DIVISION DE EDUCACION CONT!NUA
FACULTAD DE INGENIERIA U..N.A:M.

‘A LOS ASISTENTES A LOS CURSOS DE LA DIVISION DE EDUCACION CONTINUA -

Las autonidades de La Facultad de Ingenienia, pon conducto del Jefe de La Divisdién
de Educacddn Continua, ofengan una constancia de asisiencdia a quienes cumplan con
“los nequisitos establecddos para cada cunso.

~.EL contrnol de asistencia se Llevard a cabo a través de fLa persona que Lo entregd

o Las notas. Las Anasdsfencias serdn computadas pon Las autornddades de Za Divisddn,
con el 64.}1 de entregarle constancia sclamente a £Los alumnos que Zengan u mindmo
ded 505 de wsiadidicdlas.

) P d
Pedimos a Los asisientes recegen su consiancia el dia da La clausuna. Eatas se
o netendrdn -por ef pealcdo de un ailo, pasade este tiempo fa DECFI no se hand. nes
- posable de este documentfo.

o+ Se mecomlenda a Los asistentes parnticdpar activamente con sus Ldead y experdiesncias,
 pues Lo cunsos que ofrece La Divisdin estdan planeados  paia que £os profesones -
. expongan wna tesds, pero sobre todo, para que coondinen Las opindones de tedos Los
- Anteresados, camutugendo verdadenos seminaiios.

Es muy Lmportante que todos fofs asihtentes Llenen y entieguen du. hofe de Lnsenip
cidn al indedo del. cunso, {nfoamacién que senvind para uuteg:uva. wn dareetonrio de
e asdstentes . que s¢ entregard oporlunamende.

“lon el obje,ta de mejonan Los senvicios que. La Divisiin de Educacidn Coniinua ofnccc
- ak 6uaaﬁ def cunso debendn entregan La evaluacidn o través de un cueslloncilo me-
v liado pana emifin fulclos andnimos.

Se recomienda LLenan’ dicha evaluaeién conjoume £os profesores unpfu‘btan sus clases,
a efecto de no LLenar en fa @ltima sesddn Las evalfuaciones y con esLo sean mds
fehacientes sus apreciaclones.
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VI CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS

MODULO 3

10 AL 14 DE OCTUBRE DE 1994

DIA HORA TEMA PROFESOR
"LUNES 10 9:00 A 11:00 GENERALIDADES SOBRE ING. RUBEN CHAVEZ GUILLEN
'MODELOS MATEMATICOS
11:00 A 14:00 TEORIA ING. FEDERICO MEIXUEIRO
16:00 A 19:00 INTRODUCCION A LAS T
MICROCOMPUTADORAS
MARTES 11 9:00 A 14:00 MODELO DE FLUJO ING. DAVID GLEZ. POSADAS
PLASM '
16:00 A 19:00 MODELOS EN ING. RAUL MEJIA
GEOHIDROLOGIA
MIERCOLES 12
JUEVES 13 9:00 A 14:00 MODELOC DE FLUJO ING. GUILLERMO HERNANDEZ
14:00 A 19:00 MODFLOW ING. RODRIGO MEDINA
VIERNES 14 9:00 A 11:00 MODELOS GEOFISICOS ING. ALFONSO ALVAREZ M.
11:00 A 14:00 MODELOS DE ING. JUAN M. LESSER ILLADES
TRANSPCRTE
14:00 A 19:00 | MESA REDONDA




| UACION DEL PERSONAL DOCENTE

CURSO: Médulo i1 ;Modelos— en. Geohidrdlogia 'y Contaminacién de Acuiferos
FECHA: Del 10 al 14 de octubre de 1994,

COMFERENCISTA' - DOMINIO | USO DE AYUDAS | COMUNICAGON | PUNTUALIDAD
: S "DEL TEMA | AUDIOVISUALES | CON EL ASISTENTE
R ST e e e =

Ing. Rubén Chavez Guillén ' ‘

Ing. Federico'Meixueiro - -

Ing. David Gonzaler Posadas
Ing. Rall Mejia '

Ing. Guillermo Hernandez

Ing. Rodrigo Medina

Ing. Alfonso Alvarez M.

“Ing. Juan M, lLesser lllades

EVALUACION DE LA ENSENANZA

ORCANIZACION Y DESARROLO DEL CURSO

GRADC DE PROFUNDIDAD LOGRADO EN EL CURSO o

ACTUALIZACION DEL CURSO

APLICACION PRACTICA DEL CURSO

EVALUACION DEL CURSO

_ - CONCEPTO ' _ cqu.J,

: S—————
CUMPLIMIENTO DE LOS OBJETIVOS CEL CURSO

Lot CONTINUIDAD EN LOS TEMAS

CAUGAD DEL MATERWL DIDACTICO UTILIZADO “




A gLE ACRADO,SU ESTANCIA EN LA DIVISION DE EDUCACION CONTINUA?

K
R .

5 NO

SIINDICA QUE "NO” DICA PORQUE.

2- MEDIO A"TRAVES DEL CUAL SE ENTERO DEL CURSO:

PERIODICO . | FoLLeTo CACETA | otRO
EXCELSIOR ANUAL UNAM MEDIO
PERIODICO FOLLETO REVISTAS '
EL UNIVERSAL DEL CURSO TECNICAS : .
3~ JQUE CAMBIOS SUGERIR!A AL CURSO PARA MEJORARLO? .
4. [RECOMENDARIA EL CURSO A OTRA(S} PERSONAS)
< NO
= .
5. jQUE CURSOS LE SERVIRIA QUE PROGRAMARA LA DIVISION DE EDUCACION CONTINUA.
6.- OTRAS SUGERENCIAS: :




FACULTAD DE INGENIERIA U.N.A_M.
DIVISION DE EDUCACION CONTINUA

CURSOS ABIERTOS
VI CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS
MODULO 11l: MODELOS EN GEOHIDROLOGIA Y CONTAMINACION DE ACUIFEROS

MODELOS MATEMATICOS

ING. OSCAR A, ESCOLERO FUENTES

Palacio de Mineria Calle de Tacuba s rimar piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285
Telefonos: 5128955  512-5121  521.7335  521-1987 Fax  §10-0573  521-4020 AL 26



SISTEMA REAL | ELABORACION PROCESO DE
(ACUIFERD) |~ *{DEL MODELO DEL——"1 ¢\t acION

ACUIFERO

|EL MODELO
S ACUIFERD

ES EL
DEFINITIVO
K | | . 3
_DATOS ICO:.:PARACION DTS DATOS
| | 5STORI0S Lot Tooservinos ¥ [t O3TENIES

! | | |

FIG. 2 PROCESO DE CALIBRACION DEL MODELO
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IMPERMEABLE

Fig. 2.8. — Efecto producido por un borde de nivel constante totalments penetrante
.y con conexién hidrfulica perfecta.
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Fig. 4.5. — Esquema do acullero con ovn‘)otrnmplmclén (sogén Prickett y Lonn-
. | quist, 1071), .
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Figure 9.—Schemes of vertical discretization.
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Forward Differance Explicit ~ Backward Difference Implicit.
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~ y y
X x

Alternating Direction Implicit C;unk-ﬂicolson Implicit

Figure 18, Various time-integration schemes,.
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Primary subregion Primary subragion

lacondary subregion econdary subdregims

Mesh~centared Intagrated

finite differences finite diffarences
' Finite elaments

Flgure 13. Primary and secondary subregtons for three numerical schemes,
(Modified after Narasimhan, 1977.)
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MODIFICAR

£S0 O£ IDENTIFICACION

MOOIFICACION | NO
OC MHAMETHROS
Y VARIADLES

r-(P

-_—XK K K __ X ]

PROCESO DE
SIMULACION

PARAMETROS
Y VARIADLES

v

SIMULACION OE ]

ACCIONES HISTORICAS

L N

COMPARACION CON
DATOS HISTORICOS

SIMULACQON DEL
MODELO ANTE LAS

DIVERSAS ALTERNATIVAS

!

MODELO CONCEPTUAL

|

¢ SON ‘
COHERENTES LOS }—4
RESULTADOS I NO

Si

]

l

{
l
I
l

ANALISIS DE RESULTADOS

PROPUESTA OE OECISIONES

7 -

PROBLEKMA DE
OPTIMACION

Fig. .4.— ’rocesos de calibr clén y simu clén.



START

LECTUNADE LAS
TanilTas OL
PARARETROS
TO[ vaLORES
COMUNEY

LLENADODE LAY
MATRICES CONLDS
VALOAES COMUNE S

LECTURA DE LAS
TARJLTAS OE
L3¥1-1-)

INCREMENTD SEL TIEMPO
ACTUALIZACION BE by
TPREQICCION DE WIVELES

-

SE ik LA SuMs DE
CAMBIOS OL mIVEL

£+ 0
A MIMTO ML CONTA-
Dom O ITERMACICWES

!

CALCULS DE LO%
YECTORES D1 6

PARA Una COLUMRE

CALEULC O WIVELES

POR COLUMNAS T
SUMAS DELOS

CAMN:OS [N €

CALCWLY DELOS YECTOMES

Ay & ~
PARA A FiLA

;

CALLVLD D€ wivILES mOR
FiLAS Y Suwma DELDS

canns IN €

FRCCESA 00
TOCAS LAI FiLAS

LOS IRTCRvaALOS DE
TIEwWrO

Fig. 10.— Organigrama del programa bdsico de simulacida,
DE DiFERENCIAS FIniTAS
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TaBLA ... — Datos necesarios para un modelo

CeosveTRiA DEL stSTHMA
{para construccién)

CARACTER{STICAS
HDrAuLIcAS (para 1
construccién)

FUNCIONAMIENTO
HorAuLico (para
construccién y ajuste)

ACCIONES 3OBNE XL lumuu
{en perlodo de a]us@e)

[N

\

RESPUESTA A LAs Amxoﬁs
{(en perfodo de ajuste)

Lryes mnnouﬁcxch ‘
(para explotacién) ’

Cotas de la baso y del techo.
Situacién de los limites.

k, permeabilidad, A veces T, tnnmi:ivldzd
k /Ky, ‘anisolropla.

m, porosidad eficaz,

S, cocficicnte de alinacenamiento.
B, factor de goteo; ¢, resistencia,
Inf,, capacidad de infiltracién,

Areas de recarga y descarga.

entro aculferos.

con aguns superficiales,
Condiclones en los limites.

Relaciones

Infiltracién lluvia (1), Balances generales,
Pérdidas por evapotransplracién,
Infiltracién excedente de riego.

cursos de agua Q o h,
masas de agua Q o k.
puntos de agua Q.

otros acui_l'eros Qoh

Recarga

Superficles plczométrlcas (1),

‘Hidrogramas,

Evolucién bombcos y recargas.

Evolucién infiltracién lluvia, |
Evolucidn inflltracidn cxcedentes de rlego,
Evolucién rios y canales (Q, h, $/m", % P).
Evolucién masas de agus.

Evolucién aculferos vecinos.

(1) En el tiempo y en el espaclo.
Q = caudales; I?:tltums



TasLa 5.2. — Obtencidn de datos para un modelo

Prepararlo.

Buscar en archivos. |
Invextanio Obtener datos cn campo y en encuestas.

Interpretar los datos y fltrarlos,

Sintetizar los datos.

InvENTARIO DE

pozos geologia pluviometria
fuentes informes _ escortectia -
manantfales topografis evaporacion
galerfas. topometria mcteorologia
aforos comiposicién quimica del agua
caudales: cxplotacién

niveles de agua supcrficial - vertidos

niveles de agua subterrinea planes de ordenacidn.

. recargas en pozos y piezometros

| Sondcos. ‘
Pozos experimentales.’

Datos compresmnTaArios { Pcriodo de observacién, |
’ Estaciones de aforo e hidmmdeoro!égka;_

Etcdters.

Notas:
— El inventario ahorra mucho tiempo y dinero.
— El inventario es Ia tnica fuente de datos histéricos
— No encargar el inventario & inexpertos o a desidiosos,

)2



TasLa 5.3. — Méiudo. de obtencidn de datos para ua modelo.

Ceorarrala

FrescoxauesTo
HIDRAULICO

Accionza

ResrursTas

{
I

Sondeos.
Cartografia geolégica o hidrogeoldgica (complemen-
tarla con la geofisics).

Observacién de superficles plezomdtsicss.
Deducciones ensayos de bombes ¢ hidrogranias.

Repesen-
Costa g Hvidad
Ensayos de bombeo (k, k, /k,,  Caros 'Buena
S, m, B).
Ensayocs de descenso (k). Baratos  Regular
Ensayos en piczémetros (k, Baratos  Regulor
k,/k,).
Permeimetros (k (k /% ). Baratos Polre

Cranulometria (L), (m?, * Baratos Pabee
Terazadores (m, k). Caros Buena
Balances (m). Baratos Buena

Neutrénicos (m, humedad). ' Baratos Buena
Eliclencia a la mares baro- Baratos Buefik
métrica (S). ‘
Mctodos ambientales com tri-  Baratos  Regular
tio, radlocarbono, ixétopos
dél H y O, andlisis (k, B
{r), Inl). -

Superficies plezométricas.

Hidrogramas.

Trazadores.

Mitedos geohldinquimicos y amblentales.

Medidas hidrometeorolégicas. (Cuidado con balances.}
Medidas forondmicas.
Medidas quimicas:

" Medidas phezométricas.

Andlicls estadistico y cileulo,

Piczometria.
Aforos.
(Cuidado con el tipo del plezémetro.)

N2
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TABLA 5.4.— Presentaclén de los datos para un modelo

‘CeoMmETRICOS

Fisicos

AcCCIONES

Rr.sru:sn A LAS

ACCIONES
"

" LEYES CENERALES

Notas:

Mapas con curvas de nivel y cbrtes complementarios.

- Mapns con isolincas {con cotas); indicar h'valldrz

y representatividad,

Planos de aportaciones distribuidas,
Planos de situncién de puntos.

Listas de extracclones cn cada punta.
Hidrogramas complementarlos.

Dar un dato por cada intervalo de ajuste.

Planos de- isopiezas (uno por Intervalo).
Hidrogramas complementarios.

Similar a los anterlores en lo que sea necesario o con
férmulas.

- Procurar que los datos sean dircctamente utilizables.

— Seiinlar la conflanza de los datos,

— Los datns geomdtricos Zf de niveles no se reglan nl se modifican. |Culdadn
i

con los errores topogrs

cos!

-— Loa planns de isolincas permiten expresar mejor los connclmlmtm del

hidrélogo.

"= No dibujar lincas n estima y después deduclt de cllas oonciusloncs, como

sl fuesen exactas,
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NIVEL
C‘?‘-'STANTE

CARACTEMSTICAS

1 . ./\ ofL CauCt
3 ’ Qn :l
ARCA(Ay)
ACUIFERO T : _ -
1 H '
s H
“Vl\ O"(Q‘W //
- + 0 -
@ | R0 ERLENTE
an. |
REFERENCIA RO, .
. I . N
| RHi ) Hi
| |
pe
RO | . 0,,. —Ag
INFLUENTE | RHjj=hj m
]
Ony ®

Flg 4.2 — Esquema del aculfero con inflitracién inducida (a) y caudal inftrado
en funcién del nivel (b) (scgun Prlckett y Loanquist, 1971).



SORBRE EXPLOTACION DE ACUIFEROS

REOUCCION DEL ALMACENAMIENTO

DESCENSOQ OF LOS NIVELES
DEL AGUA SUBTERRANEA

FIGURA - 3

e B oo N ey B il I
FLUJO BASK DE POZOS CALIOAD DEL AGUA SUBTERRANEO ARCILLOSOS
0 wnro] [repucciones| [Proscemasen] [oismwucion | [oecranacion rinzacon] [nrrosion ] [Wterrerencial  [asentamen AGRIETAMIEN —
[+ ¢ CSCURRIMIENTO! OPERACION Y EN A VIDA DE LA SDE SUE:OS SALINA ENTRE 2ONAS O ERENCALES TO0S DE
‘ANMMTALES BASE EN ADS HmTleKNTO uTiL DEL POZO CALIDAD DE PRODULCC SUELOS
AGOTAMUINT O POZOS OANOS A LA INCREMENTO ABANDONO COMPETENCIA DANOS & LA
FUENTES DE DEL _ DE COSTOS DE - INFRAE STRUCTURA
ENTO cavoaL| [muTicizaos SALUD P RODLCCIOn 0€ POZOS POR EL USO EXISTENTE
MAYOR CONFLICTOS ENTRE
RTI -
TRATAMIENTO EECS;EC,BN LOS SECTORES
D€ AGUAS USUARIOQS ‘
B e “““."“"u INCREMENTO ENLOS DESEQUILIBRIO ¥ PROBLEMA ‘*'::’:::t‘:c:::.’:“‘
Wmm' ':m €O8Y08 Di PRODUCCION ECOLOGICO SOCIALES E_GT'RUCTURA Qusre




9.3

LEY DE DARCY EN FORMA VECTORTAL

La componente del vectnr veloocidad (v) ena &l sistema
CHAY L, Son VMul.Vy Wzl En un punto particular del gosinio”
ley de Carcy aparéace cogno:

de

. J e a
Vi = —Kun eet— = KMy —Cie—e — En e .
§ e -y oz '
‘ Jin a ) :)
k’ . = -k M m—eee am }:_\ Y —m— = R YT meeem
7 v o _// Jv 4 gz
. a . o J
V2 = =218 —— — Kzy e~ zz —
d ’ he az
% Ph farma matrigial
Vi T Ko ooy Kuz T — Jgn/sou
Vy = Koy Kyy Ky . - ons dv
Vz (-SY: Ky K=z L - ansoz )

A la matriz sa le conoce como
Zimstrica debido a que

v =
N A e

Yy a5 Ky = b=y v Kvz = Hzvy.

Koy

Eixiste un conjunto de coordensdas en Guz los terminops Tuersa
diagonail S vuBRlven ©ero. A estas cCcoordenadas les

=T
=

“Coordenadas Principaies". Yy &n la practica ias cpordenagas u. v.2.

orientan a lo largo de las coordenadas principaies. | .
Asl, en términos de las coordenadas principales:

e

—oh/ax )

<
i
1
't
R
|
bn
BN
i
<
G ——

ce ,caordénadas
S Fingen

1a

tensor de conductividad nidraulics.

LID 1a
llama
se

Ky O . —-oh/ a3y

—dh/ o=

18



., _oh

ah

Iy = Wy —
4 o
ah
ac

VMIL  ECUACIONMES DE FLILID RE ARIA SUBTTRRANTD.

A continuacidn seo dorivarin las

eceraciones de  flwuin de  adqua
suhbterripra, reconnciendno orimeramente ] A
F=Y

de cdos  regimenes
e fFluios 2]l rstado epsltacionario v 2l i :

A.1 ESTLDD ESTACTONARTO,
[

Ht

o]
3

Carzideremos un vwoldmen da medio rornso tal como =1 que s2 mue

on Ja. finoura 8, & ta] =lemmeniteo ce le connce come  YVoldmen JemanL_.,
i moanbtsol Y f_a 1ev da va conseorvacridn rde masa para el fivio en el
Ao un modin noroso satuerado esbtipala aue
Ta rapiddez de fluvje de maza del fluido gue entra a cuataovier voluman
A2 comki-al sea jgual a Jo rapidée d= flujo de masa del fiuido oue sale
e 2ste volomen.

orbarln ashtecionaris alravhs

, 1
. [ed
' L)
B b [ res B

. 1

P U

fiagura Mn.B

isv wiemme a =2+ "La ecuacién de
- - - .
*

iLa eunresicn matemitice de nsha On
H ST e H SssEablecel-— T

—oTwTTITTI OS] . e OCon re fevr2pela—32-1a2
R :

. N . - ] T | .
o sy - _2E) o g
AL g 3 ;
_ d ‘ s,




En dondet " % dannidad del finide ) B o
Y = descarga éspecitica en la clrecoion o
Vy = dascarga especliTica en 1a direccidn v
Vz w dqoscarga espacifica en la direccidm z

A

€1 el fTluido es incompresitle, p = constanta vy las p S pusden
eliminar, la ecuacicn se simpliflica a:

Iy avz
e - U S P U = {3 - . -
g7 ] 24
Sustituvendo 2n esta expresion las descargas Yo, WVy oy Vro de

actierds con la ley d2 barcy. =& cobrisne la ecuacidén de fiuaio =n
- -estacicnario a través de un medio poroso anisoiropo ¥ saturade.

7T homogeneo, entonces k

J Jih o L. Jin ] a . al
LA : N Y | 4
- —— + — T - e - = O
a:: ax T gy &y oz L az |}
En un medio isdtropc. Foisply =i z=p", vy sl el medio

s tambidn
(x,y.2) = constante. La ecuacien s reduce
ia pcuacidn de fiujo en estado sstacionzaric a traves de  un
medio 1sdkropo v homogéneo. '

entonces a

F4 2 z
@ h d h a h
_ -+ —— e, + o _ = (W}
2 z .
a: ayz oz

Conocids también como la “"Ceouacidn de Laplace'. La .solucion  de
estd ecuacidn es una funcidHn hix.y.Z) que describe el valor oe la
carga hidraulica en todo punto d2 un campo de flujo tridimensional. En

un campo de flujo bidinsnzional. digamos en el plano z—-y., =21 tercer

S téarmino de la ecuaci®dn se 2limina, v la selucivn  soeri una funcidn
. . Bl
“hineayvd. :

20
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6.2 ESTADO TRAMNSITORIO

La ley de e¢onservacidn de masa para el fluio en estado
transi4crio 2n un medic poroso saturado estinula Aue la racidéz npeta
de flujo de masa de fluido hacia el volumen silemental de control.. sea
"iounal a la rapidéz de cambio drl almacenamiento de masa de Ffluido
dentro de] elemento. Con referencia a la figura B. la ecuaecidan de

continuidad toma la forma.

a d (Vv 3 (V2 ah
S ¥ -0 R —— = pB5 ——--
o I7 30 [ s at

En donde Ss o3 ol a]macenamienta.eénecifitn del me2dio satwrado,

PN Sy SR iy S GF=2 0 o1 BEN - Ak i § 1) i Ta) Incompres1rbie -2 ins=artando—Fa——1levy—de --Darcy

ohtenemns:

; 33
d . ah ] J oy ah a K= ah - (h‘_
R e - - — == 4 ——— = Sa
e A J v Ay az ax at

Ia =2cuacisn de fluim trepsitorio a traves de

mha es
porasc anisstropo v saturado. Si =] medio es homogAneo 2 isstr
erouAacidn se reduce a:
) a a
@ h 8 h 2 h 3 ah
- + + = -
ax” - s T at

nresantd una solucidn de ia ecuac%én
desarrel | d la epcuacidn

lcs problemas de

Er 1275, C.u, Thei=
anterimr, mn la avuada oo CLI. Luabipn. auion
para el rcaso do una fuente puntual continua en

condiecnidén docajinr.

v e

S



Siendo la ecuacidn de

. w -1
.o
¥ ) ‘l
. . 4 - Af_ . r__ ?—/4 ] ‘t.__...L_ r——— .._.__..)_ e e

a: abatimiento = h2-m:

(1: caudal de bambeo permanente

i: transmisivigad ,

r: diztancia desde el pozo de bombeo al punto donde <2 obzerva
&l abatimiento a. :

S roerficiente da almacenaniento.

t: tiempo desdes ] comicinioc de Damb&o.

N 2

u: variable de intengracidn = ~—7 ~°

I.La ecuacién anterior no puede inteqrarse directamente, prero el
valor e a puedse obtencree de la serie infinita.

F4 3
u : V]
& = - 6.577216 ~ 1 +u - + ]
a = __ L577216 n u u PRy .= R
4t :



ETAPAS

ABASTECIMIENTO O£ AGUA

EXPLOTACION DEL
AGUA SLETERRA-
NEA,

RECURSOS
ALTERNATIVOS

JASTECIMIENTO OE AGUA
/T/-
| |
Wig : wi.'. : Yy
Wo | |
1 T T * Tiempo
T I )
: . i by |
| RECURSOS HIDRAULICOS |
’ | o _t/_
: !/1 ! : Recursos
Alternctivos
AT | AS - '_
G' 1 l L m ’
G Gy 1| Gn | Gy Subterranea
l: - T. .
| TR > Tiemes
| S I I
ERR

ESTABILICAD )

SOBREEXPLOTACION RECUPERACION
. ’ DLYARND . DE SAARNCLLD ’
DESARROLLO PRIMARID LLO s€nd TCACIAN:
us z| /
L)
TRANSICION A TRANSK TRANZCION  RENOYAIENTO
. ¢ RENCMENTO DL A RN
SoanCLAmTaCIOn soang Lepiotacn | FTELT IEGuno seeuro
'PLANEACION | CONSTRUCCION |l OPERACION E

23

|

LAMINA 1S . ETAPAS DE UN PROYECTO OE DESARROLLO DEL AGUA SUBTERRANE l

/
)



ETAPAS

PROVISION
DE AGUA

. EXPLOTACION DEL
AGUA SUBTERRA-
NEA.

RECURSOS
ALTERNATIVOY

PDC

A-COSTOS DE INVERSION

ARC

AR RSN

23

A — —— o ———— —

——— e

- > Tiempo

I

!

|

|

i
S?s - Tiempo
AGASI TfCMEI NTO DE AG-LM!

l

|

LAMINA 16 ,

|
!
[}
! | .
| | 1]
i | ]
1
1
I
By Bs
o
e — = Tiempo
' l |
t
) : |
! i
- 1 Ts L
i Ta { l
!t Tsp ! ] ! Tso
o —o 2
| | Trn
SOBAE [ XPLOTALION RECUPERACION £STABILIDAD \
BESATNOLLD PRMARO F‘w /
TRANSICION & RENDIMHENTO -
ool S 0L B rbradion |4 XM SEGURO ]
MLANEASION CONSTRUCCION r‘:?;( _\
DIAGRAMAS DE FLUJO DEL EFECTIVO DE UN

'PROYECTO DE DESARROLLO DE AGUA SUBTERRANEA

~

¢
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)

EN L0S PAISES DESARROMADCS TANTO ORIENTALES COMO GCCIDENTALES, -
LA SEGURIDAD FORMA PARTE DEL GRUPO QUE TOMA DECISIONES EJECUTI -
'VAS E INTERVIENE PREPONDERANTEMENTE EN ELLAS, POR LO QUE SIEMPRE
ESTA PRESENTE EN LOS CoMITES EJECUTIVOS .

PLANTEAMIENTO DE LA OBRA QUE SE VA A -
EJECUTAR '

ALTERNATIVAS DE SOLUCIGN

ELECCION ‘DE LOS ANTEPROYECTOS
DIRECCION DE

PROYECTO
SEGURIDAD

PROCEDIMIENTOS DE CONSTRUCCION
FQUIPOS QUE SE DEBAN UTILIZAR
PERSONAL 1DONEO

FACILIDADES DE COMUNICACION
CAMPAMENTOS




PUESTOS DE PRI | *
MEROS AUYILICS. ‘

EXAMENES DE
ADMISION

SERV. MEDICOS

AMBULANCIAS

~

SECCION No. n —— 1| T. I T.

SEGURIDAD

EJECUTIVO

DE

SECCICN No.?2 . ALMACEN -

JEFATURA DE SECCION

COMITE

DIRECCION DE SEGURIDAD

ORGANTIGPRAMA

DIEECCION

SECCION }o.1 L | LIOGIDACICES

ESTADISTICAS

ADTIVA

PAGADURTA

nCC.

o~

s




LISTA DE ACTIVIDADES QUE FOAMAN EL PROGRAMA (OE SEFUHIDAO EN LAS Q0OBRAS

DEPARTAMENTO
OE
SEGURIDAD

Inq. suxilior comialén
coantral
Jefe mdministretivo '
Cmlculiste datos eetadié
‘ . ticos
Nambremiente Ing. Jefe de Sequrided | Jefe tnllur Sequridod
Pargonal Depto. de Sequrided —t Almecenlastes -[Segqurided
Ascorrido Frentes de trebajo | [gxploslvos
Ante proyecto proqgrama da Sequridad
Eleboreclén reqglementecidn Interna [Porscnal técnico
Ageaorf{o, quejes e inFormacién Persanal superviasidn
Curacs béaicos de Senquridad . -— Personol trebejedores es
Eleboracibébn de papsler{s, publica-- peclolizedos
cliones Personal comjislonendo

Detos estodisticos, coHlculo de indi
ces, frecuencis y grovedod

Anélisis de costoa y presupuestgs .
Anblisls de mccidentes da loa reportes de obrea

Regletro ectea dependencles oFlciales, 5TPSs, O0OF, IMSS

InFormes a8 qerencia :

Intercamblo de experlencias con compefiiss, lngtituciones pdbli-
cas y privadog

Compafaa de Sequrlded & higiene, iIncentlvos, senclomes, concur-

a0s

Integqrecitn de comlaiones centrel y euxilleres
lnstruccién & caomisiones sobro reaponsabllidades
Estudlos especleales con le maquxnarin. oqulpo ¥ procadimlentos

de construccibn :
Normaa polf{ticea, relacliones humenes y Sequridead

TABLA No., 1 . (n)



T Integreci6n Acta 1

K Juntes de Sequrlidad mensumles con comimlones
Inspecciones de Sequridad mensuslea con comisjones
Inveatiagmclilén de reportes do eccidantesn

Asesori{ia en meateris de Segurlided

Orgenizacién confeorenclies de Sequrided

COMISTION CENTRAL Creaclén depertamontoa médlcos 6 primeros suxilios
0E . ‘ —{ Adiesatremiento ecqulpo de proteccidn
SEGURIDAD - Adleatramlentos en maquinerie, herrsmientes, explo
' slivoa ' ' -
Supervialédn de comislones auxllieres y coordinn---
cibn ' :

Vigilencis cumplimiento reglementos de Sequrided

TABLA No. 1 - o (B)



o= ) . ] v
Integreclén con mcta 1= '

Juntas mensunles acte 2= con gomiBIOnadoa' |
Inspecciones mensuales octa 3— rocorrido en tode el .

-i Sr _ ‘ : 6rea de obrna
s ' Aeportes de pccldentes a Oepto, de Saquridad e IMSS

Aeportes de hre, hombre leborsdes
Orgenizacién cursos de Segurided
‘en obra

Incendlos

Orgenizecién de simulsacros Salveamoanto
. Orgonizacibn exhiblcliédn policu-~-- Compeofies
COMISIONES AUXILIARES" las de Sequrlidad ‘
DE SERURIDAD EM —t O0iFualén on obro normes Depto. - Folletos. ovisos

LAS DOBRAS 0O FRENTES . de Segurlded CBPtGlBS" o a-;n
Anfilisls de Sequrldad en les ope des » pPropeqen
raclones ' ' .
Integreclién de brigsades de trebn Limplezs Sequrided
jo en obra ' } - o Higlone, bomberos
Conatrucclé4n comedoren, dormlto- vigllencle, uso de
rios, sonitorios . : ' oxplosivos
Conatruccibn do protecclones, =ac
cespa, saceleros, otc, -
Vigllencie de gub-~contratistas
lLibro diorio de maguinarie Art, 331 .

TABLA MNo. 1 . . . . ' (c)



" ALMACEN Y BODEGA
DE SEGURICAD -

% oiaero

'F-Estudlo QQJ!ﬁQ;:dd Seqyridad
-\Ccmpra iquipo de Sequrlided

'Ox[geno acetllano y qast'

1

construcclon de equipon do Sequrided.

Y
" Dimwoflo y comatrucclén de dispositives de Sequrided
Diaafo y construccién de protacciones an magquinsrie ;
"Dlaoﬁo'y conetruccién de mvisoe, lotrercs, certelonos
+ DiseRa y conatruccién de endomioe, eacalerss, accesos

' Aeparacelén de equipo de Segurided, extinguldores, ces

.-‘coa, vacaleras, otc.

Reparaclén de Herremlentas de mano, portécllaa, eléc-

r tricea, oto. _
Tnﬁﬂpﬂrucioneu,moyores

4 Ve
. 1 .
[ e e . . !

r-'l:'r'c::t:t‘mt:].6r'| pare
-t 80NAl, reeplira=
Renquardo mquipo do Sequrided ; torleos, clnturo

A e g

ﬁ Resquerdo hurrumlnntaﬂ de Sequrided noa da Sequrie=-

Haparacloncn monoree de herrumlun--' dad, extlngulido

“tas : res, etc,
Hepuraclonua menoraﬁ do BqulpOB de S
" proteccldn

Haparncloneu.en cablaa. polees, bandus, tranaportedo-
raa, ota, . R , - . .

Exﬁioalgon”‘-ft:_f: ff;_f”;;;_l'. L

. * ‘.

Detonentes ',
‘Combustibles 'y’ lubrlcantes

Cal

TTABLA  Ho.
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cRUPO OBRA:

REPORTE SEMANAL PARA EL CALCULO
DE INDICES DE SEGURIDAD '

" Comana Noe._ _del____de. _ __ . ... __ _._al.__.. de _____ . _ de 2
PERSONAL POR ADMINISTRACION PERSONAL SUB - CONTEATISTA -
Iloras- hombre laboradas = | ’ “—i Horas- homb:e laboradas = ) T

| t :

RELACION DE ACCIDENTES OCURRIDOS EN LA SEMANA

Se anexan Reportes de cada uno.-=

Nombre del lesionado _ Dias Nombre del lesionad | Dies
de incaprzidad e del lesio o deingapzzidad

e

* ;

. ——— e ————————y ———— e P T
L 3

. .

———— e —— — —— o — o 1 —— -

HE ]

+ ¥

.- e o i

I P

+ K 4

RELACION DE INCAPACIDADES RECIBIDAS EN LA SEMANA

Dies
de ineap2ziZad

Dias

. . Nombre del lesiona .
de incapacidad °© re de. iesionado

Nembre del lesionado

Informe de las incapacidades parciales, permanentes o totales

Reporid a la Direccion de Seguridad: Ncombre

GRUPO DE EMPRESAS e L [mEeeEn aneme - o
TI2AS CARA £L SISTEMA DE TRANSPORTE COLECTIVG = ===t 1G-Z5-00 AEXICE T2, D, R
=]

0
nﬂl
-3
E Y



UCA] Reporie de

En Obra__

Accidente

iy

Nombre del lecionado
< SUFRIO UN ACCIDENTE EL

Edad _ Ocupzcibn
A LAS Hs.

Suelcs Diario
LISIONANDOSE

techa .
RESULTANDO UNA INCAPATZIDAD

Farie del Cuesrce

IMOMENTANEA {

FARTIAL PERMANENTE

; {Marcue con
TOTal |

ermciaL eawonAl ']  EL LESIONADO ES PERSONAL

lirque €onouna x) -

DE LA COMPAS A

DE SUI-COMNTRATISTA
»na x) : l O DESTAJISTA

¢Qué cperecitn ¢ irabsio realizzpa entes de iesicnarse?

¢Con qué mésiinas, Serramientes

¥ © malerjales esteba en contecto anter de tesiznarse?

¢CUANTAS PERSONAS INTERVENIAN 2 LA

CFERACION QUE SE REALIZAEA?

{COMO?

SLES AFETTO Il ACCIEINTE?

LS
IMatgue ¢con una x) i NO

¢Comd se presenté el ecoidente

desde antes ce lesicnarse,..._hasta heb2rseie proporcienado los

T e auxilizs necesz-ics?

<o qué se jesiond?

$Cué Geafio suind la Mazinaria,

£ QUE ALTURA ©

Esuipe, MMaterizl © Inmislacicnes?

NIVEL SE TRAZAJABA?

¢SUFRIO CAITA? .54

(Marque ccn ure x) i _No i
C= ¢USABA EQUIPC DE PROTECCION FIRSCHAL? <1 A
Metros . {Margue cor una x) e
NO
JCUAL?
COMENRTARIOS QUE CONSIDERE ACLARATORIOS DEL ACCIDINTE:
¢
|
FIFORTS L _ = -

sirma I

EL -

4

GRUPO DE EMPRESA

OZiAS FARA EL SIiSTEMA DE TRAMNSPORTE COLECTIVOD

wrers 15-26- 29
L T
1CAT TELS. i5-£2-2)
<
-

S

1625 .00

MINERIA NoO. 145

MEXICO =

D F.



ARRIL 1971
MAYO

JUNIO
JULIO
AGDSTO
SEPTIEMERE
OCTURRE
NOVIEMERLE
DICTENMBRE

ENERO 19772
FEBNERO
HARIC
AnlTL

MAYD

JUNID
JULIO
AGESTO
SEPTIEMBARE

oD
i A

NOVIEME
/T INVIN T

RICIEMNDR

ENETRO 1973
" FEBRERO
MARZO
ARRIL
MAYG
JUNIG
JULIO
AGOSTO
SEFTILMRRE
CCTURRE
NOVIEMBRE
DICICMSIE

“NERO 1974
EN
FLURERO

VA VY
I AR YR W

ABRIL
MAYD
JUXNTIO
JULIO
AGBSTO

SETEE R R L o
SJ'.I 1 Ii-.‘ll‘nhi.

CoruRRn

A Indice de Irecucncia
2 3 11 11
TTNOT. Hrs.Hombre
Hombre T1.F. Acc. Acumulada

41,351 110 55 S01,851 102
279,951 167 248 1,450,902 13
$97,023 265 4356 2,377,925 204
1,234,109 278 830 3,662,032 724
1,122,763 193 1047 4,764,757 219
1,149,992 177 1251 $,934,7¢C3 249
1,477,400 180 1516 7,400,245 IG3
189,537 175 1725 8,595,580 -
123,017 197 1946 9,717,605 0o
1,689,126 128 2162 11,400,729 10
1,360,900 1006 2528 12,967,629 180
1,651,759 113 25158 14.619,388 172
2,125,060 120 2771 16,744,448 165
1,725,934 i63 3561 16,470,382 233
1,880,230 111 3270 20,352,582 11
1,947,060 96 3458 22,297,7%Z:2 R
2,029,770 114 359¢ 24,327,402 Tt

2,610,000 51 3823 26,837 ,4¢2
2,020,815 144 4732 20,007,300 Yo
2,437,955 68 4276 531,495,272 I
1,890,090 87 4441 -33,295,362 135
1,683,475 143 4710 35,178,857 153
1,915,590 151 ¢ 5015 37,094,217 4355
1,534,275 201 5395 38,978,492 10
1,939,455 143 5684 40,917,957 133
2,535,355 192 6170 43,451,312 1310
2,036,74G 208 6604 40,541,552 145
1,882,440 234 7045 47,425,992 115
2,310,060 1406 7330 49,734 552 3747
1,753,325 152 7617 51,493,477 147
,967,6060 138 7390 $3,461,137 T34y
1,456,920 163 8128 54,918,057 135
1,417,470 139 8529 56,365,527 149
1,739,470 110 8536 58,145,987 R
1,529,055 144 8755 59,075,052 YT
1,561,140 129 8958 61,2>4,i%2 T3
1,392,430 119 91853 63,1533,02! TS0
1,525,525 163 9433 64,043,427 i<s
857,735 122 9560 66,532,122 125
933,705 125 ag597 63,335,837 147
453,755 115 10066 69,144,422 11z

444,118 . 128 10253 71,249,552

401,916 116 iGa10 72,033,951



H
ESTADISTICA : Indice de Frocuencia
= B 7 ‘ ] 1.;"_5___‘__1_1___ T
Nam, Nim. Hrs liosbye, {700
Acc. Hrs.iiombre 1.TF. AcTc. _ Acumulada b Fye-
i ) ‘ T '
147 , 1,576,950 ! 3 10563 74,727,862 112
105 1,175,310 S5 196606 | 75 403,2?"; 149
. o
EXERO 1575 1 105 1,056,255 : 94 10771 76,489,527, 131
FERREROD 73 . 1,695,930 37 10541 77,535,457 140
MARZO . 72 1,073,430 97 10016 076,658,857 ¢ 3.0
SRIL 39 1,073,355 96 11619 7.,,751 492 ¢ 158
1A)0 53 - 801,675 606 11063 3 80,558,967l 138
L
i
i
L
SOTA: Totel) dc accidentes mortales!ocurridos en el interior del zunel
: ¥ en jlas lumbreras fue 87 ppr lo qu;'cl I. de accidenies Jdo
este jtipo fué de 1.09 por cafla millén. de nc:;b‘trabajadas
|
| !
1
| |
: : 1
i : I
E ;
V- i
i ! |



/2

DANGEROUS NOISE LEVELS

Following arc various noisc levels and decibels (db) for each:

db
Busy strect traffic at about 100 feet ... 60
Office tabluating Inachines :

(clectric typewriter, €1€) .vivoonrn. .. 80
20 feet from subway ........ e teee N0
Pneumatic dicsel air compressas ... .... S0

+ Diesel shovel (idling) ....... PR, 1)

Automatic screw machines ............ 98 10 105
Wire rope strandmg machine “.......... 102 1o 108
Header ... ........cclee.. Tereainnn 105 10 108
Circular saw . ,.......... Pieascanaanas 105 10 116
Pinrotters ..o o inienninnennann 107 to 116
Quarry floor (in gcncr.tl) P Lt - 3
Dnills. shovels & 1rucks operating ...... He
Can manufactyring plant ... ......... 110
Weaving room ........ cearee Cieraann- 110
Between two COMPressors “.ic.eveeaanss 110
Trip hamrier .....oiiiieiiiiaennnnnn- 110 10 115
Drop hummer (d:pcndmg on szz) ...... 11010 135
Punch press ... .iiiiiiiiiniaaninn. 1
Sandblusting ............ eeuaeeaaen 112
Pncumatic chippers ..oevaveecncinnnnns 112
Between two drnills—20 fcct apart ...... 117
Impact on pile driver ... viiiann.... 120
Operators station—|] track drill o rock . 120
4 fect [rom large pnecumatic riveter .. ... 122
Operators stztivn—1 track drill .

breaking through sted ... ... ... 125
3 feet from pneumalic press .0 ..., .. 130
Riveting steel wank ..., 132
40 feet from gt cngine ......... e 138

39 feet from rockel cngine or jet
with afterourner o0 ..ioevenanann. ... 150
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DANGEROUS NOISE LEVELS
Foﬂowingrnrc 'v.a_riolz.;s. nmsc lc;f.e'ls.la:;d d;:cibeis (db).l';ar cach:" .‘ -_ .
: ' L db

_ Busy street lrafrc at aboul 100 l'cct ceee B0
Office tabluating machines ~~. _ C

(clectric typewriter, €1€.) . .u.vvnun.. " 30
20 fee! from subway ........ PR e 90
Pneumatic dicsel air compresser  ....... %0
Diesel shovel (idling) vevinenvnnnnnns.. 90
Automatic screw machines .. ........... “98 10 105
Wire rope strandmg machine “.......... 102 10 108
Header ...ooiiiiiieeoan,. Teeiea.-- 0310108 -

© Circular saw ..., B 105 w0 116

Pin routers .......... et eeesesconnaas 107 10 116
Quarry Roor (in general) ... 0 ... ..., 108 ,
Drills, shovels & trucks operating ...... og .
Cuan manulactyring pl.mt frresrereteann 130 ’
Weaving room ... ...ee.a.. B 11
Between 1wo compressors .i....icae... 110 - :
Trip hummer .....vvvenan. heesbieaan 110 to t15
Drop hammer {depending on size) ...... 110 10 135
Punch press .. ... .iiinunnnncnnns .. N2
Sandblasting ............ eana erenean 112
Pncumatic chippers .......... Ceeereeeas 1}
Between two dnlls—20 feet apant ...... 117
Impact on pile driver ................. 120
Opcrators station—1 track drill in rock . |20
4 feet from kirge pneumalic rivater ..... 122
Operators station—1 track drill X

breaking through sted ... .. ....... 125
5 feet from pneumatic press ... ...... 130
JRiveung steel tunk ... ... .. Lo C... 132
40 fect from jel engine .. ... . ... .... 138

39 feet from rockel enging or jet
with allerourner o ... ... ......... 150
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CALCULO DL FELDIDAS DE PRESION EN UNA TUBERIA DE VERTI
LACIUL DENTRO .DE UN TUNEL.

e e o e e e E e e e e s M G e o MM ME R L SR D M S S R TE T M en Mh e Gy S ey e R G T er GF TR M A R TR T Am o TR W R e W

REFCOMENDACTONES PRACTICAS. |

a) EL DTAMETRO DE LA TUBERIA DE VENTILACION DEBE SER DE 1/7 DEL DIA

MEVRO DE LA SECCTON TRANSVERSAL DEL TUNEL CONSIDFRANDOLA CIRCU
LAR. '

b) EL £KEA DE LA TUBERIA DE VENTILACION DEBE SER DE 1/50 DEL AREA -
LTL TUNCL. ‘ -

PERDIDAS DE PRESION.

- POR FRICCION

- v0i. CAMRIOS DE SECCION

rCh CUNVAC

- TCU FUCAS

LA 2ERDIDA POR FRICCION ES LA MAS IMPORTANTE, YA QUE LAS OTRAS CAU - .
SAS SE COMNVIERTEN EN FACTORES DE LONGITUD DE TUBO.,

UNIVYERSALMENTE SE USA LA FORMULA DE MONNIER PARA EL CALCULO DE LA -

.PERDIDA DE PRESION DEBIDA A LA FRICCION Y ES LA SIGUIENTE:

LOS EXFONENTES " n " ¥ " m " VARIAN SEGUM EL MATERIAL CC QUE ESTE HE
CHO LA TUBERIA, PARA EL CASO DE LAMINA NEGRA CON UNIONES DE ABRAZADE
RA "n" =2 ; "m" =5,

CL COEFICIENTE "k" PARA TUBERIA DE LAMIFMA ES DE 0.00205 y "n"= 2 Y -

"m" = 5,
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PARA TUBERIA DE TELA AHULADA "k = 0.0021 Y.:*n"= 1.7 ¥ "n'- 5.

SIENDO LO MAS COMUN EL USO DE TUBERIA DE LAMINA, YA QUE CON ELLA -
TUCDE INVERTIRSE EL SENTIDO DEL AIRE SIN COMPLICACIONES, SE PUEDE
SINPLIFICAR LA FORMULA DE MONNIER EN LA FORMA SIGUIENTE:

HACIENDO QUC Q = AV Y [- 70’

SUBSTITUYENDO ESTOS VALORES EN LA FORMULA QUEDARIA:

A
/A
D
AHORA BIEN SI HACEMOS: k = k _ 7~ LA FORMULA SE_PULDE
| L
CXPRTSAR ASI:
hes k%P
D

EL RESULTADO SE OBTIENE EN MILIMETZ9S POR METRO LINEAL DE TUBE-
RIA.
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Undating notes

Since December 1990, many of the programmes have been
corrected, and improved. The latest corrections were made in June
1991. The following are notes on features that have been added or
changed in the programs after the manual was printed.

1. DOS Versions

The GW programs now work under DOS.3, DOS.4 and the new DOS.S5.
In the revised DEFCNF utility that can also be called by SETUP, you
have to tell the program what DOS version you are using. If you
were working with DOS3.X and upgraded your system to DCS.50 do not

forget to run SETUP to tell the GW program that the DOS has been
changed.

2. Set Up and Super VGA Drivers

You can set up the GW program in your computer by typing SETUP
or as mentioned in the manual by typing DEFCNF. Two “high
resolution VGA drivers were added. You can use the 800 x 600
resolution only if your computer is equipped with a VGA card that
is based on Tseng Laboratories chips, and if you have a super VGA
¢3lor monitor. The higher resolution of 1024 x 756 may or may not
~ork even if you have the right super VGA card and monitor. More

details on these two new drivers appear on the screen during the
setup procedure.

3. TIext Editor

A text editor DAVE is included in the GW Software. It was
written by Dr. Robert B.K.. Dewar, a professor of Computer Science

at New York University, who kindly allowed the UN to use the Text
Editor in the GW software.

The DAVE Text Editor is very easy to use. Once you have
correctly installed the GW Software in yocur computer, type DAVE

{file name], and the first screen appears. To learn the Editor .

function, type ALT-H, and the help menu appears.

GW6 (well logs) program is set up to call the DAVE Editor
automatically for preparing a new well log file or to edit an
existing one. To save a file press ALT-Fl. There is, however, one
. deficiency in this Text Editor. It does not allow lines longer

than 80 characters. This may not be enough for all the comments
that one may have in a well log. To overcome it, replace the DAVE
editor by ancther editor which can work within the GWé program such
as Norton editor, QEDIT etc... Modify the file GW6.GEN in the GW
directory and in the data directory accordingly. Another way to
solve this problem is to use DAVE editor as it is and later edit
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the file created by the GW6 program with another text editor/word
processor, and add the additional comments. With DAVE Editor you
can increase the comments line to 150 characters by typlng DAVE/L
[file name]).

4. Sample Files

Sample data files are included with the GW Software. Data
files for GW2, GW3, GW5, GW6 and GW1ll are found in a subdirectory
GWD. It is on diskette No.4 of the 5 1/4" 1.2MB diskettes, on
diskette No.8 of the 5 1/4" 360MB diskettes and on diskette No.6 of
the 3 1/2" 720MB diskettes.

The data files for GW2 ~ hydrochemistry is Vietnam and Nepal;
the data file for GW3 - pumping test is named India, that for GW5 -
hydrographs 1s Sample. You call the data files for GW6 -
hydrographs by *.1th. The data files for GW1l - mapping appear on
the screen automatically.

The data files for the modeling programs GW7, GW8, GW9 and
GW10 are always in separated subdirectories GW7D, GW8D, GW9D and
GWioD.

. 5. Monographic (Hercules) Users

In GW6 on the graphic screen for digitizing the cross section
line with the mouse, the text message on how to use the mouse is
garbled. Instead of the text you will see horizontal dotted lines
in the upper part of the monitor. The garbled text is as follows:

TO DIGITIZE CROSS SECTION:

1. Move cursor to the first point,
2. Press left button,

3. Move cursor to the last point,
4. Press left button.

Esc=Exit

You can digitize the line on the screen. The dots will not
appear in the printed cross section.

6. If your computer uses diskettes of another format than you
received, and you do not have the means to copy the GW software to
your format, please return the diskettes and indicate what format:
you need, and we will send it to you.
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2. Disclaimer

The United Nations Department of Technicat Co-operation for Development assumes no reSponsibih'ry and
shall have no liability, consequential or otherwise, of any kind arising from the use of this program material

The programmers have used their best knowledge and judgment in making the programs. Any suggestions
for program improvement and/or correctivn shal] be gratefully appreciated.

3. List of Programs

The Ground Water Software package (Part One: Data Base and Ulilities) consists of the following programs:

GW2 Ground Water Chemisory
GW3. Pumping Tests
GW4. Well Hydraulics and Well Construction
GW5. Wazer Level Data Base and Hydrographs
GW4, Well Logs and Lithological Cross-sections
GW11. Graphics . B

The major features of each program are briefly described below.

GW1. Permeability Calculations and Conversions

This s a utility program consisting of the following components:

e Conversions

Calculations from grain sizes using empirical formulas (Hazen, USBR, Slichter, Kozeny, Zamarin,
Terzaghi)

Average values in layered media (horizoatal and vertical flow)

Permeameter tests (constant head, falling head, no discharge)

Pumping tests (steady state)

Tables

GW2. Ground Water Chemistry

This is a data base program, with several retrieval (applications) options and a report printing capability. The
following options are available:

Select input for data base '
Inpur data , =
Edit data

Browse

Delete

Stiff diagram (screen display and printout)
Piper diagram (screen display, printout, plot)
Wilcox diagram (screen dispiay, printout, piot)
Reporting

ASCII file for reporting

UN/DTCD. “Vater Resources Branch ) USER'S MANUAL
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~GW3. Pumping Tests

This is a data base program, with data analysis and presentation capabilities (screen graphics, printout). It is
made up of the following componeats:
® Define unjts

¢ Data input and editing, etc.

® Test analysis (Jacob, Theis, Hamtush, recovery, dog wells; screen graphics, printing, plotting)

7

GW4. Well Hydraulics and Well Construction

This is a utility program with the following major components:

¢ Define units ,

e Well functions (standard "Theis" well function, leaky well function, Bessel functions, error function)

¢ Pump tests (step drawdown test with second and nth power well loss, orifice weir, flowing well discharge,
etc.)

e Well construction (recommended well diameter, optimum screen length, etc.)

GWS5. Water Level Data Base and Hydrographs

‘This is a data base program which creates a water level data base, displays results on the screen, print or piots
a hydrograph.. The user controls what is to be edited, input, dispiayed, or printed (depth to water versus

absolute water level elevation, whole hydrograph or only a selected time interval, individual data connected
by a line or left as scattered points, &ic).

The program has the following components: -
Define units :

Data input, editing, deleting, etc.

Data analysis (display, print, plot)

Working time interval

Change depth for aititude and vice versa

Select connecting interval in days, hours, minutes

GW6. Well Logs and Lithological Cross-sections

This is a data base program which is used to create a drilling data base; update and edit it; create, display,
print or plot well construction and lithological log; display, print or plot lithological cross sections in any
direction and length as selected by the user. The user inputs and edits data using his/her favorite word
processor from inside the program. The program has about 30 I?uilt-in lithological symbols, but the user can
create almost any additional symbol. This manual offers guidelines for creating additional symbols.

This program has the following components:
Editdata

Well log

Select files

New file

Delete a file

Cross sections (calculation, dispiay, print, plot)
Edit general data

Produce a table with data summary"

Percentage of permeable versus impermeable layers

TIN/TITCTY Watar Recanireere Hretneh ‘ T
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GW1l. Graphics

This is a utility program which is used by GW6 (Lithology) to create maps with wells, boundaries, river:
roads, etc. It is made of the following componeants:

e Create or edit a coordinate system

e Display, print or piot a graphics content

® Add lines, points, text, and contours 1o the coordinate system
® Create contour lines ' '

In this package, the contouring portion of the program cannot be used.

4. Program Files

- directory (that i5 \GW). Each of the programinoditles is comprised of at least four files:

-------

The following files must be copied from distributio

GW.EXE

GWALEXE

GWBL.EXE

UN.MST

UN.CMN

UN.WND

DEFCNEEXE

DVIRX120.EXE (driver for 9-pin printer),

DVILQI180.EXE (driver for 24-pin printer). .
DVISCR.EXE

DVIHPGLEEXE (driver for Hewlett-Packard compatible plotter)
CGA.DRV, EGA.DRV, VGA DRV, ATTDRV, WYSEDRV, HGC.DRV
GWLEXE, UNL.WND, UNLCMN, UNIMST

GW2LEXE, UN2Z.WND, UN2Z.CMN, UN2ZMST

GW3.EXE, UN3.WND, UN3.CMN, UN3.MST

GW4.EXE, UN4.WND, UN4.CMN, UNAMST

GWS.EXE, UN5,WND, UNS5.CMN, UNS.MST

GW6.EXE, UN6.WND, UN6&.CMN, UN6MST, GW6.DLT, GW6CEEXE, GW6.STM,
DIGXSC.EXE '

GW11LEXE, UN11L.WND, UN11.CMN, UN1LMST :
PLTCSY.EXE, PLTLIN.EXE, PLTPTS.EXE, PLTTXTEXE, PLTCNTEXE

The main program, GW.EXE, which ties all of the others together, requires the files GW.EXE, GWALEXE,
and GWB1.EXE 10 run, plus the files UN.MST, UN.CMN, UN.WND to establish communications with the
user. "MST stands for "menu structure®, "CMN%stands for "communication®, *“WND" stands for "windows".

In order to display graphics on the screen one of the screen graphics drivers (one of the files with a .DRV
extension, such as CGA.DRV) must be present in the \GW directory. The screen driver executable fle,
DVISCR.EXE, program must also be present. If you wish to save space on your hard disk, you can remove
all of the .DRYV files from the GW directory except the one that you need for your computer.

Also, to print any of printouts one of the two printer drivers must be copied to the \GW directory:
DVIRX120.EXE (for 9-pin EPSON-compatible printer), DVILQ180.EXE (for 24-pin EPSON-compatible
printer). To piot graphics on a Hewiett-Packard compatible plotter, the executable file DVIHPGLEEXE is

UN/DTCD, Water Resources Branch USER'S MANUAL
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used: [t plots directly to the plotter or creates an ASCII file. Such an ASCII file can be edited and/or used
later on when a piotter becomes available.

Prior to running the program you must createa configuration file, CONFIG.CFG. You can create this file in

either of two ways: '

(1) Execute the file DEFCNE.EXE by typing DEFCNF, and provide answers to three prompts: (a) Screen
driver, (b) Printer driver, (c) Color monitor [Y/N}. :

(2) Use a text processor or the DOS *COPY CON CONFIG.CFG" command, and create the file CON-
FIG.CFG. The first line of this file contains the name of the screen graphics driver you will use; the
second line contains the name of the printer driver you will use; and the third line contains a Y or N,
depending on whether your computer has a color monitor. The CONFIG.CFG file may look as follows:

EGA.DRV
DVILQI180.EXE
Y

CAUTION: If you attempt to run the program GW without first creating a CONFIG.CFG file in the GW
directory, you will be prompted by the program 10 answer three questions and as a result a CONFIG.CFG

file will be created; but the program will terminate abnormally and the computer will hang. You will have 10
reboot the system. '

All files in the GW software package occupy about 3MB of hard disk space. However, each of the six programs

plus the seventh, graphics, can run independently. For that you need only four program-dependent files
(GWxEXE, UNxMST, UNx.CMN, UNx WND), plus DVISCR.EXE and one of screen drivers, one of printer

drivers, and a piotter driver. Only the GW6 program (Well Logs and Lithology) needs also the files GW6.DLT
and GW6.STM for the program to run correcty.

For more instructions on individual program modules check chapters 1 through 7 of this manual.

’

5. Hardware Requirements

The GW'progmms are written for personal computers running under the PC-DOS or MS-DOS operating
system. This section describes the hardware requirements for running the programs.

Mathematical Co-processor. Although you can run any of the programs without a math co-processor, some of
programs will run very siowly if the system is not equipped with a co-processot. For exampie, the pumping
tests program (GW3) may take about one hour 10 process a pumping test with 99 test poiats (time-drawdown
pairs) using the Hantush leaky method if a co-processoris not used. By comparison, the same test completes
in several minutes with a co-processor. Likewise, the GW6 (Lithology) program involves extensive calcula-
tion in rasterizing drawings for screen display or printout. Writing the textual part of a graphics screen can
also be very slow unless a co-processor is installed

Memory Requirement. Some of programs require all available memory accessed by DOS Version 3 or 4. The
executable files (those with extension of .[EXE, such as GW1.EXE) are distributed in compressed form; the
minimum memory required for running each program is normally equal 10 the actual size of its executable
file. However, the screen driver demands an additional 140 KB of memory, and the printer driver about the
same. Both drivers share the same memory space, and are never engaged at the same time. If you run this
program through the GW shell, an additional 16 KB of memory is used in keeping the track of all modules.

With the exception of the GW1 and GW4 modules, which do not have presently graphics routines, the
programs are very memory-intensive. It is almost mandatory that these programs run from a computer
equipped with 640 KB of RAM (random access memory). :

TN /TS WWarer 77 memrsrrme T rmm . 1o - e aRITTAT
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The following instructions should normally be observed:
(8) Run the program GW in a computer with at least 640 KB memory.

(b) Remove all memory-resident programs.

(c) Modify your CONFIG.SYS file and reduce Buffers and Files to a small number. The maximum number
of open files (by DOS and the program) is 10 (for the GW6 program). Buffers could be 5. Remember
that each file and buffer uses about 500 bytes. The "shortage” of several kilobytes of memory may be
critcal in running the GW6 program. ‘

- "WARNING. Memory problems. may appear-in: GW6: prograii.. If printout:fafls or appears. in-
" complete, you have a2 memory problem! GW6& will not run on a computer equipped with less than
- 640 KB RAM. ;

Hard disk. Although all programs except GW6 can be run from a floppy disk, it is highly recommended that
all programs be instailed on a hard disk. Some of programs write some scratch files to disk, and erase them
later. The capacity of a floppy (except high density 3.5-in 1.4 MB drive, or 5.25-in 1.2 MB drive) may not be
sufficient to hold this additional information. One megabyte free space on bard disk is normally sufficient to
hold scratch and output files. ‘

Mouse. The programs GW2, GW3, GWS5, GW6, and GW11 have graphics routines which may be ethanced
by using the mouse. The programs have been tested with a Microsoft Mouse, a Logitech Mouse, and 2 Genius
Mouse. The mouse is very useful in zooming the Piper trilinear diagram (GW2), and in zooming the
lithotogical log and/or cross section in GWA. Its primary importance is in selecting a lithological cross section
line directly from the map of wells in GW6. However, all program can run without the mouse, 50 its use is
optional, although strongly recommended. ’

Video Display Adapter. The following video adapters are supported by the programs: color graphics adapter
(CGA), color enhanced graphics adapter (EGA), Hercules, a special SGA for AT&T 6300 or Olivetti
computers, VGA, the high-resolution WYSE adapter. To run the programs with 2 Hercules graphics adapter
you must have the command "HGC full” in your AUTQEXEC.BAT file, or you should execute that command
prior to running the GW software. Note: the WYSE driver is not compietely correct in the mixed alpha.
aumeric and graphics mode. Also, the CGA display card on a color monitor will produce black and white
graphs. This is explained by the fact that to have the resolution of 620x200 CGA mode 1 is used which is
two-color mode, that is black and white. :

The programs will run without video display adapters, but you will not be able to see any graphics display on

the screen. Nevertheless, you will be able to process most of the information and print it (pumping tests,

hydrographs, etc.). Each program first looks for a file CONFIG.CFG in the \GW directory. This is the file
. which contains the information on the type of video adapter you have selected to work with.

Printer. Programs GW2, GW3, GWS, GW6, GW11 can direct their output to a printer. 9-pin and 24-pin
EPSON-compatible printers are supported. With some other printers it was noted that there was double line
spacing due to the printer and program both issuing a carriage return and line feed. If you have a printer
which is not EPSON-compatible, try to climinate printer-gencrated line feed if possible by setting a switch
on your printer. _ -

Plotter. Each graph can be either displayed, prinied or plotted. Only the Hewlett-Packard plotters using the
HPGL (Hewlett-Packard Graphical Language) or cmulating it, are supported. The output is directed to
COM1 serial port, which should be configured with DOS command MODE as follows:

MODE COM1:9600,N,8,1

If you sometime experience dropouts in data, you might reduce the baud rate (instead of 9600 try 2400) and
try sending the data again. You may also try the mode command as
MODE COM1:9600,N,7,1
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6. Software Requirements

DOS 211 or-higher is required. In your CON'FIG.SYS file there must be a line "DEVICE=ANSLSYS". The
device (file) affects cursor movement, erases specific areas of the screen and sets the graphics mode.

If there is a CONFIG.SYS file on your disk or diskette, which is read during booting the system, you must

modify it by adding the above line "DEVICE=ANSLSYS", provided your ANSLSYS file is in root directory.

If it is in a subdirectory, for example the DOS subdirectory, modify the line by establishing the path, such as:
DEVICE=\DOS\ANSLSYS

If CONFI1G.SYS does not exist on your disk, create a new one. The modification and/or creation can be done-
using the COPY CON routine in the following way (COPY CON is a standard DOS routine which is used to
create small files by typing lines directly from the keyboard):

a) First check whether you have the file CONFIG.SYS on your DOS disk directory by typing DIR. If

CONFIG.SYS does exist, view its contents by typing TYPE CONFIG.SYS (and RETURN). Write down
the contents of the CONFIG.SYS file or memorize its conteats. Use the DOS routine COPY CON o
rewrite the CONFIG.SYS fle by typing: :

COPY CON CONFIGSYS (RETURN)

Retype all existing lines in your CONFIG.SYS file and add the following: .
DEVICE=ANSLSYS ‘

1
i

followed by RETURN. You will terminate this file by typing either Ctrl Z {(which means Endl-o_f-Filc) or by
pressing F6 (which means the same), followed by RETURN. L ‘

b) If the CONFIG.SYS file does not exist, create oae by typing:
- COPY CON CONFIGSYS (RETURN) .

and enter only one line of text: DEVICE=ANSLSYS, foliowed by RETURN, F6 and RETURN. At the end, o
your CONFIG.SYS file will most probably look like this: :
FILES=10 |

—-

DEVICE=MOUSESYS

or simply DEVICE=ANSISYS
‘You can view the contents of the file by typing TYPE CONFIG.SYS.

As mentioned earlier, the GW software needs the *configuration” file, CONFIG.CFG, to identify the video
adapter, type of printer, and whether you are using a color or monochrome monitor.

Add the subdirectory \GW to the DOS PATH command in your AUTOEXEC.BAT fle. This line may read as
follows: ‘
PATH =C:\;C:\DOS;CAUTIL;C:\GW;C:\NORTON

7. Units ' -

Most of the programs offer you a choice of units for distance, lime, pumping rates, and transmissivity. When
you seiect a unit, you are expected 10 use the same unit throughout the program, unless directly instructed
by the program to differently. Each of categories of units bas a provision for user-defined units. This makes
the program more flexible. However, you will be prompted for two additional parameters, should you decide
to use your own uaits: (1) unit notation, (2) scaling factor, which is the conversion from your unit to the
program’s built-in default units, which are metric. .
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The pfogram has several built-in units for each category. For example, the distance can be input as meters
and/or. feet. Any other choice requires a conversion. If you select inches as the basic input unit, you must
provide the scaling factor of 0.0254, which is the number of meters per inch. The conversions from some
other popular units are given here below.

Transmissivity: 1feer?/day - = 0931098 m?/day
1 m?sec = 85400 m?/day
Pumping rate: 1lsec = 86.4 m3/day
1 m3mr = 24 m*/day
1 BB/sec = 2446.78 m*/day
1 cm3/sec = 0.0864 m*/day

The program built-in units are the following:

_distance: m, feet

time: day, hr, min
pumping capacity: m-~/day, gpm
transmissivity: m?/day, gpd/ft

8. General Hints

()
)

©

@

(e

o

First of all back up programs. This is to say that before you install the programs, make back-up copies
of all the programs on the distribution diskettes.

Back up data files. It is highly recommended that you keep a back-up copy of your data files. Data bases
for programs such as GW2, GW3, GW5, and GW6 espediaily need to be backed up.

All programs have a full-screen user interface. Normally, the bottom twao lines are reserved for messages
and instructions to you. All programs are designed to be user-friendly; that is there is enough instruction
on the screen to guide you without too much need for a manual. Likewise, most of the programs are
transparent to you, that is, you are informed what the-program is doing at any given moment. In all but
the GW1 program, there is a list of options on the right side of the screen. Each option is activated by
pressing asingle key. The program branches 10 a subroutine depeading on the key you press.

Restore control with ALT -F10 key sequence. If, while you are renning any of the programs, the screen
appears corrupted, or some messages are printed at the very bottom of the screen below the message
line, simultaneously press the ALT and F10 keys. In most cases the screen will return to the correct form.
This works only when the program is waiting for your input. If the program is runnirg and computation
is in progress, you wil] have to wait until it stops.

Use the ESC key to back up. The ESC key is normally used to back one step, or to clear the current
window and return to the previous window. The CTRL-F3 key sequence normally deletes ali characters
after the cursor (to the end of fieid). The Page Up and Page Down keys are used in the normal way, the
same as Home and End. In some programs Ctrl Home maves the cursor to the first line in the data file,
and Ctri End moves the cursor 1o the bottom line.

You may delete any files in your subdirectories which have the form FORTX, where x is any number.
You may view the contents of these files, since theyare ASCII files, but the contents will be meaningless
to you. (These files are generated by a routine which programmers used to follow the performance of
programs, but which has not yet been removed from the code.) The same applies to files GRAF.AGR,
which is a graphics scratch file, and some other scratch files.

If, after starting a program, you se¢ some characters at the screen botiom, such as (2J or any combination
of letters and numbers with [, you must have forgotten to add the line DEVICE=ANSLSYS into your
CONFIG.SYS file. Or, the file ANSLSYS was not properly located. If it resides in the DOS subdirectory,
the command should be DEVICE=\DOS\ANSLSYS.
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--{h) Al ASCII (or DOS) files can be vicwed with the routine SHOW, the use of which was made possible by
. kind permission of Summit Information System Inc.

(i) It is advisable to have a memory mapping utility (file) installed on your computer to tell you how much
memory is available for user programs. This is especially important when running the GW6 program,
which requires almost 590 KB of memory when used with a screen and/or a printer driver. One such
utility is MAPMEM (*map memory”) by TurboPower Software.

() You must create the directory GW directly from the root directory. If this is done on the hard disk
partition which is in the same time the boot drive, there is already COMMAND.COM file in the root
directory. However, if you decide to install the software in D:\GW directory, and D drive is not the boot
drive, you must copy COMMAND.COM into the root directory of the D drive.

(k) Itis recommended that you keep your data files and/or examples separate from the \GW directory. For
example, if you are working with a lithological data base for a district catled "DISTRICT", you are advised
to create a subdirectory DISTRICT, create your data files in or copy them into that directory. Before

running the GW6 program, log in to the directory DISTRICT (you must also have the GW6.GEN file
in that directory; see Chapter 6), and type GW or GW6,

(1) Check for Non-ASCII characters in data files. The final hint is probably the most important In some
programs you may use your favorite text editor 10 create ASCII files, which are than input into the
program. For exampie, this is an option i GW3 (pumping tests), GW5 (hydrographs), and GW6
(lithology). However, some text editors, such as WordStar, do not automatically produce an ASCII file,
whether you use a Nondocumeat or Document option. You may notice some strange characters (above
ASCII code 128), which you must remove by editing the file or by converting the file to an ASCII file. To
check whether such characters are present, use the utility SHOW supplied with this package. The
command is *“SHOW filename". In the case of WordStar, you must print the file, selecting for the printer
ASCIL and renaming the WordStarcreated ASCILWS file 1o something that is meaningful to you. For
further explanation see Chapter 6, Section 6.5.1. g N

.

Report Problems to Authors

L
The programmers attempted to provide you with the full control over program termination. Ideally the
program should always warn or inform you that something went wrong. Much less ideal is whea the computer
hangs and you have !0 reset it. This may happen in some instances which the programmers were not aware

of. Any such case should be brought to our anention either directly, or via UN/DTCD, Water Resources Branch,
New York

The most problems were experienced in the pumping test program, GW3. The Hantush, and sometimes the
Theis method will cause the program to abart. This will happen in rare occasions when there is either
underflow or overflow (100 large or 100 small exponeat, negative logarithm, etc.). You are advised to check
pumping test raw datz and eliminate suspicious data, such as fuctuations of level, or zero decline of leve
near the end of test. Chances are that even such a test will provide useful results using the Theis and/o:
Hantush method.

9. Graphics Routines

The following graphics routines are available in this version of the Ground Water Software package:

GW2, Chemistry Piper and Wilcox diagrams

GW3. Pumping Tests Screen display of raw data; data fitting with Jacob, Theis, Hantush, recovery
methods, Rushton & Singh dug well matching method

GWS. Hydrographs Water level graphs

GWS6, Lithology Well log, map of wells, lithofo gical cross sections

GW11.Graphics Coordinate system, superimposed boundaries, rivers, roads and other lines; points
such as wells; text; contours (not used in this package).
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Each of the graphics screens allows the zooming a detail using a mouse. Zooming can be repeated severa’
times:

10. Summary

To use this Ground Water Software package to ifs greatest potential you need an MS-DOS compatible
computer with 640 KBytes of memory, a fixed disk with at least 10 megabytes of storage capacity, a
high-resolution monitor (monochrome or color), a video display adapier card, and a mouse,

The following table shows the memory requirements for individual program modales. In order to conserve
disk space, each EXE file is distributed in a compressed form. However the minimum memory requirement
is controlled by its normal or uncompressed size.

Amﬁf:pg. | Co-processar Disk Video

GW1 235 152 Not required - Floppyfard Not required

GW2 292 208 Recommended Floppy/hard Reconimended
. GW3 427 314 Recommeaded Hard rec’d Highly rec’'d

GW4 298 2 Not required Floppy/ard Not required

GWS 400 281 Highly rec’d Hard rec'd "'l Highly rec’d

GW6 447 27 Highly rec'd Hard mand. Highly rec'd

GWI1 230 156 Highiv rec’'d Hard rec'd Highlyrec'd

Abbreviations: "Compres® ~ compressed, “rec’d” - recommended
*req’'d® — required, "mand.” - mandatory

11. Future Improvements

The improvements will be in two directions: (a) hardware/software, (b) program universality and additional
routines., .

In the first group come various additional screen drivers (notably super VGA); printer drivers (notably a laser
driver); plus various fonts t0 make printout more attractive and usable. More plotter drivers could be
included.

The chemical program, GW2, may have more retrieval routines, such as bar diagrams plotted directly onto
the map; the data base may include coordinates, land surface elevations, and some other well construction
parameters, which will make contouring of random data possible; and a contouring routine (gridding from
random data) may be added. .

The pumping test may include corrections for partial penetration, imprbved handling of Hantush and/or
Theis method in the case of unexpected input.Programs could aiso detect the presence of a recharge or
impermeable boundary during pumping test, etc. Especially in pumping test program, GW3, improvements
are needed. :

The well hydrautics and construction program, GW4, may add the design of gravel pack on the basis of aquifer

grain-size analysis. Cost of pumping and energy requircments could make the program more versatile. The
step-drawdown test should be visible on the screen. .

The hydrographs program, GWS, needs a better control over printout, such as title of drawing in different
fonts and sizes, format larger than A4, e1c.
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~Well logs could be made user-defined as far as their content is concerned. Likewise, lithological symbols could
be edited on the screen.

Plotter output, which was added at me !ast moment, is not yet fully tested. You are advised to read adchuona]
comments on the plotter use. These will be found at the end of this Introduction.

12. Running the GW Program

To start this software, you should log to 2 directory in which you keep your data files (GW2, GW3, GWS,-
GW6). For GW1 and GW4, which are the utility programs, it is not important in which directory you may be.
You may log to the \GW directory as well.

Type GW. After few seconds the screen asshown in Fig. A will be displayed. 'ﬂns is the program'’s Main Logo,
with the software package title, United Nations, and authors.

: LMITED NAT IONS
DEPARTMENT OF TECHMICAL CO-OPERATION FOR DEVELOPMENT
DIVISION OF NATURAL RESOURCES AND EH}:RGY
WATER RESOURCES BRANCH

GROUND WATER
SOFTUWUARE
PART ONE

DATA BASE and UTILITIES

Version 1.8 - December 1989

Written by: J.Karanjaz, Ph.D. (Geclogy & Civil Engineering)
D.Braticevic, Ph.D. (Mathematics & Computer Sciences)

Any key to continue,

Press any key to see the second screen, Fig. B, which is the copyright notice and instructions on whom 10
contact if you have problems or need assistance with the software.

Press any key. The program comes to the Main Program Selection Menu, Fig. C. From here the program
branches to one of 6 working modules or the graphics uulity.
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COPYRIGE MOTICE

Those ground uater prograss uore yrepearsd by the later Remources Branch, |
Division of Matural Resources and Iowryy, Devartaswt of Techmical Co~opsra=— &
tion for Deveiopment, Unitad Matioms, New York. The Programe were deveiopsd |
wnder the UMDP’'s and Covernsewt of Dersmda project “Advanced Mathesatical 1
Nodsiling and Software Developesent™ (BIR/D6-081). ani uare tested and
iwproved during their intamsive use i{s a aisilar project in Mepal ‘Thailow
Apuifer [rvwestigations in tha Terel” UEP/GH/H2S).

Tha prograss are the proparty of the Usited Netione, but csers are
oncouragyed to frosiy use and distridbats thes, with proper crodit givem to [ ]
the Unitad Mations and the authors.

Tha Unitad Mations Departmenwt of Tackmical Co-operation for Developmesnt |
assumes no responsibility and shail have no liability, consaquential or
aotherwiss, of any kind arising from th uss of thirz ;rogras saterial.

NOTES. (1) All correspondsncs relatad to techwnical Frogras sattere should bel
addyesned to J.Xaranjac,J.Cagarina 1BS.11879 Belgrade.Yuguslavia.l

(2) Correspondance relatad to pogras dizketias and User’s Manual
dixtribution should be sdivessed to Uri Golani, Tpecial Techanicall
fdvisze, UN, DICD, Ova UM Plaza, room 764, Mew Yark, MY 18917. -

Pross any ey to cowmtinua. ISC to equit.

UN/DICD — CROUND WATIR SOFTMARE Upreios 1.88
PROGRAN SELECT ION Dacanbar 1989

1. Hypdraxlic Conductivity FUNCT IONS :
2. Grourd Hater Camistry
3. Puwping Tests XaBxit to DOS

4, Uall Hydraulics & Construction
5. Wydrogrephs

6. Lithology

1i. Graphics

Use cursor lmys amd (Enter] to ssiect yrogrea mcdule.

2
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13. Additional Comments

The plotier output is not yet fully tested. Almost every graphics screen can be either dircczly plotted to the
COM1 (serial) port, or an ASCII piot file can be created for later editing. The following shouid be observed:

. Use A3 (ISO) or B (ANSI) format of paper. (Some programs may be plotted to Ad or A format) but you
must edit the ASCILpit file by adding the HPGL command RQ90 after the iritial two HPGL commands,
IN;DF;.) ‘

Maodify, if you wish, the pen selection numbers. When viewing the ASCILpit file you will notice the HPGL
command SP 1, SP 2, or like, Thisis interpreted by the plotier as Select Pen.

. Well logs can be plotted only in the default size, that {s the A4 format (21 cm horizontal by 29 cm vertical;
or 85 by 11 inch).

. Only graphical characters will be plotted. Thus, some lettering that may appear on the screex, will not be
plotted if the characters are from the ASCII alphanumeric set.

. Youwill have to press the key R every time the plotter changes the pen. There will be a message dispiayed:

Write fauit error writing device COM1 .
Abort, Retry, Ignore, Faii?

Answer with R and wait until another halt. This will be fixed in the segond’l:eleas&

For your reference, the HPGL standard commands most often used in this program package are:
IN .. a command 10 initialize plotter

DF .. a command to return the plotter t0 a predefined (default) state : ’
PA .. sets absolute plotting

PU .. raises the pen

PD .. lowers the pen

RO90 .. rotates the coordinate system 90 degress. — -
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1.1. General

This is primarily a utility program for calculating permeability values (hydraulic conductivity) from grain-size
analysis (grain-size distribution curves) and for coaverting permeability values from one system of units to

another, etc. )

Since there are no graphics routines in this program, 2 video adapter is not required. A mathematical
CO-Processor is not required. To run this program, you must have copied the following files to the \GW
directory: GW1L.EXE, UN1.CMN, UNIMST, UNLWND. You may log to any subdirectory, provided you
have a path to the GW directory in your AUTOEXECBAT file (see the Introduction). Alternatively, you
may run this program by typing GW1 and RETURN. The total disk space occupied by the four required files
is 247,884 bytes. The memory requirement for the GW1.EXE program is 235 KB; the program comes in a

compressed version occupying 155,476 bytes.

1.2. Program Overview

Conversions

Calcuiation from grain sizes
Average values in layered media
Permcamecter tests

Permeability from pumping tests
Tables

- The GW1 program consists of 6 parts (see Fig. 1.1):
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UNWDICD — CROUND WATER SOFT!
1. PISOWMARILITY CALCULATIONS AND COMUTRSIONT

Corveaia lons

Calomniations Prem greinm aizms
fvarags valuee in layeeed sadia
Paresesytier tasrta .
Panping tawts

Tabios

KETURM TO DOS . -

Eoleot am jtam with LP amd DOMN carscr, and prews ENTER. ISC roturns owa stap.

UN/DTCD, Water Resources Branch
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1.3. Conversions

The first part converts permeability values (hydranlic conductivity) from one system of units 10 anothe,
system. The options are: US gpd/ft2, Imp gpd/ft2, mAlzy, cmA. Press ESC 1o terminate this part of the program.
Place the cursor on the top line (Coaversions) and press RETURN (ENTER). The window titled FROM
appears offering the choice of units to convert from Select a unit using cursor up and down keys. Press
RETURN. The right part of the window titled TO, as shown in Fig.1.2, is displayed offering you the choice
of units 10 convert to. Select a unit and press RETURN. The cursor shall come to Input data. Type a value
and you will see the converted result. In this example, 1000 US gpd/ft? is equal to 40.74140 m/day.

U TYCD — GRS WATER BOFTHRKE Ve ion 1.08
1. PEOMDABILIIT CALCULATIONE AKD CORUEREIORE S 1909
Cawwarw | o

Colmiatioms frem srain slum
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rEn
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ardang anay
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1.4. Calculation From Grain Size

The second part calculates the permeability coefficieat (hydraulic conductivity) using one of six available

empiric formuias:
HAZEN ZAMARIN
CREAGER, JUSTIN, HINDS (U.S.B.R. formula) KOZENY
SLICHTER TERZAGHI

Each calculation requires some or all of the following input parameters: (a) effective grain diameter (d1g or
d20), or the total grain-size distribution; (b) temperature of water in aquifer formation (due to viscosity
dependence on temperature); (c) empirical coefficient which distinguishes between smooth and clean sand
on one side and angular and clayey sand on the other side; (d) totai porosity of sand. When in doubt as to
what to accept for formation water temperature, type 10. (The corrections are probably not important; the
empirical formulas produce only a correct order of magnitude considering the way in which formation samples
are usually collected.) '

You run this portion of the program by moving the cursor one line down to Calcnlations from grain size and
pressing RETURN. You will be given § options. Select one with cursor keys (up/down) and press RETURN.

The HAZEN formula applies 1o sands and gravels with effective grain diameter between 0.1 and 3.0 mm and
uniformity coefficient dea/dio less than 5. To select the empirical coefficient which takes care of grain
uniformity, sorting, and cleanness, have in mind that typicai values are as follows:

0.4 — 0.8 for clayey and nonuniform sand
0.8 - 1.2 for clean and uniform sand

The more uniform sand, the higher the coefficient. An example is shown in Fig. 13.
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1. FERMTARILITY CALQUIATIONS ArE mlm

Cowmre ions
Caiculations from greain six Hazgn'e fowrssia
Avsrega valuss i laywred
Feresasaisr tewts INPUT DATA

Punping tewts e = 8.5
Tahios Mutar temperatzye = =5
Iapiric. oaff. = 2.0

QUTMIT DATA

Creager.| Kk w 8.3287 (cmr/wmc]
8lichtarg 204.8 (avrdayl

6978.8 (US gal)rdayrit}

RETURM TO DOS DPIRIC FO

The U.S.B.R. formula (due to Creagcr, Jusrin ~nd Hinds) requires the d2o as the effective grain dmmctcr (in
mm), without any corrections (temperatu. :, empiricc. defficient).

The Slichter formula applies to sands and gravels with effective grain diameter berween 0.1 and 3.0 mm and
umformuy coefficient deo/d1g less than 5. The formula requires the knowiedge of total sand poresity, and
there is aiso 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 dio in mm (screen diameter of 10% of the total
sample retained on the screen).

The Zamarin formula requires the input of the whole grain-size curve in the following ranges:-

less than 0.01 mm (288.60) 0.50-L00mm (1.38)
0.01-005 mm ( 4025) 100-200mm (0.69)
0.05-0.10mm ( 13.80) 200-300mm (0.27)
0.10-0.15mm ( 805) 3.00-5.00mm (0.25)
0.15-025mm ( 607) 5.00-7.00mm (0.17)
025-050mm ( 276) 7.00-100mm (0.11)

Each fraction of sample analysis (fyped as, e.g., 0.12 if 12% of the whole sample falls within the interval) is
multiplied by a corresponding weighting factor which assigns a greater importance to finer than to coarser
fractions. These factors are shown in the above table in brackets. The effective diameter is obtained as one
over the sum of the products of weighting factors and fractions of each interval. The temperature correction
is also introduced in the same way as in the Slichter formula.

The Kozeny formula requires the following input: total porosity as a fracuon of one, effective diameter (dw)
in mm, and the formation water temperature.

The Terzaghi formula, which applies mostly to coarse- grained sand and gravel, needs the input values of dio,
porosity as a fraction of one, and temperature. There is also a cotrection coefficient which takes into account
. two categories of sand grains: smooth and angular.

-

1.5. Average Values In Layered Media

This section of the program calculates an average permeability coefficient for horizontally stratified terrain.
'I'hc flow may be either parallel or perpendicular to the layers of different permeabilities.
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(1) Flow parallel to layers

layer 1 K1, Hi Ki and H. are hydraulic conductivities
] > and thicknesses of individual layers, re-

layer 2 Ko, Ha spectively

layer 3 K3, H; -~

From the continuity-of-flow consideration, the specific flow through each layer is equal to:
q=KiHii @=KHi qq=KHsi

where i is the gradient of flow. The total flow through all layers is equal to
' q=q1+qQ+q3+..+q or q=KiH +KHz +KaH3 + . KoH,)

The same total flow can be expressed in terms of an average hydraclic conductiviry, Kay, as
q= KavHi

where H is the sum of all individual thicknesses (Hi+H2+H3+—+Ha). Equating the two expressions the
following is obtained:

Kev = (KiHy +K2Hz+IQH3+...+Kan)/(Hl+Hz+I-h+._+H.)
The GW1 program prompts for (2) the number oflayers, (b) hydraulic conductivity of each layer, (c) thickness

of each individual layer.

(2) Flow perpendicular to layers )
layer 1 K1, Ha .
layer 2 Kz, H2
layer 3 K3, H3

In a similar way one obtains the following expression for ihe average hydraulic conductivity when the ﬂow is
perpendicular to the stratification:

Kav = (H1+H2+Ha+...+Hp)/(H1K1 +H7JK2 + H3K3 +..+ Ho/Ka)

The input is prompted for from the screen in the same wayas in the flow parallel to stratification. An example
is shown in Fig. 1.4,
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UNDTCD — CAOLIND WATER SOFTWARK Verwion 1.88

1. PERREABRILITY CALCULATIONT AMD COMUERSIONS Ducmuher 1989

INFUT DATA
Commearn | oms Layee Ihicknsas Paresahility
hlnutn-l- tnr ﬂ"ﬂll =i L

a layored
Aoarage vaiumy " .. iZ.S
Puaping tasts 2 3.1 .5
Tablew 3 6.5 6.5
4 2.2 1.2

RETURN TO DOS ~

MERAGE COXFPICIENT OF PERFEABILITY IN
VEXT ICAL FLOM = 2.

Ewtasr dats, or pross ISC to sxit.

Fig. 14
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1.6. Permeameter Tests

Permeameters are used for laboratory determinations of permeability from small samples of permeable
materials. Several types have been developed, such as constant-head, falling-head, and nondischarzng
permeameters. The first submegu that appears when you select "Permeameter tests® from the main menu
prompts for the system of units; the options are American units (US gallon, foot, second) and metric units
(cm?cm?sec). The next window prompis for the type of permeameter. Three types can be handled by the
program: (a) constant head, (b) falling head, (c) nondischarging permeameter.

The constant-head permeamerer is used 10 measure permeabilities of consolidated or unconsolidated forma-.
tions under low heads. The parameters needed for calculation are the following: V is the flow volume in time
t, L is the length of sample, A is the horizontal area of sample, :: is the water leve! difference betwezn two
cylinders. You are prompted to input all these vajues in units you have selected two windows beiore.

In the falling-head permeameter, water is added to the tall column, flows upward through the medium cylinder
and is collected as overflow. Both consolidated and unconsolidated samples can be tested in this manner. The
permeability coefficient is calculated from the following parameters: d., the sample cylinder diameter; dy, the
water tube diameter; L, the vertical length of sample; t, the time in which water level drops in the tall water
tube from initial he to end vaiue h. One exampie is shown below and in Fig. 1.5,

Sample cylincer diameter = 4.8 [cm]

Water tube diameter = 13 [cm]

Vertical length of sample = 7.9 {cm]

Initial water head = 11.3 [cm]

Water head at ead of test = 7.3 [cm]
Test duration = 12.7 [cm] .

PERMEABILITY = 0.01954 [cmysec]
= 172 [m/day]

The third type of permeameter, the nondischarging permeameter, is used for measuring permeability of
unconsolidated formations under very low head-The parameters to define the permeability coefficient are
the following: A, the area of supply and discharge reservoirs; L, the total leagth of the "U" tube; a, the area
of the sample in the *U” tube; ¢, the time at which the difference of levels between supply and discharging
reservoirs becomes equal to h, staning from some initial head difference ho at 1=0.
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1.7. Permeability from Pumping Tests

In this section the permeability coefficient is calculated from pumping tests in steady radial flow to a well,
under both confined and water table conditions. The first window that appears when you select “Pumping
tests® is selected from the main menu, prompts you to select pumping rate units. Five options are built into
the program: (a) gpm, (b) gpd, (c) Usec, (d) m?/day, (¢) m*/hr. The second window prompts you 1o select the
type of aquifer, confined or unconfined (water table).

If you select “confined aquifer”, you are expected to supply the following data:

(a) pumping rate, (b) aquifer thickness, (¢) distance to first observation well, (d) distance to second )
observation well, () head in first observation well, {f) head in second observation well If only one observation
well is used during the pumping test, the distance to the first observation well becomes the pumped well
diameter, ‘

The coefficient of permeability K is calculated from the “equilibrium® or Thiem formula.

In the case of "unconfined” or water-table aquifer, the information supplied is the same except there is no
prompt for aquifer thickness, which does not appear in the equation for pumping rate or permeability. An
example is shown in Fig. 1.6. '

/DICD ~— QROUMD UATIR SOFTUARE
1. FIREALILITY CALCLAATIONS AND CONVEREIONE

Stoady redlal flow ta & wmll
Cowrars ione in a water table suifer
Caloulations
arage walus IKUT DATA

Feresssster t Mwping rats = 35 f1itremm)
Fumping tawts|
Tabion

RETURM TO DOEy

Entar data, o yeems BSC to mmit.

1.8. Tables

Several tables are inctuded in the GW1 program for your reference. The selection window for the tables looks
as follows:

SELECT TABLE

Average values of permeability

Average values of k and X , -
Representative values of k and K

Units for lengsh, area and flow rate

Conversion factors
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2.1. General

This is a utility program that allows you to create, manage, and display or print reports for a ground water
quality data base. - '

The program requires about 300,000 bytes of memory. A video display adapter is required (see Introduction)
for viewing the Piper and Wilcox diagrams. The Stiff diagram printing program uses only ASCII characters
and can be used with any dot matrix or daisy-wheel printer. The Piper and Wilcox graphics programs require
a dot matrix printer with graphics capabilities. Plotter is optional for piotting Piper and Wilcox diagrams. A

mathematical co-processor is not absolutely necessary, but it speeds up the writing of textual part an graphics
screens. A mouse is not required, bat is useful for zooming in on detaiis in the Piper diagram.

In order to run the GW2 program you must copy the following files to the \GW directory: GW2.EXE,
UN2CMN, UN2MST, UN2ZWND. The cxecutable program, GW2.EXE, comes in-a compressed form,
occupying about 213,000 bytes. As an option you may copy TABLE.FXE plussix TABL Ex files (xis 1,2,3,4,5,6)
to any subdirectory in which you wish to keep your chemical data base. (TABLE.EXE is independent from
the GW2 program.) - _

You can start the GW2 program either by typing GW2 at the DOS prompt, or by selecting GW2 from the
main menu of the GW program.

The :‘olléwing keys have special functions:
The F2 function key erases the data field completely
The F3 function key erases the data field from current cursor position to the end of the field
The ALT-F10 key, pressed simuitaneously , "fix" the screen if it appears corrupt |

PgDn ("Page down”) and PgUp ("Page up*), display on the screen one page down or up, respectively,
provided the data base has more than 14 sampies

The HOME key positions the cursor to the top of the screen

At

-

The END key positions the cursor to the bottom of the current screen
The CTRL+HOME key sequence brings up sample number one
The CTRL+END key sequence brings up the last sample in the data base

-

2.2. Creating Ground Water Quality Data Base

Thc creation of a ground water quality data base is the most important portion of this program. The program

starts with an Opening Screen (Fig. 2.1) prompting you to type the name of a Chemistry Data File. Here, you
are given two alternatives, ‘ :
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UN/DICD — CROUMD WATIR SOFTHARK
2, GROUMD WATER CHIMISTRY

Chomical -Data Base Cowtawt
Mo SAMPLE IDENTIFICATION

Chamistry Data Pils @ “guiguZ'\wistnam
Praject : UNDP PROJECT ~ RED RIVER A4 MEXOMNG
Organization : GENERAL DEPARTMENT OF GEOLOGCY

Preas RETURN tz move down. ESC to quitt

Fig. 2.1

AN S A AR AL S A M

R A R AP L DR R A0

(1) Ifthisis the first time a Chemistry Data File isbeing created, ie. if such a file had not been created before
and does not exist on the disk, there will be a message dispiayed at the bottom of the screen, after the
name of the file is typed:

This file does not exist.
Press C to create new file or Esc to exit. ' }

(2) I the file exists on the disk, the program dmplays two lines identifying the F.lc ( Project and Organiza-
tion), and the cursor moves to the second line (Project:). You may modify the title of the project and
then press RETURN. The cursor then moves to the third line (Organization:) which can also be edited.
When you press RETURN, the screen displays another window with the total number of samples in the
dara base shown at the 10p of the screen (Number of sampies =), and lists the first 14 samples (scqucnnal
number and identification), as shown in Fig. 2.2,

UN/DICD — GROUND UWATER SOFIWARE Verzion 1.88

2. GROUND WATER CHEMISTRY Decenber 1989
Chemical Data Baze Content Number of samplez = 1B || FUNCTIONS :
No SAMPLE IDENTIFICATION : S=Calect Input

1 28 PHUC YE _ I=input Data
2 21 PHUC YE : ) E=Edit Data
3 22 PHUC YE . B=Browse Data
4 23 PHUC YE D=Delete
§ 24 PHUC YE _ T=Stiff diagr.
6 25 PHUC YE P=Piper diagr.
7 44 HANOI W=Milcox diag.
8 45 HANOI R=Reparting
9 46 HANOI ' A=ASCII file
18 47 HANOI _

11 48 HANOI X=Exit

12 49 HANOI )

13 58 HANOI -

14 S1 HANOI :

Use cirsor keys to select a zampla,

then press 8. loEJB.DlI.Po“nR or A to select the functilm

A denesems e na s oA A s Ao e wosta it P R S S s W s SR 6
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2.3. Procedure to Create a New Data File (Data Base)

After you enter the name of the new file and prm'the Ckey to create the file, you are prompted to fill in
the "Project® and "Organization® Selds.

The screen then displays the choice of constituents (parameters) that may be entered into the ground water
chemistry data base (Fig. 2.3). The table is divided into three columns. The first column, cations, contains Ca, -+
Mg, Na, K, Fe, and Mn. The second column, anions, contains HCO3, CO3,804, C1, NO3, PO, F, and B. The -«
third cotumn, others, contains SiO2, TDS, Hardness, Alkalinity, Conductivity, pH. A total of 20 parameters -
can be entered into the data base. : >

.o

Since not all of these constituents and/or parameters are analyzed and/or collected in all projects, the program
enables you to select the parameters you wish 10 enter into the datz . ile. You may select parameters by moving
the cursor and pressing Y whenever you wish to add a parameter 10 the data base list. Pressing any other key
will skip the current line. The data base will contain internally all 20 Selds, regardless of the selection you
make. This means that the data base can be updated with new samples by changing the contents, i.e. by adding
new parameters to the data base. This selection is programmed 10 make input of data easier, that is, to allow
you 1o input only the data which have some positive value.

After you select the data parameters you are given two options: (1) you can reselect the parameters by typing
*S". {2) you can begin to input data input by typing “T". The first option returns you to the beginning of the
parameter selection procedure described abave. The second option allows you to eater your actual data from
field notes or laboratory forms into the computerized data base. After you type "I", the screen displays the
following (Fig. 2.4): Sample No appears in the upper right comer, the Identification fieid in the second line,

UWNDICD — (NP WATER SOFTWARK
2. CROUND WATER CHEMISTRY

Chan 4
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14 Laxarinink |mpetsedit .
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followéd by the list of parameters that you have selected. The program enters the Sample number for you,
starting with the number 1 for a new data base. The cursor moves 10 the second line - Identification, and the
following message appears at the bortom of the screen: “Enter sample identification”. The sample identifica-
tion can be up to 46 characters long. It is used by the program only to identify a sample. You may type the
number, laboratory sample number, locality, name, depth of a well, date of sampling, etc. Any combination '
of ASCII characters is permirted. After the jdemification is entered, the cursor moves to the first of the
selected parameters (normally it will be Ca). Type the values, one by one, using the back arrow key to erase
errors. After the last parameter is input (normally pH value), the screen dispiays Sample N° 2, and the cursor
moves to the new identification field. (Any error can be corrected later in EDIT mode.)

Once you have entered the injtia] data for your data base, the remaining procedures are identical to those for
already created data bases; these are described below.

. 2.4, Available Prbgram Functions

As mentioned above, if the dara file had been created before and exists on the disk (directory), the Project
and Organization which are associated with the file will be shown automatically. After you press the
RETURN twice, the total number of samples contained in the data file will be shown in the right corner of
the first line, and the identification of the first 14 samples is displayed sequentiaily.

The right portion of the screen displays the list of available functions. The following functions can be selected

(see Fig.2.2): ‘
S =-select input

1 -imputdata

E -edit :

B -browse

D -delete

T -~ Stiffdiagram

P - Piperdiagram

W - Wilcox diagram

The role of the "S" - select input function was explained before. Likewise the *I" - input data function was
used to start creating a new data file, The "T" function can be used in an existing file to continue with the input
of new samples. For exampie, if an existing datz file contains aiready 20 samples, by pressing "I" the Sample
N© 21 will be displayed in the first line and the cursor will be at the Identification field. The parameter fields
shall be blank waiting for you to input data. : :

The "E* - edit function allows you to make corrections and modifications t0 be made in data files. Before
pressing the E key , first move the cursor 10 the sample number that you want to edit. The screen looks as
shown in Fig. 2.5. The sample number is dispiayed, its identification shown and data values reproduced as
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input into the data base. Any pammc:er can be changed by pressing RETURN and moving down the data
analysis form. The previous valuc can be eresed either by using DEL key or the F2 and F3 function keys.

The "B" - browse function permits you to view the contents of the data base. Pressing the up/down arrow keys
displays one sample at a time either toward the beginning or end of the data base. Likewise, HOME and END
keys display the first or last sample in the data base, respectively. Browsing is shown in Fig, 2.6.

(M/DTCD — CRliND WATER SOFTWARE

2. CROUMD MATIX CHENISTRY

Ducenber 1969
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The T" - STIFF diagram key starts one of retrieval programs, that of dispiaying/printing the STIFF diagram.
The STIFF diagram is shown in Fig. 2.7. Before you press the key "T" you must place the cursor on the line

with the sample for which the S'I'IFF diagram is required. The STIFF diagram processing will be explained
later.

The "P* - PIPER diagram key is used to view on the screen, or to plot on the printer/plotter, the PIPER
diagram. The PIPER diagram processing will be explained later.

The "W*.— WILCOX diagram key is used to view or 10 print/piot the WILCOX diagram. The WILCOX
diagram processing will be explained later. .

The "R* key is used to activate the reporting subroutine.

The *A” key is used to make a copy of the data base in ASCII format. Such a file may then be used as input
file to other retrievat programs, or it tay be edited by 2 t&xt processor.

R TS O e

Project : UMDP PROJECT ~ KED RIVER & AEXONC
Oryenization ! CONEMAL DEPAXTAENT OF GIOLOCY

Sample : 44 HWWO!
TOTAL ECALE = 2 MILLIDUIVALENTE PER LITER EACH DASH = A.18

WILLIEG IVALENTS PIR LITER
198765432:81234567091

Ca HO+C)
1
|
[ L ————— 04
1
. L}
Na+k : c1
]
Te * m3
1 .
1
1997654321 81234547893%1

Frows amy hey to display tha sscomd part.
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5. Application Programs

STIFF Diagram. Named after H A Stiff, Jr. (STIFF, HAJr, 1951. The interprerasion of Chemical Water Analysis
by means of Panerns, JPerrol, Tech.pt. 15.) the STIFF graphical method plots four major cations (Ca, Mg,
Na+K, Fe) on the left side, and four major anions (HCO3+C03, 504, Q, NO3) on the right side. The original
STIFF plot connects the points on the diagram and produces a pattern which, when compared to another
analysis, can be useful in making comparisons of waters. This program presents a modified STIFF diagram
in which the length of each line defines the copcentration of a particular cation and anion. Concentrations
on the diagram are expressed in equivalents per milion (milliequivalents per liter). One example is shown
in Fig. Z.7. Since iron and njtrates are normaily present in insignificant concentrations, most natural waters
can be represented as solutions of three major cations (calcium, magnesium, sodium with or without
potassium) and three major anions (bicarbonate plus carbonate, sulfate, chloride). If any of these is missing,
the program declares such analysis as incomplete.

After a sample is highlighted (selected) from the list of all samples in a data base, and the key "T" pressed,
you will have several options where to direct the output — to screen ("D* for display), to printer ("P* for
printer), and to an output disk file ("W™ for write) for later editing and/or printing,

. Provided that the anaiysis is complete (at least Ca, Mg, Na or K, HCO3'or CO3, SO4, Cl present with nonzero
positive values) and the analysis is balanced (the sum af anions matches the sum of cations within 5%, or
within any other tollerance specified by you), the output, composed of two parts, will be generated. The first
part is a graphical presentation of the analysis in the form of the modified STTFF diagram. The second part
contains all important parameters and/or constiteents, such as total dissoived solids (TDS), type of water
(defined by the dominant cation and dominant anion), all major cations and anions (expressed in ppm and
epm), and other parameters if avaifable (hardness, electrical conductivity, pH, alkalinity, etc.). The program
also calculates and prints the SAR value (sodium adsorption ratio). "

If an anaiysis is incompiete, the program displays the message "Analysis incomplete® and shows the constit-
uents which are missing or zero. Nothing else will be displayed in the case of an incomplete, analysis.

If an analysis is not balanced, which in the context of this program means that the sums of anions and cations
expressed in epm differ by more than 5% (or anything specified by you), the message "CATIONS AND
ANIONS DO NOT BALANCE" is displayed, followed by the sums of cations and anions and percentage error.
The error is expressed as twice the absolute difference of cations and anions divided by the sum of cations
and anions, all in equivalents per million, multiplied by 100. The diagram will not be skown, but the rest of
information (constituents, type of water, SAR, ¢tc.) wilfbe printed and/or displayed.

PIPER Diagram. Named after A M.Piper (PIPERAM, 1953. "A Graphic Procedure in the Geochemical
Interpretation of Water Anaiysis,” U.S.Geol.Surv. Ground Water Note 12.), the trilinear diagram (see Fig. 2.8)
presents graphically a group of anaiyses on the same plot. The text that explains the structure of the PIPER
diagram is taken from Walton ("Groundwater Resource Evaiuation’, McGraw-Hill, 1970).

"Piper (1953) developed a form of the wrilinear diagram which is an effective 100l in segreguting analysis data for critical study
with respect to sources of the dissolved constituents in groundwaers, modificarions in the character of a water as it passes
through an area, and related geochemical problems. For the PIPER trilinear diagram, groundwater is rreased subsiandally as
though it contained three cation constituenss (Mg Na, and Ca) and three anion constituerus (CI, SO4, and HCO3)...

The PIPER trilinear diagram combines three distinet fields of plotring, two triangular fields at the lower left and lower right,
respectively, and an intervening diamond-shaped field. All three fields have scales reading in 100 parts. In the triangular field
at the lower left, the percentage reacting values of the three cation groups (Ca,MgNa) are plotted as a singie point according
to convennional tilinsar coordinates, The three anion groups (HCO3, SO4, C1) are plogted likewtse in the riangular field at
the lower right. Thus, rwo poirus on the diagram, one in each of the two triangular fields, indicate the relative concentrations
of the several dissolved constituents of @ groundwater... The certral diamond-shaped field is used to show the overall chemical
character of the groundwater by a third single-poiru ploming which is at the intersection of rays projecied from the plottings
of cadons and anions. The position of this ploming indicates the relanive composition of a groundwater in terms of the
canon-anion pairs that correspond to the four vertices of the field The three trilinear plontings will show the essennial chermical
characier of a groundwaser according to the relanve concerazion of its consanuenss, but not according 1o the absolute
concengrations”.

When you press the "P* key, the message Enter drawing identification appears on the screen. Type an
identifying title for the Piper plot. The identification will be centered on the 80-cotumn wide paper (standard .
A4 format, width 210 mm). One may type ¢.g. PIPER TRILINEAR PLOT, or the name of the project, district,

UN/DTCD, Water Resources Branch . . . USER'S MANUAL



Ground Water Software r Data Bases and Utlisies - Chapter 2 (GW?2)

WX
(XX
°¢’¢‘o’¢‘0‘:§$¢ﬂ¢

4.0’0’0‘0

VAN
AVAVAVAVAVAVAVA

AVAVAVAVAVAVAVA'
AVAYAVAYAVATAVAVA

2 I AVAVAVAVAVAVAVAN
) FAVAVAVAVAVAVAVA VAVAVAVAVAVAVAUR
4 O {s) o ‘v EJ Eﬂf ‘105
De (e} ]

‘ QATICNE AN1ONE
Fig 2.8 ‘

etc. After the plot is identified, you are prompted 10 select water sampie analyses to be plotted on the PIPER
diagram. This is one of major advantages of the program - you are able 1o setect analyses to be shown on a
PIPER piot. Thus, you may create a rather large data base, and retrieve on one PIPER plot only sampies
that belong to the same project, or the same area, or that were taken at a certain date. You may use the cursor
keys. or CTRL+HOME (to move the pointer 10 the beginning of the file), or CTRL+END (1o move the
poin:er to the end of the file), or PgDa (PgUp) keys. When you have selected a sample to be plotted press
*P", move the cursor 10 another sampie, and repeat the operation of sampie selection. When the last sample
is selected, press “X" to start the plot

After pressing the "X" key, you will have fonr options: (1) 10 print the graph (press P), (2) 1o view the graph
on the screen (press D), (3) to send the graph directly to the plotter through COM1 serial port (press H), (4)
10 create an ASCII plot file to be used on another plotter or in another application (press A). Normally vou
will want to see the graph first. Press D. After the graph is shown you may enlarge some detail by zooming a
rectangie. For this you will need a mouse. Read the message on the right side of the screen. if you select P to
print the graph, provided that there is paperin printerand printeris switched on, a table identifying all samples
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to be plotted will be printed first. The programmers decided to convert all small numbers and identifications
to one character only. This is for the sake of readability of the plot in the case of many samples with similar
chemical content. However, this limits the number of samples that can be showa on one PIPER diagram to
39 (numbers 1 through 9, capital letters A through Z, small letters a through z). Ye, it is betieved that one
PIPER diagram should not contain more than, say, 20 to 30 samples for the diagram to be conciusive. Before
and after the first table identifying samples is printed, the program paunses giving you the chance 10 replace

or realign the paper. Samples are located on the Piper diagram in the center of the respective character (letter,
number). : :

You may plot the graph oz a plotter using or emmulating the Hewlert-Packard Graphical Language (HPGL) .
You must have configured your COM1 serial port according to instructions in your plotters’ manual, or
following the instructions in Introduction. The plot shall not display the table. Only the graphical screen shall
be reproduced in the plot.

Wilcax Diagram. A diagram for use in studying the suitability of ground water for irrigation purposes, named
after Wilcox (Wiler, L.V, 1955. *Classificarion and Use of Irrigation Water;” U.S. Dept. of Agr. Circular 969), is
based on the sodium adsorption ratio (SAR) and conductivity of water expressed in micromhos/cm at 25
degrees Centigrade. The SAR value is defined by

SAR = {Na/[0.5x(Ca+Mg)]}*5
High content of exchangeable sodium is highly undesirable for agriculture, énd likewise is the high total

dissolved solids content, expressed as conductivity of water. An exampie of the Wilcox diagram is skown in
Fig. 2.9.

The processing of the Wilcox diagram is very similar to the routine used in creating the Piper diagram. After
selecting the function W (for Wilcox), you have ta choose which samples to include in the diagram.-This is

-~

larocahoasideBER L

done, as instructed on the bottom line of the screen, by moving the cursor up and down and pressing the key
P for cach sample 10 be included. The program checks instantly whether both SAR and conductivity are
nonzero positive vaiues. If either of the two is missing and/or zero, there will be a message :
Not enough data for Wilcox diagram
Press any key to continue

In eithier case, continue with the selection of other samples. After selecting the lastsample press X to process
the Wilcox diagram. The rest of the processing is very similar to the Piper diagram subroutine.

T
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2.6. Reporting

With the "R* key you can print a report on your chemical data base. When you type R, a window eatitled
*Select Output Items” pops down, showing alt output items that are currenuly included into the data base. As
shown in the example from Nepal, Fig. 2.10, there is a total of 20 items currently in the data base. In addition

2. GROUMD WATER CHEMISTRY Decoabar 1989

Chea Salect Output ]tams Seilvcisd tems
No
1§ Vart.line Cllppaul Vart.line pH
2] Seq.MNo, Clliepal Seu.ta, SAR
31 Sampie I14. TDSIpPwm] Vsrt.line Uert.line
44 Caippml phH Sasyle 14.
58 Calepml Cations Uart. lina
6] Mgippml Anions Calypul
7} Mgiepml SAR Maipml
B} Malppms) Haippal
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14 TDSI ppei
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than press RETURM to include it Total Report Width _
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to major cations and anions, which were manually input in ppm, the program calculated epm values of cations
and anjons, the SAR value, and sums of cations and 2nions in epm. In some other cases, there may be more -
input parameters, ¢.g. conductivity, 2ikalinity, boron, manganese, etc. ’

Table 2.1. Example of Reporting

N | Identification Ca Mg Na |[HCO3 S04 @ |C A TDS pH SAR
1 |267-SEMARI % 2 39 | 276 6 S |480 479 206 830 136
2 |268-SARAHAWA 20 33 17 | 258 9 3 |445 450 226 820 054
3 |269-ASNIYA 35 31 56 |34 23 5 |673 675 398 830 166
4 |270-GULARIA 30 21 12 [ 216 6 3 [375 375 280 810 0.41
5 [271-CHIVPURWA |38 27 212 4 5 412 370 242 810 ‘
6 |272-BAIDULI % 37 61 121 5 84 1699 703 200 840 1.80
7 1273-CHAVNARTO |26 8 59 | 265 5§ 5 1452 459 360 820 260
8 [274-S.P.OFFICE 8% 6 .7 (270 13 4 479 481 340 820 020
9 |275-DHARMANAGA |20 27 34 | 278 2 4 {470 471 248 830 1.17
10 }276-BELAHIYA 30 B 25 | 2864 2 4 448 448 260 810 084
11 |277-DUMRAHA 736 23 32 {270 4 2 (458 456 240 800 1.10
12 |278-AMUWA 73 30 188 2 4 I361 324 280 800
13 |279-PACHIEDAWA [16 28 22 | 234 6 4 {406 407 20 79 077
14 {280-SONBRASA 24 33 180 5 5 |391 320 210 800

C - Cations

A - Anions
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Each of the parameters to be reported, excluding the Sample identification, has a default column widtli All
cations and anions in ppm are 6 characters wide (including blanks between two parameters) and all cations
and anions in epm are 7 characters wide. The TDS is also 6 characters wide (with separating blanks), the SAR
and pH values are each 7 characiers wide. You may decide on (1) content of repor, (2) width of report, (3)
number and place of vertical lines to separate parameters.

Each vertical line occupies 2 characters (one for line, one for blank), the Sequential number (1,2,3...) occupies
5 characters, and Sample identification 14 characters by default. This may be altered as prompied by the
program. Table 2.1 is an example of a report form for the data base from Nepal. Inciuded are the following:
Sequential number, sample identification, major cations and anions in ppm, sums of cations and anions in
epm, TDS, pH, SAR. Several vertical lines separate groups of items. The total width of the report is 112
columns. After you select all the items to be inciuded in the report, the program prompis first for Report
title, then for Number of lines per page, and finally for Left margin. If the width of the report is limited 1o 80
or less characters, the whole data base may have to be printed in more than one page. Thus, identifications
can remain the same on two-page report, with constituents reported in ppm on one page, and epm ou another
page. TDS, SAR, pH, alkalinity, conductivity, hardness, etc. can be reported on either of the two pages.
Alternatively, the whole report can be condensed on a standard A4 format by instructing the printer to print
in condensed mode (15 or 17 characters per inch —cpi). For this you can use any of available routines (printer’s
Escape codes, PC-PRINT or similar utility, SIDEWAYS, and so forth).

2.7, ASCII File

You car copy your data base file to an ASCII disk file by pressing the "A” key. You have the option to select
items from the data base to transfer to an ASCII file. The procedure is similar to selecting items for reporting,
except that the output goes to a disk file from which you can retrieve it by any of available DOS routines
(TYPE, for example), third-party utilities (e.g., SHOW), or text processors. You can use the ASCII file as
input file for other ground-water quality retrieving programs that are not contained on this diskette.

2.8. TABLES

The program TABLE EXE can be used to display several water-quality related tables:
1. Conversion factors (PPM 10 EPM)
2 Maximum permissible concentrarions of radio-nuclides in ground water
3. Standards - U.S. Public Health Service 1962
4. Boron in imiganion water
5. List of inorganic constituents
6. List of organic constinients
You execute the program by ryping the following commard at the DOS prompt: TABLE.

The menu with options for 6 tables appears on the screen and you may select any one of these. Since all 6
tables are written in ASCI] format in disk files TABLE1, TABLEZ, ._, etc., they can be viewed with the utility

. SHOW), or typed with DOS utility TYPE TABLE& > LPT], where & is any number from 1 through 6. You
can edit these tables just like any ASCII file. (WORDSTAR was used to create the tables.)
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3.1. General

This is a data base program, with data analysis and presentation capabilities (screen graphics, print,
plot).Although this program will run on computers without a mathematical co-processor, absence of a
€O-processor seriousty impairs processing speed. This is especially noticeable in-the Hantush leaky theory
analysis, which works in iterative cycles and requires a large number of foating-point calculations. Because

there are several screen-display graphics routines a video display adapter is highly desirable, aithough not
mandatory. .

The program’s output to printer was tested on EPSON LQ800/1000 printers. Although not tested, any matrix
printer with graphics capability emulating the EPSON Escape Sequence code should be sufficient. The data
base editor is independeat of the printer, and so are all procedures excluding printing out resuits. In other
words, the program can be used and resuits obtained without a printer. All data contained in'the-data base
can be shown on the screen in either alphasnumeric mode (time, drawdowns, levels, pumping rates, calculated . |,
parameters, etc.), or in graphics mode (time-drawdown diagrams). Pumping test graphs can also be piotted o
on a Hewlett-Packard (HPGL) compatible plotter. '

The distribution program comes with several examples. These are contained in files INDIA PT1, INDIA.PTZ
The examples are from a current UN/DTCD project in India. The pumping test data base is prepared by this
program in such a way that two files are created, with extensions PT1 and PT2, respectively. One contains
general information about wells (location, aquifer, static water level, pumping rate, type of aquifer, type of
well, etc.), while the other contains pumping test data (pairs of water levels or drawdowns versus time).

At ceriain places during program execution the program may appear siow. Either edited data are being written
to the disk fiie, a scratch file is being created, or caiculations are being performed. Depending on the main
processar clock rate, and the availability of a mathematical co-processor, this time lag may be from several
seconds to a minute or two. Please be patient. If the program is not running correctly a message will be
displayed on the screen. In some cases, though rarely, the program will terminate without producing results.
Moreover, the termination might be abnormal, and you might need to reset the computer. This will be
corrected in the second release. ‘

’

In order to run the GW3 program you must copy the following files to the \GW directory: GW3.EXE,
UN3.CMN, UN3.MST, UN3. WND. With the GW3.EXE file in a compressed version occupying itself 317,216
bytes, these four files occupy about 369,000 bytes. The memory required for running this program is 437,000
bytes for the program without graphics screen and/or printer support. For the maximum memory see
Introduction. While running the program it is advisable that you prepare your example or actuai data base
files in a directory other than the \GW directosy. You may log into that directory and type GW to start the
ground water software, Then select “3. Pumping Tesis® with cursor and press ENTER.

3.2. Program Overview

The program creates a pumping test data base. Once data are transferred into the computer, several methods
of analysis should be attempted, and standard deviation of the fit recorded. The method which produces the
least standard deviation should be accepted as being most representative, provided this agrees with the local
hydrogeological situation,
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The tést data file is limited to 100 time-drawdown or time-level pairs. -

The methods setected for analysis are the classical THEIS, JACOB and HANTUSH type-curve matching or
semilogarithmic approximations, pius the recovery method and large-diameter dug well pumping test
method. Only corrections for water-table aquifer are incorporated in the program. There is no correction for
partal penetration, neither for boundary effects nor for variable pumping rates. The dug-well test routine
differs from the others. While in the classical theory the program fits the data with assumed values of
transmissivity and storage coefficient, in dug-well test you should sapply “guess values® of transmissivity and
storage coefficient. The program fits test values (levels) with guessed values and generates a drawdown curve
which is plotied along witz test drawdown curve. You select the pair of coefficients with the best fit.

3.3. Running Prograin

The program starts by displaying the screen as shown in Fig. 3.1; you are prompted to type the name of a
pumping tests file. The cursor is at "Pumping Tests File". Such file, whether existing or about to be created,
may contain one Or many pumping test data. This file may contain up to 200 pumping tests from any number
of different wells. The idea is to group all pumping tests from a project or an area into one data base.

Panping Temta Plls : IMDIA
. Prajsct : IO B4/011
Organization : CENTRAL CROUMD UATER RESOURCIS BOARE

Type in the name of a pumping test file without extension. After you type the data file name the program
checks whether such a file exists in the directory that you have specified. If it exists the cursor moves 1o the
second field: Project, and then to the third: Organization. You may type anything that will identify your project
and/or organization, or you may press RETURN oz both prompts. However, if the program discovers that .
your data file name is incorrect or nonexisting, there will be a message at the bottom of the screen (message
window): '

This file does not exist.

Press C to create new file or ESC to exit.

This message is quite clear, Typing C brings the cursor to the second line: Project, to which you may type
anything identifying your project or you may press RETURN to move further. If you typed the data base file
pame incorrectly, you may correct this by pressing RETURN on the first prompt. The cursor is again on the
first line and the program waits for another file name.

In the case you are working with an existing data base, you may edit (change, :'nodify) your project
identification and organizaticn title. This screen may have a final look as shown in Fig3.1.

The next screen is the main menu (Fig. 3.2). From here the program branches into three directions: (1)
defining units, (2) input and editing data, and (3) analyzing test data. The main menu screen has several
*working" sections. The program identification remains on top. The main portion is filled with only two items:

UN/DTCD, Water Resgurces Branch ’ ' USER'S MANUAL
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___(a) Data base name, and (b) Number of tests in the carrent data base. The bottom (message) section contains
the instruction “Press U,D or A to select a function group®. The function groups are defined on the right side
of the screen. Unless the default units are selecied as shown on the right side fower corner, which are in
essence the'standard metric units, you should select the letter U to define another set of units. The selection

UDTICD — GROUMD WATEE SOFTUART Usewion 1,088
3. MAPING TINTS Tevekber 1909
Bata Basw = INDIA Munbar of Temts » 11 | MUNCIIONE :

U=Daf iny Units
DeData Imput.,
Eit etc.

AmTanrt
s iywin

Xalxit

Wrking unita

Frewa U,D or A to select 3 function yromp. Q [aidrday]
Trin2/dayl

of units is explained in Introduction. The corner with currently selected units will remain visible throughout
most of the program. Oaly from this main menu you may retum 10 the main menu of the Ground Water, ...
Software program and/or exit to DOS by pressing X. . ' -

3.4 Data Input, Editing, Screen Display, Deleting Analysis, etc.

The second group of operations is activated by pressing the letter D from main menu. In the case that the
data base exists with one or more pumping test data in it, the aext screen shall display the list of tests (wells)
in the current data base. The example shown in Fig. 33 is from India, from a Centrai Ground Water Board -
UNDP project in the Kasai-Subarnarekha area. If you are creating a new data base, only the List of functions
will appear on the right side, while the message on the top shali display "Number of Tests: None™.

L -~
UNVDTCD — GROUMD WATER SOFTWaARE Vareion 1,008
3. RMPING TISTIS Decanher 1989
Data Basm = [MDIA Munhar of Tests = 11 ¥ AUCTIONS ¢
lbl TIST IDEXTIFICATION
1 Metau Test
1 BAKRCORA ExEdit
2 HWALDIA OIL JETI® bubeiots
3 10¢ . PePriwt Data
4 AR At ASCIL PL1]
-3 THAILIAPARA Saforean Deply
6 BAKHA DUG WELL (FAMBRIA SLUBBASIN) CaPrint Craph
v CPT MELL (MALDIA) - Baflot Graph
a AECIOWERY ’
9? SACAR-11 EacsExit to
18 Rushton & Zingh sxaaple Main Mo
11 -1 C .
Working units
4 (w)
- 1 [(min]
Press A, L.D.P.A.S ar B ta select a function. Q (ai‘dayl
Do not use S If hoth SHL and pusping loveis shove Jand surface § Trind/dayl

UN/DTCD, Water Resources Branch . USER'S MANUAL



Ground Water Software A M

Data Bases and Utilities .. Chaper 3 (GW3)

UNDP project in the Kasai-Subarnarekha area. If you are creating a new data base, only the list of functions
will appear on the right side, while the message on the top shall display "Number of Tests: None".

New Test. If you are creating a new data base, type the letter N. The cursor appears on the message lin,
prompting for test identification. You can type anything that identifies the test, but the identification cannot
go beyond the light line. In the example shown in Fig. 3.4, the identification "New Test, date /287" was
entered After pressing RETURN, you will be prompted for pumping rate and distance from the observation
well. All programs are prepared for constant pumping raie duning a test. When the prompt for "Distance

] reri TEST 1A DORT/DDIT 1

Entar Test [dawtification
Moy Tuwy, dats LT/E7

from Pumping Well* appears, you shouid type either actual distance or well radius in the case that no
observauion wells are available. (In the latter case, the distance is hypothetical, since the storage coefficient
cannot be obtained from the pumped well alone, but the program demands that 3 distance be input.)

The next prompt is for the type of aquifer, confined or unconfined, The program adjusts drawdown data for
decrease 1n the transmissivity using the formula derived by Jacob: ,
s =s—(s22m)

where: s’ = drawdown that would occur in an equivalent nonleaky artesian aquifer;
s = observed drawdown under water-1able conditions;
m= initia] saturated thiciness of aquifer.

Ifyou type the letter U, indicating an unconfined aquifer, the next prompt will be forinitial saturated thickness
of aquifer. If a confined aquifer is indicated, the next question asks if you will input drawdowns or water levels.
Possible answers are the letters D (drawdowns) and L (levels). If youselect L (water levels), the next question
asks for Static Water Level and a message is dispiayed at the bottom of the screen telling that when the SWL
is above land surface (flowing wells) it should be typed as positive value; whea the SWL is below the land
surface a negative sign should precede the value. - :

The next prompt asks whether that well is a standard or dug well. *Standard® here implies any well except a
dug well for which assumptions oa which the ctassical Theis, Jacob and Hantush theories are based apply.
The main difference between these two categories of wells is that in a *standard® well water is instantaneously
released from the aquifer and no storage in the weil is allowed. In the case of a dug well, most of water during
the abstraction phase is taken from storage in the well, but when the pump is switched off, water continues
to flow from the aquifer to refill the well. If standard well is the response, the general data input phase is
finished, and the scTee 2 may display something similar to Fig. 3.5. if dug weil is the aniswer, four additional
parameters should be input:

Well Radius to Face of Aquifer

Well Radius of Storage Portion

Pumping Duration

Test Duration
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Comrtant Pumyping Rate
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Mome, you aboald swrar TIME-LEVEL data.
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"Pumping duration’is the duration of abstraction (pumping) phase, while "Test duration” is the total duration
of the 1est, including abstraction phase and level recovery phase. , : o

You have two opuons for inpurting test data: (1) from keyboard, one by one; (2) from ASCII file created | .
either by a word processor or text editor, or from another program. The options are invoked by letters K or *
F as shown in Fig. 3.5 in the function section. . .

After you type the letter K to select keyboard input, the screen Jooks as shown in Fig. 3.6. You should ype
time and drawdown values. You may speed up the input by first typing all the time vaiues, using the down
arTow key to move the cursor, and then return to the drawdown/evel column and repeat the input for .
levels/drawdowns. Or, you may type one pair of values after another. To switch from time o drawdown or ~
. vice versa, you should press RETURN. Several function keys are also available for inpuvediting (F1, F2, F3,

&

&

ity

| recinc 1o=t oata ARAEBIT | Mew Teat. dats 1277

Loval
£ 1]

FUNCT J0NeS
Escafiniah edit
Curi-CzAbart mdlt

WOTL: lLaveis showve
yround sartace
should be typed
with - sigm,

Fi~{waarts rine

I2-irmnrta a fleld

in coiuan

Timw
N [ainl

CITRL HOME - data #ila toyp: CTEL DB - data flle ewi:
HOME-mcress top; DD—scress bottam. PCUP, PG DNIFL,F2.73

Curl F2, etc.). Their functions are shown on the right side of the screen. Since the same screen is used for
editing an existing data file, the bottom message line describes the function of some other kevs. Eg.,
simultaneous pressing Ctrl HOME brings the data file to the top of the file (data pair number 1), Ctrl END
brings the cursor 10 the last data pair, HOME aad END move the cursor t0 the top or bottom of the current
screen, and Page Up or Down have usual meaning, ‘

P e——
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You can terminate input either by pressing the ESC key for normal termination, or Ctrl C to abort the ifiput
process. In cither case the program returns to the Edit/Input menu. The program will notice if you have made

a mistake by typing zero or negative time, or if you have not completed an input line with both lime anr
drawdown/level values,

The second possibility is to transfer an existing dat file created bya text processor. In that case at the submenu
with two functions K and F, type F The data fle must be prepared in ASCII format, with time and
level/drawdown data separated by either a comma or a blank. There will be a prompt displayed at message
line: Enter input file name. After you type the file name, you will be prompted to specify in which way the
dauwa file is prepared: with time data as the first entry or with level/drawdown data in the first place. The answer
can be Y (time data first) or N (level or drawdown data first). The program reads the data file and writes in
the message line: _

Number of Input pairs = .

Press any key to continue,

After a key is pressed, the data file is transferred into the data base and the screen displays the list of all tests
in the data base, including the new entry at the last line. In the same time the count “Number of Tests” in the

upper right corner is updated.
An example of an ASCII data file is given below:
1 7350
Z 8300
3 8910
4 9120
5 9330
18  10.450 .
19 10300 ,
20 10520
1200 14210
1740 14.430
1800 14.440

In this example the order of data is time followed by level; time is in minutes.

Editing Existing Data, You select the edit function placing the cursor on the test sample you wish to edit, and
pressing the letter E. The screen shown in Fig. 3.7 appears. The data are divided into two categories: (G)
general data, (M) measured data, If you type the letter G to edit general data and supplying the answer
BAHRGORA for the test name, the screen may look as shown in Fig. 3.8. If you type the letter M 10 edit
measured data the screen may appear as shown in Fig. 3.9.
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" "Editing data is straightforward. Several function keys may assist. Their functions are shown on the screen. As
a reminder the following keys can be used:

F1 - Inserts a row. Repeated pressing of F1 key makes space for several rows (tim

e-level or time-drawdown
data pair). ‘ :

F2 - Inserts a fleld in a column. It is normally used when all time data are typed first, followed by the column

st e T e ——

[ Porinc 157 paTa nOPUTDIT | wocom
Jrectios
EaceExit to Data
117 174 713
Rons
Edit Jauwt ldewtif loatliom _
e ',;.:.;.‘_.‘_zé._.—_._. s _'T:‘“ Y ‘h:

of drawdown data. If you accidentally omit a value, you can create an extra space {or the missing value by
pressing F2.

F3 - Erases all numbers in a field to the right of the cursor position.
Ctrl F1 — Erases a row.
Ctrl F2 - Erases a field.

Editing is terminated by pressing the ESC key (nermal termination after which the new version of the test
overwrites the old one) or by simuitaneous pressing of CONTROL and C keys (edit abort). In the case of
normal termination of editing, the program returns first to the screen which offers editing (functions G and

M), and then, after another ESC is pressed, to the Data Input/Edit Menu. In the case of aborting the editing
operation, a message

l RNPING TIST DATA INPUT/DDIT [ MAACOMA

Tiem | =Y = FUNCT IOME
[ [min] nd Eac=finish edit
Ctri-Canbart et

1 1. 1.3

2 2. 2.38 MOTE: Loweis abowve
3 3. [ %} yround surtace

4 4. %.12 nhons id e typed
S S. .33 with = sign.

& 6. .55 T1-inamrts row

? 7. 3.7 F2-ivmmrts a fleld
] a. - %.92 In coluan

9 9. 18.84 F3~Lrases raberse
18 1B, 18.18 CTRL F1 ~Lrases row *
11 11. 18.1S ﬂﬁ'ﬂ- Fi -ireasea a
12 12, 18.21 rlaid

13 13. 10.26

14 14. 18.31
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"All entered/edited data will be lost!
Is this what you want? (Y/N)

will be displayed. Pressing any key except 7Y™ will bring back the dana file for repeated editing. Pressing th
Y™ key returns the program to the Dara Inpuy/Edit Menu.

Delete Test. An entire test can be deieted by piacing the cursor o that particular test and by pressing the
letter D. Once deleted a test cannot be restored. It is advisable to have a floppy disk copy of the data base
- prior to editing and/or deleting test data

Print Data. In order to print your test data, place the cursor on a test and type the letter *P*; the selected
data file will be printed in the following form: (a) data base and project identification, (b) general data about
that particular test, (c) time-drawdown (level) dana.

Write to ASCII File. From the Data Input/Edit Menu a test file from the data base can be written in an ASCII
format. First piace the cursor on the test to be saved in ap ASCT] file. Then type the letter *A". The message
line shall display: "Enter Output File Name’, After you eater a fle name press RETURN, an ASCI] file shail
be created.

Screen Display. One of main objections to using the computer to analyze 2 pumping test stems from the fact
that a hydrogeologist cannot see the data, how they fit on an arithmetic or logarithmic scale, whether there
may be boundary effects, etc. In other words, if the computer is left alone to make interpretation, the resuits
may be crroneous without the user knowing or appreciating it. For this reason in this program there are
several checking possibilities. One is to view the raw input data in a semilogarithmic scale, another is to
climinate some time-drawdown pairs from interpretation, and the final check is to compare the standard
deviation (root-mean-square) and accept only the best fit.

You may view input data from this Data Input/Edit Menu by pressing the letter "S” (screen display).

!al.l
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Fig. 3.10 1 i 198 . N

Print Graph. The displayed screen can be printed, along with the project and data base identification, by
returning to the Data [nput/Edit Menu (any key pressed in the Screen Display mode) and pressing the letter
*G*. An cxampie is shown in Fig. 3.10.

Plot Graph. The dispiayed screen can be plotted 1o a Hewlett-Packard (HPGL) compatible piotter. Only the
displaved graph shall be reproduced, without project identification and results. (To obtain-a complete hard
copy of a test, use printer.) Press letter B. Have your plotter connected to COM]1 seriat port, which must be
properly configured (see [ntroduction).
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UM/DICD — GROUMD MAIER SOFTWARE Vargicn 1.08
3. PUMPING TESTS Deacosber 1589
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...............................

3.5. Test Analysis . : o

The third group of procedures is the analysis of pumping test data from the existing data base. After you type® -
the letter "A” on the main meau, the screen shall look something like the one shown ia Fig. 3.11. The cursor
is always on the first line (test No.1). The following functions are available:

Select Data. This offers you a possibility to eliminate some unwanted data pairs, either bmu;e of an evident
eITor in measuring or because such data do not fit into the method se!l.: ted for analysis (e.g., carly data in
Jacob’s approximation).

Jacob Method. Semilogarithmic approximation of the THEIS nonequilibrium method. In some cases it may
offer a better fit than the THEIS method due to some restrictions involved in the THEIS method.

Recovery Method. This is the Theis method used to determine the aquifer constants from the analysis of the
recovery of a shutdown weil. The test data prepared for the recovery method cannot be analyzed with another
aiternative method. :

Theis Method. Theis noneguilibrium type curve matching method, one of principal methods of pump test
data analysis. ‘

Hantush Inflection Point Method. One of methods of testing a leaky aquifer using the inflection point on a
semilogarithmic time-drawdown scale. The method is iess accurate than the next one, but sometimes it works
when the type curve method fails. It is much faster than the next one. :

Hantush Leaky Method. This is the classical Hantush type curve marching method for nonsteady-siate
time-drawdown.

Dug Well. A recent methog of analyzing pumping and recovery phases of large-diameter dug wells, with the
consideration given 10 the secpage face. The method is dueto Rushton and Singh.

Screen Graphics. Viewing of test datz and the best fit line produced by the method selected.
Print Graphics. Printing the time-drawdown test data along with the best-fit line and test results.

Print Results. Printing project and test identification and a table with field daw, calculated data by the
computer and differeaces. Printing results of analysis and standard deviation.

Plot Graph. Plots the displayed screen, without project and test identification, and results. Use only plotiers
emulating HPGL (se¢ Introduction).

UN/DTCD, Water Resources Branch . reeTruar a i
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3.6. Method of Analysis

Selection of Data. When you type the letter A you will be given a possibility to efiminate some of erroneous
data pairs. The cursor is in the coiumn labeled S. Move the cursor using up and down cursor keys to the row
you wish to eliminate, Type the sign "**. This eliminates the pair of data from computation. (The message to
that effect is displayed in the message line.) An example is shown in Fig. 3.12

N 8| lmin) [a) Drasmdoun rence 12 § FUNCTIONS &
1 L 1. 7.35 —— 1 Esc=Finiah edit
2 L 2. 8.38
3 - 3. 8.91
4 L] 4. 9.12 Use Muoction
1 s. 9.3 Koupn:
6 6. 9.55 CIXL HOME
N « Pagm
9 9. 8.4 Page lf'lnun
18 18. 18.18 Home ’
11 11. 18.15
12 12, 18.21
13 13. 18.2% Horhing units
14 14, 18.31 d {ul _
t [minl
Type » in cojuan S to allainate this palr from calculatiom, Q tadrdayl
Use cursor kays. Only blank ar o porwittad. . Trin2/dayl .

Fig. 3.12

Theis Method. The Theis method is activated by typing the letter T. The method of analysis is well explained
.iz zny text book on ground water. The method of computer interpretation is based on the Kansas Geological
Survey Groundwater Series 3 publication "The Theis Equanon: Evaluation, Sensizivity to Storage and Trans-
missivity, and Automared Fit of Pumptest Daza”, authored by CD.McElwee. The automated fit is an iterative
process in the course of which the transmissivity and storativity coefficients are changed until a "best” fit is
obtained. As a measure of the error in fitting, the root-mean-square in drawdown is cziculated forthe "best*
transmissivity and storage coefficient. The root-mean-square is actually the standard deviation defined as the
square root of the arithmetic mean of the squared differences berween field and calcuiated drawdowns.

The results are reported on the screen in the way as shown in Fig.3.13 for American units and in Fig. 3.14 for
metric units.

Toms ldawtification
|

Trommisnivity 1599, {gpirrtl

Handard Bovistion = 0.J7M {2
tomaee of Puinte 3 49 af 3
Itarations Nushar = 3

Ay by Lo cbwt DT
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3. PAPING TISTS Decenber 1909

Dat 12

Mo THE1S NETHOD

1 Test [dentif!catiom

';’ BAHRCORA

; Tranemissivity » 169. (a2rday]

6 Standard Deviation = 8.1138 [al

7 Munner of Points = 69 af 69

g Iterations Muaber = 3

18

11

12 Working units

d (=}
t [min}
Prowm any kg to comtinue, Q (n3/dayl
' Ir{m2/dayl
e s
The screen displays the following resuits: '
Transmissiviry Number of points Storage Coefficient * -

Number of iterations Standard Deviation

The standard deviation is the criterion of the goodness of the fit. The fit in the case of Bahrgora well (India)

is very good, 0.113 m, considering that 69 points were involved in the caiculation (see Fig. 3.14). However,
the goodness of the fit is best demonstr=:2d in Fig. 3.15, which is obtained by selecting the G option from the ¢
Test Analysis Menu,

The aumber of iterations is an indicator of convergence of the solution to an acceptable level of error. In the ;
case of the THEIS program, the criterion is that bervween two successive iteratons the "imo- ement” of
relative transmissivity and storage coefficieat is less than 0.0001.

You shouid expect a relatively small sumber of iterations, since the initial guess for transmissivity and storage
coefficient is aiready a good guess, i.e. the values ebtained from Jacob’s semilogarithmic approximation.

JACOB's Method. This is a semilogarithmic approximation which is good for small values of well function's
argument u (ie., for small r and/or large t). The method is aiso well documented in any text book on
hydrogeology. The method of solution is the least square regression analysis and the fit of a straight line
through the test data in a semilogarithmic diagram. The computer method provides very quick result.
However, one should check whether initial test data satisfy the coadition that '

(r* * S)/4Tt < 0.01
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where: r = distance from pumped well to the observation well; S = coefficient of storage; T = transmissivity;
t = time since pumping started.

The early data which do pot satisfy this condition shquld be eliminated from computation using the optic
A (Select) and typing * in the appropriate rows. A typical test result is shown in Fig. 3.16. The parameters Ao

and A are the coefficients in the linear regression equation, from which trapsmissivity and storage coeffi-
dents are calculated ' '

Test [dewtification
RHRACORA

Iranemisnivity = 189. [(a2/day]
$tandard Devia:iom = 85,1138 [a]
Al = 0.79999E+01
Al = 0.206976E+81

Muaber of Points = 69 of &9

REBuoyrunswunm

Preazx amy iay to comtlnue. 'Q (mddayl

HANTUSH Inflection Point Method. This method will not work in all cases. Most probably, it will not wor

in the case of the pumped well without observation wells, in which the drawdown in the first two or three
measurements is greater than 50% of the final drawdown. The method assumes that the steady-state
drawdown %25 been reached at the end of the test, or that steady-state drawdown can be extrapoiated at the
end of the st data. The method is fast, although not that accurate as the classical HANTUSH type-curve
matching method, which is explained next.

Both this method and the next method (HANTUSH feaky type-curve method) produce the values of
transmissivity, storage coefficient and leakance (alternativety defined as leakage coefficient). The latter is the
ratio of vertical permeability of semicon fining layer 1o its thickness, If the thickness of the semiconfining layer
(through which the leakage occurs) is known, the vertical permeability (hydraulic conductivity) of that layer

Dat R 2
Mo HANTUSH IMFLICTION POINT ART
.. .,
1 Tt [dewtiflc.. a
g Sraal=-11
4 Tramamissivit:: - 247, Indrday]
5 Storege Coalf!:’ ‘TE-82
6 Standasrd Dawvia. .. .13 {al
7 Laskanoe = 4.)129799E-01 (1/day]}
a —
9 Muaiher of Pointa = 99 of 99
18
11 § Laakanes or laakare crafficient (s defined am a -
1Z ] ratioc of wartica’ f wemiconf Ining Marking unita
layer to (ta thi... aualon ia (L7T]. d (m)
t [(min]
Pross to comtinrus. Q (mirdayl
fﬂ he s Trind/day)
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" iscalculated by multiplying the leakance with thickness. An example is shown in Fig. 3.17. The fitis relatively
acceptable, considering that 99 points were involved, although the standard deviation amounts 10 0.30 m.
The leakance of 0.01287 day! is interpreted in the following way. If the thickness of the semiconfining layer
is about 20 m, its vertical permeability will be about 0.26 m/day, which is characteristic for a mixture of silt,
clay and sand.

HANTUSH Leaky-Aquifer Type-Curve Method. The method of solution is-an improved version of the
method reported by PM.Cobb et al, in the 1982 publication of Kansas Geological Survey titled "An Auzomared
Numerical Evaluation of Leaky Aquifer Pumping ITest Daia: An Appiicanion of Sensitvity Analysis.® The
procedure for solution is an iterative aigorithm in which the valnes of transmissivity, storage coeificient and
leakance are modified berween iterations until an acceptable convergence is obtained. The criterion of
convergence is the relative standard deviation. In all tested cases the solution coaverged in less than 70
iterations. The maximum allowed number of iterations is 100. The processing may take considerable time if
a test includes many test points (over 50) and if the number of iterations is large (over 50). However, in a
sysitem equipped with a numerical co-processor and in which the main processor works at, say, 12 MHz clock
rate, the processing is remarkably fast To speed up the processipg, the initial guess of wansmissivity and
storage coefHicient is taken from the Theis method which is cailed first. The solution will not be achieved only
if the test data do not follow one of leaky-aquifer formulas even approximately. When testing the program,
this happened in one out of 30 tests.

The exampie in Fig. 3.18 is the same as the one shown in Fig. 3.17. The Hantush Leaky-Aquifer Type-Curve
method (Fig. 3.18) is superior to the Hantush Inflection Point method (Fig. 3.17). This 1s reflected in the
value of standard deviation which is 0.16 m in the former compared t0 0.30 m in the latter. Otherwise, all

UN/DTCD — GROUND MATER SOFTWARE Uarzion 1.88
3. PARPING TESIS . Doceabs - 1989

Dat
Mo " HAMTUSH TYPE CURVE NMETHOD

Test ldentirllcation
SacaAR—-11 -

Tranenimmivity = 266, [a2rdayl
Storage Cooff iciewt = 8.695-32
Standard Deviation = - 8.1616 (m}-
Loakance (Prw) 9. 134638E-81 [1rdayl
Number of Points = 99 of 39
Itaratione Mumber T

Leakance or lsakage coefficient iz dafined a= a
ratioc of vertical parssability of semiconfining Warking unite
layar to its thiciness. !tz dimemsion is [1-/T]. d [m])

t [min]
Press any koy to contimue. ’ Q [(m3/dayl
Irin2/day]

1
2
3
4
S
6
7
-]
9
18
11
12

other parameters are very close and the differences are quite acceptable.
Well SAGAR-II (Kasai-Subarnarekha project, India)

Leaky Type-Curve Inflecrion Point
Transmissivity _ 266 m2/day 247 m¥/day
Storage Coef. 0.00686 ' 0.00618
. Leakance 0.0134 1/day . 0.0129 1/day

The fit in the case of the HANTUSH Leaky-Aquifer Type-Curve method is demonstrated in Fig. 3.19.

UN/DTCD, Water Resources Branch ' mommmrrT
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Recovery Method. Afteryou select the recovery method by typing the letter R, you must answer two additional
questions (Fig. 3.20):

Pumping Phase Time _ ) -
Finai Drawdown
UN/TTICD —~— CROUMD MATER SOFTMARE - VYoraiom 1.88
3. AMPING TESTS Dacomber 1989
Dat 12
Mo RECOVERY METHOD :
1 ) Test ldentification -
Z § RECOVERY
E |
4 )] Punping Phase Tima = 1448 [main]
S Final Drawdown = {al
6
7
8
9
18
11 ¢
b i 4 Working units
d [ml
t [min) .
Typa the dramdoun at tha ond of pusping phase 9 (adrdayl
| Irin2/day]

The first is the duration of the pumping phase (from the moment a pump is started until it is switched off),
and the second is the total duration of the test, both pumping and recovery phases included. The method of
solution is a regression analysis of the system *residual drawdown® on the ordinate axis versus the logarithm
10 the base 10 of the *modified time®. The modified time is defined in the following way:

lmog = (U + )V A

-

where:

t = time since the test started
t'= lme since the pump was shut down and levels started to recover.

UN/DTCD, Water Resources Branch . USER'S MANUAL
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The equation for residual drawdown has the following form:
St = A log(tmod)

which is a-straight line in the semilogarithmic diagram passing through the origin set at infinite time or at
logarithm of 1. The siope of the line allows for the determination of transmissivity. Storage coefficient is
determined from the value of the drawdown at the time of shutdown. The method may provide an acceptable
value for the value of transmissivity, but the storage coefficient determination, based on only one vaiue,
inevitably may or may not be correct

Cue exampie is given in figures 321, which is a test from the EE Johnson,Inc. book "Ground Water and
Wells®, 1966, page 138, The computer fit is shown in Fig 3.21a. The values of transmissivity reported in the
book are 10,200 and 10,400 gpd/ft, while the computer program reported 11,089 gpd/ft (Fig.3.21b). The
storage coefficient in the computer program is 0.0027 while the book reports none.

.. .Jm.:-

"UWDICD = GROUND WATER SOFTMARE Version 1.88
3. PUMPING TESIS December 1989

Ma | RECOUERY METHOD

1 Tewt [dantificatiom
Jaimaon. 139

11889, [gpd/ftl
8.2Z7E-a2

8.7164 [F¢]
B.475248E+81 [£¢)

Iransminsivity
Storage Coefflcient

[1]

Standard Deviation
A

=t
e

Mumber of Points = 17 of 17
Morking units
d [ft]
t (minl
Preoss any key to continue. Q [gpm]
Trigpd/ft)
'

Fig. 3.21B
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Dug Well Pump Test Method. A method of 2malyzing the pumping and recovery phases of large diameter
wells based on a Kernel function was receatly (January-February 1987) presented by K.R.Rushton and
V.S.Singh in the journal of Ground Water. The method was selected by the authors of this software packag
for the following two reasons: )

FUMPING TIST DATA INPUT/EDIT Rushtus & 3ingh sxsepie

1o
Cowmtamt Punping Rate = 623.2 [(m3rday)
Distance from Pumping Well = 608 [n]
Condined o Uncaonl. Ag. ™CAI) =z CONFTNED
Dravdoun ar Leval Data 7(DrL) = DRAMDON
Standard or Dug NHell 7(S,D) = DUC
Sall Radius to Face of Amifer = 4.18 (u) .
Wei]l Radius of Storaye Portion = 4,18 (al} fEso=Exit tn Data
Pmping Duration = 243. (min] Ivpuwt /EAIL
Iest Duration = 463, [(mim) [
i
it Gewaral Data.
2 S _ﬁ IO

(1) In India alone in early 1985 there were about 8.7 million dug wells. The forecast was that anotifer 1.3
million dug wells shall be constructed over the period of next five years, implying that by the year 1990
there may be about 10 miilions dug wells in India aione. t was also reported that in India about 71% of
the total ground water draft comes from dug wells.

(2) The method of testing and interpretation needs improvements and a computer program which speeds
up the processing may be of great help. As originally programmed by Rushton and Singh, the user was
10 draw the computer-caiculated curve on top of his/her field data every time he/she made a computer
run. With this program the whole procedure becomes extremety fast and the interpreter learns in the
process about the behavior of test data when cither transmissivity or storage coefficient are modified.
Yet, as the authors state, the method needs same additional verification.

The use of the test is explained in Figs. 3.2, 3.23,324 and 3.25. Figure 3.22 shows the input data (general)
for the well used by Rushton and Singh in their original paper. (As cxplained before, when you elect 10 answer

UNWDTCD — CROUND WATER SOFTHARE Version 1.88
3. REMPING TESTS Iossher 1999
Dat 12
L UG MELL METHOD
1§ Temt ldowtification
g Muzhton & Sisgh enasyla
4 Travamtanivity = 168 (ndr/day)
2 Storagw Cosfficismt s 0.885
? -
9
18
11
M= o units
2 d la:
Lt [mrani
' lewt q (aidrdayl]
Iype vems lfor clorege comfllc !ﬂ-;,‘:‘

UN/DTCD, Water Resources Branch USER'S MANUAL



Ground Water Software : ' Daia Bases and Utilities . Chapter 3 (GW3)

in the Data [nput/Edit mode with D the question "Standard or Dug Well?", yOu must answer several more
quesuons prompted from the screen.) In the Test Analysis mode you.are prompted for initial guesses of
transmissivity and storage coefficient. The screen looks as shown in Fig. 3,23, The height of the seepage face,
which may be correc only in the case of metric units, is still a week point of analysis, as admitted by the
authors by saying that "further carcful work in a variety of field situations is required to gain a greater
understanding of the significance of these coefficients. The coefficients referred to above are Gp and
Gr,which describe the height of the seepage face in the following way:

f=Gi1xQ +GxQ*Q

where [is the height of seepage face, Q is the withdrawal rate from the aquifer, and G; and Gz are deduced
from field measurements.

The test results are presented in Figs. 3.24 and 325. Accepting the transmissivity of 160 m?/day and storage
coefficient of 0.005, with fixed G1 and G coefficients (0.001 and 0.0001, respectively) the standard deviation

for the whole test equals 0.07 m, and the secpage face height at the end of pumping phase equals 0.25 m. The
fit 1s as shown in Fig. 3.25.

AT A B S P T A LA e
R P R S IS e PGSR e

UMNDTCD — CROUMD MATER SOFTWARE Uerszion .88
3. PUMPING TESTS ) Decosbar 1989

bat 12
Mo UG WELL METHOD
1 | Teat ldemtification
g Rushton & Singh sxasmple
4 Transaissivity = 168 [n2/day]
S § Storage Coafficiont = B.885 4
6 - 61 = a.e8818
7 Q = 0.988018
a Standard Deviation = 8.8785 [a)
9 | Sespage Face Holght = @.252437E+88 (m]
18 | (at end of pumping)
11 Mumbar of Points = 12 of 12
12 Working units
d [m]
t [ainl]
Press any key to continus, qQ [a3-day]
. Irind/day)

Fusnten & Singn suamels OURMEL (Ruanten 4 ttrgn)

N
JiAN

tal e

N

N

7%
A

IITEEY
/ .
\

v
—

_ Fig.3.25 . = = e ]
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Screea Graphics. The difference between this Screen Graphics and Screen Graphics from the Data Input/Edit
Menu:is in the following. In the latter, oniy test data (from data base) were shown orn a time-drawdown
semilogarithmic graph (arithmetic, in the case of dug wells). In the former, both test data are shown plus the
"best fit” with the method selected (calculated with reported values of transmissivity, storage coefficient and,
eventually, leakance). It is easy to see whether the parameters calculated by the program satisfy. They will be
acceptable if the fit is acceptable. '

Print Graphics. The screen discussed above can be printed. The top part of printout is the identification of
the project and test, plus some of general data {pumping rate, distance from observation well, aquifer type,
¢ic.). Then the graph is shown, followed by calculated transmissivity, storage coefficient, standard deviation,
and, eventually, leakance. The last line is the number of points included in the graph

Printing Resuits. The printout of resuits starts also with project and test identification, plus some general

- data, followed by calcuiated values of transmissivity, storage coefficient, standard deviation, etc., and a table
with the values of test data in one column, computed drawdown in another column, and difference in stiil
another column,

Plotting Graph. The graph displayed on the screen can be plotted using a HPGL compatible plotter. The
plot size is fixed, that is A4, and only graphical part is drawn.

3.7. Pumping Tests Reported In Literature

The programs presented in this package have been tested against many pu'blished pumping tests. The sources
of information are the following: :

WALTON, W.C,, 1969. Selected Analytical Methods for Well and Aquifer Evaluation. Ulinois State Water
Survey Bulletin 49, Third printing, 1969. '

WALTON,W.C. 1970. Groundwater Resource Evaluation. McG raw-Hill.

DeWIEST, RJ.M,, 1967. Geohydrology. John Wiley & Sons, Inc.

E.EJOHNSON, INC. 1966. Ground Water and Wells, UQP Johnson, first edition.

LINSLEY,R.K. and J.B.FRANZINI, 1964. Water Resources Engineering. McGraw-Hill Book Co.

Both published results and computer produced results-are presented herein for comparison of methods.
T = Transmissivity P’ = Ventical Permeability of Confining Bed '

S = Storage Coefficient  $.D.= Standard Dewviation

1. Well No.19 near Dieterich (Waiton, 1969, page 32)

Method: Leaky Artesian Conditions

Walton: Computer:
T=1510 gpd/ft T = 1791 gpd/it
$=0.0002 S = 0.00018
P’'=0.11 gpd/f? P’ = 0.16 gpd/it?
S.D. = 01271

2. Well No.1 at Gridley (Walton, 1969, page 33).
Method: NonleakyArre:idn Conditions

Walton: Computer:
T=:" 'Ogpd/ft T = 9908 gpi/ft
S$=0....32 S = 0.000021

' S.D. = 009111

Comment. In the computer program, leaky aquifer method gives slightly better fit. Standard deviation is 0.082
ft, T=9391 gpd/fL, $=0.000022.

UN/DTCD, Water Resources Branch ' , USER'S MANUAL
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" 3. Well No. 15 near Mossvilie (Walton, 1969, page 35)
Method: Water-table condirions with parnal penetration

Walton: Computer:
T=315,000 gpd/t T = 386,712 gpd/ft
5=0.082 S = 0.019

S.D. = 00571

4. JOHNSON's book page 111
Method: Nonleaky confined aquifer

JOHNSON: Computer:
T=100,000 gpd/ft T = 100,630 gpd/ft
$=0.00019 S = 0.0002

S.D. = 000711
5. JOHNSON’s book page 138
Method: Recovery
JOHNSON: Computer:
T=10,400 gpd/ft T = 11,089 gpd/it ,

S = 0.00275 .
SD. = 071ft ' .

6. DeWIESTs book, page 265
Method: Theis nonequilibrium

DeWIEST: Computer:
T=20,500 gpd/ft T = 26210 gpd/ft .
5=0.000315 S = 0.00030
S.D. = 067 -
Comment: Hantush leaky method provides betrer fit. The results are the following:
T = 15,991 gpd/fr
S = 0.00043
SD. = 0135ft
P/m’ = 0.02 /day
7. DeWIEST's book, page 267
Method: JACOB
DeWIEST Computer:
T=4860 gpd/ft T = 4933 gpd/ft
$=0.0045 S = 0.00427
SD. =

0.146 1t
8. WALTON (1970, page 283)
Method: Theis noneguilibrium method

WALTON: . Computer:

T=358,000 gpd/ft T = 358,889 gpd/ft

$=0.00047 S = 0.000395
sD. = 00430
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9. WALTON (1970, page 286)
Method: Leaky artesian aquifer

WALTON: Computer:

T=182,000 gpd/ft T = 219,227 gpd/ft

S=0.002 S = 0.002

P'=0.87 gpd/ft '= (.54 gpd/fi?
SD. = Q008ft

- 10. LINSLEY & FRANZINT (1964, page 88)
Method: Theis nonequilibrium

L&FE: Computer:
T=11,800 gpd/ft T = 10,752 gpd/ft
S=0.0478 S = 0.0495

S.D. = 02581t

Method: Jacob's appraximarion

T=12,000 gpd/ft T = 12,283 gpd/it
$=0.0402 S = 0.0388
SD. = 0.145ft

Comment: First five minutes are sxrluded in both cases.
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4.1. General

This program requires about 305,000 bytes user-available memory. Video adapter is not required. Mathe-
matjcal co-processor is not required. There is no priater output. Four files are mandatory and each of them
must be copied to the \GW directory: GW4.EXE, UN4.CMN, UN4.MST, UN4.WND.

4.2. Program Overview

The program GW4 - Well Hydraulics and Well Construction - has three major parts: (1) Well Functions, (2)
Pumping Tests, and (3) Well Construction. Each of the three parts has several subprograms. Primarily, it is
a utility program for pumping tests, well hydrauiics and well construction.

This program is a collection of many problem-solving routines from everyday well-construction an ! testing
practice. It will not save input data in a form of a data base. The results should be hand written i needed.
Same as in other programs in this series, pressing ESC returns the program (screen) one step back, or exits
1o the main program. Functions are activated by selecting the appropriate single letter command.

When you start the program by typing GW and selecting 4. Well Hydraulics and Construction” from the main
menu, the program’s main menu appears as shown in Fig, 4.1. Fron. the main menu you may select units,
then select either FUNCTIONS, PUMPING TESTS and WELL CONSTRUCTION.

[ TR ]

UMN/DICD — CROUND WATER SOFTWARK Yewrwion 1.58
4. WELL WYDRALICS aMD WELL COMSTRUCT [OM Diimmbar 1969
FUNCT 1013

UsDafire Units
Twdim 1 1

Fumcrt lows
PaPunp Towrt
Cailull

Sorking units
d [(m]

t (dayl]

Prows U,F.P or C ta sslect a function group. q (adrdayl

Trim2/dayl
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FUNCTIONS, shown in Fig, 4.2, are well functions frequently used in ground water hydraulics. The first one,
W(u), is the well function for the infinite artesian aquifer in which a wel] is pumped at a steady rate. The
second well function is the function used in Hanrush leaky aquifer theory. The next one is a well function
used in partially penetrating wells pumping from anisotropic aquifers. Further, two Besse! functions are also
included, same as error and complementary error functions, which are used in mary specific cases.

INDTICD — CROUMD WATIR SOFTWARE
4. WILL HYDRAULICS AMD WELL COMSTRUCTION

Proas W,L.P.X,.[.L.3 to salect a function or ESC to returs
S vill show different sikatches.

SohrA s v e
DS e SR AP R ST

PUMPING TESTS program, shown in Fig. 4.3, contains two subprograms dealing with step-drawdowns tests
(also called weil-production tests; Q to power 2 and 10 "n" power), a routine to calculate pumping rate from
a circuiar orifice weir, a routine for estimating discharge from a flowing artesian well, etc.

UNDTCD — CROUMD MATER SOFTHARE '
4. MELI HVDRALLICS AND WELL COMSTRICT ION

EaBtap-Dramioam
Rz Rad jusr Dapres
QD lechargs
Orifice Hair
FeDiacharge
Flowing sll

Press S.R.Q.7.l.0r T to sslect a function or ESC to rewturn

WELL CONSTRUCTION, shown in Fig. 4.4, helps 10 calculate maximum permissible entrance velocirty 10
screen. Actually it offers a recommendation for selecting optimum screen length as a function of discharge,
well diameter, open screen area, and aquifer permeability. There are also some other subprograms that make
recommendations as to which driiling diameter 1o setect for a parucular putmp discharge, etc.

All the time, in every program or subprogram, the right lower comer displays currently selected working
units.
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Esc=Exit tn
Nain Menu

Working units
d im)

t (day)

Presas D0,S,ar L ta salect &4 furnctios or ISC to retaws Q [m3/day)

Trial/dav}

4.3. Well Functions

P

After you select WELL FUNCTIONS by typing the letter F from the mzu:n menu, you cag choose among the |

following functions (Fig. 4.2):
W =Wy - 7 ’ L e
L = W) ‘ ‘

P = W(urbP/m)
K = Bessel Functior, modified, 2 kind,0 order.
I = Bessel Function, 1 kind,0 order.
E = Error Function and Complementary Error Function
S = Sketches
ESC = Exit MMenu

43.1. W(u)

You select this function by typing W from the well functions menu. W(u) is the well function for a nonleaky
isotropic artesian aquifer fully penetrated by wells and constant-discharge conditions. [a other words, this is
the standard well function for the most common case of ideal represeatation of confined aquifers. When this
function is muitiplied 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.

You can display the sketch of a confined aquifer on the screen by typing the letter S (sketch), followed by
letter A (see Figure 4.5). '

The theory leading to the nonequilibrium equation, or Theis theory, is well documented in every ground
water 1extbook, and will not be repeated lrere. The well function is tabulated as a funcrion of the argument
u, which lumps together two most important aquifer parameters (transmissivity and storage coefficient),
distance from pumping well at which the drawdown in caiculated, and time since the start of pumping.

Thus, the argument u is equal 10
" u =S4T

where, r is the distance from pumped well 10 observation poiql., or to point at which drawdown is being
calculated; S is the storage coefficient; T is coefficient of transmussivity, { is time after pumping starred.
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Distance batwwen punpiog and chewrvation wells

Plex. Head
in Apuifer

Drawdown, as a function of r and £, is expressed as follows:

s = (Q/1256 T) x W(u)

This part of the program prompts you to input all parameters that define the argument w. First, you have to
input the distance from pumped to the obsefvation point, then the storage coefficient, the transmissivity, and
the time of pumping. At that point the argument o and well funcrion W(u) are displayed on the screen (Fig
4.6). You will be finally prompted for weil discharge if the drawdown is t0 be calculated. Alternatively you

may press ESC key to terminate this portion of the program.
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e R T e

e ]
UM/DTCD — QROLRD WATIR SOFTHARE
4. MELL HYDRAULICS AND WILL COMSTRUCT ION

MELL FUNCTIONM M(U) & DRAMDOMLM

STAMDARD WILL FUNCT ION

Distanca from dell
Storeye Canfficient
Irarmmizsivity

: TINE =
Usn

W=

PP ING DISCHARCE =

e (m
8.881

1zn8 In2/dayl
= © Cdayl

8. BOBN5 944

8. 99783787

. (nd¥/dayl

prass [SC.

If you do not wamt to calculats drewimms,

The calculation of the well function W(u) and drawdowa at a specific point may be repeated over and over
to produce a total drawdown at a point which may be under influence of pumping from several wells. You

may add individual drawdowns by writing them down on paper.

The correspondence between computer-produced well functions for particular values of the argument u and

tabulated values in textbooks is demonstrated with following examples.
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(1) r=10m 2) r=100m
.S = 0.001 S = 0001
T = 1000 m*/day T = 3000 m%/day
t = 10days t = 30days
u = 25x10%¢ u=28x10"
W(u) = 123220062  W(u) = 145192289
Tabulated values (Walton, 1970;
Wenzel, 1942; De Wiest, 1965; e1c.)
W = 12322 z = 25x107 W(u) = 14.62
u = 3.0x107 W(u) = 14.44
4.3.2. W(u,r/B)

You select this function by typing the letter L (stands for "leaky”) from the WELL FUNCTIONS menu. This
rcutine calculates the well function for a leaky anesian aquifer with fully penetrating wells without water
reieased from storage in aquitard and under constant-discharge conditions. Although the values of W(u,r/B)
in terms of practical range of u and 1/B are gives by Hantush (1956) in tabular form, this portion of the
program caiculates not only the function W(w,r/B) but aiso the arguments u and 1/B from basic hydrogeo-
logial and pumping parameters.

These parameters are, in the following order:

S, LTLPhm
where: :
r = distance from pumped well :
S = storage coefficient ’ M ¥

T = transmissivity

t = time of pumping

P = vertical permeability of semiconfining layer
m = thickness of semiconfining layer.

Of course, all units must be consistent, or as selected at the beginning of the program (see right lower corner:
Working Units). Storage coefficient is dimensioniless (fraction); time, distance and transmissivity are reported
in the units you selected at the beginning. Permeability and thickness of semiconfining fayer must be in
working units of length over time (permeability) and length (thickness). Thus, if American or British units
are used, you may not input for permeability gpd/ft. The correct units would be ft/day if foot was selected for
distance and day for time. Some conversion hints are shown on the message line. ‘

The sketch of a leaky system is shown in Fig. 4.7. The same dispiay can be obtained by selecting letter S (for
Sketch), followed by letter B. The situation could be reversed: the upper layer may be leaky (semiconfining)

CONPINID. LIANY. ISOITMOPIC AQUIFIR SYSTIR
Pasping dmil
Q

Matar Tabie s
Uwpar Awuifar
ri tric
Haed in Linmy
g i P nr

I = Uppnr. smren owifsr rrovidieg loahssw

It o famioved inivy loyey Usreugh which |eshagy OStmrs
Il « Main cbel ined souifor rensivieg leskeass

T u Tresmisnivity of syuifes

£ o Btavativity of aquilar

9 = Panping rata

R s Biwtamos hetemss mayrpieg sd chosrvation walls

R o Unrtical pevremabtlity of semiowns (nivg el

b8 Thickewe of smicoaf ieing hed

Press sty hoy to returs (8 Functiowm Hew,
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providing water from above, and the lower layer could be absolutely impermeable. The solution is still the '
same. : o

The parameter B, which is important in the Hantush leaky aquifer theory, is defined as follows:
BZ = (T/P/m)
The ratio r/B is dimensionless.

After you answer all prompts for input parameters, the program displays the vaiues of the arguments B and
u, and the value of the function W(i.1/B). Finaily, you will be prompted for pump discharge and the valtue for
drawdown is calculated and displayed (Fig. 4.8). :

[PPSR ion R i S At OO e e R e i0, D gD OeO o Ut MR SRR A e e R R A Yo

UMDTOD — SROMED WATER SOFTWARE Varsios .88
4. WELL WYDRAMILICS AMD WKLl COMSTRUCT 10N Decmmbor 1989

Aaes2TTON WU, R7B) & DRAMDOMM

LEANY AQUIFER MELL FUMCTIOM

Bistancs from Ueil = 189 ta)
Stovage Condfloieat = §.881 .
Trammissivity = 1288 (aZrdayl
TINE = @ Ldany)
Pavasabllity = 1 (avdayl
Thicknams = 2.4 (€]

B 53.6656 ()
U = 8.80006944

Wuls a,24952883 Uorking units
PUMPING DISCHARCE = {ndrdayl d (ml
- t [dayl
I? you do not wawt to caloulate drsssices. : Q [adrday)
rress BSC, Irind day)
------- R e

As an example, the following parameters are input:
r=15m
S =0.001
T = 2000 m?/day
t = 30 days
P = 1 m/day
m = 5 days

The program-calculated values are the following:
B = 100.00 m
u = 0.00000094
W(u)=4.06005

(The "bci” value for W(u,r/B) is 4.0595.)
For pumping discharge Q=200C m¥/day, the calculated drawdown is 0.323 m.

42" P(u,r/B,Pv/Ph) .

You seiect this function by typing the letter P from the WELL FUNCTIONS menu. This is the well function
for a nonleaky anisotropic aquifer with partiaily penetrating purnping and observation wells, and steady-state
czuaitions. The following parameters are required (in this order the program promps for input):

R = distance from pumped well '

m = aquifer thickness

P,= vertical permeabiiity of aquifer

Pyn= horizon:al permeabiliry of aquifer
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L = penetration length (length of pengrtvziation of pumping well from the top of aquifer)
D = distance to screen (vertical distance from the top of aquifer to top of screen)
Y = observation well length

A sketch of definitions for parameters is shown in Fig. 4.9,

The program returns several ratios (R/m, L/m, D/m, Y/m), and a well function which, when muitiplied by the
value of 0.16*Q/T, returns the value of drawdown under steady-state conditions.

11 = Confined, momisaley, aminatrovic aguifer

Kv » Uprtical povwnability of aquifsr

IO = Horipowtal pevemekility of squilfer

e Aquifer thickess

% = Storativity of awmifar

K Pistarncs hetsmsn puspiog snd obhewrvation waells
Q@ = Puaping rata

L = Pamiration loegth (ITrom top of quifaer to kottos of wcrewnm)

Y = Ohtrvation wall length (from tor of aquifer W bottos of screwn)
B e Distance to pamping wwi] scress (top of seuller to top of wcTen

Pross o™y kay to returs 0 Fuactioms fAem;.

4.3.4. Ko(r/B)

You select this function by typing the letter K from the WELL FUNCTIC NS menu.When discharge from a
well (aquifer) is balanced by leakage in the case of a leaky aquifer and water levels stabilize at permanent
stages, a steady state is reached. The solution for drawdown under such conditions is described by the following
eguation:

s = [Q/6.28 TxKa[r/]

- where Ko(r/B) is the modified Bessel function of second kind and zero order. This function is frequently used
in leaky aquifer theory. This is also a tabulated function, but in this program the input parameter is not the
argument of the function, /B, but a value calculated from hydrogeological and pumping information.

You will be prompted to provide whe values of vertical permeability and thickness of semiconfining layer
through which the leakage takes place. The storage coefficient is of no importance under sieady-siate
conditions because the eatire yicld of the well is derived from leakage only, For example, when

r=100m

P = 0.1 m/day

ms=S5m

T = 1000 m?/day

1/B shall be 0.4472, and Ko(r/B) 1.0182 The “book" value for Ko(1/B), when r/B=0.45, is 1.0129.
In this case, if the well is pumped at 2000 m3/day, the steady-state drawdown will be equal t0 0.32 m.

-~

43.5. Io(r/B)

You select this function by typing the letter [ from the WELL FUNCTIONS menu.This is the zero-order Bessel
function of the first kind It appears in several equations describing unsteady-state radial flow in isotropic or
anisouropic leaky artesian aquifers. The argument /B is defined in the following way.

B2 = T/P/m '

e
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where: :
T = transmissivity of aquifer
P = coefficient of per-: vability of aquitard (semiconfining layer)
m = thickness of aquitard
r = effective radius of well, or distance to cbservation well

43.6. Error and Complementary Error Functions

You select these functions by typing the letter E from the WELL FUNCTIONS menu. The error function,

erf(x), and its complementary function, érfc(x), frequently appear in ground water hydraulics. They are
defined in the following way:

erf(x) = 1-erfe(x) = 1.1283778 x o (*Integral [exp(-y?) dy]}

The program prompts for only the value of x and returns the values of error function and compiementary
error function for x. The error function is used, e.g, in calculating unsteady-state radial flow in isotropic leaky
artesian aquifer with fully penetrating wells with water released from storage in aquitard.

4.4. Pumping Tests

The pumping tests program offers several subprograms for testing well performance and/or measuring
pumping discharge during a pumping test. In addition, one subprogram makes passible the determination of
- aquifer parameters (transmissivity and storage coefficient) if three or more observation wells are available.

The following menu appears when you select letter P (pump test) (Fig. 4.3):
S=8tep-Drawdown
R =Radius/Depression
Q=Discharge Orifice Weir
F=Discharge Flowing Well
I= S={(r) -
T=Step-Drawdown C,C,,P
ESC=Exit M/Menu

Step-Drawdown Test. Since this is a test of productivity of a well, it is often called well-production test. This
is a variable-rate well-production test. Well is pumped at a constant rate for a certain period of time (between
one and 24 hours) and drawdown is recorded at the end of the pumping step. Pumping rate is then changed,
normally increased, and well is pumped for the same period of time. Water level is measured and drawdown
calculated. The same procedure is repeated with differeat pumping rates one or more times (minimum 3
steps). It is undersiood that each step must be of the same durauion as the others.

According 1o classical theory, the total drawdown in a production well has two major components: the
drawdown s, (aquifer loss) due to laminar flow of water through the aquifer toward the well and sw (well loss)
due to the turbulent flow of water through the screen or well face s1d inside the casing to the pump intake.
Other components, such as additional drawdown duc to the partial penetration of an aquifer, or the drawdown
due to barrier boundaries of the aquifer or the build-up due 10 recharge boundaries of the aquifer, are
normally contained within the aquifer loss.

According to Jacob (1946), well loss may be represented approximately by the following equation
sw = C2Q?
where
sw = well loss, [L]
C2 = well-loss constant, [T2/L]
Q = discharge, [L/T]

Aquifer loss, sy, is linearly proportional to pumping rate, i.c-
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Thus the equation of total loss during pumping may be written as
s =C1Q + C2Q?

When a well is pumped with three or more steps, the computer subprogram makes it possible to estimate tt
values of coefficients C; and Cz

You are prompted to input the values of drawdowns and pumping rates for each step. The minimum require

number of steps is three and the maximum is five. (In most cases, three is the actual number of pumpir
steps.)

Afler all pairs of values are input (Fig. 4.10), the screendisplays the values of coefficients for aquifer [oss (C:
and well loss (Cz). On the second screen, which is shown afier any key is pressed, there will be a table showir

R R Pl
—
UNDTCD — QROLMD MATIR SUFTMARE Varwion L.88
4. WELL #YDRAULICS A MIIL COMSTRUCT ION Depcamier 1589
SIDP ShewDOuM TINT |
L e
. ' e ————t— -
fpuifer Lons Confl.z 0.88131089 [dayrall Uorking units
Weil Losw Conff.= 8.00MBE2E] [daul/wS5] d (w) .
t (davl
Dimevpions for Aquiler Lowe amd Wall loss Condficlewis are Q Lajrdayl
LY amd [T2/15), vewpectively. Press asy key to contlime. Tria2/dayl

Fig. 4.10

actual drawdowns for each step, plus aquifer lossand well loss for particular step. In addition, well efficiency
will be calculated and dispiayed for each step (Fig. 4.11). Well efficiency, in this case, is defined as the ratic
of aquifer loss to measured drawdowr. This is equivalent to saying that aquifer loss is unavoidable but all we|
losses could have been avoided provided that the well had been correctly construcied (large enough casing
diameter, below-critical entrance velocity, proper gravel pack, proper development, pumping rate com:

U/DICD — CROUND WATER SOITWARE
4. WELL HYDRAULICS AMD MELL COMSTRUCT ION

STLF DRaaDosN TEST
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The use of the subprogram is demonstrated withan exampie from the Walton’s book (1970,p.357)- Avariable |
pumping-rate well-production test was conducted with the following resuits:

Step Pumping rate Dravwdown
gpm f
1 100 325
2 151 s
3 199 8.53

Before entering the test vatues, you should select as working units feet for distance and gpm for pumping
rate. After you input all three pairs of drawdown-discharge values, the screen displays the values of
coefficients C) and Cz '
Anuifer loss = 9.959397 sec/ft?
Well loss = 21.371817 secft’

After you press any key, the second scresn displays a table of measured drawdowns and calculated aquifer
loss and well loss. Finally, the last column dispiays well efficiency defined as a ratio of aquifer loss t0 measured
drawdown. The resuits are as follows:

Measured Aguifer Well Wel]
Step drawdown . loss loss efficiency
ft ft ft %
1 3.25 22044 1.04498 67.8
2 572 33286 238723 582
3 53 43867 414618 514,
Average efficiency = 59.13%

In Walton (1970), the well loss cocfficient equals 21.6 sec2/fi5, and well loss for pumping rate of 152 gpu.
equals 246 fu :

Radius of Depression. Youselect this function by typing the letter R from the PUMPING TESTS menu.The
formula for the radius of depression, which is derived from the nonequilibrium equation in the case of an
infinite artesian isotropic and homogeneous aquifer without any recharge from the surface, is equal to

R = {Square Root of} (225*T*1)/S
where
T is aquifer transmissivity
, tis duration of pumping
S is storage coefficient

The expansion of cone of depression during constant-rate pumping 10 almost infinity is a rather ideal
situation. It does not consider any boundary, whether recharging (which might slow down or stop the
expansion of depression) or less permeable (which might make the expansion faster). The use of the formula
should be restricied to rather limited spread of depression, say of at most several ten kilometers.

The program prompts for the values of transmissivity, storage coefficient and time. The output is the radius
of depression for ideal conditions of an anesian, isotropic, homogeaeous, infinite aquifer.

Example: .
T = 2000 m*/day T = 50,000 gpa/ft
S = 0.001 §=00001
t=10 days t = 30 days
R =67082m R =67,165.7ft

Clrecular Orifice Weir - Pumping Disci:arge Measurement. The circular orifice weir is one of most com™only
used devices 10 measure the rate of discharge from a pump. The dewils of construction of an orifice ana the
measuring setup are explained in several books (Ground Water and Weil: “>hnson Division, 1972). The
program contained in this ground water software helps to calculate the discaarge rate when discharge pipe
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diameter, orifice plate diameter and the height of water coiumn in the piezometric tube (head) are known,
Numerous combinations of pipe and orifice sizes and applicable tables are available. This program closely
follows a standard developed at the Engineering School of Purdue University.

The program prompts for pipe diameter, orifice diameter and water column height This is the only
subprogram in this package which overrides the working units. No matter which units you have selected, the

input for pipe and orifice diameters, as well as for the head, must be in inches. The output is in gpm, m¥/day
and Isec. '

Example (Fig. 4.12): Pipe diameter = 6 in.
Orifice diameter = 4 in.

Head = 5in.
Discharge rate = 142.8 gpm
= 7783 m*/day
= 9.01 lsec

The values obtained from the program correspond within 2-3% to the values reported in 103.D-1468
("Measuremeni of Water Flow through Pipe Orifice with Free Discharge', Purdue University, Lafayere, fnd., 1949).

UN/DTCD — GROUMD WATIR SOFTWARE
4, WOL HYDRAULICS AND WELL CONSTRUCT JON

CIRCULAR ORIFICT WEIR

MEASUREIGNMT OF PURP DISCHARCE — PUMPING TEST
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t [day]
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Discharge from Flowing Wells. The dimension of a stream flowing from an open pipe, either vertical or
horizontal, can be used to obtain a rough estimate of the {low rate. This subprogram calculates the free flow
from a vertical pipe when the diameter of the pipe and the height 10 which the water rises above the pipe are
known. The basis for the estimate is the classical formuia for velocity head, V2=2gh, where g is acceleration
due 10 gravity, and h is the head. The final results, with appropriate correction factors, are close to flow rates
from Lawrence and Braunwonh data (“Founrain Flow of Water in Vertical Pipe", Transacnons, 1906,
vol 57,p.264, ASCE). '

The major prerequisite for the application of the program is that all water from the well flows upward through
the pipe and that there is no any flow bypassing the pipe and reappearing at the surface from the borehole
annulus. The flow must be sufficiently constant so that the height of water does not vary appreciably. The
vertical pipe should be a straight length, not less than 0.9 m (3 ft) long, so that the open end is at least this
far above from the nearest elbow, bend, or valve. Also, the values are for standard steel pipe with smooth
inner surfaces. :

—

The program produces rather correct values for the height of water of at least 10 cm (4 inch), from a pipe
diameter 2 to 8 inches. '
Example: Nominal diameter of pipe = 6in.
Height of crest = 10in.
Q = 57632 gpm

(Value from a table in "Ground Water and Wells, 1972, is 580 gpm.)
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NOTE: [n this program you may select any units. The flow will be displayed in selected units for discharge.

Distance-Drawdown Method for Calculating Aquifer Parameters. When Jacob's approximate solution to
Theis nonequilibrium formula is soived for drawdown as a function of distance, for a fixed time, the followin;
is obtained: ‘

s = [(0.183xQ)/T)xlog(2.25TVS) ~ (0.366Q/T)xlog r
where

s = drawdown at a distance r

Q = constant pumping discharge

T = aquifer transmissivity

t = lime of pumping

S = storage coefficient

r = distance from pumped well
Since this is an equation of straight line in the °s” - "log r" system, one may calculate aquifer parameters T
and S if three or more observation wells are available during the pumping test. It is a standard routine in
aquifer evaluation tests to plot drawdowns on a semilog paper, with drawdowns on arithmetic scale and
distances on logarithmic scaie. The straight line equation becomes equal to

s=Ao+ Arlogr
Transmissivity is calculated from the slope (coefficient Af) of the straight line "deita s” (change of drawdown
berween any twO points one log cycle apart) :

T =0.366Q/delta S

and storage coefficient from the coefficient Ag and known T,
S = 225 Tix exp(-12.56 Ao T/Q)
Example:
From Walton’s book (1972, p.284, problem 4.2)

Distance from
production weil Drawdown
&
100 840
1,000 5.65 §
10.000 284

When these three pairs are input as prompted by the program, the following values are obtained:

94,784.39 gpd/ft
s = 0.000527
and the fit between measured and calculated drawdowns is displayed:
Well Meas. drawdown (f1) Calc. drawdown (ft)
1 8.40 841
2 5.65 5.63
3 2.84 285

The resuits in Walton's book are: T=93,000 gpd/ft; S=0.0006.

Step-Drawdown Test with Well Loss Proportionat to *n® Power of Q. This program differs from Step-Draw-
down part of the program (letter S) in the following way. The first program assumes that aquifer loss is linearly
proportional to pumping rate, while well loss is proportional to Q raised to second power. This part of the
program is in line with Rorabaugh’s (1953) finding, according to which n is not fixed to 2, but varies according
to aquifer and well situation from less than 2 to 3.5. Values of n less than 2 may occur if Q is relatively low
and full turbulence has not yet developed in the entire well-entry flow. For very low values of Q, the flow may
even be laminar throughout the system, in which case the well loss coefficient will be zero. To conclude, the
basic formuta for - - :awdown is
s=AQ+BQ"
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The computer program prompts you for three or more pairs of drawdown ~ discharge values. After all values
are input, the aquifer and well loss coefficients are displaved, together with the power of the Q term. The
measured drawdowns are compared with computed drawdowns, and the average well efficiency is dispiayed.
Efficiency is defined as the ratio of aquifer drawdown to total drawdown, “declaring® all well losses as
inefficient and unnecessary.

Example,

From Bouwer (1978) book "Groundwater Hydrology® (Fig. 4.13):
Q(m%day) 1000 2000 4000
s(m) 456 10.74 29.48

graphical calculation produced the following values:
n=23 A=0004 B=7x10%
The program calculates the folowing:
n=23
A=0.004
 B=6.76x 1038

and an average well efficiency of 76.5%. Thus average well loss compoaent is about 23.5% of the drawdown,

UN/DTCD — GQROUND WATER SOFTWARE Uersion 1.B8
4. WELL HYDRAULICS AMD MWELL CONSTRUCTION Decesber 1989
lL STEP DRAWDOWN TEST '‘F*’' POWER

. 568 4.5232 8.83678 99. .2z
9, 8465 1.69352 B4, 24

Step Drawdowm Aq. Loss MHeil Loxs Efficiency
1
4 a
3 . 488 13.5697 15.91B3A 46. 8

fverage Well Efficiency = 76.542

Horking units

Check data If efflciency above 1BBZ or ¢! d [nJ
t {dayl
-G Woil Efficiency is defined az a ratio of aquifer loxs to Q [a3/dayl
measured draudown., Preas amy hey to continue. Trin2/dayl

Fig. 4.13

The step-drawdown test gives information regarding the relation between pumping rate and drawdown of a
given well. This is important in selecting the optimum pump and depth of pumping. The test also shows how
much head loss occurs in the aquifer, and how much in and around the well. Excessive well losses indicate
poor design and construction, poor development of the well, or deterioration of the screen.

4.5. Well Construction : -

General. This porior of the progra'm deals with several subprograms that hetp to select proper casing
diameter, proper screen length, to evaluate whether the screen entrance velocity is eventually above a critical
velocity, etc,
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The following menu appears after you type the letter C from the main menu (Fig. 4.4):
D=Casing Dia
S=Screen Length
L=Entrance Velocity
ESC=Return 10 M/Menu

Casing Diameter. The program relates the design pumping rate of the weil with optimum casing diameter.
The diameter of the production-well casing shouid be two nomina} sizes larger than the bowi size of the pump
1o prevent the pump shaft from binding, to reduce head losses, and to allow measurement of water levels in
the well. The casing diameter may be reduced below the maximum anticipated pump setting depth. Suggested

casing diameters for various pumping rates are calculated by this subprogram according to recommendations
in Waiton (1972, p.299). '

The program prompts for only one parameter, the pumping rate of the well (Fig. 4.14). When this is answered,

the optimum (recommended) casing diameter is displayed in inches. (This is one of rare routines in this
package in which the resuit is in inches no matter what is the unit for jength.)

i > e TR
e FE A i ity

UWTICD — GROUMD WATER SOFTWARE
. WELL MYDRAULICS AMD WELL CONSTRUCTIOM

-

MILl CASING DIAMETER

RECONMENDED WELL CASING DIAMEITER

Puaping Rate = 1728 [ad dayl

Optisun Casing Diametar = 18.9 (inl

Suggented casing dlamster for abowe pusping rats

Press army kay to continue.

Examples:
Pumping rate Casing diameter
1728 m3/day ' 10 in.
3000 gpm - 24in.
35 lsec 12 in.

The open area of a screen increases with the diameter of the screen. Thus selection of the production-well
diameter may depend upon the desired open area rather than the probable pump required. Yet, the result of
this program may be a first step in selecuing the correct casing diameter. .

Screen Length. The recommended screen length is a function of entrance velocities into the well. The screen
length as calculated in this program is based in part on the effective open area of a screen and an optimum
(critical) screen entrance velocity. fthe length of ascreen is less than recommended, implying higher entrance
velocities than permitted, there will be a possibility of cloggingscreenopenings by migration of finer particles
from aquifer toward the screen. This process, and critical screen entrance velocity, depend largely on the type
of aquifer material, which is reflected in aquifer permeability. Thus the input to the program consists of two
components: (8) open screen area, (b) selected critical (optimum) entrance velocity. The first may be known
for a particular screen, or it may be calculated from another subprogram in this package (section L - entrance
velocity) in which the parameters are screen diameter, percentage of open area of the screen, and screen
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length. If "17 is selected for the screen length, with known screen diameter and percentage of 0=en area, the
screen.open shall be caiculated and displayed per one unit length of the screen (e.g. m%m). Tis value can
then be used in the "S* portion of the program to calculate a recommended optimum screen length.

The second input parameter, optimum (critical) screen entrance velocity, as a function of aquifer permeabil-
ity, is displayed on the screen suggesting 10 you which value to choose.

 Example: From program "L” - screen diameter = 0.2.m (8in.)
screenlength = 1m
open area =11%

Result: Open screen area = 0.069 m*/m
In program *S* - open scyeen area = 0.069 m?/m
entrance velocity = 2600 m/day (this is a value for K=80 m/day - coarse sand)
well discharge 1728 m*day, or 20 Usec. '
Result: Screen Length = 9.63m

Another example is shown in Figures 4.15and 4.16.

w
UM-DTCD — GROUND MATIR SOFTMARE Varsion 1.88
4. WELL HYDRAULICS AMD WELL CONSTRUCT JONM Decen:ar 1989

INTRANCE VELCCITY TO SCREEM
Scraen Diamater = 8.2 {=l N *
Screan Langth z (1] .
Porcant Open Ares = 11 [x]
fusp Discharge = 1888 {nd/dayl
Open Scresn Area = 8.869 (m2}
Entrance Uslocity to Scroen =14468.599 (arday])
: 2 16,746 [ca/mac] Working .nits
d Im]
t {day).
Critical valocity s from 3 cwe (8.1 ftra) (loma porssablea) taf Q {mi‘day)
6 carx (B.2 ft/s). Prosz & kay to continue. Irin2/dayl

Fig. 4.15

S AL A A A

UM/DICD -— QROUMD WMATER SOFTWARE VYoraion 1.88
4. WEILL HYDRAULICS AMD WELL COMSTRUCT 10N Decaal=r 1989

RECOMMMDED SCREIM LIMGTH

Opan Scresn Area = 8.B69 (a2/ni
Entrance Velocity « 2688 {wrdayl

Optisum screoen entrance wedocity, Function of
permeahility, dWorking unita of length end time.

X v 1 X v LI v o
wd! ard ca’a | wdl avd cara | ardl a/d casl
<281 1988 1.5 | 4411788 2.8 | 6912688 3.8 | Morking units
188! 3888 3.5 | 16813988 4.5 | 25815288 S.5 ! 4 [al
t [dayl
Type antranco walocity to screen. Sglect from exanpics above. 9 [m3‘dayl
In a2/u or #1271t depanding on working unit for length, Ir{m2 dayl

Fig. 4.16
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The reiationship between optimum screen entrance velocity and the coefficient of permeability of the aquifer
which is used in this program, applies mostly to naturally gravel-packed wells. Thesame procedure is followed
in selecting the optimum screen length for an anificially packed production well except that the average of
the permeabilities of the aquifer and pack is used to determine the optimum entrance velocity.

Entrance Velocity. This program calculates the actual entrance velodty to the screen as a function of pumping
rate, screen diameter, lengih and percentage of openings. It involves simple arjthmetics. Input parameters
are:

screen diameter

screen length

percentage of open screen area

The result is the entrance velocity to screen in several units. For comparison, at the message line a comment
isdisplayed suggesting critical permissible entrance velocities as a range from 3 cm/sec to 6 crmysec depending
on aquifer permeability.
Example (Flg. 4.17):

Screen diameter =02 m(8in.)

Screen length =6m

% Openarea =11%

Well discharge = 2000 m3/day

Results:
Open screen area = 0.415 m?
Eatrance velocity = 4822 m/day
= 5.582 cm/sec

The message at the bottom line suggests that the critical entrance velocity for less permeable medium coulr’
be about 3 cm/sec and for more permeable medium up to 6 cm/sec. [n this case the decision whether the
entrance velocity is above or not the recommended maximum entrance velocity will depend on the permea-
bility of the aquifer.

UN/DTCD — GROUND WATER SOFTUARE Verzion 1.88
4, MELL HYDRAULICS AND WELL COMSTRUCTION ) December 1989

ENTRANCE VELOCITY TO SCREEM

Screem Diamotar 8.2 (Y]
Screen Langth & [ml

Porcent Qpen Area 11 (73]
Pusp Discharge 208 (m3rdayl

Open Screen Area 0. 415 (m2]
Entranca Uelocity to Screen = 4B22.866 [(mrdayl
8.582 [carsec] . Working unita
d (=]
H t [dayl]

Critical veiocity is froam 3 cass (8.1 ft’s) (less permeable) to

Q (m3-dayl
6 car/s (8.2 ftr/s). Press a key to continue.

Irin2/dayl

. Fig.4.17
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5.1. General

This program allows you to create, edit, update a ground water level data base, and to display hydrographs
on the screen, print or plot them.

In order to run the GW5 program you must copy the following files 10 the GW directory: UNS.WND,
UNS5.CMN, UN5.MST, and GWS.EXE. The minimum memory required for running the program is about
400 KB. In order to view hydrographs on the screen and/or to print them, ynu will need at least £30 Kbytes
of memory. A video display adapter is required for viewing hydrographs on _he screen; a dot-matrix printer
with graphics capabilities is required for priating and 3 HPGL -compatible plotter for plotting hydrographs.
The four mandatory files take up about 355,000 bytes of the disk. o ‘

Program Features

(2) You can input irregularly observed water levels. The program will find the correct time of observations
on the time scale. You determine the interval for connecting the points on the hydrograph

(b) Youcaninput data cither as water levels in absolute elevations (above mean sea level) or as depths from

a certain measuring point. Hydrographs are always displayed with double scale: depth to water on the
left, absolute elevation on the right.

(c) Regardless of the time interval used in a ground water level data base, you can select the time interval
to display, print or plot

(d) One data base can contain a maximum 500 observation wells, and each well may have up to 500 water
levels (depths).

(¢) The program automaticaily determines the time and level scales to fill one screen with the graph.

(D Thedat input is twofold: (1) from an ASCII file prepared cither by a word processor with Nondocument
or ASCII option, (2) directly from the program.

(8) When the data are input interactively from the program, the input must be year by year. This means that
you shouid select the time interval for the starting year, type in the data for that year, change the time

interval 10 the next year and type in the data for that year, etc. In a similar way you may edit the data,
year after year.

Water levels and/or depths must be input ina time-soried order. The program will notice and display a message
to the effect that some values are not sorted.

5.2. Running the Program

After yousselect this program module from the main progr- - menu, and press RETURN, the opening screen
is displayed and you are prompted for the file name of the _;ound water level data base, as shown in Fig. 5.1.
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R TR P R e e

ITICD - CROUMD WATER SOFTUARE
6. WATIR LIUTL DATA BASK

Data Baxs Flla :
Fraject
Organization !

You are prompted to supply the name of the data base (standard DOS ﬁle name, without extension). If the
file with such a name exists (or, has been created before) the program will 611 in the other two fields (Project
and Organization). These two fields are used ondy for labeling the printout. If this is your first attempt to
create a data base, such a data base file name shall not exist and the program will display a message:

This file dos not exist.

PmsCtomtenmﬂleorEsctnmt.

Press C. The first line will display the file name (data base name) which you have just typed. and the cursor
shall be on the second line: Project. You may type anything you want, or skip by pressing RETURN. Press
RETURN anyway whether you typed sormething or not. The cursor moves to the third line: Organization.
Eater a value and press RETURN. After you press RETURN, if this is your first attempt to create a data
base, thse screen will prompt you for units for distance, followed by the *Working Time Interval® prompt, as
in Fig. 5.2.

The preprogrammed default unit for distance (depth, elevation, altitude) is metcr but you may select either
meter, foot, or define your own unit The idea of defining the working time interval is to have the possibility
of creating a large data base, with water [evels input over a long period of time. However, when it comes to
editing, analyzing, displaying, or printing hydrographs, you may reduce the interval by assigning a shorter
period of time, the one that you may have interest in.

The program has several logical controls built in. E g, the program will notice that you have not specified
the month or date. In the case of a wrong input the message will warn you that “month must be berween 1
and 12*. Likewise, you cannot specify the ending date carlier ::an the starting date. Since both “Units for
Distance® and 'Workmg Time Interval® exist as functions on the Main Menu, you may change either at any
time. However, care should be exercised in selecting the time interval. Most of errors are due to improper

working time interval.
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Main Menu. The main meny, shown in Fg. 53, contains the following functions:
U = Define Units
D = Data Input, Edit, etc.
A = Data Analysis
T = Working Time Interval
, 1= Change Depth (-) Altitude
X = Exitto DOS

s
s Ro% -

L DTCD CROLID WATER SOFTWARE
. WATIR LIVIL DATA DAST

Data Base = NEPMAL Munber of PY »
ldawt iPication l Dezcription

LIMBRINTL Ohs. Wil 1
Pltpur Obamrvation Well Pitpur

Tabarking Tlee
Intarvai

1xChangs
Duyth{->Alt.

Yot _
e ——————

Woeking units
Depth

d [a)
Preass U.D.A o T to miect a fumstion gromy.

......................

Notice also the message in the lower right corner: .
Working Units '
Depth -
d (m)

TTaw
.

indicating that the data base confains levels in the form of depth (from a measuring point), and that the unit
for length is meters.

The message line at the bottom contains the instruction: Press U,D,A, or T to select 2 function group.

In preparing a new dauwa base, you should first type the letter U 10 define your default units. You should select
meters or feet as units for length, select a time interval large enough 10 accommodale all presently available
data, and change "altitude’ for "depth* if-levels are already expressed in absolute elevations abovc the mean
sea level. Then go to option D to input data.

5.3. Data Input

After you type the letter D, the menu shown in Fig. 5.4 will appear. The following functions are available:

I - for input from an ASCII file
O - for output toan ASCli file =
N - for new daua input from keyboard
E — for editing data
- for data analysis (display and printout of hydrographs)
D - for deteting data
. Esc - to return to Main Menu
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g7 L A
UNDICD — CROUND UATIZ SOFTwang Vare
5. WATIR LIVII DATA BASK 3-:—1: :ﬁ-s
Pata Base = NEPWML Mupbar of PV = 2 ] FUMCTIOMS :
ldewtif icatios L Mescription
T:ASCII Inpet
LINBINIL Ohe. Wel] & OnASCII Gutput
Pltpur Chamyvation bell Pitmoe MaMaw Data
EsX2it Data
Pevma lumis
D=Daiots

Morking wnits
Dapth
d (m)

Prese [.O.M.Z.A or T to seiect a function group,
Esc to reture to Main Mev.

is used when data are to be read from an existing ASCI] data file. The file could have been

created either with a word processor (WordStar, Word, WordPerfect, Personal Editor, etc.) or

from this program using the option N.

Option O is used when the data that have been created from the program (option N) or edited (option E)
are 1o be stored in a separate ASCII file.

Option N . is used for interactive input of new data and creation of a data file.

Option E s used for editing existing data, or for extending the period of record.
Optlon A is used for displaying the graphs, or their printing.
Opdon D is used for deleting one or more data files (individual wells). ’

Option T  is used 1o modify the time interval It is very important because depending on the time interval
sciected the data will be displayed and available for editing. For example ifa wrong time interval
is selected the data may not be *visibie® and corrections or extension of data will be impossible.

Pressing Esc will return you to one menu backward, i.¢. to-main menu.

Inpus from an ASCII Daza File. To input data from an ASCII file, type the letter I and answer the program’s
prompt for a file name. You may have created the file with a word processor in which case the file should have
the following format and appearance:

line 1: file name

line 2: - description of observation well, any character

line 3: description of aquifer (e.g. Quaternary, dolomite, Ogallala)

line 4: X, y coordinates, land surface and measuring point elevations, format 4F10.0

line 5: the starting year, typed with four digits in columns 1 through 4

line 6: the starting month, typed with one or two digits in columns 1 and 2 (if the month is one from
January through September the one-digit value is typed in the column 2)

line 7: day, hour, minute, and the level or depth, in the formar 12.213,F10.0

line 8: continue input in the same month

line 9: same as ahove,.....

When one month is terminated the next line contains only one **® character typed in the column 1. The next
month follows same as in line 5. The year is terminated with two "*° characters. The entire data file is
terrninated with three *** characters. An example is shown on the next page.
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"Pitpur

* Observation Well Pitpur

Quaternary

1000 1000 0.00 0.00

1987
5
1120

6
112 0

7 .
1120
L J

8
112 0

9
112 0

10
1120

11
112 0

12
112 0

1988
1
112 0

Ll ]
=
[ ]
[=]

ar A &= 6 =W »
— —
() ~
o (e}

[
rN
o

-L.77

-0.46

1.21

1.28

136

1.03

1.70

154

0.04

[4]
Yoo -3 W b
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Immediately after you enter thedata file name and press RETURN, the first line on the screen shows Number
of P/W = 1. The letters P and W stand {or "piezometer” and “well”, respectively. Also on the same line the
name of the data base is shown.

Imporant instructions: (a) Eachmonth must terminate with one star; (b) each year must terminate with two
stars; (c) data file must 1erminate with three stars; (d) press RETURN after the last entry (three stars).

UNMTCD, Water Resources Branch
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. 'The cursor must be in-column 1 of the last fine. Ifit is located anywhere within the line; but not in W
- colama 1; there will be an error message "End of file before end of line". If you accidentally leave
_.-.one blank line at the bottom of the data fie (one additional RETURN

-1 message: "Premature end of file.” will appear. . L i o

|

However, most errors occur if your word processor does not produce an ASCI] file. (With WordStar, unless
you "print® the file to ASCII printer, you will not always get a 1665 ASCII file Check this with the utiliry
SHOW.COM that is appended to this software packape. If you see some strange character, such as a light
rectangle, heart, or the like, you have problem!)

You may prepare several hydrographs in the same data fle. After three stars (***), which implies the end of
one hydrograph, you may coatinue with second well name, followed by description, aquifer, coardinates, etc.

Input from keyboard (inside the program). If you want tocreate 2 data file interactively frominside the program,
the N option (for *new data”) should be used. Prior to pressing N be sure that the time interval is the right
one. The program will respond by prompting for identific@tion. Type any meaningful name. The program
igzores characters beyond the 16th.

Next a wable for general data will appear (Fig. 55). The message at the screen bottom is as follows:
When you finish editing, press Esc. Table with
time-level data will come next

IDTCD — QROUND WATER SOFTWARE Varsion 1.88
S. WATER LEVEL DATA BASE Doacowbar 1989
Data Bamo = MEPAL Muabar of P/ = 2 FUMCT IONS
STW - PRRASI UN IzASCII Imput
0=ASCI] Outpaf
Description = M=Mow Data
Aquifar = E=Edit Data
x = Azfnalysis
v = DzDalata
LS Elav. x = I=Tlms [nterv.
MP Eleov. z1 =
Esc=Exit to
Main Morm

Working units
Dapth
d [m]

When you Pinish editing, preoss Esc. Table with tise—laval data
will comns next.

Although such a message may not be quite relevani at this moment, this routine is used also for editing existing
general data (option E). "Description” and "aquifer” entries are optional. You may press RETURN for either.
Their content is used only for labeling the printout, if so selected. Likewise, X and Y coordinates shall be
used in future program's revision, for creating a water level contour map from available observation wells,
You may type actual coordinates, or press RETURN twice. The last entry, "Measuring point elevation, Z1°,
is important, if observation well elevatica is available. Each graph displays and prints two scales: on the left
the depth from measuring point, on the right absofute elevation of the water level. If Z1 elevation is not
known or input, both scales shall be the same, starting from 0. (One inconsistency is noted in this version of
the program. When the fevel goes above the land surface, one should type the level with minus sign. Yet, the
scale on the left side of the graph is somewhat pecuiiar: plus sign down from "0" ordinate, minus sign above
the "0" ordinate.)

The table that will come next looks as shown in Fig. 5.6. Before typing or editing time-level daw, confirm ¢
modify the year on the top left (The program notices the last year of your *Working Time Interval® and offers
the jast year 10 start the input. The logic is the following. In updating a data base, one normaily coatinues

UN/DTCD, Water Resources Branch ' USER'S MANUAL



Ground Water Saftware 75 Dara Bases and Utilines .. Chaprer 5 (GW:

P A

UM-DTCD — GQROUND WATER SOFTWARE Varsion 1.08
S. WATER LEVEL DRTA BASE Decembor 1969

Pltpur Obseorvation Wall Fitpur OPERATIONMS :
Fl1 inzarts line

Year = 1987 Month Dates Hour Minute

g
z

Ctrl-F1 delotes
lina

F3 dolotex data
to the right

End or Howe to

page ond, or

page top

Pghn Pglp - one

page down or

pays up

RRERERRR
' T YIYILY)
#ﬂHMHH&;
paBRBNRY

hEBwow~on

Morking units
Dapth
d (ml]

Uss RETURM or cursor keys.
Prezz Esxc to finish editing.

from the last available information. So, if the data base was last time updated in June 1989, when the job is
taken up, the next month shall be July of the same year. However, in creating a new data base, if you specify

the time interval spaaning a two-year period, say 1988-1989, the year that is dlsplayed that is 1989, should
be modified to 1988,

You may move along rows or columns using the cursor control keys, space bar, return, page yp and down,
home, and end. After you finish your inpug, press Esc 10 return to the Data Menu. It is a good pracucc 10
write the new data to an ASCII file. Press O and supply the name for the file. ’ -

-

Warnings. Remember to terminate the last Ilne in the data file with RCTURN before exiting (Esc).

Do not try to continue after t}.2 12th month. (Program will Ignore the input beyond the month 12.)

...Data must be in time sequence. After one year is finished, the year dispiayed in the top left corner

- -is updated for one, and you will be prompted to mnﬂrm or modify it You may also scape now by
. pressing ESC. o : L o RN :

5.4. Editing Data

The procedure for editing datz is almost the same as the procedure for entering new dawa(option N). The
difference is that the cursor should be placed on da1a file which is to be edited. (The program will not ask for
the file name or identification.) The table with general data will appear filled with old values. Edit the data
or escape. The time-level table will come next. Remember that editing is waiting for your confirmation of the
year which is displayed on the top left. The real table with time-level data will not appear until you confirm
the year. Nothing prcvcnts you from cdxung one year after the other.

Writing Data to an ASCII Data File. The oplion O allows you to write the data, both general and time-level,
into an ASCII file. Place the cursor on the line to be copied to an ASCII file and type the ietter O. You are
thea prompted for the name of the file to which you will write the data.

Deleting a File. In order to delete a file, place the cursor on the line with the file 10 be deleted and press the
letter D . Remember, there is no way to "undelete® the file. As a precaution, have all datw files transferred to
ASCII files one by one prior to deleting any file from a data base, The program warns you that you have
pressed D for *Deicte*, and asks you to confirm this operation.
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Changing Time Interval. This is a critical concept in this software package. All "evil* will normally come from .

an erroneous time interval. No matter how large is the time spaa in the data base, onfy the available data will
be shown when editing is invoked.

5.5, Analysis

You may display and/or print hydrographs from this menu or from the main menu. In either case the option
is invoked by pressing the ietter A. The procedure is explained here beiow.

Typing the letter A will take you to the Data Analysis Menu ('F' 1g. 5.7). The following options are available:
D - for displaying hydrograph
P - for printing hydrograph
Q - for printing a table with data
T - for selecting the time interval to be displayed and/or printed.
C - {or changing the size of connecting interval
- for plotting hydrograph
— for creating an ASCII plot file, 10 be eveatually edited and/or used in some
commercial piotting program.

First select a file with the cursor. Next check the time interval which will be used. Type T and modify the time
interval if necessary. In some cases, when you type A from Main or Data menu, the program automaticaily
asks you to confirm the Time Interval for displaying the data. If you wish details, reduce the time interval By
modifying the time interval you may enlarge or squeeze the graph. Display the hydrograph by typing D. Print
hydrograph by typing P. The first prompt will ask you 10 make printer ready and press RETURN. After that
you will be given chance to select between two formats for printing hydrographs. You may print hydrograpk
with all the information (generai data} - data file, such as project name, organization, coordinates, elevatior
aquifer description. In this case the graph itself shail be centered on a A4 page with general data preceding
the graph. However, you may opt for only graph and its idenufication. In this case you may have two
hydrographs on one A4 page. Answer this prompt by either F for full page with data, or R for 'reduccd‘ data
Print data table by pressing *Q". Plot hydrograph by pressing B.

You may decide whether you want to connect some missing intervals or not. If, ¢.g, data in two months are

missing but you still want to have a continuous (connected) graph, press C and type 61 for *Connection

“zterval (days)®, followed by two returns. The program scans the time interval berween two successive time
:iues and connects them if the time elapsed is less than 61 days.
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UN/DICD — CROUMD WATER SOFTUARE Yarsion 1.88
5. WATER LEVLIL DATA BASE December 1589
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Press D,P.Q,T,C,B or A to ssiect a Tunction group.
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5.6. Example

To run this example, create a data base from the keyboard containing one data file. The data are real (Nepal,

UNDP project NEP/86/02S, executed by Department of Technical Co-operation for Development, Water
Resources Branch).

Type GW and press RETURN. Wait for the opening screen, press any key except Esc. Read, if vou wish, the
copyright notice and press any key except Esc. Select the module 5. Hydrographs, and press RETURN. When
prompted for Data Base File type NEPAL. The cursor is now on the Project. Type NEP/36/025 GROUND
WATER IN TERAI Press RETURN. For Organization type GWRDB, UNDP, UN/DTCD. The screen is as
shown in Fig. 5.8. The line (m)is highlight ed. Press RETURN. The screen Define the Working Time Interval
appears next. Type 1988 for the starting year, 5 for the starting month, 1 for the day, press twice RETURN

bypassing starting hour and minute. Type 1989 for the ending year, 2 for month, 28 for day, press RETURN
followed by Esc. -

UN-DTCD — GQROUND WATER SOFTWARE

Uargian 1.88
S. MWATIR LEVEL DATA BASE

December 1989

Data Bass Filas : MEPAL
Project : MEP/86-9Z5
Organization : GMRDE - UN-DTCD

ESC to quit. RETURMN to continue,
Fig. 5.8

prompt with STW-3 PARASI UN and press RETURN. The screen as in Fig. 5.5 will appear. On the line
Description type "Shallow, 38.4 m, drilled Jan. 88" and press RETURN. Type "Quaternary” at the Aquifer
prompt. Press RETURN. Type for X 762900, and for Y 3048000. For LS Elevation Z rype 111.39, and for MP
Elevation Z1 type 112.03. LS and MP are abbreviations for land surface and measuring point, respectively.
Press Esc. Modify the year 1989 offered by the program to 1988. Press RETURN and wait a while untilanother
table with columns for time and level is displayed. The cursor is in the first row, first column. We start with
May 1988, actually the level on 2 May 1988 is 3.08 m. Type 5, press RETURN, type 2, followed by two returns
(or several cursor right-arrow keys). Type 3.08 in column Depth. Press RETURN. You are now on the second
line. Type 6 (June), 9 (day), RETURN for hour and minute, 3.6 for depth to water table from measuring
point. After al] months in 1988 are processed the table will look as follows:

5 2 0 0 308
6 9 00 36 b
7 100 18
8 300 07
g 2 0 0 062
10 3 0 0 195
11 3 00 212
12 1S 0 0 228
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Do not forget to press RETURN after typing 2.28. The cursor must be in column 1 on the blank line. Press
Esc. Notice that the program updates the year to 1989. Confirm that year by pressing RETURN. Type 1 for
month; 15 for day, two returns for hour and minute, and 2.57 for depth. Press RETURN. On the second lir
type 2 for month, 3 for day, press twice RETURN, and type 336 for depth. Press RETURN. Do not forge.
this! Press Esc. Al] data are now in the file STW-3 PARAS] UN. .

Type A. to select data analysis. Type T to confirm the time interval If you select the time interval to start with
May 1988 and terminate with December 1988, the hydrograph will be as shown in Fig.5.9. View the hydrograph
by pressing D. Print it by typing P. Print the data in table form by typing Q. The data are printed in the table
as shown in Fig. 5.10. You may also plot this graph. Press letter B.
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Coordinates [ml

X = 762980.00
Y = 3p40808.88
2= 113.39
21 = 112.83

Poriod ! May 1988 ~ Dec 1988
Hay, 1988 —

8. 8 3.a88
Jun, 1988 —
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6.1. Program Overview

The program GW6 is Lithological Data Base, which includes severai retrieval subprograms: (1) Well
construction data with lithological column in graphical form; (2) Lithological cross-sections; (3) Table with
all wells in data base, including well name, x,y,z, depth, and screcned interval; (4) Caiculation of the percentage
of permeable intervals; (5) Map showing the location of all wells in the data base. The program has built-in
many graphical symbols for lithological units (sand, clay, gravel, hard rock, etc.), but you may also design
almost any kind of symbols and assign to them different names. You may edit all data from inside the program
using your favorite editor. You may view on the screen individuai well logs and whole cross sections. You may
also use a mouse and select the lines of cross sections directly from the screen map. You may print or plot

well logs and cross-sections. )
The GW6 program contains the following files:

GW6.EXE  -run file, command file, executable file

UN6.CMN  -communication file

UN6.WND  -windows

UN6MST - menu structure - ’

GW6.GEN - general daua fle (MUST BE EDITED BEFORE STARTING NEW PROJECT)

GW6.DLT — description of lithology file, with various symbois preprogrammed and/or designed by the
user ' '

GW6.5TM ~ codes for permeable members
DIGXSC.EXE - file called from main program (o create coordinate system with map of wells

"~ GW6CEEXE -filecalled from main program (GW6.EXE) which is used in creating new files in lithological
data base

BL#.LTH ~ examples from a recent project in Nepal, where # is the number of the well

The following files must be copied 1o the \GW directory: GW6,EXE, UN6.MST, UN6.CMN, UN6.WND,
GW6CFE.EXE, DIGXSC.EXE, GW6.DLT, GW6.STM. They occupy about 330,000 bytes of disk storage. The
minimum memory requirement for the GW6.EXE program is about 430 Kilobytes, but, with screen and
printer drivers, the maximum memory requirement is about 580 KB. This means that you must eliminate any
memory-resident program, and even reduce your CONFIG.SYS file, if you wish to use screen dispiay and
printing capabilities of the program. -

You will need a video graphics adaper, if you wish 10 view well logs, well map, and cross sections on the
screen. A mathematical co-processor is optional, but it is highly recommended. The graphics on the screen
is very much computer-time demanding; and the speed and efficiency of screen presentation is greatly
improved by running the program on a fast microcomputer, preferably the one with clock speed of 12
megaherntz or more. A typical well log is calculated and displayed on the screen in about 35 seconds on a 25
MHz computer equipped with a 25-MHz co-processor. It may take 5 minutes if the program is run on a
computer running at 8 MHz, without a co-processor. You may find a mouse useful in selecting the fines of
cross sections directly from the screea map.

In this manual you will be instructed to create the data base, t0 run the program, to design additional
lithological symbols, .
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The program is written in such a way that it can be instailed on a hard disk drive other than C. However,
should you select a hard disk partition other than the boat disk C, you must copy the COMMAND.COM fie
into the root directory of the hard disk partition where your data base shall reside. The COMMAND.COM
file is used by the program to read other files (GWE.GEN, lithological files, e1c.).

You do not need 10 have your text editor in the same subdirectory (e.g. \gw\gw6). However, be careful, if you
specify the path 10 the editor correctly, this still does 10t mean that the program will be able to use that editor.
Almost every text editor or word processor has, in addition to one EXE file, speller and thesaurus, several
message or overlay files. These cannot be found by the program with ordinary DOS PATH utility. You need
something like "SEARCH?" utility which will search specified subdirectories and find any required file, no
matter what is its extension. If you are an inexperienced computer uset, it is advisable that you copy your text
editor files into the \GWAGW6 subdirectory (without speller checker, thesaurus, or printer files). However,
daua files (data base) can be physically separate from the program subdirectory. When you are asked by the
program to select files, specify the complete path. E.g., if your darta base files are on hard disk subdirectory
called NEPAL and each weil file is terminated with extension *.1th, specify the path C:ANEPAL\* Ith. -

The maximum number of individual data files (well logs) is 300.

6.2. General Program Files

6.2.1. General Data File, GW6.GEN

The first step in running the program is to tell the computer which text editor you want to use and where it
is located. This information is contained in the file GW6,.GEN. The file GW6.GEN tmust be in the current n
directory. Since you must have the files such as GWGEXE, all three UNG files, and GW6.DLT, GW6.STM,
GW6CF.EXE, in the \GW directory, you may opt to cTeate a data base directory in which you will have al’
your data base files (we recommend the extension °.1th for each) plus the file GW6.GEN. -

SR - P U

which your GW6.GEN file

-/ Itis Important and MANDATORY that you log
7~ i located before you jum the program GW or

AT T AT Lt TR

onto that

-

-

This file contains the information identifying the project (two lines), vertical and horizontal scale for cross
sections, and most of all, the path to your text editor. The project identifications are not that critical, neither
are the scales for cross sections. But the path to the text editor is crocial, whether you want to use that editor
or not. Take note now, that the name of the executable text processor file must be typed with extension. If
this is WordStar, type WS.COM. If this is WordPerfect, type WP.EXE, etc. You mayedit this file independently
from the program using any screen editor, or, you may do it from inside the program. Before you use the
program for the first time, you must edit the GWE&GEN file with a screen editor outside the program. The
file GW6.GEN, as supplied on the distribution diskette, looks as follows:

PROJ: NEP/86/025

ORG: GWRDB-UN/DTCD
EDITOR: CAUTIL\PEEXE
HSCALE: 100000

VSCALE: 1000

There are five lines in this file. You supply the information starting with column 11. Do not change words
before a colon. The first two lines are project name or symbol and organization. In this version of the program,
these two lines are used to identify well logs only. (In earlier version they were also identifying lithologicai
cross section. This was eliminated to make more space for real cross section. Titles and identifications can
be added by printer ater!)

On the third line you should provide the path to and the name of text editor that program will use. In this
example, [BM's Personal Editor is used, and it is located in the hard disk subdirectory \UTIL (for utilities).
Again, be careful. If your text editor's main executable file is in this subdirectory, the program will find it, but
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‘0Ot its overlay or message files, unless you have some *SEARCH" utility in your autoexec.bat file. (Some
‘edifors need only one executable file, such as Borland'’s SideKick, Norton’s Editor, etc.)

The last two lines specify the scale for cross sections, horizontal and vertical. The horizontal scale of 100000
means that 1 cm on the printout will represent 1000 m in nature, The horizontal scale of 1000 means that 1
cm on the printout will represent 10 m in nature. The scale is for lithological cross-sectious. You have a choice
of having lithological cross section printed on A4, A3 format, or user-specified format. In A4 format the
maximum length of a cross-section is 26 cm, and the maximum height is 16.5 cm. Thus, with horizontal scale
100,000, one may display a cross-section of maximum length 26 km; with scale 200,000 the length can be as
big as 52 km; with scale 50,000, the maximum length of the section can be 13 km. Vartical scale of 2000 is used
for cross-sections up to 332 meters or feet vertical difference; scale of 1000 can display up to 165 m or feet.
In A3 format the maximum length of the cross section (along horizontal) is 36 cm, and the maximum height
is 21.9 cm. Thus, in A3 format in 100,000 horizonta; : zale, the total length of cross section can be as much as
36 iam. (If you select A3 format, paper should be placed into printer with shorter side horizontal.)

6.2.2. Lithological Symbols Default File, GW6.DLT

The file GW6.DLT contains preprogrammed symbols for various lithologicai units (about 30). You can use
these symbols without modification, or you can make your own. Oae part of the file is reproduced here belc

CLAY Clay

315

20.000.75

0075150 .

11.500.75

02.250.00

13.000.75

[ ]

SILT sSilt
22
20.00.0
11010
-

ROCK1 Hard rock
22

20.00 1.00
12.001.00

»

The list of all symbols and instructions to prepare additional symbols are contained in Appendix A. The
symbols can be simple (horizoatal line, diagonal line, e1c.) or very complicated (e.g., mixture of fine sand with
gravel).

Each symbol is defined with symbol name, which is the first word in the GW6.DLT file (CLAY, SILT, up to
10 characters, 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 well log. This is one or more words after the symbol name (with
maximum of 100 characters). In the above example the description of clay and silt is the same as the name of
the symbol, but for the symbol ROCKI the description is "Hard rock®. You may modify in this file the symbol
name, or description, to suil your project better. You may also add 10 this list newsymbols using the procedure
explained in Appendix A

The important thing to remember is that in data files (o be created by you, one file for one well, symbol names
are matching with symbol names in this file. If the program does not find a symbol name specified by you in

.data files, that portion of the lithological log will remain blaak (no symbols). In lithological cross-sections, 2
message shall be displayed that error was noticed in reading lithology. (The name of the file with error shall
be also displayed.)

You have also the option to have the default description of lithology typed on the well log (such as Clay,
Rockl, or Silt), or to type something different and/or expanded. Ifin the well log data you type only the name

-~
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of the symbol next to the depth, e.g. CLAY, the program will use the default description (Clay). If you type

something else, the program will reproduce this *something else’. Thus, next to CLAY symbol the following
can be typed: Clay hard with some silt and sand. )

6.2.3. File with Codes for Permeable Units, GW6.STM

One more file must reside in the \GW directory. This is the file which contains the codes for permeable units
or members. It is used in several application routines: (3) for dispiaying permeable units in biue, and all other
units (interpreted as impermeable) as yellow, in well logs and Lithological cross sections; (b) for creating a
table with percentages of permeable versus impermeable layers in each and all wells in the data base. The
current GW6.5STM file looks as follows:

SAND

SANDV

SANDF

SANDM

SANDC

SCWG

GRAVEL

GRAVELF

GRAVELC

GWS

SRGRAY

6.2.4. New File-Creating File, GW6CEEXE

This file must reside in the \GW directory. It is needed only if and when you want 10 add new files to the data
base.

6.2.5. Digitizing Coordinates File, DIGXSC.EXE

This file, which must also reside in the \GW directory, is needed for digitizing the wells’ coordinates, displaving
a map with wells, and supporting the mouse-defined cross section lines. Without this file, you may specify the
beginning and end coordinates of a cross-section line manuaily, without using a mouse,

6.3. Running the Program

Copy the filess GW6.EXE, UN6.MST, UN6.CMN, UN6.WND, GW6.DLT GWE 5TM, GW6CFEXE,
MNMGXSC.EXE into the \GW directory. Create a subdirectory, say GW§, and copy the GW6.GEN file plus all

-<H files into that subdirectory. Log into the GW6 subdirectory (the one in which is your GW6.GEN file!).
.ype GW 1o start the whole package, or GW6 to start only the lithology program.

After you select the mndule "6. Well Lithology® press RETURN. The next screen displays two lines with
Project and Organiz:: .;n identification, Fig. 6.1-This information is read from your GW6.GEN file. If there
is any error you will see either 2 message "Please, edit file GW6.GEN first, then call again.” or *Text editor
given in \GW\GW6.GEN does not exist. Prepare \GW\GW6.GEN and call again.” The first message appears
if you do not have any GW6.GEN file in your curreatly logged directory. The second message is displaved -
if the path to the text editor is wrong or its executable file name is not complete, i.e. without extension. (The
list of error messages is appended in Appendix B.)

If you do not see these messages, and the project name and organio. .aappear on the screen, you may edit
these two lines now or modify them by editing the GW6.GEN file. The changes you make shail be reflected
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UW/TTCD — CROUMD WATER SOFTWARE
6. WILL LITHOLOCY December 1999

Praject : Swallow Cround datar s Terai
Oryanization : GMRDE - UWITOD NIP/HR/HIS

not only in the headings of your printout (well lop', cross-sections) in the current run, but will also be copied
to your GW6.GEN file. '

Press RETURN twice. The main opening screen with the main menu will appear (Fig. 6.2). On the right side
of the screen are shown various functions available in this program.

. WELL LITHOLOSY L)
hamtar of weils v Vo PaacT o

EnEdit Data
Wetinil Loy
SaSalnct flles
fokas Tlis
Qi CIN Plle et b 6 your ourvewt e d L]
directayy, Chach path OF guur werd pro— CaCruuwn smcti.
cpney. lereinats 1§ lomese vith EXX,.CON, CiCouyral Data
{a COMWWO. ™M flis in BOOT Jireciaryl ToPpim Tabis
=y Poraseble

Thawe 18 s sotive flle.
Owmess £ or R option.

E=Edit Data,

This is used for editing existing data files. You will normally first select one or more files, place the cursor on
the name of the file that you wish 10 edit, and type the key E [or editing. Then your selecied screen editor will
be activated (in this case Personal Editor) and the file contents are displayed automatically.

W= Well Log. '

This function is used for displaving/printing/plouing a well log from the data file which is currenly
highlighted. in order for this to work properiy, the printer driver in CONFIG.CNF must be carrectly selected
(9-pin or 24-pin printer) and its EXE file must be in the \GW directory (options: DVIRX120.EXE and/or
DVILQI180.EXE, see Introduction). Likewise, a correctly selected screen driver must be present in the \GW
directory (options: CGA, EGA, VGA, ATT, HGC, WYSE). You cannot plot the log unless you have the
plotter driver in \GW directory. The plotter driver executadle file is DVIHPGLEEXE for plotting through
the COML1 serial port, and/or for creating an ASCII plot file 10 be used later, in edited form, when a plotter
becomes availabie.
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S=Select Files.

This will normally be the first process to perform after the general data file (GW6.GEN) is edited After S is
typed, the program will prompt you for the form of data file names. If you have prepared ail dam with tf
same extension, say .L'TH, the answer to the prompt can be *.LTH. The program searches turough .
directory and reads ail data files with the matching extension .LTH. Alternatively you may add file names one
by one. ' :

N=New File.

To create the data base, you must use this function. The program prompts for file name, and displays the
default (preprogrammed) list of entries 10 which you must suppiy answers. [n order that this porton of the
program works correctly, there must be the file GWSCFEXE in the \GW directory.

D=Delete.

Place the cursor on the file name to be deleted and type D. Warning! The file with that name will be deleted
not only from the data base but from the computer directory. This is actuafly the DOS command which is
incorporated into this program. Unerase accidentally erased file using one of commercially available utilities
(Norton Utilities or PCTools, e.g.). A recommended practice is 10 have a copy of your data base ona disketze.

C=Cross Sectlon.

If more than one well data file is available in the data base pressing the C key will initiate the processing of
cross sections through the project area. You will be asked for the title of cross section, for the initial x
coordinate, the ending x coordinate, the ipitiai y coordinate, the ending y coordinate. The finai questioa is
how fa; from the cross section line eventually existing wells should be projected onto the line. If you have a
mouse you will be able 0 select the cross-section line with the mouse. If you have a graphics adapter you may
also create a map with ail selected wells and view it on the screen. Lithological cross sections can be viewed
on the screen, printed, plotted.

G =Edit General Data.

You may edit general data in this file at any time during the program execution. Once the general data are
correculy selected, the only changes that may be required by the program or user are horizontal and vertca’
scales for cross sections. .

T=Thable of Data.

This is used to write to a file, from which you can print the data, the basic data identifying the data base: well
name, x and y coordinates, elevation, total drilled depth, screened metrage (footage). At the bottom of the
file you will find the basic statistics: (a) totai number of wells, () 1o1al drilled metrage or footage, (c) total
screened intervals, (d) percentage of screened intervai-with respect to total drilled metrage (footage). The
same final statistics will be displayed on the screen.

% =Percentage of permeable
materials in selected interval of depth. As in the previous table, the information is copied to a disk file, with the
summary displayed on the screen.

X =Exit to Main program. :
As in any other program in this Ground Water series, typing X will return you to the Main Program.

6.4. Example

6.4.1. Start the Program

By running the example supplied on the distribution diskette you will master the program and understand
its features. Log to the subdirectory in which your data files are located. The file GW6.GEN must also be
there. Type GW, press RETURN twice, move the cursor to the line °6. Lithology®. Press RETURN again.
The following screen will appear: -
‘Project: Shallow Ground Water In Teral
Organization: GWRDB - UN/DTCD NEP/86/025

The program gets this information from the first two lines in GW6.GEN. Press RETURN twice. The main
menu with available functions comes next. On the right side of the screen the display is as follows:

£y
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FUNCTIONS: S
E=Edit Data

W=Well Log

S=Select Files

N=New File

D=Delete (for deleting file)
C=Cross Sect. (for cross-section)
G=Edit General Data

T=Table of Data

%="% of Permeable (for percentage of permeable materials)
X =Exit to Main Program or DOS

Press S to select data files. The program prompts for file name format Type *.LTH. This is interpreted by
the program *look in data directory and find all files with extension LTH. Then transfer these files into
computer memory®. Aftera few seconds the screen will display the first 13 data files and show the total number
of wells in the data base (Fig, 63). In this example the number is 15. The cursor is on the first line. Move the
cursor to file BR4.LTH and press E to edit Zata. (You may need to answer the prompt of your text editor.
E.g., if you are using [BM's Personal Editor, you must press RETURN.)

The following is displaved: '

WELL: BLI/4

LOC: MAHADEVA

ELEV: 993

X 730240

Y: 3050000 - RE
SCREEN: 51.8,56.9,65.1,68.1,76.2,81.3,87.4,90.5,104.1,113.3,117.9,120.9,154.4,157.5,178.9,184.9,191.0,197:1
DR.METH: RIG

DR.DATES: 16.2.87 - 93.87

COMM: WELL SIZE:16%10%M.P:0.6m;SCRN:W.WRAPED\SCREEN P0S:51.8-56.9.65.1-68.1,76.2- .

81.3187.4-90.5,104.1-113.3,117.9-120.9\154.4-157.5,178.9-184.9,191.0-197.1\DRILLED UNDER BLGW .
PROJ. . Lo

. o
PTDATE: 3-44.87 .
Q: 11115
DUR: 20h -
TRAN: 1780 m2/d
METHOD: THEIS
STORAGE:
SWL: 848 m(AGRL)
DWL: 9.0 m(B.GR.L)
PT.COMM:
LITH:
11.0CLAY
22.0SAND ’
43.0 CLAY Clay with thin\gravel layer
68.0 GRAVEL Gravel with thin\clay layer ’
75.0 CLAY :
81.0 GRAVEL Gravel
86.0 CLAY ’ '
91.0 GRAVEL Gravel -
103.0 CLAY
134.0 GRAVEL Gravel with thin\clay layer
1520 CLAY
173.0 CWIQS Clay with sand\& gravel
198.0 SCWG Gravet and sand\with thin clay\layer
203.0 CLAY

¥
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Abbreviations are for the following:
LOC - location
ELEV - elevation
DRMETHOD  -drilling method
DR.DATES - drilling dates
COMM - commeats
PL DATE ~ pumping test date
DUR - duration of pumping test
TRAN ~ transmissivity value

" SWL - static water level

DWL - dynamic water level
PTCOMM - pumping test comments
LITH - lithology

Some of the fields must be input in correct format, some are just for the record and can contain anything.
That "anything” will be printed on the well log, however. The first field, WELL, is important because its
content will be printed on the cross section exactly as it-is fyped. If you want number 10 be shown on your
lithological cross section, type the number. Type the name if this is what you want.

Elevation and ¢oordinates must be correct, that is only aumbers without blanks or any textual character. A
typical mistake is to type elevation with m (meters) or ft (feet). This will not create a probiem in printing the
well log, but it will be noticed by the program when a cross-section is attempted, or when 2 tabie of data
printed.

Several comments are in order.

(1) Alldata indata files are typed from column 11 on, aithough you may start at any column after the tenth.

(2) You may specify several well screen sections in one well by typing beginning and ending depths of the
first section, followed by the beginning and ending depths of the second section, etc., with each value
separated by a comma. In the above example (BR4.LTH) there are nine screen sections, the first at
51.8-56.9, and the last at 191.0-197.1 m. Typing the interval such as 24.5-30.5 will create error. Likewise,
you must not type textual comment such as “Uncased®, or “Screen position unknown®. Only numbers
separated by commas are aliowed!
The “total depth*® information does not appear explicitly in the data form or file. The final depth of the
last litk~logical unit is interpreted by the program as equivalent to the total depth. You may write in
*Comments” if this is not the case. .
On "Comments:* line in data form (file), five lines of information can be accommodated. The instruction
marker for the program 10 start with next line is the backslash character \*. For example, if you want the
following commeants to appear:

Screen: 40.2—45.5m.

Type: Wire-wrapped, siots 0.5 mm.

M.FP.: 96.95

&)

“@
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the comment line should be typed as follows:— -
Screen: 40.2—45.5 m.\Type: Wire-wrapped, slots 05 mm.\M_P: 96.95

(5) Exactly the same principle is used in typing lithological descriptions for various units (layers) for which
you want o use a description other than the default. For emmple, for the description "Alternate bands
of clay and gravel® you may type "Alternate\bands of ciayand gravel® next to the symbo! selected to
represent such lithology. In order not to type over the vertical line ending the well log, you should not
have lines longer than 20 characters in the lithological description. Lithology may be typed with the
default values for symbols, or with additional text of your own

\ﬁc_w the data with your editor, and quit editing by using your editor’s command to quit and return to the
main program. Instead returning to the main program you will be back in the main menu ready for further
acuon. You will see the message "Error in file edit” if the program discovers that something is wrong.

Before you continue, it is good practice to write the table with ail general data to a disk file. This routine will
detect most of errors in your input Type the letter T. Supply a file name as an answer to the program prompt:
“File name to accept data’. As an example type "TABLE". The program will inform you what it is doing. Also
if the program detects an error, it will display the name of the file in which the error was detected. If no errors

are detected, you may view this table by exiting the program (letter X) and using the DOS command *TYPE
TABLE". The table shall look as follows: '

DEPTH
No. | WELL NAME X Y Z SCREEN
1 BR1.LTH 730560. 3045600, 95.95 | 193.00 48.7
2 BR2.L'TH 728000, 3044160. 92.30 194.00 48.7
3 BR3.LTH 730560, 3047040. 9730 163.10 - 165
4 BR4.LTH 730240, 3050000, 9930 203.00 437
5 BRS.LTH 727600. 3044720. 94.80 180.10 56.2
6 BR6.LTH 728480, 3048960. 98.98 182.00 31.2
7 BR7.LTH 729280. 3047280. 100.70 163.00 45.5
8 BR3.LTH 729120. 3048720. 98.70 167.00 ) 43.7
9 BR9.LTH 728430, 3047120. 98.10 166.10 38.6
10 BR10.LTH 727920, 3045920. 95.99 195.00 43.5
g 11 BR11.LTH T28480. 3048320. 96.90 222.00 39.8
12 BL32.ILTH T34320. 3057920. 119.40 136.00 473
13 BL33.LTH 733360, 3056640. 115.90 14330 49.8
14 BLA1.LTH 732400. 3054000. 11030 176.00 58.8
15 BLA49.LTH 731280, 3052240. 109.80 168.00 493
Number of wells in data base: 15
Total drilled depth in data base: 2651.6
Average depth per well: 176.8
Total screened interval: 6613
Average screened interval: 44.1
Number of wells with screen: 15
Number of wells w/out screen: 0

Now you may check the percentage of permeable materials in each weil and in the whole area (data base).
Select "%". You will be asked for a depth down to which you wish 10 calculate this percentage. If you wish to
get the percentage of permeable versus impermeable materials for all wells, regardless the depth, answer this
prompt by a number greater than maximum drilled depth. In our case type 230. Supply the name for the file
to receive this information as "“PERCENT". The program now offers you an opportunity to select a cerain

_portion of the area with wells in which you might be interested. F_or example you may want to obtain average
percentage of permeable materials in a certain quadrant. Supply initial X and Y coordinates, and Gnal X and
Y coordinates. Actually you are specifying the coordinates of the lower left corner and the upper right corner
of a rectangle, respectively, You may override this option by pressing RETURN four times. While processing,
the program will inform you what is it doing. After a while, the following table shatl be written 10 the disk file
PERCENT: :

" UN/TTTD, Water Resources Braneh ' ISER'S MANU,
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L wWes NAME DEPTH PERMEABLE PERCENT |
* BRI.LTH 193.0 49.0 ) 254 h
BR10.LTH 195.0 : 35.0 17.9
BR11.LTH >0 94.0 423
BR2LTH 194.0 110.0 56.7
BL32.LTH 136.0 835 65.1
BR3.LTH 163.1 4.0 33.1
BL33.LTH 1433 827 57.7
BR4.LTH . 203.0 103.0 50.7
IRS.LTH 180.1 821 45.6
BR&LTH 182.0 74.0 40.7
BR7.LTH 163.0 : 88.0 54.0
BR2LTH 167.0 : 50.0 299
BRY9.LTH 166.1 79.0 476
BL41.LTH 176.0 107.0 60.8
BL49.LTH 168.0 113.0 67.3
DEPTH OF CALCULATION: 230.0
Cumulative depth down 1o selected range: 2651.6
Total permeable thickness in selected range: - 12093
Average percentage of permeable materials: - 45.6%

However, it may be of interest to calculaie the percentage of permeable materials to a depth less than the
one reached by the deepest well. Say, you are interested in upper 60 m. Withou: exiting the program, seiect
% again, and answer with the depth of 60. Supply the file name as PERCS0. Type this file after exiting the
program. It looks as follows: .

WELL NAME DEPTH PSRMEABLE PERCENT
BR1.LTH 60.0 0.0 0.0
BRI1C.LTH 60.0 0.0 0.0
BR11.LTH 60.0 16.0 26.7
BR2.LTH 60.0 0.0 0.0
BI321TH 60.0 33.9 56.5
BR3.LTH 60.0 _. 26.0 433
BL33.LTH 60.0 265 4.2
BR4.LTH 60.0 28.0 46.7
BR5S.LTH 60.0 9.0 15.0
BR6.LTH 60.0 270 45.0
BR7.LTH 60.0 33.0 55.0
BR8.LTH 60.0 6.0 10.0
BRO.LTH 60.0 \ 43.0 7.7
BLALLTH 60.0 380 633
BLA49.LTH 60.0 37.0 61.7

DEPTH OF CALCULATION: 60.0
Cumulative depth down to selecied range: 900.0
Total permeable thickness in selected range: 324
Average percentage of permeable materials: 35.5%

The program has given you an anaiyticat tool that will tell you which interval contains the most permeable
materials. In our case, all wells down to 60 m depth display an average percentage of permeable materials of
only 35.9, while going deeper, to 230 m, this percentage becomes higher, 45.6, Likewise you may analyze a
certain area, not only a certain depth interval.

However, it is important to understand how the program distinguishes between permeable and impermeable
materials. The program checks cach layer in each well and evaluaies against all lithotogical symbols in th
" file GW6.DLT. If the interval is described by one of the following 13 codes, the interval is permeable:
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SAND, SANDV, SANDF, SANDM, SANDC, SCWG, GRAVEL, GRAVELF, GRAVELC, GWS, PEBBLE,
BOULDER, GWS,

(You may redefine some of descriptions for these 13 codes, but keep the same codes in the file GW6.DLT,
You will notice that SCWG means "Sand Coarse with Gravel”, that GWS stands for *Gravel with Sand”, etc.)

6.4.2. Display, Print or Plot Well Log

Press W to display and/or print a well log. You will be offered four choices: (1) to display log (letter D), (2)
to print log (letter P), (3) to plot log directly through the COM1 serial port to plotter (letter A), (4) to create
a plot file in ASCII format 1o be edited and/or used by another commercial graphical program (letter B).

Whatever you select, there will be a message: Change Length of Log [Y/N]:. You will see also the following
text to remind you what you may do. ‘
The default vertical size of well log is 16 cm. You may increase the size by pressing Y and supplying any leagth
between the default and 40 cm. However, display shall be impaired, letters will become squeezed, and it will
take time to display and/or prepare for printing. Use mouse t0 zoom. Use continuous compulier paper 1o priot
long logs.

This option gives you the possibility to create larger well logs than A4 format. As an exercise press Y. The
new message will be: Type new log length (max. log length = 40 cm). Type 20 and press RETURN. You will
be prompted to change scale that otherwise will be automatically selected by the program. (The program
always selects the scale in such a way that the whole space allocated for the log, normatly 16 cm or whatever
you specify, is filled with the log.) The message is: Your Scale [Y/N]. There is also a text displayed on the
screen (0 inform you about this possibility. The text is as follows.

Answer with Y if you wish to override automatic scale ssiecuon. Program normally uses a scale such that whole

16 cm, or whatever you defined one step before, is filled with Lthology. Type onty denominator of scale. E-g.,

for 1:1000 type only 1000. You may check maximum scale by typing small number.. Program wil dispiay
maximum s&ale. |

Type Y and press RETURN. The message is Type your scale. Remember well log length = 20.0 cm. Now you
may find out what would be the program-selected scaje that would fill in the whole space. Type 10 and press
RETURN. The program dispiays Scale greater than max permitted: 742.49. Any key to try again. When
prompted again for your scale press N and accept sthe program’s scaie.

If everything is in order, your lithological symbols correctly typed and selected, and your printer or plotter
properly connected to the computer, after a few seconds the message line at the screen bottom will display
the message "Creating page layout ..., followed by another message "Rasterizing and printing ...". Remember
this is a graphics program and the whole page must be laid out, and rasterized for displaying and/or printing.
This takes time : on Toshiba 1600, which is equipped with 12 *{Hz 80286 processor and 10 MHz 80287
CO-Processor, it ixes about 2 minutes to set up and print well log; un AST Premium, running at 25 MHz and
equipped with INTEL 80386 processor, it takes only 35 seconds 10 dispiay a well log). If there is an error,
notably in lithological part, the program displays the message "Error in log print®. The rypical error will be if
you have in your data file (well file) some lithological codes that do not match the list in the program file
GW6.DLT

If you opt 1o display the log oa the screen you will notice that the screen resolution is insufficient to allow
you to see details, Yet, with a mouse connected 10 the sysiem, you have an opporunity to zoom a portion of
the log and see all details ctearly before you decide to print or plot the log. Type Z for zoom; move the cursor
to the lower left corer of the rectangle you wish to enlarge. Press the left mouse button. Move the cursor to

the right upper corner 1o define the rectangle. Press the left mouse button again. The screen may look as in
Fig.6.4A -

On the color monitor, you may note that all permeable layers are shown in blue, while impermeable parts
are yellow.

The printer prints first two lines of project identification (Project and Organization), followed by General
Well Data, Well Construction and Lithological Log, and pumping test data (Fig. 6.4). In the Pumping Test
portion only information that is available will be printed. The plotier will plot everything except the first two
identification lines.
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'6.43. Display and Print Cross-Section-

Select C [or cross section. At the very beginning of this portion of the program you are asked the following

"Save well positions for plotting [Y/N]". If you answer Y (Yes), the program will use the DIGXSC.EXE fii
in \GW\GW6 10 create a map of well locations in the actual coordinate system. Type Y. The following prompt
follow. Answers are shown to the right. -

Qutput file Example
Plotwell labels? [Y/N] Y
Circle diameter (cm) 0.10

Cross height [cm] 0.0

Symbol color 4 (red)
Labe! height (cm] 0.1

Text color 6 (yellow)

Label x-offset [cm) RETURN
Label y-offset . m| RETURN

When you select 10 plot well labetls, you should supply the size (Tabel height) and color of the label. The coloi
numbers are the following: O-black, 1-blue, 2-green, 3-blue/green, 4-red, 5-pink, 6-yellow, 7-white.

Label offset means the shift of writing labels with respect to the location of circles.

The program starts reading coordinates and elevations of all wells, and displays the message to that effec:
"Reading coordinates and elevations. ESC to stop.” After all wells are checked for coordinates and etevations.
provided that errors are not detected, the program prompts for the format of printout:

"What is the format of the paper you use?. Press 4 for A4, or 3 for A3, or [ENTER] for other format.*

Type d and RETURN. Wit a little bit, while the program creates a mag of well locations. The next prompt
is for the cross-section title that will be displayed/printed "Enter cross-section title", Type "CROSS-SECTION
[I-II' RUPANDEHI DISTRICT", or skip the title by pressing ENTER.

The program now asks you 1o select the cross-section line. You may do it in two ways: (a) with a mouse, or
(b) by supplying coordinates for the beginning and terminating points of the line. The prompt is as follows:
Do you want to digitize ending points? {Y/N]

If you answer Y, the map will be displayed with location of all wells in the data base. You will notice 3 cross
which you can move with mouse 10 the beginning point of the cross-section line. Press the left mouse buttor
at the beginning point. Move the mouse away. You will notice a *rubber-band”. Press the left mouse buttor
at the ending point of the cross-section line.

In this example you should answer N. The dialog between the program and you will be as follows:
*X-coordinate for STARTING point".. Type 735000.

"X-coordinate for ENDING point” ... Type 725000.

Note that program suggest the same number for ending point as for the initial point This is for the case o
north-south cross-section, in which both X coordinates are the same,

"Y-coordinate for STARTING point* — Type 3060000
"Y-coordinate for ENDING point® ... Type3040000.

.After the program "learns* from you which cross-section line you want to make, either with 3 mouse or by
typing the coordinates, there will be one more prompt: :

Max. distance of cross section line

The number you supply is interpreted by the program as the spacing on either side of the cross-section lin
within which the wells will be used and projected onto the section line. Type 400. This means that all well,
that are less than 400 m far from the cross-section line will be projected onto the line. Always press RETURD
afier each number. The program scans coordinates, elevations, and distance from the cross-section line, an
displays selected wells on the right side of the screen, wriles a message at the bottom "Confirm or edi
minimum elevation®, and shows in a rectangle in the middle of the screen the following (Fig. 6.5):

Horizontal Scale: 100000.0
Vertical Scale: 500.0
Cr. Sect. Length: 2360.7
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Required "cm® H: , 244
Required "em" V: 530
Ad format (HxV): 26x15.5 cm;A3:36x22 cm

6. WELL LITHOLOCY

Hell

BL33.LTH
RL41.LTH
KLA49.LTH
R9.LIH
BR11.LTIH Horizontal Scale: 180008,
BR1.LIH Vortical Scals: Sal.
BR3.LIH Cr. Sect. Lamgth! ZZ3%8,
2. LIH Rewyirod ‘"em'' H 2

BER4.LIH Rowuired "c'’ VU ¢ 53.
ARA.LTH M foroat (HxU) (26x15.5 cei A3IJ6x?2 cm
ERG.LIM
XRS.LIH
EN?.LIH

Vortical scals too kig.
Fig.6.5 Idit vertical scale or Esc to exit

i

SRCR2RRS

‘The first message "Conflrm or edit minimum elevation” informs you that you may select a portion of the cross
section, down to a certain depth specified by you, or the whole depth controlled by the bottom of a well which
is at the lowest elevation. This is important if you wish to get detaiis for shailower part of the cross section.
In your example the minimum elevation of the cross section will be -125.10. The program automatically checks
the scale (the one you have input in GW6.GEN file). If the scale, either horizontal or vertical, is 100 large, a
message 10 that effect will be displayed, and you will be given a chance 10 modify the scale, until you find the
size of the drawing that suits you best. You may experiment with scales. If you select 1000 for vertical scale
the vertical size of the graph will be 28.0 cm, which is more than the A4 format You will notice that the
appropriate scales shail be 2100 for vertical, and 100,000 for horizontal. '

In this example 10 out of 15 wells will be plotted on the cross-section: BL32, BL41, BL49, BL33, BR4, BR10,
BR11, BRS, BR§, BRY. The names of all files to be piotted are shown in the right window. Due to limited
space on the screen the maximum number of files to be-displayed is 18. (Hardly ever you will have more than
18 wells on one cross section. Wells would overlap one on the other.)

If the program notices any error in lithological description (code, depth) there will be a corresponding
message and the file name will be displayed. Thus you can locate the error and correct it Should you decide
to stop the processing, you may do so by pressing ESC. However, wait unuil the processing comes to next well.
It may take a while, depending on the speed of your processor, and number of layers in the well that is being
read!

In this portion of the program, lithology is checked for files to be shown on the cross section. The message
displaved in the first *message line” is the following:

‘Reading lithological description. Selected wells are shown above right.” .

The second line displays file names:
“Now reading ... BL32.LTH ... ESC (and wait!) to quit.”

If everything is in order there will be a message “Display [D}, print {P], plot [A], or create ASCII plot file [B]
of this X-section?" If your computer is equipped with a graphics adapter, you should select "D 10 view the
cross-section. Notice that all permeable layers ate shown in blue, while all impermeable layers are in yellow.
Thus on a glance you may notice which parts of the cross section are more permeable. You may zooma portion
of the cTOSS section to see details. Follow the instructions as discussed in the Introduction.

After viewing the cross section press ESC 10 escape. There will be a message “Print or plot this X-section
[Y/N]". If you select "Y™, you will have 10 direct the output 1o either printer [P], plotter {A], or ASCII plot
file [B]. The output shall be of the size as selected earlier by modifying the vertical and horizontal scales.
During the printing there will be a message “Rasterizing and printing ...* which stays on the screen as long
as the real printing is done.
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The cross section looks as shown in Fig. 6.6. You must draw a land surface line, either directly connecting
wells, or by consuiting the topographic map and interpolating correct elevations. [n additicx to vertical scale
shown on the left, the cross section is identified with X and Y pairs of coordinates for beg:aning and ending
points. Each well is identified by the description supplied by you in the first line in data form (WELL:).

Same as in the case of well log, you may use the mouse to enlarge a detail. Type Z. Move the cursor to the
lower left corner of the rectangie you wish to enlarge. Press the left mouse button. Move the cursor to the
upper right corner to define the rectangie. Press the left mouse button again. The screen may look similar to

Fig.6.6A.
After one cross section is printed, the prompt is back at "Enter cyoss section title®.

Now, type anything on this prompt and press RETURN. To the next prompt "Max. distance of cross-section
line" type 1000. Select Y to digitize ending points. Wait until the well map appears on the screen, Fig. 6.7.
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Use the mouse 1o select the line from the southwest to northeast. Experiment with different scales, view the |
cross-section on the screen, and print or plot when you are satisfied.

6.5. Create Data File

To create a datz file using your text processor, type the letter N from the main menu. The program responds
with “Enter new file name". Type "TESTLTH" and press RETURN. After a few seconds your editor’s familiar
logo will appear and well format data input will be displayed. The cursor will be on the W in the line Well..
Move the cursor to column 11 in this line and type the well identification. What you type here will appear on
top of the well when it is shown in cross sections. Restrict the WELL NO. 10 a maximum of 8 characters. Type
“Well 1. Press the down arrow to move the cursor down. The cursor is set at column 11 (if you use WordStar)
or under the last character of the previous line (if you use Personal Editor) in the second line defined with
LOC.. Type for well location "Kapilvastu®. Keep in mind that not more than 20 characters can fit the printout,
Press the cursor down key. Type 96.68. Press cursor down. Type 696500 for X, press cursor down; type 3046750
for Y and press cursor down. On SCREEN line type 15.5,21.0,40.0,45.5. This means that this well has two
screen sections; one from 15.5 to 21.0, and another from 40.0 to 45.5. Press cursor down key. On DRMETH:
line (drilling method) type ROTARY RIG. Press cursor down. On DR DATES: line (drilling dates) type
15/3/89 - 18/3/89. After pressing cursor down key you will be on COMM: line. Here type several commeants,
ail on one line, separated by backslash. For example, start with *Screens at 155-21.0 m and 40.0-45.5
m.\Measuring point +0.5 m above LS.\Screen type: Wire-wrap with 1.5 mm openings. The space reserved for
comments permits five lines to be printed. Press carsor down key. On PTDATE line (stands for Pumping Test
Date) type 22/4/89. Press cursor down key. For Q type 5 Isec. For DUR: (duration of pumping test) type 60
minutes. Next line is TRAN: (transmissivity), followed by METHOD: (1est interpretation method), and
STORAGE: (storage coefficient). Type one after another: 125 m2/day, THEIS, 0.004, and press cursor down
key after each entry. For SWL: and DWL.: (static and dynamic water levels, respectively) type 3.45 m arid 5.65
m. After SWL the form contains one additional *commeats” line, PLCOMM.. The information you suppl
shall be printed in one or more line, depending whether you split the comments with backsiash V. Type
the following under PT.COMM: Discharge fluctuates\Leve! unsteady\Test interrupted.

The final query is LITH:. Go to one line below the LITH: line. It is not important whether you start in column
1,2 or any. Suppose your lithological log looks as follows:

0-34 m CLAY -
3463 m SAND fine-grained
63-9.2 m SILT mixed with some sand
9.2-13.3 m Sand coarse with coarse gravel
133-16.2m CLAY hard, layered
162-212 m Metamorphic rocks, dense, hard

If you do not want 10 create your own symbols for lithology (for explanation sec Appendix A), select for
*CLAY" the symbol from GW6.DLT file also labeled as CLAY, for "SAND fine-grained® symbol SANDF, for
*SILT" symbol labeled SILT, for "Coarse :and with gravel” symbol SCWG, and for "Metamorphic rock” the
symbol ROCK?7. However, the description of lithology that you want to appear on the {og is not the same as
default in GW6.DLT, except for CLAY. Type your own description indata file after the symbc: code, separating
lines of text with backslash ™", :

After LITH: line, type as follows:
3.4 CLAY
63 SANDF SAND fine-grained -
9.2 SILT SILT mixed\with some sand
13.3 SCWG SAND coarse with\coarse gravel
16.2 CLAY CLAY hard,\lavered
21.2 ROCK1S5 Meumorphicirocks, dense,\hard

After each line press RETURN. Before exiting check that the cursor is on the line below the last lithological
layer. .
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“The program is prepared in such a way that it checks for code for lithology, and uses its own description from

~GW6.DLT if there is nothing typed after the code, or it uses your own definition if there is something aftes
the code. Only in the case of the first layer, CLAY, there is nothing typed and the definition "Clay” from the
GW6.DLT file is used. In every other line, you have supplied your own definitions. Make note that no more
than 20 letters can fit the space on the log and split the text into two or more lines, provided that scale and
thickmess of a layer permits it Notice aiso that the program is case sensitive, Le. lower case letter is different
than the upper case letter.

Save this file in the way you would normaily use your editor. Read explanation for various text editors in text
to follow. If everything was correct, press P to print this well log.

6.5.1. Work with Various Editors

This program was tested with the following editors: WordStar release 4, IBM’s Personal Editor (PE),
WordPerfect version 4.2, PFS Write, Norten Editor. Theoretically every editor should work. The important
thing to remember is that before rerurning to the program’s main menu, the file created by any editor must
be converted to DOS text format or ASCIL With Personal Editor and Noron Editor there were no problems,
since both create automatically an ASCII format. With other three editors a conversion was required. If you
do not convert the file, you will bave some incompatible characters, usuaily from ASCII set above 128. Should
such a character occur the program either displays the message "Error in well log”, or hangs. Should this
occur, exit the program (or reboot the system), use the SHOW “filename® program supplied on the
distribution diskette, and detect such characters. Or, alternatively, type the DOS command GRAPHICS, and
use the standard DOS command TYPE "filename* to view the data file which is corrupted. Remember the :
corrupted characters, return to your text editor and correct them. Run the GW6 program again. Yetit is better -
to avoid the problem by following the procedure outlined here below. .

Wordstar 4.0 . L
Fiil-in the form on the screen, or edit dat, in a standard way. Do not exit by typing CONTROL+K.X bulz';
save the file by CONTROL +K,D. On WordStar prompt type P for *Print file”, and supply the name of your
data file which you just have created. Suppose that you supplied the name TEST1 after pressing N from Main
Menu. Now reply to WordStar prompt "Document to print?® with TEST1, and press several returns 10 come
to the prompt *"Name of printer?”. Type ASCIL There wiil be a message in the upper right corner of WordStar
menu "Printing®. When it disappears rename the.file ASCIL. WS, which was created by WordStar (and which
is your file!). Press E (for rename file), supply the name of the file to be renamed ASCIL WS, press RETURN,
and supply the name of the new file (converted), say TEST2Z.LTH. Now press X to exjt from WordStar and
to return to the main menu of the GW6 program. The list of files still does not display this newly created file.
Press S to select a file, and supply the name TESTZLTH. Now everything is in order and you can print the
well log, or continue with input of other wells. WordStar has a rather awkward way to create an ASCII file.

WordFerfect, ver. 4.2.

With WordPerfect it is much easier to create an ASCII file. In your GW6.GEN file on EDITOR: line type
the path to your Wordperfect directory, say \WP\WP.EXE. Press N to create a new data file, give the-name
TEST3, and fill in the form automatically displayed on the screen. Afteryou finish do not exit the WordPerfect.
Press CONTROL +F5, followed by number 1. Confirm the name of your new data file with Y (YES), press
F7 to exit WordPerfect, and answer the options with N (NO). You will be back in the GW6 program, and your
data file will be replaced by a good ASCII version. You may print TEST3 well log, or continue with the wark.

PFS WRITE

There is also an integrated software package, PFS First Choice, which in addition (o text editor has
spreadsheet, calcuiator, and data base. GW6 will not work with this program because of memory problem
(there will be a message "not enough memory*). With PFS it is simple to create an ASCII daua file. Select F2

- to save file, and supply the name of the data file with extension not displayed. Use S to select file, and supply
the name TEST4.ASC,

NORTON EDITOR, XTPRO and many other editors create directly an ASCII file.
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Apoendix A

List of Lithological Symbols (see Figures 6.8, 6.9, 6.10, 6.11)

RGCKL
ROCK2
ROCK3
ROCK4
ROCKS
ROCKS
ROCK?
ROCK3
ROCK9
ROCK10
ROCK11
ROCK12
ROCK13
ROCK14
ROCKI15
CLAY
CLAYH
SAND
SANDV
SAND
SANDF
SANDM
SANDC
SCWG
GRAVEL
GRAVELF
GRAVELC
GWS
MIXED
SILT
CWIOS
SRGRAV
CWG
LIME
DOLO
GWC

Rockl

Rock2

Rock3

Rock4

RockS

Rocké

Rock?

Rocks

Rock9

Rock10

Rock11

Rockl1?2

Rock13

Rock14 :
Rock15 .
Clay

Clay hard

Sand

Sand very fine

Sand

Sand fine —
Sand medium

Sand coarse

Sand coarse\with gravel
Gravel

Gravel fine

Gravel coarse

Gravel with sand

Mixed sand\and silt

Silt

Clay with\interbeds\of sand
Semi-rounded gravel

Clay with thin\gravel layer(s)
Limestone

. Dolomite

Grave! with thin\clay layer(s)

The creation of symbols shall be explained first using simple examples from the defauit file GW6.DLT, Take

for exampie the symbol for SILT. The block for silt is copied here below.
SILT Silt
22
20000
11.01.0

UN/DTCD. Water Resources Braoch

USER'S MANUA



Ground Water Software ' %7 ' Data Bases and Uilisies _ Chapeer 6 (GW6)

The first line contains the code for siit "SILT", and the default description that will be typed in well log if you
do not overtide the default. (You can also modify this defauit file by adding a word or more 10 Silt to beuter

~ identify the unit. This will than become the deault for SILT) The code may have up to 10 characters. Uppe-
case and lower case letters are not the same. In other words, the program is sensitive to the case of letre
The description may be any combination of up to 100 characters,

The second line contains two numbers which define the size of a block. 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 'hink of small building blocks, such as bricks of exactly the same size and shape, which are laid on 1op and
side one from the other to fill the whole space. Thenumbers 22 imply a square, so that any symbol defined in such
a square shall be symmetrically repeated horizontally and verticaily. We will demonstrate this concept later!

The block for silt, as well as for any other symbol, terminates with ***, Between the first line and the asterisk
sign, there may be one or mangy lines. The first number in each such line can be 2, 1 or 0. The number 2 defines
the starting point, number 1 means "connect this point with the previous®, number 0 means "make an arc
through this point without actuaily passing through it". In the third line of the SILT block, the remaining two
numbers (0,0) define Xand Y coordinates of the starting point within the block defined by 2 by 2. The number
1 in the next lin¢ 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 appears in the lower one half of the
square, connecting the point with coordinates (0,0) with the point with coordinates (1,1). Since the small
block which defined the symbol is repeatedly used, the final appearance of this symbol is as is usually used
for SILT If one wants to create a symbol for horizontal lines widely spaced, such as the default symbol ROCK1,
the design would be as follows:

ROCKI1 Rockl (you may type something else)

22

20010

12010

L]

This is equivalent to saying *draw a straight line from starting point with X,Y coordinates (0,1) to erdi
coordinates (2,1)%, which is along the middle of the block of size 2.2. If one wants «cnser horizontal lines, the
block to define should be smaller, and so will be the spacing between repeating blocks. For example,

ROCK2 Rock2

11

20005

11005

L ]

Very narrowly spaced horizonta lines can be obtained by assigning cven smaller size to the block, say 0.5 by
0.5. Thus the design for ROCKS3 may be as follows: '

ROCK3 Rock3

05035 This is interpreted as "connect the point with

20.000.25 coordinates 0.00,0.25 with point coordinates 0.50,0.25". g

1050025

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 berween two lines starting either with the number 2 or 1.
Suppose we want 10 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), (1.5,0.73), (3,0.75). These will be the three lines
defined with staning number either . for the fisst point) or 1 (for the remaining two points). The top of arc
shall be at the point (0.75,1.5), and the bottom ofarcat the point (2.25,0). Thus the block to define a sinuseidal
line, which may be used to describe clay, may look as follows:

CLAY Clay

315

20.000.75

~00751350
11500.75
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02.250.00
~- 13.000.75 )

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 Schist

310

20.000.50

00.75 1.00

11350050

02.250.00

11500.50

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 the block as 3 by 2.

SRGRAY Semi-rounded gravet
32
20.700.40
10.70 1.50
01.401.90
11.901.40
(¢ 2.001.00
11.600.50
01.150.20
10.700.40
.

Ll

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 3 by 2.5, and use the upper
1.5 units for clay (actually, duplicate the design o£CLAY), and lower ~ ¢ unit for sand. Start with *Clay line”
in the upper 1.5 units. The starting point will be at coordinates (0.00,1. 5), and fixed points at (1.50,1.75) and

(3.00,1.75). The arc should pass through the points (0.75,2.50) and (2.25,1.00). Thus, the first part of the block
would be as follows: .

325

20.001.75
00.75 250
11.501.75
02.251.00
13.00 1.75

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,
20.000.00
10.100.00
20.500.00
10.600.00
21.000.00

11.100.00
etc
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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. ~~ in three columns.)
ABOCWFS Alternating\bands of clay\with fine sana

325

20.001.75 2250000 20000.80
00.75 250 1260000 1010080
1150175 2020040 20500.80
0225 1.00 1030040 1060080
13.001.75 2070040 21000.80
20.000.00 10.80040 11100.80
10.100.00 2120040 2150080
20.500.00 1130040 1160080
10.600.00 2170040 2200030
21.000.00 1180040 1210080
11.100.00 2220040 2250080
213500.00 1230040 1250080
1 1.60 0.00 2270040 °
22.000.00 1280040

12.160.00

If you wish to have two lines of clay before a small interbed of sand, extend the "clay” part for one more unit.

For example, the design such as follows creates the shape used in Figure 6.5 for "CLAY with interbeds of
sand®.

CWIOS CLAY with\interbeds\of sand

34
20.003.25
00.754.00
1180325
0225250
13.003.235
20.001.75
00.75 250
1150175
02.25 1.00
13.001.75
20.200.40
10.400.60
21.20040
11.400.60
2220040
12.400.60
»

All symbols currently contained in the GW6.DLT file are shown in Figures 6.& 6.9,6.10 and 6.11.
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Welil Na, Location:
Elevation: X =
Methodg of Dr$111n9:
Drﬂ111n9~0atea
Total Qeptn . 80.00
Comments :
WELL LOG
SCREEH | DEPTH |LOG | L 1 THOLOGY
Rock1
10 _'_____1'3
——
—_—_—
—_— Raock?
———
==
] '
20 ===20
Roct.3
30
Racrd
40
Rock.S
S0
Rock§
60
Rock.?
70
Rock8

PIGURE 6.8
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Well No. tacation:

Elevation: x = Y =

Mathod of Dr111ing:

0r111ﬂng Dates - @
Total Depth :  B0.00

Commants @

WELL L QG

|SCREEN | DEPTH | LOG LI THOLOGY
7
5// Rock 9
Y
10 AY 10
N\
E&\\ Rock 10
ENN
20 -\,féy 20 .
:‘LI’JI
s A
A Rockil
:Plllt
30 :Ef’ii 30 .
B NN
- Nwh oy
:E:::: Rock1?2
. EEEEY
v
40 i\l‘l \I\I‘l 40
Jo
_-II'.I
3::::: Rock13
b HPIIN
50 :ll!ll50
3 : .
- Rock.14 _
60 : 60
3 o
= Rock 1o~
=
2¢ — 20
3
= Clay
I FICURE 6.9
80 —p===dgg
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Well Ne. Locatien:™ ~
Elevation: X = Y =
Mathod of Drilling!

Or'1ling Dates

Total Depth : 80.00

Comments

WELL LOG

SCREEN | DERFTH | LOG LI THOLOGY
===
== Clay Harg
10 :;10 .
é; Sand
20 20
Sang very Fine
30 =30 )
-i Sandg
0
é Sand F\;ne
50 'E sc
§3;5:3§555 Sana Medium
60 i
g; Sang Coarse
76 =
é_ Sana cocarse
- wilth gravel
20 _E F?GURE 6.10
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)

well No. Location:

Elavation: X = Y =

Method of Drilling:

Dri11ing Dates .
Total Deoth i 100.00

Commants :

WELL LOG
SCREEN | DEPTH [Loc { LITHOLOGY

Foe Craval

10 ==—=—510

Joror Grave) Fine
3
3 Cravel coarase

w0

Gravel with sand

EQ.
. Mixed sand
= ang silt
B0 —aisg
3?1!/1
E T
p A
s P
60 ——ptmciein 60
= A CLAY with
o Mo interbeds
I st of sand
S pesinvtueh
20 Eonaet] 7 ()
. g 1L
L
_‘r‘ Limeaatone
-t T
[
80 o= 60 -

Eﬁfz ‘ Datomite

Gravel =ith thin
clay layer(s) -

100 2222100  FIGURE 6.11
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Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:
Action:

Message:

Cause:

¢ 10 load comm. group.
Errorin UN6.*.
Copy original UN6.* files from distribution disk.

Unable to load window. -
Error in UN6.WND
Capy original UN6.WND file from distribution disk.

There is no open comm group.
Error in UN6.CMN,
Copy original UN6.CMN file from distribution disk.

Uninown port.
Error in UN6.*.
Copy original UN6.* files from distribution disk.

Please, edit file GW6.GEN first, then call again. .
GW6.GEN file is missing in current directory, or path to text editor is incorrect..
Check your GW6.GEN file, establish correct path to text editor.

Text editor is not defined in GW6.GEN.
There is no text editor specified :1 GW6.GEN
Check the path and name of text editor in GW6.GEN.

Text editor given in GW6.GEN does not exisL
Incomplete or wrong definition of text editor.
Type the text editor file name with extension (EXE or COM).

Invalid format or value of hqrizonlal scale,
Wrong information in GW6.GEN.
Correct the input in GWE.GEN.

Invalid format or value of vertical scale.
Wrong information in GW6.GEN.
Correct the input in GW6.GEN.

Unsuceessful coordinate digitization.

File DIGXSC.EXE is not in \GW directory.
Copy DIGXSC.EXE to \GW directory.
Unsuccessfui well map plotting.

File PLTCSY.EXE is not in \GW directory.
Copy PLTCSY.EXE 10 \GW directory.

There is no active file.
You have not selected any lithological file.
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Actiom Select existing data file or create new file.

Message:  Lithology description file \GWAGWADLT does not exist. .
Cause:  File GWS.DLT is not in \GW directory.
Action: Copy GW6.DLT file to \GW directory.

Message:  Premature end of file \GWAGW6.DLT
Cause: Last line in GW6.DLT not terminated with RETURN
Action: Edit GW6.DLT fle. Cursor must be in column 1 of the first blank line.

Message:  Maximum number of active files surpassed.
Cause: More than 300 data files selected and copied to current directory.
Acton: Reduce the number of sclected files to 300.

Message:  Errorin log print.

Cause: In creating Well Log some information missing or wrong. This is normally in lithological codes
and descriptions which do not match with codes in GW6.DLT Characters other than ASCII
(1-128) discovered.

Action: Edit data files. Use ASCII version of a data file,

Message:  Errorin file selection.
Cause: Wrong name, or file is not an ASCII file in reqmred format.
Action: Check the file name or file format. _

Message:  Computer hangs when attempting 10 display well log.

Cause: Insufficient memory for both program (430 KB) and screen display (140 KB)
Action: Eliminate all memory-resident programs; reduce, if necessary, CONFIG.SYS file; check AU-
. TOEXECBAT file.

Message:  Computer hangs when attempting to print well log or cross section.

Cause: Insufficient memory for both program (430 KB) and printing driver (140 KB).
Action: Eliminate all memory-resident prognm.s. reduce, if necessary, CONFIG.SYS file; check AU-
TOEXEC.BAT file.

e

Message:  Computer hangs when attempting to run GW6 program.
Cause: Iosufficient memory for program (430 KB).

Action: Eliminate all memory-resident programs; reducc, il necessary, CONF1IG.SYS file; check AU-
TOEXECBAT file.
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7.1. General

This is a utility program that, in this Ground Water Software Package, is used by the GW6 module, Lithology
1o create maps with wells, boundaries, rivers, roads, and other features, The following files must be copied to
the \GW directory: GW11.EXE, UN11.CMN, UN1LMST, UN11.WND. There are several executable files
which are used by certain portions of the graphics program. These files are the following;

PLTCSY.EXE . for Plotting coordinate system

PLTPTS.EXE - for Plotting points

PLTTXTEXE .. for Plouing text

- PLTLINNEXE .. for Plouing line
PLTCNTEXE .. for Plotting contours

The total disk space for all files in this module is about 514,000 bytes, out of which the five execufable graphics
files (PLT..) occupy a total of 284,611 bytes.

The graphics package is flexible. You mnay display (print or plot) a coordinate system only, or well location-
-superposed onto the coordinate system. You build up your fina} graph by superposing individual parts. Yo
may add individual lines (district boundary, rivers, roads, etc.), add text, add some other points. You may ac
contour lines, but the contouring is not a part of this package. Some of drawing elements, such as well point
and lines, may be prepared beforehand, by a text processor. Well points may be also prepared by the GW6
program (lithology). Contours are prepared by modeling programs.

7.2. Coordinate System

After you select the Graphics Module from the Main Program Menuand press RETURN, the program checks
in your current directory whether there is a coordinate file in thatdirectory. A coordinate file has an extension
.CSY. If acoordinate file exists, the program lists all .CSY files on the leftside of the screen, while the usual
Function window contains the following options, as shown in Fig. 7.1:

N=New Coords
D=Display
P=Printy/Plot
E=Edit Coordinates
C=Capy : -
K=Contours
L=Plot line
T=Plot text
S=Plot points
R=Clear
Y=Delete
ESC=Ext
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However, if there is not a single coordinate file, there will be a message: "Enter coordinate system name (8
chrs). Esc to quit!® You are expected to provide a name for a new coordinate system file, after which there
will be a message: "To edit coordinate system description press RETURN. ESC to abandon.”, which gives you
a chance to skip editing and exit. Should you decide to continue with editing, press RETURN, after which
the following is displayed (Fig. 7.2): ‘

Minimum Y =
Madmum X =
MaximumyY =
Sale =
Heading = ’
Axis Labeling Distance =
Lines Color = 7

Axis Labeling Color =3
Heading Color = 15
Coordinate Grid Color =1 —--
Grid Cross Height fcm] = 0.2

U DICD — CROUMD WATER SOFTWARE Verwion 1.08
11. SRAPHICS - Decsabar 1989

Rinisus X

Binisus ¥

Maxinam X

Manisme ¥

Scals

Haad ing

MAin Labeling Distance
Limms Colar

Axin Labaling Color
Haid i g Cox | oup
Coordinate Grid Color
Grid Cross Height {oml

ﬁ"'"

o
N

Edit coordinate gustes descriptiomn.

Fig. 7.2
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“You may select the coordinate systemsize, scale of printout, and the headingof printout. Axis labelingdistance

-is the distance in rea] coordinates, for example, 5000 m, after which the labej will be shown and/or printed,
The program offers by default the colors for lines (frame) of the coordinate system 7 (white), for axis labels
3 (rhta-d!gl'ecn). for heading 15 (intensive white), for coordinate grid 1 (dark blue). You may change this if you
wis

Whenever you select in the GW6 program 10 "Save well positions for plotting”, a file with wells’ coordinates
will be created with the file name that you supply. You may read again Chapier 6, and notice that your answer
to that prompt should have been 7Y™ followed by the file name "TEXAMPLE. ’ :

For the present example, you may qreate a new coordinate system as follows. Select N from the menu. Enter
the name TEST Type 717000 for minimum X, 3024000 for minimum Y, 761000 for maximum X, 3073000 for
maximum Y, 100000 for scale, RUPANDEHI DISTRICT for heading, and 5000 for axis labeling distance.
Change the color for lines color from 7 to 2. After you finish, you will notice that the size of the printout is
48 by 53 cm. You are prompted to confirm the scale or to modify it. Press Y and change scale to 200000. Move
10 the last line by repeatedly pressing the RETURN key. You will notice that the size of the printout is now
26 by 28 5 cm. Press RETURN. After that a graph with the new coordinate system will be displayed. Notice
the colors that you have selected. Press ESC. Type S from the main menuand supply the file name EXAMPLE.
Wait a while and type D 1o display the drawing. You will notice that 15 wells are superimposed onto the
coordinate grid. A coordinate system file may look as shown in Fig. 7.3, After editing is completed and
RETURN pressed on the last line, the program displays the following message (Fig. 7.4):
Drawing dimensions {cm]: 20.0 (H) 21.8 (V)
To change data press Y; otherwise press any key

Nimjim X » 080
Ninisun ¥ = FZ4A000.8
Ranimum X » 7.1008.8 . .
fanioun ¥ » IATI0N .8

fcale = ZTSene . 8
Hoading = LINITE OF STAGK 1 DIVELOMIENT

fxin Labeling Distarcen = Saea. 0
Lisss Color = 9
fia ladeling Colow = 18
Hoading Coiar = 12
Coowrd Inats Grid Colare » 2

Crid Crome Height (cal = 8.08

Edit coord inate systan doecription.

brauing diseva icver [em]: 2B.8{H} 21.8tv).,
To changw data proms 7 othmrwios prewm amy hey.

..............
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7.3. Composite Drawings

Several data files that demoanstrate the use of this graphics package are included with the GW11 files on the
distribution diskerte. The file names are BOUNDARY for the district boundary, RIVER for one of major
rivers in the district, ROAD for major roads. There are also files named BLWELLS, BRWELLS, and

USWELLS, each with differeat groups of wells. Try to build a composite drawmg by adding points, lines and
text onto your coordinate system.

Remember that the coordinate system isduplicated ina file with the name same as the name of the coordinate
system file, but with a PLT extension, meaning a plot file. The content of this file may be eliminated by typing
R to clear. It may be copied to another file by pressing C and supplying another file name.

For this exercise type GW11, move the cursor to TEST, prmRtodearTES'tPL’I:Aﬁcra while you will see
the coordinate sysiem displayed on the screen. Edit the file TEST by pressing E. Change only the color of
*coordinate grid®. chlau: the default color 1 with 9 (light blue). Press RETURN several times, and wait until
the coordinate system is displayed. Press ESC. Press L and supply the file name BOUNDARY. Answer the
prompt “Color* with 6, and answer the next prompt “Enter {ine thickness®" with 3. Wait until the piot is
created. See the result by typing D (display). You will notice that the boundary of the district has been added
in brown. Press ESC to return to the main menu. Add the river by typing L again and supplying the file name
RIVER, followed by the color 1, and thickness 1. You may see the river added to the previous drawing
typing D, or you may continue with adding the content. Type L again. Type ROAD. For color type 4, fa
thickness confirm 1. See the plot by typing D. You have now the boundary, river, and roads.
Now you may add some wells. There are three groups of wells: US wells (drilled by USGS), BL and BR wells
(first and second stage of an ir~gation system). Each well position group has been created during the
lithological processing (program GWS6), and three files have been created: USWELLS, BLWELLS, and
BRWELLS. These files are ordinary ASCII files. The USWELLS file looks as shown below:

000 01 03 614 007 002
738375. 3042500. USS/3
731500. 3041750. US&/7
732375. 3057625. US6/12
732875. 3063750. US6/13
T22625. 3064000. US 8/6
722125. 3056750. US8/s
721625. 3048500, US8/4
720625. 3042125, US83
752750. 3041250. US4n
752375, 3048500. US43
755875, 3059250. US4/6
742500. 3043625, USS/4
752000. 3052375. US4/5
742625. 3048500. US5/10
743125. 3056625. US5/14
742873, 3061875. US5/18
1743375, 3064000. US519
730500. 3026500, US672
731250. 3035375. US6/5

The numbers in the first line of this file have the following meaning:

UN/DTCD, Water Resources Branch : USER'S MANUA
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Cross height 0D
Circle diameter .. 0.1
Labelheight  _03
Symboicolor _6
Text color - 14
Labelx-offset  _ -0.07
Label yoffset . 0.02

From the second line, the values are as expected: x coordinate, y coordinate, label. Although the program
GW6 creates this file, you may make it on your Own, using a text processor. Likewise, you may edit and modify
it if you wish. For exampie, you may alter the symbol: from circle (diameter 0.1) to a cross. Change the first
value (0.0) t0 0.1, and change the second value (0.1) to Q.0.

Add groups of wells, one by oae, by typing S (Plot points), and supplying file name USWELLS. Repeat by
typing S and BLWELLS, S again and BRWELLS. Now see the whole drawing. Type D.

Add some text by typing T (for text). Type TINAU RIVER, press RETURN, and confirm the height of letters
to be 0.25. For angle type 52, for color 15 (intensive white), and for thickness 2. You will establish the position
of the text string by pressing ENTER (RETURN) when prompted by the program, and supplying for X 728000

and for Y 3055000.

Another text string is prepared as follows:
Text - BUTWAL
Height .40
Angle 0
Color 14 (yellow)
Thickness 2 . ' 7
Coordinates RETURN .
X 743000 o ' : '
Y 3070500 ’

v
-

Type D to display the composite drawing. - should look as in Fig. 7.5. You may ealarge a detail by pressing
Z. Move the mouse and place the cursor c:; the left corner of the rectangle o zoom. Press the left button.
Move the cursor 10 the right upper corner of the reciangle and press the left button sgair. The screen may
look as shown in Fig.7.6. Repeating the zooming procedure, even larger detail is produr. s shown in Fig.7.7.
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INTRODUCCION A LAS MICROCOMPUTADORAS.

1.~ Introduccién.

La finalidad del presente segmento del V Curso Internacional
de Contaminacién de Acuiferos es la de presentar los fundamentos
necesarios y suficientes para la manipulacidén basica de un modelo
matemdtico elaborado en Software para una computadora personal
del tipo compatible con IBM.

Actualmente, la elaboracidén de modelos matematicos que simu-
len la dispersidn de elementos contaminantes en un acuifero no es
concebible sin la utilizacidén de una computadora. La gran canti-
dad de procesamiento de informacién y la gran velocidad de cals
culo sélo es posible simultdneamente gracias a las computadoras.~

De hecho, una gran cantidad de programas estadn hechos con
tal finalidad o bien existen muchos mas que pueden ser utilizadog
con tal fin, por lo que es indispensable familiarizarse con las
técnicas bésicas de manejo de microcomputadoras para poder reali-g
zar las tareas de procesamiento necesarias para la ejecucidn de
‘un programa cualgquiera.

Dentro de éste segmento, se realizarad una descripcidn somera
de un sistema operativo ampliamente difundido para computadores
personales compatibles como lo es el Disk Operating System elabo-
rado por Microsoft (MS-DOS), ofreciendo un panorama de su estruc-
tura y una referencia de los comandos mas usuales.

Asimismo, se ofreceradan fundamentos de programacién, aplica-
bles a cualquier lenguaje de programacidén, pero enfocando el
aspecto de compilacidén al Microsocoft Fortran, de un gran uso en la
Facultad y el Instituto de Ingenieria, asi comoc en muchos otros
centros de ensefianza e investigacidén de la Ingenieria en México.

Por Ultimo, se presentarad un esbozo de un modeloc matematico,
presentando varlas de las alternativas que existen en el mercado
actual de software para su procesamiento.

-



2.- Sistema Operativo.

En una computadora, la informacién se proporciona a y se
remueve de la unidad de procesamientc central (CPU) a través del
uso de "archivos" grabados en disco flexible, disco duro, disco
éptico, cinta, etc.

Un grupo de archivos administrativos, que se conocen colec-
tivamente como el "sistema operativo", son necesarios para con-
trolar la operacidén de la computadora y el manejo de los archivos
generados por el usuario.

Visto de otra manera, el sistema operativo puede visualizar-
se como un intérprete entre el usuario y la computadora para
poder administrar la memoria y los periféricos del ordenador por
medio de o6rdenes facilmente identificables con palabras (en in-
glés).

En computadoras personales compatibles con IBM es muy comdn
emplear el sistema opertivo de Microsoft "Disk Operating Systenm”
o m&s conocido como MS-DOS, que serd al que se haga referencia en
éste segmento.

En un sistema de disco duro, el sistema operativo debera
estar residente en él, inicializandose cada vez que se enciende
el . interruptor de la computadora. En caso contrario, se debera
contar con una copia del sistema operativo en disco flexible para
inicializar una computadora que no lo contenga.

2.1.- Programag y Archivos.

El sistema operativo permite el uso de la memoria a través
de unidades variables en tamaho denominadas "archivos", tales
archivos pueden contener instrucciones o datos y se hace referen-
cia a él1 por un Unico nombre de archivo asignado por el programa-
dor. El nombre de archivo se utiliza para la identificacién de un
archivo para copiarlo, editarlo, renombrarlo, visualizarlo en la
pantalla, imprimirlo, almacenarlo, etc. El1 nombre de archivo
puede o no tener una extensidn. La forma general del nombre de
archivo con extensidn es:

NOMBREDEARCHIVO. EXT



El nombre de archivo puede ser cualquier combinacién de 1 a
8 letras, numeros u otros caracteres aceptables, asignados por el
programador. La extensidén podré ser cualquier combinacién de 1 a
3 letras, nlmeros u otros caracteres aceptables. El1 nombre de
archivo y la extensién se separan por un punto. Los siguientes
caracteres son aceptables en MS-DOS:

S ES @ ! ()= {1}y "y _ ;o]

Ni el nombre de archivo ni la extensidén podrédn contener
blancos. El truncamientoc del nombre del archiveo y de la extensién
ocurre en el primer blanco.

Los caracteres ? y * llamados caracteres dlobales de nombre
de archivo o caracteres comodines pueden usarse en lugar de
cualquier caracter de un nombre de archivo y extensidén vy
significan cualquier caracter.

Los nombres de archivo y extensidén que se elijan deberan-ser
descriptivos -del contenido del archivo. Las siguientes

extensiones reservadas tienen un significado especial para MS-DOS
y deberan ser utilizadas con mucho cuidado:

BAT COM EXE SYS eij
Ademds, 1l0s siguientes nombres de archivo reservados también
tienen un significado especial para DOS y no deberdn asignarse
por el programador en otros contextos:
.Nombres de archivos para controlar dispeositivos:
CON PRN NUL
LPT1 LPT2 LPT3
AUX CoM1l QOM2
Nombres de archivos asignados a comandos del sistema DOS:

DIR DEL DISKCOPY TYPE ERASE DISKCOMP RENAME

CLS CHKDSK COPY FORMAT EDLIN
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Los comandos del sistems DOS

2.2.- Manejo de Archivos.

Camblo de unidad de disco por omision

Mientras no se indique algo distinto, ya sea por el programador desde el teclado o median-
te una instruccién programada, la unidad de disco por omision es la unidad A, es decir,
al terminar de cargarse el sistema operativo aparece la peticion A>. Toda la informacién
s¢ copia de o graba en el disco flexible en la unidad de disco A, la cual es 1a unidad por
omisién,

La unidad de disco por omisién puede cambiarse de la unidad A a la B v regresar de
nuevo a la A con:

A> .

A>B:  m Para pasar la unidad de disco por omisién de la unidad A a la unidad B, eseri-
base B: y presidnese la tecla «—

B> .

BoA! e Para cambiar la unidad de disco por omision de B a la uridad A, escribase A;
¥ oprimase |a tecla ¢«

A> o

El disco flexible de DOS contiene un procesador de comandos, archivado bajo ¢l no 1
y la extension COMMAND.COM, que controla el hardware de ta computadora y maneja
el software. El archivo COMMAND.COM puede grabarse en un dis¢o nuevo durante la
operacidn de formateado, la cual se describird mas adelante en este apéndice. El archivo
COMMAND.COM incluye los siguientes comandos internos, que son necesarios para el
programador de FORTRAN:

OIR TYPE CcoPY

RENAME DELETE ERASE
CLS VoL FILENAME . BAT

AUTOEXEC.BAT ECHO



En adicion a los comandos internos contiene el archivo COMMAND.COM, ¢l disco de
DOS contiene varios comandos externcs, con extension COM o EXE, indispensables para
el programador FORTRAN:

FORMAT DISKCQPY DISKCOMP CHKDSK EDLIN SORT MORE

La funcién de los comandos externos ¢ internos seleccionados se analiza en las Secciones
C-6 a C-21 de este Apéndice.

La operacién que se describe en las Secciones C-6 a C-21 requiere de un disco en [a uni-
dad A con el archivo procesador de comandos COMMAND.COM vy el comando externo
DOS especifico. La ejecucidén de cada uno de los comandos del sistema se inicia cuando
se presiona la teclae.

Preparacidon de un disco flexible para recibir Informacién nueva

Para preparar un disco flexible nuevo para recibir informacién (formateado), dsese el co-
mando externo FORMAT:

a) A>FORMAT 8:_ Borra todos los registros almacenados en &l disco de la unidad
B y establece la rejilla electrénica de pistas y sectores que se
utilizan como "'direcciones’ para la nueva informacién.

b) A>FORMAT B:/S , e 1S después de FORMAT B: copia de manera automatica el pro-
. " cesador de comandos de datos de DOS COMMAND.COM y
ciertos “archivos ocultos” necesarios para cargar el sistema

del disco de la unidad A al disco de la unidad 8.

¢} A>FORMAT Bi/V o e V tuego de FORMAT B: proporciona la etiqueta del disco (con
11 ¢ menos caracteres) elegida por el programador. El punto de
.. peticién A> aparece después del lormateado y de imprimir la

- etiqueta en el disco.

d) A>FORMAT B:/S/V . o Sl se quiere pueden emplearse los dos.

8} A>VOL B: o Visualiza la etiqueta que se asigné al disco en la unidad indica-
da, la unidad B en este ejemplo,

Precaucion: El comando FORMAT barra todos los archivos del disco flexible
cuando se formatea. Cualquier archivo que deba salvarse debe copiarse en
otro disco antes del formateo.

Presentacion de! directorio del contenido de un disco especitico T

Para exhibir un directorio del contenido de un disco flexible particular, dsese el comando
DIR (interno):

a8) A>DIR, Para cada archivo grabada en el disco de la unidad indicada,
1a unidad por omisién A en el caso a), la unidad B en el ejem-
0 plo b), lista el nombre del archivo, su extension, ¢l nimero de

Gt
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bytes que 36 usaron y |la fecha y la hora an fa que 5@ grabo

A>DIR A: o Si el directorio contiene mas de 23 archivos. la lisia se enrolia
hasta que aparece ia uitima linea del directoric. el espacio o-

b) A>DIRB: . tal disponible (bytes} en el disco.
¢) A>DIRB:/P . {P detiene el anrollamiento dse la lista cuando Ia panialla esta

tlena (23 lineas). Para visualizar los siguientes 23 rengtones.
presidnese ia tecla «-

d) A>DIR B:/W 5 {W muestra solo los nombres del archivo y la exlension (Sin
la fecha, 1a hora, y el tamafo) de todos Ios archivos granados
en el disco en la unidad especifica, en 5 columnas a 1o ancho
de ta panmtalla. Este comando exhibe en la pantallza af mismo
tiempo la lista-sin enrollar de todos los archivos ¢el disco.

¢) A>DIR '| MORE , « El comando MORE visualiza a un tiempo 23 lineas (una panta-
lla completa). Al oprimir la tecla «— se exhiben los siguientes
23 renglones, etc. El archivo MORE.COM debe estar gn el
disco cuyo directorio se listard. Notese el uso del caracter L

H A>DIR I| SORT . El comando SORT muestra gl directorio en orden alfabético
por et nombre del archivo. El archive SORT.EXE debe astar
en el disco cuyQ directorio se listard. Obsérvese la utilizacion
del simbolo !.

g A>DIR “.FOR ', SORT , « Son posibles otras combinaciones del comanage DIR. Por
‘ ejemplo, DIR « .FOR | SOAT visuaiiza en orden allapetico 10-
dos los archives con gxtension FOR.

Los casos anteriores muestran como unidad por omisidn la (A). Esta pucde camnbnarse por
la unidad B como se indica en la Seccién C-4.

Exhlbicion del texto de un archivo ‘

Para visualizar ¢l tex1o de un archivo especifico, utilicese el comando TYPE (isterno):

a) A>TYPE NOMBREDEARCHIVO.EXT . &~ Exhibe el texto del archive granago en
0 el disco bajo ei nombre del arcamo y lu
A>TYPE A:NOMBREDEARCHIVO.EXT . extensidn que se especilican «n la

‘ unidad de disco correspondienie, Ia

b) A>TYPE B:NOMBREDEARCHIVO.EXT - unidad por omisién A en el giempic a).

la unidad B en &l caso &).

Cambio del nombre o extensidén de un archivo

Para cambiar el nombre o la extensién de un archivo particular, utilivese ¢ comando
RENAME (interno):

a) A>RENAME NOMBREVIEJO EXT NOMBRENUEVQ.EXT o

Q

A>RENAME A:NOMBREVIEJO.EXT NOMBRENUEVO.EXT _ <
b) A>RENAME B:NOMBREVIEJQ.EXT NOMBRENUEVO.EXT _

RENAME cambia el nombre del archivo del primer nombre listado por ¢l segundo e o
unidad indicada, por ejemplo, NOMBREVIEJO.EXT a NOMBRENUEVGE ST on
unidad A, en el caso a), la unidad B en el ¢jemplo b).



Borrar a pantalla

Empléese el comando CLS (interno) para borrar la pantalla.

A>CLS Borra la pantalla y después coloca &l punio de peli-

cién A> y el cursor centelleando sn la esquina supe-
rior izqulerda de la pantalla.

Borrar en forma permanente un archivo de un disco

Para eliminar un archivo de un disco flexible, empléese alguno de los siguientes dos co-
mandos, DEL o ERASE (internos). {(Los dos ejecutan la misma funcién),

a} A>DEL NOMBREDEARCHIVO.EXT _ «— Borra delt disco en la unidad por
o omisién A al archivo especifico.
A>ERASE AINOMBREDEARCHIVO.EXT o ¢ NOMBREDEARCHIVO EXT.

b) A>DEL B:NOMBREDEARCHIVO.EXT 5 Elimina del disco en la unidad 8 et
N : archivo indicado.
A>ERASE B:NOMBREDEARCHIVO.EXT , 1 NOMBREDEARCHIVO.EXT.

c) A>DEL B:PROGRAMA.7?7? , Usa el caracter ""comodin’ (7) para
0 borrar todos los archivos cuyo nombre
A>ERASE B:PROGRAMA.*_ 1 sea PROGRAMA (con cualquier

axtangion) del dis¢o en la unidad B. El
otro ‘‘comodin’’ {«) también puede
emploarse, en ese caso sblo se
necesita un asterisco.

dy A>DEL B:*.BAK . Mediante ! caracter '‘comodin’ (») se
o] : eliminan todos los archives con la
A>DEL 777?7777.BAK_ - extensién BAK {cualquier nombre de

archivo) del disco de la unidad 8. El
otro caracter “‘camodin’ (7) también
puede utilizarse; sin embargo, se
requieran 8 signos de interrogacion o 1
por cada simbolo del nombre del
. archivo.

Dupiicacion de un archivo especitico y aimacenamlento con otro nombre

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

A>COPY ARCHIVOVIEJO.EXT ARCHIVONUEVO.EXT , -

Este comando copia el texto de un archivo especifico (ARCHIVOVIEJO.EXT) a un ar-
chivo nuevo (ARCHIVONUEVOQ.EXT), El nombre y el contenido del archivo viejo per-
manecen sin cambio. ’

NOTA: Si hay un archivo con el mismo nombre de! archivo nuevo (ARCHIVONUE-
VO.EXT) en el disco, su contenido se reemplaza por la informacidn del archivo viejo (AR-
CHIVOVIEIQ.EXT).

£



Copiar un archivo de un disco flexible en iz unidad A a un disco flexible en la unidad B

Utilicese el comando COPY (interno) para duplicar un archivo de un disco fleaible ¢n la
unidad A a uno en la unidad de disco B, como:

a) A>COPY NOMBREDEARCHIVQ.EXT B: = Copia el texto de un
archivo especifico
{(NOMBREDEARCHIVO.
EXT} del disco fuente
en la unidad A, al disco
destino en la unidad B y
asigna ¢! mismao nombre
de archivo
NOMBREDEARCHIVO.EXT
a la copia.

“b) A>COPY A:ARCHIVOVIEJO.EXT B:ARCHIVONUEVQ.EXT _ « Copia et conteniao del
B archivo indicadc

(ARCHIVOVIEJO.EXT)
del disco fuente en la
unidad A, al gisco
desting. Asigna un
nombre de archive
{ARCHIVONUEVO.
EXT) al nuevo
archivo. El nombre del
archivo y et texto en
ol disco fuente
parmanece sin
camio.

Nota: En a) y b) si existe un archivo con el mismo nombre {ARCHIVONUEVO.EX T en
el disco destino, su contenido se su;ljtuyc por la informacién del archivo del disco fuente.

Copiar todos los archivos de un disco flexible en la unidad A a la unidad B

Para copiar todos los archivos de un disco flexible de la unidad de disco A al disvo 1'lcxible1
de la unidad B, un archivo a la vez, Osese el comando COPY (interno) como sigue;

A>COPY *.*B; = ' Copia el texto de cada archivo del disco fuente en
la unidad A al disco destino en la unidad B Los
archivos se duplican ung a uno y se fistan &n la
pantalla conforme se copian.

Introducir de manera directa un archivo desde la consola a un disco flexibie

Para introducir de modo directo un archivo desde ta consola (teclado) a un disce lexible,
empléese el comando COPY (interno) como en:

A>COPY CON B:AHCRIVO'DAT=‘_I Copia de manera directa el contenido desae la

123.456 - consola (teclado) a el disco en ta unigad B y
987.654 texto asigna el nombre del archivo ARCHIVO.DAT
T del :

I_Mi « ¢ archivo: Siguiendo la dltirma linea del texio, presionese F6.
2 1.875 « entonces oprimase ia tecla «— (El presionar Fé
3 2,375 causa la aparicién de” Z).

- «—
Z, [ F6 {«d



imprimir el texto de un archivo

Usese ¢l comando COPY (interno) para imprimir el contenido de un archivo especifico,

como sigue:

A>COPY B:NOMBREDEARCHIVO.EXT PRAN =« Con la impresora activada, este co-
o ) mando hace que la imprescra im-
A>COPY B:NOMBREDEARCHIVO.EXT LPT1 = prima el texto del archivo indicado

Duptlicar un disco flexible

(NOMBREDEARCHIVO.EXT) del -
disco en la unidad B).

Para duplicar un disco flexible, por ejemplo, copiar el contenido entero del disco f‘Ic'xibIc
a otro disco flexibie, utilicese el comando DISCKCOPY (externo). Iniciese con un disco
{lexible que contenga ¢l archivo DISKCOPY.COM en la unidad A,

A>DISKCOPY A: 8: —1

Respéndase a la peticidn removiendo ¢l disco DOS de 1a unidad A e insértese ¢l disco fuen-
te en la unidad A y el disco destino en la unidad B. Este comando formatea el disco de
ia unidad B y copia ¢l contenido completo del disco en la unidad A (el disco fuente) al
disco en latunidad B (el disco destino).

Precaucidn: En DOS 2.10, la ejecucidn del comando DISKCOPY formatea de manera
autématica el disco destino. Toda la informacidn almacenada en el disco en la unidad B

se borra.

Comparar y verificar los contenidos de dos discos

Para comparar los contenidos de dos discos y verificar que son idénticos, usese el coman-
do DISKCOMP {externo)., Empiécese con un disco que conienga el archivoe DISK-

COMP.COM en la unidad A,

A>DISKCOMP A: B: -t

Respéndase a la peticidn retirando el disco DOS de la unidad A e insértese ahi mismo el
disco original y la copia en la unidad B. Este comando compara los archivos del disco de
la unidad B con los del disco de la unidad A y verifica que sean iguales.

Noia: El comando DISKCOMP puede emplearse después de duplicar un disco para ase-
gurarse que los archivos en la copia son idénticos con los archivos dei original.

Revisar el estado de un disco

Usese ¢ comando CHDSK (externo) para revisar ¢l estado de un disco:

45 CHRKDSK 8: =

Preggrzicna un informe cel estado &n eél gisco én (3
unidad indicada. Revisa los sectores y pistas no
utilizados; cuantifica el espacio usado (bytes) e indica
el numero de bytes dispenibies en el espacio restante
del disco.



2.3.- Maneio de Directorios.

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

Uso de directorios

Los directorios son muy importantes cuando se utiliza un disco duro. Si se utilizan sélo
disquetes, los archivos se pueden mantener organizados colocdndolos en disquetes
distintos, Con un disco duro, que normalmente puede almacenar mucha més informacién
que un disquete, se hace necesario organizar los archivos en categorfas, de forma que se
puedan encontrar ficilmente, '

E! arbol de directorios

Cada disco tiene por lo menos un directorio. Cuando se da formato a un disquete o al disco
duro, MS-DOS crea un directorio en el que se almacenan el resto de los archivos y
directorios. Este directorio se denomina directorio raiz. Se pueden crear subdirectorios del
directorio raiz para organizar los archivos. Los directorios y subdirectorios forman una
estructura denominada drbol de direcrorios. Se pueden crear subdirectorios dentro de estos
subdirectorios para organizar incluso més archivos.

Puede seguir afadiendo directorios en cualquier nivel de 1a estructura, hasta 512 archivos y
directorios en el directorio rafz del disco duro (un directorio raiz en un disquete tiene
menos archivos y directorios). No obstante, MS-DOS se ejecuta més lentamente si hay més
de 150 archivos y subdirectorios en el mismo directorio.

Hablando con propiedad, ¢l resto de los directorios distintos del directorio rafz son
subdirectorios. Sin embargo, es normal utilizar e] término directorio. En el manual, el
término subdirectorio se utiliza sélo para dar mayor énfasis a la relacién entre dos
directorios. Un subdirectorio a veces se denomina direciorio hijo, y ¢l directorio que lo
contiene se denomina con frecuencia directorio padre.
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Nombres para directorios

Con excepcidn del directorio raiz, que siempre se representa por una barra inveruda (\),
cada directorio tiene un nombre y algunas veces una extensién. Para dar nombre o los
directorios se siguen estas reglas:

¢ Ll noinbre tiene que contener entre |y B caracteres.

* La extension puede tener un imasimo de 3 caracteres, sepuriddas del nombie del
directorio por un punto.

* El nombre y la extension pueden tener cualquier letra desde 1a A a.la Z, ndmeros desde
el 0 al 9, y los siguientes caracteres especiales: subrayado (_). simbolo de intercalucion
("), simbolo de dolar ($), tilde (-}, signo de exclamacidn de cierre (1), simboto de
nimero (#), signo de porcentaje (%), simbolo de unidn (&), guidn (-), Laves i1 ). v
paréntesis ( ). No se aceptan otros caracteres especiales.

* El nombre no puede contener espacios, barras invertidas (\}, comas o puntos. Ll nombre
puede contener caracteres extendidos.

* Dos subdirectorios que estén en ¢l mismo directorio no pueden tener el mismo nambre,
Sin embargo, subdirectorios de diferenies directorios pueden tener el mismo nombre.

E} directorio actual se indica con su nombre o con un punto. Al directorio padre del
directorio actual se l¢ puede nombrar por su nombre o por un doble punto. Cuando se
utiliza el comando dir para examinar los archivos y directorios de un directorio tdiferentes
del directorio raiz), se pueden ver estos simbolos en pantalla, que representan los
directorios padre ¢ hijo.

Rutas de acceso

La ruta de acceso indica ¢! emplazamiento de un archivo dentro del 4rbol de directorios. Es
¢l camino que debe seguir MS-DOS, partiendo del directorio raiz. para liegar v un archivo
de otro directorio. MS-DQS reconoce rutas de acceso de hasta 66 caracteres, tncluyendo

la letra de la unidad y los dos puntos). Por ejemplo suponga que la unidad C trene este drbol
de directorios:

[C:\) tree
Lista de directorios en RUTA y estructura del Volumen CESAL
Numero de serie del volumen es 1575-693%
C:.
DOS
ARTE

T TRABAJO
PERSONAL
ESTUDIO



Para llegar hasta los archivos de! directorio PERSONAL, MS-DOS debe pasar por los
sigutentes directorios: raiz (\), ARTE y PERSONAL. Por lo tanto el nombre de ta ruta de
acceso seria: \arte\personal

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

Para encontrar ¢l directorio PERSONAL, debe escribir primero 1a ruta de acceso del

directorio. Si desea especificar el archivo FIG1.MSP en el directorio \ARTE\PERSONAL,

debe agregar a la ruta otra barra invertida y el nombre del archivo:
\arte\pérsonal\figl Msp

Puede haber otros archivos denominados FIGI.MSP en otros directorios y puede haber

otros directorios denominados \ARTE\PERSONAL en otros discos. Para distinguir

especificamente un archivo del resto de los archivos, se tiene que agregar una létra de

unidad a !a ruta de acceso y al nombre del archivo. Por ejemplo, la ruta de acceso completa

del archivo FIG1.MSP del directorioc ARTE\PERSONAL de la unidad C es:
c:\artevpersonalifigl.msp

3

| La unidad actual

A menos que se indique lo contrario, MS-DOS supone que se quiere utilizar el 4rbol de
directorios en la unidad actual. La letra de la unidad actual normalmente es parte del
" simbolo del sistema. Si actualmente se est4 utilizando el directorio rafz de'la unidad A y se
quiere suprimir el archivo A\FIG1.MSP, se debe escribir el siguiente comando:
del figl.msp )

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

El directorio actual

El directorio en el que se estd trabajando es el directorio actual para esa unidad. MS-DOS
puede presentar en pantalla la ruta de acceso del directorio actual como pante del simbolo
del sistema. Si se desea realizar alguna operacién en un archivo, y se est4 utilizando
actualmente el directorio en el que estd el archivo, no se necesita escribir la ruta de acceso
del directorio actual. Si C es la unidad actual y \ARTE\PERSONAL es el directorio actual,
se puede suprimir el archivo siguiente CAARTE\PERSONALNVFIG 1. MSP escribiendo lo
siguiente: del figl.msp

Si se estd trabajando con dos unidades, cada una de ellas tiene un directorio actual.
Suponemaos que C es la unidad actual y \VARTEWPERSONAL es el directorio actual. En su
disco de la unidad A, suponga que el directorio \F1GS es el directorio actual. Se debe
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escribir el siguiente comando para copiar el archivo FIG2. MSP desde AN\FICS o
CMRTEWERSONAL: copy a:fig2.mspc:

A menos que se especifique una ruta de acceso diferente, se trabaja en el directorio actuul
en cada unidad. Cuando se inicia el sistema se estd en los directorios raices de fas umidades
del sistema. El directorio actual de una unidad de disquete cambia al directorio raiv i se
cambian los discos. ’

Para trabajar con archivos en un directorio que no es el actual, hay dos opciones: s« esenbe
- la ruta de acceso del otro directorio o se hace actual el otro directorio utilizundo ¢l
comando cd (cambio de directorio), que se describe posteriormente.

Si se estd trabajando con archivos de programa que no estdn ¢n el directorio actual. se
puede incluir la ruta de acceso del otro directorio en el comando path. Veu ¢l lenw
"Especificacién de una ruta de busqueda” en este capitulo.

Si se quiere escribir 12 ruta de acceso de otro directorio, s¢ incluye la parte de la ruta de
acceso que es diferente desde la ruta de acceso del directorio actual. Si el directorio attual
es \ARTE, se puede suprimir el archivo \ARTE\PERSONALYFIG I . MSP escribiendo el
siguiente comando: del personalifigl.msp

En este caso no es necesario escribir 1a ruta de acceso completa, ya que el archivo yue se¢
quiere escribir estd en un subdirectorio del directorio actual.

Modificacién del simbolo del sistema

Se puede utilizar el comando prompt para modificar la apariencia del simbolo del astema,
A menos que se indique lo contrario, MS-DOS visualiza la letra de la unidad actual
seguida de un signo mayor que (>) como simbolo del sistema. Por ejemplo, el sipuiente
simbolo le indica que la unidad activaesla A;  A>

Se pueden utilizar varios pardmetros con el comando prompt para cambiar ¢l simbolo del
sistema. S -

Presentacion del contenido de directorios

Este apartado describe cGmo presentar la lista del contenido de directorios utilizando la
}inea de comandos. i
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Presentacidén de directorios completos.

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

dir c:\trabaijo

-
Presentacién de grupos de nombres de archivos.

Para presentar la lista de un determinado grupo de nombres
de archivos de un directorio, se incluyen comodines con el
comando dir. El siguiente comando presenta una lista de todos los
archivos del directorio actual gue tengan la extensidén .COM:

dir *.com

Presentacidn de todos los directorios de un disco.

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

tree c:\temp .

Creacién de directorios.

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

md mensual
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Cambio de directorio.

Para desplazarse a un directorio diferente en la wunidad
actual, se utiliza el comando cd (o0 en su forma ampliada chdir).
El siguiente comando cambia el directorio actual al directorio
C:\OFICINA\INFORMES:

cd oficina\informes

Eliminacidn de directorios.

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

rd c:\oficina\informes\finanzas

El sistema MS-DOS elimina el subdirectorio FINANZAS del directo-
rio C:\OFICINA\INFORMES de 1la unidad actual. El1 directorio que
elimina no puede contener ningin archivo o subdirectorio.

LN

Copia de todos los archivos de un directorio.

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

xcopy c¢:\informes\finanzas a:\finanzas



2.4.- Manejo de Discos.

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

Tipos de discos

Un disquete es un disco flexible y muy delgado que tiene una cubierta protectora de
plastico. Un disco duro tiene uno o mds discos rigidos apilados uno encima del otro dentro
de una caja cerrada completamente. A los discos duros también se los denomina discos
fijos porque permanecen dentro del sistema. Una vez que se ha instalado el disco duro, no
se debe retirar a no ser que esté daiado o se desee sustituir por un disco de mayor
capacidad.

La informacidn de los discos se divide en pistas. Cada pista es un circulo concéntrico que
puede contener una cierta cantidad de informacidn. Cuanias mds pistas tenga un disco, més
informacion puede almacenar. Un disco duro puede almacenar mds informacidn que los
disquetes porque tiene mas caras y mds pistas por cara.

Los disquetes varian en cuanto al tamaiio y la cantidad de informacion que pueden
conlener. A continuacion se presenta una lista con los principales tipos de disquetes con los
que se puede trabajar en MS-DOS, y Ia cantidad de informacién que cada uno puede

almacenar:

5 i/4 pulgadas una sola cara/doble densidad 160K

5 /4 pulgadas una sola cara/doble densidad 180K

5'1/4 pulgadas dos caras/doble densidad 320K

5 1/4 pulgadas dos caras/doble densidad 360K

5 1/4 pulgadas dos caras/cuadruple densidad 1200K 6 1,2 MB
3 172 pulgadas dos caras/doble densidad | T20K

3 1/2 pulgadas dos caras/cuadruple densidad 1440K 6 1,44 MB
3 1/2 pulgadas dos caras/alia densidad 2880K ¢ 2,88 MB

L.a mayor parte de los disquetes tienen etiquetas que indican de qué tipo son. También se
puede utilizar el comando dir o chkdsk para ver la informacién sobre la capacidad de
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almacenamiento de un disco que ya tiene formato.

Bytes, Kilobytes y Megabytes

El tamafio de los archivos se mide en byres. Un byte es la cantidad de espacio que <o
necesita para almacenar un solo cardcter. Un kilobytes equivale a 1024 hytes. n este
manual el kilobyte se abrevia como KB. Un megabytes equivale o 1024 K rcus un anlion
de bytes). En este-manual la palabra megabyres se abrevia como MB. Por cjemplo. w1 un
disco puede almacenar casi 1,2 millones de bytes de informacion. ex un discu de 1.2 MB.

Tipos de unidades de disco

v

No todos. los tipos de disquetes son compatibles con todos 1os tipos de umidades e disco.
En general, al disquete se le debe dar un formato con una capacidad menor v 1wual yue la
de la unidad en {a que se utilice para que el disco y la unidad sean compatibles Pury
comprobar si un disco funciona con una determinada unidad, el disco s¢ insertaen lu
unidad y se utiliza el comando dir. Si el disco y la unidad son computibles 0 ¢l diseo no
tiene formato, MS--DOS presenta un mensajé de error que le comunica que i un Tallo
general. '

MS-DOS ajusta sus operaciones para trabajar con el tipo de unidad de disco yue ~e estd
utiiizando. Para algunes comandos. se incluye un modificador si la unidad de disco v ¢l
disguete no tienen la misma capacidad.

El formafo de los discos

Antes de poder utilizar un disco, se debe preparar utilizando el comando format. Ef disco
puede tener o no formato previo. Cuando se da formato a un disco. MS5-DOS reulizaun
Jormato de seguridad. Con este formato de seguridad. se puede restaurar el disco i su
condicidn anterior mediante el comando unformat, siempre que no se hayan guardado
archivos en dicho disco.

Se puede incluir el modificador /u con el comando format para ejecusar un formato
incondicional. Este formato destruye toda la informacién del disco. Si de torma errdnea se
da formato a un disco incondicionalmente, todavia se puede recuperar la intormacidn
perdida siempre que se haya instalado el programa Mirror antes de utilizar ¢l cumando
format. El programa Mirror se describe en la siguiente seccidn,



Cuando se da formato a un disquete o a un disco duro, MS-DOS reserva una pequefa parte
del disco para su sistema de registro. El sistema de registro s¢ compone de dos partes: una
tabla de usignacion de archivos {(que determina el emplazamiento de cada archivo del
disco) y el directorio raiz (que almacena el nombre, tamaiio, fecha y hora de creacién y los
atributos de los archivos del disco).

Un secfor es la unidad de almacenamiento bésica de un disco. Cada sector de un disco
puede aimacenar medio kilobyte de informacién, Cuando MS-DOS da formato a un disco,
MS-DOS verifica cada sector para delectar si tiene algun defecto, y marcarlo para que no
pueda almacenar datos en ellos. Cuando MS-DOS almacena un archivo en un disco. utiliza
grupos de sectores |lamados unidades de asignacion. El nimero de sectores por unidad de
asignaiion depende del tamaio del disco.

Si se utitiza un disco duro nuevo, se debe realizar una particion antes de poder darie
formato. Mientras se ejecuta el programa de instalacién de MS~DOS puede crear
particiones y dar formato al disco duro. '
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Formato de un disco

En breve e

Para dar formato a un disquete o a un disco duro, se utiliza el comando formut. Sc¢ Jebe
especificar la unidad que contiene el disco al que se quiere dar formato. Por ¢jemple. ¢
siguiente comando da formato a un disquete de la unidad A: formac a:

MS-DOS realiza un formato de seguridad de forma predeterminada. Si se dusea deshacer
el formato de seguridad, se afade el modificador /u al comando format el moditiciior /u
elimina todos los datos existentes en un disco. Cuando se utiliza el comande format con ol
modificador /u para dar formato al disco duro, aparece el siguiente mensaju:

Peligro, todos los datcs del disquete de la unidad t': s pocenerdn
;Continuar con el formato (5/N}?

Escriba s para continuar, o n para cancelar el comando.

Utilizando el modificador /q con el comando format, se puede realizar un lornato tapido
en un disco con formato previo, lo cual reduce el tiempo que MS-DOS necesita para din
formato a un disco. Sélo se utiliza el modificador /q si no se han recibido criures te
lectura/escritura en el disco al que se esté dando formato.

Mientras se da formato al disco, MS-DOS presenta un mensaje que indici el porcentye del
disco al que se da formato. Una vez terminado el proceso, se preguntu i se desein din ol
disco una erigueta def volumen. Se debe escribir el nombre que se desee dar il discoo
presionar la tecla ENTRAR si no se desea una etiqueta. '

MS5-DOS presenta la siguiente informacidn:

1213952 bytes de espacio total en disco
12131952 bytes disponibles en disco
512 bytes en cada unidad de asignacién
2371 unidades de asignacién dispenibles en disco

Ndmero de sarie del volumern 382C-17F4

Bytes de espacio total en disco  Indica la capacidad de almacenamiento Jel disco

Bytes utilizados por el sistema  Aparece si se han transferido al disco Jos archivos wl
sistema de MS-DQS e indica el espacio que ha sido ocupado por los tres archis os el
sistema.

Bytes en sectores defectuosos  Indica la cantidad de espacio que no es posible unbizu
debido a sectores defectuosos. Si no hay sectores defectuosos, esta linca se omie Stun
disquete tiene sectores defectuosos, se debe considerar no almacenar archivos Impuiianies
o archivos de copia de seguridad en él. La mayor pane de los discos duros benen un
pequefio nimero de sectores defectuosos.



Bytes disponibles en disco Indica el espacio total det disco menos la cantidad de espacio
wtilizado por los archivos del sistema y los sectores defectuosos. Si el disco no contiene
archivos del sistema y no hay sectores defectuosos, este nimero es igual al nimero de bytes
del espacio total del disco.

Bytes en cada unidad de asignacién y unidades de asignacidn disponibles en un disco
Indican la forma en que MS-DOS ha dividido ¢l disco para el almacenamiento de los
archivos. Si se multiplican las dos cifras de estas lineas, el resultado debe coincidir con la
cifra que corresponde al nimero de "Bytes disponibles en disco”,

El nimero de serie del volumen Indica el nimero de serie asignado al disco. Este ndmero
no cambia a menos que se dé nuevamente formato al disco.

La siguiente linea es un simbolo del sisterna para dar formato a otro disco. Se escribe s para
dar formato a otro disco en la misma unidad con los mismos modificadores, o se escribe n
para volver al simbolo del sistema.

Especificacion de la capacidad de un disquete

A menos que s¢ indique lo contrario, MS-DOS supone que el disco que se quiere dar
formato tiene la capacidad méxima que corresponde a la unidad. Para dar formato a un
disco de menor capacidad, se debe utitizar el medificador /f:. Por ejemplo, si la unidad A ¢s
de 1,2 MB, para discos de 5 1/4 pulgadas y se desea dar formato a un disco de 360 KB, se
debe utilizar el siguiente comando:

format a: /£:360
Algunas de las unidades de disco modemas pueden detectar la capacidad del disquete. Si se

dispone de este tipo de unidad, no se necesita especificar estos modificadores.

NOTA  Existen diferencias de hardware entre unidades de disco, por lo que algunas unidades de
360 KB no pueden leer de manera fiable discos a los que se ha dado formate en una unidad de 1,2
MB con el modificador #:360. '
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2.5.- Manejo de un Editor.

Con la finalidad de generar un coédigo para un programa, para
revisar listas de resultados, afiadir texto a una presentacién,
etc., se precisa del manejo de un editor de texto.

Para ello, desde las tempranas versliones de MS-D0OS, se ha
incluido en los diskettes de programas, editores de texto, que
aungue un tanto candidos, son eficientes. Las tltimas versiones
de MS-DOS 1incluyen editores (EDIT), que son mas refinados vy
permiten un procesamiento de texto mas capaz.

Asimismo, para la edicién de texto tipo ASCII (American
Standard Code for Information Interchange), se pueden utilizar
editores de texto comerciales (WordStar, WordPerfect, Norton
Editor, etc).

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

3.- Fundamentos de Programacion.

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

La comprensién completa del 1lenguaje técnico no es
prerrequisito para la preparacién inteligente de una secuencia
légica de instrucciones (un programa) que puedan usarse en la
computadora para rescolver algin problema. S6lo se necesita
aceptar la premisa de que en un disco flexible o en alguna parte
del disco duro existe un conjunto de instrucciones detalladas en
lenguaje de maquina gque habilitan a la computadora para ejecutar
una serie de instrucciones simplificadas orientadas al usuario y
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preparadas bajo las reglas del Fortran, Basic, Pascal, etc. Este
juego de instrucciones en lenguaje de maquina se origina con un
programa compilador.

3.1.~- Constantes y Varjiables.

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

Una cantidad cuyo valor numérico se desconoce temporalmente
© que pueda cambiar durante la ejecucidén de un programa, se llama
variable y se expresa por un nombre de variable. El1 nombre de
variable lo crea el programador y dependiendo del sistema de
computadora que se utilice podrad consistir de una a varias letras
o combinaciones de letras y numeros.

3.2.- Proposiciones y Asignaciones.

El lenguaje Fortran usa los caracteres alfabéticos, numéri-
cos y especiales del idioma inglés y de la matematica; las 26
letras del alfabeto inglés, A a Z; los 10 digitos decimales 0 a 9
Yy 10 caracteres especiales: ‘

tok =, ()

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

Estos caracteres se combinan para formar palabras, nGmeros y
expresiones que se utilizan para construir proposiciones. Una
proposicién puede ser una instruccidn explicita para que la com-
putadora ejecute una tarea sencilla, por ejemplo leer un valor
introducido desde el teclado y asignarlo al nombre de una varia-
ble o realizar operaciones aritméticas y asignar el resultado a
una variable, repetir una serie de tareas, o imprimir los resul-
tados de un calculo.
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Ademds, una proposicidén puede proporcionar informacién para
definir un arreglo, identificar una variable compleja o especifi-
car un formato de salida. :

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

Una proposicién de asignacidén es una proposicién ejecutable
que asigna los valores numéricos de una expresidén aritmética a un
nombre de variable en una direccidén de memoria especifica. El
simbolo de asignacién es el signo = o en ocasiones := (Pascal).

£
3.3.- Lectura y Escritura.

Existen proposiciones ejecutables gque proporcionan medios
sencillos y directos para suministrar valores de datos a los
nombres de las variables que se usan en un programa.

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

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

Existen asimismo proposiciones ejecutables para la salida de
datos a la pantalla, impresora o archivo..
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3.4.~ Iteraciones y Transferencias.

Para utilizar todo el potencial de la computadora es necesa-
rio saber cémo repetir una secuencia de tareas, tomar decisiones
basadas en comparaciones sencillas y saltar a otra proposicidn
especifica en el programa. La iteracidén o repeticién de calculos
se llama ciclo y es el resultado de la ejecucién de varias trans-
ferencias mediante proposiciones de control. .

Una proposicién de transferencia es una proposicidn ejecuta-
ble que transfiere o ramifica a otra proposicién identificada por
una etigqueta de proposicién Gnica. Una proposicién de transferen-
cia puede ser condicional o incondicional. Las proposiciones de
transferencia incondicional siempre transfiere a una séla propo-
sicidén, miestras que una proposicién de transferencia condicional
puede transferir a una de varias proposiciones especificas, de-
pendiendo de las condiciones de los datos.

Una proposicién de control puede repetir un conjunto parti-
cular de propposiciones un determinado ntGmero de veces.

Existen y son de gran trascendencia, las proposiciones de
transferencia condicional de tipo légico. Este tipo de proposi-
cién emplea expresiones ldgicas con operadores relacionales vy
toma decisiones en funcidén de la relacién entre los valores de
dos o mds variables o expresiones aritméticas.

3.5.— Vectores.

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

En la mayoria de los lenguajes, antes de que pueda usarse
una variable con subindice en un programa, primero es necesario
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definir el arreglo del que forma parte con una proposicién de
dimensionamiento que establece el arreglo con nombre y nimero de
subindice (1, 2, n dimensiones), define el maximo valor numérico
de cada subindice y reserva las localidades de almacenamiento
para acomodar cada elemento del arreglo.

3.6.- Subprogramas.

El motivo principal para usar la computadora en la solucién
de problemas es reducir el tiempo necesario para hacer calculos
repetitivos., Con frecuencia, planear y escribir un programa de
computadora es una tarea laboriosa, consume tiempo y requiere
atencién cuidadosa para cada detalle de las proposiciones del
programa. Cuantas mas '‘proposiciones tenga el programa, mayores
posibilidades de error existen. Cualguier cosa gue pueda hacerse
para eliminar proposiciones innecesarias o evite escribir la
misma proposicién mads de una vez, vale la pena.

Muchos programas contienen cdlculos gque necesitan proposi-
ciones sencillas o que requieren de un segmento de programa con
muchas proposiciones para repetirse en ése programa o en progra-
mas relacionados. Semejantes rutinas de repeticidén pueden supri-
mirse del programa principal y escribirse en forma separada com
osubprogramas. Desples, é&ésos subprogramas pueden llamarse de un
modo individual mediante una proposicién sencilla colocada de
manera apropiada en el programa principal siempre que se le nece-
site. El1 subprograma desarrcllado por el programador sirve al
mismo propdésito para aplicaciones limitadas como las funciones
intrinsecas mas deneralmente aplicables y puede grabarse para
usos subsecuentes en otros programas.

LI
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3.7.- Almacenamiento y Compilacidn.

Algunos lenguajes, tal como el Fortran, son lenguajes
compiladores, es decir, el programa fuente escrito por el
programador debe traducirse (compilarse) a un cédigo simbdlico o
lenguaje de maquina que sea comprensible para la computadora
personal. Se reguiere de un programa intermedio 1lamado
compilador para hacer ésta operacidn. Hay diversos compiladores
disponnibles. El1 compilador gque se usd para la traduccidn
(compilacidén) del programa ejemplo de éste segmento es el
Compilador Microsoft Fortran.

El compilador MS-Fortran consiste en un conjunto de discos
flexibles, guia del usuarico y un manual de referencia que
proporcionan informacién detallada de los archivos de los discos
y la forma en que pueden aplicarse. En ésta seccidn se muestra de
manera somera cdmo se realiza la escritura, edicién, compilacidn
y ejecucidn de un programa fuente Fortran de ejemplo {consiltense
la gGiia y el manual del usuario para obtener un conocimiento mas
completo del compilador Fortran). '

4,- Modelos Matematicos.
4.1.- Qué es un Modelo Matematico.

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

Los modelos matemdticos son un valioso auxiliar en la pla-
neacidén del manejo de acuiferos, al simular su comportamiento
bajo diferentes politicas de operaciédn.
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Para la elaboracidén del modelo matemdtico de un acuifero,
primeramente hay que conceptualizar su funcionamiento; el si-
guiente paso consiste en transcribir los procesos fisicos a tér-
minos matemidticos, mediante el desarrollo de las ecuaciones que
gobiernan el flujo de agua subterranea; son necesarios también 1la
recopilacién y depuracidén de datos del acuifero, su preparacidn o
procesamiento, la calibracién y la simulacién.

Es indispensable tener una clara idea del funcionamiento del
acuifero lo cual incluye, por una parte, las causas modificadoras
del acuifero que corresponden a los medios de recarga y descarga.
La recarga puede corresponder a la infiltracidén y la descarga a
salidas por flujo subterrdaneo y a la extraccién por bombeo. Las
variaciones en la recarga y descarga dan fluctuaciones de 1la
superficie piezométrica. :

Ya conocido el funcionamiento del acuifero' se transcriben
los procesos fisicods que rigen el funcionamiento de este a térmi-
nos matematicos mediante el desarrollo de ecuaciones que simulan
el comportamiento del flujo de agua subterrdnea. El entendimiento
de estas ecuaciones y sus limitaciones son condiciones necesarias
para el buen desarrcllo del modelo.

Otro punto por desarrollar en la formacién de un modelo
matemdtico es la obtencidén de las caracteristicas del acuifero,
tales como transmisividad, coeficiente de almacenamiento, espesor
del acuifero, limites, gastos de extraccidén por pozos, etc. Estos
datos ‘'deben de ser procesados y adaptados a los requerimientos
del modelo. La calidad de este tipo de datos estda en relacidn
directa a la exactitud de los resultados gue se cbtengan.

El acuifero por estudiar se discretiza o se divide en peque-
fias Areas denominadas elementos, las cuales pueden tener formas
regulares o irregulares.

La malla regular, o de diferencias finitas, tiene la ventaja
de dque su construccidédn es simple, pudiendo consistir ésta de
rectangulos. Las mallas pueden también ser irregulares (método de
elementos finitos) y su diferencia fundamental respecto a la
malla regular, es que al permitir el disefic de elementos irregu-
lares llegan a representar los limites del acuifero con mayor
exactitud. El trazo de la malla irregular es mas complejo y las
ecuaciones aplicables presentan limitantes. Para cada elemento
discretizado, se aplican las ecuaciones de flujos, obteniéndose
un sistema de ecuaciones simult&neas cuya incdégnita es la carga
hidrdulica en un tiempo determinado.
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La calibracién consiste en efectuar corridas del programa
matemdtico alimentado con los datos del acuifero, comparando los
resultados con datos observados. En los sitios donde existen
variaciones entre valores calculados y observados, se revisan los
datos de entrada y se realizan ajustes para efectuar nuevas co-
rridas, hasta lograr la mejor aproximacién posible.

La primera corrida se conoce comc "andlisis de sensibili-
dad", en el cual se observan, en forma general, los resultados
obtenidos. Posteriormente, se hace un "ajuste mayor" gque consiste
en efectuar los cambios necesarios en forma global dentro del
modelo. Posteriormente se hacen "ajustes puntuales" a fin de
llegar a la calibracién del modelo.

Es importante que los ajustes‘que se realizen tengan justi-

ficacidén; ya que de otra manera se estarid forzando al modelo a
conclusiones y procedimientos erréneos.

4.2.- Herramientas Computacionales.

En el procesamiento de 1la evolucidén de los niveles
piezométricos, o en los datos obtenidos de hidrégrafos vy
cualgquier comportamiento gue registre tendencia, se pueden
realizar procedimientos de aproximacién, por medio de métodos
numéricos, con el auxilio gue la computadora representa. A
continuacidn se referiran distintas formas:

4.3.- Paquetes de Analisis.

Como se observa en una de las figuras anexas, es posible
realizar andlisis de aproximacién por diferentes técnicas a tra-
ves de programas tales como Harvard Graphics, Lotus 123, Excel,
etc.

Ademds, se encuentran programas tales como Curfit, Mathema-
tica, etc., que realizan andalisis a funciones en general (se
observa un ejemplo anexo).
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4.4.- Lenquaies.

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

En los Estados Unidos existen empresas que se dedican a 1la
ingenieria de software especializadoe en geohidrologia vy
contaminacién de acuiferos, que trabajan con una alta calidad y
resolucidén. En México, el Instituto de Ingenieria de la UNAM y
otras instituciones de educacidén superior asi como dependencias
gubernamentales trabajan con gran éxito del modelado matematico
de fendémenos de dispersién de contaminantes.

Elaboré: Ing. F. Meixueiro.



Figuras.

Listado del programa de ejemplo Bubble.

Diagrama de flujo del programa de ejemplo
Bubble.

Andlisis de optimizacidén de ejemplo en
Harvard Graphics.

Andlisis de ejemplo en Curfit,
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Programa de Demostracidén del Bubble Sort
Microsoft FORTRAN77
Agosto 29, 1993

La rutina principal lee de la terminal un vector
de diez nimeros reales en formato F8.0 e invoca a
la subroutina BUBBLE para sortearlos.

REAL R({10)

INTEGER I

WRITE (#*,001) :

FORMAT (1X, 'Programa de Demostracién del Bubble Sort.')
DO 103 I=1,10 '
WRITE (#*,101) I

FORMAT (1X, 'Anote el ndmero real No. ',I2)

READ (*,102) R(I)

FORMAT(F8.0)

CONTINUE

CALL BUBBLE(R, 10)

WRITE (*,002) -
FORMAT(/1X, 'Ya sorteados de menor a mayor quedan asi:')
WRITE (*,003) (R(I),I = 1,10)

FORMAT (2 (1x,5F13.3/))

STOP

END

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

SUBROUTINE BUBBLE(X,J)

INTEGER J,Al,A2

REAL X(J),TEMP

IF (Jd .LE. 1) GOTO 101

DO 201 Al = 1,J~1

DO 301 A2 = Al + 1,J

IF (X(Al) .LE. X(A2)) GOTO 401

TEMP = X(Al)

X(Al) = X(A2)

X(A2) = TEMP

CONTINUE

CONTINUE

CONTINUE

CCNTINUE

RETURN

END
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INFORMACION BASICA PARA LA IMPLANTACION DE UN MODELO

1.- DISCRETIZACION

- Planos Topograficos. Parteaguas.
- Plano Geohidroldégico.
- Delimitacién del Area

- Geologia Subterranea. Cortes

Litoldgicos.

- Registros Eléctricos. Perfiles

Geolégicos.

- Geofisica, Geometria de las

Formaciones en el Subsuelo.

- Censo de Aprovecnamientoé.
Localizacién de Pozos Piloto.

- Seleccidén cde la Malla. Areas de

Concentracion de Informacion.
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INFORMACION BASICA PARA LA IMPLANTACION DE UN MODELO

2.- PARAMETRIZAC

- Pruebas de Bombeo. Aforos en pozos.

- Interpretaciéon de Caracteristicas

T. S, b, K, 58, K',

- Distribucién espacial de Caracteristicas

Hidrodinamicas.

- Adaptacién de Caracteristicas por Celdas.

- Construccidén de Matrices de Parametros.
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INFORMACION BASICA PARA LA IMPLANTACION DE UN MODELO

3.- CONCEPTUALIZACION

Modelo Conceptual de Funcionamiento.
Cefiniciéon de Entradas y Salidas.

Distribucidén de la Lluvia por Periodos.
Volumen de Lluvia por Celda. Adjudicacion
de Coeficientes de Infiltracidn,

Cdlculo del Caudal de Infiltracidén.

p
Infiltracién y/o Drenaje de Rios y Arroyos
C;lculo del Caudal por Celda.

Definiciédn de Areas de Salidas del Acuifero por
Evapotranspiracioén.

Volumenes de Extraccidén por pozo.
Calculo de la Extraccion por Celada,
Separacién de Extracciones por Riego,
Industrial y Potable. Cdlculo de Laminas de
Riego y Retornos al Acuifero,

Piezometria. Red de flujo en Condiciones
Iniciales, Intermedias y Actuales. Hidarégrafos
de Pozos.

Evoluciones Piezométricas por FPeriodos.

Condiciones de Frontera. Definicidén de Celdas
de no Flujo (inactivas).

Celdas de Carga Constante, Celdas de Carga

variable. Celdas de Flujo Constante.

Alimentacidén por Semiconfinamiento,.

Otras Celdas.

L}
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APLICACION DEL SITEMA GROUND WATER {GW}, COMO UNA HERRRAMIENTA

PARA EL ESTUDIO Y PREVENSION DE LA CONTAMINACION

Los problemas de contaminaciéon en agua subterraneas son procesos, en principio,
catalogados como Ient.os. esto es cierto en los casos de que el flujo del agua también
lo sea, de aqui que tradicionalmente nos enteramos de que un acuifero esta
contaminado cuando algun pozo de abastecimiento ha sido aféctado, cuando esto ha
sucedido, con frecuencia resulta tarde para adoptar medidas de remediacién. Bajo este
principio es comun pensar que se requieren periodos largos para conocer la amplitud
del problema y en consecuencia se llega a establecer que tardard muchos afios mas

para que fluya y se elimine el contaminante y en ocasiones esto ya no es posible por

que existen efectos irreversibles.

En el agua subterranea es primordial identificar y estudiar los mecanismos por los
cuales un contaminante puede entrar a los sistemas acuiferos, de acuerdo al tipo de
contaminante y su disposicion en el suelo o subsuelo (aguas negras, basureros,
pesticidas, inyeccion de residuos, etc.), se debe evaluar el comportamiento y
afectacion real al rec;.urso hidraulico subterraneo, que dadas las condiciones
climatolégicas sobre todo del centro y norte de Méxicb, revisten una gran importancia

por ser la fuente principal de abastecimiento de agua para los diferentes usos.

Los estudios no deben quedarse en la evaluacion de ta contaminacion, es importante
también desarrollar predicciones confiables del transporte de los contaminantes dentro

de los sistemas de agua subterréneas.



Los procesos fisicos que controlan el flujo del soluto son la advecciton y dispersion

hidrodinamica.

El transporte advectivo comprende el movimiento del soluto que se atribuye al

transporte debido al flujo del agua, la ecuacion que la describe es:

dC/dt = -v dc/dx

donde: v=%/n.dh/dl

Esto significa que para estratos con litologia diferente, existen velocidades de flujo
diferentes y por lo tanto el comportamiento del contaminante en general se registra
preferencialmente, y dependiendo de la terminacion de los pozos, es posible que aun

que exista contaminacion éste se detecte mucho tiempo después.

Otro proceso importante es la difusién molecular que consiste en un proceso fisico-
quimico, ﬁediante el cual los constituyentes ionicos o moleculares se mueven bajo la
influencia de su actividad cinética en la direccién de su gradientle de concentracion.
,
Es decir un soluto de agua se movera de un area de mayor concentracion a uno de
menor, esto es independiente del movimiento.
F = -Dd dc/dx
donde: F= flujo de masa del soluto por unidad de area por unidad
de tiempo;

Dd = Coeficiente de difusién (L2/t).

¢ = Concentracion del soluto (M2/L3).



Se le conoce como dispersidn longitudinal aquella que tiene 1a misma direccién qué el
flujo, y dispersion transversal aquella que es perpendicular a las lineas de flujo. De aqui
se desprende que se debe conocer las velocidades del flujo subterraneo para calcuiar

coeficientes de dispersion.

Existen esencialmente tres métodos para conocer la velocidad del agua subterraneas:

a.- Técnicas que dependen del uso de |la ecuacion de Darcy.
b.- Trazadores artificiales..

c.- Determinacién de edades con is6topos ambientales, ejemplo *H vy "C.

a.- Para aplicar Darcy se requiere informacion de la Conductividad Hidraulica, el
gradiente hidraulico y la porosidad en la zona de campo en donde se desea conocer

Y

o estimar la velocidad y se aplica la ecuacion:

v = -K/n.dh/dl
donde: K= Conductividad hidraulica (m/dia}.
n= Porosidad efectiva.

dh/di = gradiente hidrauiico.

Errores al estimar K y el gradiente, dan como resultado un error asociado a la

velocidad.

b



_ El método_mas directo consiste en introducir un trazador en un punto del flujo y
observar-su-llegada a otro punto. Una vez que se han hecho ajustes por efectos de
dispersion, se puede calcular la velocidad def agua a partir de los datos de distancia

y tiempo de su recorrido. Dentro de las desventajas se pueden mencionar cuatro

fundamentales:

1.- Tiempos largos para que el trazador se mueva distancias considerables.

2.- Se requieren varios puntos de observacion {(piezdmetros -y puntos de monitoreo

debido a la heterogeneidad del medio).

3.- Solo se muestra una pequefia porcién del campo, la cual puede ser no

representativa.

4.- El campo de flujo puede ser distorsionado significativamente por los sistemas de

medicion.

En cualquier caso para estimar parametros hidraulicos y coeficientes de dispersion y
difusion, en campo sobre todo, reviste necesariamente una comprension a detalle del
funcionamiento hidrogeolégico, que debido a lo escaso de estudios especializados
practicamente no se tiene, sin embargo, la realidad es que existe una gran cantidad

de zonas potenciales de contaminar el agua subterrdneas.



Por otra parte la investigacion especializada sobre contaminacién es relativamente
cara, por la gran cantidad de puntos de observacién y muestreo necesarios para
obtener parametros que permitan incluso llegar a implementar modelos de simulacion
numérica, y a pesar que se sabe que es mas caro tratar de rehabilitar los acuiferos,

aun no existe plena conciencia sobre la importancia de su estudio.

Tal vez el de_sconocimiento generalizado del funcionamiento aproximado del flujo de
agua en el subsuelo, contribuya al escaso interés sobre investigacion especializada,
y esto es légico, ya que el punto medular es: ;que investigar y hacia donde orientar
la investigacién? de tal forma que no sea tan cara y sobre todo fidedigna para crear

conciencia y se tomen medidas preventivas mas que medidas correctivas.

Existen realmente pocos programas disponibles al publico que traten aspectos
relativos al agua subterranea, desde el punto de vista no tan especializados ya que los
que existe.n en el mercado requieren una capacitacion particular. En el presente curso
se trataran algunos aspectos que ofrece el programa GROUND WATER, que consiste
en una serie de programas desarrollados por el Departamento Técnico de la
Organizacion de Naciones Unidas (ONU}, en \coopgra‘cién de la Divisién bara'el
Desarrollo de los Recursos naturales y Energia del "Water Resource Branch, Nueva

York".

Es necesario aclarar que cualquier programa, sencillo o sofisticado, como los modelos.
de simulacion numérica, son realmente una herramienta para facilitar los estudios y

orientar las actividades.



El programa de Ground water trata diversos temas, especialmente el de
hidrogeoquimicay de hidréu!ica subterranea, asi como la posibilidad de manejar pozos
con informacién litolégica y secciones acompafado de salidas graficas, que retne en
conjunto una posibilidad de conceptualizar el- funcionamiento de sistemas

hidrogeoidgicos.



CENTRO DE EDUCACION CONTINUA. UNAM

wWell No, H1 . Ltocation: OICA

Etevation: 330.5 x = B000 v = 200

Msthod of Drilling: PERCUSION

Dri11ing Dates v 16.2.87-9.3.87
Totlal Depth !  203.00

Comments : PERFORACION 16", ADEME, 10", TUBERIA RANURADA JONS

WELL L OG

SCREEN | DEPTH | LOG LI THOLOGY
I--= ARCILLA
= oo F¥/
= (R ARENA -
= 20 qilag
:E_ STST ARCILLA CON HORIZONT
= a0 4 --—-
= Fooo 43
— 375
— PoTeT GRAVA CON ARCILLA
= 80 —4= 5.
— 4:.e.e;
] e e [0
80 L -=-] .
-=-=
= ARCILLA - Date: 3-4.4.87 .
o Capacity: 111 1/SEG
100 === Duration: 20 HR
— o103 Transmiss.: 1260 m2/dla
== = ipiptng : : Method : THEIS
= = Ry sw.: 8.75 m
= | 120 ey Grevel ‘ DwL: 13.20
= = S
m— —H:ere:
== Fe===]134
— 140 —9-"+
— 0 [ Clay
= =152
— 100 === ARCILLA CON ARENA Y
Foss(173
180
GRAVA ¥ ARENA CON HO
200 224192 ¢iay

United Nations QW Softiware



m T -m!‘ff':.-;";“.[_mm'- «' TN A TR ,."‘-"nnm.* A ™~ vfo e
G TTTTH 4 T LA rninn Ao nnm
: FACULTAD DE INGENIERIA U. N.A_M.

DIVISION DE EDUCACION CONTINUA
CURSOS ABIERTOS

IV CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS

MODULG III:
MODELOS EN GEQOHIDROLOGIA Y CONTAMINACION DE ACUIFEROS

I. EL METODO DE DIFERENCIAS:. FINITAS

! ING. GUILLERMO HERNANDEZ G.

Palacio de Mineria Callede Tacuba s Primer pisc Deleg. Cuauhtémoc 06GO0 Mexico, D.F. APDO. Postal M-2284%
Teléfonos: 5128855 5125121 521.7335  521-1887 Fax  510-0573  521-4020 AL 26



1. El1 Método de Diferencias Finitas

. El Método consiste en una aproximacién' de derivadas parciales por expresiones
algebraicas envolviendo los valores de la variable dependiente en un limitado nimero de
puntos seleccionados.

Como resuitado de la aproximacidn, la ecuacién diferencial parcial que describe el
problema es reemplazada por un nimero finito de ecuaciones algebraicas, escritas en
términos de los valores de la variable dependiente en puntos. seleccionados. Las
ecuaciones son lineales si las ecuaciones diferenciales parciales son también lineales..

El valor de los puntos seleccionados se convierten en las incégnitas, en vez de la
distribucién espacial continua de la variable dependiente. El sistema de ecuaciones
algebraicas debe ser resuelto y puede envolver un nimero largo de operaciones
aritmeéticas. .

Antiguamente todos estos cdlculos eran realizados manualmente, o por el uso de
dispositivos mecdnicos. En la actualidad, con el advenimiento de las computadoras
electrénicas las operaciones son ejecutadas, por medio de un programa de cémputo.

1.1. Flujo Estable

Para mostrar este método vamos a considerar ¢l caso de flujo bi-dimensional de
un fluido en un acuifero homogéneo, isotrdpico confinado, sin fuentes o sumideros. Para
este caso, el flujo es descrito por la ecuacidn de Laplace:

Fh Fh
a3
Esta ecuacion debe ser satisfecha en todos los puntos dentro del dominio R del

acuifero considerado. En la frontera de R el nivel del agua, s, debe satisfacer ciertas
condiciones de frontera. Vamos a asumir que las condiciones de frontera son:

0. , (1.1.1)

en S h:’f, (1.12)

ens,: Q,,:—Tﬁ:O (1.1.3)
on -
donde S7 y §2 son partes complementarias de la frontera, las cuales juntas forman la
frontera total de la regién R. En la primera la altura del nivel es prescrito y en la segunda
la frontera es impermeable. ‘

Una reticula de cuadrados es trazada sobre la regién R (figura 1.1). El valor de la
variable 4 en un punto nodal de la reticula, o nodo, es expresada como #4; j, donde i
indica la posicidn de una linea vertical de la reticula (la colmna), y j la linea horizontal
de la reticula ( el renglén).

En general, la aproximacién de la primera derivada con respecto a x de una
funcién F(x,y), es dada por: ' ,

& -



OF _Flx+ax,y)-Flx,y)

~ = 1.1.4
e . ( )
esta se dice que es la aproximacién de diferencia finita hacia adelante de la derivada
parcial. _ :
La diferencia finita hacia atrds es obtenida de la forma siguiente:
F Filx,y)- F(x-Ax,
OF _ Flx,y)-F( y) (1.15).

ox Ax
Existen pequefias diferencias entre las dos aproximaciones. La diferencia finita
central es a menudo mds exacta:

OF Flx+1Ax,y)-Flx-1Ax,y)
Xx Ax

La segunda derivada es la derivada de la primera derivada; y si utilizamos una
aproximacién de diferencia finita central, obtendremos:

(1.2.6)

OF Flx+Ax,y)-2F(x,y) + F(x - Ax, y)
&2 = (Ax)z
| _ F;H J 2F + El g
(ae) |
La formula se ilustra en la figura 1.2, donde la funcidon mostrada tiene segunda
derivada positiva, por el incremento de la pendiente en la direccién x.
La aplicacién de (1.1.7) a las derivadas parciales el (1.1.1) nos da la

aproximacion del operador de Laplace. Si por razones de 51mp11C1dad s€ asumen
intervalos iguales en las direcciones de x e y:

(1.1.7)

Fh Fh h,j Lt R R, —4h
&2 + @,2 AZ
como la parte izquierda de la ecuacién se reduce a cero seglin lo indica la ecuacidn
diferencial bdsica {(1.1.1), se puede hacer la aproximacién requiriendo que:

B=th o +h vk ) - (1.1.9)

(Wi f T +1 i-1f

Los nodos en la frontera requieren atencién especial para acomodar las

condiciones de frontera. Una posible condicidn de frontera es la condicién de Dirichlet

(1.1.2), la cual establece que el nivel del agua subterrdnea sea el especificado a lo largo
de parte de la frontera. En este caso ésta se prescribe a priori y ya no es una incognita.

(1.1.8)

En un nodo de una frontera impermeable, a lo largo de la cual una condicién de
frontera de Neumann (1.1.3) es aplicada, el nivel es una incdgnita y la ecuacion para ese
nod%édebe reflejar la condicion de no flujo en la frontera.



Para un nodo en una frontera vertical esto puede ser expresado por la condicién de
que A1 j=hi+ 1j- La sustitucién en el algoritmo general nos da:

hj.j = %(2]71‘.;41 +hr'—l,} +hi+l.j) (L L1

Un ejemplo simple de una regidn rectangular es mostrada en la figura 1.3. A lo
largo del limite superior el nivel se especifica como 100. En la esquina inferior izquierda
es especificado el nivel cero. La estimacion inicial para los nodos con valor desconocido
se considera con ¢l valor promedio de 50. : -

En la primera parte de la figura se muestran las condiciones iniciales. Estas no
satisfacen la ecuacidn (1.1.9). Son corregidas aplicando la aproximacion en una siguiente
iteracion del programa, y el resultado se muestra en la parte central de la figura.
Tampoco se satisface 1a ecuacién (1.1.9). _ |

Después de un niimero dado de iteraciones, en cada una de las cuales todos los
valores son actualizados, la solucion correcta es obtenida y representada en la parte
derecha de la figura. ‘

E! método descrito es denominado de relajacién, porque en cada paso los errores
son relajados. En terminologia matemdtica el método de relajacién es también conocido
como el método de Gauss-Seidel.

Como un ejemplo, el programa BV9-1 puede ser utilizado para resolver el
problema ilustrado en la figura 1.4. En esa figura las condiciones de frontera son un nivel
prescrito de A = I, a lo largo de las fronteras superior y derecha y un nivel dado de 2 =
0, en la esquina inferior izquierda.

El programa inicia preguntando e! nimero de lineas en las direcciones x e y; aqui
el nimero 6 debe ser dado. A continuacion el programa pregunta las coordenadas x de las
lineas verticales; ese debe responder O, 1, 2, 4, 8, 16, sucesivamente. Para las
coordenadas en y, la respuesta debe ser la misma secuencia. A continuacidn . las
condiciones de frontera deben ser dadas. Para el caso'de la figura 1.4 existen 12 nodos
que especificar; por ejemplo, para i=1, j=1: h=0, para i=6, j=6: h=1, etc.

Los datos de salida para 36 iteraciones para los nodos en la frontera impermeable
son:
h = 0.000, 0.363, 0.530, 0.686, 0.839, 1.000.

1.2. Flujo no estable.
La ecuacién diferencial parcial bdsica para flujo no estable en un acuifero

homogéneo e isotrdpico, con la posibilidad de suministro de agua por infiltracion, puede
Ser escrita como: :



I(ﬁzh azh) (1.2.1)

donde I es una funcién fuente, representando la infiltracién (negativa para
evapotranspiracion). 7T es la transmisividad y S es el almacenamiento. La formulacién
completa requiere especificar condiciones de frontera ¢ iniciales como en el caso de flujo
estable. En parte de la frontera el nivel es dado y en el resto es impermeable, esto es,

enS,: h= ,
' / (1.2.2)
enS,. O, ——Téllzo : (1.2.3)
on
Las condiciones iniciales son: |
t=0:h=H (1.2.4)

donde, h? es una funcion conocida, especificada a través de todo el dominio R,

La derivada en el tiempo es aproximada por una diferencia finita hacia adelante,
porque el problema es predecir 1os valores futuros de los niveles a partir de los valores
iniciales. Por lo tanto, se introduce la aproximacién:

h_K k)
@ At

donde delta ¢ es la magnitud del paso de tiempo y h’ es el valor del nivel al final
del paso de tiempo.

(1.2.5)

1.2.1. Meétodo explicito.

La opcidn de aproximacion mds simple de las derivadas espaciales es asumir que
en (1.1.8) todos los valores de niveles se consideran en el inicio del tiempo. Después de
la sustitucién de varias aproximaciones en (1.2.1) se obtiene

W= +IA S+l +h, 200 )+ AR, + ., — 2K (1.2.6)

T+1,f
donde las constantes se definen por:

a= TAt/[S(Ax)z] 1.2.7)

B= Tat1[S(ay)'] - (1.2.8)

La ecuacién (1.2.6) expresa el nuevo valor del nivel en términos de valores
iniciales en ese nodo y en sus vecinos inmediatos. Como todos estos valores son
conocidos el proceso es llamado explicito.



El programa BV9-2 se puede usar considerando el ejemplo de una regién cuadrada
" de dimensiones 100 m. por 100 m., teniendo una transmisividad 7 = 10 m/d, un
almacenamiento S = 0.4 y una infiltracion de 0.001 m/d. Para este caso el programa
propone un paso de tiempo de un dfa.

Una posible malla para el problema se muestra en la parte izquierda de la figura
1.5. El orden en el cual los datos deben ser introducidos es: 100, 10, 100, 10, 0, 0.001,
10, 0.4, 1, 100. El resultado para el nivel en el centro como funcién del tiempo se
muestra en la parte derecha de la figura. '

1.2.2. Método implicito.

Como una aproximacion alternativa, podemos tomar la derivada espacial al final
del paso de tiempo, a la mitad del paso de tiempo, o en general en algin punto
intermedio:

h,=eh® +(1-h',, (1.2.9)
donde ¢ es un pardmetro de interpolacion de valor entre 0 y 1. Cuando ¢ = 0 el

valor de h, equivale al valor al final del paso del tiempo, #’; J: En ese caso la
aprox1mac1on de la ecuacién bdsica (1.2.1) es:

W, =h +IAt/S+a(h',lj R oy~ ”) ﬁ(h',” H = h'”_) (1.2.10)

Esta es la ecuacién para el método completamente implicito. EI uso del método .
iterativo de Gauss-Seidel, sugiere que se puede utilizar para formular la ecuacion en la
forma:

W= s Svaln i ) B )] (4 2a+28) T (.2010)

El proceso iterativo definido por el algoritmo (1.2.11) produce un nimero de
cdlculos por paso de tiempo mayores comparados con el método explicito. Sin embargo,
esto es balanceado por el hecho de que el proceso es estable para todos los tamanos del
paso de tiempo. Asi, éstos pueden ser mds largos cuando el proceso se hace mds lento.

El programa BV9-3 realiza los célculos para €l método completamente implicito.
Para resolver el problema ilustrado en la figura 9.5, los datos de entrada deben ser: 100,
10, 100, 10, 0, 0.001, 10, 0.4, 1, 10, 20, 1.5, si el nimero de iteraciones en cada paso
de tiempo es 20 y el factor de relajacion ¢s 1.5.

Si en lugar de tomar £ = 0, se toma £ = 1/2, resultard una formulacién mds
exacta conocida como el Esquema Crank-Nicholson, ésta es muy exacta e
incondicionalmente estable. E! método completamente implicito tiene la importante
ventaja de que también puede ser usado para estudiar problemas de flujo estable.



1.3 Convergencia y Estabilidad
1.3.1 Convergencia

La condicién de convergencia es dificil de verificar, ya que esta condicidn
establece que la solucién de la ecuacién numérica se aproxima a la solucién con ecuacién
diferencial parcial original si todos los intervalos finitos tienden a cero. Esto puede ser
demostrado en forma general en algunos casos simples, como los problemas en una
dimension, para ios cuales la solucién numérica puede ser expresada en forma cerrada.
En muchas aplicaciones en la préctica de ingenierfa, es imposible probar la convergencia
en forma rigurosa. De alli que es usualmente considerado suficiente si el procedimiento
numé€rico ha sido verificado con respecto a una variedad de soluciones analiticas.

1.3.2 Estabilidad

Una condicidn necesaria para la convergencia es que los errores, por ejemplo ios
debidos al redondeo, no se incrementen con en tiempo. Esta es la llamada la condicién de
estabilidad. Es una condicion tan importante que implica ciertas restricciones al tamafo
del paso de tiempo en un proceso explicito.

El primer caso a considerar es el método explicito para problemas de flujo
inestable descrito en (1.2, 6),

W.=h, +IAt/S+a(h0 B -2k )+ A H+ ~24") (1.3.1)

z,w-l

donde las ¢ y [ se definen por:

a= TA:/[S(Ax)’] (1.3.2)

f= TAt/[S(Ay)z] - ‘ . (13.3)

Como el sistema de ecuaciones es lineal, es suficiente investigar la propagacion de
la distribucién del error, considerado como la desviacion de la solucidn particular 2 = 0
de la ecuacion homogénea (con I = 0). Para acentuar el efecto se asume que en cierto
tiempo los errores son: '

__hO _hp_ _ho =g, hu_

(23 W ij— i+l

de (1.3.1), #',,=(1-4a-4p)e, ' (1.3.4)

Para que los errores no crezcan, este resultado debe ser menor que €, y mayor que
-&. De otra manera cada error serd mayor que €l previo y crecerd sin limite en el tiempo.
Con (1.3.2) y (1.3.3) esto conduce a la siguiente condicion para el valor del paso de
tiempo At

2 2
A
0<At<l—§ (Ax)( y)

—— 1.3.5
27 (Ax) +(ay) 33



. :

El proceso implicito presentado en la seccién 1.2’es incondicionalmente estable, lo
cual significa que para todos los valores (positivos) del paso de tiempo, los errores se
disipardn con el tiempo. Esto puede ser demostrado probando que la amplitud de
cualquier componente de una serie de Fourier decrecerd con el tiempo. El caso Mds
simple es el del equivalente en una dimensién de la ecuacién (1.2.10), en ausencia de
infiltracién,

= ho + a{h'l =1.J '1+l} h'i,j) (136)
Ahora considérese un componente del error, el cual puede ser descrito por
W =Aexpliox), Hh'=Bexpliox) (1.3.7)

donde @ es la frecuencia de esta componenté de la representacidn en series de Fourier del
error, A es su amplitud inicial, y B es su amplitud después del paso de tiempo.
Substituyendo (1.3.7) en (1.3.6) nos da '

£ =1+24f1- codwar)] | | (13.8)

Este cociente es siempre mayor que 1, para todos los valores de la frecuencia @ o
de la dimensidn de tiempo @, sin dimensiones. De aqui podemos concluir que el proceso
es siempre estable.

El criterio de estabilidad (1.3.5) ha sido incorporado ‘en el programa BV9-2,
donde es usado para sugerir al usuario un valor para el paso de tiempo. En el programa
BV9-3, es usado para sugerir un valor para el primer paso de tiempo.
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2. El Método de Elemento Finito

2.1. Flujo estable.

Considérese flujo estable de agua subterrdnea en el acuifero de transmisividad 7,
mostrado en la figura 2.1. El acuifero es fredtico, con fiujo desde el acuifero inferior,
éste con un nivel conocido. La ecuacién diferencial bdsica puede ser escrita como:

__‘?_[Tﬁ)+f_[]'ﬁ]+1_h—h =0 2.1.1)
o\ k) v\ oy ¢

donde I es la infiltracién, A es el nivel en el acuifero, 2’ es el nivel del acuifero
inferior conocido, ¢ es la resistencia del material separando ios dos acuiferos. El dltimo
término representa el flujo de infiltracién hacia el acuifero. La transmisividad del
acuifero superior es T=kb, donde k es conductividad y b es el espesor de la capa de
agua.

La ecuacion debe satisfacerse en una regién R en el plano x-y. Las condiciones de
frontera especificadas son

enS;: h=f, 2.1.2) -
en S, Tﬁzqu (2.1.3)
on

En el método de elemento finito la R, en la cual se da el flujo, es subdividida en
un gran nimero de pequefios elementos, en los que el nivel de agua subterrdnea es
aproximado por alguna funcién simple. La forma mas simple de subdividir la regién es
mediante el uso de elementos triangulares (Figura 2.2).

Las formas mds simples de aproximar las variaciones de nivel dentro de un
elemento triangular es asumiendo que el nivel varia linealmente en cada elemento (Figura
2.3). La superficie generada definida por los valores nodales, es una superficie continua;
las pendientes son discontinuas a través de las fronteras de los elementos. El nivel del
agua subterrdnea en un punto dentro de un elemento es definido por una interpolacién
lineal entre los valores en los puntos de 1a malla o nodos. '

Formalmente, el nivel piezométrico h a través de la region puede ser expresado

h=3 N(x,yh (2.1.4)

[



donde A; es el nivel del nodo i y Nj es una funcidn base definida por
N, =1 j=i, N, =0, si j=i (2.1.5)

con interpolacién lineal dentro de cada elemento. Una funcién base tipica es
mostrada en la figura (2.4).

" La funcidn de interpolacion también puede ser usada para el nivel conocido en el
acuifero inferior y se puede escribir como:

h=3 N{xyh' 2.1.6)
=1 .

En general, la aproximacién (2.1.4) no satisfard exactamente la ecuacién
diferencial parcial (2.1.1). Esta condicién es relajada requiriendo que la ecuacidn
diferencial se satisfaga s6lo en el promedio, usando un nimero de funciones de peso,
igual al nimero de incognitas. Este es llamado el método de residuos pesados.

Lo mds conveniente es usar las funciones base también como funciones de peso,
éste es el Mérodos de Galerkin. Lo anterior conduce a las siguientes condiciones:

j{ .ﬁ[rﬁ}ﬁ(rﬁ)u— h_h’]N,}dxdy =0
Mexe\ &) o o c @.1.7

que deben ser satisfechas para cada valor de i, para €l cual A; es desconocida. La integral
en (2.1.7) puede ser separada en dos partes: -

22222 2)5(g)

2.1.8)
_gON. A _LON,
ox Ox oy dy
sustituyendo (2.1.8) en (2.1.7), junto con (2.1.4) y (2.1.6), nos da:
Jo+J,+J,=0 (ieC) | , 2.1.9)

donde, Jy, J2 y J3 son tres integrales definidas por:



IR Y Wl BN e |
J, —!{&(N,.Tax)+ @}(N,.Téy)}dxdy (2.1.10)
6N, 6N, '
J{TZ"[?; e ‘Zyv &y]}drdy 2.1.11)

J, ;j{m, —%ZMNj(h}.—h'j)}dx Y (2.1.12)

R

La sumatoria en la segunda y tercera integrales, debe ser ejecutada sobre todos los
valores de j desde 1 hasta n, donde n es el nimero de nodos. La ecuacidn (2.1.9) es la
ecuacién bdsica del método de elementos finitos. Cada una de las integrales va a ser
evaluada separadamente. '

2.1.1. La primera integral. )

La primera integral, expresada ﬁor (2.1.10), puede ser transformada en una
integral de linea a lo largo de la frontera S de la regién R por el Teorema de la
Divergencia (o Teorema de Gauss). Esto nos da

J, =H§(N,.T%)+£(N,T%)}dx {N T——}d (ieC) @13

- Los valores de i son restringidos a los nimeros de nodo donde 2l nivel es
desconocido, los valores de i para los puntos en los segmentos de frontera S; son
excluidos. Asi, la integral en la parte derecha de la ecuacién se restringe a valores
localizados en la frontera 5.

El valor de la funcién de suministro a lo largo de un elemento de frontera es ggb
y la longitud de tal parte de la frontera es L;. A lo largo de dos segmentos de linea el
valor promedio de N; es 1/2 y la integral serd la suma de dos valores, uno en la izquierda
y otro en la derecha del nodo i. Esta suma serd denotada por Q;. Fisicamente esto
significa que el agua total suministrada a lo largo de un elemento de frontera es atribuida
a los dos nodos en sus extremos. Por lo tanto:

J, = j{ [NT—) [N,.T%J}amy:g (i eC) (2.1.14)

10



O, = 1q,5L, - (2.1.15)

2.1.2. La segunda integral.

La segunda integral puede ser definida formalmente como:

- ON, N,  oN, N -
J, = I{TZ [é‘x = @]de Z > h, . (2.1.16)

donde la sumatoria del lado derecho es sobre los elementos Rp incluidos en el dominio R, '
donde

&x o &yc?y

para evaluar esta integral, se toma en cuenta que las contribuciones a esta integral solo-
existen si el elemento R, contiene ambos nodos { y j. Si uno u otro nodo no pertenece e
este elemento la funcidén base se hace cero y de esta manera no hay contribucién a la
integral. Asi nos podemos restringir a elementos que contengan a ambos nodos.

P j{ ON, ON, , ON, ON, :”dxay (i eC) 2.1.17)

Como las funciones base son lineales podemos escribir:

N(x,y)=px+qy+r, Nlxy)=px+qy+r (2.1.18)
donde los coeficientes pj, pj €ic., son constantes. Si los tres nodos R, son denominados
por j, k y I (donde i puede ser cualquiera de ellos), entonces N; debe ser 1 en el nodoj, y
0 en los nodos k y {, por lo tanto:

px;+qy;+r, =L px.+qy, +r,=0, px +qy+r,=0
este es un sistema de ecuaciones simultineas con tres incégnitas. la solucion a este
sistema es:

pj=bj/D, q}=cj/D, rj.=d} / D( o 2.1.19)
donde

b=y =y, b=y, b, =V, Y

C, =X =X, C=X-X, =X, —X

d;' =X~ XV, 4, =Xy, =X d, = X Ve =X
D=xb +xb, +xb
La cantidad D es el determinante del sistema de ecuaciones. Para la evaluacion de la
integral (2.1.17) las cantidades necesarias son:

(2.1.20)

11



aN ON, N,  ON, g

ax pr ’ éx p_,u H ﬁy q! 4 0’}}) i
Si asumimos que la transmisividad T es constante, Tp a traves del elemento Rp, entonces
obtenemos:

P =T,A4{bb, +cc,}/ D*

donde A, es el drea del elemento Rp, cuya férmula alternativa es Ap = 1 |D1
La expresidn formal para los coeficientes Pjj es:

P = lel{bb vy | (2.1.21)

sustituyendo (2.1.21) en (2.1. 16) da, para la segunda integral:

Z > h, (i eC) | 2.1.22)

donde los coeﬁc1entes Pjj son definidos por (2.1.21).
2.1.3. La Tercera Integral.

La tercera integral definida por ‘(2.1.12), puede ser considerada en dos partes. La
primera es la integral de la infiltracién 1,

Joy=[{Nacdy (i eC)2.1.23)

La integral sobre un elemento Rp, expresa el promedio del producto IpNj en ese
elemento, multiplicada por el drea del elemento. Como [, es constante, el promedio de
Nj es 1/3, y el drea del elemento triangular es /2|D| la primera parte de la tercera
integral es:

J,=1|D|/6 (ieR) (2.1.24)

Fisicamente significa que la infiltracién del elemento /215D, es distribuida en
los tres nodos del elemento triangular. Se puede también escribir: :

J.=0 (ieC) (2.1.25)
donde @; ahora representa la parte de la infiltracién atribuible al nodo i. Para los
elementos para los cuales el elemento i pertenece tenemos:

Q=1|Dl/6 {ieR) | (2.1.26)
La segunda parte de la tercera integral es:

Sy = -J{%Z NN, (h, —h’,-)}dx dy (iC) | @12

para el elemento R, separando los factores constantes tenemos:

12



J}-z = _Z
j

Ni(x,y}=px+qy+r, N(xy)=px+qy+r,

Estas integrales toman la forma mds simple si el origen de las coordenadas
coincide con el centroide del elemento, y si esto se asume no se pierde generalidad. En.
este caso el momento de drea de primer orden se elimina:

(h,v'_}”,;')_[{Nf"\'rj}dr dy (ieC) (2.1.28)

1
c, g

jxdxayzo, J'ydxdy:.O o (2.1.29)

R,

El momento de segundo orden puede ser expresado como:

7

[ x* dvdy={x} +x} +x }iD|/24=4|D|2..,

Ry

[y de dy={y? +yi +yi }iD|/2a=1\Dlz,,. (2.1.30)

R,

nydx aﬁv:{xjyj +X. ), +X,Y, }|D|/24=%

R,

Usando (2.1.19), (2.1.29) y (2. 1.30)‘, la integral (2.1.28) puede ser escrita como:

Jo, :—ZRJ(hj—h’j) | (2.1.31)

Dz,

donde
R ={bbz_ +ccz, +(be +bc)z, +dd }/{2Dic,] (2.1.32)

esto completa la tercera integral.

Con (2.1.14), (2.1.22), (2.1.24) y (2.1.31), la formula (2.1.9) se convierte en:

Z{P,,h,- +R;—(hf-h',-)}=Q.- (ieC) (2.1.33)

;
2.2 Flujo estable en un Acuifero Confinado.

2.2.1. Un Programa Simple.

Para mostrar el método de solucién y un programa simple considerando el caso de flujo

estable en un acuifero completamente confinado. Para tal caso, la ecuacidn diferencial
' _ bésica (2.1.1) se puede simplificar tomando / = 0 y ¢ = . La ecuacidn resultante es:

13



i[rﬁ},f_[]ﬁf’.’):o 2.2.1)
o\ ox) oyl oy

Para este caso el sistema de ecuaciones (2.1.33) se reduce a:

Z{ Ph}=0 (i.C) | (2.2.2)

donde de acuerdo a (2.1.21), los coeficientes P,-j son sumatorias sobre todos los
elementos, cada uno de los cuales hace contribuciones de la forma:

p ol
»=200]

El programa BVI10-1 es posible utilizarlo para resolver primeramente un problema
simple, como el ilustrado en la figura 2.5. El problema consiste se flujo uniforme de
izquierda a derecha. Las dimensiones horizontal y vertical de los elementos son iguales a
1. El nivel del lado izquierdo es de 10, mientras el del derecho es 0. La transmisividad es
1 en todos los elementos. El nimero de iteraciones es de 50, y el factor de relajacién es
de 1.5; el orden en que los datos deben ser introducido es:
6,4,50,1.5,
. 0,0,Y,10 0,1,Y 10,1,0,N,0,1,1,N,0,2,0,Y 0 ,2,1,Y,0,
1,2,3,1,2,3,4,1,3,4,5,1,4,5,6,1

{bb +cc,} | o 2.2.3)

1
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Figura 2.4. Una funcién tipica
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3. EL MODELO COMPUTARIZADO DE
TRANSPORTE DE SOLUTOS
Y DISPERSION EN
DOS DIMENSIONES
de L. F. Konikow y J.D.Bredehoeft

Introduccion

El modelo calcula los cambios transitorios en la concentracion de un soluto no reactivo el
agua subterranea fluyendo. E! programa de computadora resuelve dos ecuaciones
diferenciales parciales de segundo orden. Una ecuacion es la de flujo de agua subterraneas
que describe la distribucion de niveles piezométricos en el acuifero. La segunda ecuacion es
la de transporte de solutos que describe la concentracion quimica en el sistema. Acoplando
la ecuacién de flujo con la de transporte de solutos, el modelo puede ser aplicado a
problemas tanto de estado estacionario como de flujo transitorio.

Los cambios de concentracion que ocurren en un ststema dindmico de agua subterranea se
deben principalmente a cuatro procesos distintos:

1) transporte advectlvo en el cual los quimicos disueltos se mueven con el flujo de agua
subterranea; -

2) Dispersion hidrodinamica, en el cual dlfusnon molecular y ionica y variaciones a pequenia
escala en la velocidad de flujo a través del medio poroso causa que las trayectorias de
moléculas disueltas y iones diverjan o se desprendan de la direccion promedio del ﬂujo de
agua subterranea,

3) Fuentes o sumideros, donde el agua de una composicion dada se introducida a agua de
una composicion diferente;

4) Reacciones, en las que una cantidad de una especie quimica disuelta en particular sea
adicionada o substraida del agua subterranea debido a reacciones quimicas o fisicas en el
agua o entre el agua y los materiales solidos del acuifero.

El modelo asume:

1) Que no ocurren reacciones que afecten las concentraciones que afecten las especies de
interés y

2) Que los gradientes de densidad de fluido, viscosidad, y temperatura no afectan la
velocidad de distribucion

El acuifero puede ser

1) heterogéneo y

2) anisotropico.



Fundamentos Tedricos
Ecuacién de Flujo

La ecuacion que describe el flujo transitorio bi dimensional de un fluido compresible y -
homogéneo a través de un acuifero no homogéneo anisotropico puede ser escrito en
notacion cartesiana tensorial como:

_ﬁ_(f,,@_):séw . e
X, c, b7 ,
donde |
T; Jj e el tensor de transmisividad, L2/T:
es el nivel piezométrico, L;
S es en coeficiente de almacenamiento, adimensional;
t es el tiempo, 7,
W=Wi(x,y,z,) es el caudal volumétrico por unidad de drea
de signo positivo para salida y negativo para flujo de entrada
Xj, Xj son las coordenadas cartesianas, L;

la expresion para velocidad de filtracion del agua subterranea puede ser derivada de la ley de
Darcy: :

y=-te (3.2)
£ X,
donde
Vi es la velocidad de filtracion en la direccion de x;, L/'T,
K j s el tensor de la conductividad hidraulica, L/T;
g es la porosidad efectiva del acuifero, adimensional

16



'~~~ “Ecuacién de Transporte

La ecuacion para describir el transporte bi dimensional y la dispersion de una especie
quimica disuelta y no reactiva puede ser escrita como:

v 23 ' £

ACb) & L) 8 cCw._
AT - e = - Z(hey)- Cd =12 33
3 x (6CV;) i) (33)
C es la concentracion de la especie quimica disuelta, A/L3
Djj  esel coeficiente de dispersion hidrodinamica, L2/T
b es el espesor saturado del acuifero, L
C es la concentracion del soluto en la fuente o sumidero, M/L3

En la parte derecha de la ecuacién:

El primer término represente los cambios de concentracion por dispersion hidrodinamica;

El segundo termino describe el efecto del transporte advectivo;

El tercer término represente una fuente o sumidero de fluido. -

Coeficiente de Dispersion.

El coeficiente de dispersion puede ser relacionado con la velocidad del flujo del agua la
naturaleza del acuifero usando la ecuacion de Scheidegger:

4 ‘
D'] = anjmn |r;/|n . (34)
Para un acuifero isotropico el tensor de dispersividad puede ser definido en términos de dos
constantes; la dispersividad longitudinal a; y la dispersividad transversal a7. estas se

relacionan con los coeficientes de dispersion por: -
D =a,|

(3.5)
D, = aT|V|

Expandiendo la ecuacidn de Scheidegger sustituyendo las identidades y eliminando términos
de coeficiente cero, los componentes del coeficiente de dispersion para flujo bi dimensional
en un acuifero isotropico se pueden establecer’explicitamente como:

17



D
xx |V|2 T |V2
2
wmy )
D =D ~—*_—4+D, -2 3.6
b T |V|2 L |V|2 ( )

184
D, =D, =(DL—DT)TVT:-

Métodos Numéricos
Ecuacion de Flujo.
La ecuacion de flujo puede ser aproximada con la salvedad de que los ejes de coordenadas

se alineen con las direcciones del tensor de transmisividad por la siguiente ecuacidon de
diferencias finitas:

hi-l_ k _h:. ke hi+|. .k —hf. k h:—l. ik "'hi, 'k hr‘, +1.k _h:‘, e
T”‘["%JJ{ (J )3 : +Tn[f'+%-1’] (J )2 ’ +Tw[i.j—%] (J 2 : . +Twl’2.f+%l : 2 ’
Ax Ax 7 A y) (A y)

_ S[hu.k —hjan :| L i K1 gy

. —h
(At) AxAy m 2(.J) J.J.k]
. 37
donde i J.k son los indices de las dimensiones en Xx,y, y el tiempo, y qy, es recarga.

Después de que la distnbucion de niveles ha sido calculada, para un paso de tiempo, la

velocidad para el flujo de agua subterranea puede ser calculada en cada nodo usando un
esquema de diferencias finitas explicitas. por ejemplo para la velocidad en la direccion x:

_ Ko {hu,k ~ P } (3.9

V. =
x(i+%, /) e (A.X.')

18



“Ecuacién de Transporte

Método de Caracteristicas

La ecuacion de transporte puede ser escrita, considerando espesor saturado como variable y

expandiendo el término de transporte advectivo, como sigue:

5 - C(S%AuW—g%}C’W
X _1 bD. — —V.§+' (3.9)
b " éx, eb

Esta ecuacion es la resuelta en el programa de computadora. por conveniencia es escrito
como:

x_la bD, X -V, éC___V &
a b Y ox; ox 4 Ox
La derivada material de “la concentracion, que asume la razon de cambio observada
moviéndose con las particulas es:

+F (3.10)

ac_&L Ldx Xdy - (3.11)
dt & oxdt Jydt

Para las componentes x y y tenemos las velocidades como:.

dx_V

—= 312
dt X ( )
dy
=V 3.13
20"V (3.13)
si sustituimos en la ecuacion (3.11) las (3.10), (3.12) y (3.13):
ac_126 th..ﬁ +F (3.14)
dt  bax\ 7o,
la solucion del sistema de ecuaciones (3.11-13) puede ser dada como:
x=x®);  y-yy;  C=Cly | (3.15)

y son llamadas las curvas caracteristicas de la ecuacion de transporte.
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Seguimiento de particulas.

El método de caracteristicas consiste en poner particulas o puntos en cada celda de la malla
de elementos finitos formandolos en una distribucién uniforme en el area de interés. La
concentracion inicial asignada a cada punto es la concentracién asociada con el nodo de la
celda conteniendo los puntos.

cada paso de tiempo cada punto es movido una distancia proporcional a la longitud del
incremento de tiempo y la velocidad el la localidad del punto (fig. 3.1). La nueva posicion el
calculada siguiendo las formas de las ecuaciones (3.12) y (3.13):

X, =X, +0X, =X, +AtV‘{I{u)ﬂm] (3.16}
Yok =Vpua +5yp =¥ + AtV (3.17)

Artonv15m]

donde
p es el niimero indice para identificacion del punto; y
ox 'y dy son las distancias que se movid en las direcciones x y y.

Después que todos los puntos se han movido la concentracion en cada nodo es tomada
como el promedio de las concentraciones de todos los puntos localizados dentro del area de
esa celda; esta concentracion promedio es denotada como Cj;k* Los puntos en

movimiento simulan el transporte por adveccidon porque la concentracion en cada nodo
cambia con cada paso de tiempo conforme diferentes puntos, teniendo diferentes
concentraciones, entran y salen del area de esa celda.

La aproximacion por diferencias finitas de la ecuacion de transporte es expresada como:

eC,
c =0.5At a(bDU- (k—l})

C(k_]}[SE+W— EE)_C' W
gk b & é‘x

1 i

(3.18)
La nueva concentracion al final del incremento de tiempo £ es calculada como:
Cijx =Cun+AC, (3.19)

1
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MODEL OF SOLUTE TRANSPORT IN GROUND WATER
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® Posicion inicial de la particula

O Nueva posicion de la particula

=» linea y direccidon de flujo

--- trayectoria calculada de Ia
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Figura 3.1. Vista parcial de una
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MODEL GF SOLUTE TRANSPORT IN GROUND WATER

{ START ’

il

READ GEOQOLOGIC,
HYDROLOGIC. &
CHEMICAL
INPUT
DATA

GENERATE UNIFORM COMPUTE HYDRAULIC
DISTRIBUTION OF GRADIENTS FOR .
TRACER PARTICLES ONE TIME STEP
COMPUTE DISPEASION | COMPUTE
“EQUATION COEFFICIENTS } .. GROUND-WATER
} . VELOCITIES
DETERMINE LENGTH
OF TIME INCREMENT
FOR EXPLICIT
CALCULATIONS

v

|
r MOVE PARTICLES e

'

GENERATE NEW PAHTICLES_
OR REMOVE OLD t

PARTICLES AT
APPROPRIATE BOUNDARIES ADJUST CONCENTRATION
; OF EACH PARTICLE
COMPUTE AVERAGE ;
CONCENTRATION IN EACH COMPUTE
FINITE-DIFFERENCE CELL MASS BALANCE

1

COMPUTE EXPLICITLY
THE CHEMICAL L.
CONCENTRATION AT

END OF
JIME STEP?

NODES
SUMMARIZE ANO YES END OF
PRINT RESULTS PUMPING

FERIOD 2

END OF
SIMULATION ?

NO

_Flgura 3.3 Diagrama de flujo simplificado ilustrando las principales
etapas en el procedimiento de calculo



4. METODOS DE SOLUCION DE
ECUACIONES LINEALES

4.1 Métodos Directos de Resolucion de Sistemas de Ecuaciones Lineales

- Un muy bien conocido método directo para solucion de sistemas de ecuaciones
lineales de la forma

S {P(1,)x F(N)}=G() (I=1.N)

es el método de eliminacion Gaussiana. En este método la primera ecuaciéon es usada para
expresar la primera variable en términos de todas las otras variables, entonces la primera
variable es eliminada de todas las ecuaciones subsecuentes. Queda un sistema de N-1
ecuaciones con N-1-variables; el proceso puede ser repetido hasta que solo una ecuacién con
una variable quede. Esta ecuacién puede ser faciimente resuelta y entonces las ecuaciones
previas pueden ser resueltas en una serie de sustituciones hacia atras.

4.2 Métodos Iterativos de Resolucion de Sistemas de Ecuaciones Lineales

En esta seccion se presenta el método iterativo de Gauss-Seidel, con el énfasis
puesto en la ejecucién en una computadora pequeiia. La teoria del Método puede ser
encontrada en libros de texto de analisis numérico. El sistema de ecuaciones lineales sera
escrito como:

S {P(1,7)x F(J)} = G(1) (7=1...N) - (4.2.1)

donde la sumatoria debe ser ¢jecutada desde J=1 a /=N,

En el método de Gauss-Seidel una solucion inicial estimada es continuamente
actualizada corrigiendo la /-ésima ecuacion modificando la variable /. La estimacion inicial’
puede ser arbitrana, por ejemplo, F(7}) = 0 para todos los valores desconocidos de /(). En
forma alternativa, se puede hacer alguna estimacion razonable para las incégnitas. En
general la ecuacion. (4.2.1) no sera satisfecha por la solucion estimada. La variable f(7) sera
corregida por una cantidad DF(7), de mido que la ecuacion / sea satisfecha. Si la solucion
estimada es representada por FA(7), esto significa que

S {P(1,J) x Fa(J)}+ P(1,1)x DF(1) = G(1) ‘
La correccidn de la incognita DF(I) puede ser despejada de la ecuacion

DF(1)=[G(1)- Y {P(1,J)x FAN}]/P(1,1) (4.2.2)
El algoritmo Gauss-Seidel consiste en la ejecugion repetida de la ecuacidn (4.2.2) para todos
los valores de I. Puede ser demostrado que el proceso converge si la matriz es positiva



definida. La convergencia es razonablemente rapida si la diagonal principal de la matriz es
dominante.

El algoritmo de Gauss- Seldel puede ser ejecutado por la mgu:entes proposmlones en
lenguaje de programacién BASIC:

1000 FOR K=1 TO NI
1010 FOR I=1 TO N
1020 A=G(I):FOR J=1 TO N: A=A-P(I,J)*F(J):NEXT J
1030 F(I)=F(I)+A/P(;,I):NEXT I:NEXT K

El numero de iteraciones es N/, el cual a menudo es asignado con la magnitud. del
nimero de ecuaciones N. Algunas veces el numero de iteraciones necesario puede ser
mayor, especialmente si la diagonal principal no es dominante. Entonces un método
diferente puede ser mas eficiente.

Una variante del algoritmo de Gauss-Seidel es el ‘método de Jacobi, en el cual todas
las correcciones son calculadas primero, y entonces todos los valores de / “(I) son
actualizados en un paso. Esto puede ser ejecutado por las siguientes lineas: .

1000 FOR K=1 TO N
1010 FOR I=1 TO N e _
1020 A(I)=G(I):FOR J=1 TO N A(I) A(I)—P(I J)*F(J) :NEXT J,I
1030 FOR I=1 TO N:F(I)=F(I)+A(I)/P(I,1):NEXT I:NEXT K

+

Este procedimiento requiere un maydr tiempo de calculo y usa mas memoria a causa
de que el vector de incrementos tiene que ser almacenado. La convergencia es mas lenta. Es
por esto que el método de Gauss-Seidel sea usualmente pref‘endo excepto por propositos
especiales.

" -La experiencia practica con el método de Gauss-Seidel ha demostrado que la convergencia
puede ser mejorada multiplicando la correccion en cada paso por un factor algo mayor que
1. Esto significa que en cada paso el error no se hace igual a cero, sino que por un impulso
extra se hace que cambie de signo. en anticipacion a futuras correcciones. El factor, llamado
factor de sobre-relajacion debe ser menor que 2 y, al menos, igual a 1. El algoritmo ahora
es el siguiente: :

1000 FOR K=1 TO NI

1010 FOR I=1 TO N

1020 A=G(I):FOR J=1 TO N: A=A-P(I,J)*F{J):NEXT J
1030 F(I)=F{(I)+R*A/P(I,I):NEXT I:NEXT K

v
pt
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SAMPLE PROBLEM

This sampie problem 1s intended to {1lustrate input and output from
the program. The-e are three simulated layers, as shown in the accompanying
i1lustration, wh':h are separated from each other by confining layers,
Each Tayer is a s:Jare 75,000 feet on a side and is divided by a grid into
15 rows and 15 cc umns which form squares 5,000 feet on a side, Flow
within the confir ng Vayers is not simulated, but the effects of the
confining layers »n flow between the active layers are incorporated in the
vertical conductivsity (VCONT) terms. Flow into the system is infi{ltration
from precipitatiz-; flow out of the system {s to buried drain tubes,
discharging wells, and a lake which is represented by a constant-head
boundary,

Recharge
o Layer ¥ = 3X10" It/a
COLUMNS
t2 3 4 5 & 7T B % W oM o112 13 1408
LAYER 1 | i
UNCONFINED [ K =1.001 I/ QTTOM =|-15p h
LAYER 2 . ' 4
CONFINED T]E G s 4
LAYER 3
T s .02 W
CONFINED | 012 "] s -

Betweer. layers 1 and 2 vertical hydraulic

conductvity divided by thickness = 2X10™"/s
Between layars 2 and 3 vertical hydraulic
conductivity divided by thickness = 1X10°Ys

.'509‘7



Setting starting heads equal to 0.0, the program was run to get a
steady-state solution. The Strongly Implicit Procedure was used to solve
the system of difference equations: the error criterion was set at 0,001
feet, the acceleration parameter was set to 1.0, and the maximum number
of iterations was set equal to 50. A seed of 0,001 was specified for use
in calculating the iteration parameters; 31 iterations were needed to close,.

~ List of Wells List of Drains
Q = 5 ft3/s for each well Conductance = 1 ftZ/s
Layer Row Column Layer Row Celuma Elevation
3 5 11 1 8 2 0.0
2 4 6 1 8 3 0.0
2 6 12 1 g - 4 10.0
1 9 8 1 8 5 20.0
1 9 10 1 8 6 30.0
1 9 12 1 8 7 50.0
1 9 14 B | 8 70.0
1 1 8 1 8 9 90.0
1 11 10 1. 8 10 100.0
1 11 12
1 11 14
1 13 8 i
1 13 10 ~
1 " 13 12 -~
1 13 14 ..

510 .
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1

700K

//STEPLIB DD DSN=VGAE70M _ MODZ100,DISP=SHR
15

15

3
111213 0 0 0 01819 0 000
{
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

DD DSN=SYS1.FORTG.LINKLIBX ,DISP=SHR

//FTO6F001 DD SYSOUT=A

//FETO1FOCL DD *

~wlg-——--

//S2 EXEC PGM=MODELY,REGION
SAMPLE----3 LAYERS, 15 ROWS, 15 COLUMNS, STEADY STATE, CONSTANT HEADS COLUM. ..

LAYERS 1 AND 2, RECHARGE, WELLS AND DRAINS

=
1/

IBOUND-1
IBOUND-2

3
3

L I e B B B B B B I B B B I B ] Ll B B e B R I B B B B B B B ]
L i B B B B e B B B B B I N ] Ll e B B e B B e B B e B B e B e B e B e B B )
L e B B e B B e B B e B B e B B B B ] Ll B e B B e e B e B e B B e B B e B e I e B ]
i an B B N B B B R I N I B ] L B B B e B e B B e B B B e B B e B e B o B ]
L I s B B B B e e B e B e B B e B I B e | L I B B B B B B I B B B B e B I |

L B e B B B B e B B e B B o B e B B B B | e I e B B B B B B e B e B e B B e B B |

TAPART,ISTRT

—
lag

i B B B B e B B B B B B B e B B o I ] L B e B B B B I B B B B B B B B ]
ud .

—

1(1513)

L B B B B e B e B e B e B e B e B B e I o B ]
P B e B B B B e B e B e B e B B e B e B B I ] L B B B I B I B e B B e B e B e B o B B ]
el an i e B B e B e B B o B e B B o B B B B ) L B B B B I e I B B e B I B N ]
L i B e B e B e B e B e B e B e B e B B B B o] L B B e B e e B e R e I e B e e I s e e A

—
e e I e B e B B e B B B e I e N e i e B o B o Lo B o B o B B e B e B e B e B B e B B e B o B o B e |

0
1

L B B B I B e B B o B B e B B e B IR B | e e i e P B B e B B B e A A I B I )

e B R R B e I e B B e B e B B e B B B e | Fe R B B e B B s B B I B R R R B )
L O e R e R L e e e R e I I I R D I I I I D D |

[BOUND-3

HEAD-1
HEAD-2
HEAD-3

PERLEN,NSTP,TSMULT
511

1.

86400,



//ETLIIF00Y
1

100
0
0
0
0
0
0
0
0
0
/*
/ /FT18F001
1
1
0
/-t
/ /FT19F 001
50
1.
/ /FT13F001
9
9
1
1
1
1
1
1
1
1
1
/ /FT12F001
15
15
3
2
2
1
1
1
1
1
1
1
1
1
1
1
1

0D *

DD *

0D *

Db *

pD *

0

5000,
5000,
.001

-150,
2,E-8

3.E-8

.001

0o 00 Qo G0 0o 0O 0o 0 o o

o

1SS,IBCFBD
NRCHOP, IRCHBD -
INRECH
MX ITER ,NPARM
0 .001
MXDRAI , IDRNBD
NDRAIN
2 0.
3 0.
4 10,
5 20.
6 30,
7 50,
8 70,
9 90,
10 100,
MXWELL , IWELBD
NWELL
11 -5,
& -5,
12 -5,
8 -5,
10 -5,
12 -5.
14 -5,
8 -5,
10 -5,
12 -5.
14 -5.
8 -5.
10 -5,
12 -5.
14 -5,

512

1

1.E00
1.£00
1.E00
1.£00
1.E00
1.E00
1.E00
1.E00
1.£00

TRPY

NELR

DELC

HY-1

BOT-1
VHY/THICK-1
T-2
VHY/THICK-2
T-3

RECH-1

ACCL,ERR,IPCALC,WSEE
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U,5. GEOLOGICAL SURYEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL
SAMPLE--3 LAYERS,15 ROMS,15 COLUMNS ,STEADY STATE,CONSTANT HEADS COLUMN 1,LAYERS 1 AND 2, RECHARGE ,WELLS AND DRALNS
J LAYERS 15 ROMWS _ 15 COLUMNS
1 STRESS PERIOD(S) IN SIMULATION
MODEL TIME UNIT 1S SECONDS
1/0 UNITS:
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24
I/OUNIT: 111213 0 ¢ 0 D1819 O 0,0 0O 0 0 D O O O O O O O O
BAS] -- BASIC MODEL PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 1}
ARRAYS RHS AND BUFF WILL SHARE MEMORY,
START HEAD WILL NOT BE SAVED -- DRAWDOWN CANNOT BE CALCULATED
5892 ELEMENTS IN X ARRAY ARE USED BY BAS
5892 ELEMENTS OF X ARRAY USED OUT OF 100000
BCF1 -- BLOCK-CENTERED FLOW PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 11
STEADY-STATE SIMULATION
LAYER AQUIFER YYPE

1 1
2 0
3 0 '

453 ELEMENTS IN X ARRAY ARE USED 8Y BCF
6345 ELEMENTS OF X ARRAY USED OUT OF 100000
WELY -- WELL PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM 12
MAXIMUM OF 15 WELLS
60 ELEMENTS IN X ARRAY ARE USED FOR MWELLS
6405 ELEMENTS OF X ARRAY YSED OUT OF 100000
DRN1 -- DRAIN PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 13
MAXIMUM OF 9 DRAINS :
45 ELEMENTS IN X ARRAY ARE USED FOR DRAINS
6450 ELEMENTS OF X ARRAY USED OUT OF 100000
RCH] -- RECHARGE PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 18
OPTIUN 1 -- RECHARGE TO TOP LAYER
225 ELEMENTS OF X ARRAY USED FOR RECHARGE
6675 ELEMENTS Of X ARRAY USED OQUuY OF 100000
SIP1 -- STRONGLY TMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 19
MAXIMUM OF 50 TTERATIONS ALLOWED FOR CLOSURE
5 ITERATION PARAMETERS
2905 ELEMENTS IN X ARRAY- ARE USED BY SIP
9580 ELEMENTS OF X ARRAY USED OUT OF 100000



SAMPLE--3 LAYERS,15 ROWS,15 COLUMNS,STEADY STATE ,CONSTANT HEADS COLUMN 1,LAYERS 1 AND 2,RECHARGE ,WELLS AND URAINS

1 USING FORMAT:

. . S kg b = e . e T e f R = SRy e U g D g B Yk D B B W A M M e e T e e e e b e e ) AR =

(1513)

1 WILL BE READ ON UNLTY

BOUNDARY ARRAY FOR LAYER

9-10 11 12 13 14 15

8

Pl gl e gt ol g g e gl el et el et s

o gl ot o e et g ot o et e e

ot g gl gl g A pamt gl gl P g g g

g ot gt v gd gt T it gt oy

e el g puel gy g ] A gy v el e gl P gy

— et gt gl gt P gt e gt il e g

et et e e gt P e el g el g el ey T ]

—t = gl sl i g g g et O it et ey

—t ot o e gy el id e gt = e e ey et

P I o R ]

o gt pad et o g Pl 4 ot gt

o gt gt g gt g gk S e gt gt P g P

o gl gt gl gued gt b P ey e gt v pem| w| )

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ ON UNLT

{1513)

1 USING FORMAT:

13 14 15

satsausisgssentaa

9 10 11 12

8

et ps) ped gl g e g ] oy ot gt =t et g

ol e e el gt o e pd gt g T gy

o el e o e e o e e e e o e

[ T B T I o R p—

et et el et gl g st gt i gty gt

et el ol g g gt i ¢ ot g ey gt et

e B B B B I R I I I

el I e B R R e Nl )

P et e e et P g el e A

ottt b i gt g —

= gk ot gt vt el gl g ot g g s

e gt gl e el gt gl g el et g gy g

Ll e B B B i B I ]

L B B I I B B B R I I I B ]

—

—



SIS

BOUNDARY ARRAY
AQUIFER HEAD WILL BE SET TO 999.99 AT ALL NO-FLOW NODES (IBOUND=0),
INITIAL HEAD
INITTAL HEAD
INITIAL HEAD

-1

.0
.0
0

U B u

DEFAULT QUTPUT CONTROL -- THE FOLLOWING QUTPUT COMES AT THE.END OF EACH STRESS PE&IOD:

TOTAL VOLUMETRIC BUDGET
HEAD
COLUMN TO ROW ANISOTROPY
DELR
DELC
HYN, COND, ALONG ROWS
BOTTOM
-VERT HYD COND /THICKNESS
TRANSMIS, ALONG ROWS
VERT HYD COND /THICKNESS
TRANSMIS. ALONG ROWS

1.,000000
s00n 0NN
HUUU, bon
.9999999E-03
-150,0000
.2000000€E-07
.1000000E-01
.1000000E-07
.2000000E-01

[ O T U { N (RO T B B 1}

FOR

FOR
FOR
FOR

FOR
FOR
FOR
FOR
FOR
FOR

LAYER

LAYER
LAYER
LAYER

LAYER
LAYER
LAYER
LAYER
LAYER
LAYER

SOLUTION 8Y THE STRONGLY IMPLICIT PROCEDURE

MAXIMUM ITERATIONS ALLOWED FOR CLOSURE

ACCELERATION

HEAD CHANGE CRITERION FOR CLOSURE

SIP HEAD CHANGE PRINTOUT
5 ITERATION PARAMETERS CALCULATED FROM SPECIFIED WSEED = 0.00100000 -

0.0 0.8221720E+00 0,.9683772E400 0.9943766E+00 0,999
: STRESS PERIOD NO. 1, LE

= 50
PARAMETER = 1.0000
= 0.10000E-02
INTERVAL = 1
0000E +00

NGTH =  86400.00

NUMRER OF TIME STEPS =

MULTIPLIER FOR DELT

[1]

INITIAL TIME STEP SIZE

1.000
86400.00

[t

L B3 DD e e



15 WELLS

G DRAINS

LAYER ROM ooL STRESS RATE  MWELL NO.

916§
— et o at b b ot
oo oo o8 Ch o O Co e

SO S o

3 5 11 ~5,0000 1
2 4 6 -5,0000 2
2 6 12 =5.0000 3
1 9 8 -5. 0000 4
1 9 0 -5.0000 5
1 9 12 =5.0000 6
1 9 L] -5. 0000 7
1 1 8 -5. 0000 8
1 n 10 -5, 0000 9
1 n 12 ~5,0000 10
1 n 14 -5.0000 "
1 13 a -5.0000 12
1 13 10 -5.0000 13
1 1 12 -5.0000 14
1 13 11 -5. 0000 15
ELEVATION  CONDUCTANCE  DRAIN NO.
.0 1.000 1
.0 1.000 2
10.00 1.000 3
20.00 1.000 [
30.00 1.000 5.
50,00 1.000 6
70.00 1.000 7
90,00 1.000 8
100.0 1.000 9
RECHARGE =  .3000000E-07

31 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1

MAXJMUM HEAD CHANGE FOR EACH ITERATION:
HEAD CHAMGE LAYER,ROW,COL HEAD CHANGE

LAYER, ROM, COL HEAD CHANGE LAYER,ROM,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW, COL

-22.13 { 3, 5,11} 12.u8
2,482 ¢ 1, 9, 1w 1830
.5503 { 3, 8 7) .pB2)
.1108 1, 13,12} JH59E-01
JIBSSE-02 (¥, 13, 12} . 1586£-01
J169E-02 (1, 13, 1) .2555E-02
LAU26E-03 (1, 13, 12) .

1, 18)  35.90 « 3,

11, W) 131.66 {0,
W, Wy 2,302 3, 9 1

t o,

3.

1,

1, 1,15 13.39 3, 1, 18 18,21 ,
w3

( (

{ 3,0, 13}  6.218 1, 12, 1) .41
¢ 2, 6, 9) .u7T11 ( 3, 5,100 2.019
€ 3, 12, 1) .2819 (o1, W, L3141
(
{

—

1u, 1) .B500E-01 (

2, 11, 11} ATTTE-01 (3, 14, 10} .T9VIE-01 (
13, 1) ,1D30E-0V ¢

3, 14, 15)  L9TTIE-DZ { 1, W, 14) ,10B2E-01 ( 15 115
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1
2
3

10
1
12
13
14

15

HEAD IN LAYER

1 AT END OF TIME STEP

1 IN STRESS PERIOD 1

ok S e ke N A SR D M R R A e R SR A e M e e e e e e e e R M A e A e D A e e b e o e R A A S

1
11

0
117.4
.0
115.7
.0
112.0
.0
106.1
0
97.29
0
93.03
0
88.60
.0
81,99
.0
73.93
.0
70,39
.0
66.43
0
67.12
N
67.22
.0
71.64
.0
74,29

2
12

24,94
121.2
24.45
119.6
23.45
116.1
21.92
110.7
19.73
103.1
16.51

'94.23

11.55
91.66
3.483
85.00
10,54
73.79
14.62
72.44
17.11
65,45
18.68
68.50
19.67
65.75
20.27
73.18
20,56
76.22

3
13

44,01
124.3
43,10
122.7
41,30
119.6
38,61
114.9
34,92
108.8
29.50
102.1
21.10
96.43
6.832
89.27
19.11
80.84
25,86
76.72
29,96
12.22
32.56
12.29
34,24
71,90
35.27
75.84
35.78
78,22

4
14

59,26
126.4
57.98
124.9
55,43
122.1
51.75
117.9
47.32

112.5

40,90
106.4
31.21
99,82
16,25
91,72
28,12
80.17
35,38
78.26
40,01
71.04
43.07
13.46
45,14
70.35
46,48
77.03
47.16
79,66

15

71,82
127.4
70.17

126.1 °

66,78
123.4
61.79
119.4
57.69
114.3
51,30
108.4
41,40
101.8
26.30
94,33
36,92
86.49
43,49
81.79
47,78
17.62
50.81
76.85
53.01
76,48
54,61
79,09
55.48
80.82

82.52
80,57
76,21
68.03
66,74

61.21

51,84
36.97
45,27
50.11
53,24
55.92
58.04
60,08

61.26

91,91
90,12
86,51
81.34
77.09
71.19
63.08
52.59
52.95
54,93
55.81
58,33
59.91
63.17
65.02

100.0
98,40
95.20
90.75
85,76
79.85
72.68
64.31
55.38

57.55

" 53.33

58.47
56.75
64,52

67.52

106.9
105.3
102.2
97.64
92,22
86.47
79,95
72.52
65.15
62,95
60,27
61,93
62.59
67.25

69,94
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1
2

3

10
11
12
13
14

15

HEAD IN LAYER 2 AT END OF TIME STEP

1 IN STRESS PERIOD

L

i1

0
117.2
.0
115.5
.0
111.8
0
105.4
0
91.09
.0
92,06

.0
88.35
0
81.81
0
73.87
.0
70.24
.0
66,37
.0
66.98
0
67.16
.0
71.48
.0
74,11

2
12

24.66
121,1
24,17

119.4

23.17
116,0
21.65
110.4
19.48
102.1
16.27
86.23
11,38
91.24
4,209
84.86
10.38
74,48
14,40
72.37
16.87
66,18
18.43
68,44
19.42
66,48
20.02
13.06
20.30
76.04

3
13

43,73
1231
42,83
122.6
41.03
119.5
3R.34
114.8
34,65
108.6
29,24
101.7
20,95
96.22
8.330
89.10
18,96
80,77
25,61
16,57
29,70
72.16
32,31
12.15
33.98
71.84
35,02
15.68
35,52
78.04

4
14

59,02
126.2
57.74
124.8
55.19
121.9
51.50
112.7
47,07
112.4
40,65
106.2
31.0%
99,65
17.58
91,59
27,98
80,84
35.15
78,20
39.78
71,75
42,85
13.40
44,91
71,06
46,26
16,91
46,94
79.49

15

11.61
127.3
69,95
125.9
66,53
123.2
61.35
119,2
57.44
114.2
51,07
108.3
41.25
101.6
27,58
94,17
36.79
86.38
43.27
81,64
47.56
71.51
50.60
16,69
52.80
16.37
54.4]
78,93
55.2R
80.65

PR A R R N N N N N N

82.32
80.36
15,77
60.17
66.30
60,98
51.70
38.25
45,16
49,91
53.05
55.73

57.85

59.88

61.07

91.72
89,93
86.29
80,90
76,85
70,98
62.90
52,94
52.86
54,76
55,68
58.16
59.78
62.99

64,84

99.86
98,22
95.02
90,55
85,57
79,65
72.48
64.19
56.13
57.48
5409
548.41
57.50

64.39

67.34 .
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2
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10
11
12
13

15

HEAD IN LAYER 3 AT END OF TIME STEP

1 N STRESS PERIOD 1

1
11

1.800
117.0
1.764
115.)
1.69)
111.5
1.578
104,1
1.415
17.46
1.176
90.60
.B273
87.98
L4331
81,58
.7543
73,81
1.039
70.05
1.224
66,33
1.341
66,80
1.415
67.12
1.460
11.27

1.481
73.87

2
12

24,34
1209
23,85
119,2
22.86
118.7
21,35
110.0
19,18
100.7
15,99
BB.55
11.21
90,77
5.131
84.68
10.22
75.31
14,13
72,33
16.59
67.06
18,15
68.41
19.14
67.35
19.73
72.91
20.01
75.82

3
13

43,36
123.9
42.46
122.4
40.67
119.3
37.98
114.%
34,30
108,2
28.91
101.2
20.79
95.94
10,19
88,88
18,82
80.72
25,29
76.39
20,37
72.13
31.97
11.97
33,65
71.80
34.68
15,47
35.18
11.81

4
14

58,70
126,0
57.42
124.6
54.87
121,7
51.17
117.5
46,75
112.1
40,33
106.0
3o.88
99.41
19.27
91.44
27.84

.81.64

34,85
18.15
39,47
72.60
42,54
73.36
44,61
71,90
45.96
16,77
46,63
79,217

5
15

71.33
127.1
69.66
125.7
66.20
123.0
60,85
119.0
57.10
114.0
50.76
108.0
41.09
101.4
29.19
93,95
36.66
86.24
42.99
81,43
47.28
77.38
50,32
76.49
52.53
76.24
54,13
78.71
55,00
80.42

B2.06
80,07
75.28
62,69
65.80
60f67
51.55
39.84

45,06

49,65
52.79
55.47
57.60
59,63
60.81

91,48
89.68
85,98
B0.41
76,54
70,70
62.67
53.40
52.78
54,54
55.53
57.94
59,63
h2.76
64,59

99,63
97.99
94.77
90.28
85.30
79.38
72.22
64,07
57.03
57.44
55,01
58.37
58.39
64,

67.11

.....
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VOLUPETR[? BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 1

CUMULATIVE VOLUMES

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RECHARGE
TOTAL IN

OUT:
STORAGE
CONSTANT HEAD
WELLS
DRALNS
RECHARGE
TOTAL CUT
IN - OUT
PERCENT DISCREPANCY

L LR T T (R T ]

TR LTI

oo

a3

ooobo

.1360BE+08
. 13608E+08

0

JU3265E407
6UB00E+0T
.28011E«0T

.0
. 13608E+06
184,00

0.00

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 1

RATES FOR THIS TIME STEP

IN:
Lo by
CONSTAMT HEAD
WELLS
DRAINS
RECHARGE
TOTAL IN
. OUT:
STORAGE
CONSTAMT HEAD
WELLS
DRAINS
RECHAPRGE
TCTAL OUT
IN - OUT
PERCENT DISCPREPANCY

SECONDS

TIME STEP LENGTH 86u00.0
STRESS PERIOD TIME B6LOD.O
TOTAL SIMULATION TIME 86400.0

MINUTES HOURS DAYS YEARS

14540, 00 24,0000 1.00000 L 273785£-02
144000 24,0000 1,00000 213785602
1440, 00 24,0000 1.00000 .2T3785E-02

[T LT L U TR TR}

Le*3/T

B
.G

-0
157.50
157.50

.0

50.075
75.000
j2.u20

.0

157,49
L2V210E-02

0.00



APPENDIX E

e " AREREVIATED INPUT INSTRUCTIONS

These input instructions are intended as a quick reference for the
experienced user. Most explanations that are contained in the complete
input instructions given in package documentation have been omitted. The
format of input fields is given only for those records that contain fields
that are not 10 characters wide. Each input item, for which format is not
given, is identified as either a record or an array. For records, the
fields contained in the record are named, For arrays, only the array name
is given. Input fields which contain codes or flags are described, All
other field and array descriptions have been dropped.

Array Ingut

The real two-dimensional array reader (U2DREL}, the integer two-dimensional
array reader (U2DINT), and the real one-dimensional array reader (UIDREL)
read one array-control! record and, optionally, a data array in a format
specified on the array-control record. '

FOR REAL ARRAY READER (UZDREL or UIDREL)

Data: LOCAT CNSTNT FMTIN IPRN

Format: 110 F10.0 5A4 110
FOR INTEGER ARRAY READER (U2DINT)

Data: LOCAT [CONST FMTIN [PRN

Format: 110 110 5A4 110

IPRN--is a flag indicating that the array being read should be printed and
a code for indicating the format that should be used. It is used only
if LOCAT is not equal to zero. The format codes are different for each
of the three modules. IPRN is set to zero when the specified value
exceeds those defined in the -chart below. If IPRN is less than zero,
the array will not be printed.

IPRN U2DREL U2DINT UIDREL

0 10GIT.3 10711 10G12.5
1 11610.3 6011
2 9G13.6 4012
3 15F7.1 3013
4 15F7.2 2514
5 15F7.3 2015
6 15F7.4
7 20F5.0
8 20F5,1
g 20F5.2

-10 20F5.3

11 20F5.4

12 10G11.4

LOCAT--indicates the location of the data which will be put in the array.
If LOCAT < 0, unit number for unformatted records.

If LOCAT = 0, all elements are set equal to CNSTNT or ICONST.

If LOCAT > 0, unit number for formatted records.
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Basic Package Input

Input for the Basic (BAS) Package except for output control is read from
unit 1 as specified in the main program. If necessary, the unit number

for BAS input can be changed to meet the requirements of a particular
computer. TInput for the output control option is read from the unit number
specified in TUNIT(12). '

FOR EACH SIMULATION
1. Record: HEADNG{32)
2. Record: HEADNG (continued)
3. Record: NLAY NROW NCOL NPER ITMUNI
4, DNata: IUNIT(24)
Format: 2413
(BCF WEL DRN RIV EVT XXX GHB RCH SIP XXX SOR 0C)
1 2 3 4 5 & 7 8 9 10 11 1?2
5. Record: TAPART ISTRT
. Array: [IBOUND{NCOL,NROW)
{One array for each layer in the grid)
7. Record: HNOFLO
8., Array: Shead(NCOL,NROW)
(One array for each layer in the grid)
FOR EACH STRESS PERIOD
9, Data: PERLEN  NSTP TSMULT

ITMUNI--is the time unit of model data.

¢ - undefined 3 - hours
1 - seconds 4 - days
2 - minutes 5 - years

Consistent length and time units must be used for all model data.

The user may choose one length unit and one time unit to be used

to specify all input data,

IUNIT--is a 24-element table of input units for use by all major options.
[APART--indicates whether array BUFF is separate from array RHS.

I[f TAPART = 0, the arrays BUFF and RHS occupy the same space. This
option conserves space. This option should be used
unless some other package explicitly says otherwise.

If IAPART # 0, the arrays BUFF and RHS occupy different space.

[STRT--indicates whether starting heads are to be saved.
If ISTRT = 0, starting heads are not saved.
If ISTRT # 0, starting heads are saved.
[BOUND--is the boundary array.

If IBOUND(T,J,K) < 0, cell 1,J,K has a constant head,

If IBOUND(I,J,K) = 0, cell I,J,K is inactive.

I1f IBOUND(I,J,k)} > 0, cell 1,J,K is active.

HNOFLO--is the value of head to be assigned to all inactive cells.
Shead--is head at the start of the simulation,

PERLEN--is the length of a stress perind,

NSTP--is the number of time steps in a stress period.

TSMULT--is the multiplier for the length of successive time stens,
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Output Control Input

Input to Qutput Control is read from the unit specified din IUNIT(IZ) ATl

printer output goes to unit 6 as specified in the main program, If necessar:,
the unit number for printer output can be changed to meet the requirements
of a particular computer.

FOR EACH SIMULATION .
1. Record: 1HEDFM IDDNFM THEDUN IDDNUN
FOR EACH TIME STEP .
2, Record: [INCODE THDDFL IBUDFL ICBCFL
3. Record: Hdpr Ndpr Hdsy Ndsv
(Record 3 is read 0, 1, or NLAY times, depending on the value of INCODE.)

THEDFM--is a code for the format in which heads will be printed.
IDDNFM--is a code for the format in which drawdowns will be printed.

0 - {10G611,8) 7 - {20F5.0)
1 - {11G10,3} 8 - (20F5.1)
positive--wrap 2 - {9G13.6) 9 - (20F5.2)
3 - (15F7.1) 10 - (20F5.3)
negative--strip 4 - (15F7.2) 11 - {(20F5.4)
5 - (15F7.3) 12 - (10G11. 4)
6 - (15F7.4)

THEDUN--is the unit number on which heads will be saved.
IDDNUN--is the unit number on which drawdowns will be saved,
INCODE--is the head/drawdown ocuput code. '
If INCODE < 0, layer-by-layer Spec1f1catnons from the last time steps
are used, Input item 3 is not read.
If INCODE = 0, all layers are treated the same way. Input item 3
, will consist of one record., IOFLG array will be read.
If INCODE > O, input item 3 will consist of one record for each layer.
IHDDFL--is a head and drawdown output flaq.
If IHDDFL = 0, neither heads nor drawdowns will be printed or saved.
If THDDFL # 0, heads and drawdowns will be printed or saved,
[BUDFL--is a budget print flag.
If IBUDFL = 0, overall volumetric budget will not be printed.
If IBUDFL # 0, overall volumetric budget will be pr1ntnd
ICBCFL-~is a cell- by—ce11 flow-term flag.
If ICBCFL = 0, cell-by-cell flow terms are not saved or pr1nted
If ICBCFL # 0, cell-by-cell flow terms are printed or recorded on disk
depending on flags set in the component of flow packages
i.e., IWELCB, IRCHCB, etc.
Hdpr--is the output flag for head pr1ntout
If Hdpr = 0, head is not printed for the corresponding 1ayer
If Hdpr # 0, head is printed for the corresponding layer,
Ddpr--is the output flag for drawdown printout.
If Ddpr = 0, drawdown is not printed for the corresponding layer,
If Ddpr # 0, drawdown is printed for the corresponding layer,
Hdsv--is the output flag for head save.
If Hdsv = 0, head is not saved for the corresponding layer.
If Hdsv # 0, head is saved for the corresponding layer,
Ddsv--is the output flag for drawdown save,
If Ddsv = 0, drawdown is not saved for the corresponding layer,
If Ddsv # 0, drawdown is saved for the corresponding layer.
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Btock-Centered Flow Package Input

Input for the BCF Package is read from the unit specified in IUNIT(:.),

FOR EACH SIMULATION
1. Record: 158 IBCFCB
2. Data:  LAYCON(NLAY) (maximum of 80 layers)
“ Format: 4012 ‘
(If there are 40 or fewer layers, use one record.)

3. Array: TRPY({NLAY)
4., Array: DELR(NCOL)
5. Array: DELC{NROW)

A1) of the arrays {items 6- 12) for layer 1 are read f1rst then all =f the
arrays for layer 2, etc.

IF THE SIMULATION IS TRANSIENT
6. Array: sf1{NCOL,NROW)

1F THE LAYER TYPE CODE (LAYCON) IS ZERO OR TWO
7. Array: Tran(NCOL,NROW)

IF THE LAYER TYPE CODE (LAYCON) IS ONE OR THREE
8. Array: HY(NCOL,NROW) :
9, Array: BOT(NCOL,NROW)

IF THIS IS NOT THE BOTTOM LAYER

: 10, Array: Vcont(NCOL,NROW)

IF THE SIMULATION IS TRANSIENT AND THE LAYER TYPE CODE (LAYCON) is TWO OR THR

11, Array: sf2(NCOL,NROW)

IF THE LAYER TYPE CODE IS TWO OR THREE
12. Array: TOP{NCOL,NROW)

155--1s the steady-state flag,
If 1SS # 0, the simulation is steady state.
If ISS = 0, the simulation is transient.
IBCFCB--is a flag and a unit number.
If IBCFCB > 0, cell-by-cell flow terms will be recorded if ICBCFL
(see Qutput Control) is set.
If IBCFCB = 0, cell-by-cell flow terms will not be pr1nted or recorded,
If IBCFCB < 0, print flow for constant-head cells if ICBCFL is set,
LAYCON--is the layer type table: 0 - confined, 1 - unconfined,
. 2 - confined/unconfined (T constant), and 3 - confined/unconfined,
TRPY--is an anisotropy factor for each layer: T or K along a column to T or
K along a row.
DELR--is the cell width along rows.
DELC--is the cell width along columns,
sfl--is the primary storage factor,
Tran--is the transmissivity along rows.
HY--is the hydraulic conductivity along rows.
BOT--is the elevation of the aquifer bottom.
Vcont--is the vertical hydraulic conductivity divided by the thickness from,
a layer to the layer beneath it,.
sf2--is the secondary storage factor,
TJOP--is the elevation of the aquifer top.
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s e et — -—--River-Package Tnput

Input to the River (RIV). Package is read from the unit specified in
TUNIT(4). :

FOR EACH SIMULATION
1. Record: MXRIVR IRIVCB
FOR EACH STRESS PERIOD
: 2. Record: ITMP
3. Record: Layer Row column  Stage  Cond Rbot
{Input item 3 normally -ans‘ ts of one record for each
river reach, 1If ITMP is negative or zero, ftem 3 is not
read.)
IRIVCB--is a flag and a unit number,
If IRIVCB > 0, cell-by-cell flow ¢“erms will be recorded,
If IRIVCB = 0, cell-by-cell flow “erms will not be printed or
recorded,
If IRIVCB < 0, river leakage will be printed if ICBCFL is set,
ITMP--is a flag and a counter,
If ITMP < 0, river data from the last stress period will be reused.
If ITMP > 0, ITMP will be the number of reaches active during the
current stress period.

Recharge Package Input

Input to the Rechargé (RCH) Package is read from the unit specified in
IUNIT(8).

FOR EACH SIMULATION
1. Record: NRCHOP  IRCHCB
~FOR EACH STRESS PERIOD
2. Record: INRECH INIRCH
3. Array: RECH(NCOL,NROW)
IF THE RECHARGE OPTION IS EQUAL TO 2
4, Array: [IRCH(NCOL,NROW)

NRCHOP--is the recharge option code,
1 - Recharge is only to the top grid layer.
2 - Vertical distribution of recharge is specified in array IRCH.
3 - Recharge is applied to the highest active cell in each
vertical column,
IRCHCB--is a flag and a unit number,
If IRCHCB > 0, unit number for cell-by-cell flow terms.
If IRCHCB < 0, cell-by-cell flow terms will not be printed or
- recorded,
INRECH--is the RECH read flag.,
If INRECH < 0, recharge rates from the preceding stress period are
used,
If INRECH > 0, an array of recharge rates, {RECH) is read.

INIRCH-~is similar to INRECH,
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Well Package Input

Input for the Well (WEL) Parvage is read from the unit specified in
TUNIT(2).

FOR EACH SIMULATION
1. Record: MXWELL =~ "«#FLCB
.FOR EACH STRESS PERIQOD ‘
2. Record: 1TMP :
3. Record: Layer . Row Column 0
{Input item 3 nc-—ally consists of one record for each
well, [If ITMP i: negative or zero, item 3 is not read.)

MXWELL--is the maximum number of wells used at any time,
TWELCB--is a flag and a unit num-=r,
If IWELCB > 0, unit numbe- for cell-by-cell flow terms,
If IWELCB = 0, cell-by-ce’1 flow terms will not be printed or
recorded.
If IWELCB < 0, well recharge will be printed whenever ICBCFL is set.
[TMP--is a flag and a counter,
If 1TMP < 0, well data from the last stress period will be reused.
If TTMP > 0, ITMP will be the number of wells active during the
current stress period.

Drain Package Input

Input to the Drain (DRN) Package is read from the unit specified in
TUNIT(3).

FOR EACH SIMULATION
1. Record: MXDRN IDRNCB

FOR EACH STRESS PERIOD
2. Record: 1TMP
3. Record: Layer Row Col Elevation Cond
(Input item 3 normally consists of one record for each dra1n
If ITMP is negative or zero, item 3 will not be read.)

MYDRN--i5 the maximum number of drain cells active at one time,
. IDRNCB--is a flag and a unit number,
If IDRNCB > 0, unit number for cell-by-cell flow terms,
If IDRNCB = 0, cell-by-cell flow terms will not be printed or
recorded.
If IDRNCB < 0, drain leakage for each cell will be printed whenever
ICBCFL is set.
[TMP--is a flag and a counter.
If ITMP < 0, drain data from the last stress period will be reused.
If ITMP > 0, ITMP will be the number of drains active during the current
- stress period.
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Evapo

Input to the Evapotranspiration (EVT) Package is read from the unit
specified in IUNIT (5),

FOR EACH SIMULAT!'N

1. Record: ™MIVTOP TIEVTCB
FOR EACH STRESS F.RI0D
2. Record: “SURF INEVTR INEXDP INIEVT
3. Array: SJRF
4, Array: C{TR
5. Array: “YpP

IF THE ET OPTION 15 EQUAL TO TwO
6. Array: LIVT

NEVTOP--is the everotranspiration (ET) option code,

1 - £T is calculated only for cells in the top grid layer.

2 - The cell for each vertical column is specified by the
user in array [EVT.

IEVICB--is a flag and a unit number.

[f IEVICB > O, unit number for cell-by-cell flow terms.

If IEVTCB < 0, cell-by-cell flow terms will not be printed or
recorded,

INSURF--is the ET surface (SURF) read flag. i

If INSURF > 0, an array containing the ET surface elevation will be
read,

[f INSURF < Q, the ET surface from the preceding stress period will
be reused. »

INEVTR--15s similar to INSURF,
INEXDP--is similar to INSURF,.

INIEVT--is similar to INSURF,
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' CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS

Médulo III. Modelos en Geohidrologia, Contaminacién de Acuiferos.

Contenido.

1.= Introduccidn.

2.- B8istema Operativo. :
2.1.- Programas Yy Archivos.
2.2.- Manejo de Archivos.
2.3.- Manejo de Directorios.
2.4.- Manejo de Discos.
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3.- Fundamentos de Programacidn.

.= Constantes y Variables,
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.= Lectura y Escritura.
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- Almacenamiento y Compilacién.
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4.- Modelos Mateméticos. ,
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INTRODUCCION A LAS MICROCOMPUTADORAS.‘

1.~ Introduccién.

La finalidad del presente segmento del V Curso Internacional
de Contaminacién de Acuiferos es la de presentar los fundamentos
necesarios y suficientes para la manipulacién basica de un medelo
matemdtico elaborado en Software para una computadora personal
del tipo compatible con IBM.

Actualmente, la elaboracién de modelos matemdticos gue simu-
len la dispersién de elementos contaminantes en un acuifero no es
concebible sin la utilizacién de una computadora. La gran canti-,
dad de procesamiento de informacidédn y la gran velocidad de cal-
culo sdlo es posible simulténeamente gracias a las computadoras.

De hecho, una gran cantidad de programas estan hechos con
tal finalidad o bien existen muchos mas que pueden ser utilizados
con tal fin, por lo que es indispensable familiarizarse con las
técnicas basicas de manejo de microcomputadoras para poder reali-
zar las tareas de procesamiento necesarias para la ejecucidn de
un programa cualgquiera.

Dentro de éste segmento, se realizara una descripcidén somera
de un sistema operativo ampliamente difundido para computadores
personales compatibles como lo es el Disk Operating System elabo-
rado por Microsoft (MS-DOS), ofreciendo un panorama de su estruc-
tura y una referencia de los comandos mas usuales. '

Asimismo, se ofrecerdn fundamentos de programacién, aplica-
bles a cualquier lenguaje de programacién, pero enfocando el
aspecto de compilacidn al Microsoft Fortran, de un gran uso en la
Facultad y el Instituto de Ingenieria, asi como en muchos otros
centros de ensefianza e investigacidn de la Ingenieria en México.

Por Gltimo, se presentari un esbozo de un modelo matemAtico,
presentando varias de las alternativas. gue existen en el mercado
actual de software para su procesamiento.



o

2.- Bistema Operativo.

En una computadora, la informacién se proporciona a y se
remueve de la unidad de procesamiento central (CPU) a través del
uso de "archivos" grabados en disco flexible, disco duro, disco
éptico, cinta, etc.

Un grupo de archivos administrativos, gque se conocen colec-
tivamente como el "sistema operativeo", son necesarios para. con-
trolar la operacién de la computadora y el manejo de los archivos
generados por el usuario.

Visto de otra manera, el sistema operativo puede visualizar-
se como un intérprete entre el usuario y la computadora para
poder administrar la memoria y los periféricos del ordenador por
medio de 6rdenes f&acilmente identificables con palabras (en in-
glés).

En computadoras personales compatibles con IBM es muy comun,
emplear el sistema opertivo de Microsoft "Disk Operating System".
o mas conocido como MS-DOS, gue serd al que se haga referencla en
éste segmento. T

En un sistema de disco duro, el sistema operativo debera ..
estar residente en él1, inicializdndose cada vez gque se enciende
el interruptor de la computadora. En caso contrario, se debera
contar con una copia del sistema operativo en disco flexible para
inicializar una computadora que no lo contenga.

2,1.- Programas y Archivos.

El sistema operativo permite el uso de la memoria a través
de unidades variables en tamafio denominadas "archivos", tales
archivos pueden contener instrucciones o datos y se hace referen-
cia a €l por un Gnico nombre de archivo asignado por el programa-
dor. El1 nombre de archivo se utiliza para la identificacidén de un
archivo para copiarlo, editarlo, renombrarlo, visualizarlo en la
pantalla, imprimirlo, almacenarlc, etc. El1 nombre de archivo
puede © no tener una extensién. La forma general del nombre de
archivo con extensién es:

NOMBREDEARCHIVO.EXT



El nombre de archivo puede ser cualquier combinacidén de 1 a
8 letras, nimeros u otros caracteres aceptables, asignados por el
programador. La extensidén podra ser cualquier combinacién de 1 a
3 letras, nilmeros u otros caracteres aceptables. El1 nombre de
archivo y la extensién se separan por un punto. Los siguientes
caracteres son aceptables en MS5-DOS:
s#s e ()= ()" M_i:|

Ni el nombre de archivo ni la extensién podran contener
blancos. El truncamiento del nombre del archivo y de la extensidn
ocurre en el primer blanco.

Los caracteres 7?7 y * llamados caracteres globales de nombre
de archivo o caracteres comodines pueden usarse en lugar de
cualguier caracter de un nombre de archivo y extensién vy
significan cualquier caracter.

Los nombres de archivo y extensién que se elijan deberan sex
descriptivos del contenido del archivo. Las siguientes
extensiones reservadas tienen un significado especial para MS-DOS
y deberén ser utilizadas con mucho cuidado:

BAT COM EXE SYS

Ademéds, los siguientes nombres de archivo reservados también
tienen un significado especial para DOS y no deberdn asignarse
por el programador en otros contextos:

Nombres de archivos para controlar dispositivos:

CON PRN NUL

LPT1 LPTZ2 LPT3

AUX COM1 COM2

Nombres de archivos asignados a comandos del sistema DOS:
DIR DEL DISKCOPY TYPE ERASE DISKCOMP RENAME

CLS CHKDSK COPY FORMAT EDLIN



£.2.=- Manejo de Archivos.

Cambio de unidad de disco por omisién

Mientras no se indique algo distinto, ya sea por ¢l programador desde el teclado ¢ median-
te una instruccién programada, la unidad de disco por omisién es la unidad A, es decir,
al terminar de cargarse el sistema operativo aparece la peticién A > . Toda la informacién
se copia de o graba en el disco Nexible en la unidad de disco A, 18 cual es a unidad por
omisién, _

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

A> o
A>B:  uem Para pasar la unidad de dlsco por omisién de la unidad A a la unidad 8, escri-
base B: y presionese la tecia «

B>a

B>A: . eJ Paracambiaria unidad de disco por omision de B a la unidad A, escribase A: .
y oprimase la lecla «—!

A> g

Los comandos del sistema DOS

El disco (lexible de DOS contiene un procesador de comandos, archivado bajo el nombre
y la extensién COMMAND.COM, que controta el hardware de la computadora y maneja~
el software. El archivo COMMAND.COM puede grabarse en un disco nuevo durante la
operacién de formateado, la cual se describird mds adelante en este apéndice. El archive
COMMAND.COM incluye los siguientes comandos internos, que.son necesarios para ¢l
programador de FORTRAN:

DIR TYPE COPY
RENAME DELETE  ERASE

cLS VoL FILENAME.BAT

AUTOEXEC.BAT  ECHO

C eman et
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En adicién a los comandos internos contiene el archivo COMMAND.COM, el disco de
DOS contiene varios comandos externcs, con extension COM o EXE, indispensables para
el programador FORTRAN:

FORMAT DISKCOPY DISKCOMP CHKDSK EDLIN SORT MORE

La funcidn de los comandos externos e internos seleccionados se analiza en las Secciones
C-6 a C-21 de este Apéndice.

La operacidn que se describe en las Secciones C-6 a C-21 requiere de un disco en la uni-
dad A con el archivo procesador de comandos COMMAND,.COM vy el comando externo
DOS especifico. La ejecucidn de cada uno de los comandos del sistema se inicia cuando
se presions la teclae.

Proparacion de un disco fleklblo para recibir informaclén nueva

Para preparar un disco flexible nuevo para recibir informacidn (formateado), usese el co-
mando externo FORMAT: -

a8 A>FORMAT B: u o Borra todos 1os reglstros aimacenados en el disco de la unidad
B vy establece a rejiila elecirdnica de pistas y seciores que se
utilizan como "diracciones’ para la nueva informacion,

b) A>FORMAT B:/S , ¢~ IS después de FORMAT B: copla de manera automaéltica el pro-
" cesador de comandos de datos de DOS COMMAND.COM y
ciertos "archivos ocultos’ necesarios para cargar el sistema

del disco de la unidad A al disco de la unidag B.

¢) A>FORMAT B:/V 4 ¢J fV luego de FORMAT B: proporciona la etiqueta dei disco (con
11 0 menos caracteres) elegida por ol programador, El punto de
.. pelicién A> aparece después del lormaleado y de imprimir la

etiqueta en el disco.

d) A>FORMAT B:/8/V , 4 Si se quiere pueden emplearse los dos.,

8) A>YOL B! 4 Visualiza la etiqueta que 8o asignd ai disco en la unidad indica-
da, la unidad B en este ejemplo.

Precaucidn: El comando FORMAT borra todos los archivos del disco flexibie
cuando se lformatea. Cualquier archivo que deba salvarse debe copiarse en
otro disco antes del formateo.

Pregsentacion del directorio del contenido de un disco especifico

Para exhibir un directorio del contenido de un disco flexible particular, Usese ¢l comando
DIR (interno): . :

8) A>DIR, Para cada archivo grabado en el disco de la unidad indicada,
la unidad por omisién A en el caso &), la unidad B en et ejem-
[+] plo b), lista el nombre gel archivo, su extension, el numerc de

A



A>DIR A: g
5} ASDIR B:

€) A>DIR Bi/P 4

d) A>DIR B:/W .

¢) A>DIR| MORE . ¢

f A>DIR]SORT . u

g) A>OIR *.FOR! SORT .

byles que se usaron y la fecha y la hora en la que 50 yrapo
Si el directorio contiene mas de 23 archives, 1a lislu se enrolia
hasta que aparece la ultima linea dei directono. e =spacio 1o-
tal disponible (bytes) en el disco.

" /P detiene el enrcilamiento de la lista cuango 1a pariana 95ia

llena (23 lineas). Para visualizar o8 siguianies 23 rengignes
presionese la tecla »

W musestra 610 los NOMDbres get archive y 1 Bxlermiun (s
la lecha, la hora, y el tamafno) de 10dos 105 archivos yianados
en ol disco en la unidad especifica, en 5 columnas . ¢ ancho
de ia pantalla. Este comando exhibe en la panialla al :mismo
tiempo la lista gin enroilar de 10dos l0s archivos el Ursco

El comando MORE visualiza a un tiempo 23 lineas 1::na panta-
lla completa). Al oprimir la tecla «— se exniben 1oy siguientes
23 renglones, aic. El archivo MORE.COM aebe esiat en el

disco cuyo directorio se fistarg. Notese e uso del caracier f

El comando SORT muestra el direclorio en orger altapehico
por el nombre del archivo. El archive SORT.EXE uepe estar
on el disco cuyo directorio se listara, Observese la ulihzacion
del simboio I, t

Son posibles otras combinaciones del comanac DIR Por
ejemplo, DIR « FOR | SORT visualiza en orden allanence 1o
dos los archivos con extensién FOR.

Los casos anteriores muestran como unidad por omision la (A). Esta pucdye sinne arae pu
la unidad B como 3¢ indica ¢n.la Seccion C-4.

Exhibicién del texto de un archivo

Para visualizar ¢l texto de un archivo especifico, utilicese el comande TYPE « enup

#8) A>TYPE NOMBREDEAACHIVO.EXT o Exhibe el texto del arcnivs grarnsar en

]

el disco bajo el nombre ned ar Lol

A>TYPE A:NOMBREDEARCHIVO . EXT , exlansion que se especican « &

unidad de disco correspongiess  »

) A>TYPE B:NOMBREDEARCHIVO.EXT , ¢  unidad por omisidn A en el gjeuic

Cambio del nombre o extensién de un archivo

la unidad B en el casc oy

Para cambiar e nombre 0 la extensidén de un archivo particular, utihovwe v andu

RENAME (interno):

a} A>RENAME NOMBREVIEJO.EXT NOMBRENUEVO.EXT ,

]

A>RENAME A:NOMBREVIEJO.EXT NOMBRENUEVO.EXT _ «

0) A>RENAME B:NOMBREVIEJO.EXT NOMBRAENUEYOQ.EXT o

RENAME cambia el nombre del archivo del primer nombre listado por oowen 0 L
unidad indicada, por ejemplo, NOMBREVIEJO EXT a NOMBRENU Y 1 - e
unidad A, en ¢l caso @), 1a unidad B en ¢l ejemplo &),



Borrar la pentalla

Empléese ¢l comando CLS (interno) para borrar lﬁ pantalla.
A>CLS | Borra la pantalia y después coloca el punto de peli.

cion A> y el cursor centelleando en la esquina supe-
rior izquierda de la panialla.

Borrar en forma permanente un archive de un disco

Para eliminar un archivo de un disco (exible, empléese alguno de los siguientes dos co-
mandos, DEL o ERASE (internos). (Los dos cjecutan la misma funcidn).

8) A>DEL NOMBREDEARCHIVO.EXT , ¢ Borra de! disco en la unidad por
o omisién A el archivo especitico.
A>ERASE A:NOMBREDEARCHIVQ.EXT 4 NOMBREDEARCHIVO.EXT,

b) A>DEL B:NOMBREDEARCHIVO.EXT .._J Elimina del disco en la unidad B el
o : : archivo indicado,
A>ERASE B:NOMBREDEARCHIVYO.EXT o — NOMBREDEARCHIVO.EXT.

¢) A>DEL B:PROGRAMA.7?? . Usa et caracter "*‘comodin’’ (1) para
[} borrar todos los archivos ¢uyo nombre
A>ERASE B;PROGRAMA.* , «J sea PROGRAMA (con cualquier

exiension) del disco en la unidad B. EI
otro "'comodin’ (+) también puede
emplearse, en 9se caso 5010 30
necesita un asterisco,

g} A>DEL B:*.BAK . ! Mediante 6! caracter "'comodin’’ () se
Q gliminan 10dos 108 archivos con {a
A>DEL ?77?11?7.BAK — extension BAK (cualquier nombre de

archivo) del disco de la unidad B. El
otro caracler ‘'comodin' (7) también
puede utilizarse; sin embargo, se
requieren 8 signos de interrogacion o 1
por cada simbolo del nombre del
archivo,

Ouplicaclién de un archivo especifico y simacenamiento con otro nombre

Usese ¢! comando COPY (interno) para duplicar un archivo particular y almacenarlo con
un nombre de archivo distinto, como en:

A>COPY ARCHIVOVIEJO.EXT ARCHIVONUEVOQ.EXT ,

Este comando copia el texto de un archivo especifico (ARCHIYOVIEJQ.EXT) a un ar-
chivo nuevo (ARCHIVONUEVO .EXT). El nombre y ¢l contenido del archive viejo per-
manecen sin cambio.

NOTA: Si hay un archivo con el mismo nombre del archivo nuevo (ARCHIVONUE.
VO.EXT) en el disco, su contenido se reemplaza por la informacion dei archivo viejo (AR-
CHIVOVIEIQ.EXT).



Copiar un archivo de un disco flexible en la unidad A a un disco flexible en la unidad B

Ltilicese ¢l comando COPY (interno) para duplicar un archivo de un disco les nle o lu
unidad A a uno ¢n la unidad de disco B, como:

8) A>COPY NOMBREDEARCHIVO.EXT B: _ Copia el texto ge un
archivo especHicc
(NOMBREDEARCHIVO
EXT) del disco luente
en la unidad A, al Qisco
destino en la unidaa 8 y
asigna et mismo nomore
de archivo
NOMBREDEARCHIVO EXT

. a la copia

b) A>COPY A:ARCHIVOVIEJO.EXT B:ARCHIVONUEVO.EXT _ - Copia &t contemgo del
archivo in@icuag
{ARCHIVOVIE O EXT}
del disco fuente en ia
unidag A, al disco
destino. Asigna un
nombre de archivo
{ARCHIVONUEVO
EXT} al nueve
archive. €1 nompre del
archivo v el tpxid on
al disco tuenw
poarmanece s

cambig
!
Nota: En a) y b) si existe un archivo con ¢! mismo nombre (ARCHIVONUEVQ | X'tien
el disco destino, su contenido se su;tzituye por la informacion del archivo dei div. 'vente

COplaf todos los archivos de un disco flexible en la unidad A a la unided 8

Para copiar 1odos los archivos de un disco flexible de la unidad de disco A widis, ievvle |
de la unidad B, un archivo a la vez, usese ¢l comando COPY (interno) comu ».guc

A>COPY *.* B: - Copia el texto de cada archivo da) disco tuenle en
la unidad A al disco geslino en la unidad & Los
archivos se duplican yno a ung y se listar &a
pantaila conforme se copian.

Introducir de maners directa un archivo desde la consola a un disco flexible

Para introducir de modo directo un archivo desde la consola (teclado) o un B woanie,
empléese ¢l comando COPY (interno) como en;

A>COPY CON B:ARCHIVO.DAY _ _, Copia de manera directa el contenigo gesa- ia

123.458 consola {teclado) a el gisco on la unidac £
987.654 texto asigna el nombre del archivo ARCHIVO.DA'
1.9.123 del . , <
——— 4= } archive Siguiendo la Ultima linea del texto. presionuse Fé
2.1.076 entonces oprimase la tecla «— (i presiotur F6
3 2.378 causa la aparicion ge” Z).

2z, ,4—4
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Imprimir el texto de un archivo
Usese el comando COPY (interno) para imprimir el contenido de un archivo especifico,

como sigue:
A>COPY 5:NOMBREDEARCHIVO.EXT PRN a Con la impresora aclivada, oste co-
¢ mando hace que la imprescra im-

A>COPY B:NOMBREDEARCHIVO.EXT LPT1 » J prima el taxto del archivo indicado
{NOMBREDEARCHIVO.EXT) del
disco en |a unidad B),

Dupiicar un disco flaxibie

Para duplicar un disco flexible, por ¢jemplo, copiar el contenido entero del disco Mexible
a otro disco flexible, utilicese ¢l comando DISCKCOPY (externo). Iniciese ¢con un disco
flexible que contenga ¢l archivo DISKCOPY.COM en la unidad A.

A>DISKCOPY A: B: !

Respéndase a la peticidn removiendo el disco DOS de la unidad A e insértese ¢] disco fuen-
te en la unidad A y el disco destino en la unidad B. Este comando formatea el disco de
la unidad B y copia ¢l contenido completo del disco en la unidad A (el disco fuente) al
disco en ia unidad B (el disco destino).

Precaucidn: En DOS 2.10, la ejecucion del comando DISKCOPY formatea de manera
autdématica el disco destino. Toda la informacidn almacenada en ef disco en la unidad 8
se borra.

Comparar y verificar los contenidos de dos discos

Para comparar los contenidos de dos discos y verificar que son idénticos, tisese ¢l coman-
do DISKCOMP (externo). Empiécese con un disco que contenga ¢l archivo DISK-
COMP.COM cn la unidad A.

A>DISKCOMP A: B: _ _ )

Respéndase a la peticién retirando el disco DOS de la unidad A ¢ insériese ah{ mismo ¢!
disco original y ia copia en la unidad B. Este comando compara los archivos del disco de
la unidad B con los del disco de la unidad A y verifica que sean iguales.

Nota: El comando DISKCOMP puede emplearse después de duplicar un disco para ase-
gurarse que los archivos en la copia son idénticos con los arcinivos del original.

Revisar ol estado de un disco

Usese el comando CHDSK (externo) para revisar el estado de un disco:

4>CHKDSK 8: 3 Progereicna un imforme del estadc en & Jisco &n fa
unidad indicada. Revisa los seclores y pistas no -
vtilizados; cuantitica el espacio usado (bytes) e indica
el numero de byles disponibles en el espacio restanie
del disco. :



2.3.- Manejo de Directorios.

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

Uso de directorios

Los directorios son muy impontantes cuando se utiliza un disco duro. Si se utilizan sélo

disquetes, los archivos se pueden mantener organizados colocandolos en disquetes -
distintos. Con un disco duro, que normalmente puede almacenar mucha mds informacién
yue un disquete, se hace necesario organizar los archivos en categorfas, de forma que se
puedan encontrar faciimente,

El drbol de directorios

Cada disco tiene por lo menos un directorio. Cuando se da formato a un disquete o al disco
duro. MS-DOS crea un directorio en el que se ailmacenan el resto de los archives y
directorios. Este directorio se denomina direcrorio rafz. Se pueden crear subdirectorios del
directorio rafz para organizar los archivos. Los directorios y subdireciorios forman una
estructura denominada drbol de directorios. Se pueden crear subdirectonos dentro de estos
subdirectorios para organizar in¢luso mds archivos.

Puede seguir anadiendo directorios en cualquier nivel de la estructura, hasta 512 archivoes y
directorios en el directorio rafz del disco duro (un directorio rafz en un disquete tiene
menos archivos y directorios). No obstante, MS-DOS se ¢jecuta mds lentamente si hay més
de 150 archivos y subdirectorios en el mismo directorio.

Hablando con propiedad, el resto de los directorios distintos del directoric rafz son
subdirectorios. Sin embargo, es normal utilizar el término directorio. En el manual, ¢l
érmino subdirectorio se utiliza sélo para dar mayor énfasis a la relacién entre dos
directorios. Un subdirectorio a veces se denomina directorio hijo, y el directorio que lo
contiene se denomina con frecuencia direciorio padre.



Nombres para directorios -

Con excepeidn del directorio rafz, que siempre se representa por una barra inveruda (\),
cada directorio tiene un nombre y algunas veces una extensidn, Para dar nombre i los
directorios se siguen estas reglas:

. * [Elnombre tiene que contener entre |y 8 caracteres.

* La extension puede tener un mdximo de 3 caracteres, sepurudos del nombre de!
directorio por un punto.

* El nombre y la ¢xtensidn pueden tener cualquier letra desde 1a A a la Z, numeros desde
¢l 0 al 9, y los siguientes caracteres especiales: subrayado (_), simbolo de intercalacion
(™). simbolo de dolar ($), tilde (~). signo de exclamacitn de cierre (!), simbolo de
numero (#), signo de porcentaje (%), simbolo de unién (&), guidn (-), Daves (| }). y
paréntesis ( }. No se aceptan otros caracleres especiales.

* El nombre no puede contener espacios, barras invertidas (\), comas o puntos. El numbre
puede contener caracteres extendidos.

* Dos subdirectorios que estén en el mismo directorio no pueden tener el mismu nombre,
Sin embargo, subdirectorios de diferentes directorios pueden tener el mismo nombre.

El directorio actual se indica con su nombre o con un punto. Al directorio padre del
directorio actual se le puede nombrar por su nombre © por un doble punto. Cuando se
utiliza ¢l comando dir para examinar los archivos y directorios de un directono (dttcrcnlc
del direciorio raiz), se pueden ver estos simbolos en pantalla, que representan los
directorios padre ¢ hijo. '

Rutas de acceso

. La ruta de acceso indica el emplazamiento de un archivo dentro de! drbol de directorios. Es
¢l camino que debe seguir MS-DOS, partiendo del directorio raiz, para llegar a un archivo
de otro directorio. MS-DOS reconcce rutas de acceso de hasta 66 caracteres, (in(;luycndo
la letra de la unidad y los dos puntos). Por ejemplo suponga que la unidad C tiene este drbol
de directorios:

(C:\] tree .
Lista de directorios en RUTA y estructura del Volumen CESAF
Numero de serie del volumen es 1575-693%
C:.
Dos .
ARTE
—— TRABAJO
p—— PERSONAL
—~ ESTUDIO




Para llegar hasta los archivos del directorio PERSONAL, MS-DOS debe pasar por los
siguientes directorios: rafz (\), ARTE y PERSONAL. Por lo wanto ¢l nombre de la ruta de
acceso serfa: \arte\persconal

La primcréibarrarl in;enida representa ¢l directorio raiz; la segunda separa ¢! directorio
PERSONAL del directorio padre, ARTE.

Para encontrar el directoric PERSONAL, debe escribir primero la ruta de acceso del
directorio. Si desea especificar el archivo FIG1.MSP en e} directorio \ARTE\PERSONAL,
. debe agregar a la ruta otra barra invertida y el nombre del archivo:
\arcte\personali\figl.msp

Puede haber otros archivos denominados FIG1.MSP en otros directorios y puede haber
otros directorios denominados \ARTE\PERSONAL en otros discos. Para distinguir
especificamente un archivo del resto de los archivos, se tiene que agregar una letra de

unidad a la ruta de acceso y al nombre del archivo. Por ejemplo, la ruta de acceso completa

del archivo FIG1.MSP del directorio ARTE\PERSONAL de la unidad Ces: .
¢:\arte\personal\figl.msp

La unidad actual

A menos que se indique Io contrario, MS-DOS supone que se quiere utilizar ¢} drbol de
directorios en la unidad actual. La letra de la unidad actual normalmente es parte del
simbolo de! sistema. Si actualmente se esté utilizando el directorio raiz de 12 unidad A y se
quiere suprimir el archivo A:\FIG1.MSP, se debe escribir el siguiente comando:

del figl.msp ‘

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

El directorio actual

El directorio en el que se est4 trabajando es el directorio actual para esa unidad. M§-DOS
puede presentar en pantalla la ruta de acceso del directorio actual como parte del simbolo
del sistemna. Si se desea realizar alguna operacién en un archivo, y s¢ estd utilizando
actualmente el directorio en el que estd el archivo, no se necesita escribir la ruta de acceso
del directorio actual. $i C ¢s la unidad actual y VARTE\PERSONAL es el directorio actual,
se puede suprimir ¢l archivo siguiente C\ARTEWPERSONALVFIG 1. MSP escribiendo lo
siguiente: del figl.msp

Si se estd trabajando con dos unidades, cada una de ellas tiene un directorio actual,
Suponemos que C es la unidad actual y \ARTE\WPERSONAL es el directorio actual. En su
disco de la unidad A, suponga que el directorio \FIGS es el directorio actual. Se debe
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escribir el siguiente comando para copiar el archivo FIG2.MSP desde A:\FIGS a
CMARTEWERSONAL: copy a:fig2.mspc:

"A menos que se especifique una ruta de acceso diferente, se trabaja en el directorio actuat
en cada unidad. Cuando se inicia ¢l sistema se estd en los directorios raices de las unidades
del sistema. El directorio actual de una unidad de disquete cambia al directorio raiz si se
cambian los discos. )

Para trabajar con archivos en un directorio que no es el actual, hay dos opciones: se escribe
la ruta de acceso del otro directorio o se hace actual el otro directorio utilizando el
comando cd (cambio de directorio}, que se describe posteriormente.

Si se estd trabajando con archivos de programa que no estén en el directorio actual. se
puede incluir la ruta de acceso del otro directorio en ¢l comando path. Vea el tema
"Especificacién de una ruta de bdsqueda” en este capitulo.

Si se quiere escribir la ruta de acceso de otro directorio, se incluye la parte de la ruta de
acceso que es diferente desde la ruta de acceso det directorio actual. Si el directorio gctusl
€35 \ARTE, se puede suprimir el archivo \ARTE\PERSONALVFIG1.MSP escribiendo el
siguiente comando: del personalifigl.msp

En este caso no es necesario escribir la ruta de acceso completa, ya que el archivo que se¢
quiere escribir estd en un subdirectorio dei directorio actual.

Modificacion del simbolo del sistema

Se puede utilizar el comando prompt para modificar la apariencia del simbolo del sistema.
A menos que se indique o contrario, MS-DOS visualiza la letra de la unidad actual
seguida de un signo mayor que (>) como simbolo del sistema. Por ejemplo, el siguienie
simbolo le indica que la unidad activaesla A:  A>

Se¢ pueden utilizar varios parémetros con ¢l comando prompt para cambiar el simbolo del
sistema., S

Presentacidon del contenido de directorios

. Este apartado describe c6me presentar la lista del contenido de directorios utilizando la
linea de.comandos. . T .



Presentacidén de directorios completos.

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

dir c:\trabajo

Presentacién de grupos de nombres de archivos.

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

dir *.com » ¢

Presentacién de todos los directorios de un disco.

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

tree c:\temp

Creacidn de directorios.

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

md mensual



Cambio de directorio.

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

cd oficinal\informes

Eliminacién de directorios.

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

rd c:\oficinal\informes\finanzas

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

’ )
Copia de todos los archivos de un directorio.

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

xcopy c:\informes\finanzas a:\finanzas



2.4.- Manejo de Discos.

La informacién se guarda en discos y permanece intacta hasta que se eliminan. En
contraste, la memoria RAM (memoaria de acceso aleatori), proporciona almacenamiento
de informacidn que se pierde cada vez que se apaga el ordenador.

Tipos de discos

Un disquete es un disco flexible y muy delgado que tiene una cubierta protectora de
plistico. Un disco duro tiene uno o mds discos rigidos apilados uno encima del otro dentro
de una caja cerrada completamente. A los discos duros también se los denomina discos
fijos porque permanecen dentro del sistema. Una vez que se ha instalado el disco duro, no
se debe retirar a no ser que esté dafado o se desee suslituir por un disco de mayor
capacidad.

La informacidn de los discos se divide en pistas. Cada pista es un circulo concéntrico gue
puede contener una cierta cantidad de informacién. Cuantas mds pistas tenga un disco, més
informacion puede almacenar. Un disco duro puede almacenar mds informacién que los

- disquetes porque tiene mds caras y mds pistas por cara.

Los disquetes varian en cuanto al tamaiio y la cantidad de informaci6n que pueden
contener. A continuacién se presenta una lista con los principales tipos de disquetes con los
que se puede trabajar en MS-DOS, y la cantidad de informacién que cada uno puede

almacenar: ,

5 1/4 pulgadas una sola cara/doble densidad 160K

5 1/4 pulgadas una sola cara/doble densidad 180K

5 1/4 pulgadas dos caras/doble densidad 320K

5 1/4 pulgadas dos caras/doble densidad | 360K

S 1/4 pulgadas dos caras/cuadruple densidad 1200K 6 1,2 MB
3 172 pulgadas dos caras/doble densidad 720K

3 142 pulgadas dos caras/cuadruple densidad 1440K 6 1,44 MB
3 1/2 pulgadas dos caras/alia densidad 2880K 6 2,88 MB

La mayor parte de los disquetes tienen etiquetas que indican de qué tipo son. También s¢
puede utilizar el comando dir o chkdsk para ver la informacién sobre la capacidad de



almacenamiento de un disco que ya tiene formato.  © .~

Bytes, Kilobytes y Megabytes

El tamaiio de los archivos se mide en bytes. Un byte es la cantidad de espacio que se
necesita para almacenar un solo cardcter. Un kilobytes equivale a 1024 bytes. En exie
manual el kilobyte se abrevia como KB. Un megabytes equivale a 1024 K {cusi wn millon
de bytes). En este manual la palabra megabyres se abrevia como MB. Por ejemplo, si un
disco puede almacenar casi 1,2 millones de bytes de informacidn, es un disco de 1,2 MB.

Tipos de unidades de disco

No todos los tipes de disquetes son compatibles con todos los tipos de unidades de disco.
En general, al disquete se le debe dar un formato con una capacidad menor 0 1gual que la
de la unidad en la que se utilice para que el disco y la unidad sean compatibles. Pura
comprobar si un disco funciona con una determinada unidad, el disco se insertu en la
unidad y se utiliza ¢l comando dir. Si el disco y la unidad son compatibles o el disco no
tiene formato, MS-DOS presenta un mensaje de error que le comunica que hay un fallo
general, ©

MS-DOS ajusta sus operaciones para trabajar con el tipo de unidad de disco que se estd
utilizando. Para algunos comandos, se incluye un modificador si la unidad de disco y ¢l
disquete no tienen la misma capacidad.

El formatb de los discos

. Antes de poder utilizar un disco. se debe preparar utilizando el comando format. £} disco
puede tener o no formato previo. Cuando se da formato a un disco, MS-DOS reulizu un
formato de seguridad. Con este formato de seguridad, se puede restaurar el disvo a su
condicién anterior mediante el comando unformat. siempre que no se hayan guardado
archivos en dicho disco.

Se puede incluir el modificador /u con el comando format para ejecutar un formato
incondicional. Este formato destruye toda la informacion del disco. Si de forma errdnea se
da formate a un disco incondicionalmente, todavia se puede recuperar la informacidn
perdida siempre que se haya instalado el programa Mirror antes de utilizar ¢l comando
format. El programa Mirror se describe en la siguiente seccion.



Cuando se da formalo a un disquete o a un disco duro, MS-DOS reserva una pequefia parte
del disco para su sistema de registro. El sistema de registro se compone de dos partes: una
tabla de usignacion de archivos (que determina el emplazamiento de cada archivo de!
disco) y el directorio raiz (que almacena el nombre, tamafo, fecha y hora de creacion y los
atributos de los archivos del disco).

Un sector es 1a unidad de almacenamiento bésica de un disco. Cada sector de un disco
puede almacenar medio kilobyte de informacidn. Cuando MS-DOS da formato a un disco,
MS-DOS verifica cada sector para detectar si tiene algiin defecto, y marcarlo para que no
pueda almacenar datos en ellos. Cuando MS-DOS almacena un archivo en un disco, utiliza
grupos de sectores llamados unidades de asignacién. El nimero de sectores por unidad de
asignaciin depende del tamaiio del disco.

Si se utiliza un disco duro nuevo, se debe realizar una particion antes de poder darle
formato, Mientras se ejecuta el programa de instalacién de MS-DOS puede crear
particiones y dar formato al disco duro. '

(9



Formato de un disco o

En breve

Para dar formato a un disquete o a un disco duro, se utiliza el comando format. Se debe ‘
especificar la unidad que contiene el disco al que se quiere dar formato. Por ejemplo. ¢l
siguiente comando da formato a un disquete de la unidad A: formac a:

MS-DOS realiza un formato de seguridad de forma predeterminada. Si se desea deshacer
el formato de seguridad, se aflade el modificador /u al comando format el modificador /u
elimina todos los datos existentes en un disco. Cuando se utiliza el comando format con ¢l
modificador /u para dar formato al disco duro, aparece ¢l siguiente mensaje:

Peligro, todos los datos del disguete de la unidad C: se porderan
¢Continuar con el formato (S/N)?

Escriba s para continuar, o n para cancelar el comando.

Utilizando el modificador /q con el comando format, se puede realizar un tormaty ripido
en un disco con formato previo, lo cual reduce el tiempo que MS-DOS necesita puri dur
formato a un disco. S6lo se utiliza el modificador /g si no se han recibido errores de
lectura/escritura en ¢l disco al que se esté dando formato.

Mientras se da formato al disco, MS-DOS presenta un mensaje que indica el porcentaje del
disco al que se da formato. Una vez terminado el proceso. se pregunta si se desea da yl
discouna efiqueta def volumen. Se debe escribir el nombre que se desee dar al disco o
presionar la tecla ENTRAR si no se desea una etiqueta, :

MS-DOS presenta la siguiente informacion:

1213952 bytes de espacio total en disco
1213952 bytes disponibles en disco
512 bytes en cada unidad de asigrnacidn
2371 unidades de asignacidn disponibles en disco

Nimero de serie del volumen 382C-17F4

Bytes de espacio total en disco  Indica la capacidad de almacenamiento del disco.

Bytes utilizados por el sistema  Aparece si se han transferido al disco los archivos ded
sistema de MS-DOS e indica el espacio que ha side ocupado por tos tres archivos del
sistema.

Bytes en sectores defectuosos  Indica la cantidad de espacio que no es posible utilizar
debido a sectores defectuosos. Si no hay sectores defectuosos, esta linea se omite. Si un
disquete tiene sectores defectuosos, se debe considerar no almacenar archivos importantes
o archivos de copia de seguridad en él. La mayor parte de ios discos duros tienen un
pequeiio nimero de sectores defectuosos.



Bytes disponibles en disco  Indica ¢l espacio total del disco menos la cantidad de espacio
utilizado por los archivos del sistema y los sectores defectuosos. Si el disco no contiene
archivos de) sistema y no hay sectores defectuosos, este nimero es igual al nimero de bytes
del espacio total del disco.

Bytes en cada unidad de asignacién y unidades de asignacidn disponibles en un disco
Indican la forma en que MS-DOS ha dividido el disco para ¢l almacenamiento de los
archivos. Si se multiplican las dos cifras de estas lineas, ¢l resullado debe coincidir con la
cifra que corresponde al nimero de "Bytes disponibles en disco™.

E! niimero de serie del volumen Indica ¢l nimero de seric asignado al disco. Este nimero
no cambia a menos que se dé nucvamente formato al disco. '

La siguiente Ifnea es un simbolo del sistema para dar formato a otro disco. Se escribe s para
dar formato a otro dis¢o en la misma unidad con los mismos modificadores, © se escribe n
para volver al simbolo del sistema. :

)ecificacion de la capacidad de un disquete

A menos que se indique lo contraric, MS-DOS supone que el disco que se quiere dar
formato tiene la capacidad médxima que corresponde a la unidad. Para dar formato a un
disco de menor capacidad, se debe utilizar el modificador /f:. Por ejemplo, si la unidad A es
de 1,2 MB, para discos de § 1/4 pulgadas y se desea dar formato a un disco de 360 KB, se
debe utilizar ¢l siguiente comando:

format a: /1:360
Algunas de las unidades de disco modernas pueden detectar la capacidad del disquete. Si se
dispone de este tipo de unidad, no se necesita especificar estos modificadores.

NOTA  Existen diferencias de hardware entre unidades de disco, por lo que algunas unidades de
360 KB no pueden leer de manera fiable discos a los que se ha dado formato en una unidad de 1.2
MB con el modificadar A:360.

P



2.5.- Manejo de un Editor.

Con la finalidad de generar un cédigo bara un programa, para
revisar listas de resultados, afladir texto a una presentacién,
etc., se precisa del manejo de un editor de texto.

Para ello, desde las tempranas versiones de MS-DOS, se ha
incluido en los diskettes de programas, editores de texto, que
aungue un tanto candidos, son eficientes. Las Qltimas versiones
de MS-DOS incluyen editores (EDIT), gque son mas refinados vy
permiten un procesamiento de texto mAs capaz.

Asimismo, para la edicién de texto tipo ASCII (American
Standard Code for Information Interchange), se pueden utilizar
editores de texto comerciales (WordStar, WordPerfect, Norton
Editor, etc). '

Tales editores de texto deberin invocarse desde el sistemé
operative y contienen reglas internas de operacidn gue pueden
consultarse en sus respectivos manuales de referencia o en sus
subprogramas de ayuda,

3.- Fundamentos de Programaciodn.

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

La comprensién completa del lenguaje técnico no es
prerreguisito para la preparacién inteligente de una secuencia
l6gica de instrucciones (un programa) gue puedan usarse en la
computadora para resolver alglin problema. S&élo se necesita
aceptar la premisa de gque en un disco flexible o en alguna parte
del disco duro existe un conjunto de instrucciones detalladas en
lenguaje de maguina que habilitan a la computadora para ejecutar
una serie de instrucciones simplificadas orientadas al usuario vy



preparadas bajo las reglas del Fortran, Basic; Pascal, etc. Este
juego de instrucciones en lenguaje de maquina se origina con un
programa compilador.

3.1.- Constanteg y Variablesg.

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

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

3,2.- Proposiciones y Asignaciones.

El lenguaje Fortran usa los caracteres alfabéticos, numéri-
cos y especiales del idioma inglés y de la matemética; las 26
letras del alfabeto inglés, A a Z; los 10 digitos decimales 0 a 9
Y 10 caracteres especiales: -

F-w =, ()

Aunque é&stos son los mis comunes, existen otros caracteres
también disponibles.

Estos caracteres se combinan para formar palabras, nimeros y
expresiones que se utilizan para construir proposiciones. Una
proposicidén puede ser una instruccidén explicita para que la com-
putadora ejecute una tarea sencilla, por ejemplo leer un valor
introducido desde el teclado y asignarlo al nombre de una varia-
ble o realizar operaciones aritméticas y asignar el resultado a
una variable, repetir una serie de tareas, © imprimir los resul-
tados de un cdalculo.



AdemAs, una proposicidén puede proporcionar informacién para
definir un arreglo, identificar una variable compleja o especifi-
car un formato de salida.

Un programa consiste en una serie detallada de instrucciones
Yy proposiciones organizadas en secuencia 1légica para alcanzar
resultados predecibles.

Una proposicidén de asignacidén es una proposicién ejecutable
gue asigna los valores numéricos de una expresidn aritmética a un
nombre de variable en una direccién de memoria especifica. EI
simbolo de asignacidén es el signo = o en ocasiones := (Pascal).

" 3.3.- Lectura y Escritura, .

Existen proposiciones ejecutables que proporcionan medios
sencillos y directos para suministrar valores de datos a los
nombres de las variables que se usan en un programa. ,

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

Los valores en cada registro del archivoe de datos deben
concordar en numero (cantidad), orden y tipo con los nombres de
las variables en la lista de lectura. Si el conjunto de datos gue
se proporciona en un sblo registro excede al nimero de nombres de
las variables en la lista, los valores de datos se asignaran, en
el orden correspondiente, hasta que a cada nombre de variable de
la lista se la haya asignade un valor. Cualquier dato adicional
del registro se ignora.

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



3.4.~- Iteraciones y Transferencias.

Para utilizar todo el potencial de la computadora es necesa-
rio saber cémo repetir una secuencia de tareas, tomar decisiones
basadas en comparaciones sencillas y saltar a otra proposiciédn
especifica en el programa. La iteracidén o repeticién de calculos
se llama ciclo y es el resultado de la ejecucidn de varias trans-
ferencias mediante proposiciones de control.

Una proposicién de transferencia es una proposicién ejecuta-
ble que transfiere o ramifica a otra proposicién identificada por
una etigueta de proposicidén Gnica. Una proposicidén de transferen-
cia puede ser condicional o incondicional. Las proposiciones de
transferencia incondicional siempre transfiere a una sdla propo-
sicién, miestras que una proposicién de transferencia condicional
puede transferir a una de varias proposiciones especiflcas, de-
.pendlendo de las condiciones de los datos. :

Una proposicién de control puede repetir un conjunto parti-
cular de propposiciones un determinado nimero de veces.

Existen y son de gran trascendencia, las proposiciones de
transferencia condicional de tipo légico. Este tipo de proposi-
cién emplea expresiones légicas con operadores relacionales vy
toma decisiones en funcidén de la relacién entre los valores de
dos o mads variables o expresiones aritméticas.

3.5.- Vectores,

Con frecuencia es necesario trabajar con cantidades
numéricas gque son elementos de un grupo llamado arreglo, y de
acuerdo con su forma también se les puede llamar matrices o
vectores. Un arreglo es una familia de elementos © cantidades,
relacionados, todos asignados al mismo nombre de variable, cada
elemento del arreglo se identifica con un subindice diferente.
Las variables gue son elementos de un arreglo se conocen como
variables -con subindices.

En la mayoria de los lenguajes, antes de gue pueda usarse
una variable con subindice en un programa, primero es necesario



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

3.6.- Subprogramas.

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

Muchos programas contienen calculos gue necesitan proposi-
ciones sencillas o que regquieren de un segmento de programa con
muchas proposiciones para repetirse en ése programa © en progra-
mas relacionados. Semejantes rutinas de repeticién pueden supri-
mirse del programa principal y escribirse en forma separada com
osubprogramas. Desples, é&sos subprogramas pueden llamarse de un
modo individual mediante una proposicién sencilla colocada de
manera apropiada en el programa principal siempre que se le nece-
site. El1 subprograma desarrollado por el programador sirve al
mismo propbdsito para aplicaciones limitadas como las funciones
intrinsecas mds generalmente aplicables y puede grabarse para
usos subsecuentes en otros programas.



.3.7.- Almacenamiento y Compilacién, B o

Algunos lenguajes, 'tal como el Fortran, son lenguajes
compiladores, es decir, el programa. fuente escrito por el
programador debe traducirse (compilarse) a_ un.cdédigo simbélico o
lenguaje ~ de maquina gque sea- comprensible para la computadora
personal. Se reguiere de un programa intermedio 1llamado
compilador para hacer ésta operacidén. Hay diversos compiladores
disponnibles. El compilador gque se usdé para la traduccién
(compilacién) del programa ejemplo de éste segmento es el
. Compilador Microsoft Fortran. . -

El compilador MS-Fortran consiste en un conjunto de discos
flexibles, guia del usuario y un manual de referencia gque
proporcionan informacién detallada de los. archivos de los discos
Y la forma en que pueden aplicarse. En ésta seccidn se muestra de
manera somera cdémo se realiza la escritura, - edicién, compilacién
Y ejecucién de un programa fuente Fortran de ejemplo (consiltense
la gldia y el manual del usuario para obtener -un con001m1ento mas
completo del compllador Fortran) S ier L
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4.=- Modelos Matem&ticqp. _‘,; _
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4.1.- Qué es un Modelo ugtemgtidb. L ) 5

. ~ T - M A .

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

Los modelos matemdticos son un valioso auxiliar en-la pla-
neacién del manejo de acuiferos, al simular su comportamlento
bajo diferentes politlcas de operac16n. - . : ‘ S
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.
b . 4+



30

+4,4.- Lenguajjes.
. Sl L . ' ‘ '

—
-

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

En los Estados Unidos existen empresas que se dedican a la
ingenieria de software especializado en geohidrologia vy
contaminacién de acuiferos, que trabajan con una alta calidad vy
resolucidén., En México, el Instituto de Ingenieria de la UNAM vy

.otras instituciones de educacidn superior asi como dependencias
gubernamentales trabajan con gran éxito del modelado matemdtico
de fenémenos de dispersidén de contaminantes.

- o . .



Figuras. .~ - .«

Listado del programa de ejemplo Bubble

Diagrama de flujo del programa de ejemplo‘

Anéllsls de ejemplo en Curfit. -
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Andlisis de Optimizacién.
Hundimiento del Terreno.
Elemento 23
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R e ! Polinomiol gfado 3: ¥ =.A+BX+C(X~2)+D(Xt3)
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Manual de Hundimientos. Folinomial grado 2: ¥ = A+B8+X+(»(¥~2) Lineal: ¥ = A + Bs=X
D.GC.COH. con A= 2303.974 Con A = 2288.772 .
Elabord: F. Meixueiro. g=-0137 8 = ~0.00693
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