 INTRODUCTION

This is-a utility option in GWW which makes possible
individual customization of various screen displays and
“printouts.

It has been stated earlier that GWW is language-inde-
pendent, or almost so! Under "language-independent"”

we mean that you do not need to have English captions,

titles, headers, etc. on your screen-display and/or in
printouts. You cannot replace English messages, menus,
comments, instructions, and the like. But you may create -
reports of every part of the package in your own lan-
guage. This is made possible by using options from this  _
Customization package.

When you select Customization from the main menu bar
the screen displays the list of applications in which you
may change either display or print attributes or replace
English words with a "foreign” word. The display is as
shown in Figure 16-1. Out of thirteen major application
modules, Master Data, Cross Section, Fence Diagrams,
User applications, and Mapping applications do not

ot Applications o0 hs Help

Hwdroagraphs Diapiay Persmaierns Conconretion - Dapth
Yyuil Log Display Pafemetors Concontration = Tima
Svep Drawdown Displey Parameatare
Siraln Sixe Curea

Eumpln! Tente

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.

16-1
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-Piper Display P:ﬂurflrmﬂ*!rs

‘Select tem(s)

Border Celor [Displayj
Backgr. Color [Display]
Coord. Lines Color [Dispiay)
Border Color [Print]

Backgr. Color (Prinf)

Coord. Lines Color {Prinf]
Labels Font [Display]

- Points Symbols Font [Display}
Labels Font {Print]

Paints Symbols Font [Print)

Pipes Display Parameteis:

j Select Hem(s]
Coonrd. Lines Color [Display] 4
Border Color [Print) .
Backgr. Color [Printj
i iCoord. Lines Color [Print)
Labels Font [Display]
Points Symbols Font [Display]
| [Labels Font [Print]
Points Symbels Font [Print]
'Cations’ Text
‘Anions’ Texd

Translation of ’‘CATIONS'

CATIONS

16-4
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[Stiff]

StiffBorderDisp=255 255 255

StiffBackgroundDisp=255 255 255

StiffLinesDisp=000 o
StiffinteriorDisp=0 0 255 -
StiffLabFontDisp="Arial’ 12000000
StiffSymFontDisp="Arial’ 10000000

16.2. CHEMISTRY
--  APPLICATION

In the Chemistry_épplicaﬁor;as shown in Figure 16-2,
you may customize the display and print for each of the

wWilcox Displey Parasmoesters Concentration - Depth
St Dimsploay Parsmeters Concontration - Times
Schoeller Display Parameters

Pumping Tests

Figure 16-2

chemical data graphical presentations: Piper, Wilcox,
Stiff, or Schoeller diagrams. Since each of the presenta-
tions has a graphical drawing and a textual content, the
options on the customization menu refer to screen and
print colors (for border, background, or coordinate lines,
or lines connecting points), to font family and font size
for any textual content, to symbols appearing on screen
displays or printouts.

The options for the chemistry application are shown in
the following Figures: 16-3 and 16-4 (Piper), 16-6 (Wil-
cox), 16-7 (Stiff), and 16-8 (Schoeller). The change of text
is illustrated with the example in Figure 16-5. The word
‘CATIONS’ you may replace with the word “CATIONES'

16-3
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if you wish to write in Spanish, or 'KATIJONI" if you
wish to use Serbian language.

16.3. HYDROGRAPHS Only the lower portion of all options available for this
APPLICATION  application is shown in Figure 16-9. If, for example, you

Hydrographs Display Porameter

| Select item(s)

Coord. Lines Color (Dispiay]
Polygon Color [Display}
Border Color [Print]
 {Backgr. Color (Pring
 |Coord. Lines Color [Print]

} |Polygon Color [Print]

Font [Disptay]

Font [Print)

'Depth’ Text

‘Level® Text

i

wish to report I
in § pan ish , Translation of "Depth’
- you will re-
place the word | Profundidad] |
‘Depth’ with —
its Spanish [T PR
equivalent
‘Profundidad,’ Figure 16-10
as it is shown
in Figure 16-10, or the word "Level’ with 'Nivel, etc. You
may also customize colors, fonts, color of textual attrib-
utes, etc.

16.4. WELLLOGS Youmay enhance your lithologic or well log by selecting
different colors, and fonts. You may replace the header

16-6
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,__f_-’w_ilcnx Display Péfameters

" Select temis}]

Border Colar [Dispiay)
Backgr. Cotor [Displayj
Coord. Lines Color [Display]
"Very High' Coler [Display]
'High® Celor [Display)
‘Medium' Color [Display]

3 |'Low* Color [Dispiay]

Border Color [Print)
Backgr. Color [Print)
Coord. Lines Color [Print)

8 Sclect ltemis)

Baorder Color [Display]
Backgr. Color [Display] .
Coord, Lines Color [Display]
Polygon Interior Color [Display]
Border Color [Print)

Backgr. Color [Prinf)

Coord. Lines Color {Prinf]
Polygon Interior Color [Print]
Header Font [Display]
Labels Fent [Display)

3 Sclect liem|s)

§ [Border Color [Display]
§ |Backgr. Color [Display]
t [Coord. Lines Color [Display]

Point Polygon Color [Dispiay]

| Bordzr Color {Priny

Backgr. Color (Prin]
Coord. Lines Color [Print]

 Peint Polygon Color [Pring)

Labels Fent [Display)
Labels Font [Print)

16-5
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"16.5.

STEP DRAWDOWN
APPLICATION

In a step drawdown diagram the following text appears
on the graph or in the table: ‘Drawdown,” "‘Pumping
Rate,” “Aquifer Loss,” "Well Loss,” and “Efficiency.” You
may replace each of these with their equivalents. The op-
tions are shown in Figure 16-13.

Select kemis]

Coord.System Font [Display]
Table Header Font [Display]
Table Data Font [Display)
Coord.System Font (Priny)

- Table Header Font (Print]
Table Data Font [Prinf)
'Drawdown' Text )
'Pumping Rate' Text

— ‘Aquiter Lass' Text

'‘Well Loss' Text

Figure 16-13

16.6. GRAINSIZE Here again, every word that appears on the diagram
CURVE  may be replaced. This is shown in Figure 16-14. In addi-
APPLICATION  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.

16-8
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16-7

which contains the words ‘Depth,” "Hole,” ‘Annulus,’
‘Casing,” ‘Screen,” and ‘Lithology,” with other words or
equivalents in other languages. If you select fonts such
as Czar from CorelDraw or Cyrillic from other sources,
you may create a well log in Russian using Cyrillic al-
phabet. (Of course, you may do it in Arabic, Hebrew, or
any other language, provided you have fonts for their
alphabets available.)

Well log display and print parameters, available for cus-
tomization, are displayed in Figures 16-11 and 16-12.

" Well Lag Display Paraimeters
Select ltemis)

Frame Color {Display)

Frame Color [Print)

Header Font [Display}

Lithology Fomt [Display]

Annulus Font [Display}

Coordinates Font (Display]

Header Font [Prinf}] -
Lithology Font {Prinf]
Annulus Font (Print]
Coordinates Font [Print)

Select ltem|s)
Header Font [Print) B
Lithology Font (Print)
Annulus Font [Print]
Coordinates Font (Print)
‘Depth’ Text
'Hole' Text
'Annulus’ Text
‘Casing’ Text
'Screen’ Text B
‘Lithotogy”’ Text

Figure 16-12
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16.8.
-- CONCENTRATION -
DEPTH SERIES
In this applications, most of customization is done from
the application’s menu. There, you can select header
- fonts, axis labeling, coloring and filling with colors vari-
_ ous parts of a diagram. Here, you may replace one of the
two English words, as shown in Figure 16-16.
f Select tem(s)
"Depth” text
|'Level text
o Figure 16-16
'16.9.
CONCENTRATION -
TIME SERIES

Although you [{i S
may modify the J§ Selecttem(s)

. Pk Border Color (Display]
display or print- 1 o O or Diopla]
out to some ex- Coord. Lines Color [Display)

tent di.rectly from Border Color [Pring)
' . . Backgr. Color (Print)
the appllcatmn, Coord. Lines Color {Prinf]

— most of the cus- Labels Font [Display]
- tomization will Lebels Font (Pring
be done from this || —
menu. T0k | [Cancel
— e =
Figure 16-17

16-10
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16.7. PUMPING TEST
APPLICATION

- Table Header Font [Print]

16-9

aa Gr_"ai:n' Size —iC‘lrm.'vc' n i"spi.ﬁy Pa ra mctcr

Sclect Hem|s)

Table Data Font [Print]

'Grain Size in Milimeters' Text
% Passing’ Text

'Fines’' Text

*Sand’ Text

'Gravel' Text

'‘Cobbie’ Text

‘Boulder® Text

'Fine' Text

Figure 16-14
Almost everything that is presented either on screen or
printed can be customized. One portion of options is dis-
played in Figure 16-15. This is mostly the textual part of
the pumping test display, but you may also control col-
ors of lines, coordinates system, data points, back-
ground, and the like.

. Pumping TestDisplay Paramet
Select fem|s]

Coord.System Font [Print}

Time' Text

§ |'Drawdown’ Text

'Residual Drawdown' Text

‘Jacob Method® Text

Theis Method’ Text

'Hantush Method® Text

*Recovery Method' Text

} |'Theis Method for Pantial Pen.* Text
'Error' Text

Figure 16-15
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17.1.2. Application’s
Content

17-2

-l
—Wells Map Grid Mode! [rawing Drawing Style Help
5
3
s
2
:fq:
_ o
:{\
3
o

“ Figure 17-1

As shown in Figure 17-1, the Fence Diagram application
is comprised of the following major options:

* Model
* Wells

* Map

» Grid

¢ Drawing

* Drawing Style
* Help

The Model menu is
shown in Figure 17-2. In
this menu you control the
content of the fence dia-
gram, the viewing an-
gles, the scales, and the
general layout of the
drawing.

The Wells menu is shown
in Figure 17-3. In this

: p

Make Panels from Wells
Delete Panel
Extend Panel

Select Working Set
Select Working Group

Clear Paneis

Maximum Length

Units

Coordinate Planes Parameters

Exit

Ligure 17-2

[
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~—



CHAPTER SEVENTEEN

17.1

INTRODUCTION
17.1.1. General

17-1

FENCE DIAGRAMS

Using this application you may create fence diagrams,
displaying on the screen and in reporting forms the fol-
lowing: ' - —

* Lithology at borehole sites.
¢ Hydrogeologic information such as water table.

* Stratigraphic information by connecting layers with
different lines.

You may add lines created from gridded models in the
Mapping application. You may also use free-hand draw-
ing of lines, close polygons and fill in with lithologic or
other symbols.

~-Since it is a three dimensional presentation of the lithol-

ogy of a terrain on a two dimensional screen and paper,
you may control angles of rotation along the x and y axis,
and angle of projection on the Z axis.

As in the other general-purpose utilities within GWW,
such as Mapping and Cross Section, you may select hori-
zontal and vertical scales to fit your drawing on a se-
lected paper format.

GWW stores fence diagrams as a part of the information
system. The last created fence diagram is displayed al-
most automatically when you select this application.
Thus the lithology of a selected part of the area is imme-
diately visible.
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headers and textual expla-

nations.
o O [Draw Lithology Pattern)
The Draw Style menu is 01 20 Drawing
shown in Figure 17-7. Using O Skip Undefined Polygons
this menu you will control [ Skip Lines Abowve and Below Log
several display options, e.g. B2 Flll Panc) Background
]th]me HWIS. dth Of hthOIOglc COI Well Column Width [mm] -l I:-

17.2. MODEL MENU  The three dimensional pres-
entation of lithology of an  _
area is actually modeling

- the lithology of an area. You select which part of the area
you wish to model, which wells to use, how to present
them; and you change the angles of viewing the cross

__section. ”

Figure 17-7

The Model menu serves to create "panels” which put to-
gether make a fence diagram or a lithologic model of the
- area.

A panel is a rectangle in space drawn in such a way that
a pair of two neighboring wells makes panel sides. One
of the panels is shown in Figure 17-8. A well which is

Sy e

e

Figure 17-8

17-4
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menu you select EETEINFNIRIE
wellsto be used in a
fence diagram. Be-
fore using the Model
menu you will nor-
mally start by select-
ing wells to repre-
sent lithology. -

The Map menu is

shown in Figure 174. il G

This is a shortcut for TIEAELELLIY

selecting wells. You Y] Select Working Set from Map
may create a working Select Working Group from Map
set or working group

of wells directly from .

a map. ) Figure 174

The Grid menu is
shown in Figure 17-5.
Using this menu you
may add one or more
lines to the fence dia- Figure 17-5
gram. These lines are -

created in the Map-
ping application.

WHR Drawing Style Help
Make Drawing - JESEa
Save Drawing As...

The Drawing menu is
shown in Figure 17-6.
With this menu you Make Legend

will finish the fence Add Text to Legend
diagram as a draw- Add Scale to Legend
g Add Lithoiogy to Legend

ing. You will add vari- - :
ous legend blocks, Print Drawing -

such as the one ex- Print Setup

L . . Dimension
plaining lithologic v
symbols used in the Figure 17-6

diagram, various

17-3
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17.2.1. Make Panels
" from Wells

17.2.2. Delete Panel

17-6

When this option is selected GWW automatically creates
panels from wells making the working group. Panels
which would cut through another panel will not be cre-
ated. This is to say that in some cases you should not
expect that all possible combinations of panels will be
created. For example, with 3 wells labeled W-1, W-2, W-
3,it may or may not happen that there will be three pan-
els. If one of the panels is in the way of another panel, it
will be eliminated. -

The effect of this command is immediately evident. A
fence diagram will be displayed on the screen using cur-
rent scales, .
orientation R G ———
s, fonts and ;..
color attrib- -
utes. A typi-
cal screen !
may look as £
shown in ¥&%
Figure 17- | @&
11. Notice ™Rz
that some |

wells are !
shared by

els. 1gure 27~

Once created, panels are stored in
the information system created by
GWW with all their attributes and
additional contents. Panels are
like building blocks making the

final drawing. Each panel is like
a cross section connecting two
wells. You may delete one or more panels from the infor-
mation system. When this command is selected the
screen displays a dialogue box as shown in Figure 17-12,

Figure 17-12
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17-5

used by two or more panels is shared by these panels
(Figure 17-9). More than one panel can be drawn
through one well. Each panel may contain only two
wells.

Figure 17-9
Panels are
labeled us-
. . Unsalectad teme Salected Rams
1n g t h e [MW—RAC MW=1 07 r(u_w‘-Tl.m::
names of :[mwosiwon fvweigewepi B
wells that Bveog A o3)
make a | o
panel. As
shown in
Figure 17-
10 the la-
beli ng is (o™ [7Cwneee |
(MW-7 - .
MW-9 ) . Lm..lm»f“mw,ww PSR |
Panels can Figure 17-10
only join )
one with

the other but they cannot cut through or protrude
through. - :



CHAPTER 17 FENCE DIAGRAM APPLICATION

17.2.5. Select Working
- Group (of Panels)

17-8

many panels from the group of wells [using the com-
mand Make Panels from Wells]. Using this command
you may eliminate some of panels that you do not want
to work with. When this command is selected the dia-
logue box as shown in Figure 17-14 is displayed. Click-
ing with the mouse on a panel name on either Selected

Unsalactad ftame Selectad hams

MW-OZMW-04C) (WMW—01 M0 3)
(MW-04C, MW-111) (W02 hew-0.1)

Figure 17-14

or Unselected side you will move the-panel to the other
side.

The command Select
Working Group on the
Model menu implies
the selection of panels
that will make a cur-
rent working group.
These will be the pan-
els used to create a
fence diagram after
you click on the Re-
fresh button. When
this command is se-
lected the dialogue
box as shown in Fig-
ure 17-15 is displayed. Clicking with the mouse on a
panel name on either Selected or Unselected side you
will move the panel to the other side.

Figure 17-15
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All available panels are listed. You may dlick on one or
more-panels to select (highlight) them to be deleted
When you click on OK they will be deleted.

17.2.3. Extend Panels In this application panels are defined as rectangles en-
closing a space between two neighboring wells. How-
ever, there may be cases when you will want to create 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. Such panels are
created by "extending” an existing panel using the com-
mand Extend Panel. The dialogue box as shown in Fig-
ure 17-13 will be displayed with the list of all available

Panel to be extended Extension Length
MW-06.MW-09 fect
MW-06 side
MW-03 side

[Frpeai] | cencel] |

Figure 17-13

panels. Extending a panel you will not widen this panel
but you will create a new panel which will share the side
well and will have the length as entered by you in the
right side of the dialogue box. The newly created panel
becomes independent and behaves in the same way as
other panels.

17.2.4. Select Working The command Select Working Set on the Model menu
Set (of Panels) implies the selection of panels that makéa current work-

ing set. You may have many wells making a current

working group of wells, and you may have created

17-7
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17.2.8. Units

- 17.2.9. Coordinate
Plane Parameters

17-10

R R L S A S 2 LI A AN I S A A ¢

EE

The units are taken
from the Cross Sec-
tion application.
However, you may
change units within
this application.

Figure 17-18

" When you select the Units command you will be offered

a dialogue box for Coordinates and for Elevations.

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 scan all wells and
will display the range of X, Y, and Z values for all wells
making a current working group. You may change this




CHAPTER 17 FENCE DIAGRAM APPLICATION

17.2.6. Clear Panels

17.2.7. Maximum
: Length

17-9

This command is used to remove additional "enhance-
ments" to a panel. For example, you may add lines either
hand drawn or from the Mapping application. Also you
may fill in a layer with a lithologic pattern. A panel may
look as shown in Figure 17-16. Using the command Clear

)

T

g:":gl R R R S R R R A R NS 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 cleared.

Panels are automatically created using X and Y coordi-
nates of wells. Some panels may be too long. You may
reduce the length of each panel by assigning a maximum
allowed length. The dialogue box is as shown in Figure
17-18.

-7



CHAPTER 17 FENCE DIAGRAM APPLICATION

17.2.10. Viewing
Parameters

17-12

- The Z label font part of this dialogue box is intuitive. So

is the Color part in which you will select background col-
ors for "vertical” walls and the "horizontal” base of a
fence diagram. (Neither the walls are vertical nor the
base is horizontal, in most cases.) -

With the button Parameters you may control the follow-
ing:

- * Rotation angle around the Z axis.

* Rotation angle around the X axis.
* Relative projection distance.
* Normal or central projection.

The angles of rotation enhance or hide some portions of

. a fence diagram. The best practice is to experiment with

different angles and find a combination which displays
best what one wants to present. '

The relative projection distance is a measure of the
viewer’s location. It is equivalent to the diagonal of the
three dimensional space that is displayed; and measured
from the center of the space. It cannot be less than 1, that
is a viewer is not allowed to "enter" too close into the
model.

The dialogue box with parameters is as shown in Figure
17-20. Figures 17-21 and 17-22 show the difference be-
tween an orthogonal and a normal projection, respec-
tively. The angles of rotation around the Z and X axes are
30 and 45 degrees, respectively in both cases.

The angles of viewing can be assigned in a more conven-
ient way by sliding scroll bars in the middle part of the
left-side window. Sliding the bars in whichever way you
will rotate the coordinate triedar. When you wish to dis-
play the new view click on the Refresh button. If you -
have rotated the triedar, but have decided not to change
the viewing angles, press the button Cancel.
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17-11

- Coordinates
From To

2342.63

2316.86 2390.52
225 320.4

Scales
Horizontal 1: |1000
Vertical 1: [1000

Z Label Font

‘fmﬁy a:’mi Stzp:.

Z Label Distance E} feet

o Figure 17-19

manually in this dialogue box. Normally you may want
to increase the top elevation (Zmax) to enhance the to-
pography. Or you may want to eliminate some deeper
layers by increasing Zmin and emphasizing only the up-

- per part of a fence diagram.

Selecting scales is not that straight forward procedure as
it was in the Mapping or Cross Section applications. Re-
member that this is a "quasi” three dimensional presen-
tation on a two dimensional plane (screen or paper). The
final dimension of a drawing will depend on several fac-
tors: on horizontal and, to lesser extent, vertical scales,

" on angle of rotation around X axis (to be selected under

the Parameters button) and on angle of rotation around
Z axis.

The best practice is to select dirferent combinations and
check the size of the drawing using the he option Dimen-
sion on the Drawing menu.

-y
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panel to another in a straight forward way. (You may cre-

- ate-a continuous line by selecting a point on a well that

is shared by two panels, but again, you will be drawing
in individual panels.)

To start drawing a line click on the button Line +. As long
as you do not click on the same button again, the points
that you will be making using the mouse will belong to
the same line. Make several points with the mouse until
you create a line. One such line is shown in Figure 17-23.
To draw ‘another line, again click on the button Line +. In

Figure 17-23

plotting terminology this is equivalent to Pen Up. Click-
ing now with the mouse on the starting point of a second
line is like the plotting command Pen Down. An example
is shown in Figure 17-24.

feat 300

Figure 17-24
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Rotation Angles [degrees)

Around z-axis

Around x-axis 60

i Refative Projecioion Distance [1___ |

S

- 0] Normal Projection  |70K::

— Figuere 17-20

Figure 17-22

17.2.11. Hand Drawn A free hand drawing is an option in this application.
Lines However, you should work in panels. Each panel is an
independent entity. You cannot extend a line from a

17-13
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17.2.13. Fine Tuning of You may fine tune the position of points and lines by us-
Points  ing the button Select. After you press on Select you may
- drag any point on a line. Figure 17-26 shows one such

_,. .... .,.,
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- Figure 17-27
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17.2.12. Filling with

To delete a line click on the button Line - and click on one
or mere points on the line you wish to delete. The line
will be deleted but the points will remain visible. Alter-
‘natively you may select the command Clear panels in
which case all what you have added to each displayed
panel will be erased. —

Very often you will want to fill a lithologic unit or a layer

Lithologic Patterns  with its pattern. The filling is done in closed polygons.

To fill the layer in Figure 17-24 with the pattern for dolo-
mite you need to add two more lines, each connecting
the top with the bottom of dolomite in both wells. If you
do not close the polygon correctly the color and pattern
will spill and cover the whole panel. If this happens you
will have to clear this panel. However, remember that
the command Clear Panels will clear all panels that are
currently displayed (or which make your current work-
ing group of panels).

When you have a closed polygon, you may select one of
lithologic patterns which are displayed in the lower part
of the left-side window. Click on dolomite, e.g., notice
that the symbol name becomes dimmed and click inside
the polygon on the panel. This acts as a paint brush. The
final display is as shown in Figure 17-25.

feet 300

17-15

Figure 17-25

el

"/—r‘



CHAPTER 17 FENCE DIAGRAM APPLICATION

17.4. MAP MENU

17.4.1. Load Map

17-18

Unselected items Salacted hems
MW-01 MW-06
_ w2 MW-07
MW-03 MW-08
MW-04C MW-02
MW-10

On this menu you have three options:

¢ Load Map
* Select Working Set From Map
* Select Working Group From Map

The Load Map option is a general option for selecting
wells either to make a Working Set or a Working Group
of wells. Prior to clicking on Load Map you should click
on either Select Working Set from Map or Select Work-
ing Group from Map to make a working set of wells (a
larger group) or a group of wells (from among a working
set) that will be plotted on a fence diagram.

When you click on either Select Working Set or Select
Working Group nothing visible will happen. GWW is
only prepared for your next move, that is the real selec-
tion from a map. '

This option is used for two purposes?

1. To create a working set of wells directly from a map.
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line which closes a filled polygon the new polygon be-
comes completely filled with the selected pattern.

17.2.14. Points  You have two additional buttons: Points + and -. Al-
' - though points can be drawn using the Line + button, the
button Points + draws but does not connect points. Like-
wise, the button Points - erases a point but not the line.

17.3. WELLS MENU  To select wells to be used on a fence diagram is normally
the initial step in using this application. You have only
two options on this menu: to select wells that will make
a working set, and-to select wells that will make a work-
ing group (Figure 17-3). You can make a working group
only from wells that make a working set.

17.3.1. Select Working You use the select Working Set option in the same man-

Set ner as in any other application. Its use is explained in
Chapter 5, section 5.3. Its purpose is to reduce a large set
with many wells to a smaller set of wells which may be
selected for any reason.

17.3.2. Select Working Only the wells that are included in a working group can
Group be added to a fence diagram. You may select a working
group in several wavs. One would be to use this option
on the Wells menu, and manually pick wells one by one
- from the Unselected list of wells. The other would be to
use this option and apply one of selection conditions. For
example, you could use well names, X and Y coordi-
nates, type of aquifer and the like.

An alternative to selecting wells by names or identifica-
tion using this menu is to select them directly from a
map. This will be explained in Section 17.4. Whichever
method of selection you choose, the list of selected wells
will look something like what is shown in Figure 17-28.

17-17
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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 Points, use other

— buttons on the right side to complete the selection
(End Points). In the case of an Area, after you drcle

an area (remember, in clockwise direction you are se-

lecting within the area; in the counterclockwise direc-

Hon outside the area!) you should close the area (End

Point) followed by End Digitizing button.
8. Click on Select Working Group on the Wells menu to

check whether these are the wells you wish to dis-. -
play on a fence diagram.

17.5. GRID MENU

-~ Using this option and the subsequent option from this
menu you will add one or more lines to your cross sec-
tion. The menu has only one option:

A

* GetIntersection Line
The sequence of operations is normally the following: - -

1. Select Get Intersection Line. A dialogue box is opened
with the list of available grid models (these grids are
created in the Mapping application by makinga grid
model from random point values.

2. Select one of available lines to plot . This line will be
automatically displayed on the fence diagram. How-
ever, remember that for plotting a line the option
Skip Undefined Polygons on the Drawing Style
menu must not be checked.

17-20
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17.4.2. Select Working

Set from Map

17.4.3. Select Working

Group from Map

17-19

2. To create a working group of wells directly from a
— map. _ ‘ .-

The sequence is normally:

1. Click on Wells to open the menu.

2. Click on Select Working Set and Unsglg_cr all wells.
This is important because any selection adds new
wells to the existing working set.

3. Click on Map to open the menu.

4. Click on Select Working Set from Map. Nothing hap-
pens. —

5. Click on Load Map. Wait for the dialogue box to list
available maps.

6. Select one of maps listed:

7. Select wells to make a working set using either Rectan-
gle, Points, or Area. In the case of Points, use other
buttons on the right side to complete the selection
(End Points). In the case of an Area, after you circle
an area (remember, in clockwise direction you are se-

lecting within the area; in the counterclockwise direc-..

tion outside the area!) you should close the area (End
Point) followed by End Digitizing button.

8. Click on Select Working Set on the Wells menu to
check whether these are the wells you wish to work
with when creating a fence diagram.

The sequence is normally:

1. Click on Wells to open the menu.

2. Click on Select Working Group and Unselect all wells.
This is important because any selection adds new
wells to the existing working group.

3. Click on Map to open the menu.
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17:6.1. Make Drawing

17.6.2. Drawing
Margins

17-22

you will make legend blocks to enhance the drawing. In
this menu you will also save the drawing by assigning a
name. You will setup your printer and print the drawing.

With this command you are switching from the main
menu view to the drawing view. The whole screen be-_
comes your drawing area. You may add lithology,
header, scales, and any text you find appropriate. Wait
until GWW recalculates the drawing and displays a dia-
logue box, Margins, on the screen.

You will be
fir s t
prompted
(Figure 17-30)
to confirm
the margins
of the draw-
ing. Margins
in this opera-
tion imply
the amount
of shifting the
drawing left,
right, up, or
down within o
the printing form field. The shifting of the drawing be-
comes handy when you wish to make space for legend
and text blocks. Remember that the drawing you are go-
ing to create will be saved and associated with a draw-
ing’s name but it will no e a par h

information system which you can later edit. In other
words, the 3D drawings are not like 2D cross sections
(application Cross Section) or maps (application Map-
ping). They are like "nonstandard” drawings: a pumping
test, a hydrograph, a chemical diagram and a step draw-
down test diagram. You may print them provided you

Figure 17-30
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The lines that you may normally display could be the
following:

* ground surface elevation;

* water level at one or more dates; pre-pumping and
post-pumping water level showing a cone of depres-
sion;

* lithological contacts between formations;
* stratigraphic contacts between stratigraphic units;

* top and bottom of an aquifer.

You may display or add to a fence diagram one or many
S such lines as shown in Figure 17-29.
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Figure 17-29

17.6. DRAWING
MENU

Using this command you will finish your drawing which
you have created by selecting wells, making panels, se-
lecting scales and orientation, and other attributes. Here

17-21
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17-24

1. Unless you are already in the Make Drawing mode
you should select Make Drawing. The opuon Make
Legend becomes available.

2. Select Make Legend.

3. In the dialogue box titled "Legend Positioning" select
in which corner of the drawing you wish to place the
legend. You have four options: lower left, upper left,
upper right and lower right. You have also the option
to move the block from the selected corner both in X

~and Y directions, that is you may place the legend to
any part of the drawing.

4. In the same dialogue box decide which corner of the
legend block will coincide with the selected drawing
point. For example, if you select Lower Left corner
of the drawing and Lower Left corner of the legend
block, and leave blank additional offset fields, the
legend block will have its lower left corner in the
lower left corner of the drawing and will extend to
the right and above from this "origin”. If you select
upper right corner of the drawing and upper left cor-
ner of the legend block, the legend block will extend
beyond the cross section drawing to the right.

5.Select the offset in X and Y directions from the selected
drawing corner points. The offset is in millimeters.

6. Select the size of the legend block. Fill in the fields for
X (width) and Y (height) size.

NOTE 1. You may not like the position or the size of the legend
block. You cannot erase the block without clearing the whole
cross section. It may happen that the frame of the legend block
or its content will not be fully displayed on the screen after the
block is created. Click on Fit Wnd button on the right to refresh
the screen.
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17.6.3. Save Drawing

17.6.4. Make Legend

17-23

create a reporting form in the Cross Section application
and select Drawing option under New Field menu.

When you create a new fence diagram you may want to
save it for printing. The only option available for saving
is Save Drawing As ... after which you are prompted to
give a name to the drawing.

To create a legend block you must start with Make Leg-
end option. Using this option you will position the leg-
end block (box) onto the drawing, assign its X and Y size,
and add some offset to the frame to move it from the
drawing’s frame. You may make several legend blocks
and place them on the same drawing, but you must fin-
ish the complete creation of one block and fill its content
before you can create another block. One of Make legend
dialogue boxes prepared for the lithology description is
shown in Figure 17-31.

Relate corner points of map and legend e

Map Corner Point Legend Corner Point

Lower Right

Additional Offset [mm]

X |5 Y|5
Legend Field Dimension [mm}
X |35 Y |25
Figure 17-31

o
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17.6.7. Add Lithology

to Legend

17-26

At the end the program will open a font selection dia-

,-logue box giving you an opportu.mty to select font fam—

ily, size, and style.

Using this option you will be prompted to select li-
thological symbols that may appear on the currently dis-
played fence diagram to have them become a part of the
legend.

The procedure that follows assumes that you have an ac-
tive legend block created by using the option Make Leg-
end. If not, create first the legend block and positioniton
the screen.

1.Select Add Lithology to Legend. A dialogue box titled
"Select Lith. Units" will display a list of all lithologic
symbols that you have made a part of your data base
when you have created well logs using the Well Log
application. This is the same list of wells which is
copied from the ASCII file LITH.DLT as distributed .
with the program, unless you have used another file
created by you.The dialogue box may look as shown
in Figure 17-32.

Select Hem(s]

Figure 17-32

2. Click with the mouse on a symbol that you wish dis-
played on the cross section. You should click on all
symbols that you wish to place on the legend before
you select OK. This ensures that symbols will not be

- separated in the vertical succession within the leg-
end. Select OK. Remember that by default GWW cre-
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17.6.5. Write Text To
Legend

17.6.6.Write Scale to
Legend

17-25

NOTE 2. If you do not specify the "Legend Field Dimension”
but leave the two fields blank, you will be able to create a legend
block without the frame. This may be very handy if you are not
sure what size of the block is needed for the text that you intend
to write.

If you have created a legend block by using the option
Make Legend you may add some text to the legend.

1. Select Write Text to Legend. Type some text onto-the

line in the Text to Legend dialogue box.
2. Click on OK or press ENTER.

3. The Font Selection dialogue box offers you to select a
font from one of installed fonts. Select font family, size,
and style. Keep in mind the size of the legend block and
the length of the text string that you just typed.

NOTE. The screen display in some parts of GWW is not
What You See Is What You Get (WYSIWYG). This is espe-
cially true for the legend. It may appear that the text
string extends beyond the legend box frame. To see
whether this is the case refresh the screen by selecting
either zoom in or zoom out buttons on the right and by
viewing the enlarged legend block.

You may write several lines of text to the legend block
provided you have assigned enough space for the block.
One typical line might be the word LEGEND.

The program knows which scales are used for drawing
a fence diagram. When you select Write Scale to Legend,
GWW will offer a default text for the horizontal scale,
followed by a default text for vertical scale. You may ac-

cept these text options by pressing ENTER or clicking on -

OK, or you may override them by typing something else.
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Figure 17-34

A completed fence diagram with a header, legend block
and a scale block is shown in Figure 17-34.

17.6.8. Print Cross When you de-

Section  cide to printa

) 3D cross sec-

tion, the pro-

gram will

display the

list of all

available re-

porting forms

- as shown in
Figure 17-35.-
You may se- Figure 17-35

lect one of the

17-28
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ates one symbol 5 mm high. Thus if you wish to place
. 6lithologic symbols on the legend, you need to create
a legend block with minimum height of 35 mm.

" 3.The program offers now "Legend text for ..." the sym-
bol that you selected, and places the default text as-
sociated with this symbol. You may confirm it by
pressing ENTER or dlicking on OK button, or you
may type another text. Here again you may use lan-

— guage other than English! After the last selected sym-
bol is confirmed, the program will automatically add
these symbols onto the currently active legend block.
Figure 17-33 displays a legend block created to de-

Figure 17-33

scribe various lithological units that may éppear 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.



CHAPTER 17 FENCE DIAGRAM APPLICATION

number of copies, colors for a color printer, and many
more. You cannot change the default printer!

The dialg)gue box for selecting printer parameters is
shown in Figure 17-36 for Hewlett Packard Laserjet III
printer.

 Eesolaion
 PaperSize:  [lenerBlallm B &+
E Paper Source: LUppa Trap [3]
E Momory: f1MB [EX]
" Orientation —

O Portrait

@Landscape

O Page Puinction

~Cartridges [max 2)

E | |HP: Global Text
- HP- Great Start

Figure 17-36

17.6.10. Dimensions of You will use this option frequently to check the size of
the Cross Section  the drawing. The numbers are in centimeters by default.
The following is important to keep in mind: cross sec-
tions are printed using either a default reporting form or
one which you created. When you create a reporting
form, you assign the dimension and position of the
drawing field. The dimensions assigned using the Tools
option on the main menu and Report Form Editor
should match the dimensions of your current cross sec-
tion in order to print its whole content.

For example, currently you have a cross section report-
ing form as a part of the GWW.000 template, which is
prepared for the drawing size 250 mm horizontally by

17-30
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17.6.9. To Setup a
— Printer

17-29

forms, and the program will print the report. You create
reporting forms using the Tools option on the GWW
main menu, ther Report Forms Editor, then Cross Sec-
tion.

NOTE. You may place a fence diagram title directly on the
drawing using the Make Legend and Write Text to Legend op-

.tions. Or you may create a header or text field in the cross

section reporting form. The first option is handy to make a one-
line title. The second option is useful for making a title with
one or more lines using object field attributes (alignment,
fonts, colors, border line thickness, shadow and the like.).

Selection of printers and attributes related to printing is
normally a Windows operation. You may set up your
printer parameters from Windows, prior to running the
GWW program. To do this:

1. From Main group select Control Panel.

2. Select Printers.

3. Select one of installed printers as a default printer, or
add some more printers to match your hardware.

4. Select Setup and modify whatever you want to mod-
]-fy. B

5. Click on Set as default.

6. Close Printers and Control Panel.

You may do about the same from inside the GWW. From
within the GWW you use Printer Setup to change the
orientation of printout, portrait (vertical) or landscape
(horizontal), the printing medium, the quality of print,
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17.7.2. 2D Drawing When you select this box the angle of orientation along
the X axis will be returned to 90 degrees. The cross sec-
tion will become similar to the standard Cross Section
application, except that in this application you may con-
nect lithologic units, fill them with symbols and pattern,
and add some free-hand drawn lines.

If you check the option Parameters, you will notice that
the "Around X axis” angle was set to 90.

17.7.3. Skip Undefined Some of polygons may be undefined. You are advised to
Polygons keep this box u.nchecked which would be interpreted as
" You certainly need to
keep this box unchecked if you w15h to add some “inter-
section” lines, that is the ground surface elevation, some___
water level at a certain date, lithologic members and the
like.

17.7.4, Skip Lines Some polygons may extend above the ground surface
Below and Above Log  elevation and may have lithology undefined. Checking -
this box will prevent such polygons from being drawn.

7.7.5.Fill Panel Leaving this box unchecked panels will be left transpar-
Background ent, that is without sides. Every well which would be
covered by a front-drawn panel will be visible. Yet you

will loose "three dimensionality.”

17.7.6. Well Column  Just the same as in the Cross Section application you may
Width control the width of well columns. The default is 10 mm.
7 1. Select Drav\\ring Style.
2. Select Well Column Width. -

3. Type the new number. Take care not to select a too
large width in which case you may overlap columns.

4. Select OK.

= NOTE. You may use "zero” column width for special pur-
poses.

17-32
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17.7. DRAWING

STYLE MENU
17.7.1. Draw Lithology

Pattern

" Dimension dia-

17-31

154 mm vertically in landscape orientation, and 180 mm
horizontally by 250 mm vertically in portrait orientation.
If your drawing’s dimensions, as displayed using this
option, are less than the reporting form’s drawing field,
the cross section will be centered within the drawing
field. If they are greater than the drawing field, a portion
of the cross section will not be printed. What will be
printed will start at the lower left corner of the reporting
Hform’s drawing field.

In this application you may control the dimensions of a
drawing by selecting different horizontal scale (of thé 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

logue box looks as
shown in Figure 17-
37.

. Figure 17-37 -

When you check this box lithologic units/members will
have lithologic patterns (symbols) drawn. These are the
same symbols that you are using in Well Log application
and Cross section application.

NOTE. You are advised to remove the check from this box
when you are still working on a drawing. It takes time to draw
lithologic patterns and symbols. Only when.you are satisfied
with the drawing, its legend, and other text you may add li-
thologic symbols. But add lithology before you go fo 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.



CHAPTER EIGHTEEN USER-DEFINED APPLICATION

such as Atteberg limits, water content, friction angle, co-
hesion, etc. can be kept in a separate part of the data base
under the title Geotechnical. Surface water data for a
project site or a larger area can be keptin a Surface-Water

application.

18.2. PREPARING
_GWW FOR NEW
APPLICATION -

The User Data application uses all routines and utilities
which are common to other components of the GWW
system. You may make a random-model for user-data- -
specific entries, use this model to create location or con-

tour map for your data, print reports with data in tables

orin any other format designed by you.-

— However, before you start input of new data you must -

prepare the data base for a new application. The first step

is to go to File Struc- -

— ture Editor and create a
new data structure for
anapplication.

1. 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-
tiona!l entries:
New User File
and Old User File.

4. Select New User
File. GWW opens
T a dialogue box as
. shown in.Figure -
18-3 prompting

18-2

# DA

Help

New User Fle —
Old User File

Exdt . Alt-F4

Create Stru-:qu_‘_e_f_’-wm STD ASCH
Write Structre to 51D ASCH

Figure 18-2

Enter new file name

Precipitation|
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INTRODUCTION

18.1.1.7 General

18-1

Ground Water for Windows (GWW) allows you to create
your own applications in which you will store, process
and manage data other than chemical, lithologic, water
level, hydrogeologic, pumping test, or grain size. Notice
on the Main menu of GWW under the Applications sub-
menu the last entry, User Data, Figure 18-1.

7% 70% 9656K Free ¢

Master Data
Chemistry

Pumping Tests
Hydrographs
Mapping

YWell Log

Cross Section
Fence Diagrams
Step Drawdown Test
Grain Size Curve

Miscellaneous
User Data

Figure 18-1

Creating one or more of your own applications, you may
keep data that belong to a specific category under its
own header. For example, climatological data such as

rainfall, evaporation, air temperatures, etc. for a project -

or a country can be kept within an application titled Cli-
matology. Geotechnical data on samples from drilling,
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1. Select Tools from the Main menu.

2. Select Data Entry Forms Editor. Notice the last row,
User Data, Figure 18-6.

Lustomization _H_
- Data Structure Design

Data Entry Forms Editor Master Data

Report Forms Edttor Chemistry
- A Pumping Tests
Units Hydrographs
Well Log

- Step Drawdown Test
‘Grain Size Curve
User Data

Figure 18-6

) 3. Click on User Data. GWW will open a dialogue box

prompting you to select one of user-defined applica-

— tions. GWW knows which applications you have cre-

- ated by making new file structures. In this case only

one application will be listed with the name Precipi-
tation as shown in Figure 18-7.

Enter user file name

- |Precipitation |

Figure 18-7

4. Select Precipitation from the list of user-defined appli-
cations.

18-4
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you for the name of your to-be-created application.
In the case used for this example the name will be
Precipitation, actually an application for storing and

~  processing rainfall and evaporation data. Immedi-
ately after you type a name for a new application and
click on OK, GWW will display the data structure
with only one data item, Well Ident, as shown in Fig-
ure 18-4.

Data ltems
Well Tdent . 227 Well
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 Da
Figure 18-5.
CjWell Ident 22 We
: Rainfall 10 Nu
6. Click OI} OK Evaporation 10 Nu
— and exit the Serial 10 c¢h
File Struc- ’é‘lpo _ ig g;:
: ocnentario
ture Editor. Rainfall record 20 Ch
Evaporation record 20 Ch

The next step is
to create a new
eniry form. This
step can be
omitted if you
are satisfied
with what -
GWW will offer
by default. If

_ you wish to cre-
ate a new enfry
form do the fol-
lowing.

18-3
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Customization
Data Structure Design

Help _

Data Entry Forms Editor »
Repo 0 0 Master Data

Chemistry

Units Pumping Tests

18.3.
APPLICATION’S
CONTENT

Well Log
Step Drawdown Test™ -

Grain Size Curve
Map

Cross Section
Nonstandard Reports
Singte Record Report | User Data

Table Report '

>
4
4
Hydrographs »
»
»

Figure 18-9

3. From the list of applicatidns select the one that you
wish to create a reporting form for. In this example
this will be the application titled Precipitation.

4. Create a report form as explained in Chapter 3.

5. Save this form using the option Save As .. on the File
Menu.

Now GWW is prepared for this new application

Since you may create more than one user-defined appli-
cation, after you select User Data on the Main menu
GWW will display a dialogue box, as shown in Figure
18-10, with the list of all newly created applications.
When you dlick on Precipitation and confirm the selec-
tion by clicking on OK, the display is as shown in Figure
18-11. The User’s application main menu is comprised of
the following major options:

18-6
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18-5

5. Now you may create a new entry form using any of
data fields displayed in the left-side window. The
single fields are shown in Figure 18-8. The creation of
entry forms is explained in details in Chapter 3.

Single Fields
Well Ident
Rainfali
Evaporation -
Serial
Tipo
Comentario
Rainfall record
Evaporation record
Description
District
Locality
Owner ™
X

Z
ZM

Figure 18-8

6. After you create an entry form save it using the option
Save As .. under the File menu.

The final step in preparing GWW for this new applica-
tion is to create one or more reporting forms.

1. Select Tools again on the Main menu.

2. Select Report Forms Editor and notice the last row,
User Data which expands to Single Record Report
and Table Report, Figure 18-9.
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18.3.1. Data

18.3.2. Units

18.3.3. Report

18-8

The following options are available on the Data sub-
menu: :

Select Working Set. This is explained in Chapter 5, sec-
tion 5.3.

Delete record. This is used to delete an entire record

from the data base. However, deleting a well from the _

UserData application will not delete this well from the
data base, if the same well is used in some other applica-

“tion. If you wish to delete a well completely the best way

is to delete it from all applications other than the Master
Data. When it disappears from all applications, only
then you should delete it from the Master Data.

Select Entry Form. You may have more than one Entry
Form in your data base for this particular application.
When you activate this option a dialogue box with all

available entry form names will be chsplayed for you to -

choose from.

Standard ASCII Input and Standard ASCII Output are
explained in Chapter 5, section 5.5.

Printer Setup. This is explained in Chapter 5, section 5.4.

It is a standard Windows routine which displays the dia- _

logue box of the printer driver that you have selected to
be the default printer in Control Panel of the Windows
Main Menu.

Exit. Selecting this option or pressing ALT+F4 will termi-
nate the work in this application and return you to the
GWW main menu.

You may view or modify currently selected units. The
dialogue box as displayed in Flgure 18-12 will be
opened.

The following options are available on the Report sub-
menu:
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Enter user file name

Precipttation

— Figure 18-10

Data Units Report Make Random LoadMap Help

WB - - - -
Bancos de San User Files. Precipitation
Biologica Los L] ]
Corozo Pando |} ™e3 Hent _ Evapomton
Fi Manguito La Candelaria _ 2 5400
El Rastro Seral Teo
La Candelaria_{i— ,.3:,28 PR
::a Mrifion : Eliminada Enero 1991 B
os Naranjos Prspam— 2
1982-1991 1982-1991
Figure 18-11
¢ Data L
¢ Units
* Report
* Make Random
* Load Map
¢ Help.

The Entry form is the GWW's default form.

18-7
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18.3.5. Load Map

18.3.6. Help

18.4. USING STORED
DATA TO CREATE
THEMATIC MAPS

18-10

This option, which is discussed
in Chapter 5, section 5.3.2, is also
one of the important features of
the GWW system. It permits you
to reduce a large set of data
(wells, samples, stations) to a
smaller set directly from the
map.

This is a context-sensitive help
which contains most of the ex-
planations, procedures and rou-

Rainfall

Evaporation
X
Y
z
M

ok

rc- = "x:A;:““.M\*Q:Qsi -

; ;

tines that are applicable to the user data application.

After rainfall data, e.g., are entered and a random model
created using the data entry Rainfall, you may use the
Mapping application to create two maps: (1) Location
map showing locations of meteorological stations and
their names (see Figure 18-14), and (2) Contour map of
average annual rainfall expressed in mm/year (see Fig-

ure 18-15).

* Figur.

18-1.
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Current Settings
m

Evaporation [mm}] cm

X [m) o ] ~
Y [m] inch

Z [m] teet

ZM [m] Inch

- — Figure 18-12

* Print Report -

* Select Table Form
¢ _Select Record Form

The differences between these options are explamed in
Chapter 6, section 6.4.3.

18.3.4. Make Random  This option is discussed in Chapter 5, section 5.6. Itis one”
of the most important options provided in the user-de-
fined applications. Using this option you will create an
internal file which contains random points and their X
and Y coordinates, well identification and a space-de-
pendent numerical parameter. This parameter may be
average annual rainfall for a climatological station, aver-
age annual evaporation, or anything else, depending on
which data you are storing in this application.

— When you select Make Randc:. option GWW displays a
—- 2 dialogue box, as shown in Figure 18-13, with the list of
all space-dependen: ~arameters for this and Master Data
applications. Entry Rainfall is selected to create addi-
tional figures included in this chapter.

18-9
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18-12

Figure 18-15 -
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ESTACIONES CLIMATOLOGICAS

Bivlog icn Loe Lbunos
Low ng'u- 12
1220

Elbt ile
s

f::i N

Coroze Munde
L a130

S = -

Figure 18-14
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e e

=i70% BIVSK Froe amniamae s CrgL s i atrat
ILTOEE AP Tools Customization H

dew

Chemistry Samples
Pumping Tests _Concentraticn - Depth
. - Bydrographs Concentration - Jime
: Mapping

Well Log

Cross Section
Eence Diagrams
Step Drawdown Test
- . Grain Size Curve

—_ Miscellaneous
User Data

_ Figure 19-1

Chemistry - Concentration/Depth [ctbahrainibshrain. gww]
Data  JTables Log Design Digpley HBeports  Qptions  Load Map  Make RHandom

122 T |Laus B Um Er Raciums Ctmervaticn Well
1a F 3 h 4 F4 ™

— 160330 2002593 28.79 ) 25.59

® Data
* Tables
¢ Log Design -
* Display
* Reports
~* Options
* Map
* Make Random
* Help -

— Prior to using this application you must modify the file
structure for "concentration - depth series" to make it

19-2
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19.1
INTRODUCTION
19.1.1. General

19.1.2. Application’s

Content

19-1

Using this application yBu may create a data base with

various chemical constituents related to the depth of
sampling. This is especially important in cases when the
sampling is repeated over the drilled hole depth, and
samples are taken from soil and water as the drilling pro-
gresses. Likewise, in saline water environments such as
in coastal aquifers, the salinity stratification is often the
case,

The data base is in a form of individual tables, one for a
well, plus some general information that may also be a
part of the data base. The display is user-designable. You
decide whether you wish to display one or more con-

bar or line graphs, and whether the scale will be linear or
logarithmic. You may display one or more constituents
as linear graphs, and another as logarithmic. That is,
each constituent may be assigned its own attributes for
presentation.

As in other parts of GWW, you may create graphs and
save them for later printing.

This application is a part of the Chemistry application. It
branches off from Chemistry as shown in Figure 19-1. To
activate it, you should select Applications, then Chemis-
try, and then Concentration-Depth.

Asshown in Figure 19-2, the Concentration-Depth appli-
cation is comprised of the following major options:

~ stituents on the same diagram, whether you wish to use __

455
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_- currently used for general data (sampled well coordi-
nates and elevations). You may select one of entry forms
that you may have eventually created. You may also de-
lete a record. You may read general data on sampled
wells (coordinates, elevations, descriptions, names, etc.)
from an ASCII file, or you may save such data to an AS-
(I file. This menu deals with wells and not with tables.
A table is the place in which you type chemical constitu-

- ents as a function of depth. This latter is done using the

menu Tables.

The Tables menu is shown in Figure 19-4. Using this
menu you either type your data, edit table, add or re-

s Tinivy . CopcEmsalua e T4 Thea Miba

Log Design Digplay RBeports Options Load

Delete Row

5] Save Data oS > e
1] Exit [don't save) CokX 0.0 17
T ©.0 22
] c.0 34
2 Q.0 73
- L) =
—_ Figure 194

move some rows in the table, save data, exit (close) table,
and check or modify units used for depth. Just the same
as in other applications, you may save your tables

- (depth-concentration data) and/or import them as AS-
CH files.

The Log Design menu is shown in Figure 19-5. The com-

New Do Diesign

Q1d Log Design f———
B :

Edit Log Design '_Chemistry We

Save Log Design bt =
Save Log Design As.. Un Er Rachn
A Y z
460330 2082553
Figure 19-5

19-4
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19-3

compatible with the parameters that you w15h to store,
display, and retneve as reports.

~ From the Mam menu on GWW, you should select Tools,

followed by Data Structure Design. This activates the file
structure editor. Select Files, followed by Old. From the
list of internal data structures select the one labeled
Chem_Conc_Depth_Tab. In the default template,
GWW.000, which comes on the distribution diskette, the
only entry thatis prepared is Depth. Using the editor cre-
ate your own list of chemical constituents that you wish
to store in the data base. One of such lists is shown below.

Depth 10 . Num(Dim) Fixed 2 m
Cl 10 Num(Und) Fixed 2
Na 10 Num(Und) Fixed 2 -
™S - "10 Num(Und) Fixed 1

Conductivity 10 Num(Und) Float 1

As itis prepared, one may store, display and report data
on chloride, sodium, total dissolved solids, and on con-
ductivity of water.

_... The Data menuis shown in Figure 19-3. In this menu you™

Generai Dats ].[nlts S Chgmm 1y Waell Lo
Sclect Entry Form - — -
Delete Record oD

Urm Pr Rackamoa Obx
¥ z
2082593 28.7

Standard ASCII [aput
Standard ASCIH Dutput

Printer Setup
Exit AhF4

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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19.2. DATA MENU

19.3. TABLES MENU

19.3.1. Edit Table

19-6

The Map menu is explained in Chapter 5, Section 5.3.2.
It-is used to load a map-and select sampled pomts di-
rectly from the map.

The Make Random menu is also explained in details in
Chapter 5, Section 5.6. It will be used for creating location
or site maps showing sampling points at which depth-
variable chemical data are available. - -

The routines on this menu are equivalent to similar rou-
tines in other applications. For example, see Pumping
Test, Hydrographs, Step-Drawdown, or Grain-Size ap-
plication.

Using the commands on this menu you are creating your
data base as it refers to concentration of selected con-
stituents with depth. You may import an already created
table as an ASCTI file, one for a sample, or you may use
the GWW editor.

When you select the Edit Table command for a new sam-
ple,-the editor displays an empty table listing all con-
stituents that you have listed in the Data Structure on the
Tools menu. In the case of only four constituents selected
(Na, Cl, TDS, and Conductivity), the table may look as
shown in Figure 19-7. If you are going to edit an existing
table filled with data, the display may look as shown in
Figure 19-8.
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mands on this menu are used to customize the display
and printout. The customization means, first, which con-
stituents from a table you wish to display. For example,
although you may have entered-the values for Na, Cl,
TDS, and conductivity, "ou may decide to display
and/or report only total dissolved solids. Second, you
may assign some attributes to the constituents to be dis-

~ played: line and fill color, linear or logarithmic display,

bar or line type of czaph, minimum and maximum con-
centrations to display, etc. Y-: may also sei=-t the verti-

cal scale for the graph, and c. ..ol widths of individual.

columns used to display constituents. Finally, you may
contro] the fonts used to label the graph. On this menu
you design a "display” log, you edit it, save it, or select
one of available designs.

The command Display does not have any other sub-
commands. It does what it says. It displays a graph with
data from table connected to a currently highlighted
sample, using the design for the graph as currently se-
lected.

The Reports menu is shown in Figure 19-6. Using the

~-- commands on this menu, you may print a graph, or save

it for future printing, or mixing with other graphs.

e mis Y N e BB D EpUH JCAB ADEAIN

ables Loé .Design Digplay QI Options Lo
[) 0 Q r
5 » = > Print Record Data
A §M Drawing
wel "‘ Print Nonstandard Re
Umm Er Radhv
Figure 19-6

The Options menu allows vou to switch between parts
per million (PPM) and equivalents per million (EPM). Of
course, this will apply only to charged ionic constituents
for which conversion factors are available in the auxil-
iary file PPMTOEPM.TBL. -
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19.3.4. Standard
ASCII Input and
Output

- =

19-8

The other way is to use the mouse and click on Tables on
the menu bar and click again on Exit (Don't save).

The data tables can be created outside the GWW package
using a text processor. The format is similar to the format
in other applications. One such table is reproduced be-
low.

- <Depth> <CI> <Na> <TDS> <Conductivity>

19000 12200 6300 22600 29800
24000 24300 12500 40000 51200
290.00 39300 20000 64500 73500

The first line is the header line which tells GWW what
are the numbers that follow. As in any other part of
GWW, you must be consistent in declaring the field
names (Depth, Cl, etc.). These must be typed exactly the
same as they are typed in Data Structure (1n
Chem_Conc_Depth_Tab).

NOTE. The "depth” entry is protected. You cannot changt; 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-

_ portdata tables created with a text processor or a spread-

sheet program. (If you use spreadsheets, you must print
such tables to a file. Spreadsheet program creates nor-
mally ASCII files, which then can be directly imported
into GWW.) :

Using the command Standard ASCII Output you are
saving the data tables in ASCII format, such as the one
shown above. '
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Qau Jables Log Deslgn Digpiay Reports Options Load Map Make Random
Hetp .

111 Chcmlcal Canstrtuents

Figure 19-7

_":_:3"‘ : ’ o . . Sl T e
Data Tables LogDesign Display Reports Options Load Map M

1143 Chemical Constltuents
I TE s Dot .r‘: =,

L €200. 00 3100 Q0 11000 0
150.00 102060 .00 5200.00 18500.0

210.00 21300.00 10000.00 34500.0

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+] to insert a line, CTRL+D to delete a~ -
line. The program does not check the sequence of depth
entries. You are expected to use the logical sequence,
from shallow to deeper.

19.3.2. Save Data When you finish typing the data you will save them us-

ing one of the two ways. The first is to press the Ctrl key
and simultaneously press the S key. The other way is to
use the mouse and click on Tables on the menu bar and
click again on Save Data.

19.3.3. Exit without You may decide only to view the data without saving

saving them. Again, you have two ways to do it. The first is to

press the Ctrl key and simultaneously press the X key.

19-7
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19-10

Chemistty = -

Dsa Tablcs Log Design Digpwy Brpodis Optioas unu-p iz Gantos
Help
7
1 Flesds
: Heading Heigntama] [ | = - Sedeaed
1 Cokoma dods Hetgt ol (20 | iy Ns

oS TDs

e T e |

—
Seste 1: |7000
Scale Columas
Leht l’ngM

st ®Deptn |[Eife O Depts
O Level @ Lowel

Columa Wadth fmm} [15

FACOSR [F H VL

_ F igure 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 dlsap-
pear from the list of selected constituents.

Below is explanation for each of options in this dialogue

. .box.

Del ... Removes a constituent from the "Selected" field.
Highlight the constituent you do not wish to display and
press Del.

Heading Height ... Using this option you may change
the height of the header row, with names of constituents,
and words Depth and Label. The values are in millime-
ters.

Column Axis Height ... Using this option you select the
size of the row in which individual concentration values
are displayed.

Heading Font ... You may select fonts (fanu.ly 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

19.4. LOG DESIGN
MENU

19.4.1. New Log Design

19-9

The units for-depth are normally specified in Data Struc-
ture, in internal file Chem_Conc_Depth_Tab. However,
you may change the units from within the application,
using the command Depth Units.

On this menu you have five options:

New Log Design
Old Log Design
Edit Log Design

* Save Log Design

Save Log Design As

After you have created data table you will want to dis-
play graphs showing how concentration of one or more
constituents changes with depth. Before you can display
a graph, you need to create, modify or edit the design of

. such presentation. In GWW terminology, we use Log De-

sign, implying that this is a vertical presentation of
chemistry with depth.

When you select New Log Design GWW opens a dia-
logue box as shown in Figure 19-9. Some of components

in this dialogue apply to the general layout of the dis-
~ play, such as Heading height and column axis height,

fonts to be used on the graph, units for depth and level,
and scale of the graph. The right side of the dialogue lists
all available constituents (taken from Data Structure or
from the internal file Chem_Conc_Depth_Tab). You may
select one or more constituents to display, and by click-
ing on the button Attributes control how each constitu-
ent will be presented.

-
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19.4.3. Old Log Design

19-12

The entry "Column Heading" will offer the name of the
constituent as found in the internal file
Chem_Conc_Depth_Tab. However, you may override
this offer and type a different name (e.g. in another lan-

guage).

The options for column and graph width allow you to
increase or reduce the size of vertical columns in which
data (concentrations of a constituent) and graph (its
graphical presentation) are displayed. While you may
select the width for data, you are advised to keep the box
Auto Size checked. GWW will then automatically select
the size for the column in which the graph is displayed.

The Graph Type option allows you to select either line
orbar graph. The Axis Type option allows you to display_
data as linear or logarithmic series. The Extreme Values
(minimum and maximum) option lets you select the
range of concentration you wish to display.

For each constituent you may select color for lines and
for fills.

Since you may create one or more designs for displaying
various constituents and save them by assigning names,
you may also retrieve and use one of pre-created de-
signs. When
you select
the option
Old Log De- r
sign, the list
of all avail- Condaction
able designs

will be
listed, as
shown in
Figure 19-11.

Figure 19-11
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19.4.2. Attributes

DepthlLevel 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 deptl-i you are going to pre-
sent and the paper you will use to print the graph, you
may change the scale.

Column Width ... The width you type here refers to the
width of vertical columns in which Depth and Level val-
ues are displayed. The default is 15 mm.

Plot ... The graph is designed to plot either Depth or
Level axes on the left and the right. You may-control
whether you wish to plot one, both, or none (?) ordinate
axes, and where you will place the depth or level axis, to
the left or to the right side of the graph.

When you select a constituent or a chemical diagram pa-
rameter, you may control- the way in which this particu-
lar constituent or parameter will be displayed. You will
use the button Attributes. The dialogue box as shown in

" " Figure 19-10 will be opened.

= Chemistry - Concentration/Depth [ctbahrain\bahrain. gww] & 131

DPata Iables Log Design Digpiay Repots Qptions
Help

Load Map Make Bandom

H Chemical Well Log
1

Felds

Heading Helght (mm} 5|

Selected }

Graph X Ao Size

Axis Type

Column Hesding
[ Column YWidth [mm]
a5

[Graph Type

Lonductivity

Depth § Lewve| Unit ‘m
Scale 1. |1000

Seale Columns

19-11
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'VE Plot @ Depth

O Level

® une OBar

|-© Unear

C Loy
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’Vg T

Minimum Ma:dmumD
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- Figure 19-10
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Design and Save Log -

19.4.4. Save Log

Design As

19.4.5. Edit Log Design

19.5. DISPLAY

19.6. REPORTS

19-13

When you finish editing an existing log design, you may
save it under the name it was opened. GWW will not
prompt you for a name. It will assume you want to use

. the old name.

You may save a design under a different name. For this
you will use the option Save Log Design As.

The same dialogue box as the one shown in Figure 19-9
will be displayed and you may proceed with its editing
in the same way in which you have created a new design.

Figure 19-12 displays a graph with conductivity as the
only parameter selected. Figure 19-13 displays a graph
with four different constituents and/or parameters.

You may print a depth-concentration graph using the
option Report from the application’s menu bar. As
shown in Figure 19-14 you will have to select between
two reporting options: -

* Print Graph

* Print Table

The option Print Graph will print the graph of the sam-

- ple currently selected. The option Print Table will print

information, ina tabular form, for all wells/samples that
comprise the current working set. The information
which will be printed will depend on what you have de-
clared in the report form. When you select to print using
one of options in the upper two lines of the menu, the
program will prompt you to select a reporting form.
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19.8.1. Select Working

Set from Map

19.9. To Setup a
Printer

19-16

The Load Map option is a general option for selecting
wells to make a Working Set of wells.

. The sequence is normally:

1. Click on Data to open the menu.

2. Click on Select Working Set and Unselect all wells.
This is important because any selection adds new
wells to the existing working set.

3. Click on Map to open the menu. Wait for the dialogue
box to list available maps.

4. Select one of maps listed.

5. Select wells to make a working set using either Rectan-
gle, Points, or Area. In the case of Points, use other
buttons on the right side to complete the selection
(End Points). In the case of an Area, after you circle
an area (remember, in clockwise direction you are se-
lecting within the area; in the counterclockwise direc-
tion outside the area!) you should close the area (End
Point) followed by End Digitizing button. The wells
(samples) will be listed in the left-side identification
window.

Selection of printers and attributes related to printing is
normally a Windows operation. You may set up your
printer parameters from Windows, prior to running the
GWW program. To do this:

1. From Main Group select Control Panel. —
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Figure 19-14
You may also save a depth-concentration graph for plac-
ing it on a nonstandard reporting form, eventually
mixed with other graphics. For this, you use Save Draw-
ing option, followed by Print Nonstandard Report from
this or another application.

Using this command, you may switch between parts per
million (PPM) and equivalents per million (EPM). This is
important in two instances. The first is the way in which
constituents will be displayed. If you select EPM, the val-
ues displayed will be converted to equivalents per mil-
lion, and vice versa. This option is also important to
correctly import data tables as ASCII files. Depending on
whether the data are prepared as ppm or epm, 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:

1. Select Options and select Show EPM values.

2. Select Table and select Standard ASCII Input. —
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The data to input are the following:

In the following example you will create data structure,
use the default entry form supplied by GWW, and enter
data with the following depth-dependent constituents:
toluene, phenol, and benzene.

Depth | Toluene | Phenol | Benzene
5 0 0 0
10 50 25 125
15 100 65 120
20 1000 75 70
25 155 25 0
30 0 0 0

19-18

Since the range of toluene is from 0 to 1000, you may
select to display toluene in logarithmic scale, and the
other two linearly.

1.Tostart with, from the GWW Main menu ;rog will click
on Tools, followed by Data Structure Design.

2.Wait until the new menu bar is displayed. Select File,
then Old. Locate the internal file titled

Chem_Conc_Depth_Tab.

3.Notice that there is only one entry, Depth. If you are
working in feet system, you may want to replace the
default unit for length, which is meter for foot.
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19-17

2. Select Printers.

3. Select one of installed printers as a default printer, or
add some more printers to match your hardware.

4. Select Setup and modify whatever you want to mod-
ify.
5. Click on Set as default. —

_6. Close Printers and Control Panel.

You may do.about the same from inside the GWW. From
within the GWW you use Printer Setup to change- the
orientation of printout, portrait (vertical) or landscape
(horizontal), the printing mediurn, 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.

..... Orientaticn
ize: A4 210 x 297 mm e
Paper Size: l k. i @._ @ Poptralt
Paper Source: [Au‘ln Select —@ O Landacape
Gopies: 1B
I Printer Resoiut r Carfridges/SIMMs
None [
Ogoodpi @ 300 dpi 2 Microsoft 1A 1
HP: Bar Codes & More g
- ——— HP: Forms, Etc.
Printer Memary HP: Global Text B | e
Eage Protcction: g 4] -
Memary (MB]: ‘:E O TrueType Screen Fonts Instalied —

Figure 19-15
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19-20

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

CONCENTRATION-DEPTH SERIES

entry, and second time to highlight this well and
make it active. Alternatively select this well using the
mouse.

11.Select Tables and click on Edit table. The display will
be as shown in Figure 19-17. There will be four col-
umns (Depth, Toluene, Phenol, Benzene), each with

MW-1 Chemlcal Constltuents

Benzene i

Q.00

Figure 19-17

a 0.00 value. Fill in the values as prepared for this
example. The table will look as shown in Figuzre 19-
18.

12.When you finish typing, leave the cursor in the last
typed row, that is depth 30, in the fourth column, and

MW-1 Chemical Constituents

press the combination Cirl S. (Alternatively, you may

10.00 50.00 25.00

15.00 100.00 65 .00

20 .00 1000.00 75.00

25.00 155.00 25.00

30.00 Q.00 Q.00
Figure 19-18

click on Tables, and then on Save.)

fields", as shown in Figure 19-19.

14.Change the scale from the default 1000 to 500. Click
on OK.

15.Now you may see immediately the graph. Click on

Display. The default parameters are used to display
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4.Select New. Type Toluene. Use TAB to move to next
field. Accept the default width of the field as 10 char-
‘acters. Move down the dialogue box and check Nu-
meric (do not check on Numeric dimensioned since
the concentration of a chemical is a nondimensioned
number!). Click on OK. In the next dialogue box se-
lect OK accepting all defaults (2 decimal digits, fixed
point arithmetics). Notice that Toluene is displayed
in the list of constituents.

5.Repeat the same for Phenol.

6.Repeat the same for Benzene. The list should now con-
tain 4 parameters as shown in Figure 19-16.

Data items
Depch 10 Num{Dim) Fixed 2 m
Toluena 10 Num{Und} Fixed 2
Phanaol 10 Num (Und) Fixed 2

Eoa 1y e Lisd Ilun il F

Figure 19-16

7.Close the dialogue box by selecting OK, select File and
Exit. The new data structure for depth-concentration
is created.

8.Click on Applications on the GWW Main menu, then
on Chemistry, and then on Concentration - Depth.

9.GWW will display an entry form which will have only
one field, Well Identification. The cursor will be in

this field.

10.Type the well number, say MW-1. Now finish the in-
putby pressing Page Down key once to complete the
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16.Modify the graph design. Select Log Design, then

Edit Log Design. Click on Toluene on the right side
of the dialogue box. The constituent Toluene will be
highlighted. Now click on the button Attributes. In
the new dialogue box check the field Logarithmic,
and in the boxes Minimum and Maximum type 0.1
and 1000, respectively. Click also on Fill color and se-
lect a color. Click on OK to close the Attributes dia-
logue. Now replace the word Toluene in Column
Heading box with TOLUENE ppb. Click also on
Heading Font, and select for font Arial 12 points,
bold. Click on OK to close the font dialogue box, and
then OK to close the log design editing box.

17.Select Display again. The screen looks as shown in

Figure 19-21. Save this log design. Close the display.

EEBB

|| S
if

s o & 8 &
TR )

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

19-22

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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this graph. The display is as shown in Figure 19-20.
Click on the button Close to remove this graph.
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Figure 19-20
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- "selected" list. Highlight Toluene and click on Attrib-
utes. Notice that the width of the graph field is still
25 mm. Click on OK and then repeat highlighting
Toluene and selecting Attributes. Notice now that the
width of graph is 105 mm. This is automatically cal-
culated, since there will be only one graphic field.
Click on OK and select Display. The display is as

shown in Figure 19-22.
rm.un'r.nh
Elew.
fm) ]
E - s ]

Figure 19-22

19.Close the display, exit the application, and exit GWW.

This ends this example.

19-23
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= 76% BO061K Free SPpigmssainyiivanarnay
Data FNLULEITLENE Tools Customization

Chemistry
Pumping Tests
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Mapping
Well Log
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Grain Size Curve
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20.1.2. Application’s As shown in Figure 20-2, the Concentration-Time appli-
Content cation is comprised of the following major options:

iy

ata Jables Log Design Display Beports  Options ad Map Makeandnm
Interpolation Help -

e r———— ——

S e TR e 3

w1 Chem Conc Time B

Figure 20-2

* Data

* Tables

* Log Design

* Display _ -
.+ Reports

* Options

20-2
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20.1

INTRODUCTION

20.1.1. General

e

20-1

CONCENTRATION-TIME
- _SERIES

Using this application you may create a data base with
various chemical constituents related to the time of sam-
pling. This is especially important-in cases when the
sampling is repeated over a period of time, which is
often the case in monitoring the propagation of contami-
nation, or deterioration of ground water quality with
time. Likewise in saline water environments such as in
coastal aquifers, the sea water intrusion may take place
after a prolonged pumping.

The data base is in a form of individual tables, one for a
well, plus some general information that may also be a
part of the data base. The display is user-designable. You
decide whether you wish to display one or more con-
stituents on the same diagram, and whether the scale
will be linear of logarithmic. You may display one or
more constituents as linear graphs, and another as loga-
rithmic. That is, each constituent may be a331gned its
own attributes for presentation.

As in other parts of GWW, you may create graphs and
save them for later printing.

This apphcatlon is a part of the Chemistry application.

" Actually it branches off from Chemistry as shown in Fig-

ure 20-1. To activate it, you should select Applications,
then Chemistry, and then Concentration-Time.

a
“
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20-4

check which units are currently used for general data
(sampled well coordinates and elevations). You may se-
lect one of entry forms that you may have eventually cre-
ated. You may also delete a record. You may read general
data on sampled wells (coordinates, elevations, descrip-
tions, names, etc.) from an ASCII file, or you may save
such data to an ASCII file. This menu deals with wells
and not with tables. A table is the place in which you type
chemical constituents as a function of time. This latter is
done using the menu Tables. On this submenu you will

. select the Time Interval in which you wish to display the-

data. That is to say, you may create a data base spanning
a very large time period. However, when you wish to
display or print the data, you may select a smaller time
interval to emphasize the time-dependent values.

The Tables menu is shown in Figure 20-4. Using this
menu you either type your data, edit table, add or re-

—. /5% 804K Free siPerlolit i
Data REIIN Log Design  Digplay
B Feit Tohic

Table Standard ASCII lnput z
Table Standard ASCI Qutput te9s200 2.6¢
Figure 20-4

move some rows in the table, save data, and exit (close)
table. Just the same as in other applications, you may
save your tables (time-concentration data) and/or im-
port them as ASCII files.

NOTE. One table is saved in one ASCII file.

The Log Design menu is shown in Figure 20-5. The com-
mands on this menu are used to customize the display
and printout. The customization means, first, which con-
stituents from a table you wish to display. For example,
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20-3

*- Load Map

* Make Random
* Interpolation
* Help

Prior to using this application you must modify the file

- structure for "concentration - ime series" to make it com-
_ patible with the parameters that you wish to store, dis-

play, and retrieve as reports.

From the Main menu on GWW, you should select Tools,
followed by Data Structure Design. This activates the
file structure editor. Select Files, followed by Old. From
the list of internal data structures select the one labeled
as Chem_Conc_Time_Tab. In the default template,
GWW.000, which comes on the distribution diskette, the
only entry that is prepared is Date. Using the editor cre-
ate your own list of chemical constituents that you wish
to store in the data base. One of such lists is shown below.

Date 10 Date mm/dd/yy ~
@] 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.

X NE ¥ WY ORI F

= 76% 8047K Frece oncentratiooflinm
[IEIEW Tables Log Design Display
Select Yorking Set

General Data Units
Warking Jime Interval
The Data menu'is Seicet Entry Form
shown in Figure 20-3. - | DeleteRecord = cwiD
In this menu you se- Standard ASCII Input
lect your current Standard ASCI Qutput
working set (reduce a Printer Setup
large set to a smaller, Exit AlLF4 —
thematic set). You may Figure 20-3

CT A57
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Figure 20-6

for which conversion factors are available in the auxil-
iary file PPMTOEPM.TBL.

The Map menu is explained in Chapter 5, Section 5:3.2.
It is used to load a map and select sampled points di-
rectly from the map.

The Make Random menu is also explained in details in-
Chapter 5, Section 5.6. It will be used for creating location
or site maps showing sampling points at which time-
variable chemical data are available.

20.2. DATA MENU

The routines on this menu are equivalent to similar rou-
tines in other applications. See, for example, Hy-
drographs application, espec1a11y for selectmg the
Working Time Interval.

= NOTE. Remember that the currently selected Working Time
Interval is displayed in the title bar next to the name of the data
base file.

20-6
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20-5
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Figure 20-5

although you may have entered the values for Na, Cl,
TDS, and conductivity, you may decide to display
and/or report only total dissolved solids. Second, you

may assign some attributes to the constituents to be dis-""

played: line and fill color, linear or logarithmic display,
minimum and maximum concentrations to display, etc.
You may also control widths of individual columns used
to display constituents.

NOTE. The control of fonts used to label a graph is accom-
plished from Customization, which is one of commands on the
Main menu of GWW.

On this current menu you design a "display” log, you
edit it, save it, or select one of available designs.

The command Display does not have any other sub-
comunands. It does what it says. It displays a graph with

data from table connected to a currently highlighted

sample, using the design for the graph as currently se-
lected. ™ ' -

The Reports menu is'shown in Figure 20-6. Using the
commands on this menu, you may print agraph, or save
it for future printing, or mixing with other graphs.

The Options menu allows you to switch between parts
per million (PPM) and equivalents per million (EPM). Of
course, this will apply only to charged ionic constituents

Ly

iy
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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 have decided only to view the data without
saving saving them. When you are done with viewing the data,
- you may exit in one of the two ways. The first is to press
the Ctzl 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
ASCIIInput and using a text processor. 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 33000 40100
. 1983/08/04 468.0 188.0 2100.0 2550.0

The first line is the header line which tells GWW what
are the numbers that follow. As in any other part of
GWW, you must be consistent in declaring the field
names (time, Cl, etc.). These must be typed exactly the
same as they are typed in Data Structure (in
Chem_Conc_Time_Tab). The first entry is the date and
time. You supply the format of data input
(yyvy/mun/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.

20-8
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20.3. TABLES MENU

~ 203.1. Edlt Table

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.

When you select the Edit Table comumand for a new sam-
ple, the editor displays an empty table listing all con-
stituents that you have listed in the Data Structure on the
Tools menu. In the case when only three constituents are
selected (say, EC, NO3, and NO2), the table may look as
shown in Figure 20-7. If you are going to edit an existing
table filled with data, the display may look as shown in
Figure 20-8.

MWI Chemncal C nsutu nts

Figure 20-7 -

CT1491 02 Chemu:al Constrtuents

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+] to insert a line, CTRL+D to delete a line.
The program checks the sequence of time entries. You are
expected to use the logical sequence, from early time to
later. :
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20.4.2. Attributes

20-10

dialogue lists all available constituents (taken from Data
Structure or from the internal file
Chem_Conc_Time_Tab). You may select one or more
constituents to display, and by clicking on the button At-
tributes control how each constituent will be presented.

M

Fields Selected
£C EC
NO3 NO3
NO2 NO2

Figure 20-9

You are selecting or unselecting a constituent by high-
lighting it. If you highlight a constituent on the left side,
that is within "Fields" part of the box, such constituent
will be moved to the "Selected” side. If you highlight a
constituent on the "Selected” side and press-the button
Del, this constituent will be deselected and will disap-
pear from the list of selected constituents.

When you select a constituent or a chemical diagram pa-
rameter, you may control the way in which this particu-
lar constituent or parameter will be displayed. You will
use the button Attributes. The dialogue box as shown in
Figure 20-10 will be opened.

The entry "Column Heading" will offer the name of the
constituent as found in the internal file
Chem_Conc_Time_Tab. However, you may override this
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20.4. LOG DESIGN
MENU

20.4.1. New Log Design

20-9

The date/time format can be any of the following®
yy/mm/dd, yyyy/mm/dd, -mm-yy, .mm.yy, etc. It is
important that the data that follow the header line must
be typed according to the format declared in the header.

Using the command Standard ASCII Input you can im-
port data tables created with a text processor or a spread-
sheet program. (If you use spreadsheets, you must print
such tables to a file. Any spreadsheet program, when in-
structed, creates normally ASCTI files, which then can be
directly imported into GWW.)

Using the command Standard ASCII Qutput you are
saving the data tables in ASCII format, such as the one
shown above.

(4

On this menu you have five options:

New Log Design
Old Log Design
Edit Log Design .

Save Log Design

Save Log Design As

After you have created data table you will want to dis-
play graphs showing how concentration of one or more
constituents changes with time. Before you can display a
graph, you need to create, modify or edit the design of

- such presentation. The "Log Design" is used in other

parts of GWW implying a vertical presentation of data.
Here, it implies a "diagram" design of chemical data
presentation with time.

When you select New Log Design GWW opens a dia-

" logue box as shown in Figure 20-9. The right side of the
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20.4.4. Save Log
Design and Save Log
Design As

20.4.5. Edit Log Design

20.5. DISPLAY

20-12

list of all available designs will be listed, as shown in Fig-

ure 20-11.
EC-NO3-NO2
TDS-Na-Cl-Benzene
Figure 20-11 .

When you finish editing an existing log design, you may
save it under the name it was opened. GWW will not
prompt you for a name. It will assume you want to use
the old name.

You may save a design under a different name. For this
you will use the option Save Log Design As.

The same dialogue box as the shown in Figure 20-9 will
bedisplayed and you may proceed with its editing in the
same way in which you have created a new design.

Figure 20-12 displays a graph with conductivity as the
only parameter selected. Figure 20-13 displays a graph
with three different constituents and/or parameters.-
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20.4.3. Old Log Design

20-11

offer and type a different name (e.g. in another lan-
guage).

"Column Heading |

 Column Width [mm]

Data E Graph & Auto Size

FGraph Type——— “Axis Type

@ Line < Bar @ Linear O lLog

~Extreme ¥alues

Minimum [0 | Maximem [0 |

Figure 20-10

The options for column and graph width allow you to
increase or reduce the size of vertical columns in which
data (concentrations of a constituent) and graph (its
graphical presentation) are displayed. While you may
select the width for data, you are advised to keep the box
Auto Size checked. GWW will then automatically select
the size for the column in which the graph is displayed.

The Axis Type option allows you to display data as lin-
ear or logarithmic series. The Extreme Values (minimum
and maximum) option lets you select the range of con-
centration you wish to display.

For each constituent you may select color for lines and
for fills.

Since you may create one or more designs for displaying
various constituents and save them by assigning names,
you may also retrieve and use one of pre-created de-
signs. When you select the option Old Log Design, the
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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: :

Bo="Chem. % 'Cheiilsby - Conceitraton/THaR]clconstansicins.gww] {072)]
Qata Tabies Ld pata Jables Log Design Display Options Load
Interpatation Hel} Mske Random  [nterpoletion  Help

2222 22722 : “I‘TIVB" dNC —{ Print Record Data

TI49102 ; s velle de Con:

Tises01 ___NcTy5ga01 " Save Drawing
CT15900 Print Nonstandard Repo

T156201 CT155201

168907 CT16B301 z

69103 CT169103

T178903 CT178903 214780 2091770 110

T178904 ~Tivonna

Figure 20-14

* Print Working Set
¢ Print Record Data

The option Print Drawing will print the graph of the
sample currently selected. The option Print Working Set
will print information, in a tabular form, for all
wells/samples that comprise the current working set.
The information which will be printed will depend on
what you have declared in the report form. When you
select to print using one of options in the upper two lines
of the menu, the program will prompt you to select a
reporting form.
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20.8.1. Select Working

Set from Map

20.9. To Setup a
- ‘ Printer

20-16

The sequence is normally:

1. Click on Data to open the menu. _

2. Click on Select Working Set and Unselect all wells.
This is important because any selection adds new
wells to the existing working set.

3. Click on Load Map to open the menu. Wait for the
dialogue box to list available maps.

4. Select one of maps listed.

- 5.Select wells to make a working set using either Rectan-

gle, Points, or Area. In the case of Points, use other
buttons on the right side to complete the selection
(End Points). In the case of an Area, after you circle
an area (remember, in clockwise direction you are se-
lecting within the area; in the counterclockwise direc-
tion outside the area!) you should close the area (End
Point) folowed by button. The wells
(samples) will be listed in the left-side identification
window.

Selection of printers and attributes related to printing is
normally a Windows operation. You may set up your
printer parameters from Windows, prior to running the
GWW program. To do this:

1. From Main Group select Control Panel.

2. Select Printers.

3. Select one of installed printers as a default printer, or
add some more printers to match your hardware.

4. Select Setup and modify whatever you want to mod-

5. Click on Set as default.

6. Close Printers and Control Panel.
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20.7. OPTIONS

20.8. LOAD MAP

20-15

You may also save a time-concentration graph for plac-
ing it on a nonstandard reporting form, eventually
mixed with other graphics. For this, you use Save Draw-
ing option, followed by Print Nonstandard Report from
this or another application. B

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:

1. Select Options and select Show EPM values.
2. Select Table and select Standard ASCII Input.

The Load Map option is a general option for selecting
wells to make a Working Set of wells.



CHAPTER 20 CONCENTRATION-TIME SERIES

20-18

in Figure 20-16. Select Interpolate. The dialogue box as

. —shown in Figure 20-17 opens prompting you for the year,

month, and day for which you wish GWW to interpolate

B Cchemizty - Concen
Deta Jables Log Design
ILIGLIETTTE Help

Hetl Cnoneclian Span

R

Figure 20-16 Figure 20-17

the data. Next you will be prompted to select one of
available constituents, as shown in Figure 20-18; of
which you wish to cre-
ate a random file. (Re-
member that you need
to have X and Y coordi-
nates for all wells/sam-
ples in the data base.
The random file con-
sists of the following
columns: X, Y, concen- -
tration at a certain date, Figure 20-18
well identification.)

You may also select a "connection span", which is the
maximum number of days that you allow to elapse if the
two successive values are to be connected.”
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20.10. Interpolation

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 d‘ialogue box for selectin—é printer parameters is
-shown in Figure 20-15 for Hewlett Packard Laserjet
4/4M printer. -

~Media Orientation
Paper Size: kel ool @® Portrait
Paper Source; iﬂ“ Seiect _Ei O Landscape
Copies: I:E
r Printer Resolution ] ’—Caq:idges.!'SIMMs
Ogoodpi @ 300 api Z Micrasoft 1A
HP: Bar Codes & More
E—— o
Page Protection:  |A4 a ;
Memary [MB): _::E O TrueType Screen Fonts Installed i

20-17

Figure20-15 -

Same as in the Hydrographs application, you may create
a random data file to be used to create a grid file and a
contour map, for any chemical constituent at any time
within the current Working Time Interval. You will select
Interpolation on the menu bar. The display is as shown

f o
i
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Dats tems
ace 000 . 8 __Dace . an/dd/yw ||
Cl . 10 Num (tnd) Faixaed 2
Na 10 Mum(Uad) Fixed 2
'TDS 10 Num{Und) Float 1
Conductivity 10 Num{Und} Float 1
eIty

20-20

lect OK accepting all defaults (2 decimal digits, fixed
point arithmetics). Notice that Na is displayed in the
list of constituents.

5.Repeat the same for Cl.

6.Repeat the same for TDS and for Conductivity, but se-
lect floating point for the data type, and decrease the
number of decimal digits to 1. The list should now_
contain 5 parameters as shown in Figure 20-19.

Figure 20-19
7.Close the dialogue box by selecting OK, select Fileand —
Exit. The new data structure for the time-concentra-
tion portion of the data base is created.

8.Click on Applications on the GWW Main menu, then
on Chemistry, and then on Concentration - Time.

9.GWW will display an entry form which will have only
one field, Well Identification. The cursor will be in
this field.

10.Type the well 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.

11.Select Tables and click on Edit table. The display will
be as shown in Figure 20-20. There will be five col-
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FXAMPLE

In the following example you will create data structure,
use the default entry form supplied by GWW, and enter
data with the following time-dependent constituents:
Na, CI, TDS, and Conductivity.

The data to input are the following (in the order after the
date: Na, Cl, TDS, and Conductivity).

1984705/01 100.0 250.0 2500.0 3000.0

1984/06/01 150.0 300.0 3500.0 4000.0

1984/07/01 250.0 400.0 5000.0 5368.0 -

1984/08/01 200.0 340.0 4500.0 4988.0 _

1984/10/01 250.0 410.0 5000.0 5800.0

1984/10/15 200.0 386.0 4500.0 5300.0

1.To start with, from the GWW Main menu ybu will click
on Tools, followed by Data Structure Design.

2 Wait until the new menu bar is displayed. Select File,
then Old. Locate the internal file titled
Chem_Conc_Time_Tab.

3.Notice that there is only one entry, Date.

4.Select New. Type Na. Use TAB to move to the next

field. Accept the default width of the field as 10 char-
acters. Move down the dialogue box and check Nu-
meric (do not.check on-Numeric dimensioned since
concentration of a chemical is a nondimensioned
number!). Click on OK. In the next dialogue box se-
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defauits, 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.

b v 3
2o / " )
§ o
G 3
— =RV
] P .
- /-% h - T E\
- / =
2 3 / _
1 4 X z X
= / N
10
- o m
R E
R IR

Figure 20-23

Click on the button Close to remove this graph.

15.Modify the graph design. Select Log Design, then
Edit Log Design. Click on TDS on the right side.of
the dialogue box. The constituent TDS will be high-

20-22



Figure 20-20

umns (Time, Na, Cl, TDS, and Conductivity), each
with an empty field. GWW automatically create an
entry field for hour and minutes, which you may ig-
nore. The noon time will be automatically assumed.
Fill in the values as prepared for this example. The
table will look as shown in Figure 20-21.

_ MW-1 Chemical Constituents
= T 00

EER 5| 1] 12:0 100 230 2500 30

1584 €| 1] 12:0 150 300 3300 20

1984 71 1] 12:0 250 460 5000 =3

1984 8 1 12:0 200 340 4500 49

1984 10 1 12 :0 250 410 5000 58

1984 10} 13 12:0 200 386 4300 53
- Figure 20-21

12.When you finish typing, leave the cursor in the last

typed row, and press the combination Ctrl S. (Alter--

T natively, you may click on Tables, and then on Save.)
If your time entries are not in sequence, GWW will
beep on you, display a message Invalid Date/Time
order!, and will place the
cursor in the line that is

out of the time sequence. Fields _ Selected
o] 1
Na Na
™S DS

13 Now you will create your| |Conduetiviy Conductivity

‘ own log design. Select
Log Design on the menu -

bar. Select New Log De-
sign. The screen will dis-

play four constituents as
"selected fields", as
shown in Figure 20-22.
Since you will accept the

Figure 20-22

20-21
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17.The task now is to have only TDS displayed and/or
printed. Select Log Design, then Edit Log Design.
Highlight Na and click on Del. Repeat the same with
(1 and Conductivity. Only TDS remains in the "se-
lected"” list. Highlight TDS and click on Attributes.
Notice that the width of the graph field is still 25 mm.
Close this dialogue, close the log design editing dia-
logue, and display the graph by selecting Display.- -

TUF 14 gpe

ok
we [ w 1920 [1020 [N | w2e
534 | o6 4| 0T34 | exa4 | ea.t4 | Waa

w

Figure 20-25

Notice that the TDS graph fills the whole screen. The
display is shown in Figure 20-25. To check the width
which is automatically selected because you left the

20-24
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lighted. Now click on the button Attributes. In the
new dialogue box in boxes for Minimum and Maxi-
mum type 1000 and 5000, respectively. Click also on
Fill color and select a color. Now replace the word
TDS in Column Heading box with TDS in ppm. Click
on OK to close the Attributes dialogue, and again on
OK to close the Log Design dialogue.

16.Select Display again. The screen looks as shown in

=00 /K‘-.—rﬂ"ﬂﬁr h

2 X 3

Cmducitly

4000
00
ety

TOS Inppen

FYEY¥
\

100

160
a wo

20-23

a ]
o
- st o8 or Ot st T

Figite 20-24

Figure 20-24. Save this log design. Close the display.
Select Log Design, followed by Save Log Design As.
Type a name for this design.
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This page intentionally left blank.
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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

e b
-1 o O L7 Cotuef-- Oxod 100
Figure 20-26

Figure 20-26 shows the zoomed time axis. This is the
lower part of the drawing.

18.Exit the application, and exit GWW.

This ends this example.

20-25
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(b) Help Files:

e PUMPHLP -
XSECT.HLP

HYDRO.HLP

FORMED.HLP

GWW.HLP

¢ -GSC.HLP

SDDT.HLP

EDFC.HLP ..
CHEMT.HLP

CHEMW.HLP

UNITHLP

MAPHLP T
MASTER HLP

LITH.HLP

UFILE.HLP

XSMOD.HLP

MISC.HLP

(c) Various Auxﬂllary Files:
¢ PPMTOEPM.TBL

® SCREEN. DLT

e LITH.DLT

¢ ANNULUS.DLT

(d) GWW Data Base Template:
e GWW.000



APPENDIX A ... GWW FILES | —

LIST OF FILES _

MAKING THE GWW
FILE SYSTEM —-

The following files should be located in the \GWW
directory after the installation.

(a) Executable Files (only GWW.EXE is directly
executable; all other ‘exe’ files_are called from
GWW.EXE): - - - -

o GWW.EXE

e MASFILEEXE

* FORMED.EXE

¢ EDFCEXE

UNITS.EXE

CHEM.EXE )

CHEMW.EXE

HG.EXE

LITH.EXE

e MAPEXE

e PUMPEXE

e MISC.EXE

e GSC.EXE

e SDDT.EXE

e UFILEEXE -

o XSMD.EXE —-
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B ‘ Piper Diagram I

[ L I P

Plper Diagram

100

MW-1
MW-2
MW.-3
MW.4
MW.-5
MW-6

CATIONS

Ca+Mg

C03+HC03

ANIONS

. ",' s



STIFF Diagram I

Name

Type

Milliequivalents per liter

3 2

Well Ident
MW-6
5 4
- Ca
Mg
Na+K

HCO;+CO,

SO,

Cl

NO,

Aquifer

Error Balance (%)

- Cations
Ca Mg Na K . Fe
Millieguivalents per liter 0.7999 1.3301 -} 0.6499 0.00997
Milligrams per liter 16.03 16.17 14.94 0.39
Anions
HCO3 co3 S04 Ci NO3
Milliequivalents per liter | 2.61994 0.03997 0.08012
Milligrams per liter 159.85 1.92 2.84
"~ BOD coD Diss. Oxygen F B Sio2
TDS Hardness Alkalinity Conductivity pH SAR
213.00 250.00 6.90 0.6297
Cations (epm) | Anions (epm)
Water Type Magnesium Bicarbonate I 2.79 2.74

0.90

279



Schoeller Diagram .

Schoeller Diagram
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' Wilcox Diagram I

Wilcox Diagram

Sodium
(alkaii) -
Hazard _ 100 500 1000 5000
T T T 1T T T[T 71 T T { )
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- 26 —
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S3 22 -
20 |- 20
18 4
a7
< 16 -\ \ -
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| di 141 \ J
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10 \ \ 410 |-
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2 i \_
6l 23 0
100 ZzoU FER 220U
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.__ ‘CONCENTRATION--DEPTH:SERIES - -,

Well Ident
Name
MW-1 Monitoring well in Corozo Fando
Easting (X) Northing (Y) Ground Suri. Elev. {Z) | Meas. Point Elev. (Zm)
150 150 85.00 86.00
TDS in ppm
Depth Level
[feet] [feet]
—_ k= = RN R A 0O LG B B B BT
N EOORONLOODOONDODMON DO OMNDL MO
PP IODOCDO0O0O0 OO D0 D O
3 E 80
103 . 3
3 305.00 70
205 =
3 310.00 E
1 350.00 60
304 E
3 450.00 E
3 350.00 50
403 -

40




[ Pumping Test I

Well Ident

MW-6

‘Name

Obs. Well Distance [ft]

Average Pump. Rate [gpm]

Duration fmin]

tnitial Sat. Thickness {

1.00 . 72.000
Results
Transmissivity [gpd/ft] Storage Coefficient Leakance [1/day] Estimation Error [ft)
11398 14,387 0.53
Fit Method Hantush Method




Well |dent

Pumping Test

Name
MW-1 Monitoring well in Corozo Pando
Obs. Well Distance [ft] Average Pump. Rate [gpm] | Duration [min] Initial Sat. Thickness [
1.00 0.00 6870.0
Results
Transmissivity [gpdft] Storage Coefficient Leakance [1/day] Estimation Error [{t]
21467 : 36.634 0.35

Fit Method

- Hantush Method
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| Hydrograph l

Well ident _
Name
MW-1 Monitoring well in Corozo Pando
Easting (ft) Northing (ft) Ground Surf. Elev. {ft amsl) Meas.Pt.Elev. (ft amsl)
150 - 150 85.00 86.00
Aguifer
Depth [feet] MW-1 Level [feet]
1.0
1.2} - 184.8
1.4] 84.6
1.6] /l d 184.4
1.8/ 184.2
L \ \+ 4
2.0 ™ 84.0
[ ™~ - .
2.2 Iy 83.8
2.4] \ / 183.6
2.6 / 183.4
2.8] \ / 183.2
3.00- . \'\ 183.0
i ~ 1y
32— 2 3 3 3 7 g 9 10 11 12 82.8




L L B 1
‘Ground Water for Windows (GWW) ... Example

TASK

1.

.

Create a ground water data base with 6 wells. Each well has data on location, drilling
(lithology and construction), chemistry (time series and depth-related); each well was
pump tested; each well has one-year water level record.

Create contour maps for the following parameters:

Ground Surface Elevation

Total Dissolved Solids in ppm (TDS)
Contact boundary between Quaternary clay and sand (overburden) and underlying
bedrock (limestone and dolomite).
Piezometric surface on 12 June 1994.
Transmissivity from pumping tests.

Create lithostratigraphic cross section connecting wells MW-1 and MW-2, with/without -
well construction details and with TDS as a function of depth.

A Interpret pumping tests using the Theis and Hantush methods.

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
1500

<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 general/location data into GWW. The first way is to create
an ASCII file such as above and import as Standard ASCII Input into Master application. The
second way is to type the data directly into the GWW-created data base.



Chemical Data (Samgles)

<Well Ident> <Ca> <Mg> <Na> <K> <HCO3> <SOd> <Cl> <TDS> <Conducnv1ty> <pH>
MW-1 1323 2030 1977 1.17 13179 005 425 21800 270.00 830
MW.-2 1283 21.88 2391 235 20683 _0.05 2384 272.00—320.00 7.00
MW-3 1764 2067 2989 039 22392 192 234 299.00 350.00 7.10
MW-4 1523 17.63 12:87 078 16290 480 1.77 21800 280.00 7.30
MW-5 12.02 3647 460 0.59 23795 096 071 229.00 -270.00 7.50
MW-6 1603 1617 1494 039 15985 192 284 213.00 250.00 6.90

HINT. Same as for Master Data, you may input data either by creating first an ASCH ﬁle as
the one above, or by typing the data directly into-the GWW-created data base. R

Chemical Data (Depth-related)

MW-1 MW-2 MW-3. MW-4 MW-5 ~ MW-6 o

<Depth> <TDS> <Depth> <TDS> <Depth> <IDS> <Depth> aDS> <Depth> <TDS> <Depth> <TDS>
15 300 20 250 22 280 25 290 25 250 20 250
20- 305 25 320 30 330 30 320 30 400 25 300

25 310 30 400 35 400 35 380 35 380 30 300 -
30 350 35 320 40 420 40 420 40 320 35 350
35 450 40 280 45 380 45 400 45 380 40 400
40 350 45 280 S50 290 S50 380 50 450 45 350
50 320

Chemical Data (Time Series)

MW-1

<yyyy/mm/dd> <TDS>

1994/02/15 250

1994/03/12 320

1994/03/28 330 — )
1994/04/16 380 -
1994/05/22 420 - )

1994/06/18 390 : . R
1994/07/21 350
1994/08/29 420
1994/09/17 380
1994/10/15 320
1994/11/07 300
1994/12/12 280 _ o=

|
BN

O
-0



Lithologic Data

The data are contained in an ASCII file as shown below. If you decide to create a similar ASCH
file you must follow the convention that each well must start with the word WELL: (terminated
with colon), the lithology with the word LITH:, and the rest with words SCREEN:, HOLE:, —
ANNULUS:, and CASING.:. Lithologic codes (CLAY, SAND, LIME, and DOLO) must be typed

“upper case, as four letter words; the same applies to the annular space materials (CEMENT,
PACK; OPEN). __ .

WELL: MW-1

LITH:
15.000 CLAY
30.00 SAND
52.00 LIME

___ 67.00 DOLO -

HOLE: -
20.00 12.00
67.00 8.00

CASING: —
20.00 8.25
35.00 4.00

SCREEN: -
1500 30.00 N

ANNULUS:
20.00 CEMENT
35.00 PACK
67.00 OPEN

WELL: MW-2

LITH:
12.00 CLAY
28.00 SAND
55.00 LIME
72.00 DOLO

HOLE:
20.00 12.00

. 72.00 8.00

CASING: )
19.00 8.00
30.00 4.00

SCREEN:
15.00 28.00

ANNULUS:
20.00 CEMENT

32.00 PACK

G
478



72.00 OPEN
WELL: MW-3
LITH:

22:.00 CLAY

- 35.00 SAND

55.00 LIME

70.00 DOLO
HOLE:

20.00 12.00

40.00 8.00

70.00 4.00
CASING:

20.00---  8.00

38.00 5.00
SCREEN: .

23.00 38.00
ANNULUS:

20.00 CEMENT

38.00.PACK

70.00 OPEN
WELL: MW-4
LITH:

- —20.00 CLAY
35.00 SAND
60.00 LIME
80.00 DOLO

HOLE: ’

20.00 14.00

38.00 12.00

80.00 4.00
CASING:

20.00 13.00

35.00 8.00
SCREEN:

22.00 35.00
ANNULUS:

20.00 CEMENT

35.00 PACK

80.00 OPEN
WELL: MW-5
LITH:

22.00 CLAY

40.00 SAND

65.00 LIME



120.00 DOLO

HOLE:
22.00 14.00
120.00 8.00
CASING:
22.00 12.00
42.00 4.00
SCREEN: -
25.00 - 41.00
ANNULUS:
22000 CEMENT -
42.00 PACK
~120.00 OPEN
WELL: MW-6
LITH:
30.00 CLAY
60.00 SAND
75.00 LIME
150.00 DOLO _
HOLE:
30.00 14.00 _
150.00 6.00
CASING: -
29.00 12.00
60.00 6.00
SCREEN:
32.00 60.00
ANNULUS: -
30.00 CEMENT
60.00 PACK
150.00 OPEN

Pumping Test Data

MW-1 (constant rate test: drawdown and recovery lumped together)

0.00 0.9510 300.0000
10.00 0.9510 300.0000
20.00 1.7060 300.0000
30.00 2.6900 300.0000
40.00 34110 300.0000
50.00 3.9360 300.0000
60.00 4.2970 300.0000
90.00 5.0510 300.0000
120.00 5.4780 300.0000



180.00

240.00

300.00

360.00

420.00

540.00

660.00

870.00
1110.00
1410.00
1770.00
2070.00
2490.00
3330.00
4320.00
4330.00
4340.00
4350.00
4360.00
4370.00
4380.00
4390.00
4400.00
4410.00
4420.00
4430.00
4440.00
4470.00
4500.00
4530.00
4590.00
4650.00
4710.00
4770.00
4830.00
4890.00
4950.00
5010.00
5070.00
5130.00
5190.00
5430.00
5730.00
5970.00

5.9700
6.2650
6.5600
6.7240
6.8550
7.0850
7.2820 -
7.4130
7.6750
7.8390
8.0690
8.1670
8.2330
8.3640
8.5280
8.5280
7.7410
6.7900
6.0680
5.5430
5.1500
4.8870

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



6390.00 1.6730 0.0000
6870.00 1.5740 0.0000

HINT. You do not need to repéat input of the pumping rate. It is sufficient to type 300 (gpm)
on the first line, and skip the rest until the time when the pump is switched off. Type 0 for the - -
pumping rate at 4320 minutes when the recovery of levels starts.

MW-4 (recovery test data) _
0.00 0.0000 150.0000 -

240.00  3.2800  0.0000
241.00  2.9190 0.0000
24200  2.6570 0.0000
243.00  2.4930 0.0000 B
245.00  2.2300 ~ 0.0000 -
247.00  2.09%0 0.0000
250.00 1.8370 0.0000
255.00  1.6070 0.0000
260.00 1.4760 0.0000 )
270.00  1.2460 0.0000 )
280.00 1.1150 0.0000
300.00  0.9180 .. .0.0000
320.00  0.7870 0.0000
340.00  0.6890 0.0000
380.00  0.5580 0.0000
420.00  0.4590 0.0000

MW-35 (constant rate test - drawdown portion}

0.00 0.0000 200.0000

1.00 0.6560 200.0000

1.50 0.8860  __200.0000

2.00 0.9840 200.0000

2.50 1.1150 200.0000

3.00 1.2140 200.0000

4.00  1.3450 200.0000 o -
5.00 1.4760 200.0000
6.00 1.5740 200.0000
8.00 1.7380 200.0000
10.00 1.8700 200.0000
12.00 1.9680 200.0000
14.00 2.0660 200.0000
18.00 2.1980 200.0000
24.00 2.3620 200.0000
30.00 2.4930 200.0000 ' o
40.00 2.6570. 200.0600 :



50.00
60.00
80.00
100.00
120.00
150.00
180.00
210.00
240.00

You do not need to typé the pumping rate 200 gpm more than once on the first line.

0.02
0.03
0.05
0.07
0.08
0.10
0.12
0.13
0.15
0.17
0.18
0.20
0.22
0.23
0.25
0.27
0.28
0.30
0.32
0.33
0.37
0.40
0.43
0.47
0.50
053
0.57
0.60
0.63
0.67
0.70

2.7880
2.9520
3.0500
3.1490
3.2800
3.4110
3.5100
3.6080
3.6740

0.1740°
0.4720
0.8330
1.2890
1.5480
1.8890
2.2070
2.5390
2.8630
3.1680
3.4830
3.7690
4.0430
4.3100
4.6050
4.8350

5.0810

5.3040
5.5230
5.7370
6.1470
6.5010
6.8260
7.1140
7.3770
7.6230
7.8390
8.0330
8.2260
8.3770
8.5250

200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000

MW-6 (constant-rate test - drawdown portion)

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
3060.0000

= . 300.0000

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000



0.73
0.77
0.80
0.83
0.87
0.90
0.93
0.97
1.00
1.08
1.17
1.25
1.33
1.42

1.50

1.58
1.67
1.83
2.00
2.17
2.33
2.50
2.67
2.83
3.00
3.17
3.33
3.67
4.00
4.33
4.67
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50
10.00
11.00
12.00

8.6630
8.7870

. 8.9250

9.0460

9.1610

9.2630

9.3610

9.8200

0.5320
.9.7120

9.8790
10.0330
10.1556
10.2630
10.3650
10.4760
10.6930
10.7350
10.8700
11.0080
11.1450
11.2500
11.3320
11.4540
11.5750
11.6870
11.7520
11.9130
12.0010
12.2110
12.5100
12.6770
12.8610
12.9030
13.1000
13.1460
13.1630
13.2550
13.3100
13.3890
13.4610
13.4940
13.6910
13.8220

300.0000
300.0000

-300.0000

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000

~300.0000

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000



13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
22.00
24.00 .
26.00
28.00
30.00
32.00
34.00 .
36.00
38.00
40.00
44.00
48.00
52.00
64.00
68.00
72.00

14.0520
14.1830
14.3140
14,3990
14.5170
14.5370
14.5600
14.4780
14.6750
14.8550
15.0160
15.1170
15.1340
15.2030
15.2490
15.3410
15.4950
15.6260
15.6520
15.6880
16.1510
16.3570
16.3930
16.3050

Water Level Data

MW-}

~ ~300.0000

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000

150 150 &5.00 86.00

<yy/mm/dd> <Level>

94/01/05 84.25

94/02/12 84

94/03/11 83.8
94/04/15 83.1
94/05/22 82.9
94/06/12 83.6
94/07/05 84.1
94/G7/22 84.7
94/08/12 84.9
94/09/11 84.8
94/10/09 84.5
94/11/12 84.3

: Line 1, contains well name

: Line 2, intended for location, blank here
: Line 3, intended for aquifer, blank here
: Line 4, X, Y, Z, ZM, respectively

: Line 5, tells GWW the format for date

: Line 6 till end, water level data entry



04/12/22 84.1

*

MWw-2

800 250 92.00 93.00
<yy/mm/dd> <Level> o
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
94/11/12 91.3
94/12/22 91.1

*

MW-3

1800 200 87.00 88.00
<yy/mm/dd> <Level>
94/01/05 86.25
94/02/12 86
94/03/11 85.8
94/04/15 85.1
94/05/22 84.9
94/06/12 85.6.
94/07/05 -86.1
94/07/22 86.7
94/08/12 86.9
94/09/11 86.8
94/10/09 86.5
94/11/12 86.3
94/12/22 86.1

%

MW-4

300 750 110.00-111.00



<yy/mm/dd> <Level>
94/01/05 108.25
94/02/12 108
94/03/11 107.8
94/04/15 107.1 -
94/05/22 106.9__
94/06/12 106.6
94/07/05 108.1
94/07/22 108.7
94/08/12 108.9
94/09/11 108.8
94/10/09 108.5
04/11/12 108.3
94/12/22 108.1

*

MW-5

1000 650 120.00 121.00
<yy/mm/dd> <Level>
94/01/05 109.25
94/02/12 109
94/03/11 108.8
94/04/15 108.1 a
94/05/22 107.4
94/06/12 107.9
94/07/05 108.8
94/07/22 109.7
94/08/12 109.9
~ 94/09/11 109.8
94/10/09 109.5
94/11/12 109.3
94/12/22 109.1
L

MW-6

1900 900 145.00 146.00
<yy/mm/dd> <Level>
94/01/05 143.25
94/02/12 143
94/03/11 142.8
94/04/15 142.1
94/05/22 1419 -



94/06/12 142.6

94/07/05 143.1

94/07/22 143.4

94/08/12 143.4 ,

94/09/11 143.3 : ) -
94/10/09 143.3 B
94/11/12 143.1

94/12/22 142.8

*

Elevation of various choldgic units

Clay-Sand Sand-Limestone Limestone-Dolomite

MW-1 70.0 55.0 33.0
MW-2 80.0 64.0 37.0
MW-3 55.0 52.0 32.0
MW-4 90.0 75.0 - 50.0
MW-5 98.0 80.0 55.0
MW-6 1150 85.0 70.0

Hint. Type these numbers into entry form for Well Logs. The first column of numbers refers
to the elevation of the contact between clay and sand layers (in feet above mean sea level},
the second to the contact between sand and limestone, and the third to the contact between
limestone and dolomite.

OUTPUTS

Some of outputs (printouts, reports) are appended to this exercise.

1. Well construction and lithologic log for well MW-1. -

2. Same for well MW-6.

3. Pumping test interpretation for well MW-4 (recovery method).

4. Pumping test interpretation for well MW-1 (drawdown and recovery). -
5. Pumping test iterpretation for well MW-2. -
6. Time series for TDS in well MW-1. -

7. TDS versus depth in well MW-1. -

8. TDS contour map.

9. Piper diagram with 6 samples.

10. Wilcox diagram.

11. Schoeller diagram.

12. STIFF diagram for well MW-1.

13. Piezometric contour map on 12 June 1994.

14. Elevation contours of limestone-dolomite bedrock

15. Lithologic cross section MW-1 - MW-2.

16. Fence diagram. _

17. A Hydrograph.



Well Log: Lithology & Construction l

Well Ident Name
MW-2 — -
Drill. Method Drill. Dates
X 800 Y 250 z 92.00 Meas. P. Elev. 93,00
All measurements are in feet. Hole and casing diameters in inches. Scales (1: xxx)
Water Level (ft AMSL) Verticat - - Hoerizontal
B - 40.0
Depth : : Elev,
freet] Hole Annulus CasingScreen Lithology Heet]
5
] Conductor
104 12 | Pipe 8
1 Cementedin | | RO 0
15 -]
] 20 19
20 20 20
1 Gravel
|
. 3
25 thoroughly 4
] develo
] fbor 24 hours
e umpin
30 ag surgmg 30
T 32
4
35 ]
40 -
45
> 4 8
50 -]
] Open hole
55 -]
60
] [ 30
1 DOLOMITE i
65 - A
70 -] [
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- APPENDIX B

DATA BASE ST , ' _
STRUCTURE " - - -
' . These are internal files, contained within the data base
— - template, GWW.000. You may retrive the files by follow-
ing the steps -

i " 1. Select Tools.
2. Select Data Structure Design.
‘3. Select File.

4, Select Old. - : -
5. Select any "Rame or apphcatlon from the llst .
6. Close the dlalogue box by clicking on OK
7. Select Write Structure to STD ASCH

8.

Type an ASCT filename under which this file will be

saved.
MASTER DATA STRUCTURE
DATA ENTRY No. of Characters | Data Type Format | No. of Decimal mgg Unit
-- | Well ident 10 Well
R Description 50 Char
District 20 Char
Locality 20 Char
Ovmer 20 Char
X 10 Num(Dim) Fixed 2 m
Y 10 Nurn(Dim} Fixed 2 m
z 10 Numn(Dim) Fixed 2 m
M 10 Num{Dim) .| Fixed 2 m -
Map Sheet No. 10 Char
Year 10 Char -

= | | | (o2,



" .. """ DATA BASE STRUCTURE FILES B2

s CHEMICAL DATA STRU

DATA ENTRY No. of Characters Data Type Format No. of Decimal Di Unit

Well Ident 10 Well

Ca 10 Num(Und) ~ | Fixed 2-
[ Mg 10 Num(Und) Fixed |2

Na 10 Num(Und) Fixed 2

K 10 Num{Und) Fixed — |2

Fe 10 Num(Und) Fixed 2 -
Mn 10 Num(Und) Fixed 2

HCO3 10 Num{t/nd} Fixed 2

CO3 10 Num(Und) Fixed 2

S04 10 Num(Und) Fixed 2

a 10 Num(Und) _ Fixed 2 T
NQO3 10 Num(Und) Fixed 2

NO2 10 - Num(Und) Fixed 2

PO4 10 Num(Und) ° Fixed 2

F 10 Num(Und) Fixed 2

B 10 Num{Und) Fixed 2 -
Si02 16 Num(Und) Fixed 2

TDS 10 Num{Und) Fixed |2

Hardness 10 Num(Und) Fixed 2

Alkalinity 10 Num(Und)-— Fixed 2

Conductivity 10 Num{Und) Fixed 2

pH — 10 Num(Und) Fixed 2

Cations 8 Num(Und) Fixed 2

Anions 8 Num(Und) Fixed 2

SAR 8 Num(Und) Fixed 4

BalErr 8 Num(Und) Fixed 2

CHEMICAL DATA STRUCTURE
FOR PARTS PER MILLION ENTRIES
DATA ENTRY | No. of Characters Data Type Format | No. of Decimal Digitsl Unit
Cappm 10 ) Num(Und) Fixed 2 —
[ Mgppm 10 Num(Und) Fixed |2

Nappm 10 Num(Und) Fixed 2

Kppm 10 Num(Und) Fixed 2

Feppin 10 Num(Lind) Fixed 2

Mnppm 10 Num(Und) Fixed 2 _
HCO3ppm 10 Num(Und) Fixed 2

CQO3ppm 10 Num(Und) Fixed 2

SO4opm. 10 Num(Und) Fixed 2

Clppm 10 Num(Und) Fixed 2

NQO3ppm 10 Num(Und) -Fixed 2

PO4ppm 10 Num{Und) Fixed 2

Bppm 10 Numn(Und) Fixed 2 .

SiO2ppm 10 Num(Und) Fixed 2 -

!



DATA BASE STRUCTURE FILES

B-3

PUMPING TEST DATA STRUCTURE

DATA ENTRY No. of Characters Data Type Format No. of Decimal Digits Unit_
Well Ident 10 Well

TestDate 10 Date dd.mmyy

Distance 10 Num{Dim) Fixed 2 m - -
AvgPRate 15 Num (Dim) Float 7 m3/day

Duration 15 Num(Dim) Float 7 min

InSatTh 15 Num(Dimy) Fixed 2 m

- Transmissivity 15 Num(Dim) | Float?7 m2/day

Storage 15 Num(Und) Float7

Leakance 15 Num(Dim) Float 7 1/day

ConfAgThickness | 10 Num(Dim} Fixed2 |m -

b 10 Num(@im) | Fixed 2 m

1 10 Num(Dim) | Fixed 2 m

d 10 Num(Dim) Fixed 2 m

nn 10 Num(Dim) | Fixed 2 m

dl 10 Num(Dim) | Fixed 2 m . B

Standard Frror 10 Num{Dim) Fixed 2 m

Method 25 Char

PUMPING TEST ADDITIONAL DATA STRUCTURE

DATA ENTRY No. of Characters Data Format No. of Decimal Digits Unit
“Time 10 Char

Drawdown 10 Char

PRate 19 Char

Selection 10 Char

EstValues 10 Char

Difference 10 ) Char

HYDROGRAPHS DATA STRUCTURE
DATA ENTRY No. of Characters Data Type Format No. of Decimal Digits Unit
| Well Ident 10 Well
Aguifer 30 Char




DATA BASE STRUCTURE FILES

B-4

HYDROGRAPHS ADDITIONAL DATA STRUCURE

DATA ENTRY No. of Characters Data Type _ | Format No. of Decimal Digits Unit
Date 10 Date mm/dd/yy
Time 10 Time hhnm:ss
Depth 10 Num(Dim) Fixed 2 m
Level 10 Num(Dim) Fixed . 2 m
WELL LOG AND LITHOLOGY DATA STRUCTURE
DATA EN'I_'B_Y No. of Characters Data Type Format No. of Decimal DiE'ts Unit
Well Ident 10 Well
Drill. Dates 25 Char
SWL 10 Num{Dim) Fixed 2 m
DWL 10 Num(Dmmn) | Fixed 2 m
Drill. Method ] Char
ConcrBlockDx 10 Num(Dim) Fixed 2 m
ConcrBlockDy 10 Num{Dim) Fixed 2 m
ConcaBlockH 10 Num({Dim) Fixed 2 m
Above G5 10 Num(Dim) Fixed 2 m
Vert.Scale 10 Num{Und) Fixed 1
Hor.Scale 10 Num{Und) Fixed 1
STEP DRAWDOWN TEST DATA STRUCTURE
DATA ENTRY No. of Characters _ Data Type Format No. of Decimal Digits Unit
Well Ident 10 Well
A 12 Num(Und) | Float 4
B 12 Num(Und) Float 4
P 16 Num(Und) Fixed “j2
Effidiency 10 Num(Und) | Fixed 2 B
GRAIN SIZE CURVE DATA STRUCTURE
| DATA ENTRY No. of Characters Data Type Format No. of Decimal Digits Unit
Well Ident 10 Well




APPENDIX C... ENTRY AND REPORTING FORMS

PARTONE: - . o — o
ENTRY FORMS . .. . L ‘

—m»w_ LA -(‘-' e

MASTER DATA. ENTRY FORMS (in Enghsh Porl-uguese,
‘and Spamsh) -

Standard

DADOS PRINCIPAIS
CORSAN SISTEMA DE INFORMAQOES DE AGUA SUBTERRANEA

I T R
e MRS

M UBICACION

DESCRPI:BN

uso




3 Mathyt Fentane

T " ENTRY & REPORTING FORMS C2
i - C-iﬂanlm -
ORGANICS IN WATER AND SOIL

—— @m_@p Cooweism | [bepth MBOE | | 1.4.4 Tionbeatane

1.1.2-Trchiorathane 1.1-0;::@.:::5: 1.1-ou=bmunm-1.z-ba.bmﬁnm 1.2-Dichivoathane | Chiomofom

Tahune 2-Methooy-2-methypropane | 1-2-Metnoyoopoy-2-pepanch| 1-@-Methax-1-methyl. propano .
Ho.nmih-yhphbun Hexadecamethyheptas ane | Dodecancis acid N-Methy-N-. gicine | Tetadecamathyhexa

Benzane Ethyberzene Chboethane Tetmhydmfucan | Methylene Chioride | 7richicoethene
Xylane Aceione Mathyl Ethyt Katong 2-Hesxanone Carbon Disulide | 4Mathyi2-Pentn -
Haxane Tatmchixoathena | Vinyl Chiride PCB-1280 Phanci Phenanthmna —
bis 2-ethyhexyjphthalate | Flouwanthene Benzo@@pyene | Pymne BerzoGanthexene
1.3 Dicxoione 27,50 Trimvetnydodecane | 1,12-Tndecodiene | Fluomtrich bromathana| Cyciohexane

~

507,



ENTRY & REPORTING FORMS .. 3

PUMPING TEST ENTRY FORMS (in English and
Portuguese) '

Pamachnctrahnn
Pumping Test Data

Identification Type Aquifer

Easting (m) Northing (m)

Obs. Well Distance .

Partiz] Penrtration Well Data

Screen Beginming Screen Ending
-— Aquifer Thickuess | Production Well |
Observation Well |

Standard
Dados de Tcste de Bombeamento

Transpissividade Selecismatta (m2/h)

Cond. Hidr. Selecionaa (n/h)




ENTRY & REPORTING FORMS

C4

HYDROGRAPHS ENTRY FORM

Standard

Water Levels

Type

0. Surt. EL (M ams)

Maas. PL EL (m ameb

WELL LOG ENTRY FORM

Standard

Identification

- Well Lithology & Construction

{ Type-

- Treowte

Easting (m)

Naxthing (M)

Or. Sy, EL (m ame)

Meas. PL EL (m ame}

1 o2 pates

Dril Mathod

SWL (m ame)

_Gpecific Capacly

] Comments:

Refernca

R

-
ot



ENTRY & REPORTING FORMS

C5

ADDITIONAL LITHOLOGY ENTRY FORM

Standard

Additional Lithology Data Entry Form

wel Dent

ClndEand (m MSL)

Sand/Limestone (m MSL)

RN

STEP-DRAWDOWN TEST ENTRY FORM

Standard

STEP DRAWDOWN TESTS

:".‘o.‘ I RS
AR T
) U’M 'i ‘11"‘.~'. .l' -




I
ENTRY & REPORTING FORMS ) Cé

PART TWO: REPORTING FORMS AND REPORTS

STIFF Diagram l

Well Ident
Name Type
MW-5
Milliequivalents per liter ) -
5 4 .

Ca HCO,+CO,

Mg so,

. Na+K Cl
NO,

. Cations
Ca Mg Na K Fe
Milliequivalenss perliter | 05998 | 3.0000 | 0.2001 | 0.01509 | 0.0645 | _
Milligr;ms per liter 12.02 36.47 4.60 0.59 1.20
Anions
HCO3 co3 S04 Ci NO3
Milliequivalents per liter | 3.90000 0.01999 0.02003 0.00807
Milligrams per liter 237.95 0.96 0.71 0.50
BOD COoD Diss. Oxygen F B Si02
TDS Hardness Alkalinity Conductivity pH SAR
229.00 270.00 7.50 0.1491
Cations {epm) | Anions (epm)
Water Type Magnesium Bicarbonate I 3.88 3.95
- Error Balance (%)

Aquifer

L.75




- ENTRY & REPORTING FORMS

;CONCENTRATION - DEPTH SERIES

Well ident
Name ’
Mw-1 Monitoring well in Corozo Pando
Easting (X) Northing {Y) Ground Surf. Elev. (Z2) |Meas. Point Elev. (Zm)
150 150 85.00 86.00
TDS in ppm
Depth ) Level
[m] [m]
i b ok ok ok PN PO RN A )W W W b b E- s,
2522885285858 E5REEE5858 85
] 85
53 5
] B 80
103 X
3 75
15 .
. - 70
B -
20
] 65
: F
] -
25 :
] 60
30—3 Z
3 [ 55
35- : .
j: 50
40 -
] - 45

—

i



ENTRY & REPORTING FORMS

C8

5
4
3.

1t
£ 0.007

£ 0.006
£0.005
0.004

0.003

L

F0.002

Lo.001
EPM

0.08
£ 0.07
0,06
£ 0.05

£0.04
0,03

Ca

300
80
=70
60

E 50
40

E30

SO

4

Ed.o
08
0.7

0.6
£0.5

0.4

0.2

23:59
E0.08
£0.07

HCO,

0,370,005 ]

3
0%352
0.008
0.007

0.006

0.004 ]
0.003

0.002

]
-
i
1
1

0.001-

EPM

Schoeller Diagram : I

schoeller Diagram




ENTRY & REPORTING FORMS

C9

- Piper Diagram l

S bW N -

Plper Dlagram

100

Mw-1
MwW.2
MW-3
MW-4
MW.5
MW-6

CATIONS

ANIONS




ENTRY & REPORTING FORMS

C10

Wilcox Diagram l

Willcox Dlagram

Sodium
(alkali) -
Hazard 100 500 -5000
T T T]7 T T T T T
Very 30 430
High
S4 28 o
26 -
—24 -]
High -
S3 2z w .
20 420

Medium | ¢z 14

A
o
cllll/ll/ll/ll

52 T
12 4
” \ 410
Low 6 -
2 -\\—
1 23
1 U i 0
U 2250
Conductivity (micromhos/cm at 25 °C)
C1 c2 c3 C4
Low Medium High Very High
Salinity Hazard
1 MW-1
2 MWwW-2
3 MWwW-3
4 MwW-4
5 MW-5
6 MW-6 -




110 of theé GW.W!

.-m 9 ‘,;fﬁwr& T »ﬂwr iy

‘,Soft“w‘r‘af'

[N IR A

TR IR

1l:Da fa
l All constituents In ppm. Sums of anfons and catlons in epm. TDS In ppm, Conductivity In micromhos/cm at 25{‘.1

Well Ident Ca Mg Na K Fe | Cations || HCO3 ’ S04 Cl NO3 | Anlons] TDS Conductivity
P-103 24.05 18.11 13.79 | 1.56 3.33 187.92 | 3.84 5.32 331 | 255.00 300.00
P-152 12.83 | 21.88 | 2391 | 235 3.54 206.83 | 0.05 2.84 3.47 | 272.00 320.00
P-153 17.64 | 20.67 | 29.89 | 0.39 3.89 22392 | 1.92 2.84 3.79 | 299.00 | 1350.00
P-163 15.23 17.63 12.87. | 0.78 2.79 162.90 | 4.80 1.77 2,82 | 218.00 280.00
P-166 14.43 18.11 13.79 | 0.39 2.82 17267 | 0.05 1.42 2.87 | 222,00 280.00
P-170 1202 | 3647 4,60 059 113.03] 4.62 23795 | 0.96 0.71 | 37.20 | 4.54 | 229.00 |- 270.00

P-177 14.43 15.93 16.78 | 0.39 2.77 158.63 | 0.05 2.84 2.68 | 248.00 250.00
P-180 24.05 15.80 11.95 1.17 ‘ 3.05 164.73 4.80 390 291 228.00 290.00
P-186 17.64 17.87 | 2598 | 1.56 3.52 183.04 | 2498 | 1.77 357 | 274.00 340.00

P-20 3447 | 2602 | 27.36 | 0.78 5.07 280.66 | 1297 | 4.96 5.01 | 390.00 470.00
P-206 64.53 1009 | 3494 | 0.39 5.58 33191 | 7.68 2.84 5.68 454.00 520.00
P-577 16.83 17.38 1586 | 0.39 297 170.84 { 0.05 3.90 1291 | 226.00 260.00
P-580 14.43 17.38 | 2299 | 0.39 3.16 189.75 | 0.05 5.67 3.27 | 252.00 290.00
P-600 2325 | 21.76 | 30.80 | 0.78 4.31 244.05 | 0.96 0.35 ' 4.27 | 330.00 370.00
P-72 25.25 26.02 | 2483 | 235 4.54 25991 [ 0.96 4.96 4.42 | 345.00 410.00
P-74 38.48 | 20.30 1494 | 1.96 4,29 77.49 7.68 390 410 | 243.00 380.00
P-84 21.24 19.45 19.77 | 2.74 3.59 202.56 | 1.92 390 1?.47 273.00 330.00

SRRG-19 [ 10.02 1094 | 21379 | 1.17 10.73 430.75 | 0.96 ;| 66.64 .10.39 | 780.00 950.00

SRRG-22 9.62 10.33 | 197.70 | 3.52 10.02 506.41 | 0.96 | 71.61 110.34 | 805.00 900.00

SRRG-38 || 10.02 8.27 43.68 | 4.30 319 152.53 | 2498 | 5.67 3.18 | 254.00 290.00

SRRG-4 8.02 9.60 18391 | 3.91 9.29 408.79 | 12.01 § 99.26 9.75 | 730.00 900.00

SRRG-7 4.41 1.95 2.30 2.35 0.54 25.63 1.92 1.77 0.51 42.00 45.00

SRRG-8 641 | 9.36 3908 | 2.74 2.86 122.03 | 39.87 | 7.80 3.05 | 229.00 250.00

SO DONLLIOdTYT ¥ AdLNA

110
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Chemistry Concentration / Time

Well Ident

Name
- MW-1

Easting (m) Northing {m) Gr. Surf. Elev. (m amsl)

150 150 ' 85.00

Monitoring well in Corozo Pando

ST
480 L

460

- 420 |
400.|
380
360 |-

. 3401
320 »
300 |
280 |
260 L
240 |
220 +
200
180
160 L
140 |
120
100 + .

80 |
60
40
20

TDS in ppm

MW.1

1994
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Well Log: Lithology & Construction

Well Ident Name
MW.-2
Drill. Method Rotary with bentonite Drill. Dates 15 to 22 March 1994
X 800 Y 250 z 92.00 Meas. Pt Elev. 93,00
All measurements are in meters. Hole and casing diameters in inches. Scales (1: xxx)
Water Level (m AMSL) 88.20 Vertical Horizontal 44
Dﬁrﬁ’]‘h Hole Annulus CasingScreen Lithology B E['rf“]’
] g0
: :
5+ CLAY, with some i
] . _silt and fine sand -Ls8s
] Conductor 8 L
104 12 Pipe N
] -Cemented in 12 [ 80
15 TS E ] - -
] oging [ 75
. 18 o T -y -
o0 1 20 20 00 =1 - ey SAIﬂDeaﬁne to medium :
F s gl grain L
] o e 70
- Well o) B L
25 thoroughly 4 S :
] evelo R 118 e
] forﬂmrs 28 A ] Chd 28 '__65
30 by pumping 30 == I .
] o E 3 B XNl L 60
35 -] 1
L T . — 55
- il ] - -
40 - T -
- - LIMESTONE dolomitic, t
] gy ee fractured - - 50
o 1 -
18 , - 45
o] |, :
i hole 3 %
55 . 1155
) - 35
] i
60 - - L [
o] , - 30
& L DOLOMITE with marly .
4 L limestone, brown -
85 . . i
: T : 25
- I T [
70 - I | B i
- 72 -

7/
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C15

: TESTE DE BOMBEAMENTO e I

Tempo [min]

POCO —
- Municipio
G 1433 RM 1P3 Flores da Cunha
| Dist. Pogo Obs. [m] Vazao Média [m3/h] Duragdo [min] Espes. Sat. Inicial [m]
' 6.00 6.6667 900.00
Resultados Erro da Es(;l-r(r;gtwa [m]
Transmissividade Im2/n] | Coeficiente de Armazenamento Gotejamento [1/day]
9.10 0.0097678 - 0.049710
Método Meétodo de Hantush
0.01
. M
\\
—_ 0.1 N—
é _—
s [ ]
S \1L_
£ ™~
g .
‘s 5
=
@
& 1 - - .
10
0.1 1 10 100 -—-- 1000

) = AD
Sy
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| Pumping Test I

Well ldent Name
- MWw-2 _ 7 _
Obs. Well Distance [m] Average Pump. Rate [m3/day] | Duration [min] initial Sat. Thickness [m]
0.05 15.000 1200.0
Besults
- { Transmissivity [m2/day] | Storage Cosfficient Leakance [1/day] Estimation Error [m]
N 136 0.10
Fit Method Theis Method
=k R s R s o -
R 1\
N
\\
Sy \
2 y
= \ i
,“ e
~ : g
A.:.::‘_EE;' 1 Pl
e \
&5
_ ] 1 Rk
i~ T = iy N 0 =
AR iy 3 £




ENTRY & REPORTING FORMS ' Cc17

-~ Hydrograph Reporting Form ' ,

A-0001 Description Observation well in St Johns District
Y Ground Surf. Elev. | Measuring Pt. Elev.
1235568 10781674 153.36 153.36
Aquifer Quaternary ) -
Depth [fet] | A-0001— Level [feet]
96- I - i 8

o7l fh ._ Is7
9gh I f yi.'l' 1 _ 156 .
% ‘# =
100 g >4

101~ -Ill -z- 1 Hj ‘/] | - | | —-53
1l

102] - F* il . il Js2
103 1{1 ' ! il 4 J 151
104] L T l‘ 1 7[‘ 50
105] \ Jr 1 QL T lao
- 'H:r - A -
106 L |48
107} { 1 _ j47
103_ ) = ' L | 1 —:46
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Description

Monitoring Well, Landfill NK Project

12-14m
———— 21 m

I |

§

8
—1
——

% Passing
B 8 5 8 8 d§ 8
=z
L
L

¥’ Py ] A
L 10H I Ny N S =
0 “ T
1000 100 10 1 01 a0 0.001 -

|
|

Sieve Ses jmm] 12-14m | 1721 m
0.001 300 7.00 _
0.010 7.00 11.00
0.050 12.00 15.00
0.100 18.00 2100 |
0200 19.00 24.00
0.500 200 28.00
1.000 34.00 35.00
2.000 400 | 5200
5.000 2w | 770
10.000 79.00 87.00
20.000 o700 | s
%00 - 10000 | 10000
»
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c22 ENTRY & REPORTING FORMS

PART THREE:

- ASCII FILE
- FORM FOR
ADVANCED

: . USERS

_ Master File Entry
- Form

TEXT "GWW Master Data’ {130,30,1470.90) 2,1520,20 P(0.0.0) B{1910.0)
‘GWW Master Duta” OC,0,0
“Aria)’ 20,1,1.0 C[0,255.255) .
DATA “Well Ident * ~  “ (120.160,270,110) 2,15,0,0 P(0,0,0) B(255,255.255)
Tdent ‘LT100
‘M5 Sens Serif” 12,1,6,0 C(0.,0,0)
CB.10,-10 B
‘M5 Sans Sexif” 141,00 CR.0.0)
- DATA Description ~ * (390,170,840,100) 2,15,0,0 P(0,0,0) B255,255,255)
Tescripion  ‘LT10,0
‘Helv' 80,0,0 C(0,0.0)
-CBaD-10
“Courier” 10,0,0,0 C(0.0.0) .
DATA District * (1230,170,370,100) 2.15,0,0 P(0,0,0) B(255,255,255)
‘District *LTa00
‘Helv’ 8,000 C{00,0)
CB10-10
‘Coarier’ 10,0,0,0 C(0,0.0)
DATA ‘Locality * (130.370,370,100) 2,15,0,0 P(0.0,0) B(255.255,255)

Toalty - *IT100

“Helv’ 8,0,0,0 C(0,0,0) -

CB.10,-10 T

“Courier” 10,0,0,0 C(0.0,0) -
DATA "Owmner * {500370,370,100) 2,15,0,0 P(0,0.0) B(255.255,255)

"Ownex ‘LT10,0

Heiv’ 80,00 C(0,0.0)

CB.10,-10

‘Courier’ 10,0,0,0 C(0,0,0)
DATA “Well Ident * (120,160,270,110) 6,15.0,0 P{0,007) B(255.255,.255)
Tdent ‘LT100
M5 Sans Serif’ 12,1.0,0 C(0,0.0)
CB.10,-10
‘MS Sans Serif” 14,1,0,0 C(0,0,0)
DATA Description  * (390.170,840,100) 2,15.0,0 P(0,0,0) B(255,255,255)
Description~ “LT,100
‘Helv’ 800,06 CD,0.0)
CB.10-10



ENTRKY & REPORTING FORMS

“Coarier” 10,0,0,0 C0.0.0)
DATA District * (1230,170,370,100) 2.15,0,0 P(0,0.0) B(255,255.255)
“District ‘LT100
‘Helv’ 80,00 C0.0,0)
CB.10-10 )
Courier’ 10,0,0,0 C0.0,0)
DATA “Loaality * (130,370,370,100) 2.15,0,0 P(0,0.0) B(255,255,255)
“Locality *LT100
Helv’ 8,000 C0.0.0)
CB0,-10
“Courier’ 10,0.0,0 C{0.0,0)
DATA ‘Owne * (500,370,370,100) 2.15,0,0 P(0.0,0) B(255.255.255)
‘Owner “LIa00
“Halv’ 8,0,0.0 C(0,0,0) : -
CB.10,-10
‘Courier’ 10,0,0,0 C(0,0,0)
DATA X * {130,270,340,200) 2.15,0,0 P(0,.0,0) B(255,255,255)
‘Easting ‘LT10,0
‘Helv’ 80,00 C(0,0.0)
CB,10,-10
Coxarier® 10,0,0,0 C(0,0,0)
DATA Y * ¢£0,270,360,100) 2,15,0,0 P(0,0,0) B(255,255,255)
‘Narthing L1100
‘Helv"8,0,0,0 C0,0,0)
CB10,-10
'Courier' 10,00,0C000)
DATAZ * (830,270,380,100) 2,15,0,0 P(0,0,0) B{255,255,255)
“Groand Serf. Blev.’ LT10,0
Helv’ 80,0.0 C(0.0,0)
CB10,-10
"Coarier” 100,00 C(0,0,0)
DATA ZM * (1210,270,390,100} 2,15.0,0 P(0.0,0) B(255,255,255)
‘Measur Pr Elev. “LT.10.0
‘Heiv" 80,00 C0,0,0) .
CB.10,10
“Courier’ 10,0,0,0 C{0,0,0)
DATA ‘Map Sheet No.  * (21280,370,320,100) 2,15,0,0 P(0,0,0) B(255,255.255)
‘Map ShestNo. ‘LTI00 .
“Hev’ 80,00 C0,0,0}
8,10,-10
“‘Courier’ 100,00 C{0,0,0)
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DATA “Well Ident !
(120,160,270,110) 2,15,0,0 P(0,0,0)
B(255,255,255)

" 'Ident "LT10,0 -

~'MS Sans Serif’ 12,1,0,0 C(0,0,0)

CB,10,-10 =

‘MS Sans Serif’ 14,1,0,0 C(0,0,0)

n\epaﬁoﬂgmismﬂteupperhftmm.Anmmmesreferto&e
upper ieft corner.

First box: Field Name is Well ident. The field starts at 120 mm
from the left margin upper comer of the page (X=120), and at 160
mmfromﬂ\etrg (Y=160). The honizontal length of the field
is 270 mm and ll-.;;:‘giis 110 mm.

The numbers 2 and 15 represent the frame line thickness (in 10th of
a millimeter) and a parameter indicating whether this is a full frame
around the field or a partial frame (with ane, two or three lines),
_Tespectively. :

The numbers 0,0 indicate that there is no border ing the field.

The following numbers define the border: 0 - no border; 10- 1 mm

border line; - 2 mm border line, etc. If the number is negative the

ghmmMormHitkmMMEwMﬁgum
ve.. .

The block P(0,0,0) is of no concem. It defines the color of the label,
but this is overriden by another biock an line 3.

Ihe_blocka(ZSS,ZSSI.ZSS) se‘:}u the colar for ba und. This cornbi-
nation is for no color, ar white background. sequence is red,
green, and blue, or RGB.

Example of an input
text block in the
Master File Entry
Form:

1
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cond box: Tdent’ is the label that will be displayed and
Se Notice &:atﬁeldlls\hmeand Label name do not need to be

same. Field Name must appear as it is entered into the
Data File Structure, but you may type an o Label Name.

®
g wH O
nofl

left
center
right

top
bottom

In this eample the word Ident will start at the left edge of the field
in the upper one third of the field.

The numbers 10,0 after LT indicate harizontal and vertical offsets in
X direction (10 tenths of a millimeter), and 0 in Y divection.

Third box: "MS Sans Serif’ is the font family used to write the
label Ident’. The four numbers after the font family define the fol-

font size

bold (1), normal (0)

italic (1), not italic (0)

underlined (1), not underimed (0)

In this case, the font size is 12 paints, Ident’ will be displayed and
printed as boldface, no italics, o underlining. dispiayed

The block C(0,0,0) indicates color for the label Three zeros mean
black, three 2555 would mean white. Any other combination would
imply ane of more than 16 million colors.

Fourth box: it defines the position and offsets for data to fill the
field. CB stands for center (horizontally), and bottom (vertically).
10.-10 means harizantal offset 10 tenths of a miliimeter (one mm to
the right), and -1 mm above the bottom.

Fifth box: same as box three, but this box refers to data. Font
far_nﬂylggmm&ns&:if’,fmﬁsizeis 14 points. Data will be
printed .o italics, no underining. Its colar will be black.

differ from Data fields in the following.
have only three lines of definition. The fourth and ﬁf&tlhm,‘m
define the data filling the field, have no meaning here. -
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APPENDIX D ... VARIOUS ASCI FILES ...
PROGRAM’S DEFAULT AND EXAMPLES

GWW.UNT

Units, type of units, and
conversion factors.
First line (header) is not
a part of the file. -

) Flowrate
L Velocity
Velocity
Velocity
Velocity
Velocity

Conversion
Factor
1.0000000E 00 -
1.0000000E-02
1.0000000E-03
2.5400000E-02
3.0487800E-01
9.1440000E-01

1.6090000E 03 _ _

1.0000000E 03
1.5000000E 00
6.0000000E 01
1.4400000E 03-
8.6400000E 04
1.000000CE 00- -
1.0000000E-03
1.0000000E-06
9.4760000E-04
1.5900000E-01 _
1.2340000F 03
3.7850000E-03
2.8299688E-(2
1.000000CE 00
1.000000CE 04
9.2902260E-02
4.0470000E 03

1.0000000EQ3 - —

1.0000000E 00
1.0000000E-03
63090000E-05 -
75770000E-05
1.4580000E-04
1.1500000E-05
1.000000CE 00
1.0000000E-02
1.1500000E-05
4.1975000E-03

" 32708762E 01
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D-2

Velocity
Velocity
Transmissivity

Transmissivity .

Transmissivity
Transmissivity
_ Transmissivity
Permeability
Permeability
Permeability
Permeability
Permeability
Permeability
Pressure
Pressure

Force

Force
Leakance
Leakance

Leakance
SpecCapacity
" SpecCapacity
SpecCapacity

1.4326438E-06
3.0480000E-01
1.0000000E 00
1.1157400E-05
1.3857491E-07
1:6646841E-07
1.4860773E-03
1.0000000E 00
1.1574000E-05
1.0000000E-02
4.7160000E-07

3.4800000E-02 _ ..

4.0277520E-07
1.0000000E 00
6.8950000E 03
1.0000000E 00

_1.0130000E 05

1.0000000E 02
1.0000000E 00
1.0000000E 00
1.0000000E 00
1.3560000E 00
4.2140000E-02
1.0550000E-03
4.1870000E 00
1.0000000E 00
1.0000000E 00
4.4480000E 00
1.0000000E 00

-1.6666666E-(02

1.1574070E-05
1.0000000E 00
1.0000000E-(3

1.1157400E-05 -



ASCII FILES .. EXAMPLES

PPMTOEPM.TBL

The first line (header)
is-not a part of the file,

Constituent
Ca
Mg
Na
K
Fe -
Mn -
HCQO3
CcOo3
sS4
Cl
NO3
NO
PO4
Si02
Sr o
n
Al
NH4
Ba
Be
Br
Cd
Co
Cu
F
H:
OH
1
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
027750 -
0.02283
0.03060
0.11119
0.05544
0.01456
0.33288
0.01251
0.01779
0.03394
003148
0.05264
0.99209
0.05880
0.00788
0.14411
0.01170



ASCII FILES .. EXAMPLES

D-4

GUARICO

Example of a line file
(a river). The first line
(header) is not a part
- of the file.

X Coordinate

672327.68700000
.672175.68700000

672210.68700000
672457 68700000
672540.68700000
672367 .68700000
672282 68700000
672537.68700000
672610.68700000
672987 .68700000
673195.68700000
673057.68700000
673247.68700000
673535.68700000
673897.68700000
674237 68700000
674337 68700000
674067 68700000
673997.68700000
673870.68700000
673510.68700000
673117.68700000
672930.68700000
673002.68700000
673177 68700000
673017.68700000
672712.68700000
672515.68700000
672575.68700000
672857.68700000
673002.68700000

" 673257.68700000

673462.68700000
673205.68700000
673342.68700000
673570.68700000

Y Coordinate
970824.25000000
970572 25000000
970399 25000000
970604 25000000
970307 25000000
969797 25000000
969622 25000000
969119.25000000
969004.25000000
969432 25000000
969052.25000000
968689.25000000
968517.25000000
9685(09.25000000
968989 25000000
968362.25000000
967899 25000000
967649 25000000
967559.25000000
967364.25000000
967297.25000000
967222 25000000
967219.25000000
967437 25000000
967689.25000000
967897 25000000

967592.25000000 -

967367.25000000
967012.25000000
966774 25000000
966592.25000000
966827 25000000
966687.25000000
966262.25000000
965977 25000000
965744.25000000

-
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D-5

673682 68700000
673670.68700000
673920.68700000
673747 68700000
673130.68700000
673295 68700000
673377.68700000
673372.68700000
673152.68700000
673155.68700000
673862 68700000
RANDOM DATA
FILE EXAMPLE
The first line -
(header) is not a
part of the file.
. X Coordinate Y Coordinate
665000.0 958000.0
659000.0 959900.0
T 6433000  965700.0
639300.0 965700.0
6579000 949000.0
660000.0 953500.0
663600.0 950800.0
657800.0 ' 945300.0
- 654863.0 938521.0
6758000 9623000
6681000 954200.0
6577000 9648000
645300.0 955000.0
640700.0 961600.0
651500.0 955800.0
653200.0 966400.0
657800.0 967800.0
662200.0 967700.0
632600.0 959000.0
662400.0 9670000
665000.0 958000.0

966107 25000000
966444.25000000
966294.25000000
965404 25000000
965314.25000000
965077 25000000
964637.25000000
964417 25000000
964372 25000000
963887 25000000
963927 25000000

Z Coordinate
83.31000
83.90000
81.82000
81.50000
80.00000
79.00000
78.00000
80.00000
76.30000
85.50000
82.50000
8520000
77.70000
79.65000
8150000
87.05000
8325000
89.40000
75.00000
85.00000
8331000

Well Ident.

El_Frio

P-184 B

P-540
P-543
PO-1
PO-2
PO-3
PO-4
PO-5
SRRG-10
SRRG-11
SRRG-15
SRRG-18
SRRG-21
SRRG-24
SRRG-28
SRRG-3
SRRG-4
SRRG-40
SRRG-5
SRRG-7
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66%000.0
661100.0

PUMPING TEST
DATA FILE -
RECOVERY

"The first line must

~ contain 0 for the time, -

0 for the drawdown,
and the pumping rate.
The second line must
contain the total
pumping phase time,
the total drawdown at
the moment when the
pump was shut off,
and 0 for the pumping
rate. Zeros for the
pumping rate need not
be typed after the
second line.

Time (min)

e 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 84.35000 SRRG-8
966800.0 89.15000 SRRG-9
Residual Pumping Rate R
Drawdown (m) (m3/day) -
0.0000 2500.0000
1.0000 0.0000
0.8900 0.0000
0.8100 0.0000
0.7600 0.0000
0.6800 0.6000
0.6400 0.0000
0.5600 0.0000
0.4900 0.0000
0.4500 0.0000
0.3800 0.0000
0.3400 - 0.0000
02800 0.0000
02400 0.0000
02100 0.0000
0.1700 0.0000
0.1400 0.0000
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Master Data Iﬂput/Output File as produced by the Master Application’s option
Write to STD ASCI] Output.

<Well Most> <Description> <Dimrict> <loaley> <Owsaxr> <X> <Y> €2Z> <2ZM> <D of Cosstrction> <Type of Explorstion: >
<lavestigatcn by:> <Drilied by:> <Commeat > <Swvoynd by:>

1245.00
Bl - "
920.00 100.00 - 42750 Scl wet boring = Demmcs_ & Mboorr D&G_Driling_of_Now_Leaax, 0.
B2 1240.00 -
937.00 100.00 - &2/% Soll wwt borieg____  Dumes_ & Moore D&G_Drilling_of New_Lemex, 1L

Theimpohantﬁlingstdrememberwhmcrmﬁngsuchaﬁleusingamtpmcessor__yeﬂw
following:

1. The top lines (one or more) of the file, the “header” lines, must contain field names
~- -- -- within square brackets.

2. The sequence of field names is not important, but it must be consistent with the data
columns that follow. :

3. The field names must be typed exactly the same as they are entered into the file structure
for that particular application. This means the spelling must be correct and upper and
lower case rule must be honored. :

4. The data lines must contain an equal number of data columns as specified in the header
line(s).

5. The length of data columns depends on the type of data. For character type the data
column should consist of exactly the same number of characters as specified in the file
structure. E.g., if the field name “Investigation by” is specified as a field of 20
characters, the data coiumn must have exactly 20 characters. Add the character underline
O to fill the field. In the example above, the field for "Investigation by:* is typed as
Dames_&_ Moore , making it 20 characters long. For numeric values the length
of the field is not important as long as there is at least one blank field before and after
the numeric value. If there is no data (value) for a parameter you should type one
underlined () character instead the value,

6. In character-defined field names, such as Investigation by:, if there is more than one
word, the words must be connected with one or more underlined (_) characters. In other
words, GWW interprets a blank space as the end of the previous field and beginning of
the next field.

7. The number of characters that you may use in defining a field name is limited to 20. For
this reason, in the chemistry file which follows, the word Fluorotrichioromethane was
reduced to Fluorotrichloromet.  —
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Chemical Data Input/Output as produced by the Chémica! Application’s opv'
Write to STD ASCII Output.

<Well Kmt> <Dur Chom> <SofWar> <Coppx> <Morwy> CNickrl> <Zixc> <Amnmic> <Boylim> <Cadmins> <Chroms>
<lmd> <Bckwimn> <1,1,i-Trbioroctha> <1,1,2-Triblorootume> < 1.1-Dichloronthasc>  <1,1-Dichioroctecmc> < 1,2-Dichiarocthone >
<12-Dichioroctamse> < Chlorolorm> <Tolmeac> <2-Methoxy-2-methylpr> < 1-(2-Mahaxypropoxy > < I-(2-Mctholy-l-mcay >
< Hesmmethrylheptasil. > < Hesadecametrylepts. > < Dodecanoie seid> € N-MiathyN-. giycine> < Tezadocametirylhea > < B > < Bilyfbokarne >
<Chiorocthame> < Totrabydrofome > < hicthylone Chioride> < Trichiorodhene> <Xylme> <Acetme> < hictrylBirylKewme> <2-Hexsaone >
<Catbon Dhimulfide> <deMetyl2-Paa> <Tamchiovetheme> «<Viyl Chioride> <Porotrichioromet> <Heome> < Cyelohemme >
<MsthyiCyclopontane > < 3-Mothyl-Peostoe > < Cyclopeatage> <2-MetrylPratime> <Bydrocarbon CTHI4> <Myl Cyclobhecans> < 3-Metyl
Hexaoe> <2-Metty] Beaee > < Hydrocsroon OSHI2> <2.3-DincttryilBtanc > < Dencrigtioa> <Damrict> <Loxality > <Owser> <X> <Y> <Z>
<2ZM> <Datr of Constraction> < Typo of Explorstion:> <Jovestigatim by:> <Drilied by:> <Conmment=> < Surveyed by: >

Bl APRIO. . _ . . - o - = . . . %0000 _ 3000.000
T T . T we0--_ - _ - - - . . .- .- .- _° .- "
T 1246.00
920.00 100.00 _ 42790 Sal_ww worieg___ Demen & Moor, D&G_Driling_of New_Laswox, I _

B2 APR_190_ _  _ . . - - .. . o - _ wwooom 1500.000  2300.000

e e oo e e e e e e e e e e e e e
937.00 100.00 _ 472/90___ 8ol wa bory___ Demes_&_ Moo DAG_Driling_of New_Lancx, IL.

Lithologic Data Input/Qutput as produced by the Chemical Application’s option
---Write to STD ASCIH Output.

WELL: SRRG-S. - R
X: &61100.00 .

Y: 966300.00

ELEV: $5.00

ELEVM: 37.00

CBLOCKDX: 0.50

HSCALE: 12.5
LITH:
14.800 CLAY
17.000 SAND
20.600 GRAVEL
24200 CLAY
41.400 ORAVEL — -
41.700 CLAY
HOLE:
10.000 0.500
24,200 0.300
41.700 0200
CASING:
10.000 0.400 T
24.200 0200
41.70¢ 0.100
SCREEN: .
14.800 20.600
30.000 40.000
ANNULUS:
10.000 CEMENT -
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In this file you may not change the labels on the left side ending with the colon. You may

changethealignnmtofnumeﬁcvalues,thatismenumberofblankspapas.'Ihecodesundcr

entries LITH: and ANNULUS: must be consistent with codes contained in the .DLT files that
you intend to use in the data base.

Pumping test ASCII file contains only the time/drawdown/pumping rate data. Other
information about a test you must input manualiy (distance to the observation well, type of
aquifer, partial penetration parameters, etc.). One example is reproduced be.lovf.

2000 9.69% 220.0000
330.00 102010 220.0000
30000 103990 220.0000

Again, it is not important to have the data lines aligned as in the example above. Data must be
separated by at least one space.

Area ASCII File i o

1000.00 1000.00 50
1170.14 1000.00 51
H70.14 89122352
I4734 W28
14734 Ml M
115934 Ml 85
11%34 TNnIss
107.84 TN.R57
1077.34  914.62 53
1000.00 914.62 59
1000.00 1000.00 50
,.

This is a simple file which contains two columns: Z and Y coordinates. The last line’s
coordinates must coincide with the first line's coordinates. The file must terminate with /%, You
may have two or more areas within the same ASCII file. Each area is separated from the next
with 2 line containing the combination /*.

—

3é
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“Text ASCII i:ﬂe (for mapping application)

*SOLVENT BUILDING" 1020 970
10017490 "Palton" 000 100

The format of this file is explained in Chapter 15, section 15.7.6.

An ASCTI text file with more than one line of text is reproduced below. It stores the information. _
on labeling lithologic cross sections on a map. There are 3 cross sections identified as North-
South, NW-SE, and West-East.

*Nw~ 1110 1043
10017 56 0 *Pabe™ 000 100

"NORTH" 1210 1040

10017490 "Pakcn® 000 100

"7 TWEST" 965 915 ‘ B}
10017 560 "Pakap® 000 100 —
HAST® 1247 #92
10017 56 0 "Pshoa® 000 100
*SOUTH" 1200750 .
10017 56 0 *Paag® 000 100
“SE* 12715 %60
10017 56 0 *Pakicn” 000 100

Grid File. Tnis is a portion of a grid file. The important thing to remember is the number
of rows (NR) and columns (NC) in a grid model. The file must contain NRxNC values. Th

may start from the lowermost row or from the uppermost row, since, when input into GWW N
program will ask first whether the ordering is from Ymin to Ymax, or the other way around.
The number of decimal points is not important, neither is the alipnment of data columns, as long

as the data are separated by at least one space.

75.9089 759501 .M ‘n.ear T2.009%
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Several ASCII files with extension .dlt (stands for Define
Liithology) have special meaning in the GWW package.
These files are: -

e SCREEN.DLT,
e LITH.DLT, and
e ANNULUS.DLT.

The files with the default extension. dlt contain prepro-
grammed symbols for various lithological units, for well

tween the drilled hole and casing. You can use these
— symbols mthout mod1f1cat10n, or. you can make your
own.

Each symbol is defined with symbol name, which is the

- first word in a .dlt file (e.g. CLAY, SILT; up to 10 charac-
ters, sensitive to the case of letters, that is upper case and
lower case are not the same), and description which will
show on the printed log. 'I'hJs is one or more words after
the symbol name.

— The file SCREEN.DLT is the shortest and is fully repro-
' .- duced below.

~-  SCREEN Screen -
22255255127000
20.002.00
10,00 2.00
21.000.00
1100100
EMPTY Empty
1010 255 255 1910 0 0
20.00 0.00

In this file there are only two symbols; one for screen de-
fined as SCREEN, the other for blank casing defined as

EMPTY. You-must not change this file’s coded names. _._

You may change the way in which a symbol is designed.

oy
Ja,
AN



E-2 . - LITHOLOGICAL SYMBOLS

The file ANNULUS.DLT is also fully reproduced below.

CEMENT CONDUCTOR\PIPE
4.63.9255 191 191 1270 127
2030

150

2005

1505

2011

14911

2018 -
14918

2024
14924
2031
1531
2037

1537
»

CLAYH CLAY hard
31127255 63 191 63 63
2005 _

0081

11505

0230

1305

GWS GRAVEL pack\gravel & sand
456325525563 0127

204

015

124
013

104

221

032

141

030

121

212

1112

233

1313

2051

1061

2225,

®
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LITHOLOGICAL SYMBOLS

12125
234

1314
20505
10605

SAND SAND
2219125525500 127
200
_1030
10303
100
211 E—
1131
11313
111
21305
11405
T 11306
20311
10411
10313
20715
10915
10917
10717
20802
10704
10804
"~ 10.803
2171
11612
11712
1181
21615
11516
11717 -
11715
20406
10408
10.607
20116
10117
10217
21601

S
Y

~
1
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11603
11703

This file contains several symbols that may be used to fill
the annular space between the walls of the drilled hole
and casing. You may add more symbols, rename codes
and type another description.

Only a portion of the file LITH.DLT is reproduced below.
This file contains codes and description for lithological
units that may appear on a well log. :
CLAY CLAY

31525525519125500

2000075 B
0075150 N

1150075

02250.00 -—

13.000.75

SILT SILT
2225525519125500 -

200 —
111

CWIOS CLAY with interbeds of sand
3 4255 255 191 127 0 63

2029

00.83.6

11529 -

02321
1329

2014

00821
11514
02306
1314

2020

10402
2120

11402
2220

12402 .

*
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LITHOLOGICAL SYMBOLS

DOLO DOLOMITE
341912551270063
201

131

203

133

2033 -

102

232

1271

2123

1154

2150

1181

*

GRAVEL GRAVEL
4512725525500 127
204

015

124

013~

104

221

032

141

030

121

212

1112

233

1313

2051

1061

2225

12125

234

13.14

20505

10605

GWS GRAVEL with sand

519125525500 127
204
015
124
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LITHOLOGICAL SYMBOLS

*

TIME LIMESTONE
34255255191000
201

131

203

133

201

103

2150

1151 -

2153 DA
1154

+ .
ROCK1 Rockl
22255255255000
201

121

ROCK2 Rock2
11255255255000
2005

1-1.05 ———

ROCKS3 Rock3
0505255255255000
2003

10503

ROCK4 Rockd
22255255255000
2051

1151

2115

1105

ROCKS5 Rocks
11255255255000 -
20305

10805

20503

10508

ROCKS Rocké
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33255255255000 —
2115
1215
2151
1152

ROCKT Rock?
22255255255000
20515

111

211

11515 -

ROCKS Rock8
33255255255000 -
200 ’
133

ROCK9 Rock9
22255255255000
200

122

SAND SAND
22191255255 00 127

200 ]

1030 T
10303

100

211

1131

11313

111

*

The meaning and creation of symbols will be_explained
using simple examples from the file LITH.DLT. Take for -
example the symbol for SILT. The block for silt is copied
here below.

SILT SILT S
2225525519125500
200
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111
*

"The first line contains the code for silt "SILT", and the

default description that will be typed in well log if you
do not override the default. (You can also modify this
default by adding a word or more to Silt to better identify
the unit. This will then become the default for SILT. Or,
you may translate this word into another language, say,
Spanish, in 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 ‘;vhjch define the
size of a block, followed by six numbers that define the

“color of the background field and of the symbol itself.

The philosophy of creating symbols is related to the size
of blocks. One block is repeated in both horizontal and

vertical direction in the log. One may think of small
building blocks, such as bricks of exactly the same size
and shape, which are laid on top and side one from the
other to fill the whole space. The numbers 2 2 imply a
square, so that any symbol defined in such a square shall
be symmetrically repeated horizontally and vertically.
We will demonstrate this concept later.

The six numbers defining the color are, in the following
order, Red, Green, Blue (RGB) for the background, and
Red, Green, Blue (RGB) for the symbol. Remember that
the number 0 is black, and the number 255 white. The
combination 255,0,0 is red; the combination 0,255,0 is
green; the combination 0,0,255 is blue.

The combination 255,255,191 is interpreted as light yel-
low background, while the combination 255,0,0 is red
symbol for silt.

The block for silt, as well as any other symbol, terminates
with *. Between the second line and the asterisk sign,
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there may be one or many lines. The first number in each
suchline canbe 2, 1 or 0. The number 2 defines the start-
ing point, number 1 means "connect this point with the
previous”, number 0 means "make an arc through this
point without actually passing through it". In the third
line of the SILT block, the remaining two numbers (0,0)
define X and Y coordinates of the starting point within
the block defined by 2 by 2. The number 1 on the next
line is interpreted as "connect the starting point with this
point”, and the coordinates of this second point are 1.0
and 1.0. When this is interpreted, the diagonal line ap-
pears in the lower one half of the square, connecting the
point with coordinates (0,0) with the point with coordi-
nates (1,1). Since the small block which defined the sym-
bol is repeatedly used, the final appearance of this
symbol is as is usually used for SILT. If you want to create
a symbol for horizontal lines widely spaced, such as the
default symbol ROCK], the design would be as follows:

ROCKI1 Rockt! (you may type something else)
22255255 255000 (white background, black line}
201

121

This is equivalent to saying "draw a straight line from
starting point with X,Y coordinates (0,1) to ending coor-
dinates (2,1)", which is along the middie of the block of
size 2,2. If you want denser horizontal lines, the block to
define should be smaller, and so will be the spacing be-
tween repeating blocks. For example,

ROCEK2 Rock2
11255255255000
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:

ROCK3 Rock3
0505255255255000
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20025 —
105025

This is interpreted as "connect the point with coordinates
0,0.25 with point coordinates 0.5,0.25".

In addition to connecting two points with straight lines,
you may create an arc between two points. This is done
by inserting a line with the first number 0 between two
lines starting wither with the number 2 or 1. Suppose
you want to create a sinusoidal line with amplitude 1.5
and period 3.0. The block to define shall be 3 by 1.5. The
fixed points should be at coordinates (0,0.75), (1.5,0.75),
(3,0.75). These will be the three lines with starting num-
ber either 2 (for the first point) or 1 (for the remaining
two points). The top of arc shall be at the point (0.75,1.5),
and the bottom of arc at the point (2.25,0). Thus the block
to define a sinusocidal line, which may be used to de-
scribe clay, may look as follows:

CLAY Clay
315255255255000
20075 -

007515

115075

02250

130.75

*+

By reducing the height of the block from 1.5 to 1.0 the
waves will become more "ironed"” and lines closer. For

example, one may design the following block for schist
or shale:

SCHIST Paleozoic Schist

31.0255255255000 s
2005

00751

11505

02250

1155 —

*

h L}
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You may connect several points to create a circle, or any
rounded or semirounded object. Let us create a design
for semirounded fine gravel. Define this block as 3 by 2.

SRGRAYV Semi-rounded gravel

32 )

20704

10715 -

01419

11914

021 —

11605 : -
011502 :

10704

»

As an exercise, double the size of this block and create
gravel grains in checkered position, i.e. second line
shifted to middle between two grains in lines above and
below. ) -

Now we will-create a symbol for "Clay alternating with -
fine sand". Define block as 3by 2.5, and use the upper 1.5
units for clay (actually, duplicate the design of CLAY),
and lower one unit for sand. Start with "Clay line" in the
upper 1.5 units. The starting point will be at coordinates
(0.00,1.75), and fixed points at (1.50,1.75) and (3.00,1.75).
The arc should pass through the peints (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 0 0 (red line on white background)
20175 -
007525

115175

02251

131.75

The "sand" portion of the design will be in the lower 1.0
unit, i.e. within the block defined by coordinates 0,0;0,1;
3,1,3,0. The "sand" grains are created by connecting
points through small distance. For example,

200
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P e

P R R = N N e N D ON

1010
2050
1060
210
1110
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.)

ABOCWES Alternating\bands of clay\with fine sand
32.5 255 255255 0 0 0 (Line #1, followed by:)

000 175 2 250 000 2 0.00 0.80
075 250 1 260 000 1  0.10 0.80 -
150 1.75 2 020 040 2 0S50 080
225 100 1 030 040 1 060 0.80
300 175 2 070 040 2 100 0.80
000 000 1 080 040 1 110 0.80
010 000 2 120 040 2 150 ©0.80
050 0.00 1 130 040 1 1.60 0.80
060 0.00 2 170 040 2 2.00 080
1.00 0.00 1 180 040 1 2,10 0.80
110 000 2 220 040 2 250 0.80
150 000 1 230 040 1 2.60 0.80
160 000 2 270 040 *

200 000 1 250 040

210 0.00

Of course, you may create symbols in an easier way, us-
ing the On-Screen editing option in the Well Log and
Lithology application. But for that you will need some
practice.

The important thing to remember is that the program
will stop you from attempting to type a non-existing

symbol. In the Well Log and Lithology application you

first tell the program which file with lithological symbols

you are going to use, then you type depths and codes:
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" Programa de Proteccion de Fuentes de Abastecimiento de Agua Subterranea

I. GENERALIDADES

El agua es uno de los recursos naturales mas importantes con lo que cuenta el pais, de su
aprovechamiento depende la existencia y desarrollo de grandes nucleos de poblacion.

Las sustancias toxicas generadas por el crecimiento demografico e industrial en muchos
casos son inadecuadamente almacenadas, lo que propicia lixiviados que al infiltrarse en ¢l
suelo representan un factor de riesgo de contaminacién del agua subterranea, asi como el
uso de agroquimicos y aguas residuales no tratadas. La contaminacién de las aguas
subterraneas pueden generar diversos efectos adversos como: dafios a la salud, inutilizacion
de fuentes de agua potable y deterioro del medio ambiente. De ahi la importancia de
delinear areas de proteccion alrededor de las fuentes de abastecimiento de agua subterranea,
lo cual consiste en definir los limites geograficos mas criticos que protejan dichas fuentes
de algin contaminante que eventualmente puede alcanzarlas. Para ello existen diversos
métodos: manuales, analiticos, codigos analiticos y numéricos.

La zona de contribucion es el area del acuifero que recarga al pozo. Esta zona esta sujeta a
alteraciones de forma y tamario dependiendo de los valores de bombeo del pozo y de otros
factores. Algunos contaminantes localizados en la zona de contribucion podrian ser atraidos
dentro del pozo junto con el agua; por lo que el drea de proteccién de un pozo de
abastecimiento deberia de abarcar si es posible la zona de contribucion , Figura 1.

El primer paso para cualquier técnica de delineacion involucra reunir la mayor informacion
posible acerca de la hidrologia y geologia natural del area por proteger el recurso agua. En
esta etapa el objetivo del equipo de planeacion es establecer un mapa base de la comunidad,
dando informacién a detalle de las caracteristicas naturales del area superficial y del
subsuelo y mostrar la localizacion de todos los pozos de abastecimiento publico y fuentes
de abastecimiento de agua. La Tabla 4.1,

III. DELINEACION DEL AREA DE PROTECCION DE FUENTES DE
ABASTECIMIENTO.

II1. 1. Consideraciones,

Es importante destacar que las dreas de proteccion no son tan apropiadas en acuiferos
sobreexplotados, ya que estos tienden a interactuar y combinar, en este caso se necesita
proteger toda el area de recarga del pozo, implantando controles estrictos en las actividades
que se realicen dentro de dicha area. En este sentido cabe mencionar que el area de

proteccion mas amplia que se puede definir para un pozo o manantial es la de su captacion
y recarga. ‘

Es comun emplear la maxima de tasa de extraccion permitida (no la vigente) conjuntamente
con [a tasa promedio de recarga a largo plazo al calcular las areas de proteccion.

Para eliminar completamente el riesgo de contaminacidn, toda actividad potencialmente
contaminante tendria que ser prohibida o controlada al niel requerido dentro de toda la zona

de captacion. Esto sera frecuentemente insostenible debido a presiones socioecondémicas

Instructor: Orlando Garcia Rojas
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Origen del agua

subterranea informacién hidrogeoldgica
Calidad del Disponibi Locahza  Transmi  Almace  Conducti Perfiles de Reusodel Pantanos Zonasde Cuencas Areasde  Zonas  Local de
agua lidad del cién de sivdad  namiento vidad suelo y agua inunda dedrenaje serviciode propues  fuenles
subterrd agua pozos - hidrdulica  geoclogia superfi cion alcanta  tas para el posibles de
nea subterrd superfi cial ritado desa contamj
nea cial rrollo nantes
Mapa Topografico v v v v v v
Mapa Geolégico v v v v v \
H
Mapa de suelo v s N v :
Folografias Aéreas v v v w4 v Vg
L
Imagen de Satélile v v v ‘ v
Mapeo del Sistema v v v v
hidrolégico
Mapeo de zonas A v v
pantanosas
Mapeo de zenas de v e v
inundacién
Mapas de INEGI v v v v v v v v
Registros de pozos v v v v 7 v
Tiempo de v v *
perforacién
Mapas de nivel de v v
aguas fredticas
Mapa de uso de v v v v v
suelo
Mapeo de zonas v v v v v
v v v

Mapas de caminos y
sernvicios

= Los registros del tiempo de perforacion pueden ser usados fambién para obtener informacién de ia geologia del subsuelo de un

area.

Tabla 3.1 Informacion diSp}mibIe de mapas existentes
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para el desarrollo, por lo que resulta conveniente efectuar alguna division de la zona de
captacion para aplicar restricciones mas severas en aquellas areas cercanas al pozo o
manantial. -

Esta subdivision puede basarse en diversos criterios, dependiendo de la amenaza de
contaminacion percibida, que incluye: distancia horizontal, tiempo de flujo horizontal,
proporcién del area de recarga, dilucion de la zona saturada y/o capacidad de atenuacion.
Sin embargo, en general se considera una combinacién del tiempo de flujo horizontal y el
criterio de distancia mas apropiado.

En la practica, es conveniente realizar de dos a tres subdivisiones de toda la zona de
captacidn:

- Area operacional; i

- una zona de proteccién interior, relacionada al control de la contaminacidn de
patogenos y;

- quizas una zona de proteccion exterior que permita un control diferencial de las fuentes
puntuales o difusas de contaminacién en el 4rea restante. ~—

La zona operacional es el drea interna de maxima proteccion, que comprende un area

pequefia alrededor del mismo pozo o manantial. En esta drea, no se deberdn permitir

actividades que no estén relacionadas propiamente con la extraccion del agua, e incluso

estas actividades deberan estar celosamente evaluadas y controladas para evitar la

posibilidad de que algtin contaminante alcance directamente al pozo. La especificacion de

la dimension de esta area es un tanto arbitraria, dependera hasta cierto punto del caracter de

las formaciones geoldgicas presentes, pero siempre debe ser de mas de 30 m en radio

Es recomendable definir una zona de proteccion interna, para prevenir a las captaciones de
agua subterranea de la contaminacion patogénica, basada en la distancia equivalente a un
tiempo de flujo horizontal especifico. El tiempo empleado ha variado significativamente
entre las agencias reguladoras en los diferentes paises de 10 a 400 dias.

Una revision de todos los casos histéricos publicados sobre contaminacion de aguas
subterraneas por patogenos (.....), ha concluido que la distancia del transporte horizontal de
la bacteria y virus en la zona saturada esta gobernada principalmente por la velocidad del
flujo de las aguas subterraneas. En incidentes de contaminacion reportados, la distancia
horizontal entre el pozo o manantial y la fuente de contaminacién comprobada era
equivalente a no mas que la distancia recorrida por el agua subterranea en 20 dias, a pesar
del hecho de que los patogenos son capaces de sobrevivir mas de 400 dias en el subsuelo.
Es razonable, en consecuencia, -utilizara 50.dias para definir la zona de proteccidén interna,
que concuerda con la practica existente en muchos casos.

El criterio utilizado para la definicion de la zona de proteccién externa sera inevitablemente
arbitrario. Puede ser un porcentaje fijo del drea de la zona de captacién o un tiempo fijo del
flujo horizontal al pozo 0 manantial. Una posibilidad, teniendo en cuenta que las fuentes de
contaminacién puntual y difusa, y los contaminantes degradantes y persistentes necesitan
diferentes tipos de medidas de control, seria usar el tiempo de flujo horizontal en un orden

Instructor; Orlando Garcia Rojas
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de magnitud mayor que el usado para la zona de proteccion interna (500 dias), pero
establecer un limite minimo de 25% como la proporcién de la zona de captacion protegida.

I11.3 Criterios para delinear dreas de proteccién de fuentes de abastecimiento.

La Agencia Norteamericana de Proteccion Ambiental, EPA (1987) ha recomendado cinco
criterios como las técnicas basicas para delinear las arecas de proteccion de fuentes de
abastecimiento. Estos criterios son:

Distancia.

El criterio de distancia es usado para delinear areas de proteccién en fuentes de
abastecimiento mediante el calculo de un radio fijo, medido desde el pozo a la frontera del
area de proteccion de la fuente de abastecimiento. Esta técnica es la mas simple, la menos
cara, y el método mas directo para delinear fuentes de abastecimiento. Este es solo
recomendado como un paso preliminar, debido a que no incluye los procesos de flujo de
agua subterranea o transporte de contaminantes.

Abatimiento,

El abatimiento es €l descenso de la elevacion 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 limite externo donde el nivel del agua no es afectado por el
bombeo. Este limite externo es la zona de influencia o la extension del area del cono de
depresion del pozo. Las velocidades del flujo de agua subterrdnea 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 los limites de la zona de influencia y ésta puede ser usada como un area de
proteccion 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
subterranea o a un contaminante fluir desde un punto dentro de la zona de contribucién de
un pozo, hasta el pozo. Usando este criterio, las isocronas (curvas de igual tiempo) para
periodos de tiempo seleccionados, se delinean en un mapa. El drea contenida dentro de una
isocrona es referida como la zona de transporte (ZOT) y ésta se usa, como al 4rea de
proteccion 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
subterranea y/o otras caracteristicas fisico/hidroldgicas que controlan el flujo, para con ello
definir ¢l drea geografica que contribuye con agua subterranea a un pozo de bombeo. Esta
area es la zona de contribucién (ZOC) del pozo y se utiliza como un area de proteccién de
fuentes de abastecimiento. Este método asume que los contaminantes entran al ZOC
alcanzando eventualmente un pozo de bombeo.

Instructor: Orlando Garcia Rojas
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El criterio de fronteras de flujo es especialmente usado para pequefios sistemas acuiferos.
Capacidad asimilativa.

El criterio de capacidad asimilativa toma en cuenta el hecho de que la seccidn saturada y/o
la no saturada de un acuifero pueden atenuar la toxicidad de contaminantes antes de que
éstos alcancen un pozo de bombeo por medio de los procesos de diluciéon, dispersion,
absorcién y precipitacion quimica o degradacién bioldgica. Esta técnica, sin embargo,
requiere conocimientos de modelacién sofisticada de transporte de contaminantes y una
extensa informacidn sobre Ia hidrologia, geologia y geoquimica del drea de estudio. Por lo
tanto, €sta técnica no es realista para estudios limitados.

1I1.4. Métodos de delineacion.
111.4.1 Métodos manuales

Radio arbitrario fijo.

Este enfoque de proteccidon de fuentes de abastecimiento involucra dibujar un circulo de
radio especifico alrededor de cada pozo para definir el area de proteccion. Por ejemplo,
algunas comunidades en Georgia han seleccionado un radio de 1,500 ft (457.2 m) alrededor
de cada pozo; el estado de Louisiana usa 1 milla (1,609 m) de radio para acuiferos
confinados y 2 millas (3,218 m) para acuiferos no confinados. .

Ventaja y desventajas. e
Este método es muy facil,.econémico 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 delineacion mas sofisticado. El método

puede ser especialmente til si existe una amenaza de contaminacion inminente que
demande inmediata atencidn.

Formas variables.

Este método involucra el uso de modelos analiticos para producir formas estandarizadas de
areas de proteccion de pozos, usando criterios hidrogeoldgicos, tiempo de viaje y fronteras
de flujo representativas (localizacion de caracteristicas fisicas o hidroldgicas que controlen
el flujo de agua subterrinea). Se calculan varias formas estandarizadas para diferentes
grupos de condiciones hidrogeoldgicas. Son posibles muchas formas para cada grupo de
condiciones, sin embargo, esta metodologia escoge pocas formas generalizadas. La forma
mas conveniente es escoger por determinacion para cada pozo que tan fielmente aquellas
formas igualan las condiciones hidrogeologicas y de bombeo exhibidas por el pozo a
proteger. Una vez que la forma estandarizada apropiada se ha identificado, esta debera estar
correctamente alineada el rededor la base del pozo en direccién del flujo de agua
subterranea (Fig. 4.12). La extension del area de proteccion del pozo aguas arriba se

Instructor: Orlando Garcia Rojas




S T E P 1| Delineate Standardized Forms for Certain Aquifer Type

Direction of
Ground Water
Flow

Q1>Q2>Qa

Pumping Rate = Q1 Q2 Qq

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 TEP 2| Apply Standardized Form to Wellhead in Aquifer Type

Direction of Ground
Water Flow

Pumping Rate = Q4

Standardized form is then applied to wells with similar pumping rate
and hydrogeologic parameters.

Figure 4-12. Wellhead protection area delineation using the simplified variable shapes method (U.S. EPA, 1987).
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determina usando una ecuacion de tiempo de viaje y la zona de contribucién del pozo (el
drea total que recarga o contribuye con agua al pozo), incluyendo la distancia aguas abajo.
Las fronteras de flujo de agua subterranea aguas abajo son calculadas usando la ecuacion 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 facilmente -una vez que las formas estandarizadas
han sido calculadas. Esto ofrece una mayor comprensién técnica en la delineacion que el
método de radio fijo con solo un pequefio incremento de costo. Una vez que las formas
estandarizadas estan desarrolladas, la informacion necesaria requerida es solo el volumen

de bombeo del pozo, tipo de material y la direccién del flujo de agua subterranea (U.S.
EPA, 1987).

Las desventajas de esta metodologia incluye el potencial de imprecisiones en areas con
muchos cambios geologicos y de fronteras hidroldgicas. Ademas, es esencial recopilar una
gran cantidad de datos para desarrollar las figuras de las formas estandarizadas y para
caracterizas adecuadamente los patrones de flujo del agua subterranea 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 pequefios errores en la
informacién.

Radio fijo calculado
e Zona de captura de la fuente (Source Catchmen Zones).

El area de la zona de captura de una fuente en una regién sujeta a recarga anual, puede
calcularse con una relacion de balance de agua como:

Donde:

Ar  Areade la zona de captura (m%)
Qsa  Volumen anual autorizado (m?)
R, Recarga anual (m), calculado de un balance simple de aguas subterraneas.

Este calculo puede ser usado solo como una guia, en vista de que la recarga en el 4rea de
captura puede variar por razones tales como la presencia depositos en movimiento,
variacion en la cobertura vegetal, etc.

Si la superficie piezométrica es horizontal, la captura en una fuente de extraccién puede
suponerse circular, y por lo tanto, el radio de captura podra ser facilmente calculado
(Fig.5.1). Aunque esta situacién normalmente no ocurre en la practica, es una aproximacién

util donde no existen suficientes datos para determinar el gradiente hidraulico y la direccién
del flujo subterraneo.

Instructor: Orlando Garcia Rojas
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Las areas de captura alrededor de las fuentes de abastecimiento se pueden delinear usando
la ecuacidn anterior cuando no hay datos suficientes para justificar el uso de modelos
numéricos, pero en general las zonas se pueden modificar manualmente considerando la
geometria local y las fronteras topograficas.

Puede ser necesario tomar en cuenta la interferencia entre pozos de extraccion cercanos o
adyacentes, en tales casos, son mas apropiados los modelos numéricos o semianaliticos. El
uso de tales modelos han mostrado que la geometria de las zonas de captura pueden ser
complejas y aquellas zonas dibujadas por métodos manuales pueden representar una sobre
simplificacion de la geometria verdadera

Las zoras de captura de los manantiales son también generalmente dibujadas usando
métodos manuales porque los datos son generalmente escasos o no existen. Los
manantiales son también algo complejos en detalle (particularmente estos consisten de
fuentes separadas) y puede ser necesaria una visita del sitio para determinar como se
colecta el agua en la fuente.

Ejemplo. Pozo: P-41. Localizacién: Col. San Primitivo, Tlahuelipan, Hgo.

Datos.
Q max. =30 lps
Qexp. =25 Ips

Tiempo de operacion del pozo = 18 hrs/d
Balance (Anzaldo, 1995)
Periodo de balance: marzo/1982 a marzo/1992
Area de la zona II = 256 km*=256,000,000 m2
Recarga total zona I = 1,683.819 Mm3
Cilculo BGS

Volumen anual autorizado
4. = (0.025)60X60X18)365)

q.., = 591300.0m° /a
Recarga anual:
Recarga nua = (1,683.819)(1,000,000)/(10) = 168,381,900 m*/a

_ Recarga,,, 168,381,900
Area,,,. 256,000,000

R, = 0.657m

Area de la zona de captura:

Instructor: Orlando Garcia Rojas
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= T _ 591300.0
KR 0.657

4

= 899,042.1m?

Radio de la zona de captura:
Ay = (” X" Rz)

rp = \/E’i = J%899’042‘1 = 534.95m

T b/

¢ Zonas de proteccion interna y externa relacionadas a un tiempo de viaje.

Una estimacion del area A4 (m?) relacionada a un tiempo de viaje de una zona tg (en dias),
puede también calcularse usando un enfoque volumétrico como:

qéy
A, =<
" bn
Donde:
q Volumen anual autorizado dividido ente 365 dias 6 el volumen dia ¢ el volumen

diario maximo autorizado, dependiendo si la zona de proteccién que se estd delineando es
la interna o la externa (m*/d).

b Espesor del acuifero o longitud ranurada del pozo (m)
¢ Porosidad efectiva.

Esta ecuacién no permite considerar la recarga, y asume que el espesor del acuifero es
constante. Sin la direccion del flujo del agua subterranea, las zonas de proteccion pueden
suponerse circulares con el radio calculado como se ilustra en la Figura 5.1. Este método
es usado principalmente para acuiferos confinados.

Las ventajas de este método de delineacién incluyen su facilidad de aplicacién, bajo costo,
y Nno necesita técnicos muy expertos, asi también se pueden delinear un gran nimero de
pozos en relativamente poco tiempo.

Ejemplo. Pozo P-41. Localizacion: Col. San Primitivo, Tlahuelipan, Hgo.

Datos,

Q méx = 30 Ips (interior)

Q exp. = 25 Ips (exterior

Tiempo de operacién del pozo = 18 hrs/d
ts = 50 dias (interior)

tg = 400 dias 8exterior

Instructor: Orlando Garcia Rojas
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b=104 m
n=0.2
Calculo BGS

Radio de la zona de proteccion interior:

A4y = (”erz)

r =

! \/;rr— bnr

4, |at, _ \/(1’947'89Xs0)=38.61m

(104)0.2Xx)

Este valor es menor que el radio minimo recomendado para definir la zona de proteccién
interna (50 m), por lo que debera adoptarse el radio interno de 50 m.

Radio de la zona de proteccion exterior:

_ gty _ (1,947.89)400)

A, =
7 bn (104)0.2)

= 37,459.4m*

- = \/ﬁ _ |87.459.4)

. =109.2m
P /4

El area de la zona exterior para 400 dias de tiempo de viaje es de 37,459.4 m2 la cual es
mucho menor al 25% de Ag, por lo tanto debera incrementarse. Considerando una zona de

proteccion circular, por geometria simple el radio r, del area de la zona exterior igual al
25% de Ag, es:

re =(0.5)(rr)=(0.5)(534.95)=267.48 m
Radio de Ila Zona captura:

1r=534.95

I11.4.2 Métodos semianaliticos.

Cuando se puede conocer ¢l gradiente hidraulico, existen métodos tedricos para describir el

flujo en estado establecido alrededor de una fuente y por lo tanto delinear el tiempo de
viaje.

Instructor: Orlando Garcia Rojas
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La ecuacién que describe la linea de frontera (Figura 5.2) de una zona de captura alrededor
de un pozo en un acuifero confinado de extension infinita bajo condiciones de estado
establecido y un gradiente hidraulico uniforme es:

P 0).03.03 045)) ~0

* q
Donde:
q Volumen de extraccion (m’/d)
k Conductividad hidraulica (m/d)

Gradiente hidraulico
Espesor del acuifero (m)
y Coordenadas (m)

...“ - =

La ecuacion anteior puede solucionarse para dar el ancho Y, méximo de la zona de captura
aguas arriba como:

_ q
w0

¥y XL, lalongitud maxima de la zona de captura aguas abajo como:

_ 4
OB 500

Las coordenadas de los puntos (x, y) a lo largo de la isocrona, o linea en el acuifero del

tiempo de viaje (td) a la extraccion del pozo son idénticas, pueden describirse por la
siguiente ecuacion:

e’ = e':[cos W+

Zsenw
w

Eq. 5.6

Donde z, w, y t* son cantidades adimensionales definidas por:

v (0))

(Xx,)

Instructor: Orlando Garcia Rojas
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W=

2
X,
que facilitan el uso.

Para puntos a lo largo del eje x, cuando este estd en la direccion del flujo de agua
subterranea, pasando a través del pozo, la ecuacion (5.6) se reduce a:

- Eq. 5.7
t* = z - log(l +2)

El tiempo de viaje de cualquier punto a la fuente puede calcularse facilmente usando las
ecuaciones (5.6) y (5.7), pero el problema inverso de determinar (x y) dado tq requiere el
uso de métodos numéricos. Tales métodos estdn incluidos dentro del paquete de
modelacion semianalitico US EPA WHPA el cual se describe en el siguiente punto.
Ejemplo. Pozo P.41. Localizacion. Col. San Primitivo, Tlahuelipan, Hgo.

Datos.

q=1,620 m*/d

k=5m/d
b=104 m
i= 0.0053
Calculo BGS

Ancho maximo Y|, de la zona de captura aguas arriba del pozo:

1,620

) R B
“k)XBXi) (5)104)0.0053)

= 587.81m

Distancia X aguas abajo del pozo al punto nulo:

1,620
A= '(2)(;r)(g;c)(b)(i) = X )0aYo00s3) o

Instructor: Orlando Garcia Rojas

AL



Programa de Proteccion de Fuentes de Abastecimiento de Agua Subterranea

I11.4.3 Modelo semianalitico WHPA.

El programa WHPA es un modelo de flujo de agua subterranea semianalitico modular,
desarrollado por US Environmental Protection Agency (USEPA) disefiado para asistir en la
delineacion de zonas de proteccion de fuentes de abastecimiento.

El modelo consiste de cuatro mddulos de cdlculo independientes que se pueden usar para
delinear zonas de captura. Todos los modulos contienen soluciones semianaliticas de zonas
de captura, éstas son aplicables a acuiferos homogéneos que exhiben dos dimensiones, flujo
de agua subterrdnea en estado establecido en un area plana con la opcion de calcular cargas
hidraulicas. Pueden representarse pozos de bombeo multiple y pozos de inyeccion, asi
como simularse barreras o corrientes como condiciones de frontera las cuales existen en
todo el espesor del acuifero. Uno de los mddulos esta basado en el método Monte Carlo
para determinar la incertidumbre en los resultados calculados. Otro de los modulos es una
rutina genera! de trayectoria de particula que puede usarse como un posprocesador para
modelos de flujo de agua subterrdnea numéricos bidimensionales. Debido a que este
modulo puede usar las cargas hidraulicas de salida de un modelo numérico para definir
zonas de captura, los escenarios hidrogeologicos que pueden investigarse estan Uinicamente
limitados por la capacidad de modelo numérico. -

Una zona de captura se¢ define como la zona que circunda un pozo de bombeo que
abastecera la recarga de agua subterranea de dicho pozo. Para problemas de flujo de agua

subterranea de area bidimensional, la zona de captura corresponde al area de contribucion
alrededor del pozo.

Descripcién de modulos.

RESSQC.

Se delinean zonas de captura relacionadas con el tiempo alrededor de pozos de bombeo, o
frentes contaminantes alrededor de pozos de inyeccion, para pozos de bombeo multiple y
pozos de inyeccidn en acuiferos homogéneos con drea de extension infinita con flujo de

agua sublerranea 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 hibridas para
pozos de bombeo en acuiferos homogéneos con flujo de agua subterranea en ambiente
establecido y uniforme. El acuifero puede ser infinito en extension de area, o se pueden
estimar los efectos de fronteras por corrientes cercanas o barreras (no flujo). Si se examinan
pozos miltiples, se ignoran los efectos de interferencia entre pozos.

GPTRAC (Genral Particie Tracking)

Opcién semianalitica: Se delinean zonas de captura relacionadas con el tiempo para pozos
de bombeo en acuiferos homogéneos con flujo de agua subterranea en ambiente establecido

Instructor; Oriando Garcia Rojas

\ 8



Programa de Proteccion de Fuentes de Abastecimiento de Agua Subterranea

y uniforme. El acuifero puede ser con area de extensién infinita, 0 puede ser limitado por
fronteras de una o dos corrientes (paralelas) y/o barreras (de no flujo). El acuifero puede ser
confinado, semiconfinado o no confinado con 4rea de recarga. Se toman en cuenta los
efectos por interferencia de pozos.

Opcién numérica: Se delinean zonas de captura relacionadas con el tiempo alrededor de
campos de pozos de bombeo con flujo de agua subterranea establecido. En vista de que €sta
opcidn representa trayectorias de particula usando una carga obtenida en campo desde un
codigo numeérico de flujo de agua subterranea (diferencias finitas o elemento finito), se
pueden considerar muchos tipos de condiciones de frontera asi como acuiferos
heterogéneos y anisotropicos.

MONTEC (Monte Carlo) Se realizan anélisis de incertidumbre para zonas de captura
relacionadas con el tiempo para un pozo de bombeo individual en acuiferos homogéneos de
area con extension infinita. El acuifero puede ser confinado o semiconfinado.

Las suposiciones basicas implicitas en los médulos analiticos del WHPA son:

e Elacuifero es isotropico y homogéneo

* El acuifero es infinito en extension de area -

e El flujo de agua subterrdnea es uniforme en términos de direccion y
gradiente

¢ Los pozos de extraccidon son totalmente penetrantes

e Las fronteras (corrientes o barreras) son lineales y totalmente penetrantes

» El flyjo de agua subterranea es bidimensional.

En términos simples el proceso basico llevado a cabo por los modulos del WHPA son los
siguientes: :

Calculo de patrones de flujo regional del agua subterranea

Calculo de abatimiento radial al rededor de un pozo de extraccién

Resta los abatimientos calculados a las cargas hidraulicas regionales
Calculas los campos de velocidad usando datos de cargas hidraulicas y
permeabilidad.

¢ Determina como se mueven las particulas dentro de los campos de velocidad

y asi calcula la trayectoria que una particula deberia seguir en un tiempo
dado.

* » & 9

Dentro de las ventajas del WHPA, podemos considerar que es que es una herramienta
usada rdpida y amigablemente en la delineacion de zonas de proteccion. Se puede usar
WHPA para delinear zonas de proteccion internas y externas, en aquellas situaciones en la
que se dispone de datos hidrogeoldgicos limitados para describir el sistema.

Las principales desventajas con WHPA son:

Instructor: Orlando Garcia Rojas
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Los médulos analiticos pueden ser aplicados Gnicamente en ambientes hidrogeoldgicos
simples y condiciones de frontera totaimente penetrantes, los cuales son casos raros en la
practica. )
Los médulos son de uso limitado en la delineacién de zonas de captura de fuentes ya que
los modelos requieren la especificacion de un gradiente hidraulico uniforme y esto en
realidad implica una fuente infinita de agua subterranea aguas arriba del pozo.

Ejemplo 1. Pozo P-41. Localizacién : Col. San Primitivo, Tlahuelipan, Hgo.

Datos.

Unidades: metros, dias
Numero de pozos de descarga: 1
Xmix (m) = 77,000
Xmax (m) = 78,600
Ymix (m)= 249,300
Ymax (m) = 250,900
T (m2/d) = 520
b (m) =104
n=0.2
1=0.0053
Angulo de Ia direccién del fluyjo = 285 N
Pozo de bombeo nim. 1 :
X (m) = 77,550
Y (m)=250,450
Q (m’/d) = 1,947.89
r(m)=0.13
Num. de trayectorias = 25
Tiempo para la simulacion (dias) = 3,650
Num. de frentes (isocronas) = 3
Valor del tiempo # 1 (dias) = 50
Valor del tiempo # 1 (dias) = 400
Valor del tiempo # 1 (dias) = 500
Numero de lineas de trayectoria inversa = 0

Ejemplo 2. Pozo: P-41 y P-42. Localizacion: Col. San. Primitivo, Tlahuelipan, Hgo.

Datos.

Unidades: metros y dias
Numero de pozos de descarga: 2
Xmix (m) = 77,000

Xmax (m) = 79,100

Ymix (m) = 249,300

Ymax (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 direccion del flujo = 285
Pozo de bombeo niim. 1
X(m)=77,550
Y{m) = 250,450
Q(m3/d)=1,947.89
- r(m)=0.13
Num. de trayectorias = 25
Pozo de bombeo niim. 2
X(m)= 78,250
Y(m)= 250,800
Q (m3/d) =1,490.40
r(m)=0.13
Num. de trayectorias = 25

Tiempo para la simulacion (dias) = 3,650

Num. de frentes (isocronas) = 3
Valor del tiempo # 1 (dias) = 50
Valor del tiempo # 1 (dias) = 400
Valor del tiempo # 1 (dias) = 500

Ndmero de lineas de trayectoria inversa = 0

Instructor: Orlando Garcfa Rojas
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POZO: P-41 y P-42. LOCALIZACION.: COL. SAN PRIMITIVO, TLAHUELILPAN, HGO.

(M)
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(C PROTOCOLO DE MODELACION

*DEFINIR OBJETIVO DEL MODELO
*DESARROLLO DEL, MODELO CONCEPTUAL
‘BALANCE DE AGUAS SUBTERRANEAS

-DISENO DEL MODELO (Cédigo, discretizacion, parametros
hidraulicos, periodos de esfuerzo, etc.) '

*CALIBRACION /.
«VERIFICACION o

- ANALISIS DE SENSIBILIDAD
*SIMULACION PREDICTIVA
*VALIDACION A FUTURO



SOLUCIONES DE LAS ECUACIONES DE FLUJO DEL AGUA

/ SUBTERRANEA
‘ ﬂ,- (SEGUN HUYAKORN Y PINDER, 1983)

. METODOS ANALITICOS

SEPARACION DE VARIABLES

SOLUCIONES POR SIMILITUD

TECNICAS DE VARIABLE COMPLEJA

TRANSFORMACIONES DE FOURIER Y LAPLACE

FUNCIONES DE GREEN

METODOS DE PERTUBACIONES REGULARES Y SINGULARES
SERIES DE POTENCIAS

1. METODOS NUMERICOS

METODO DE DIFERENCIAS FINITAS
METODO DE ELEMENTO FINITO
METODO DE COLOCACION

METODO DE LAS CARACTERISTICAS

METODO DE ELEMENTOS FRONTERIZO (BOUNDARY ELEMENT
METHOD)
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2(c) 2 )+ 2r)-o

FHnE) (Kv“l’)r) (% +1))=0

=

w5+ 5 (05)+ (Kzaz)

rwFE)+ 2(xwi)+ 2kw(FE+1) = cwF

storage, C(y) is specific moisture capacity.

- (1.1)

(1.2)

(1.3)

(1.4)

‘where h is hydraulic head, Ky, Ky, and K; are the components of saturated hydraulic
conductivity in the x, y, and z coordinate directions, t is time, W is pressure head, K,(vy),
Ky(y), and K;(y) are the components of unsaturated hydraulic conductivity, S is specific




ANAYS
VAN '

Telescopic mesh refinement.

(a} Boundaries for a regional finite difference grid are defined from information about the regional
flow system. The local and site grids have hydraulic boundaries defined from simuiation resuits
{Ward, Buss, Mercer and Hughes, Water Rescurces Rasearch, 23{(4), pp. 603-817, 1987, copyright .
by the American Geophysical Unionj.

(b) Finite element grids for regional and local scale modals, The grids match along the nodes
shown by squares. Boundary conditions along thess nodes are determined from the solution of the
regional scale problem (Townley and Wilson. 1380).
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=== Fronteras del acuifero
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ac,  Dimensiones de la celda en la direccién de la columna

avk Dimensiones de la celda a lo largo de la direccion vertical

DISCRETIZACION DEL ACUIFERO
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element

Discretization of one-, two-, and three-dimensional problem domains.

A0




3 Ax
| Finite difference
Y grid block

‘ N
S S )

s Mesh center node

— & source/sink node

®)

Finite difference and finite element grids (from Mercer and Faust,
1981). Reprinted by pcrmission of Ground Water. © 1981, All rights
reserved.
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Concepts of the
physicial system

} Translate to

Partial difference equation,
boundary and initial

conditions
Finite element
Finite difference approach
approach
Subdivide region into
a grid and apply Transform to
finite difference i
approximations to Integrai equation
space and time ;
derivatives . )
Subdivide region
into elements
- and integrate
First-order differential
equations
Apply finite difference
approximation to
Y : time derivative
System of algebraic
equations

Solve by direct or
iterative methods

‘Solution

Generalized model development by finite difference and
finite element methods (from Mercer and Faust, 1981).
Reprinted by permission of Ground Water. Copyright ©
1981. All rights reserved.




Measured Acceptabie

———————punt CALIBRATED
FIELD SYSTEM Cuput p— MODEL
Batmates of ERROR
Pannciery e e
BC.'s, 1.C"s ANALYSIS
' c o Umwbq PARAMETER
NUMERICAL ompu emor ADJUSTMENT
MODEL output
New parzmaser
catimaws

Trial-and-error calibration procedure (modified from Peters, 1987). The fleid system is
converted to a numerical model and calibration targets are set. The model is executed and results
are compared to the calibration targets. [f the error in the simulated resuits is acceptable, the model
Is considered calibrated: il 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: I.C., initial
condition.
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FIGURA VI.Ia
ESQUEMA DEL MODELO CONCEPTUAL DE
FUNCIONAMIENTO HIDRODINAMICO
(CONDICIONES ORIGINALES)
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FIGURA VI.ib
ESQUEMA DEL MODELOC CONCEPTUAL DE
FUNCIONAMIENTO HIDRODINAMICO
(CONDICIONES ACTUALES)
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COMISION NACIONAL Evaluacion de !a prueba de bombeo - | Pagma 1
DEL AGUA | Método de NEUMAN -
Acuifero no confinado con Proyecto : SN. J. DE LOS PLANES. BC.S.
respuesta retardada del nivel freatico Evaluado por: CNA I Fecha: 01/01/97
Prueba de Bombeo No. Fecha de la Prueba: 05/07/77
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Figura 8.20
Comparacion entre cargas hidraulicas observadas vs. calculadas para pozos seleccionados
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STEADY STATE WATER TABLE (1950) .
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ESTIMATED WATER TABLE (1957):

FIG. 24
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ESTIMATED DRAWDOWN (1957) -
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ESTIMATED WATER TABLE (1993) -

FiG. 29
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ESTIMATED DRAWDOWN (1993) .
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2.1

FUNDAMENTALS OF THE TRANSPORT MODEL

GOVERNING EQUATIONS

The partal differential :quancn describing thrcc-dmnonnl mspurrof conmuminants

in gromndwarer can be writen as follows (e.g.. Iavandci. et al,, 1984);

whee

3 |
= ax(D ) &!{VC‘)-:--J-C’-?ZR (2.1)

is the concenmarion of conmminants dissolved it mndwmm.73r

c is tme, T,

i the dismnce along the respective Canesian coardinae axis, L;.

Dy isthe hydrodynamic dispersion coefficient, LT

i the soepage or inear pare watee velocity, LT

ix the volumemic flux of water per unit volime of aquifer represeaning somees
(pusitive) and sinks (pegative), T

iz the concentration of the sourcss or sinks, ML

g iy the porosity of the porous medium, dimensioniess;
v

YR, s a chemicai reaction term, MLITL.
Ay

Y2



where
Py is the bulk density of the porous medium, ML3;
C is the concentration of contaminants sorbed on the porous medium, MM-;

A is the rate constant of the first-order ratwe reacdons, T-1.

a
By rewriting the B term as:

9 &
£ X _p XX (2.3)
8 08 &

and substituting equations (2.2) and (2.3) into equadon (2.1}, the following equation is
obtained: |

X_ (%) 3, 0 00, LK -&*) '
= (D;, &,J'E(V‘C)J’BLC’"" == A.(C-Fe(- , (2.4)

&I { Bxaf

Moving the fourth term on the right-hand side of equadon (2.4) to the left-hand side, equation
(2.4) becomes:

(XN 2o G '&)
éx‘(Di" ax,) Bx,(vic)+_9‘C' A(C+BC (2.5)

where R is called the rerardation factor, defined as

X

(2.6)
aC

R=1+£
8

Equation (2.5) is the governing equation underlying in the transport model. The

transport equation is linked to the flow equation through the relationship:
K, oh
e (27

where

Ep
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PROTOCOLO DE MODELACION

CAMPO

PROPOSITO
I
DATOS DE
CAMPO MODELO CONCEPTUAL
->
MODELO MATEMATICO ]
~
SOLUGIONES L FORMULACION NUMERICA
ANALITICAS 3
PROGRAMA DE COMPUTO
1
SELECCION CODIGO VERIFICADO? @
DEL CODIGO ,TL
e DATOS DE
 DIENO DEL MODELO ‘ CAMPO
COMPARACION CALIBRACION *
CON DATOS DE ]
CAMPO VERIFICACION
!
PREDICCION *
!
PRESENTACION DE
RESULTADOS
CAMPO. —’l AUDITORIA

* INCLUYE ANALISIS DE
SENSIBILIDAD



PROTOCOLO DE MODELACION

1. 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. MODELQO?

* 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.

* INTERPRETATIVQO: 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.
ISUEDEN SER UTILES PARA FINES DE
NORMATIVIDAD DE UNA REGION ESPECIFICA. NO
NECESARIAMENTE REQUIERE CALIBRACION.



. 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.



. 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 VARIOS 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. DISENO DEL MODELO

EL MODELO CONCEPTUAL SE ACOMODA EN UNA
FORMA ADECUADA PARA LA MODELACION.

INCLUYE:

* DISENO DE LA MALLA.

*  SELECCION DE PERIODOS DE ESFUERZO.

* ESPECIFICACION DE CONDICIONES INICIALES Y DE
FRONTERA.

* ESTIMACION PREVIA DE PARAMETROS DE ACUIFERO
Y ESFUERZOS HIDROLOGICOS.



. 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
PARAMETROS 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.



. PREDICCION

CUANTIFICA LA RESPUESTA DEL SISTEMA HACIA
EVENTOS FUTUROS.

SE CORRE EL MODELO CON VALORES CALIBRADOS
DE LOS PARAMETROS Y LOS ESFUERZOS, CON
EXCEPCION DE AQUELLOS QUE SE ESPERA QUE
CAMBIEN EN EL FUTURO.

LA INCERTIDUMBRE EN LA PREDICCION SE DERIVA
DE LA INCERTIDUMBRE EN EL MODELO CALIBRADO
Y DE LA IMPOSIBILIDAD DE ESTIMAR CON
PRECISION LA OCURRENCIA Y MAGNITUD DE
~ESFUERZOS FUTUROS.



9. ANALISIS DE SENSIBILIDAD EN PREDICCION

* CUANTIFICA EL EFECTO DE LA INCERTIDUMBRE DE
LOS VALORES DE LOS PARAMETROS SOBRE LA
PREDICCION.

* SE SIMULAN LOS AMBITOS DE VARIACION DE
ESFUERZQOS FUTUROS ESTIMADOS PARA EXAMINAR
SU IMPACTO EN LA PREDICCION.

'10. PRESENTACION DE RESULTADOS

* LA PRESENTACION CLARA DEL DISENO DEL
MODELO Y DE LOS RESULTADOS ES ESENCIAL PARA
UNA COMUNICACION EFECTIVA DEL ESFUERZO DE
MODELACION.



11. AUDITORIA

* LA AUDITORIA SE EFECTUA DESPUES DE VARIOS
ANOS DE CONCLUIDO EL ESTUDIO DE MODELA-
CION.

* SE RECABAN NUEVOS DATOS DE CAMPO PARA
DETERMINAR SI LA PREDICCION FUE CORRECTA. SI
ASI LO ES, EL MODELO ESTA “VALIDADO” PARA EL
SITIO ESPECIFICO DE APLICACION.

12. REDISENO DEL MODELO

LA AUDITORIA, POR LO GENERAL, APORTARA
NUEVOS ELEMENTOS SOBRE EL COMPORTAMIENTO
DEL SISTEMA, QUE PUEDEN LLEVAR A CAMBIOS EN -
EL MODELO CONCEPTUAL O EN LOS PARAMETROS
DEL MODELO.



ENFOQUES CONCEPTUALES

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 ACUIFERO

SI ELL. ACUIFERO ES LIBRE:

*

SE UTILIZAN LAS HIPOTESIS DE DUPUIT.

*

Ty=KyH 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 HAYA 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 HORIZONTA-
LES Y VERTICALES DE FLUJO A TRAVES DE TODO EL
SISTEMA.

*  APTO PARA MODELOS BIDIMENSIONALES EN PERFIL
Y PARA MODELQS TRIDIMENSIONALES.



ENFOQUE DE ACUIFERO

ECUACION GOBERNANTE:

[ O & [ 8 __sh
5 | & T & T STV T T
DONDE:

h: CARGA HIDRAULICA, [m]

T: TRASMISIVIDAD, [m¥dia]
S:  COEFICIENTE DE ALMACENAMIENTO, [--]
R: RECARGA (+) O DESCARGA (), [m/dia]
L: GOTEO VERTICAL, [m/dia], DADO POR:
. hs-h
= K} -=qem-
b

DONDE:

Ks: CONDUCTIVIDAD HIDRAULICA DE ACUITARDQO,
[m?/dia]

b: ESPESOR DEL ACUITARDO, [m]

hs: CARGA HIDRAULICA DE LA FUENTE AL OTRO
LADO DEL ACUIFERO, [m]



ENFOQUE DE SISTEMA DE FLUJO

ECUACION GOBERNANTE:

5 , ohj d [ o B [Kzah]—s sh
B | 8] Ty L) 8y| T B | T B
DONDE:

K: CONDUCTIVIDAD HIDRAULICA, [m?dia]
Ss: ALMACENAMIENTO ESPECIFICO, [1/m]

R*: VOLUMEN DE INGRESO (+) O EGRESO- (-} POR
UNIDAD DE VOLUMEN Y UNIDAD DE TIEMPO, [1/dia]
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INTRODUCCION AL MODELO

MODULAR DE FLUJO DE

AGUA SUBTERRANEA DEL
U.S.G.S.



VENTAJAS

LLas modificaciones se limitan a paquetes
individuales .

Los paquetes se pueden incluir o quifor
sin dificultad.

Corre en varios tipos de mdquinas sin
modificacion.

Modelo en |, 2 6 3 dimensiones .

Relativamente fdcil de entender .
Muchas opciones.

Los formatos se pueden especificar por
el usuario.

Calcula el flujo entre celda y celda.

Completamente documentado.



VARIAS OPCIONES PARA :

ICondiciones de flujo de agua subterranea.
Terminos fuente.

Métodos de solucion numeérica .
Em‘rﬁyado y salida de datos.
Condiciones de contorno.

Datos dependientes del tiempo.



CONDICIONES DE FLUJO DE
AGUA SUBTERRANEA

Problemas en |, 2 § 3 dimensiones.

Condiciones artesianas ,
Condiciones fredticas.

Condiciones parcialmente convertibles de
artesianas a freaticas y viceversa .

Condiciones totalmente convertibles de
artesianas a freaticas y viceversa.



o~

TERMINOS FUENTE

POZOS DE BOMBEO O INYECCION.

DRENES.

INTERACCION CON RIOS.
EVAPOTRANSPIRACION .

RECARGA DISTRIBUIDA .

FUENTES O SUMIDEROS EXTERNOS.



METODOS NUMERICOS DE
SOLUCION

® Procedimiento altamente implicito (SIP).

® Sobrerrelajacion sucesiva por secciones
verticales. (SSOR).



ENTRADA

Grupos de datos separados se pueden manejar |
en archivos de datos distintos.

Formatos especificados por el usuario.

Solo las opciones seleccionadas entran al modelo.

SALIDA

Cargas hidraulicas.

Abatimientos.

Balance de masas.

Datos de iteracion.

Datos de tiempo.

Calculos de flujo celda a celda.
Opcion de archivos en binario.

Seleccion de salidas para impresion .



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.
Pardmetros del método de resolucion.
Opciones .

Parametros hidrdulicos .
Condiciones de contorno.

[ 4 . ] !
Terminos fuente — sumidero .



PAQUETE BASICO

Tamano 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 pardmetros de acuifero.

® 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

REQUERIMIENTO DE DATOS

Tipo
CONDICION de DESCRIPCION

DE FLUJO Capa | S Sy T K BASE TECHO VCONT
Artesiano 0o Estrictamente tr - no s1 no no no cd
confinado
Freatico | Estrictamente libre no tr no si si no cd
(sdlo la capa superior ) :
Parcialmente 2 T constante tr tr  si no no Si cd
Convertible (acuifero grueso)
conversion S— Sy
Totalmente 3 Conversiﬁ'n T-K tr {fr no si si si cd
Convertible Conversion S-Sy '
X = Parametro utilizado
'no= Pardmetro no utilizado
tr = Pardmetro utilizado en simulaciones en transitorio

cd = Pardmetro utilizado si existe una capa debajo



PAQUETE DE POZOS

Lee datos de pozos .

Aiade terminos de pozo a las ecuaciones
de diferencias finitas.

Condicion de flujo prescrito.
Pozo en el centro de la celda.

Conceptualmente solo un pozo por celda.

. en la formulacion las descargas se
concentran. |



PAQUETE DE RECARGA

Lee los datos de recarga .

Multiplica la taza de recarga por el
area de la celda.

L/T * 2= 1¥%T

Anade terminos de recarga a las
ecuaciones de diferencias finitas.

Condicion de flujo prescrito - .



PAQUETE DE DRENES

Lee datos de drenes.

Calcula la filtracion del dren.

Anade terminos a las ecuaclones de
diferencias finitas .

Condicion de flujo dependiente de
la carga.

Elevacion 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 rio .

® Calcula los terminos de filtracion.

® Afade terminos a las ecuaciones de
diferencias finitas.

® Condicion de flujo dependiente de la carga.
® Flujo vertical solamente.

® El rio es una fuente infinita.

KLW
M

!

conductancia

QRIV = ( HRIV- HAqQ)




PAQUETE DE EVAPOTRANS._
PIRACION .

® Lee datos de ET
® Calcula la tasa de ET

® Afade términos a las ecuaciones de
diferencias finitas.

® Condicidn de flujo dependiente de la carga.

® Funcion lineal .

® Q=0 si h < elevacion especificada .

_ - h - elevacion especificada
¢ Q=ETmox profundidad de extincion

® Q=ETmax , para h <« superficie



PAQUETE DE CONTORNO
GENERAL DE CARGA (GHB)

Lee datos de contorno general de carga.
Calcula los flujos .

Afade terminos a las ecuaciones de
diferencias finitas.

Condicion de flujo depéndiente de la carga.

Funcion lineal.

Similar al dren pero flujo puede ser + o0 —



PAQUETE SIP

(PROCEDIMIENTO ALTAMENTE _
IMPLICITO )

® Resuelve iterativamente el sistema de
ecuaciones de diferencias finitas .

® Imprime datos de iteracion.



PAQUETE SSOR

( SOBRERRELAJACION SUCESIVA _
POR SECCIONES VERTICALES ) .

® Resuelve iterativamente el sistema de
ecuaciones de diferencias finitas.

® Imprime datos de iteracion .



VENTAJAS Y DESVENTAJAS DE
LOS METODOS DE RESOLUCION

SSOR
+ —

mds directo sensible al pardmetro

_ ‘de aceleracion
menor requerimiento

de memoria RAM

resolucion directa
para seccion vertical

mds fdcil de entender mds lento que el SIP
mejor en sistemas
multicapas
S|

+ —
mds rapido que muchos parametros
el SSOR para " sintonizar "
menos sensible a dificil de entender y
a los pardmetros corregir

de aceleracion .
mayor requerimiento

de memoria RAM



VCONT : S

Se refiere a la conductancia entre nodos (vertical).

Hay NLAY-1| arreglos de VCONT .

- _C 1
VCONT= ==t [ T]

Incorpora tanto a K como a Az .

.. Az no se define explicitamente.
Incorpora propiedades de capas adyacentes.

Similar a la conductancia usada por el modelo
en la horizontal, excepto : |

Horizontal: A's y K's se proporcionarah por
separado..

Vertical : A'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) PREDICCION

(3) CONTROL



MODELO DE SIMULACION

® 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.

@ SE PUEDEN APLICAR CRITERIOS DE
EJECUCION PARA LOS TRES CASOS.



MODELOS

FISICOS -
ANALOGICOS ELECTRICOS
MATEMATICOS

— DETERMINISTICOS

—~ ESTOCASTICOS

—~ COMBINADOS



MODELO CONCEPTUAL

MODELO MATEMATICO

MODELO ANALITICO . MODELO NUMERICO

. ECUACIONES QUE SE APRO.
ECUACION SIMPLIFICADA XIMAN NUMERICAMENTE
CUYA SOLUCION SE PUEDE RESULTANDO ENUNA ECUA_
OBTENER POR METODOS ‘ _ CION MATRICIAL QUE SE
ANALITICOS. PUEDE RESOLVER POR

COMPUTADORA .




MODELOS MATEMATICOS

© CONSISTE EN

— ECUACION (ES) DIFERENCIAL (ES)
PARCIAL (ES)

— CONDICIONES INICIALES

— CONDICIONES DE CONTORNO
® SE BASA EN

— CONSERVACION DE LA MASA
- CONSERVACION DEL IMPULSO



METODOS NUMERICOS

OFRECEN VENTAJAS PARA

AMBIENTES GEOLOGICOS COMPLEJOS
—— HETEROGENEIDAD

—~ ANISOTROPIA

CONTORNOS IRREGULARES
PROCESOS NO LINEALES

PROCESOS ACOPLADOS
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AREA TO BE MODELED
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| «
PROPOSITO DE LA MODELACION

® ENTENDIMIENTO DEL SISTEMA Y
DE LOS PROCESOS.

- INVESTIGACIONES DEL AREA
~ CONDICIONES PASADAS

® PREDICCION

= CONDICIONES FUTURAS
- ANALISIS DE DISENOS CORRECTIVOS
- ANALISIS PARA CRITERIOS DE

REGLAMENTACION
® 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 MODELDO.

® 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 " MODELO. MAS
VERDADERO " ES UNA TAREA SUB.
JETIVA QUE DEBE REALIZAR EL
MODELADOR.

RN



SELECCION DEL CODIGO

e UNA VEZ QUE LA TEORIA SE
IDENTIFICA, SE PROCEDE A LA
SELECCION DEL CODIGO. |

e EL CODIGO DE COMPUTADORA _
(PROGRAMA) ES UN CONJUNTO
DE INSTRUCCIONES DISENADAS
PARA RESOLVER EL MODELO
TEORICO. LA MAYORIA DE LOS
INDICES DE EJECUCION SE HAN
DESARROLLADO PARA LOS
CODIGOS DE COMPUTADORA, A LO

- QUE SE LLAMA VALIDACION DEL
MODELDO.

-® LA VALIDACION ES UN PROCESO DE
PRUEBA APLICADO AL CODIGO DE

'COMPUTADORA, DONDE LOS OBJE _
TIVOS SON :

(1) VERIFICAR LA EXACTITUD DEL
ALGORITMO COMPUTACIONAL EMPLEA_
DO PARA RESOLVER LAS ECUACIO -
NES QUE DESCRIBEN EL FENOMENO,

(2) ASEGURAR QUE EL CODIGO DE

COMPUTADORA SEA COMPLETAMENTE
OPERACIONA ..



SELECCION DEL CODIGO (CQNTlNUA_)

® SE DICE QUE UN CODIGO DE COMPUTADORA
ESTA' VALIDADO' SI SE HAN EFECTUADO
LAS PRUEBAS SUFICIENTES PARA
DEMOSTRAR QUE REPRESENTA CON
EXACTITUD AL MODELO TEORICO.

® LAS PRUEBAS PUEDEN CONSISTIR EN :

(1) COMPARACION CON SOLUCIONES
ANALITICAS.

(2) COMPARACION CON OTROS CODIGOS



FLUJO DEL AGUA SUBTERRANEA

MARCO FISICO

® PLANO HIDROGEOLOGICO MOSTRANDO LA
EXTENSION, CONTORNOS, Y CONDICIONES
DE CONTORNO DE TODOS LOS ACUIFEROS

® PLANO TOPOGRAFICO MOSTRANDO LOS
CUERPOS DE AGUA SUPERFICIALES

® PLANOS DE CONFIGURACION DE LA SUPER.-

FICIE FREATICA, DEL BASAMENTO, Y DEL
ESPESOR SATURADO |

® PLANO DE TRANSMISIVIDAD MOSTRANDO
EL ACUIFERO Y SUS CONTORNOS

® PLANO DE CONDUCTIVIDAD HIDRAULICA Y
ALMACENAMIENTO ESPECIFICO DE LA
CAPA CONFINANTE

® PLANO DE VARIACION DEL COEFICIENTE
DE ALMACENAMIENTO EN EL ACUIFERO

® CONEXION HIDRAULICA ENTRE EL

ACUIFERO Y LOS CUERPOS DE AGUA
SUPERFICIALES '



FLUJO DE AGUA SUBTERRANEA (CONT)

ESFUERZOS SOBRE EL SISTEMA

TIPO Y EXTENSION DE LAS AREAS DE
RECARGA (AREAS IRRIGADAS, CUERPOS

DE AGUA SUPERFICIALES, POZOS DE
RECARGA, ETC.

BOMBEO DE AGUA SUBTERRANEA

(DISTRIBUIDO EN TIEMPO Y ESPACIO)

GASTO EN CAUCES SUPERFICIALES
(DISTRIBUIDO EN TIEMPO Y ESPACIO)

PRECIPITACION
EVAPOTRANSPIRACION

OTROS FACTORES

CONDICIONES ECONOM'ICAS.
ASPECTOS LEGALES

® USO DEL SUELO

i



APLICACION DEL MODELO

® LA APLICACION DEL MODELO TIENE
TRES ETAPAS PRINCIPALES :

(1) CONCEPTUALIZACION DEL SISTEMA
(2) CALIBRACION DEL MODELO
(3) PREDICCION

® LA MAYORIA DE LAS APLICACIONES
INCLUYEN A LAS TRES ETAPAS,

- AUNQUE CON DIFERENTES GRADOS
DE ESFUERZO.



APLICACION DEL MODELO (CONT.)

‘ INICIO ) ' INICIO }

Perimetros estimados Perimetros estimados

inicialmente :
especificacion del modelo tnicialmente.
CORRIDA ESPECIFICACION
H — DEL DEL
s MODELO MODELO
2 ! )
E 4 P T T TE - 1
% = ol . CORRIDA |
° e = | 2a DEL !
o= o t »& MODELO I
- : El go [}
s 2 si s :
S w g t %" i
- = I od |
£ COMPARACION DE o | 3 CALCULO !
2 | |VALORES CALCU_| <« | "ol DEL CRITERIO| |
maic jLADOS CON LOS @ Si| converge 3 |
{ OBSERVADOS.
buena 3 SON ACEPTABLES| no-
LOS
RESULTADOS ¢

Si

ensayoy error

FIN

automatico

PROCEDIMIENTOS PARA CALIBRACION DEL MODELO
MEDIANTE ENSAYO Y ERROR Y AJUSTE AUTOMA_
TICO.



APLICACION DEL MODELO (CONT.)

® LA CONCEPTUALIZACION DEL SISTEMA
INCLUYE LA ORGANIZACION DE LA
INFORMACION SOBRE EL SISTEMA
ACUIFERO DENTRO DE UN MARCO
INTERNAMENTE CONSISTENTE. LA
CONCEPTUALIZACION INCLUYE LOS
FACTORES QUE CONTROLAN AL .
SISTEMA DE FLUJO TALES COMO
GEOMETRIA Y ESTRATIGRAFIA, CONDICIONES
INICIALES Y DE CONTORNO, Y PARAMETROS
IDROLOGICOS.

® LA CONCEPTUALIZACION DEL SISTEMA ES
UNA TAREA SUBJETIVA Y NO SE
DISPONE EN GENERAL DE INDICES
CUANTITATIVOS DE CORRECCION .
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DETERMINE LA NECESI.
DAD DE UN MODELO

NUMERICO.

v

RECOPILE E INTERPRE .
TE LOS DATOS DISPO.

NIBLES
Y

RECABE NUEVOS DATOS
Y OBSERVE EL SISTEMA

e

Conceptualizacidn

Calibracion

PREPARE LOS DATOS
PARA EL MODELO

=] USANDO LOS PARAME_
. | TrROS EsTIMADOS.
v
) INTERPRETE LOS
Mejore-el | RESULTADOS.
modelo
conceptual

Resultados
satisfactorios

Buena

PREPARE LOS DATOS
PARA EL MODELO

USANDO LOS PARAME.[S]
TROS ESTIMADOS.

TADOS CON LOS

COMPARE LOS RESUL._

DATOS OBSERVADOS.

Mala

. ¥
reproduccion

PRUEBAS DE SENSIBILIDAD I

SE NECESITAN MAS DATOS?

reproducclJn

¢im

PREDICCION




APLICACION DEL MODELO (CONT.)"

® LA REPRODUCCION HISTORICA O CALIBRA_
CION DEL MODELO SE EMPLEA PARA .-
REFINAR LAS ESTIMACIONES DE LOS
PARAMETROS HIDROLOGICOS Y COND‘ICIOW
NES DE CONTORNO MEDIANTE LA - *. -
COMPARACION DE LOS RESULTADOS CON
LOS DATOS OBSERVADOS.

® LA CALIBRACION SE PUEDE EFECTUAR""
POR ENSAYO Y ERROR O POR REGRESION
AUTOMATICA. PARA AMBOS, EL ANALISIS"«
DE SENSIBILIDAD ES PARTE DEL PROCESO "
DE AJUSTE.

@ EL GRADO DE AJUSTE ENTRE LAS
VARIABLES CALCULADAS (P.E. CARGAS
HIDRAULICAS ) Y LOS VALORES MEDIDOS

PERMITE JUZGAR EL PROCESO DE
CALIBRACION .




USO ERRONEO DEL MODELO

LA MAYORIA DE LOS ERRORES DE
MODELACION OCURREN EN LA APLICACION
DEL MODELO;-ENTRE LOS EJEMPLOS MAS
COMUNES DE MAL USO SE TIENEN :

'(l) SOBREMODELACION - HACER EL MODELO
- MAS COMPLEJO QUE LO PERMITIDO
POR. LOS DATOS, O QU'E LO REQUERIDO
POR LOS OBJETIVOS

(2) CONCEPTUALIZACION INCORRECTA -_—
" BASAR:EL MODELO EN UNA CARAC.
TERIZACION POBRE O INCOMPLETA

DEL 'ACUIFERO ;

(3) SELECCION INCORRECTA DEL MODELO
— SELECCIONAR UN MODELO SIN -
ENTENDER BIEN SUS LIMITACIONES;

(4) CONDICIONES DE CONTORNO Y/O
PARAMETROS DEL MODELO INCORRECTOS

(5) PREDICCION INAPROPIADA — PRONOS _
TICAR BAJO CONDICIONES MUY
DIFERENTES A LAS EMPLEADAS EN LA
CALIBRACION;

z3
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USO ERRONEC P7 [ MODELG' (CONT.)

(6)

MALA INTERPRETACION —— INTER.
PRETACION HIDROLOGICA POBRE DEl

LLOS RESULTADOS CALCULADOS.

(7) APROXIMACION NUNMERICA ‘BURDA

(8)

(IMPORTANCIA DEL BALAWNCE DE

MASAS )

ERRORES NO ‘DETECTADOS EN EL

CODIGO NUMERICO (IMPORTANCIA DE

LA VALIDACION) .



