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N centro de educacion continua

,mkfgﬁ'vg" divisiodon d e estudios superiores
: facultad de ingenierfa, unam
A LOS ASISTENTES A LOS CURSQOS DEL CENTRO DE EDUCACION
CONTINUA

va Facul tad de Ingenieria, por conducto del Ceniro de Educacién Continua, otorga constan=~
cia de asistencia a quienes cumplan con los requisitos establecidos para cada curso. Las per
sonas que deseen que aparezca su titulo profesional precediendo a su nombre en el diploma,
deberdn entregar copia del mismo o de su cédula profesional a més tardar el Segundo Dia de
Clases, en las oficinas del Centro, con la Seforita Barraza, de lo contrario no  serd posible.
El control de asistencia se efectuaré a través de la persona encargada de entregar notas, en
la mesa de e;nrrego de material, mediante listas especiales. Las ausencias serén computadas
por las autoridades del Centro.

Se recomienda a los asistentes participar activnnente con sus ideas y experiencias, pues

los cursos que ofrece el Centro estdn planeados para que los profesores expongan una tésis,
pero sobre todo para que coordinen las opiniones de todos los interesados comstituyendo ver-
daderos seminarios.

Al finalizar el curso se hard una evaluacién del mismo a través de un cuestionario disefado
para emitir juicios andnimos por parte de los asistentes. Las personas comisionadas por al-
guna institucién deberdn pasar a inscribirse en las oficinas del Centro en la misma forma que
los demés asistentes.

Con objeto de mejorar los servicios que el Centro de Educacién Continua ofrece, es impor-
tante que fodos los asistentes llenen y entreguen su hoja de inscripcién con los datos que se

les solicitan al iniciarse el curso.

ATENTAMENTE

ING. SALVADOR MEDINA RIVERO
COORDINADOR DE CURSOS. Tacuba 5, primer piso. México

ade Teléfonos: 521-30-95 y 513-2
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(’11;3i5?\77 DIVISION DE ESTUDIOS SUPERIORES
e U3 =2 FACULTAD DE INGENIERIA, UNAM,
W i F‘* S 2%/ J

L.
[\ [

WW;,.;J;\;,L;;,;;),,\: CURSOS DE MAESTRIA Y DOCTORADO
La Divisi6n de Estudios Superiores de la Facultad de Ingenieria, UNAM, ofrece las
siguientes Maestrias y Doctorados:

)
Lo

Maestrfias Doctorados
Control Mecanica Estructuras
Electronica Mecidnica de Suelos Hidridulica
Estructuras Petrolera Mccinica de Suelos
Hidréulica Potencia Mecdnica Tebrica y
Investigacidn de Planeacidn Aplicada

Operacicnes Sanitaria Investigacidn de
Mecénica tébrica y Operaciones
Aplicada

Programa de actividades para el segundo semestre de 1976
Exidmenes de admisién: 10, 11y 12 de mayo
Inscripciones: 31 de mayo al 4 de junio
Iniciacibn de clases: 7 de junio

Requisitos de admisidn
a) Cumplir con una de las siguientes condiciones:

1. Poseer titulo 'profesional en Ingeniceria o en alguna disciplina afin
a las maestrias que se ofrecen cn la Divisidn, otorgado por la UMM o -
por cualquier institucidn nacional o extranjera.

2. Ser pasante de la Facultad de Ingenieria, UNAM

b) Aprobar los exdmenes de admisién que se efectuardn en las fechus sefialadas -
arriba.

c) Presentar, dentro del periodo de inscripciones arriba mencionado, la documen-
tacidn que se indica en el folleto de Actividades Académicas 1975 dc 1la DESFI

i
Mayores informes: Divisidn de Estudios Superiorcs de la Facultad de Ingenieria,
Apartado Postal 70-256, Ciudad Universitaria, México 20, D. F. Tecl.: 548-56-77 |

"PGR MI RAZA HABLARA EL ESPIRITU™ 4
Cd. Universitaria, febrero 3. 1976

I

l
EL DIRECTOR DE KA FACULTAD EL JEFE DE LA DIVISION
~ T©NRTOUE DEL VALLE CALDERON DR. OCTAVIO A. RASCON GAVEZ
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CENTRC DE ‘JUC““IOh CONTINUA
DIVISION DE ESTUDIOS SUPERIORES
PROGRAMACION .Y MODELOS DE INGE-
’ NIERTA AMBIENTAL
ABRIL, 1976
HORARIO PARA LAS MARANAS
Dia
Hora Lun 26 Mar 27 _Mier 28 Jue 29 Vier 30
Introduccidn a Proposiciones _Variables con Subprogramas Tépicos avanza-
8-10 la Computacidn. ¢0T0, IF subindices FUNCTION dos de progra-
Lenguaje Fortran (Cuevas) (Cuevas) (Cuevas’) macidn
(Cuevas)
Constantes, va- Proposicién DC .Variables con Subprogramas Andlisis de re-
riables y expre ‘ subindices SUBROUTINE des de abasteci-
10-11 sidnes aritméti (Cuevas) (Cuevas) (Cuevas) miento de agua
cas potable
(Cuevas) -
Instrucciones Ejemplos Modelo de - Ejemplos Programacidn Li-
de entrada y sa .
11-12 1ida de informa (Cuevas) transporte (Cuevas) neal
i - : (Cuevas)
clon /
(Cuevas)
'Talier Taller de Desechos Talier Determinacidn
12-13 (Codlflca01?§ (Codlflcac1?§ S51idos (Codlflcac%?n de paré@metros
e y Perforacidn) y Perforacidn) y Perforacidn) (Bonilla).
{Cuevas) (Cuevas) (Zepeda) (Grupo)
Ve

D



)



CENTRO DE EDUCACION-CONTINUA
DIVISION DE ESTUDIOS SUPERIORES

PROGRAMACION Y MODELOS DE INGENIERIA AMBIENTAL

' HORARIO PARA LAS TARDES
* ABRIL, 1976

Hora

LUNES 26

MARTES 27

MIERCOLES 28

JUEVES 29

VIERNES 36 - |

14-15

15-16

Modelos de disper-
sidén de contamina-
cion atmosférica.

( Canter)

Modelos de contami-
nacién bacteriana
del agua.

( Canter )

Andlisis de redes de
abastecimiento de dgua.
Hardy -~ Cross

(Reid )

Modelos parc abas-
tecimiento de agua y
modelos par sistemas
de al cantaril lado.

( Reid)

16-17

17-18

Modelos de prq[gcga;-
cidn y exposicion
al rvido. ,

( Canter )

Modelos de contami-
nacidén témica. -

~ ( Canter )

Modelos de calidad del
agua. Streeter Phelps

( Reid )

Modelo para siste~
mas de drenaje.

( Reid )

Modelos genera~

les de sistemas
para manejo.de |-

la calidad del
agua.

( Reid )
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PROGRAMACION Y MODELOS DE INGENIERIA AMBIENTAL
DIRECTORIO DE PROFESORES

DR. UBALDO BONILLA DOMINGUEZ

Jefe de la Seccién de

Ingenieria Sanitaria

Divisién de Estudios Superiores,
Facultad de Ingenieria, UNAM

Ciudad Universitaria

México 20, D.F.

Tels: 548.58.77 6 548.65.60 ext. 444

M. EN C, BALTAZAR CUEVAS RENAUD
Seccion de Hidraulica

Instituto de Ingenieria, UNAM
Ciudad Universitaria

México 20, D.F. :
Tels: 548.95.97 6 548.65.00 ext. 415

M. EN C. FRANCISCO ZEPEDA PORRAS

Jefe de Area de Residuos Solidos
Subsecretaria del Mejoramiento del Ambiente
Av. Chapultepec No. 284 ~ 11° PISO

México 7, D.F.

Tels: 511.10.16 6 514.59.03
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1.- INTRODUCCION A LA COMPUTACION ELECTRONICA

Todos 1los dispositivds y ia organizacidén tan
compleja que en conjunto forman una computadora y que ha-
cen poéiblella realizacidn de una serie de funciones y
trabajos, qﬁe sencillamente sSon increibles, se basan en
un hecho esencial: una computadora puede sjecutar ciertas
operaciones muy simples, pero extremadamente répido.

Una computadora comin puede sumar un millén de
nimeros en un segundo; las computadoras realmente rdpidas
pueden hacer esto mejor.

Las computadoras pueden hacer otros pases ele-
mentarios de algoritmcs aritméticos {por ejemplo; multi-
plicaciones, comparaciones numéricas, transferencias de
control), a velocidades comparables. De esta forma, se
" puede entender como e€jecutan algoritmos complicados en mi
1ésimas de segundo.

El fin que se ha perseguido en la organizacidn
de una computadora, es aprovechar efectivamente y eficien
temente su velocidad de computacidn. Para visualizar esteo,
piense en una calculadora electronica de escritorio, bas-
ta apoyar una tecla para que en milésimas de segundo ob-
tengamés el resultado de una operacibn de multiplicacién;
pero perdimds mis tiempo en darle a 'la calculadora los ni

_meros a multiplicar.




Esto misme ce presenta en una computadora y el
problema ha side la organizacidn de ésta, asi que se apro
veche su gran velocidad de computacidn,

Las primeras computadoras tenian tres elementos
principales, EBstos eran un pro&esadd? central, ung memo-
ria y un lenguaie doe mEguina. ‘

Bl procesador carirnl es ¢oeaci wlmeste una cal-

¢uladora rapida. iz wenoris
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computa-
dora pueds leer v escribir n réros o instiucciones, Bl
lenguaie Jde miAgquinz es n lenguaie =2n o1 gne se dan ins-
trucciones a lu computadera. asi ou lugar de apover la te
cla de multiplicacidn, se usa la instruccidn multiplicar;
y en lugar de darles manuaimente insvnﬁmeros, se puede es-
cribir "toma el nfmero sscrito’en tgl jugay de la wemaria

y coldcalo =n la unidad aritmética". Ya que la compucado-

ra eiecuta las instrucciones que se le dar, tieae or{0O

[

miidad de control. Su runcidn

-t
ot
o

elemento wuy inmportante,

4

. i . . | - N
es interpretavy las instruccioneés, ejecutarias v controlar

¥ Los pasos LAsicos para obtener la solucién de

un problema; en este tipo de computadevas evan:

2n 1la remorid de Yo computedors

. ‘ %3 Dev lz orden de iniciar 12 eiecucidn del

O



programa.
4) Ejecutar el programa.
5) Obtener los resultados de la memoria de
la computadora.

En el caso de la computadera IBM 650, una de las,
primera;, 1las instrucciones y datos/eran perforados en
tarjetas y almacenados en ia memoria de la ccumputadora a
través de una lectora. Una vez que €stos se encontraban
almacénados, la unidad de control se cclocaba en la loca-
iizacion de la primera instruccidén, estoc se nacia usando
la consola; y el operador esperaba hasta que 1la computado
ra terminaba el proceso. Ya que el procesador central ope
ra extremadamente ripidc y la velocidad de 1la unidad de
control y memoria son comparables, 1z velocidad con que
se ejecutaban algoritmos era extremadamente ripida. o

| La organizacidn de este tipo de computadoras

fue a principios de 1950 y durahte esta década fue el Gni
co tipo o modelo disponible. A finaies de esta década, se
vid quer ésta no era la forma de usar eficientemente la ve
locidad del procesador central,. por las siguientes razo-
nes: | .

1) Se requeria de mucho tiempo para la pre
i paracion de 1las instrucciones del pro-
;o ; grama (escribirlas correctamente en len
guaje de miquina). .

+




S& regueria de un tiewpo rvelativamente
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grande en almacenar 1as instrucciones Yy
i

datos en la memoria de la computadora.
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peids de Las computado
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¢

Dos camhios en la orgarid

icuitades.

]

ras, se hacen para tratar de ellminar estas di

)

Uno de ellos es la iniroduccidn de lenguajes de alto ni-

a

font

vel, que ayudan a aumentay la eficienclia zq

"3

ropara-

cidn de programas., Bl segundo cambio g3 1a introduccicn

ty1

iares de

ot

de un sistema operativo, junto con memorias auxi

W

entrada v salida.
El primer lengusje de alté nivel. usado extensa

A

P

]

mente fue 21 TFORTRAN, cuyo nombre viene de "TORMU RANS

LATOR™. E1 FORTRAN original no fue tan versatil como el
gue se dispone en Ja actunlidad.
¥ El use de lenguaiss de alto pivel recuisve del

uso de!programas que hagan ia traduccidn a lenguaic de mid

i
v

quina..
i
LS prograrss que hacen est2 tradueccidn se lla-

iy

e -

s s, v



.

<:> . man compiladbres. Ellos leen un programa escrito en len-

ey .«_;

' - guaje de alto nivel y elaboran un programa equ1va1ente éﬂ
o w,pw

. >

: L 1enguaJe de miquina. I

i P v

. . R La;intfoduccién de lenguajes de alto nivel.da

'

% lugar a'la introduccién de un ”sisteﬁa” que opere a la

f computadora. Este s1stema estd tormado por-un conjunto de

13

ﬁrdgramas y algoritmos, aue incluyen los algoritmos para

e

5 la traduccidn de lenguajes, algoritmos para catalogar y

....ordenar el trabajo de la computadora, programas que ini-

n
b

A . . , .
g ‘cilen y termilnen trabajos) programas para enviar los resul

>

- ‘tados al' exterior, etc.

» La forma en que se ejecutan trabajos en este ti

&;} ; do, registrado y almacenado en una memorla aux111&r de la

v

,{ computadora y espera su turno para ser ejecutado. La com

; ’ putadoratuna vez que termina un trabaJo, va al reg1stro y

N busca eli nombre del 51gu1ente programa por eJecutar, 10
1 - . v
u“trae.a su memoria pr1nc1pa1 y lo ejecuta. CT
ekt \

§ -

§ . ! o l-
. - Los) resultados son enviados a otra memoria auxi

liar. y posteriormente a la impresora.

i
i

~ | ~ La computadora dispone ahora de una seric de

f 1

i

: d15p051tnvos de entrada y salida, estos se muestran esque
T ‘ _
mét}tamente en la Figura 1. : )
"\ « Este tipo de organizacidn d& como resultado una
}

\ :
operacion efigiente de la computidora. El procesador cen-
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e eeme. . .TTET un programa~qué”és ﬁeqﬁeﬂ“'

P

U,

ot vac

"”‘*"muchos factores y varia desde unas cuantas. horas hasta

¢

s -

W A

tral se encuentra casi constantcmente trabajando a todii

‘su velocidad; por otro lado, el uso de compiladores. y dgl

sistema operativo, introduce una gran cantidad de-trabajo

a la computadora. . - e

Aunque esta forma de organizacion es ef1c1cnte

desde el punto de vista de la computadora, no 1o es desde

e

’,M el punto dc vista de los usuarios. El problcma que se pre

PPN o .
P ot

senta es el 51gu1ente. 1a\computadora eJecuta solo un pro

T T e s :ﬁ gf-.,,.k,c, o

grama simuIténeamente;.supongamos que un usuario desea co

i [ada i

, ti ne que esperar su tur

-no’para que éste sea ‘ejecutado, este.tiempo de espera en

!

que HeJa el programa y obt1ene los,resultados, depende de

£l
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‘zac1on de la computadora aparecc a“medlados “de’ la decada

l

‘de 1960 Este tipo He organlzac1on se llama tlempo compar

- - —— i S 74

t1do, es extremadamente compllcada en la Figura’zfsek

muestra esquematvcamente. BRI SV NG

/

g -
. oo v o,
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e

me

= 1
‘brevemente sus’ componentes prlnc1pa1es: e

'Nemorlaﬂdexentrada y sal1da para acce§o d1recto° Cadawcon,

Para solucionar esteqﬂroblema,runannuevaworgﬁhi~

> 7

Para apreciar esta complejidad, se analizardn ‘-

. (
b e solamtlene a51gnada~un ired de memorla (durante

. . - ~ e I T I PSS
IOV - « N

su opcrac1on) v la informacidén env1ada es almace

A

o e e e |

.. nada. temporalmente, hasta que-s¢ 11eve a cabo al
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.i . - gln,procesamiento.

Este;dispositive-es una.computadora pequefia, de
_-:. :propbsito especial que puede. realizar, procesa-
o ~ mientos muy: simples; por.ejemplo: verif}caf ca-
- - .da-proposicién-que cs..enviada, si esrcoffecta
Bt de acderdo con el lenguaje:queiqstafusandbb \
Co Cuando_se tienen una serie de proposigciones y

el usuario quiere enviarlas.a .procesar, este

dispositivo envia estas proposigciones.a la com-

- . - sputadora principal;.y .cuando.ésta envia,los- re=.

»! .sultados;,- los pone en la forma adccuada para en
. we. .i...viarlas posteriormente a:la consola, -

Memoria:de entrada:y salida para.la ejecucién de, progra-

.mas: -, Esta parte _del sistema.almacena-los pro-

0 gramas que debe ejecutar la computadora, asi co.
te; . -mo los -que.ya-han.sido ejecutados-y seran envia

dos-a impresion. Co
. :Aunque- se'tengan_operando simuiténeamgnte un

- gran namero .de consolas, a la computadora le so

-»i- : bra.tiempo,y puede ejecutar ,programas que se en’

cuentran en lista de espera. .
Memoria principal.- Esta es el érgﬁ\principal de trabajo,

e 3’ﬁde la-computadora. Ln ella se encuentra el sis-
LY téma;operativo.

- ©  Cada-uno-de los programas que en un momento da-

N

oy (S 1



do se encuentra en cjccucidn, tienen una parte
Jde esta memoria asignada para su uso.

LLos programas almacenadcs en la memoria princi-
pal son ejecutados casi simultineamente, cs de-
cir, el sistema operativo va recorricndo todos
’los travajos y en cada uno de ¢llos ciecuta una
parte del programa. Si la computadora tiene mas
de un procesador central, 1la ejecucidn de los
trabajos es pricticamente simultédnea.

Memoria Auxiliar.- Esta memoria tiene las funcion : men-
cionadas previamente, en adicidn almacena 1los
trabajos que han sido parcialmentc ejecutados.
Ya que la computadora va ejecutando todos los
trabajos simultdneamente, los resultados par-
ciales de cada programa asi como la informaciodn
referente, son aimacenadsos en esta memoria auxi
liar.

Cada vez que la computadora va a ejecutar una
parte de un programa, obtiene de esta memoria
la informacidn necesaria para proseguir la eje-
cucidn del programa.

Memoria de usuarices.--En esta memoria los usuarios pueden
guardar sus programis por pe "iodos largos de
tiempo {dias, meses,. En esta memovia se guardan

programas que han sido compilades, archivos de

O



(:) i datos,‘etc.

fctel u@Unldad central y procesadores centrales.- La unidad cen-

-, ; ' -A.‘.v’
‘.

© Q00T J ik tral rec1be 1nstrucc1ones “del 51stema operatlvo

y dec1de la forma en que se deben eJecutar. Los

B R
. wios T L

we /*r

Fmaty & o0 0T procesadores centrales hacen las operac1ones
i ’ h . - ) A
o Emolatny C ar1tmet1cas, comparac1ones, etc.

El querer describir con uﬂ‘poca mis de ‘detalle
. St o
la organizacidn actual de una cémputédora, se sale de los
méobjefivos de este curso. Por ofro'la&oy désde'el punto de
oy svista de usuarlos, nos interesa mas camocer en detaiie un

lenguaje de alto nivel.

O WE , ,
N
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Er 1la discusidn del usce de este lopguaie se gom

siderara, por simplicidad, que la forma éc darle instrucs
ciones y datos a la computadora, e3 a través de tarjetas
de codificacidn; sin embarge, se puede generalizar a cual
quier otro dispositivo de entvada {disce, cinta magnética).
tes progreamas fuento FORTRAN ze cseriben normal
mente en tarjetas de codifroacidn, o 1.c wolumnas 7-72

o

nclusiva,

=

Para fines de veferencia, se pucden gnuierar

gvn 2 sigitos, enteros

et
]
1
e
"
9]
o=
o
(,f!
bt
-
o
o]
=
D
14

o}
]
e
f»-i
o]
Yo
3
48]
=t
*y

sl
93]
u
¢

Yy £in siggﬁg

Normalmente cada preposicidn ocupa un sclo ren-
glén en la forma de codificacids; st nor alguna razdn no
2s suficiente un renpidn, se ousds ~2nuinsar 2n renglones
subsecuentes, v se permite hasta un wdrime de 19 veaglo-
nes continueos, gue se identifican‘sszcri* lendo un cardcter
que no sea blarnco en la cel.rna 6.

se pueden insertar ceoventarics en e1 programa,
que auﬁque se imprimen en el‘iistéde de salida son igno-

rados pot 21 compilador; estos comentarios se identificanm

por una letra ¢ en la& columna T,
i

* Las columnas 73-80 gon ignnra’os por <1 coumpila

dor!, se usan generalmente vara chumerar secusncialmente

10



las tarjetas del programa, o para escribir comentarios.

et

[ NS
°

der

1)

&),

3)

")

4)

)

Existen 5 tipos de proposiciones en FORTRAN:

Prdposiéiones de asignacién, que corres
,ponden a las proposjic@pnes arjtméticas.

Proposiciongs de entrada y,salida de in
férmacién.., 4 '
Rrppbsiciones“dgpgontrold que, correspon
den{a las,instnuccipneéade\cdmpardcién”

y,.ramificacion. - o
Proposiciones dg~especific§gi6nd,éstgs

no dan,lugar apinstrucciones en el pro-
grama,objeto,, pero sirven'ﬁara\informar
*91 ;ompi1ador donde,y. ¢6mo ;s¢. almacena-

xén |1gs dates e, larmemoria.. v oL

- 5) Proposiciongs para use.de subprogramas,

i1




3.- PROPOSICIONESE DE ASIGRACION

3.1, Constanves & variables

Uns constanve enteva FOVTRAN ez cuaiaguier nume-
re escrite sin punto Jeeimal: fos afimeras egalivos pues

5L g0 Menss ¥ Uit SnLerc oue nao vaya

43
Qi‘
=]
Mo
p-.’
sy
”"2
ﬁ
e
[P
)
#]
£
p
£ oo
[

constante real usando notacidn =xponsnciai, para is cual

B

se usa ha letra ¥ sepguida de una constante enterd, asi

por ejemplo:

fodn alimere 2L gue se Telleve . pul moedls 49t DOMm

bre, en vez de su valor =% una varisble,
Loz nombres gue s5g asi
den estar formados vor unz serie:de caracterss {sx¥septo
21 blancp Y, maximo 6

ro debe ser alfabéticeo.

Si e} vrimer cavdciey de unp variacie o, I, J,



tico, representa una cantidad real.

Esta convencifén se ignora si se especifica ail

principio del programa qué variables son reales y cuiles

v
'

enteras; para esto se usan las propesiciones:

t
1

INTEGER u,, uzs‘uxp CYRRRE

el

V!l}onno

REAL Ve vz, VS,

Cada variable toma el tipo especificado, inde-

pendientemente de 1la primera letra.

1

3.2. Expresiones Aritméticas

Una expresidn aritmética es cualquier secuencia

'

de constantes, variables y funciones, separadas por simbo

-

.-ilos de operacidén (+, -, exc.) que en conjunto tienen un

”

significado matemitico.
Se tienen 5 operaciones en FORTRAN:
+ para indicar suma.
- para indicar resta.
# para indicar muitlplicaciéne
/ para indicar divisién.
i %% para indicar exponcnciacidn.

A} escribir expresiores critmfticas se deben ob




B

B

iy

[
Yemnd

4)

Cualguier expres “dn nueds scy sleovada 3
und potencia que £u wnz cartidad entera
positiva o negativa, pero sélamente una
expresidn rveal puede ser elevads a una

potencia real.

03

carin nas. efi

e
=
Q
W
e
o]
I
s
]
1]
bt
<
142
§)
=}
o
i
fend
"2
pral
o
(23
443

cientes si no se fiznsn vvariables entee
r2s y reales sntvemezcliadas en una ex-

-

C e . _ ;
QYESLON dritmeética; fa {

%]

wica excepcidén

poes

es en 1a operuacion de exponenciacidn.

Por ejemplo, al calcular la expresidn

A + 1 e} comuilador debe inseviar ins-

risble § e 12 forma de ponos fintente,

14



X23.0 es mejor que x23; de la misma for

ma x#%3 es mis rapido que x®=%3.0.

3.3, Funciones matematicas

En FORTRAN se usan ciertas funcionss matemiti-
cas. La siguiente tabla muestra el nombre de cada una de

ellas y 1a funcidn que representa:

FUNCION MATEMATICA NOMBRE EN FORTRAN
Exponencial EXP
Logaritmo natural ALOG
Logaritmo comin ALOG 10
Seno de un anguloc en radianes SIN
Coseno de un:angulo en radianes Cos
Tangente hiperb6licsa TANH
Raiz cuadrada SQRT
Angulo-?angente, en radianes ATAN
Valor aﬁsoluéo ‘ ABS

+ Los elementos basicos del lenguaje FORTRAN gue
se han twatado hasta ahora, tienen muchas aplicacicnes al
escribir programas. La m&s importants es el cdlcule de un
nuevo valor de una variable, el que se¢ hace con una propo

sicidn de asignacidn. J

13 E :



Su fornmula ceneral es a = b, en la cual 2 es5
' fnd A ¥

el nombre de la variable escrito sin signo, v b es cval

quier exprss:dn aritmética.
.+ Una propeeicibn de ssignacidn es wna orden para

cajcvlar 21 valor de 12 expiesida de la devecha v propor-

cionar ese valor a 1 wvarishie vowhrat« » 1o dzjuicrda.

realizar el producto de 1z vaviable vy por &! valor de
la funcién SIN(R): v veewpiarzvy ¢l 2la. de w  con ol re
sultade de este products. El wvalor apccvier Je x se
pierde

Otvro ejemplo de una propoesicidn de asignacidn
¢s la siguiente: N = N#1, cue signitics roeppiazar ¢l va-

loy de Ya wa-iable N por su anbigue va2ior mds 1.

3.4. Variagbles de precisidn dable  compleinsy v légicas

[
@
h

.
o ¥ P
regulersn raseliver pro

En aigunos ©3asos se

fﬁ

mas con gran precisifn, es decir, se desea tensy el mayor
nimero de digitos vposible. Esto se pucde hacer a través

de variables de dovle precisidn. ;

2 copog D ea [P 3 il 8 PR R PO
510m senziila, las variables de ceble piecisidn tienen

dos veces 1z precisidn de wna vavisblie vesl, o un poco

-

més; osto depends de la computadora, Bu térsings de sala-

i6



bra.de memoria, una variable de »recisidn doble requierve
B

dos palabras. de memoria.

&

La" proposicidn para declardr una variable de do

ble precisidén tiene la forma:

DOUBLE PRECISION - v,, vég Vgero oo

1
1

donde v, , VZ; v, Son los nombres de 1las variables.
Una constante de precisién doble se escribe co-
) |
mo una constante en forma exponencial, pero con una D

b ia . " ) '
en -lugar de 'una E. Las siguienteés son constantes de doble

precisidn: .

1.5 DO

10

. S 5.6 D-10 = (5.6-10 ')

1.56568 DO

-

3

titud que se requiere.em la solucidn de un gran nGmerc de

v

problemas. S6lo en casos muy especiazl<: se usan variables

1

de doble precisién.
En notacidn matemitica los nimeros complejos
G ‘ - . S - R NN :
son pares ordenados de nameros (a,b), generalmente denota

dos por la expresidn a*ib, dond¢ i representa la ralz

cuadrada de -1.

Los nGmeros complejc- se declaran con la propo-

N

.sicidn: : : .
: .
e

\

¥7?

R

‘Las variables de precisidmisencilla dan la exac

¢
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COMPLEX Vo Voeos

tlna variable i6gica »s aguéliaz gue =319 nuede

P ¢ o m %K e 4
tener los valores “wvevdaderc™ vy “falso”.

s
]
L
3
¥
39
[
§

Unag comstante 10mica =ms oagleanicoyy

guientes dous:

nre Py Ty
« ! R’JL"& 5

T
SANLSE

Una propesicidn de asignacidn 1dgice tiemne la

forma:

en la cual & es ung variable 19gizay b una expresién

&

idgica. Por ejemple,

= TRUE,

=

Moo= JFALSC

Unay expi2sidn 16gica se forma conm la cowbinacidm

de opevidores Ifglens v oonerodoves de relooifn.

. -
e vanl .



" 'OPERADOR FUNCION

.AND. Y
5 .OR. ‘ e

.NOT. NO
Los opefa&oreé,de“felacién estan definidos. conot

OPERADOR \ ' SIGNIFICADO

’ .LT. | . ' menor que
.fj; S 'L‘Ef ’» . . ) Menor .o .ilﬁgual*‘rqfue' .
EQ. o " digual que \
.NE. ) ~ mno igual a B
n .GT. | - 'mayor/aué

.GE. ) mayor o igual que

Como ejemplo considere 1las siguientes proposi-
ciones.:.
Nofen - [ 4

AP
X i

>
[}

X.LT.P.OR.T.GT .TMAX
M.GT.30. AND.N.GT.20

w
1]

La variable A sera verdadera si X es menor

a0 T

-que P, 8 T es mayor que TMAX; de 1la misma forma B se-

rid verdadera si M es mayor qu: 30 y N mayor que 20.
Uno de los usos mis importantes de estas varia-.

bles, es en la proposicién IF ldgica, que se verd mds ade

lante.
19
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4.- PROPOSICIONES DE ENTRADA Y SALIDA DE THFORAL: DN

las propeosic

nadas entre si.

in proglana en particu-

READ(S5,10) N, QSAL, QfnT O

*

FUPMAT (15, <Fi0, "

ia progosicidn READ elinimeve 3 52 retiore 3
entraca, de donda:se icen las tarjetas; es

- oy v B gt b e o S TR SR = :
ora de variatas. 51 no se deiinocy i orinci
—=u

io deli programa archivos de disce 4 cinta, el compilador
o 3 £

Faa)
ey
pmd



!

Sef tienen diferentes tipos '‘de especificacién pa

ra la proposicidon FORMAT, los'mas ‘importantes son: - ¢ '

a) Especificacion I
: 1

[N

Esta se usa cuando la varidble que se va a leer

és ‘una variable éntera, su"forma es' »

Iw

donde w especifica el nlmero total de caracteres de canm
po, incluyendo el signo.

1 Por ejemplo, la pro?osiciénvls permite leer los

siguientes nimercs:

30
-1214
1%501

b) Especificacidén F

7 b . [
i

La especificacidén de decimal fijo tiene la for-
ma:

Fw.a

en donde W se refiere al nlGmero totzl de caracteres ineé

cluyendo isigno y punto decimal. El nGmero d representa

21




4

el numere de caracteres después dei punto decimas. ASi

i
- »

! .
oT e;empla la proposicidn

v

FORMAT(F10.3, F15.5;

B [ - ~ . & g T T e e g -

significari gue el campo correspopdients » is pripera vae
5 % . Ao e e o -

ciabie, sevd de 10 cuvecherz, wng Lo o0 org decimales;

- ot v peba T B S P { R S z
para ia segunda varianle, as Tendvis uwn osvpe ode 1y carace
g

- o £ . & y w !
teyes, con 5 CLITEs he I L as .

La forma d= ezva espacificocide es:

donde E especifica lz conversidn 2ni.s wa vaior veal in
terno y un mbnero

merc tatal de caradioras
{

.

decimal ¥ €xponentc.

punto es 4.

d) Espécificaci&n A

~ W VEm a) w
R A
LA B

v - s P

7o .o LU, L b g -~

.EJP T L RO e LG TETO v g
&

'

. . P RN B ore o 4 v d i o
y pe~rite oo lectorn de oualguiar C.niclry AT Inureric
‘ ‘

qumﬁﬂm\wuﬁ Fw o oo oTs fover gue gl afvern ds hytes, 2, 4



u 8, gque ocupa la varisble.
e) Especificicidn D

Esta se utiliza con 1903 niimeros de doble preci-

sidn y sé perfora la letra D en lugar de ia letra BE.

La ;mpresién en FORTRAN se hace a través de las
proposiciones WRITE y FORMAT. |
Una proposicidn de impresiﬁm'puede ser:
WRITE(6 ,50) N, QENT, QSAL
50 FORMAT("1", ///, 10X, "NO. DE CELDA",
IS, 10X, "GASTO DE Ef;'ITRADA"§ F10.3,
10X, "GASTO DE ummﬁ% F10.3).

En la proposicidn WRITE, si no se ospecifican
archivos, el n?mero 6 se refiere 2 1a unidad de impresibn
del sistega. |

/Bl nfimero 50 se refiere al nimero de la proposi
cidn FORM&T, eﬁ donde se indica a 1z Smputadora la forma
en que se qulere la impresion de ias variables.,

Las formas de‘espec1f1c&c;an ie la proposicidn
FORMAT d1§cutxdas para Ia lectura dﬁ datos, son tamb?é&n
ap11cab1es¢nara el caso de 1mpve510n.

ﬁn gdicién se tienmen otrys praposiciones muy
¢ I

. ( A ,
fitiles parh 14 impresidn de resultsdos.Considere la pro-

23



posicion rURMAY escrita arribag
! i [ .
La primera instruccidn {"1"), le indica a la

computader: que debe Saitar una hoja, esto es que empezd-
A ‘

T a escribir en una hoia nusva.

}

La siguiente instevnccion (/773 . os is encargada
[}

. o 5 A - s e ;
del control wertical do ippresion, 243 oo d2 105 caragc-

B u T : - 4
teres /7, le indlog o4 conputadors cailsr un rengldn an
f1
tes de escribir; en este czso 23ltard oro. rengiones,

del espavismients havizowtsl, Liewe o forme general wi,
en donde w indica el nimerc de¢ =sPacios horvizontales
que sé(debén dejar antes de escribiv. En este caso se de-
jaréné?ﬁ espacios en blance a partir del margsn lzguierdo

de la hoja.

Los encabezados gue e quisran fwprimir, Se es-

[N
a]
S

. .. ol b9 e P i : -
criver ontre comilias; asi v oste ¢jemplo so iaprim

el letrerec MO, DE CELDA,
La siguicente instrucéiln fndica gue se escribi-

T2 un abmery entero, con un mdyximo de 5 caracteves; des-

letrero GASTO 47 LETEASA, b coniim

2 4 w» 55
wmere real {el corvyespondtonts o

s

dejaran i0'esneciocs en blenco, s8¢ Iaprime GASID DE SALIDA;

y &1 valor de 12 variable QSAL

>
S

24
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O
ElinGmero midximo de caracteres qﬁe se pueden im
primir én un’ rengldén es 132. El mrimer caricter, a partir
del margen izquierdo de la hoja, se usa para el control
de 1la i@presora y no puede ser usado para impresién.
Estas instrucciones de entrida y salida se en-
tender&t meidr analizando los ejempléﬁ de programnss que

se presentan}més adelante.

k

;
oo

T
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5.~ PROPOSICICONES DE CG

I
Un programa se compila y se ejecuta siguiendo
: ‘ * !
la secuencia’‘en gue se ha escrito. En todos los programas
3 -
el @@ntg@i empiorz con e primers proposicidn, Jespués de

- .y + - (RS s L ——— NP g e iR
1a cual el control gase 2 Iz saguienie ¥y aul sucesivamente,

7 P - a0 T e ¢ e Sy : P N T N

& MENneS Jue Lnd Lpoopeficidn ve Lontyel aAlisre oste orden.
Se discutirin =z

proposiciorss as conivol.

£.1. Preposicidn GO_TO

Esta proposicidn ocasiena una {ransferencia in-
' i ) o L

cs

controel, tiene ¢ Tormgal

pad

condicignal de

GO TOn

2 - ¢ N
en donde un es zl svmgro do Hﬂa;yAﬁuQSEQi@ﬁo
o o - - . % . - S 4 i >
- Asi OO Y0 506, h&ﬁ@ gque le proposicidn 50 se eie

i
[

cute, y [ue 1las g T“““gl@‘@&@S que le sigquen so cjecuten

secuen Cl}ﬁlﬂ&;"ﬁ,e »

5.2, Proposicidn calculada G0 10

do contrel esta

condicicnaeda &l valor de una vasiable onteva. La forma ge

r{ %

.



neral de esté proposicidn es:
GO TO (n1, n,, n3...\nn), I

donde 1 es una variable entera positiva y diferente de

cero; n,, n,, Ry Son niimeros de proposiciones que existen
I

dentro del programa.

Considere 12 proposicidn:
GO TO (10, S0, 80, 106G}, KWI

si NI :es igual a2 1, el control sc¢ vruusfiere a la propo
sicidén 10; si es igual a 2 a la proposicidn 50; si es
igual a 3 a la proposicidn 80; ctc.

5.3. Proposigidn aritmética JF

!
Esta proposicitn tiene(la forma:

IF(A) Ny, Nyt fy

en este casc la computadora calcula el valor de la expren
sién A, Si A es menor que cerp, el:control se tramsfie
Fe a la propqsicion n]; si es igual a cero & n,s Y s3 es
mayor qye Cero a ng.

'Ast en el ejemplo siguientes ;

IF(N-30) 10, 20, 20

27
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‘ Focegué la sxpresion A puede ser real o ente
ra.
1)
KH
5.4. Praveyiolds ITfeuo . s

4 - H - LA e ' o s P Lt . i
Lo wronesicita pirpe Wincforme Joaergluve

en donde B &35 vnz expresidal ifgiia (ver seccidnv3.4)) y
C cualquier ovts expresidn, 'cop sxcencidi de'las proposi-
cioncs IF v UG,

La forme en cvs tvobaineste proposieidn'es la!
§iguieﬂtes 5i-1a axpresifn lidglica ss void dera, se ejecu-
ta entémces:ia~pw@§wsifﬁﬁn Ty o2l costvoel pEsa @ la si-

guiente propesicitn, 57 to propszicids € 23 GO TO n, el

centrol pasari 2 1z provosicier @

g = & . L S P
FF{R. o 5.0 DLA = 26,.9sY

21 tont ! posard a2 le proposi
cidn 18 si Iz vordiable N es wecnor w iwnal & 30.

- . P w5 b wemwed ot 4
En 21 soounde 2830 51 la vaviashbie ¥ @S mayow
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@,

o igual que 5.0, la variable DCA toﬁaré el valor 20.0aX;
c X 1
y el control pasa a la siguiente proposicidn.

i

5.5. Proposicidén iterativa DO

-

Esta proposicion es la mds pode:osa y posible-

mente 1a mds usada en FORTRAN. liene la forma siguviente:

DOnil-= Mgy g, WY

en dcnée n es el nfimero de unz provposicidn, I es una
variab?e entera y m]3 My, My soﬁ constantes enteras posit
vas mayores Gue cero.

Lé proposicion DO es un comarndo para ejecutar
todas las proposiciones que siguen al X, hasta e inclu-
yendo ia proposicidn numerada con n. Esta ejecucidn se

realizad iterativamente, primero’con I = L después con

i

I = m, . #m3, posteriormente con I My ng y asf sucesi
) .
vamente hasta el valor mayor de 1 < m,.

Ccnasidere el siguienteé ¢jemplo: \

L =20
DO 10 I =1, 9, 2
L= 1, + I \
‘ i
10 M= Ial

En:este caso ¢l valor de L y M para lg pri-

[



mera iteracidn serén L = 1 v M

N

cidn I

13

39511"345

&
s
o
i}
o
[hM]
W
jaes

o
&
=
[y
s+
phc
H
e
=3
3

L

o

yI M= 12; para-‘la tercera {tevhcidn

I =5, =9y M= 4%; etc, En i Gltima iteracion 1 = 9,
2

3 h: 2 5 g s AR » VR = -
Si en 1a propoviciés DO m, es 1yl 2%, se pue
0O v F o= om o or,
1 £
3 oy I4 -~ . -
coso wl ifncrzuart s de L - £3 de uns

¢y deciv, sn este
¥

Se tienen las sigulenres roglas.

la proposicidn DO.

1)

3

&
&
Sz

LI S S . 5o
pnidad en una unized,

are &l'usoide

%
3

» B v

La primera préposiavda ol uilvdgoreids!
de un DO, debe ey urtinropusicién’ ue

pucda-ejecutarse) &3cd cdriuye Llas 'pro-

jador d¢erce del progrowa, pero 'no dan
o - D 3

IBgar a Ya ejecucidn de alginm cdlculoe.

Lo Gledie weddewidion an o0 tacorrido

4 propusicids CONVIRIE, -3 una propost

-

juR no erodune fancicnes

(%
s
€3
12

=
L2
(=
[~
precd
[:~]
e
r-
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3)

4)

5)

PPl S PO

en el programa. y que Se usa para_ sSey

la Gltima proposicién en el recorrido

de un DO. Asi por ejemplo:

DO 30 I =/, 30
F = XaVS4VSaY£y

30 CONTINUE

No se permite minguna proposicidén duran
te el recorvide de dn DO, que redefina
el valor del indiceio de los paréametros
My, My, W

Es posible temer itcraciones DO dentro
de otras iguales vy, en este caso, el re
corrido del Bﬂyyﬁs interior debe estar
completamente den@r§ del recorrido del
DO exterior. |

No hay limite para el nimevoc de itera-
ciones DO permipibles unz dentro de la
otra. |

No se permite aingona trons ferencia de
corTrol dentco xel méc&rfiﬁa de ua DO
exterior, al recorvide de ua DO inte-

rior,

3%




Existen un sinnGmero.de aplicaciones de csta
proposicidén, que es imposible describirlas. El1 uso y domi
nio de esta proposicién se logra con 1z experiencia, ana-

lizando y escribiende programas.

32
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6.- EJEMPLGOS

6.1. Programa para calcular las caracteristicas hidr8uli-
cas _de ua canal de seccidn circular

Usando la scuacidn de Maning, !a velocidad em

" 1 273 72
%I" o ];;_ 7 ! 8 /
B

donde:
V. velsocidad {m/seg).
n coef, de rugosidzd
R -« radio hidraulico
S - pendiente
El -radio hidr8uiico e¢stid definido por:
A
R = ;:;
donde:

A 4 3rea del canal

P - perimetro mojado

<

Si el cangl estd lleno, %o tienon Sas siguientes

relaciones:

e P
L7
g




Q = AV

Cortsiderando la figuras, se pusden demostrayr lus

siguientes relaciones:

ya%-«%-céég; . D
» = R. “’,.;S;PI%%L
N % 2/3

a = :R A |
és%ﬁ%@

“

1

* A comtinuvacibn se muestrs el listado del progra

ma que cklcula las caracteristicas hidraulicas de wun ca-

]

nal de seccidn circular, wsando ¥ss eduaciones descritas.

El programa es semcillory ne raquiers de una oxplicacidn

detallads.



C

< CARACTCRISTICAS DEL CANAL

Umnr_nw CrrYy e UUU

e COEFTC IEHTE-DE-RUGOSIDAD —— -050300 ———ee o ——mim - =

PENDIENTE DEL CAMAL 0,003 J

, b

e 13’
e e - } . !

— = —ALTURA-DEL--AGUA - (M) —-- PEPIHETRU MOJADO -(M)—-—-RADIO- HIDPAULTCO (H)- —VELOCIDAD (M/SEG) - AREA SECCION (Mwx2) GASTO (M*x3,SEG) »
]

~ A +

= e - 0,0038 . 0.1745 0.3756 11,3776 0.0655 0.0903 ¥
1)

0,0152 0,349 0,3775 1,3822 0,1318 0,1821 o
e e 0,030 - - - - 0,5235 0.3806 1,3898 -— 0.1993 0.2769 "
b

0,0603 0.6780 0,3849 1,4002 0,2687 0,3762 h

B 0037 - n,A725 ~ - 0.,3903 1,4131 - 0,3405 0.4812 j
i

N

0,1339 1,0470 0,3966 1,4284 0,4153 0,5932 ;

h.:

- 0,1808 1,2215 0,4038 1,4457 0,4933 0,7132 t

! _ A—]i
f A
0,2339 1,3960 0,118 1,4686 0,5749 0,8420 o

{",

. o.2928 o . 1,5705 0.4204 1,4889 0,6603 0,9804

0,3571 1.7450 0.4295 1:5061 0,74% 1.1287 i
e e e o B . N
. __oa,u263. 1,9195 . .0,4388 . . 1,5279 .- 0,8423 1,2869 j
0,4998 2,0940 0,4483 1,5498 0,9387 {,4548 !

‘

2 L T o : ] t'!
e 0,572 o 22,2685 . 0,4578 1.5716 . 1,0385 1,6320 ‘j
T

0,6578 2.0430 0,467} 1,5928 1,1411 1,8175 J}

Sobes

I ERITEIT)







6.2. Programa para calcular la welocidad de sedimentacion

de particulas discretas

La velocidad de sedimentaci®én de una particula

esta dada por la ecuacidon: |

= & B
Vs T,

donde s,

{De - 13 B

' Vg - velocidad de sedimentacifn {emfseg).

L

- aceleracién de
De - densidad ¢ la
D - didmetro de la

- coeficiente de

El cogfigiente de grrastre 3¢

las ecuaciones:

cC, = 5i

a R

. 3
Ca R"“‘i‘?’Rz

C

0.4
a

{8

donde R

| o plYseD
! ‘ v
| €

@

donde

‘

—

la gravedad (cmisegz).

[

pan ticula (gelowm™).
varticuls {cm)
£

arrastre.

+ .34
0

(¥4 ]

< R < 1009

ot e

S

Si R'> 1000

es el nGmero de Reynolds definidsy comrg

V@ ¢s la viscosidad cinesdtica cetinida comes

gaicuia usando

)

(2)

(3)

(4)

().

B L R

PR e R N T e

e e TR oD

PEET PR

G
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N6700/07700 RSN 3 RS O T T T A kR K Colp '

C CHCSC= PROGRAMA PAPA CALCULAR iLAS
== Co——= - = PTRRAPLICTAS BF- Ul CAMAL DE-
N SIMBNLOS USADOSR
c AT=APEA, DOL CANAL LLIG
F*"C““~~—ANG ~aiahLo-chrer SPOUDIENTE- A LAALTURA Y -DEL  ACUA T LLCAMAL - -~

- CR=COLF, DE PUGNSINAD : - - -
- DaDIAMFTRO DFL CAMNAL
S PI=PIRIDETRO NOJADD DEL-CAMAL Lg‘uﬁ e e e s -
PI=PFRIVETRS INJADD
9I=GASTY DEL. C&Aht LLEHn
NI=GASTO - - e e
PIeRARIO HIDRAUVLTCN DFL CANAL LLENTD - - - ce
RI=NADTIN HIDRANLICO , -
S E=PHDTENTE Q_";g”i f‘;‘;l‘lAi BT T T T e T
”§°”r*”t}?ﬁﬁ'ﬂfL AGUA FIf FL DANBAEL 21500
“YFLOCINAD DL ARUa
**-'~YwnLTIP# PEL -AGUA BN LL-CANAL - o - P
LFFR CAPACTLORIS ?Ifﬁs DE La SFOCION L. -

rAPhrTEhIofzcns <:>
STECION CIRCiNAR, — 7 = )

s

{

e e m ¢t e e e e e n A e e e ———— -

E
j

©® © @ 0.0

!
t
i
'

@

hﬁﬁﬂﬁf}ﬁﬁonﬁnn

™
!
i
i
i

&

b = f O CREAD (S, 20 B (GRS o e

20 FOPIAT(IFL, 83
e G =ty P JHTERGALOSy - VALOR-DE LTI RY #L0
L e~ READIS, 300 HY, DA S

.- 30 FORMATgﬁq 10,733 : . .
VSRS 15 & € € T T T - O S <:>

40 FOERMATY. rinXs"rf\ ACTERISTICAS
SRS .4 o b FALI VN S VIR S REIPE S 11 I PV S WEECN Y of o1 1 2
c e &7, 10, PEHDEFH?F DCL-CAtAL P e,
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i=n/sd,
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S 0 © O
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e
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e
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24
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s
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T
3
P2
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=
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X
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t
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|
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P

{

|
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B
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0.7806
(6)

Vo = T8 T+47

donde T es 1a temperatura {°C)

s

Sustituyendo la ecuacidn (2) en la ecuacidm (1)

v o gibe-iynt NP
3 5 - &*ﬁg‘"gh :},w* - { . £.5 (7)

{ I
y; o .. 8/% A o
0.34 V.5 v mnion W 00wy
“, B 4§ Ls [ (% Iy

- S g (De-13<D = 0 {9

Bzta ecuacidn se pucds eseri

o

v v 2 : o
Fo= X,V + Y~v33f 7oV % U P {(10)

dende:.

=g
i
o2
@
[)
Ea]

v L
3 e
Y o= 3
[y
2‘['3 4 1(,;“
7 o= L
A ot smten
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Us - 3g (De-1)en

Para obtener 1a solucidn de 1z ecuacidn {(10),
se usari el método de Newton-Ramphsen La derivuda de la

funcidn F com respecto a V, &3

S
A]J =} LR R
@%Eza BNV & 5 0¥V, . 2 (11)
S S .

‘ L.
ket Koo
EA

Fitg ) (12)

A comtinvacidn se descyxshivl 20 programe VELSED,

que caicula la velocidad de sedimencacidn 4 onz particu-
ia; sus paries principales son:
. N

1} Leer el difmerre -ic 1z povefounla (D),

cewns faturd (V3.

(423
&=
B
&
=
%1
[N
G
£
(=7
=
joa
=
—t
"
)
£

Calcular lz viscosided cinemdtica (VC),

3 T~y el I RN 4
! 2} Calewlar fu veld-idas de wodinmencdcidn
.

(Vg}, usande la zcrecydn IV Vepgficar

: si el afmero do Feyvy i3 25 menoer &

Dy €N CasSw Luwtige “A00

=
s
[
foek
3

proce
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3}

Calcular la veiocidad de sedimentacién

usandc la ecuacidn <4).

Verificar que ¢l nvgero de Reynolds sea
mayoro.igual que iB00.0, s5i.8ste es el
case rerming. el proccso; 2n <aso comtra

Cotrular la velovidad ds vedipentacidn,

o L bt PR L e AT T %
reselvioney la couacicn (187,

5 I e Jury e PO U TR .
W2 Dase ¢hoouuver oF untor de J@E e

5]

atisfapa lacauecida (10), con un Cri-

¢

terio de gryovse St Qge&ncuentra.la.solg

£

&m

hede

“ > ! - a
IWHTINg v mensein Y tormineg el |

<

]
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TAREA

1) E1 gasto de abastecimienio de agus de una po

blacidn est2 dada por l1a ecuasidn:

Ei pasto contra incendivy por la ecuacidn:

177 172

Qi = § ROQO7.P SRS I (I IS )]
£1 coeficiente do lioywmon Ccomo:
3 L ' hl
!Agili -
12 « 7
, { = AN

donde P es la poblacidn en miliasres de nabitantes.

Hacer un prorrama g caboale los gastos de

&

abastecimiento, contra incendios y el coeficienre de Har-
mon. Supanga que la poblacidn varin onyre 10,000 vy

200,000 habitantes y que los cdlcuios so guieren en incre
mentos de 10,000 habitantes. :

2) Usando la ecuvacion dg YHemown-Billioms, 1o re--

¥
sistencia de un tubo estd dads poy I souncidm

o

%
f‘{
auh e




donde.
longitud (m)

X
D - diametro (mm)

(&)

- coeficiente de Hazen-Williams
Hacer un programa que calcule la resistencia
de un tubo; la longitud y el didmetro del tubo se leen,
el coeficiente de Hazen-Williams deberd variar entre 80.0
y 160.0, en intervalos de 20.0.

3) La media de un couniuntoe de niimeros se define

como.

N
L Xl
¥ e L
la varianza como:
N Z 2
Nz (X.) - (X))
s« qeq 17, A
NTINTTY
1
y la degviacidn estandar:
?_!/2
S = (8%)

Hacér un programa gue calcule la wedias y la

§ - PR ] N .
desviacion estandar de una scrie de datos,
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o
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7.- PROPOSICIONES DE ESPEGIFICACION: .~ . ..

v

1

. ,Hasta,ahora~se~han viﬁto'pfdpdsrc10nes que per-

H 2 - . - ‘.

ey
et

-
‘,;;u”. R

. {

I

miten hauer Jan, gran numero de . program 5. s'n ill é $in em
R e

> 7 ' e
¥ S

bargo, se tiene serias llnltac10nes si se quieren hacér

TN
VoL e ¢

pr@gramas mas compllcadosﬂ T L

Sup@ng » pmr ejemplo, que se. tient una serie
f ThW
grande de datos que se van 2 usay repetidamente en l1a eje

cucidén de un projzrama. Con las ing?xzcaiﬁmes que se han

v1st0 habta ahora, este pvoblem L8 podria ssolver le) 0

\v

dq 105 .datos cada vez que se: necesxten, El uso “de ‘varia-

blps con. 1nd1t@ permite: reservar una p&rte*de ‘T4 memoria’

o
A

de la computadorauﬁpara guardar estos idatos v vqarlas“re

.
P gt
T T A g

petldameate. L ” 8 2
A las varlables con 1nd1ce se les. llama ncemal-

mente arreglos y a sus’ cantld desclndlwlduales elementos,

.t‘

Para v1smallzar ld forma en que Ia c0ﬂﬁutauora almacena

- I.J el -
R Jﬁ
e DO N (r; .

1nf0rmacion usando arregios, piense encuna matrlz En una‘

matrlz caﬂa uno- de sus elementos- répresenta un numerog de

B i
X i

'.r

la mlsmalforma'en un arreglo la cemputadora reserva una 0

' ',‘n‘ ]fw

varaas palabras, para cada UNo dp 105 élemettos del arre~

glo. Por @jempﬂo, el arfeglo HIJG £30) , ise puede visuali-

?ar como na matriz de 30 x 20 elementos.

co b
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programa, a través de indices. Por ea-emplroﬂT @upanga que’

ST AL T

se quielren leer datos para el arregio A(20,10); esto se

hac%)de Aa 31gu1ente iorma,
EEST P 4
rwvé?:u‘»:?f-‘ - ‘:Wm N e

DO 10 1=

L - 5 < B wh e
{1?5/‘%“: : .»(“ 4{:“: e:ﬂ" }j:. {? g. e VI ijf{) M 1“:0 ':J.E '} 'E O‘A» (r-u“m;’ el gy B o)

READ (5,20 A (1,5)
20 FORMAT (¥F10,2)%y . .o

TR ek SER {
10 CONTINUE‘,{@ - L ¥H & T

B e BTG e e ,.
A través de 105 dUa Do Hte eiativos se va reco-

rrlendoltodu<eé%a reglos v, en, Gadmsumg,
Wi T R L
J 1]
sé va a'macenando un nimero. . Ce
I ! " ! —
! = ‘l'\ {?:,‘_ Qr‘

. SR
Considere dhora el siguiente ¢} jemplo que hace

- L B S U O
la suma: de dos matilces:
5 ' oo & o o=

’
woes Tambag £ 13ashmﬁd,3@.j gﬁ%é%ﬁfﬁ shasdun 8 '

whoy asguel (8 Sfﬁﬁ"f(f;”””iﬁﬁ(%ﬁj§®§ g%%%§§ﬁ§ﬁw§b G
o ST o nerples Eyewe, ¢l ob 2eIEaess wwdgeusis wel wlo
AT %%ﬁm“%hﬁgg?fﬁgwp ¥ Jdg«Pacaqutitidad descrhoy
bxra}fﬂ g}‘gn@%t{{gi;g;fﬂ «de d,,,g-,e_;ggﬁl,,sﬁlwwsfse 4 wamh,ee,\lw“oza

de ﬂrrealos. Nuevamente el h C&u PrOgY: Laﬁs‘de? Wpuangt@

v

0 . r & kRl At Bt

es lc que permite conocer y\u aﬁxlas variables con Indice.

oo ’X

w, e e & ~ -
\(' s \’:"'(;3 e [&1 Iﬁ
“ 2 =] - < ( o
e 5 e ki
¥ 1 2yt e 8%2% 0
.
B - [ P
Foone TheE vy KYEe B g

[ SR LY iy

TN Pt J




8.- EJEMPLOS

8.1. Programa para resolvey un sistrop de ecuaciones 1i-

neales, usando el metodo de Guusu-Jordan

PR TR DR

Suponga que se qvio o o oeasye s el 2istems de
ecuyaciones:
2X, = X, =+ 4, - ©
z .
ﬂ <+ 9}(2 = '6,},_}

“BX &+ gXZ is g/j 1/‘

Se define la matrii o . dd COMO:

El método consiste .~ + o lrcaY €l primey ven-
glon, dividi&ndolo por el elew:r - i cve 25 despuds vedu

cir los elementos restantes oo @ . reowte columnad a Cevo,
restandce el primer rengldn (noreviiv.odo) del segundo rven-
glén; vy restando del tercer =~ ‘op (0 primer roagldn

(normelizado), multiplicadsy po

S ?/ 2 2 Yo V. < ‘)
O 2572 -8 =1J7 -, i ow

9 «572 ¥V xwgr L0000

84.



4 ;

-

. Ahora se normaliza el scgundo rengldn divididn

dolo por 25/2, y se reducen a cero lgs*sleménposgncstgnsi
tes' de la sepunda columna, multiplicando ¢l scgundo wen . . -

- b

gldén (normalizado) por -7/2 vy resbéndolofdeluprimermjcn—“ RS

1on. De la misma forma se multiplica el segundo rengldn

]

{normalizado) por -5/2 y se resta del tercei renglén.

T

10 -6/25 88/25 9/z5 71/25 0.
0 1 -16/25 -7/25 -1/25 2715 ©

0 0 47/5 9475 775 1/5 1

AR , , . | . L
Procediendo de la mismd forma se obtiens final-
mente: L o C e C
1 0 0 4 93/235 67/235 6/235 e
0 1 0 .1 13/235 22/235 16/235- . v
o 0 1 2z /47 1747 spare

La solucidn del sistema de ecuaciones esc: X1=i,
X, = 1, X, = Z; v la matviz rvesultante es la matrii vy
sa.asociada. ' :

El listado del programa que se presenta a coutl. ..

bt

nuaciédn,- resuelve un sistemz de ecuaciones linesles, si-

guiendoe el método descrito. Es sencillo v no requierne mar A

yor descripcidn.

<t
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8.2. Programa para calcular el -abatimiento del nivel frea
ticd”de'uﬁfpozo”cdnfétméfriﬁ'fédiél'

St "?"(i} oL vl C S
ik {La ecgac%on que ngClee el abaxlmlento del ni-
) 3L TRy el T DS AT
vel freatlco de un pozo con 51m%tr1a rad1a , cuya profun-
D N T RSN R SRR o rag
didad . abarca toda el [E3peser dei ELUIiefO, €S 1
j‘“’ [ ‘»a:«ﬁ? R E-£ A iR PR
rd
I '11;:‘3)“3_;.;{‘,&‘4:‘xf, fraL g .\ . .}:;‘A’J‘
h =h .9 -.0.5772 - %n (u) + .u
R -1 N SR SRS P :); T
; (1)
2 & .n5i-
u u U cu
- ¢ + -~ 7 + ¢
. 2.2 3.3, . 4-4;
oo b3 3. RIS SRS I B B -
donde: T S upﬁfg et

: ; S WL L
3,,:2
Q - ;gasto, de bombeo del, pozo. {m,/diam.)
g af v oot EETO RN ERs R AN A B !
‘ 2 L .
r°.S8 17 Lt
u - ’ (2)
T -t ,
T R R P VU L S B R SIS S TP
. . distancia del centrq.del pozo (m)
S - coef1c1ente de almacenamlpntof,
T - coef1c1ente de transmisividad (mZ/diém.)
t - tiempo (diss)

‘

El programa que se describirad a continuacidn,

calcula la altura del nivel fredtico, n diferentes distan

cias del pozo y a diferentes intervalos de tiempo. Sus
partes principales son:

1) Leer el nimero de intervalos de tiempu

SN By .-




2)

3)

(NT), de distancia (NR) y el valor de¢

cada uno de ellos (DT, DR}.

Leer el coeficiente dc transmisividad

(TR}, el coeficiente de almacenamiento

(S), ia altura inicial del nivel fredti

co (HO),\el gasto de bombeo {Q).

Calcular el abatimiento del nivel fred-

tico.

Para cada uno de los tiempos T(I}, y de

ias distancias R(I):

a) Calcular 1la funcién U, definida por
la ecuacion (2}.

b) Calcular la serie asociada a la ecua
cion (1).

¢) Calcular la altura del nivel {redti-
co (H(1,J)), usando la ecuacidn (1).

Imprimir los resultados.
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9.- PROPOSICIONES PARA USO DE_ SUBPROGRAMAS

En la elaboracidon de programas, muy a menudo es
necesario realizar conjuntos de cilculo repetidamente, o
en diferentes partes de un programa; suponga por ejemplo
l1a velocidad de sedimentacidn de una partfcula. Serfa muy
laborioso escribir este algoritmo en cada una de las par-
tes del programa, donde se requiere. Es mids eficiente es-
cribir un subprograma que calcule Gnicamente la velocidad
de sedimentacidn y llamarlo en el programa principal cada
vez que se necesite.

En programas grandes, el uso de subprogramas ha

ce que sean mas ficiles de entender y de seguir.

9.1. Subprograma FUNCTION

Un subprograma FUNCTION difiere de las funciones
vistas anteriormente, en que puede usarse mids de una pro- -

posicifén para escribir 1a funcidn. Su forma general es:

FUNCTION nombre (a‘, Byy Bgoeo )

proposiciocnes
RETURN
END
- - .49
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fLLa altura del nivel freidtico, en el programa

principal se calcula como:

H(I,J) = HO + HI(C,U)

9.2, Subprogramas_ SUBROUT INE

Los subprogramas FUNCTION pueden tener muchos

argumentos, pero siempre un resultado explicito. En el ca

so de que se desee mas de un resultado, se puede usar el

subprograma SUBROUTINE que tiene la forma:

SUBROUT INE nombre (a.‘ﬁ 80 Ag.0e )

proposiciones

RETURN

END
La proposicidn RETURN debe ser la tiltima de las

probosiciones ejecutadas y regresa al programa principal

que lo llama; END debe ser fisicamente la Gltima proposi-

cién en el subprograma.
Como en el subprograma FUNCTION, el subprograma

SUBROUTINE es un programa separado del principal y, por lo

tanto todos los nombres de las variables som locales, es-
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rio especificar la dimensidn de cada uno de ellos; obvia-
mente la dimensién de cada arreglo debe ser congruente
con la dimensibn de los arreglos del programa principal.

En el siguiente ejemplo se muestra una subruti-

na que hace la suma de dos matrices:

SUBROUT INE SUMA (A,B,C)
DIMENSION A(10,10), B(10,10), C(10,10)
DO 10 I = 1,10
) PO 10 J = 1,10
10 C(1,J) = A(I,J) + B(I,J)
RETURN |
END

Un programa es mids eficiente si necesita menor
tiempo de computadora para su ejecucidon y menor cantidad
de memoria, Si en un programa uno ; varios arreglos van a
ser comunes 8 uno O varios subprogfamas, no tiene objeto
reservar memoria en cada subprograma para cada uno de los

arreglos; es mejor reservar un irea de memoria comin para

todos los subprogramas,
Esto se hace a través de la proposicidon COMMON,

que tiene la forma:
COMMON v,, V,...

en la que v, representa ya sea um arreglo o upa variable,
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10,- EJEMPLOS

10.1. Programa para calcular las caracterfsticas de un
iltro de arena

El espesor requerido para un filtro de arena es

tdé dado por la ecuacidn:

g 2% Ver )
L Pi -
i=1 Di
donde:
ER - espesor requerido (cm)
CB - constante de espesor
Ver - viscosidad cinemitica a T°C
VCIO - viscosidad cinemitica a 10°C
Pi - fraccidn de partfculas de cada didmetro
Pi - disdmetro medio de las mallas en donde se re
tuvo 1a fraccidén Pi (cm).
La pérdida de carga estd dada por la ecuacidn:
0,178¢E,- (VO)% « F N
* R £ Pi
H s E-* _Z Ca . ﬁ (2)
g-C i=1
.
donde:

H - pérdida de carga (cm)

VO - velocidad de operacidn (cm/seg)
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a miboe ks 85185826 8 (cm/seg )

T ;&gggf§§1en§e}dgmpor051dad .
ROGIREN
‘ ag%ﬂgﬁiQﬁOP’@KP&ﬂdldOﬂestd“dddO por 1a ecuacidn:
L S AR P "y de 2
LYy selhE e KT B2 whs "55
RCRRERE
N Pi .
, E_ = (1:CP).E “oqzwh- S o (3)
Dl e aarhﬂ@%xeﬂgw&uam- R® i=1 . Ve Q.22 .
- i Ir
(&) naiasuss ol VSi

donde:
E_ - espesor expandidp (cm)
Vs - velocidad de lavado (cm/seg)
Vg;- velocidad de sedimentacidén en la capa i
(cm/seg). )
Las partes ﬁrincipales del programa que calcula
estas caracteristicas son: -
1) Leer la inforsacidn necesaria.
2) Calcular el espesor requerido.
a) Calcular la viscosidad cinemitica
(ve).
b) Calcular el espesor requeride usando
la ecuaciodn (1).
3) Calcular la pérdida de cargav
a) Calcular el qpeficiemtevde ANEAS Y e

s P (CA).

°




b) Calcular la pérdida de carga usando
la ecuacidén (2).

4) Calcular el espesor expandido.

a) Calcular 1a velocidad de sedimenta-
cidén (VS), 1llamando a la subrutina
VELSED.

b) Calcular cada término de la sumato-
ria de la ecuacidon (3).

¢) Calcular el espesor expandido usando

1a ecuacidn (3).
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Un problema de programacién lineal consiste en

{23 J(lé SO PETIR AT o
encantrap los Valores de las var1ab1es k% KZJ XS,“; Xn
ot 2 % o o 9 e ﬁ.;'-,;j A
tales que minimizan la funcién 0b3et1VQ'
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donde Cj son c:astantes; sujetd a las vestricciones:




X. >0 i=1,2...n

E1l método usado para su solucidn es el algoritmo
Simplex. El estudiar este algoritmo estd fuera de los ob-
jetivos de este curso; sin embargo, se analizaran algunos

problemas resueltos con ayuda de la computadora.

a) Satisfacer la demanda de agua de una poblacidén al costo
minimo
Kuwait, un pais pequefio en el océano Indico,
tiene como fuentes de abastecimiento de agua, el océano,
un poco de aguaisolobre y agua de pozos. En la siguiente

tabla se muestran estos recursos y su costo.

CANTIDAD COSTO ($)
Agua dulce 10 MG) 0.15/1000
Agua solobre 30 " ' 0.42/1000
Agua de mar sin limite 1.0/1000
Agua tratada ~ 80% de las ne 0.30/1000

cesidades mu-
nicipales



DUV

La demanda de agua de Kuwait es:

riego 70 MGD

municipal . .. 80 MGD

By

En este casc la funcién objetivo a minimizar se

ré:
Z=0.15X, + 0042X2 + 1.0){3 + 0.30X,
Sujeta a las restricciones:

< 10.0

~
A

1A

30.0
X. < 64.0

1 2 +AX3 + X4 = 150.0

donde :

- cantidad de agua dulce

X

X, - cantidad de agua solqbre
X; - cantidad - de agua de mar
X

- cantidad de aguu tratada

Generalmente a la coméutadora se le da este ti-

po de informacidn, usando rengloneés y columnas:
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En las siguientes hojas se muestran los resulta
dos obtenidos usando el programa de biblioteca ALPS-1, de
la Compafiia Burroughs. ‘

La solucién del problema es: X1 = 10; XZ = 20

X, = 46, X4= 64.




b) Disefio 6ptimo de redes de distribuciodn

Uno de los métodos mis bonitos para el disefio
de redes de distribucidn, es el desarrollado por Karmeili
et al(z). Este método transforma el problema de disefio de
una red, en un problema de programacién lineal.

‘ Las siguientes hojas son copias del Capitulo 3
del trabajo desarrollado por Cuevas(s), en donde se utili

za el método de Karmelli.

62



O | O " DR

——— TILEH. oo LRI TIVEL LLLCT.  EPIlhe .. b6 HEC. (LST _EXIL BIV0L PATIA _ B.d.8. ARIIEICIALS 204 ATRAN._ ’—‘“‘TJ
, 3 T.526095%9F 1 FQup tiLe G.00NCOCOOL ON  REN2 30.00000000  kyST 0 0 16 }
_——— - — —_— - P - —— — - A — e ——— et e o e i R —— 3
| ALTuiTY LU ELT ALok LINE Cuua! CUnSTRATLT NANE | TRANSTORUATION VECTUK . PRICING VECTAR . S
W TP “75.27999991 i FoB 0.58000920 1.00000000 '
S APTELL oL L Ll 0Qu0Ce0ut L . 2 IMEEAS =0,.00000000 0.00000000— _ . .
LU e nLolnule . 3 SHRENG. =0.00000300 .- .D.85000000 . - e
LLLY KT TRY q +REND 1,00040000 ~ 0.5R000000 - o
el B - Fa 1 1L O U SRS 1 1 2 S : —2,00000030___ _____n.720000000 j’
WCL3 Ju.obtoacey £ RENA ' =1,000039000 =1.00000000 '
LEr 5 573000000 7 +RENS =0,00000070 N.N0000000
FATINDATE S S L YALLE Lint COunT REDUNED €OST FOSIT"ON TN BASTS.- - e el - -
“7.{,1—:'.' T 16.0L00I600 1 =0.00000Q00 3 )
reg2 30.00000000 2 =“0.09006C00 a <
- I0L3 . el L 86,08040000—— o - -} =0,170730000 - & - --I’,‘,
O 47.50000082 Ss 0.20000000 T SR &
i Tt 0,02¢u0Gue - 5 }.450C0N00 0 e e i i e IR &
b A SN WY G0 V-0 37 .7 o5 Y o 0+53030000 a 3
' N 009667000 7 9470706000 0 bs
‘ FS 5.,00000009 8 0400900200 7 &
L e A AT UM O O RO 6 85,2860 3E409, SUH R,643188E=09 :
AALU L LRUOR 4 Col _6 =7.275650-11., SUM 1,16415E=1D e e
) R . ol - arear<l BASIS >eware  TIMECS:. _PRQCe_=_..___3,2. __ELAPSED = __ . 9.5 _ ___._____ __ ¢
b . e+ e wakee<( [NPUT  >wmera  TINESS  PROC. = 3.8 ELAPSED = 120.2 &
' COST 1A GG CaNTRLL CARD X
b e Gefetlngalelmlayn]luley A=N=pel=Y=§=1=§ b
+ 3.
! VARLI S e Aty sasIsS . Siarys ACTyaL cosr LOYER RANGE ENTERING EXTTING UPPER RANGC ENTERING _EXITINGw. oo . P
S oI S _ 1 045000 nPEN _ 1.000G0___ RENL coll g
: ciLo E 0482000 aPEN 1.06000 RFN2 coL2 g
col th 0.30000 OPEN 1.n0000 RFN3 coLa i.
U 1) | s . 1.00009 0.852000 REN2 coy2 QPEL ]
: JEND Bt o 0eNA030 . =0.70000. __BEN3_____ COLY.____ _ . __OPEYN e
4= SOLJIILN IS UnbLUdDle Fug PARAPLIER VALYES. ' PRESENT PARAMSTER . . - e e i
{7 CONCLUCL  CONTROL CARD 5
’ |« 8
T or ReeRew T S
b - - - - 4 9§
1
! Hsi
1 L,
]
e e e — e e e )
- = I - et I T T/ T I T T T T T T T T o - bs 4]
- Is 3|
Ny

1T €1 830161 IVIINI21D e0dd






I1TER <:> CUJLCT IV

EHTER.

»1i REC. CGST  EXIT,

PIVOT RaTTO

HotHeSe anTIEICTALS tNJ  2TRAN

/
7 - 7

1 1.0°2G6C0CL(E L2 FOB cgpLa =7.0G000601E-01  REND 64,00000000 REST Q 3 10 ]A

2 7.66999996f C¢1  fOb coel ~8.500000020=07 RENY 10,000000060 RFST- 0 2 13 !

b e 3o d @B 25800600 O EOG coL2 =S5 A0RONLRLE=01—RENI . ——30.00600D00——REST g 1 16 — s e
_ - _ . . - .. . L. aRRRAC[ E/BHEI _J>rawse _TTMES:.. _PROC.-—= . _.%2.R8 FLAPSED = R.9O w
FXECUTIQgH TIME = 3 S5FC, 1/ YIME = 1 SEC, APR. 155 1076 TINHE! 1611 HOURS R '

'

o e —]1
T : - T - T et - o T T T s e TTosotT T e - |

p— = - ——— Ll L e e ——— —— —— r—— —— - — -A~-—"|
t

T B o i T - —— L ¥
L.~ . . .. - . _ - e _ .. — 2t , .
e L e o e e . e e . I
- e

e ST e |

Ak

e N

—_‘I

.‘ e e vray e e AT e m e e dm e et vt gt e~ rorr—r . = e s 2 renin {J‘

| -

b

e e et . e - bs

;, . i _ I i
[ R - . ~ _ o . . bsi
; T T e e e B - —
?. : r
e - e - S
| - , . . . e e . s
' .- - . e e e - —— o . —_— !“l
L e e . ) _ Ly
| ) I
! . e e .

. - . B ,
? R

N
Fo O e 1"\
S N S S,
I ¢ Lo
} ’ [

N

2

§1 63 1S IVIDMIAID LeCeis

bty







|
|

O O
DATE: f\P'{l‘)r 107¢ RUt. STARTED Al 1611 HOURS NS g 8799 ALA0L DUTPUT FROM PROGRAN a1 PS !
o e . o s ot o panin s )

n

r,.____
!

)

|
- cPRGB . R P e e AW TH 2P Sy FNRBATH0 — g

' .
- . 1l
~ dadvsndaarurdata kRN Atk b s i anR AN - . . . t

!

f

O vy

e e - — —— e ]
{ - - |
sheascl INPUT  $>4anae TIMES: PROC, = 0.3 FLAPSED = 0.a

fr m e « e e e — :

%—. - —HEADILL .o Lo CLLTROL L2RD e
. TAAPLICACIQONES Db ERCoRevaCior LInfal - - - e el e e e e e ’
b REAQ- OATA- — COLIRCL.CARD . }

I S

i CARD
i _ _CARD S -

7 hOLS aLb - 3 COLUINS, ~ 16 MATRIX ENTFICS AND

THE BRULLLE! iS5 i

e ——— =

~
0 RoH.S, - - - !

! THE PRCELE!N 1as 7 POWS aND 4 ChLynns, 21 MATRIY ENTRIFS AND 1 R.F.S. ’ - T"
‘l START FHaSE COuICL CARE N
[

! N ) B ?
- FuB LEoT - . S .

- . 3!

- - - - — e e - - ‘

- - wxrav<( INVERT 3>+waes TINLSY PP()L.r: . 0.7 .. ELAPSED = 1.5 "

i

J . "1

Ftl?V[RTlH(ﬂ AFTER 0=TH INERATIUN. O TRANSFORMATIGMS WITH 0O ENTRIES, A

; Pubtkbby OF ECTRICS In 84815 PRESLNTED TO TuVERSIONS 6, ) o

L. _CuMPUTL . . CCuTabl CARC 7+ 7~ - ELAPSED.

e e e e sxredr <l L/INV 3>msésa TINESS. oo PROC.. =

{ ~_ rrraa< E/ NP 3>ew2sn TTHESS PROC, = 2.7 ELAPSED = 7.9

|

|

{

|

i

i

i

i
H
H
N
>

ST ETI ST Y

et R T - o

N e _._1‘“%
S T S, o !
B ——— ———— : S S
R B . : '
| e e _y
S ) ]

FUEICTIC NI ULl dTa






O

<:>

Estos resultados se pueden comparar con los obteni-
dos usando programacidon lineal; en todos 10s casos el uso de

programacidén lineal permite hacer un disefioc mds econdmico.

3.3. APLICACION DE PROGRAMACION LINEAL

" 3.3.1. Descripncidn del método

Este método tiene dos partes principales:

1) Transformacidn y representacidn del proble-

ma de disefio de una red, en un probiema de programacidn 1i-

" neal.

2) Solucién del problema de programacidn 1i-

neal.

Para la solucidn de un problema de programacidn 1li-
neal, se dispone de métodos bien establecidos (método Sim-
plex, Simplex modificado, etc.). )

Esta segunda parte del méfédo.no serd discutida en

este trabajo.

1) Transformacién y representacidn del problema de disefio de
una red, en un problema de programacidn lineal

Considere una red con las caracteristicas dadas en
la primera parte de este capitulo. Suponga que para cada sec

cion de la red; se tienen NDi tubos de didmetro Iiferente;
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estos se pueden representar por la matriz Dijp donde para

la seccidon i se tienen j = 1, 2,... NDi diametros diferen-

‘tes disponibles.

Asociado a cada diametro Dij se tiene el costo

anual por unidad de longitud del tubo correspondiente, cij;
definido por la ecuacidn (3.5).
E1l costo anual de operacidn del sistema, por metro

de agua de presidm, es:

C= 0 —F (5.19)
donde: )
Q - descarga total del sistema (mslh)
~t - tiempo anual de riego (h)
CE - costo de 1la energia (H.P. - h)

E - eficiencia de la bomba

. Los didmetros seleccionados y la presién de la bom-

ba deben minimizar la ecuacidn:
(3.20)

donde :
Cij + costo anual por unidad .de longitud del tubo
cuyo difimetro es j, para la seccidn i,

Xij " longitud del tubo cuyo.difmetro es J, para

89



Sooer T ? la ‘seccién 1.
NS - nimero de secciones de la red.

C - costo anual de Operac1on, deflnldo por 1la

- P »

>

R - ecuacién (3. ?9j

.

P,- presién de la bomba.

~ i

Para cada seccion la.suma de 1las: longltudes X. 1, de

r - - )!“ *
los dlametros selecc1onados, debe ser 1gua1 a su long1tud
Sy B PR S PR B St SN LRI O TS FARE SN B
30 esto es: \ : |
, N P O
ND. ‘
l - -
.. = L ’3.21
, z Xij i ‘ ( )
SN e el | - . - < N Lo~
i=1, 2,... N8
©omie o

VY

’E i,
es conoc1do, asi que cl

- A ’, P
e O :

{L( J PRI '! I ’ -
"E1 fluJo ‘en’ cada seccidn’

L RS

gradlentc de perdlda de potenc1a1 para cada dimetro. disponi
bleb ueando "la’ ecuéél de Hazen W1111ams es:
BEw re ~ I T P xMJr] T BN T LN ‘
, 1 852
” ’V &

LD T PO S U gu.f‘\hQi;‘ugg‘u Coy w- i n
J. —1.e31 10 4.872 (3.22)
1 HélJ D.j

e

<
3
9
v

" ‘0) " R . N A‘I: [Ead B 5 oo . ~ " —

donde? | ) l
J. . - nradlontc de éxJidﬁ db:bstbﬁcial (m/m).
- Q ;ZfIUJO ‘en 1a seceidn Hiﬁ‘(ﬁsfh)i

.

- dlametlo disponlble j (ﬁm)

R ‘ﬁzi"~(coef1c1ente de Ha'zen-Williaris para el didme-

ﬁW‘ tro D.. :
oy ’ 1] 90
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La pérdida total de potencial para cada seccidn es-

ta dada por:

(3.23)

&%
€
Lo

i=1,2,... NS

En alguncs nodos de la red ¢l potencial debe ser ma
yor © igual que un potencial minimo; esta restriccidn se ex-

presa por la ecuacidn:

NDQ
<
HO = X Jz’] ° XQ,] _HKmin (3.24)
2 j=1
donde:
H@ - potencial de la bomba {(presidn mis elevacidn)

2 - diferentes secciones gue conecta el anodo Kk,
icon el nodo donde se& enduerntra la bomba
Iy 3 - gradiente de pérdida de potencial, pora el did
b .

metro disponible j, correspondiente a la sec-

cidén L.
%y j - longitud del tubec de difmetro 3§, sorrespom-
diente a la seccién £%.
Hﬁmin - potencial minimo requerids en el nodo k.

El potencial de la bomba se puede exXpresar como:d
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80a, o DA

g

)

W

we

s v ?
FICE

CO!\S iste

+ B (3.25)

H, = P

2>

&

P0 - presidn de la bomba

E0/=.elgvaciép de la bomba

La ecuacién (3.24) se puede escribir entonces, como:

}a func16n.

3
»@,w‘
\\ Ehd

i
. - P, < . .
R,3 ° T&,j 0 - BO HKmm (3.20)
f 3
.Vt :
La filtima restriccidn es:
TR ST PR
TP X.. >0 5, ) (3.27) -
e 1Jo =00 weT Sew S N RIS YRE T ah
. pl";: 1’ z,cou l\‘:‘:’i‘A
SRRV O S AR Vo DL T Sy T
Wjjﬁyis‘29-°= ND. o ’
En resumen, el d1seno de .una red usando este metodo
i A“‘.
en encontrar los valores d% xlj Yy, P0 que m1n1mice A
ND. " o 7, B -
NS B | : ween R
Z= I 5 C..- X;: *+ C+ P
: ij ij c 0
i=1 =1
I te . " ,!>x
Sujeta a las restyriccione
Toeer %, cE oy B
o LAY &5? .
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I x..=1. (3.28)

)
LB Jy s Xg 5 0 Py S By - Hpsn
L j=i
1520 i=1,2,... NS

Este conjunto de ecuaciones representa un problema
de programacidn lineal; una funcién objetivo a minimizar, su

jeta a un conjunto de restricciones.

Para ilustrar la forma de las ecuaciones (3.28), con

sidere la red gimple mostrada en la Figura 3.3.

Usando la ecuacién (3.19), €1 costo anual dz opera-

cidén por metro de agua de presidn, es:

. 420.0 x 2500.0 x ©0.20 _ )
C = 00 00 = $864.20 mex. (3.29)

i
La funcidn objetivo a minimizar es:

+ CZZ Xyy ¥ooo

e

2= Cqq X " Cyp a2 * Cap %y

4 C52 Xeo + 864.20 g P@

-

£3.50)
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SECCION | LONGITUD FLUQJ O [DAMETROS DIS-| CO STO |[Gradente de pirdido
{m.) Ims/hr.) |PONIBLES (mm.)| {($Mexsra.) depotencial (m/m)
300.0 172 .60 ©0.00°7
) 600. 0 420.0
250.0 133.30 0.017
200.0 9% .00 0.017
2 800. 0 240.0 [
150.0 70.10 .07 !
200.0 $9.00 0.00 5
3 360. 0 120.0
. 150.0 TG40 0.020
‘~ 2000 93.00 0.010
4 200.0 i80.0 '
: 1 50.0 70.10 0.042
< 200.0 998.00 0.002
5 ©1800. 0 80.0 |
1150.0 70.10 0.008%
NO DO |POTENGIAL MINIMO |  Elevacich dela bomba, (nods | ) :.240 cm.
REQUERIDO {m.) Descarga de la bomba . 420.0 m®/hr.
3 274. 0 Eticiencio de la bomba | ©.90
4 270. 0 Tiempo anual ds riego . 2500.0 br.
5 287. 0 Costo delc energlo’, (por H.P.<he.) | 0.20 § MEX. i
6 317. O s

fig. 3.3 . RED DE DISTRIBUGION SIMPLE
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Donde el gradiente de pérdida de po%@ncial para ca-

da ‘diametro es dado en la Figura 3. 3;lasf KZT\=.0.01f,_y de

<. (3

la misma formd' para 1051demés dlametros. e

Se puede ver que aln en el caso de redes simples,
el nimero de varlables y ecuac10nes tlende a ser grande, 1lo

que significa mds tiempo y memorxavde computadora.

‘En algunds casos es posible reducir el ntmero de

s

ecuaciones. Con51dere la Figura 3. 49 que muestra el minimo

potencxal requerido en una parte de l "'red mostrada en la Fi

gura-3.3. -

o

Ya que el gradiente de perdlda de potencial decrece

en la direccién del flujo, se puede vqg que si el potencial

minimo en el nodo 6 se satisface, ¢l potencial minimo en el

3

nodo' 5 también se satisface. Entonces ia ecuacidn COTTEes pon«
diente a esta restriccién se puede eliminar. -

| ‘ i -

SOSOZ,ADésciiﬁciéﬁ/Hel bfﬁgrama de computadorad-

f . i
P aast

El programa que se discutirid a cont1nuac1on ,xlene
dos pasos'principales; en ol prlméro, el prohlema de d1seno
de una red es transformado em un problema de programac10n i
neal. Las ecuaciones correspondxentes gon escritas en um are
chivo temporal, en la forma requerida p@r el programa de bi-
blioteca MPS/360 (Mathematical Pr@grammng System} |

En el segundv paso, la c@mputad@ra resuelve el pro-

96




Xi1* Xq9 = 699
= 800
21t X2
= 360
X3 *X32
= 900
X1t Xy

' = 1800

_ X5 1 YXs52
RIEIRRCIPIE SUASPREE SR PO oo Py < 42
T Xtz X2M0 Xpqt0p, XpptT 5y xg045, Xy, Py < -40
J11 %19t %y Ja1 X414y, %y : » "Pp < -39
MERS TR TRSE Tar Xaa¥ap Xgptlsy X5+, xgy By < -44

Y x5 20 i=1,2,...5 (3.31)

L)
]
b
o
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*

blema de. programac1on lineal usando el programa MPS .
En consecuenc1a, el programa que: se dlscutlra puede
ser usa@o s6lo en sistemas que tengan el programa de biblio-

teca MPS de I.B.M.

Es Gitil describir brevemente la forma de dar la in-

formacién necesaria al programa MPS. .. = o

Suponga que el problééa por resolver &5 el mostrado

H

por 1las @cuacionésp(s,SO) y (3.31). La forma de indicarle al

»

Agﬁppograma~qué—vgriab1e§_son,deic@n@cidag y .Sus ‘respectivos

>

coeficientes, es por columnas y renglones:’
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po. de Nodo
S NODOS

&

5v 6,DE LA RED MOSTRADA EN LA FiG.3.3

5
POTENCIAL MINIMO REQUERIDO EN

(w} 1c13ud04

300.0 -
200.0 -
100.0

fig. 3.4
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, 1 COL 2°COL 3 CoOL 4°COL 5:COL 6 COL 7 COL 8 COL 9 COL 10 COL 11 €OL ansT

OSTOS €y ?izi &z1e ¢zzin 'ésii G2 Gy Gy Gy, ) 3§4°2Q

] REN 1,0*22 1:o‘g* i L 1: | . | 500. 0
> 2EN o ;,o 1o " - : | | " ’i 800.0
T 10l 1 \ . : 36000
© REN o - o % L P ST s
T BN fl E . u J:ZA | ;f‘““ N - ﬁnoi ii.o ) f 1800.0"

> MEN "3 21 - I3, P | , 150 . -34.0
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Entonces la columna 4 (4 COL), representara la va-
riable Xy95 SU coeficiente en l1a funcidn objetivo es sz, en
el renglén 2 {2 REN)} es 1.0 y en 1los renglones 6 y 7 (6 REN
y 7 REN) es JZZE

La primera informocida que se¢ dsbe dar, es el signo
de equivalencia de cada rengidn. La funcidn objetivo tiene
ja Jertra N; la letra E es usada en €l caso d¢ igualdad; y

L si es menor o igual.

Para el ejemplo que se estd considerando:

N COSTGS
E 1 REJ
B 2 REN
B 4 REN
) E 5 REN
L & REN
L 7 REN
L 8 REN
L 5 REN

A continuacidbn se dan los coeficientes de las wvarie

bles desconocidas, para cada columna v .ada renglfn:



: 1 COL COSTOS C,
r 1 COL . REN 10,

| 1 COL 6 REN J
ﬁvg COL 7 REN. , ~J
tcoL  SREN. J

. __-T7COL. 8 REN T
2 3T
‘ 2 COL - COSTOS . €y
~ ¢ NE
2 COL 6 REN Jis.
] 2 COL 7 REN 3,

- e e on - o oa - - e
]
- - - oy - - - mcw s 2T e - -

- v B - .
- - e m - =- e e o o -

11 COL 9 REN ~1.0

b ’
1, . - e -
PR - . . L - . an e L . K
O N > ¢ - . . .. ' - 3 Vol ces ot . 4 -

<> ld b

Si el coeficiente es igual a cerc, no es necesario’

escribirlo.

[

... Por Gltimo, las cantidddes del lado derecho de la

ecuacién son escritas, éstas corresponden a la columna REST:

REST 1 REN’ 600.0

T

REST

>e plaba B i o LTIz
REST 9 REN §44,o

».' ! o . £ a0
nida (6ptima, no {factible); el valor de jla funcidén objetivo,

O : [N I A e BT - .- ‘? ?"
P w N oo - - - -

T -y 100

A la salida el programa da el ﬁjpo de solucidn obte
i ~




y el valor de las variables desconocidas usando la notacidn
de columnas.
Las partes principales del programa son:

1) Calcular el coeficiente de cada una de las
variables desconocidas.

2) Eliminar las restricciones redundantes.

3) Generar un cbddigo para la interpretacidn de
los resuitados del programs MPS.

4) Escribir-la informzcién necesaria para el

programa MPS;, en un archivo temporal.

1) Calcular el coeficiente de cada una de las variables des-

conocidas
;

a) Leer el nGmero total de nodos (ND}* y secciones
{NS) de la red; el nGmerc de nodos donde se tiene la restric
cidn de satisfacer un potencial minimo (NR).

El node de referencia(NDR) es el nodo <onde se

encuentra la bomba.

b) Para cada seccidn de 1la red, leer los nodos que
1a conectan (N1(I)), N2(I)); el niimers de didmetvros diferen-
tes disponibles (NDIS(I)). r

Leer cada didmetro disponible (D(I,J}); su coefi

% E1 simbolo dentro del pavéntesis, representa el nombre de
la variable.en el programa.

101
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Hz2{I,JY); su costo por unidad de

~

ciente de Hazen-Williams
loangitud (C{:,J}).

Leer la longitud de ia seccidpn {AL{I}}); v su flu

c) {atcnleor o grogilents: do 00 Ya de potencial,
aszando la ecuacidn (3.223, pdra los dizmetvos disponibies de

cada seccidn (GU{T,J}).

Leer ¢l nodo (ANH

d

Eoey

0

p—

¥y .o miaimo potencial reque
rido (dE{I1}.

) Leer el factor de recuperacidn del capital (CRF):
la descarga de 1a bomba (QB); su eficiencia (EB); el costo
de la energia (CE); tiempo anual de riegoe (T); elevacidén de
la bomba (ELEVB).

f) Calcular el costo de cperacidn ¢2 la bomba, defi
nido por la ecuacion {3.i9), {Uu™}, s

-

2) Eliminar las restriccicones redundantes

Parva cada uno de ilos nodos donde se tiens la res-
triccidn de satisfacer un potencial minimo:

a) Liamar 2 la suprubina ICSYN, que ercuentra

las seccionsgs 7 nodos que conectan el nodo en consideracion,
con‘el nodo des refevencia (IM{I) , JM(IQ)E

b) Se com 2l minimo noc@ﬁ51ai regueride en
el nodo en consideracidn, con cads potencizl micime do o

107




nodos del vector JM(I); si este Gltimo es menor que el prime

10, se elimina la restriccidén (HRES(I) = 0. ).

3) Generar un cAdigo para la interpretacidén de Jos resulta-
dos del programa MPS.

a) A cada didmetro disponible de cada seccidn, se

le asocia un niGmero de columna.

Se imprime esta informacidn.

- . s 2 .
Escribir la informacidn necesaria para el programa MPS,
en un archivo temporal

n
Nt

a) Escribir la informacidn necesaria para iniciar
el programa (nombre del programa, definicién de la funcidn
objetive, las restricciones, minimiz%r la Tuncién objetivo,
solucién primitiva).

b) Escribir el signo de equivalencia de cada ren-

glén; primerc el correspondiente a-la funcidn objestivo, N;

correspondientes a desigualdad, L.

c) Para cada columna escribir el coeficiente corres
pondiente ;a la -funcidn objetivo v a cads rengldn. Si el coee
ficiente es igual a cero, no se escrihe.

d} EBscribir los coeficientes de la columna corres-

pondiente,a la presidn de la bomba,

g) Fxcribir la columna correspondiente o luas Teg-

103



@

a €1, entonces (scoge una de &

tricciones:

2Y Parva czda restriccidn de potoncicl minimo
i levente do cevo (RESHTTr 0 ose cambla su sapar Vose 1o osuma
1a elevacidn Jde Ya Looha (BLEVE}, Se wscribe el gasultado en

el renglidn correspendiente,

Subrutina ICSYN

Esta =ubrutina pormite encontrar las secciones y ng
dcs que conectan el npodo con restriccidn de potencia niniwmo,
dado en el programa principal, con el nodo de refcerencia
{(NUR .

Las secciones son a'macenadas en el vector ITM{T) v
los nodes en JM{I}.

comencurde COn

V]
[¢)
bomed
(V)]
el
A
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bty
43
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el nodo dado cn el prougrame priacipal, encuentra el nlumersy
de secciones que estsn coacctadas a 21, usando la macriz

nes vy .usands la misaz ma-

v
O
)
b=
D

N{i,J). Escoge una de estas se

2elar i ests Aliimo

't
'x».J
3
r"\;
":4

triz, encuegnira el sire nodo qus
s €1 nodo de referencia, regresa al pre svame principaol | de
otra forma S¢ tienen dos pesibilidades:,

a) El nodo tiene mis e una seccibn contectady

+

%]
et

R a st s ,
25 SCTCTLONES YV TIiniinde o




algoritmo.

b) E1l nodo tiene sdlo una seccidn conectada a

€1, lo que significa que no hay mds nodos a donde saltar; en

tonces regresa al Gltimo nodo anterior, escoge otra seccidn
giverente v sigue el algoritmo.

Puede suceder que la computadora, después de buscar
por todos l1los caminces posibles el nodo de referencia, no leo
encuentre ¥y regresa al node inicial: en este caso imprime un
mensaje diciendo que existe un error en la topologia de la

red.

)

3.3.3. Eiemplos

1) Diseifio de una red simple

La Tabla 3.10 muestra el disefio 6ptimo cbtenido
usando programacidn iineal, para 1z ved mostrada en la Figu-

ra 3.3.

2) Comparacidn con el método ICE

La Tabla 3.11 muestra‘el discfio obtenido para la
red mostwada gn la Figura 3.2.

Bn este caso, =l nimero de variables por determinarvr
fue de 24, en :as0s como este, la dispcnibilidad de une come

o | 105
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o
: TABLA 3.10. PDISENG OPTIMO USANDO PROGRAMACION LINEAL PARA
LA RED MOSTRADA EN LA FIGURA 3.3. o
A T BTAMETTO TONGITUD |
SECCION LONGITUD { FLUJO SELECCIONADO SELECCIO | -
(m) (m3/h) [+ " (mm) NADA _(m). g
‘ - 300.0 600.0
1 600 .00 420.0 S
250.0
2000 - 66.47 !
2 800.0 240.0 | |
1150.0 733.53 '
| | 200 .0 |
3 ' 360.0 120.0 ’ - o
( 150.0 360.0 |
oL - 200.0° 900.0 |
-4 90000 180.0 . : -
O o P . 150.0 ]
| N <. 200.0 1800.0
5 - 1800.0 80.0- B =
, | 150.0

TIEMPO ANUAL DE RIEGO: 2500.0 h

EFICIENCIA DE LA BOMBA: 0.90. N

COSTO DE LA ENERGIA (POR H.P.-HORA): 0.20 $MEX.
" FACTOR DE RECUPERACION DEL CAPITAL: 0.136

PRESION EN LATBOMBA: 95.46 m. |

COSTO TOTAL ANUAL DE LOS TUBOS: 61737.97 $MEX.

COSTO ANUAL DE OPERACION: 82496.53 $MEX.

COSTC TOTAL ARUAL: 144234.50 $MEX.

EL FACTOR CRE SE CALCULC SUPONIENDO
UN INTERES DE 14% Y UNA VIDA DE 30
ANOS.

o - 106
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vutadora es necesaria. X

Comparando este disefio con el obtenido usando el mé
todo ICET (seccidn 3.2.4), se puede ver que la presi6n de la
bomba, usando el método de programacién lineal, es de 1.14 m
mayor; 1o que da un aumento en el costo dc eperacidn de
$1214.85. Sin embargo, este método selecciona, en un mayor
nimero de secciones de la red, combinaciones de tubo de did-
metros diferentes, lo que da un ahorro de $76%6.47 en el cos
to total de los tubos. .

En consecuencia, el uso de programacidén lineal da
un disefio con .un ahorro, en el costo total del sistema de
$6582.00; g .

~Las Tablas 3.12 y 3.13, muestran el disefio obtenido
para la pmed mostrada en 1a Figura 3.1, usano programacidn
lineal, para diferentes costos de la energia.

»Compérando este disefio con gl obtenido usando el mf
todo ICET (seccidn 3.2.4}, se puade ver que la presién en la
bomba es un poco mayor en todos los casos, pero que el costo
total anual es siempre menor. Sin embargo, esta diferencia
no es mayor del 5% del costo total, 1a cual puede ser consi-
derada pequefia; asi que se puede decir que el disefio obteni-
do usando el wétodo ICET, se encuentra muy cerca del OSptimo
econdmiceg. De cualquier forma, es mejor usar el wmétodo de
programacidn lineal, ya cue el disefio obtenidc es siempre el

dptimo econbmico.
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PREDICTION AND ASSESSMENT OF
IMPACTS ON THE NOISE ENV1RONMENT
by

L. W. Canter*

I. Introduction
A. Examples of projects causing noise impacts

1. Construction of power plants, highways, airports and “

pipelines.

2. Operation of airports, highways and compressor stations,

B. Basic steps in prediction and assessment of noise impacts

1. Identify the noise levels for the alternatives for
a project need during both construction and operational
phases. This may involve a literature review, analysis
of other EIS's on similar types of alternatives, or ficld
measurements at existing installations of similar tvpes.

2. Determine the existing noise levels for the project
area. May involve field measurements or determination
of land uses in the area. Note any unique noise sources
in the area, or any unique places where noise levels
must be minimized.

3. Procure applicable noise standards and criteria.

*#Director, School of Civil Engineering and Environmental Science,
University of Oklahoma, Nerman, Oklahoma.
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Yredict the anticipated noise levels (microscaie 1mpact)
in the area of the project ror each alternative during
both the counstruction and operational phases. Compare
tihe predicted levels with the applicable standards or
criteria.

1f standards or criteria are exceeded, consider noisc

control methods.

II. Basic Information on Noise

A.

Definition

1.

Noise is unwanted sound. It is sound in the wrong place
at the wrong time.

Any sound which is undesirable because it interteres
with speech and hearing, or is intense enough to damage
hearing, or is otherwise annoying. (1)

Noise is discordant sound resulting from non-periodic
vibrations in air. (2)

The definition of noise as unwanted sound implies that
it has an adverse effect on human beinés and their
environment, including land, structures, and domestic
animals. Noise also affects natural wildlife and
ecological systems.

Nature of Sound (3)

Sound is a mechanical energy from a vibrating surface,
transmitted by a cyclic series of compressions and rare-
factions of the molecules of the material through which

it passes.



@ ;.

Sound 1s trausmitted through gases, liquids and solids.

A }1brat1ng source producing sound has some total power,

anu Lne sound results in o sound pressure which alternatel:

rises to a maximum pressure of compression and drops to

Wlaiuum pressure of rarefaction.

Vaiues of sound power or sounda pressure do not provide d

practical unit for sound or noise measutrement for two reasons:

(a) There is a tremendous range of sound power and sound
pressures preduced. Expressed 1in microbavs, one-millionth
oi 1 atmosphere of pressure, the range is frem 0.0002
microbar (ubar), the minimum sound pressure of a healthy
young human ear can detect, to 10,000 ubars for peak noises
within 100 £t. from large jet and rocket propulsion devices,

(b) Our ears do not respond linearly to increases in sound
pressure. The nonlinear response is essentially logarithmic,
The human ear can discern without pain sounds ranging fiom
a threshold to sounds 1012 times as intense. (2)

The number of compressions and rarefactions of the air molecule

density in a unit of time associated with a sound wave is

described as its frequency. The unit of time is usually one

second, and the term "Hertz" (after an early investigator of

the physics of sound) is used to designate the number of cycles

per second. Again, the¢ human ear and that of most animals has a

wide range of response. Humans can identify sounds with frequencies

frem about 16 Hz to 20,000 Hz. (2)




C.

Sound and,Noise Measurement (3)

RS ‘The,measurement, needs are met by a term, sound pressure

level (SPL), expressed as a logarithmic ratio to a
reﬁeteg;grlevel and stated in a dimensionless unit of
power, the decibel (dB). The reference level is 0.0002

ubar, the threshold of human hearing.
SPL = 20 log, . (g >
Po

'where SPL = sound pressure level expressed in dB

P

sound pressure (ubar)

Po = reference pressure (0.0002 ubar)

2. Some eiémple calculations

At P = 0.0002,

0.0002 _ ~ ~
dB = 20 log 00002 = 20 log 1 = 20 (0) = O
At P = 0.2
dB = 20 log —2:2. = 20 1og 1,000 = 20 (3) = 60
°8 3.0002 og 1,090 = -
At P = 20 \
aB =>§ot1$g —20_ _ 50 1og 100,000 = 20 (5) = 100
- 0.0002 ’
At P = 20,000
4B =20 log 22990 _ 55 10g 100,000,000 = 20 (8) = 160

0.0002

3. Table 1l-contains a summary of various sound pressures and
the corresponding decibel levels, with examples of recognized
sources of noise being cited.

4. As the SPL-decibel scale is logarithmic, decibel values are
not addditive. For example, and SPL of 74 dB from one source

superiﬁposed on one of 75 dB does not result in 149 dB.

ECY
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1.

An S, of 77.6 dB results. 1o determine the totas efiect,

1t is necessary to counvert decibel readings to intensity
ratios, then reconvert the new sum back to a decibel valuc.
fo aid in this process, Table 2 15 provided for determining
the cumulative decibel values of two or more known observati.me
on individual sources. The value in the diftference column

in Table 2 is always added to the highest of the two decibel
values being handled.

In most noise considerations, the A - weighted sound level

is used. This level is explained as follows: The ear does
not respond equally to sounds of all frequencies, but is

less efficient at low and high frequencies than it is at
medium or speech range frequencies. Thus, to obtain a

single number representing the sound level of a_ noise
containing a wide range of frequencies in a manner repre-
sentative of the ear's response, it is necessary to reduce,
or weight, the effects of the low and high frequencies with
respect to the medium frequencies. The resultant sound level
is said to be A-weighted, and the units are dB. A popular
method of indicating the units, dBA, is frequently used. The
A-weighted sound level is also called the noise level. Sound
level meters have an A-weighting network for measuring A-

weighted sound level.

Some Genera; Facts on Noise Abatement

The "Noise Control Act of 1972" is the basic Federal legislation

for noise emissions from a broad range of sources. (4)
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The basic needs for the Noise Control Act of 1972 were

cited in the Act as follows:

(1)

(2)

(3)

that inadequately controlled noise presents

a growing danger to the health and welfarec of
the Nation's population, particularly in

urban areas;

that the major sources of noise include trans-
portation vehicles and equipment, machinery,
appliances, and other products in commerce; and
that, wﬁile primary responsibility for control
of noise rests with State and local governments,
Federal action is essential to deal with major

noise sources in commerce control of which re-

. .
»- "
uire nati

q

The policy of the U.S. is to promote an environment for all

Americans free from noise that jeopardizes their healith or

welfare.

Predictions indicate that the noise in our environment is

increasing by as much as 1 dB per year, or 10 dB per decade.

{1) Some reasons for these increases include:

()
(b)

(c)
(d)

growth in number of miles of urban freeway.
increase in commercial air traffic, and shift in
aircraft from propeller-type to jet-type.

increase in construction activity.

increase in noisy devices such as power lawnmowers

and motorcycles.
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5. An estamated 16.million persons are presently cxposed (o

‘aircraft noise, levels with effects ranging from woderate

v

to very severe. (5)

U fmasedant o seannuid vk o 0 L
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0 .
6. Hearing losses-in the overall population are estimated in

R «TablemB-._,_(,l-) S MmN e v e 4 s e te h am mem et m mmowe v » B e S

¢

~Amuc1pated Voxse Levels (Step 1) . ‘t.«uﬁuw

A.‘ Loustructxonrhqu1pment!and Operatlons (1)

» 1. Construction site categories, can be considerqd to .be comprised of

‘
)

v

RN éoquﬂﬁjol,tXPFF‘ - S A o
SR (}) ;meeﬁgig housing - Q_}udlng res1dences for one to
DT ‘ beveralgfggilies. Copne v -
A (b) Nonresidengia; buildiggs';rincldding offices, public

;

' buildings, hotels, hospitals, schools.

i i e <2 sy TRt £ e i s N e e mee— e v
i

3P0, SagEY, R (g) Industrlalj- 1nclud1ng“1ndustrlal bu11d1ngs, teljblou5

e o e e

A
4 (I ]

and recreatlonal centers, stores,“serv1ue and -repair
P g ,'_’_ ,\ \‘r,""" . - “‘! - !
B T B TR S PRt S SR o NVt S O L T I L R PN
facilities. ) x S i ‘$
PR (d) Publlcww0rksﬂg,1nclud1ng roads, stree;s, water mains,
. o et R RPN g ¢
‘{7?~£

sewers.
Noise from construction of such major civil works as dams and
bridges affects relatively few people (other than those emploved
at or near such constchtion sites).
2. Noise from a qonst;vction site varies as to the particular
operation‘in‘grogress; there are five consecutive phases:

(a) Ground clearimg - including demolition and removal of

prior structures, trees, rocks.

PR




TABLE 3:

Hearing Loss (Moderate to Profound) in U.S.

P lati - Loss of Noi1se—-Assoulated
Age Range opulation Totals
(in thousands) Hearing Totals Hearinge Loss
(thousands) {thousaads)
0-5 17,000 850 ?
5-10 20,000 1,000~ 1,400 *200
10-18 32,500 650- 975 *%x150
18-65 113,000 2,260 2,000 (Approx)
Over 65 20,000 4,000 460-600
TOTALS 202,500 8,700-11,135 2,750-2,950

* Most common cause is explosions from toy caps (20% sensory-neural hearing

loss).

**% Firearms and toy caps (based on approximately 20% sensory-neural hecaring

loss).

-10-
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(b) Excavation.
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’ ,‘(cf‘;?lac1ng foundatlons‘— 1nclad1ng recondltlonlng old
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roadbeds, compacting trench floors.

(d) Erection - 1nclud1n5 fram:ng.,placing oflwalls, tloors,
! 5 b

« e
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(e ) Finlshlng - 1ncluding filllng, paviﬂg;xcleauup.
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“"3.  Table &4z showswtyplcal energyuequivalent noise 1evels at

et .
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The,maximum levels fange from,77 to 89 dBA for allnga;egqglesf‘

f
!

¢
\
\
1

H
1

and have an average value of appro?lmately 85 dBA. TIhe
i - 1 T

) i

‘minimum values for: all categorles have a wider range,xextend—
j

-
AN f
%

bl \, R

+ ( >
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ng from 65 to 88 dBA and have an average value of 78 dBA !

PIRSE V e S e et
The table also shows that the 1nit1a1 ground clearing and
excavation phases generally are the n0151est, that the 1nter—

L% )J ,J < "J-—‘r -

mediate foundagion placement and erection phases are .somewhat

PRSI L g s R d

guieter, and that the final finishing phase tends tq produce
considerable noise annocyance.

4, /Noise levels observed 50 ft. from construction equipmepf are
shown in Table 5. These levels range from 72 to 96 dBA for
earthmoving equipment, from 75 to 88 dBA for materials handling
equipaent, and from 70 to 87 dBA for stationary equipment.

Exampies of Noise Levels from Project Operation

1l.  Examples to be considered include highway vehicles, aircrafec,

—11- e
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TABLE &:

Typical Ranges ol Energy Equivalent Noise Levels, L in dBA,
at Construction Sites “q
Industrial
folce Build- Parklng Qarage, Public Works
. ing, Hotel, Religious e s
Domestic X Roads & Higi-
Housin ‘Hospital, Amusement and wavs. Sewer
g School, Public Recreations, Y i ?
and Trenches
Works Store, Service
Station
I II I 1I I I1 I 1z
Ground 83 83 84 84 84 83 84 84
Clearing
Exaavation 88 75 89 79 89 71 838 78
Foundations 81 81 78 78 77 77 88 88
Erection 81 65 87 75 84 72 79 78
Finishing 88 72 89 75 89 74 84 84

I ~ All pertinent equipment present at site.

II ~ Minimum required equipment present at site.
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TABLE 2:

Construction Equipment Noise Ranges
AC'SE LEVEL (0B41 AT SO FT !
! %) 70 m o 00 1o
— T T
P COMPACTERS (RO_LERS) | | - { ! |
by f f 1 +
Lo ERONT LOADERS | — ;
R ; 4 T : :
YRS BACKMOES | ! : , | |
R I ‘ . be !
v 1 ' |
LTz TRACTORS | X
P iz L 4 .
RNE -
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x +
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= - l
(5 : | | | (
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- NI ] L N L N J 1
] i ) i
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el Bt !
N
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= ' T l i -
s i { |
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L i
1] 1 . i '
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bz —
.= i t 1
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1 : 1
Note Based on Lamsted Avasiabie Dota Somples
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10.

11.

rail systems, recreation vehicles, iaternal combustion
engines, industrial machinery, building equipment, and

home appliances.

The noise levels produced by highway vehicles can bc attributed
to the following three major noise generating systems: (7)
(a) rolling stock; tires and gearing

(b) propulsion system: engine and related accessories

(c) aerodynamic and body

The noise levels produced by highway vehicles are generally
dependent upon vehicle speed, as illustrated for a number of
different vehicle types in Figure 1.

General Characteristics of highway vehicles are shown in
Figure 2. (7)

General characteristics of commercial aircraft are shown in
Figure 3; V/STOL aircraft in Figure 4; and general aviation
aircraft in Figure 5.

General characteristics of rail systems are shown in Figure 6.
General chgracteristics of recreation vehicles are shown in
Figure 7.

General characteristics of devices powered by internal
combustion engines are shown in Figure 8.

Typica{ ranges of noise levels from industrial machinery,
equipment and'processes are shown in Table 6.

Typical ranges of building equipment noise levels are in
Table 7.

Typical noise levels of home appliances are in Table 8.

-14~
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Figure 2: Characteristics of Highway Vehicles
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N TABLE 6: Range of Industrial Machinery, Equipment, and Pfocess Noine

oL , |

Levels*

Nofise lrvels —dRA,
RO &5 90 95 100 1o 1100 115 170 ’
N — p— _.._1___1“_..1 - e
1. Pneumuatic Power Tools (1inders, M
s vhippers, eole.) ® [ B ] y
i 2. Molding Machines: (5., ‘blow . ; m_j. 1
‘olding, elc. ) . L 1R
3. Aur, BiownDown Devicos (patat- ’ ! i
s, cium!n;,, elc.) N ., . .
4).- Blo\wrs {iorced, nduced, fan, 4
, v clc ), - e L ! ¢ o o .
] : S ! L.
\»5:. Arir Compressors (mrlproca'l.lg. .
ccnlrﬂug‘ll) . - ,
6. “Mctal Forming (punch, shear- ' : 5 !
ing, elc.) - . 4
’i.: Combustion (furnaccs. Ilam - : \ -
* stacks) : {(measured 25 ft., froin source)
H . . - ¥ i L 4 E
: '8, Turbo-gencrators {sleam) R o (measured. 10 ft, from.scurce)
¢ ot g .
A . 9. Pumps (water, hydraulic, ete.), - - !
i - v
O, : ‘. {10. Industrial Trucks (LP gas) -
i .
H DA - o T
' i {11. Transformers @
1

0

*Measured nf oparalor poz'altlahs:execpt for7oand 8, .

[

a

i . o f
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TAB

!

LE 7:

Range of Building Equipment Noise Levels to Which People MArv

Exposed

LAMP RALLASTS
AND VAPOR

DIFFUSERS
MIXING BOXES
FAN COIL
TRANSFORMERS
PUMPS

BOILERS

STEAM VALVES
CHILLERS
ELEVATORS

AR COMPRESSORS
COOLING TOWERS
FANS

DIESEL EMERGENCY
GENERATOR

A-WEIGHTED NOISE LEVEL

120

30 40 %0 60 70 RO 90 100 110
] I 1 I 1. T -
O={®
W - INTERVENING WALL
J D - DUCT THEATMENT
}ne\ E - ENCLOSUNL OF EQUIP
! R — INTERVEMNING ROOF
| STRUCTURE
O—t1——¢ + D—1-0 S — BUFFER ZONE FLOOR
BETWEEN SOURCE AND
OCCUPANT'’S FLOOR
Qe V — VIBRATION ISOLATION
OF EQUIPMENT
Ot —W + Vg
O W+V
L wev @
E \
s WV -
w ]
YRR
Yz S+R+V
W+D+V
w]v

© NOISE LEVEL AT 3 FT FROM SOURCE
O KROISE LEVEL AT OCCUPANT"S POSITION
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TABLE 8: Noise Levels of Home Appliances and Building Equ1pment
Adjusted for Location of Exposure (IN dBA)

- - # o Y% oa - E . N
- 3! o, soeer ™ R L VUG SN B ¢
) Level of o fovel of i-”-n wrete of,
Nolse Source . Operaior Poeple in ther
S L. % ) Exposure®, G .- Rooms
Grou,p l Q\nct Major Equipinent
{sand Appllancea : PR AT % AT O .
Refiperator - 40 32
CFroeger . - . . 41 - .. .u3
Ll( ctric Heater t Cage ‘ 17 -
Hu{_mx(‘ﬂ!c 50 ' 43
_Floor fan , [P ] T , 14
Dehumiddier ‘ 52 = . 45
Window Faa 54 47
Clothes Dryer ) 55 48
! AR A:r Conditioner - - . Lo 55,0, e dle e . 48
Group 1: Quiet Equipment and . :
NI bmall' {\ppllances, o T .. oy
\Halr (Jlmcr . 60 40
' Clothes Washer 60 A R 52
“Stove Hood-Exhaast Fans ¥4 . .| " . o610 nofl owd L -53
Eiectric Toothbrush : . 62 ' 12
Water Clowet | . 62 ~ 1 L. 54
Dishwasher -+ * - i I I Y 1
Elcctric Can Opener 61 56
Food Mixer .65 Ca b ., 5T .
Hair Dryer . B T E RN R A S T
Faucet 66 51
Vacuwur Cleaner 67- ..., . . 60"
-Electric Knife 68 : - .- A Tel R o
) Group 1t: Nolsy Small Appllmcea o N .
T Electnie Knfe Sharpener et SRR 7 S LR Y62
Sewing Muachine 70 62
:Oral Lavage -, . .- . - 72, : 62
Foud Biender ) 73" 1 65
Electric Shaver 735 52
0 Electric’ \Lawn Mowar - SO SR IN L E . §55. .
Focd Dlsposal (Grinder) ) 76 o 68 °
Group v: Nolay Electric Tools .
Electric Edger and Trimmer si” L T T e
Hedge Clippers 84 64
ilome Shop Toole - .« - ' 85 .o.x, au] as -
*Texrmed. "primary exposure” A
o*Tormed "gocondary exposure” - . "
- B - - H <
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1v, ‘Existing Noise Levels (Step 2)

V.

AG

B.

Some Typical Outdoor Values

1, The outdoor daytime residual noise level in a wilderness,

such as the Grand Canyon rim, is of the order of 16 dB(A), oun

the farm it is of the order of 30 to 35 dB(A), and in the
city it is of the order of 60 to 75 dB(A). (8)
2. Noise levels for the urban population are shown in Table 9. (6)

Ldn = day-night noise level

3. Outdoor day-night sound levels are shown in Figure 9 for

various locations. (6) Figure 10 shows the n%;ional population
as a function of exterior day-night sound levels. (6)

Some Typical Indoor Values --- see Table 10. (6)

Effects of Noise (Basis for Step 3)

A.

General Comments (3)

Information on effects of noise is best for hearing loss due to
noise at work. Other effects of occupational noise, except speech
intelligibility interferences, are less certain. These are changes
in psychological and physiological states, including annoyance and
sleep interruptions. The last two are principal complaints against
community and aircraft noise. TProperty damage by actual vibrational
or boom destruction and by depreciation because noise paths and
patterps impinge on the property is known, and is to some degree
measurable and predictable. Effects on animals seem to have been

studied very little. These effects are of concern for wildlife

" around airports and along highways, and for fish and wildlife in

~26- |



TABLE 9:

cstimated Percentage of Urban Population (i34 Million) Residing

in Arcas With Various bav-Nighl Noise Levels Together With
Customary Qualitative Description Of The Area

Averape Census

g Typical ) I,i\.l”""”c‘l Tract Poputition
1 Descripuca Range Average ! crecntage Desaty, Nuimber
j Ly, n dB Ly, mdB ,ol Utban of People Per
fL Population Square Mile
| Quici Suburban 48-52 50 12 630
Residential
Norinal Suburban 53-57 55 21 2,000
Residential
Urban Residential 58-62 60 28 6,300
Noisy Urban 63-67 65 19 20,000
Residential .
Very Noisy Urban 68-72 70 7 63,000
Residential
~27-




Ldvl
DAY-NIGHT
OUALITATIVE SOUNN LEVEL

NESCRIPTIONS DLLIGHLS oUTDO0R L NCATIONS
— ) —
I LOSANGEFES — 3rd § LUUR APAREMEGT NIYETO
e — FRELWAY

e LOSANGELFS - 3/4 MILE FROM TOUCH DOWN AT
MAJOR AIRPORT

| 4

CITY NOISE —B0— LOS ANGELES — DOWNTOWN WITH SOME CON-
(DOV/NTOWN MAJOR = SFRUCTION ACTIVITY
METROPOLIS) :él\ HARLEM — 2nd FLOOR APARTMENT

VERY NOISY  _ 75

? == BOSTON — ROW HOUSING ON MAJOR AVENUE
! NOISY URBAR
5 WATTS — 8 MILES FROM FOUCH DOWN AT
< ;E MAJOR AIRPORT
= \ NEWPORT — 3.5 MILES F ROM TAKEOFF AT
= ‘-E{Q_"' SMALL AIRPORT
% \ LOS ANGELES — GLD RESIDENTIAL AREA
[+ =4
l SUBURBAN
b FILLMORE — SMALL TOWN CUL-de—SAC
SMALL TOWN A —5055~_ " SAN DIEGO — WOODED RESIDENTIAL
QUIET SUBURBAN
~F
CALIFORNIA ~ TOMATO FIELD ON FARM
pum—. T F.

Figure 9: Outdoor Day-Night Sound Level in dB (re 20 micropascals) at Various Locations®
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TABLL 10: hquivalent Soung Levels in Decibels Normallv Occurring Inside
Various Places

SPACI L LNH)
She Stove H1-5 derks) o0
ie Store gnoie than 5 cleiks) 6S
Stnatl it (1-2 desks) S8
Mcodium Otnice (3-10 desks) 63
Lir.e Oihice (more than 10 desks) ¥
Muicctlaneous Busicss 03
Resdences
Typreal movement of peeple- no TV or tadio 40 45
Speechiat 10 feet, notmal voree 5S
TV histenng at 10 feet, no other activity 55-60
Stereo musie 50-70

— R A o

(+) These measurenents were tehen over darations By pical oi the oprration
of these faalitizs,
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C.. Hearing Changes:and:Losses:

e

mniy

immediate effectsson: thoseinythiersonic-boom paths,, there is

- - e e o < v = yn A

pethways of sonic boom, In.the first instances habit.at«

be lost:; buti the creatures-have 1 chance to migrate and to

reestablish bevond?the rvach. of 'the-noise: TIf there. are bad

PTA - )
. H

{
4

I .
b

Noc oS pe pimes. . n

Pri

‘s

5

"

'

-
1w iplessof: Hearding: (2)). . )

<
r 6 - B ‘
3

- R .

(8
Figurevll. shows: thHe-'functionalidiagram.oft therhuman car,
BRI - = ' " ’} R

21 .
. <

- o,

Sdundiissgeneratedi by atsource:prodicing;vibrations- (soynd
" , ~ . s - - T
wavesé}th9t;may;travel;th%oughﬁany;media@and§wnith“.in:air.
e R o Lyl cY
actuatestherhearingimechanisms: 6f¥ humanssandfanimals..  These
. L - - ’ B ‘

+ o

vibrations.set!in motion:the: earsdrum’andismall: bones  or:
' ¥ e } Snov . B
ossiclessof: thermiddlerear~as .shown*in:thenschematicr drawing

intFigure:11%. The:motionxof? therossicles;. inrturny; produces-

vibrations-in:the. fluid/inithe: inner- ear’ s<sensory organ
- . . \ ‘ i K ,

thie cochlea.. Thervibrations-are.then:transduced:into: nerve
. }.: ~ . f - . ) .

impulses.by- sensory" hairscellssand? transmitted? to>therbrain,.

B

- - 5 : N : e ., . .
wheresthey. are: perceivedias+sound’ory, . depending:upon circum-

\
PO 1

stances,.as»noisez.

s

v

There. are-. two: types:of. hearingzchanges:causediby:s noise. expoiure.
Témporary threshold shift (TTS). is~the lessened’ ability:to icar
weak. auditory. signals, from-whichothere-is recovery-in a. matter

of.hours. and .at. most. in- 2-to -4 weeks: Noise-induced!permancnt

threshold?shift'(NIPTSD=isvaEIOSSGf%oh%whichxthere,iswno,ru—

covery.. The.relations between the two are. not clear.
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For bo(ﬁ conditions higher SPLs for long time periods

increase severity. bBv its nature TTS has been easticr to

study. Some things are known about TTS is that it increases

lineariv with the average noise level, trom sbout 80 db up

toe 130 dB., It is propeorticnal to the tractien of time that

the noise is present; therefore steadv noise is the major

of fender,

From extended observations several things c<an be said about

NIPTS, a form of deafness.

(a) Exposures of 8 h/day for several years, to 3PLs above
105 dBA are sure to produce NIPTS in a normal unprotectced
ear. The A in dBA refers to the A scale of measurement,
with this scale approximating the frequency response of
the human ear.

(b) The first and most severe NIPTS is at frequencies in the
neighborhood of 4,000 Hertz (Hz). Hertz is the unit
describing frequencies in cycles per s=cond. The car
transmits sound to the brain best at frequencies betwecen
1,000 and 4,000 lz.

(¢) 1If there is going to be partial recovery of the loss, hat
1s, if part of the loss is TTS, almost all such recovern
will occur in 2 weeks. There will be some added recover~
in a month., Single event injury,<as a gun shot near the
ear, may show recovery up to 2 months.

(d) Noise-induced permanent threshold shift is not progressive
after the person is moved {rom the noise. Neither is a

-33-

(g8

(2=




(e)

(g)

(h)

noise-damaged ear more susceptible to, furtner injurvy <:>

than a normal ear.

Regular exposure to moderate noise does uol make the
car more resistant to occasional exposures to high-
intensity noise. The ear does not toughen.

Susceptible individuals cannot be identified before

they suffer hearing losses. Monitoring audiometry

detects early NIPTS before it becomes severe.

After onset, further NIPTS cannot be avoided except

by reducing the noise exposure. There is no way to

restore loss from NIPTS.

In the occupational setting, NIPTS will appear in almost

all men exposed 8 h/day to broadband noise above 105 dBA.

It will appear in aboﬁt 50 percent of those exposed similarix C:)
to a level of 95 dBA. It will not appear in anyonec at 4

level below 80 dBA.

Iinterference with Speech Communication

1.

Interference with speech communication by noise impedes our

activities and understanding of one another at work, in the

home, and in the general social scene.

With the increase of the speed and power of machines in

manufacture, coanstruction, office work, on the highways, and

in the home, the interference noise has become all pervasive.

See Figure 12 for visual portrayal of speech interferecunce,
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Annoyance

1,

To venture into the annoyancc effects of noise is to
encounter the subjective response of people to noise

head-on.

~

Figure 13 shows typical community responses to noise

levels (1).

Other Effects

1.

2.

Disruption of sleep and rest.

Reduction in work performance.

VI. DNoise Standards and Criteria (Step 3)

A.

Terminology

1.

A statistical analysis of the noise level gives the percentage
or total time that the value of the noise level is found be-
tween any two set limits. Such data can be presented directly
in the form of histograms, or be used to obtain a cumulative
distribution in terms of the '"level exceeded for a stated per-
centage of time'". For the sample statistical distribution of
Table 11, the noise level exceeds 60 dB{(A) for 1 percent of the
hour, 55 dB(A) for 10 percent of the hour, 50 dB(A) for 50 per-
cent of the hour, and 45 dB(A) for 90 percent of the hour. The.
noise levels are abbreviated svmbolically as Ll’ LlO’ L50 and

L,.. respectively. (8)

90

Definitions (1)

Gommunity Noise Equivalent Level - Community Noise Equivalen’

Level (CNEL) is a scale which takes account of all the A-weightel

acoustic energy received at a point, from all noise zvents cav. o
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TABLE il: .xample of Statistical iustribution of OQutdoor Norse Atasrve «f
in Intervals of 5 dB Widths

! Cunulative ;
Intervol in : Percent of Percent of
i db(A) Total Time -Total Time
| i
i 61 through 65 | i
i 56 through 60 9 10
|
i 51 through 55 40 50
46 through 50 40 ' 90
41 through 45 10 100 (i)
'
!
/
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"will be numerically 35-37 dB higher thaidl if expressed in the

"a séale which takes actount of the totality of ‘all aircraft .

noise levels above some prescribed valuz. Weighting, |
- . 13 L"i ' . [ - 3 .. g B -
factors are included which ‘place greater importaunce upon

. e, ! : %, oy, - ‘,4'* . N - \
noise events occurring during the evening 'hours .(7:00 p.m.

to 10:00 p.m.) and even greater importance upon noise

¢
‘ <
[

ST S L R Y VA
events at niglt (10:00 p.a. o 6:00 a.m.)).

Composite Noise Rating - Composite noise fatihg (CNR)' is
- .

operations at an airport in quanitifying thé¢' total aircraft

ﬁ;1§é~eﬁvff;§ment.‘\It.wés the ‘earliest method for évﬁluat;gg
combatiﬁie”i;ﬁd iuse around airports and is still in wide use
by the D%paggﬁeﬂt‘of Defense in predictihgﬂﬁo{se thirbnmepts
aroénaﬂmilita}y air%féldé,}Baéicali;;‘fd calculate’a CNR value
one beginé:witﬁvavﬂéaéuré‘df Eh;;méi&ﬁumlndise’ﬁéghifﬁde from

each aircraft"fi&ﬁy and adds weiéhtihg factors which sum the

" B

cumulative effect of all flights.- The-scale. used .t6 describe .
individual ndise events is%béfceivéd:ﬁoiée level® (in PﬁdB).

the tgfmJaccounting:for nuébé%xafwkliéhtk i; 10C16§16N;(Where

N is the numﬁéf of flight bpéfaéiong),>5ndséaéﬁ:ﬁiéhf 6peration

counts as much as 10 dayEimé"bpefat¥6ns;i-Ve;y}abpééiféately. -

the noise exposure level at a point expressed in'the CNR scale

CNEL scale. ’ A \

Effective Perceived Noice Level (EFNL) - A phvsical measure

‘dedignéd to estimate the effective "noisiness" of a single

nnise event, usually an aivcratt fly-over; it -is derived [rom

instantaneous Perceived Noise Level (PNL) values by applving

-39- 3
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corrections for pure tones and for the duration of the nnisec.

Noise Lxposure Torecasl — Noise exposure forecast (NEF) is a

scale (analogous to CNEL and CNR) which has been used by the
federal government in land uée planning guides for use in
connection with airports.

In the NEF scale, the basic measure of magnitude for individuul
noise events is the effective perceived noise level (EPNL), in
units of EPNdBE. This magnitude measure includes the effect of
duration per event. The terms accounting for number of flights
and for weighting by time pericd are the same as in the CNR
scale. Very approximately, the noise exposure level at a point
expressed in the NEF scale will be numerically about 33 dB
lower than if expressed in the CNEL scale.

Noise and Number Index (NNI) - A measure based on Perceived

Noise Level, and with weighting factors added to account for
the number of noise events, and used (in some European countries)
for rating the noise environment near airports.

Noise Pollution Level (LNPor NI'LL) - A measure of the total

community noise, postulated to be applicable to both tratfic
noise and aircraft noise. It 1s computed from the "energy
average' of the noise level and the standard deviation of the

time-varving noise level.

NOYS - A unit used in the calculation of perceived noise level.

L4

Perceived Noise Level (PNL) - A quantity expressed in decibeis

that provides a subjective asseségent of the perceived '"noisiness"

of aircraft noise. The units of Péxceived Noise Level are
i

\

Perceived Noise Decibels, PNdB.
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3.

‘

Sprech-Tnterference Level {STL) - A calculated quantity procding

a guide to the interfering effect of 3 noise on reception ot

speech communication. The speech-interence level is the arath-
: S o RN TV B

A R RIS S SO I TR N ' .
metic average of the octave-band Sound-prossurce levels of the

interfering noise in the most important part of the speovh

frequency range. The levels in the three octave-trequency
bands centered at 500, 1000, and 2000 Hz are commonly averaged

td\determine the speech;iﬁtérenCEQIEQeliq Nume}iball§,'the

. «
i R L O
w

magnltudes of a1rcraft sounds 1n the Speech lnterference Level

séale‘aré‘apprOXima ly 18 to 22 dB less ‘than’ the same sounds
i .‘}: . -

in the Perceived Noise Leve_l..nscal«a. .in_PNdB, depend i\ngmon\gthe
P at d ; NV RIS T
spectrum of ‘the sound: : ST e N
R = R Y e A umry e B e T e

' B E [ v ' Ty, e

See Table 12 for a general compar1son of CNR, Nhk and CNEL.

PR SR

- . - o - o n pye [ -

B, Crlterla for/Protect1on of ! Publlc Health and Welfare (6)”“1‘

O ;

2'

—rante emeam -

-
(‘-I

The phrase "health and welfare is def1ned as complete'phybx\dl.

e e UL L e e mrem e nn %

& Al

- e 2

mental and socxal well ~being anj not. merely the absehce‘of

e e e der e Ty e R .._{
’ N = e .

o - Wty - T

PRI [ . I T

di,se'a.se ,ahdwi;nfirm.i*tyw-_ S

el WL

See Table 13 for criteria.

C. Design Objectives —--- see Table' 14.

D. Example Standards for Federal Highﬁay Administration (9)

1.

2.

Table 15 portrays the design noise/land use relationships.
The exterior noise levels apply to outdoor areas which have
regular human use and in which a lowered noise level would tsw

ot benefit..’These design noise 1e§el values are to be applici

»




TABLe 12:

Factors Considered in Lach of Three Methods Used for Describin,

the Intrusion of Aircraft Noise into the Community

&)

Composite
Noise Nojse Exposure Con munity Nolae
Factor Rating Forevast Fquly Jdent Teves
(CNT) (NLF) (CNTLY
Basic measure of single event Maximum Tune-corrected A-uweighted nolse
noise magnitude perceived perccived level
nolee noise level
level
{easure of duration of None Energy I Energy intesration
individual single event wrt.gration X
}
I

Time perioda dunng day

Daytime (7 AM-10 PM)
Nighttimme (10 PM-7 AM)

Davtime (7 AM-T7 PM)
Eveniag (T PM-10 P))
Nightame (10 PM-7 AM)

Approximate weighting
added to noise of singie
event which occurs fo
indicated period

Daytime 0dB
Nighttime 12dB

Daytume 0d3
Evering 5dB
Nightlime 10 dB

Number (N) of identical 10 log N 10 log N
events 1o time period
Summation of contributiona Logarithmic Logarithunie
4
.‘\|
=4
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TABLE- 13:

Yearly Average* Equivalent Sound Levels Identified as Requi:
tuo Protect -the Public Health and Welfarc w1th an AdequaL

of Safety
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TABLE l4: Design Objectives for Indoor A-Weighted Sound Levels i

Rooms with Various Uscs

Type or use ot space

Approviate A wanhied
sound fevel (dBaA g

Concert halls, opera houses, recital halls

Large auditoniums, large drama theaters, chuiches
(for excellent listeping conditions)

Broadcast, television and recording studios

Small auditonums, small theaters, small churches, music
rehearsal rooms, large mecting and confercnce rooms
(for good listenming)

Bedrooms, sleepiag quarters, hospitals reswidences, apartments,
hotels, moteis (tor slecping, resting, relaning)

Private or senupnivate offices, small conference rooms, class-

rooms, hibrancs, cle. (for good listeming conditions)

Living rooms and sunilar spaces in dwelhings (for conversing
or listcmng to radio and television)
Large offices, reception arvas, retal shops and stores, cafe-
tenas, restaurants, cte. (moderately good hstening)
L.obbies, luboratory work spaccs, dralting and engineerning rooms,
general seeretanal arcas (for farr listening conditions)

Light maintenance shops. office and computer cquipment rooms,
hitchens, laundiies (modertately fair hstenmg conditions)

Shaops. garages, power-plant control rooms, ete. (for just-
aceeptable speech and telephone conmunication)

21 to 30

Not above 30

Not above 34

Not above 42

34 to 47

38 1o 47

38 to 47

42 to 52

47 10 56

52 to 61

56 to 65

¢ As rccommended by an acoustical enzineering firm on the basis of
cxperience with acceptability linits ey ubited by the users of the rooms.

16



TABLE 15:
Land Use Design Norse
(‘:_ategory_r Level - ™10
A 60dBA
= ‘ (Exterior)
!
o~
w
[ )
B 70 dBA
- ‘ {Exterior)
C . 75 dBA
" (Exterior)
-D -
E 55 dBA
(Interior}
(M)
2

Design Noise Level/Land Use Relationships

ﬁéscription;of Land Use Categm"y -

Tracts of lands ik which seremty and quiet ire of ¢« "‘aoxdm" ry
slg‘nl!lcance and serve an important publi:need, and where the
preservatmn of those qualities is essentiataf thr ares is to
continue to'serve its intended purpoqo Such areas could 1nclude
amphitheaters, par’tuular parks-or po-txons of parks, or.pen
spaces which are dedicatedlor recognized by appropriate local -
officials for acthhes ‘requiring specnl qualities of o¢ rp'uty and
Quiet, | . .

Residences, motels, hotels, pubhc me“tu -4 ro-"'r.:. Szth otz
churcﬁea hbranes, hocpltals P cnic areis, recreatinn areas;
playgroands, active 5p0!‘t5 careas, and parks. © '

P ¢

Developed lands properhes or acthtles ant mcl !
categories A and ‘B above. -

RS s

For requnrements on undeveloped lands see ,Jaragraﬂ*a 3al3) and

‘(s) th\s PP'\l

Resxdences; motels, hotels, pubhc thestis 2oy, 57 7900S,
churches, libraries, ho:apxtals and audvt')r“ 5.

N ~1 -

s

.,._,.-_3‘-1 i




al thiose points within the sphere of human activity {(at
4pproximate car level haight) where outdoor activities ariuad. s
occur. The valucs do not apply to an enlire tract upon wiich
the activity is based, but onlv to that portion in which th.
activity occurs. he noise Tevel values need ot be applie.

to areas having limited auman use or where lowered norsce levai.
would produce litcle benefit. Such areas would include but oo
be limited to junkyards, industrial areas, railroad yards,
parking lots, and storage yards.

The interior design noise level in Category E applies tu

indoor activities for those situations where no extcrior

noise sensitive land use or activity is identified. The
interior design noise level in éategory E may also be con-
sidered as a basis for noise abatement measures 1n special
situations when, in the judgment of FHWA, such consideratioa

is in the best public interest. In the absence of noise
insulating values for specific structures, interior noise
level predictions may be estimated from the predicted outdoor

noise level by using the following noise reduction factors:

Noise Corresponding Higiot
Reduction Exterior Noise -
Due to Level Which Would
Buliding Window Exterior of Achieve an Interici ‘usapn
ivpe Condition the structure Noise Leve: of 55 .. %
All Open 10 dB b5 dBA
Light Ordinary Sash
Frame Closed 20 75
With Storm 25 80
Windows
Masonry Single Glazed 5 8BU
Masoary Double Glazed 35 90
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Noise reduction factors higher than thosce shown above wa, Le

used when field measurements of the structure in gue tven ndoe

x <

that a higher value is justified. 1In determining whethber Lo

use open or closed windows, the choice should be governer by

-~ B

e P p -~ o
R e - I

th° novmal condltlon of t.u}dvxndows. *lhat dn, anv building

e ]
PN skt

having year round air treatment should bc troated as the colsed

window cése. Buildings not hav1ng air coﬁa{fxonlng in warm and

! K Ly Lorda
"‘ S 1A v. s

- f I
’ 1 Sl 3

hot cllmates and whic h have open window a substantlal dmount of

P

}
time should be treated as the open window case. - . ;.. "%

"E. hxample Standards for HUD' (10) --- see Tabie lb."'“’
- . TR AN Y

VII. Prediction of Nolse Levies
A. General Model (10) L S TS P,
1. Sound travels through the air in waves, with characterlstlcs

O . DUDURCL oL st o Yo . vt e
- of frequency (cycles per second or- Hertz) and wavewlength.

4

[ e ea e e e -k e rw e - Lo e mw e dar e e

T

)

B o s e mawac T g me w
t

i

2. If a sound were created at. a p01nt, 2 system of spher1cal

Ni-‘ -:«.y

,M»mm_wavesnwould.propagate-from»thatmp01ntfoutwardmthrough the~

'

A

~ 'gir‘at-a speed of 1100 feet per second 'w1fh the first wave
making an ever—increasing sphere with time. As the wave

spreads, the height of the wave or the intensity of the“

AR - - - - 11

sound’ at any glven point must d1m1n15h as the f1xed amount ol

energy is spread.over an increasing surface area of the.spiere.

This phenomenon is known as geometric attenuation of the“sound.
3. For point~source propagation

sound level - sound lev91 20 log ig

- . 1 r
/ l )
where the sound level at station one minus the sound level ™
<:> at station two is equal to twenty times the log of the ratio
~-47-
)
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TABLE 16: Residential Noise Level Guidelines

(Note: Measurements and projections of noisc exposures
are made at appropriate heights above site

boundaries)

I
EENERAL EXTERNAL EXPOSURES - dB(A)

ATRPORT ENVIRONS -~ NEF Z0ML

UNACCEPTABLE

Exceeds 80 dB(A) 60 minutes per 24
hours

Exceeds 75 dB(A) 8 hours per 24
hours

greater than 40

(Exceptions are strongly discouraged and require a 102(2)C
environmental statement and the Sechtaty's approval)

DISCRETIONARY-NORMALLY UNACCEPTABLE

Exceeds 65 dB(A) 8 hours per 24
hours

Loud repetitive sounds on site

statement)

I

between 30 and 40

(Approvals require noise attenuation measures, the Regional
Administrator's concurrence and a 102(2)C environmental

D ISCRETIONARY-NORMALLY ACCEPTABLE

Does not exceed 65 dB(A) more
than 8 hours per 24 hours

less than 30

ACCEPTABLE

Does not excegd 45 dB(A) more
than 30 minutts per 24 hours

less than 30
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““up-and constitue a-continuous stream’

B it R R

of the radii. This means that for every doubling of di<tan o,
the sound level will decrease by 6 decibels. In other worus,
1f station cne were at a distance of 50 feet from the poinc
source and, if station two were a distance of 100 feet frow the
point source, the sounu level measured at‘point two would be

6 dB less than the sound level measured at point one. This is

5=

called the inverse-square law. This kind of relationship

holds true for single vehicles and aircraft when sound is -
propagating in free air, either from the airplane to the ggound
in a compiéte %pherieal sense, or im the case of an automobiie

on the-ground whenfthé‘pfoﬁagatidh*fiéld\&s only half a sphere.
N . N ~ a N [ N, "4 P
S - [ 3 VR ' S0 w0 .‘ - T k ‘ - :;. s - .“"
See Figure 14.°: . - 7 =+ © SN ST
T : - i ‘ ‘ ) . T N K Lo - ;.v i

L T R . T D o . 2
Line-source propagation --- When a. number of vehicles are lired
Tt A s i v - :" ' K ;T , _; Lo ] 1‘ N
(;ra ¢ ,“‘ [ . - . : i1 N 5 R

of noise sources, the

- . Y o
L TR N

situation is no longer characterized by a sphé%ical or hemis-

pherical spreading of the sound, but rather the reinforcement

~by-the-.line of- point-sources-makes the-propagation field. :--

like a cylinder or half a cylinder. In this case the equatiogp

is as follows:

For Line-Source Propagation:

r
sound 1evell- sound level , = 10 log ;Z
‘ - 1

Thus, the decrease in sound for each doubling of distance from

a line source is only 3 decibels. When we consider noise levels

»

"from busy highways, we will esseatially consider the noise

source of the highway as an infinite line source and a 3 dB per

~49-
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‘doubling of distance propagation rate will be utilized. liowoever,
when we consider a situation such as the propagation of noisc

from a multi-car transit train, the 3 dB per doubling oi

Pt

distance propagation rate wili be applicable to approximatelv
- - £
a distance of 3/10 6f'the length of the train or a finite sine
o Vi

source. Beyond that distance, a 6 dB per doubling of distance

’

" “'attenuation rate should be applied. .

B. Aircraft Noise Exposure Contour Model (i)

This model 'is based on the physical_qhafacteristics of the
run@ayé'anﬁ flights using the facility.

The program provides the user with three output options. The

. T c .
N R t . .
first is:theiContour Output, which provides a list of coordinatus
o .o [ Ir{ %
a ’i T N

that give the location of a-Sggcified Noise Exposure Level., Also

- 3 T ,
given is the area enclosed by:these points. The second output,
; T SE T
T AT g " ad 7 ‘.\ o .
the Grid .Output’ 'provides the Noise Exposure Level for each
set of coordinates specified by the user. Finally, the:

1 L
[

Diagnostic Qutput provides a subtotal,..the-Effective Perceived

Noise Level, which includes the present flight coﬁ&idered plus

-~

all previous flights: This oﬁtput also:éives a complete

P
Ea

bl

description of théxbfeseﬁg fligﬁt being considered, including

B . Taeh oa b “
AT TN ¥

Such other information as aircraft.type, percent thrust, aud

elevation.

The outline of ‘the moacl, including input requirements, output

options, and flexibility, is shown in Table 17.

PP

¢
£
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TABLE 17: Aircraft Noise Exposure Contour Model Outline

AL Input Requirements of Mudel
‘ L. mNwaber of nunways, dnd tov cach vviay:
(¢)  Rumway coordinates - Cartesiun coordinates of romeay
cud pointls;
(b) Uistance from the-end of nuway to the start of
takeoff roll;
(¢) Distance {from the end of muway to the touchdown
point; wuwl
(d)  Number of flights on cach runway (a flight is a give
aircraft type on a given [light path), and for cach ikt
(1) Typc of {Jight - tukcoff or laonding,
- (2) Type of aircraft;
(3) Nuber of operations; and
(4) Number of scgments composing each opcrdtion,
and for cach sepment:
a) Scgment leagth;
b) Fligiat path climb angic;,
¢) Thrust level of aircraft; and
d) Radius of curved segrent.

B. Qutput Options of dModel
i. Contour Output
(a) Required inputs:
(1) Noise exposurc (NL) level;
(2) Tolcrunce of NE Level; and
(3) Estimate of X and Y coord*nates of location of
first point with given NE level,
(b) Output:
(1) X and Y coordinates of locations of specified
NE level; and
(2) Arca enclosced oy points on line connecting the
prescribed NE level,

~52~
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2.

3.

Grid output

(@) Required saputs.
(1) X and Y coordinates or the starting point on grid,

(2) Increnents {or X and Y; and
(3) Nunber of points on X and Y axis.
(b) Output:
(1) N lcvels for each set of coordinates specificd.
N1&gnostic output
(a) Required inputs:
Sames as one requircd for grid cutput.
(b) Output:
{1) ¥Flignt number;
{2) Aircraft type;
{(3) Slant range to observer;
(4) Llevation angle to observer;
{5) DPerceat thrust;
(6) LPNL (Etffectave Perceived Noise Level of aircraft
at slant range H),
(7} Corrections for
a)} Shieclding,
b) Ixcess ground attenuzation; and
c) Nunuer of operations.
(8} Net LIPNL; and
(9) Subtotal FPNL - 1ncludes present flipht plus all

preceding ones.

C. Flexability of Model

1.

2.

Has bLeen converted for use on the v 300/195.  {1he orig i

progras was wratten for the CoC owdo.)

Progra nds beca designed to pencrate NLolevels, but it cun
casily be nodifted to produce

() 1

Ni IPNE ¢ 10 dog NOP's - RS
e number of observalions)

fto) N N

Nl = Iw)ﬁ%ii + 10,07 WS
u iy nipht
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3.

Provieas presently has:

i) 24 noise curves TPNL vs Siant PHegeht - ene curve {or takeott

and one fer landing for cadh o 12 aiccraft types;
(b) 6 thrust correction curves - 1N v Perveent Thiust; wnd
{c) 2 excess ground attenuaiton curves PN va Distance.
Fually, acw reiationships developed for both now and existing
aircraft may be casily incorporated 1nto the program as data

statements.

¢



‘* €. Highway Noise Prediction Houels

1.

The Federal Hihway Administration PPM 90-2 (9) stated that two
highway noise prediction methods\were acceptable:
(a) The method in the National Cooperative Highway Research

Program Report 117 (12).

(b) The method in the Department of Transportatlon, Transportation

et

Systems Center Report DOT-TSC FHWA-72 l. (13)

A model developed at Argonne Natlonal Laboratory was publlshed

i

in 1973 (ll) Ba51cally, the model requ1res characterlstlcs of

the hlghway segments as input. The characterist1cs include a

,"

descrlptlon of the traffic using the hlghway (the speeds and volumes

of both automoblles and trucks), the phy51cal dimensions ©f the

m(»* AR R
’ T

1

fac111ty (the elevatlon, depres51on, grades and surface types),

°F a
M- I [EY S il IR \

and the aspects of the env1ronment border1ng the facility

that have an effect on the noise levels (the landscap1ng, structures,

4 ) =

and barrlers). Fundamentally, the model calculates a noise level

A “‘;‘”74“.‘24:.-)

at a partlcular p01nt along the hlghway and a perpendlculat

dlstance away from the h1ghway Once this noise level is

calculated, the model moves outward an incremental distance

Vol

‘awayffrom the facillty and calculates another noise level. This

process is repeated until the model reaches a maximum pre-

scribed distance away from the highway. At this point, tae model

2 '

moves farther down the highway and calculates another group ot

“noise levels. This is repeated until the model has covered the

entire length of the highway. The model prints out a contour

map of noise levels at given distances from the facility over

Al
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the entire length of the facility.

(a} Figure 15 shows\a schematic diagram for the uvs¢ of the
model. The fiftieth percentile noise level is that
noise level that will be exceeded 50% of the time.

(b) Two options for estimating highway noise are available
to the user of this model. The first allows the user to
ﬁredict noise levels at various desired heights above
ground level. This may be of special importance in an area
that is composed of multi-story apartments and commericai
sturctures. The second option allows the user to calculdate
the predicted noise levels in the fiftieth or tenth per-
centile noise levels. The tenth percentile noise level is
that level that will be exceeded 107 of the time. The
fiftieth percentile level is useful as it provides what may
be termed the median noise level. On the other hand, the
tenth percentile noise level will also be required as
many noise standards are beginning to incorporate this

level.

VIII. Noise Control Principles (Basis for Step 5)

Al

Reduction of Vibrating Sources (3)

Noise is produced by an aerodynamic disturbance s.ch as air moving
in a duct, discharging from a pneumatic tool,and being pusned about
along the surfaces of speeding cars and trucks, beat about by
propellors, or squeezed and thermally expanded through jet engines.
Or noise is generated by the vibration of structures puviposefully

set in motion, as in internal-comtustion engine or the shuttls of a

/
/

’\
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loom. Noise is also produced by a surface that is vibrating as 1t is
connected to the moving parts of machinery, such as a fan housing or
a mounting of a punch press or a packaging machine. Control at the
source then depends on altering the aerodynamic characteristics ot
the vibrating air by dimensional changes, by smcothing its flow to
reduce turbulence, and by absorbent materials along its path.
Enclosure of the Source (3)

The escape of noise can be prevented by complete enclosure of the noise-
maker. With provision for heat dissipation, motors and production
machines can be put on vibration mounts and housed in sound-absorbent
materials. Escape can be somewhat reduced by partial enclosure.
Abosorbent baffles at air inlets and outlets can reduce the escape

of fan noise. Mufflers control the escape of exhaust air and gas
noise partly by altering the aerodynamics and partly by absorbing
existing vibrations.

Attenuation by Absorption(3)

The behavior of noise which has already been generated and which nus
escaped into a room can be modified. Acoustic characteristics wit.cn
influence the behavior of emitted noise in a room are the absorpc.on
coefficients of surfaces exposed to the noise; the reverberation time
which depends on the noise source and the room; and the transmissiorn
losses through the walls, floor, and ceiling. Acoustically,
reverberation time of a room is the period required for any

sound to decrease by 60 dB after the source is cut off and absorption

takes place. This technique. of control depends on reducing the noise

-58-
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level by improving the absorption characteristics of the room,
Modification and wall and ceiling qualities is the principle procoedure,
and floors as well where change does not interfer with floor scyvice-

ability. Application of this approach is a demanding task for a skilled,

experienced w.coustic control expert.

IX. ©Noise Contrel Practices (Step 5)

A,

.Industrial Noice (3)

The methods of noise control in the United States are well formulated
for controlling indusrrial ncise. The principles embrace plant
planning; substitution of quieter equipment, processes, and materials;
reduction at the source and reduction by transmission by air.
Subsonic Aircraft Noise Abatement {iD)
The following lists some of the current noise abatement techniques,
procedures, and other alternatives to counter subsonic aircraft noise
sources;
1. Alircraft Design or Modification

New quiet engine designs with high bypass ratios and low velocity

nets.

Acoustically treated nacelles and ducts

Exhaust silencers for reciprocating and turboshaft engines

Noise suppression for on-board auxiliary power units

Rotor and propeller aerodynamics for reduced noise

Noise suppression for mechanical components such as helicopter

gear boxes

Vehicle aerodynamics to allow for steeper ascent and desceat,

and/or reduction in time required for ascent/descent

-59-
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2, Aircraft Operafions
Restrict operations by type of aircraft, number of operations or
time of day
Power cutback on takeoff or steep climb-out depending on situation
Steep or multi-segment approach depending on situataion
Preferential runway assignments

3. Aircraft Mainenance
Restrict eagine "runups' during ground maintenance operations
Maintenance of additonal hardware for noise suppression (i.e.,
treated nacelles or auxiliary-power-unit silencers

4., Aircraft Route Location
Avoid noise sensitive areas in new route assignments
Modify existing routes to avoid noise sensitive areas
Utilize noise-insensitive areas for ascent and descent paths

5. Landscape Architecture
Shield airport surroundings from noise resulting from aircraft
ground operations and surface vehicle operations

6. Acoustic Insulation
Insulation of dwellings against aircraft noise

Insulation of commercial structures against aircraft noise

7. Land Use

{
4

Coatrol by zoning authorities foﬁ compatible land use

i
4

Highway Noise Abatement (10) {

/7
’

1. Three options for noise reductipn are:
{(a) Man-constructed barriers fo obstruct or dissipate sound

emissions
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(b) Elevated or depressed highway through grading

(c) Absorption effects of landscapting (trees, bushes, shrubs,
etc.)

Constructing Barriers.

A rigid (fairly massive) barrier can be an effective means tu

reduce nroise from highways depending upon the relative heigh.s of

the barrier, the noise source, and the affected area, as well

as the horizontal distance between the source and the barrier

and between the barrier and the noise-affected area.

Elevated or Depressed Highways.

Often a highway in an urban area can be built above or below

the surrounding property. Such dirfferences in grade provide

some shielding of traffic noise and can reduce the noise levels

at adjacent properties.

Effects of Planting.

Planting adjacent to a highway produces little physical redu.tion

in noise level unless it is very dense and of significant dgpLh.

Some other noise control measuras for highways:

(a) Limitations on allowable grades.

{b) Road surface repairs

(c) Route locations planned tc insure maximum separation
between roadway and existing noise sensitive areas and
to make maximum use of shielding provided by natural barriers

(d) Provide for compatible use of land adjacent to highways

61~
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One of the maJor 1mpacts from many actions™is- On't“L ‘air quality in

the vicinity of the project area. Constructlon of highways, airports,
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» dams, waterways, power plantsﬂ'lndustrial‘parks, apartment houses, and

. AL L e -

pipelines generate construction dusts and’ exhaust emissions from construc-
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_tion eqdipment. The ‘operation’ of -ai rpbrts and- power plants~ and the use
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of highways and industr1a1 parks also cause emission of gaseous and parti-
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culate air pollutants. This chapter is addressedwto data. needs:and asso-
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ciated technolo‘yifo predlcting and asse551ng thes1mpact .of. auproposed
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action”ontaifrqualitth'

BASIC STEPS FOR PREDICTION AND ASSESSMENT \
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The basic steps ‘associated with predictioniof changes in.air quallty,

TRty Vs 6Ty g e Ty PV L. _z-
. 5 - £ TR h 7T v

and assessment of the 1mpact of" these'changes .dre .as follows. ~

L L ek TP .- Fuom
. ‘ vI B ' - P ‘- R EEE P B
1.“ Idéntify air pollutants em1tted from the~a1ternatives under
con51derat10n for meeting a glvenjneed.gr.h' gt i

. 4 rn ) - o - P
- e , ..a P -, A ’,_x m&', . ‘

27" Describe or determine the ‘existing-air.quality levels in the
area. If possible, present ‘histioricalitrends, in!air, quality.
Examine the’ ~frequency - d15tr1but10nr ‘and. the' median, and ,mean
concentrations for each gaseous ‘or particulate air;pollutant
which has ‘an ambient air quallty standard

Ol . - . .
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3. "Determine the* ‘air pollutlon dlspers1on potential. for the
area; this can be accomplished By aggregating; 1nformation
on seasonal or monthly variations of mean mixing- depth

7 “‘inversion! héights, wind: Speeds;,- high: dir,pollution. poten-,
tial, and episode- days. Historical records of air pollu- ,
tion ‘episodes ‘in.the area- should be described.. - . s e

‘
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4. Summarize the basic metecroloqical data for the area;
this should include monthly «wummaries of precipitatien,
temperature, wind speed and direction, selar radiation
and other parameters if decemed appropriate. Tncluded in
this information should be the monthly, seasonal, and
anpual wind roses. Any unique meteoroiogical phenomenon
which have occurred in the arca sheould bhe identified,

5. TProcure ambient air quality standards and emissions stan-
dards, if they are relevant. J{onsideration should be
given to the time achedule required for meeting these
ttandards.

6. Summarize emission inventory data for the smallest appli-
cable scale of the region, and include the regional
emission inventory. Identify the major point sources of
air pollution in the area and indicate the quantities of
pollutants emitted as well as the specific location of
these point sources relative to the sites of the alter-
natives under study.

7. Determine the mesoscale impact due to construction and
operation of each alternative. This can be accomplished
by cachPatihg the estimated annual quantity of air pol-
lutants from each alternative and determining the per-
tentage incréase in the regional and local emission
inventory fér each pollutant emitted. Particular atten-
tion should be addressed to increases in Priority I or
?riority I1 pollutants (these priorities will be defined
iater).

8. Calculate the ground level concentrations of air pollu-
tants from the alternatives under varied meteorological
tonditions. Develop isopleths of concentration in the
vicinity of the sources of emission. In order to deter-
mine the microscale impact, compare the calculated air
quality levels with the applicable ambient air standards.
The proportion between the calculated levels and the
applicableé ambient air standards should be considered.

If emissions standards are applicable to the alternatives,
thern the emission standards for the action should be
considered in relationship to the anticipated emission
levels.

9. 1If ambient air or emission standards are exceeded by the
proposed action, consider mitigation or control measures
im order to minimize the air quality impact.

The above nine steps are directed toward determining the air qualit,

\
\

impacts of alternatives and a proposed action on the mesoscaln and micioscale

e, i I
H
]
i



O

O

wareing, deralngal pnaehR 0 yeluyl w0 w8 Gp 0 Ldat B T EL e, At (e
it ' - 4
~ﬁh&$§*‘ TR TEAE S A L PUR SR SUR VA S R S

]evels. The mesoscale level assessment is oriented to the contribution
~ty £ “‘Wd T‘X"v N pole o e c«fai 'a'\?l.- iy e b0, L‘;?Ly!(\ﬁ’]’\ I T 1 B T AN T
of the proposed action to arca and regional emission inventories. The
g2 ﬂﬂe'.t,‘, EE R S A S L.r L‘i”?.\u"f‘“' iy J“r:‘?i Lt TR A Vil” !3« . PELCNETE S S A et

microscnle level assessment is oriented to a comparison of calculated
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"the presence in the outdoor atmosphere of one or more

Lo godcicontaminant’s ‘such’as dusty~fumes; gas’ mist Zpdor J-smoke,
or vapor in quantities,of characteristics, -and of duration,

» ol guch’as tOAbeJinJurious to“human, vplanttor’ "animal ‘1ife or*
to’ property, or which unreasonably interferes with the
comfortable enjoyment of lifefand”property’" TUUYRESI v e

i
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B Several key”ideas“are embodled““ the ‘above" definition of afrfpollu-

v

*tiony namely; (1) ‘the focus’ 18 on" thF“outdoor'atmbsphere and“does’ not

b a T gt s L n 005t v gt g ponE e ey ey Y hy Lyt et
-inc¢lude the'industrial?working‘env1ronment,' 2) air'pollutionfmay be
" e e it e s oo,
hlates;‘or combinations ‘of”
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ontaminant ‘gases’6t partic
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causéd by si g1

these’ contam(’a t$70(3)"the-concentFition~or quantity of‘material is a™"
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bas1c-determ1nant in causingafr’ pollutant Ldffacts: ") theltind 6F ‘ox: "
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.

posure, or the persistence of 'a given concentration level i a pullutant

is also a basic determinant in the effects of air pollution, and (5) the

i
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cffects of air pollutants can occur on living things, fnanimang ohjerts,

and the acstheric features of an area. (:>
There are a number of significant dates in the history of air pollu-

tion occurrences. (2) ‘One of the first recorded dates occﬁrred about

1300, when King Edward 1 issued a proclamation prohibiting the use of

sca coal during sessions of ¢he English Parliament. In 1866 the first

paper on the health effects of air pollution was presented, and in 1875,

cattle deaths in London were shown to be due te an air pollution episode.

In the early 1900's the term "smoke-fog" began to be utilized, with this

terin befng shortened to "smog®” which has become a synanym for air pollu-

tion, Some major air pollution episodes occurred in the Meuse Valley

in Belgium in 1930, in Donora, Pennsylvania in 1948, and in London, Enpland

in 3952. 1In 1955 the first U.S. legislation dealing with air pollution was

passed, and in 1963 the Clean Air Act was created. The Clean Alr Act was (:)

amended in 1967, 1970 and 1974, (3)
The sources of air pollution can be categorized according to type,

that is, whether natural or manmadey by number and spatial distributiong

or by type of emissions such as gases aﬁd pgriiculates. The number and

spatial disgribution category includes single or polnt sources, area or

non-point sources, and line sources,

The two major classes of gaseous ajr pollutants are inorganic pases
1

and ormanle vapors,  Exampies of wﬁdviy—occufring Incrganic gases fne bute
3

sulfur dioxide,oxides of nitrogen, carhon monoxide, and hydrogen sulfides

and organic vapors include hydrocarbons, mercaptans, alcohols, ketones,

and esters, Organic vapors are gencrally localized pollutangs. Secondary

pasecus aiv pollutants resulting from photochemical veactions include , <:>
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oxidants, with the primary component being ozone.' Sulfur, nitrogen, and
carbon-containing inorganic gases can be oxidized in the atmosphere to
their most oxidized form and then be combined with'wﬁtec vapor. to create
acidic mists such as sulfuric acid, nitvric acid, ana carboniec acid.

'+ Particulate air pollutants are any dispersed matter, solid or liquid,
in which the individual aggregates are larger than si#gle small molecules
(about 0.0002 p in diameter), but smaller than about 500 microns. Parti-
cles persist in the air from a few seconds to several months. (4) Particu-
late matter is basically divided into two broad categories dependent upon
the, sampling technique. Total suspended partlculates are those materjals
that .can be filtered from the atmosphere through the use of a high-volume
air sampler, Settleable solids or "fallout" or dustfall refers to those
materials that are deposited by gravity into a dustfall sampler over a
period of one month, The most used particulate measurement for air
quality control is the total suspended particulates.

One of the primary concerns is the effect of air pollutants on
aesthetics, economic viability, safety, personal discomfort and health, (5)
The aesthetic effects include loss of clarity of-the atmospheré due to
the presense of .particulates and/or photochemical smog, and the presense
of ‘objectionable ‘odors primarily 'associated with gases such as ammonia

and sulfur-containing mercaptans. Economic:losses attributable to air

4
i

peollution include the soiling effect of partiéulates; damage to vegetation
and '«crops resulting from exposure to excessive concentrations of gases

shch as sulfur dioxide, oxides of mitrogen and ozone; damage to livestock
associated with exposure to flourine; and deterioration of exposed materials

by a variety of air pollutants, Materials deterioration includes corrusion




oflmgtals by sulfur dioxide, weathering of stone by acidic wists, darken-
ing of lead-based white paint by hydropen sulfide accellerated cracking

of rubber by ozone, and deterioration of fabrics such as nylons by sulfur
dioxide. Safety hazards associated with air pollution result primarily
from decrcased visibility, and they can become of major concern in con-
junction with airport operations as well as ground transportation. Per-
sonal discomfort is associgted with eye irritation from photochemical

oxidants and irritation to individuals with respiratory difficulties from

a variety of pollutant forms. Actual health hazards may result from air

" pollution, with an example being the short-term affects of carbon monoxide

in urban areas characterized by heavy traffic. There is some evidence

regarding accute i1llness and even death resulting from air pollution,
while substantive data regarding long-term effects of exbosures to lower
concentrations of air pollutants is minimal. Tables 1 and 2 contain a

summary of the results of a 1968 survey of air pollution damages. (6)

IDENTIFICATION OF AIR POLLUTANTS (STEP 1)

The first step associated with prediction and assessment of air
quality impacts involve identification of the type and quantities of air
pollutants emitted from the construction and operation of each alterna-
tive under consideration for a proposed action. One approach for identify-

ing the anticipated air pollutants is to review other environmental state-

ments prepared on projects of similar type. Perhaps the best approach is

to utilize emission factors arranged according to man's various activities.
An emission factor is the statistical average of the rate at which a pollu-

tant is released to the atmosphere as a result of some activity, such as
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Table 1: NATIONAL® COSTS OF POLLUTION DAMAGE,
BY POLLUTANTS, 1968
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Table £: NATIONAL COSTS OF POLLUTION DAMAGE,
BY SOURCE AND EFFECT, 1968
{$ hiliion)
T Stationary T S
Effects source fuel Transpor- Industrial Solid Miscel- Total

combustion tation processes waste lanesus
Residential 2.802 0.156 1.248 0. 104 G.88% 5,200
property
Materials 1.853 1.093 0.808 0.143 0,855 4,752
Health 3.281 0.197 1.458 0.119 1.065 6,060
Vegetation 0.047 0.028 0.020 0.004 0.021 G.126
Total 7.983 1.474 3.534 0.370 2,765 $16.132
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ples of conqtruction phase emiqsiom factors are shoun in Table {8) for
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asphalt plants and Table 4 (9) for concrere batching plants. To give an
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idea of the accuracy of the factors presented for a specific process,
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each process is ranked as "A, " "B," "C, "o " or "E." For a process with

s

an "A" ranking, the emission factor is conqldered excellent,4.e., bascd

N
YL tial - [ L.
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on fxeld measurements of a large number of sources.. A process ranked "B"

‘ \
1

is considered above average9 i e,, based onealimited number of field mea-
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uurements. A fanking of "C" is considered average,,xq " below average;

and "E," poor. (7). Exgmples ef operational phase e@&gggg%;gietors Jre
shown in Tﬁﬁle 5 (10) fei incineratq{shﬂﬂeb%e @y‘l;)2§95~§}?3 sﬁeltere and
Table 7 (15§'¥or aircrdft. The‘primary'thing to notexfrom,Tables 3~;wis
that infurmat{on is provuded att various lcyvels of, re]iabllity, to en;ble

lhe calcu]atlon of the" total quantity of alrrpollution anticipnted from

the<51ven activity This information is-basic. to- the prediction of the

'mesoscale atr quality 1mpact of the .alternatives for~ yproposed action.
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DESCRIPTION «OF -EXISTING. AIRMQUALITY LEVELS (_STEP 2 ) -
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‘The second step in the process 1s to assemble’ inform tion on the

pxistlng air quality levels in»thedareafofnthe ‘project,- particularly for
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o ,’ Poeayd Sraawt s

‘the@e anticipated air pellutants -to-be.- emitted from. the; construction and
operat ional phases of the project. Sources of information include the
relevant county and State air pollution control agency, and private in-
dustwies in the atea that might be,mnintaining an aiv quality monitoring
pregram fot their particular interesgs. Oune of the best sources of infor-

mation is the SAROAD System of the Environmental Protection Agency, with
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Table 3: PARTICULATE FMISSTION FACTORS
FOR ASPHALTIC CONCRETE PLANTS

EMISSION FACTOR RATING: A

Emissions

Type of Control 1b/ton kg/MT
Uncontrolled? 45.0 22.5

Precleaner 15.0 7.5

High-efficiency cyclone 1.7 0.85
Spray tower Olﬁ 0.20
Multiple centrifugal scrubger 0.3 0.15
Baffle spray tower 0.3 0.15
Orifice-type scrubber 0.04 0.02
Baghouseb 0.1 0.05

2 Almost all plants have at least a precleaner follow-
ing the rotary dryer.

b Emissions for a properly designed, installed, operated,
and maintained collecter can be as low as 0.005 to
0.020 lblton (0.0025 to 0.010 kg/MT).

=10~
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IFOR CONCRETE BATC HING
"EMISSION: FACTOR RATING: Cc
’ “y ' .:. ::x ,i\‘:} e RS~ I e B ' (2 vy
Emission
“ s Vit v v 4
: I Py 3
- Concrete ~ i 1b/ydTof -, kgl of
batching " - concrete concrete
. .Uncontrolled 0.2 mo 0022
) '_:-‘ Gaoa B W - :‘“ ‘ ;«-w
Good ‘control 0502 0.012
. ‘ M . m
Ce '{;: ;: \;c .\:; . f f:: ]
20ne cublc yard ‘of concrete weighs 4000
pounds (1 m3 = 2400 kg). The cement con-
y - tent varfes with the type: of concrete:

. g m1xed “buts 735 pounds-of cement’ per yard
(436 kg/m30 may be used as a typical
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Table 5: EMISSION FACTORS FOR REFUSE INCINERATORS WITHOUT CONTROLS®

EMISSION FACTOR RATING: A .

Particulates  Sulfur oxidesb Carbon monoxide Hydrocarbonsc Nitrogen oxidesd
: -
Incinerator type ib/ton kg/MT 1b/ton kg/MT 1b/ton kg/MT 1b/ton  kg/MT 1b/ton kg/MT

Municipal

Multiple chamber,
uncontrolled 30 15 2.5 1.25 35 17.5 1.5 0.75 3 1.5

With settling chamber
and water spray

system 14 7 2.5 1.25 35 17.5 1.5 0.75 3 1.5
Industrial/commercial
Multiple chamber . 7 3.5 2.5 1.25 10 5 3 1.5 3 - 1.5
Single chamber 15 7.5 2.5 1.25 20 10 15 7.5 2 1
Trench
Wood 13 6.5 0.1 0.05 Na® NA  NA NA 4 2
Rubber tires 138 69 NA NA NA NA NA NA NA NA
Municipal refuse 37 18.5 2.5h 1.25 NA NA NA NA NA NA
Controlled air 1.4 0.7 1.5 0.75 Neg Neg Neg Neg 10 5
Flue-fed single chamber 30 15 0.5 0.25 20 10 15 7.5 3 1.5
Flue-fed (modified) 6 3 0.5 0.25 10 5 3 1.5 10 5
Domestic single chamber
Without primary burner 35 17.5 0.5 0.25 300 150 100 5G 1 .5
With primary burner 7 3.5 0.5 0.25 Neg Neg 2 1 2 1
Pathological 8 & Neg Neg Neg Neg Keg Neg 3 L.5

.. d . )
ahverage factors given based on EPA procedures for incinerator stack testing. Expressed as nitrojen dloxide

%Expressed‘as sulfur dioxtde : - ov e - o o e e . cNot.available o

5%

(;;PYQSSCd as methane <:> ~~*<:>



Table 6:

SMELTING WITHOUT CONTROLS®

FMISSION FACTORS FOR PRIMARY ZING

of: concentrated or ptoduced
Included in 802 losses from roasting.w
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Table 7: EMISSION FACTORS PER AIRCRAFT LANDING-TAKEOFF CYCLE
(1b/engine and kg/engine) 2

EMISSION FACTOR RATING: B

Solid Sulfur Carbon Nitrogen
particulates oxides? monoxide Hydrocarbons oxides (NO, as NO,)
Aircraft 1b kg 1b kg 1b kg 1b kg 1b kg
Jumbo jet 1.30 0.59 1.82 0.83 46.8 21.2 12.2 5.5 31.4 16.2
Long range jet 1.21 0.55 1.56 0.71 47.4 21.5 41.2 18.7 7.9 3.6
Medium range jet 0.41 0.19 1.01 0.46 17.0 7.71r 4.9 2.2 10.2 4.6
Air carrier 1.1 0.49 0.40 0.18 6.6 3.0 2.9 1.3 2.5 1.1
turboprop
Business jet 0.11 0.05 0.37 0.17 15.8 7.17 3.6 1.6 1.6 0.73.
General aviation 0.20 0.09 0.18 0.08 3.1 1.4 1.1 0.5 1.2 0.54
turboprop
General aviation 0.02 0.01 0.014 0.006 12.2 5.5 0.40 0.18 0.047 0.021
piston
Piston transport 0.56 0.25 0.28 0.13 304.0 138.0 40.7 18.5 0.40 0.18
Helicopter 0.25 0.11 0.18 0.08 5.7 2.6 0.52 0.24 0.57 0.26
Military transport 1.1 0.49 0.41 0.19 5.7 2.6 2.7 1.2 2.2 1.0
Military jet 0.31 0.14 0.76 0.35 15.1 6.85 9.93 4.5 3.29 1.49
Military pistonb 0.28 0.13 0.14 0.04 152.0 69.0 20.4 9.3 0.20 0.09

3Based on 0.05 percent sulfur content fuel.

Engine emlissions based on Pratt & Whitney R-2800 engine scaled down two times.

O O
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TABLE 8: 1973 SUSPENDED PARTICULATE CONCENTRATIONS (ug/m3)
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The first general indicater of air pollution dispersion potential is
mixing height, which can be defined as the vertical distance available
above the earth's surface at a given location and at a given time period
for the mixing of pollutants. The mixing heights vary daily, seasonally,
and with the topography. (15) Figures 1 (16) and 2‘(17) indicate the
mean annual morning and afternoon mixing heights for the entire United
States. Information oun this parameter,as well as essentially all of the
parameters in this step,can be obtalned through Ciﬁm;tological offices
in states, or the Naticnal Oceanographic and Atmospheric Administration,

Inversions occur when temperature increases with height above the
earth’s surface. (18) Inversions typically are present during the night
or early morning hours due to the heating‘and cooling paétern at the ecarthis
surface. In general, inversions are most frequent during tﬁe fall season
of the year than during any other season. One of the characteristics of
inversions is that they are often accompanied by wind speeds less tham
seven miles per hour, thus they often represent time periods when the;e
Is Timited horizonal and vertical d1spcrsion; The max{mum inversion
height in most areas of the country is limited to about five hundred
meters above the earth's surface. Figure No. 3 (19) contains seasonal
maps of the percentage of total hours of the occurrence of inversions or
isothermal conditions below five hundred feet(during the winter and the
summer .

Another indicator of air pollution dispersion potential is the high
pcllution potential advisory (HAPPA). A high air pollution potential
advisory is issued following the occurrence of Ifmiting dispersion condi-

tions over a 36-hour period and covering am area of approximately 75,000
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squhre miles (20). The conditions are: the movning urban wixdng height
is:equa} to or less than five hundred mcters, the morning wind speed is
chal to or less than four meters per sccond, the afternoon wind speed
is equal to or less than four meters per second, and the afternoon venti-
lation rate (which is wind speed times mixing height) is equal to or less
than 6,000 square meters per second. Figure No. 4 (21) contains a map
of forecast-days of high air pollution potential im the United States.
Another air pollution advisory is termed episode-days, with the
criteria required for defining an episode-day varying for mixing height,
avérage wind speed in the mixing lgyer, degree of precipitation; and time
period of persistence, Figure No. 5 (22) indicates isopleths of the
total number of episode-days in the United States in a five~year period
for certain criteria. |
Another general indicator of ;ir pollution dispersion potential is
the mean annual wind speed at a given location. Figures 6 (23) and 7 (24)
represent isopleths of the mean annual wind speed averaged through the
morning and aféernoon mixing layers, respectively, in the United States,
Some areas are characterized by mean annual wind speeds as low as 3 meters
per second in the morning, whereas others are as high as 9 meters per

second in the afternoon.

‘ !
‘One other thing that should be considered is the historical records of

air pollution episodes in the area. Information of this type has been com-
piled, and if previous air pollution episodes have occurred, these nead to

be documented in the environmental impact statement. (25).

ASSEMBLAGE OF BASIC METEOROLOGICAL DATA (STEP &)

Information which is associated with general air pollution dispersiom

~21~
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Figure 4:

isopleths of total number of forecast-days of high meteorological potential for air poliution in a S-year period.

Data are based on forecasts issued since the program began, 1 August 1960 and 1 Gcionar 1963 for eastern and wastern
parts of the United States, respectively, through 3 Apri! 1970.
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potential, but more relevant to specific calculations of microscale impact,
ing%qﬂes monthly records of precipitation, temperature, wind speed and
direction, solar radiation, relative humidity, and other items. Basic
weather data for a given area can be obtained from several sources, in-
cluding state Climatology offices, National Oceanographic and Atmospheric
Administration, and the Federal Aviation Administration. A typical record
of weather data is shown in Table 9. (26) This information is generally
presented for the most recent thirty-year period for those stations which
have been collecting information for that length of time, Graphical
presentations of monthly, seasonal or changing annual patterns of various
parameters should be considered.

Windroses should be presented for the particular area or the nearest

weather station. A windrose can be defined as a diagram designed to show

the distribution of wind direction experienced in a given location over a

considerable period of time. (27) It is a pictorial graph showing the pre-
vailing wind direction and speed, with the wind direction shown as the
direction from which the wind is blowing. A representative windrose is
shown in Figure 8 (28), with these two windroses representing the averages
of ten years of data. Information of this type is necessary for microscale
calculations of air quality impact.

Any unique meteorological phenomena that occur in the area should
be noted, particularly as related to the occurrence of tornadoes, or
unique characteristics such as fog formation and persistence. Some
agencies require a discussion of the probability of a tornado occurring

in an area, an this probability can be calculated from use of the approach

suggested by Thom (29).
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- PRESENTATION OF AIR QUALITY STANDARDS_&STEP 5)

One of the major points of concern in assessment of air quality

impacts 1is the question’df whether or not air quality standards will be

exceeded. Two types_ of gtgndarQs are Ee%evant; ambient air standards and
PEE SRR S ] Lot oA vellna,

ah
L - ,

B
.
s

emission standards. Ambient air quality standards are thqée that apply to

N

the generalambientﬁatmosphe:e;“whereaq em1q51on'SCandards are related to

R q PrANT LS
33 srne il R TR .

pollutant materlals which can be emitted _from.a. source-into the ambient
. EIRTALY I it c”"':ﬂ- Y 4

. atmosphere. ”!;, N vt Erhd eaeah

) - ~e Shemca el e - e, ~\v‘.5-"

The Federal Clean Air Act of 1970 established a: program for the

';,J Cert

t . PR
o FIRTC §

‘creation of air quallty‘standards (3) A summary of the amblent air

8 - 3
“"“\!/Tv -

standards is cohtained in Tablenlog (30) Pnlmary standards are those

o . s o
wae - - :,‘—\‘ 2

N «, [ ¥ :! e
‘ STy 2D L JV\,\ PR 69 o
“

érerotieuted*to the protection of public welfareé [Thé”éritefia for the

e . ' . Y TR PRI TN
. . > “nong

’

kﬁiimaryfstandardg aré 'shown in fé%ie 11. (31) Table 12 (32) 'contains some

gt oot

Lo e Faliat
L]

‘representative new source performance standards for”varlous types- of

v ( . . ; Lo . , ﬂ‘., - < N . .
lpaint sources of emission. "These new source performance standards are

L L S AR VR U N
‘emission standards for new point. sources contructed following the passage

of the: Clean Air Act of 1970.

1 s

Every state has air quality standards af least as stringeht as those
at the national level, and some states have standards that are more striangent
If the state or local standards do not match the‘national standards, this
?hould be noted and both léveis of standards. presented.: Where there are

time schedules required for meeting standards, these schedules should be

discussed.

U
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TABLE 10: NATIONAL AMBIENT AIR QUALITY STANDARDS

Polivtant Primary Secondary

Particulate Matter

Annual ceometnc mean 75 60
Maximum 24-hour concentration® 260 150
Sulfur Oxides
Annusl! arithrnetic mean 80 (.03 ppm) 60 (.02 ppm)
Maximum 24-hour concentration® 365 (.14 ppm) 269 (.1 ppm)
Maxitnum 3-hour concentration® 1,300 (.5 ppm)
Carbon Ronoxide
Maximum 8-hour concentration® 10 (9 ppm)
Maximum 1-hour concentration® 40 {35 ppm) sarne 8s primary
Photochomicel Oxidants
Maximum 1-hour concentration® 160 (.08 ppm} same 83 primary
Hydrocarbons
Maximum 3-hour {6-9 am) .

concentration® o 160 (.24 ppm) same as primary
Nitrooen Oxides
Annua! snthmetic mean 100 (.05 ppm) same as primary

(Al measurements sre expressed in micrograms per cubic meter (llg’m’)
except for those for carbon monoxide, which are eupressed in mitliorams
per ecubic meter (mg/m?®), Equivalent messurements in parts per miliion
(ppm) sre gwen for the gssaous pollutants.)

*Not 1o be exceeded more than once @ year.
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TABLE 12: New source perfovmance standards

Source category Emission

1. Fossil fuel-fired steam generators
{250 million Btu/hr heat input or

greater) ~
Particulates 0.1 1b/10% Btu
{maximum 2-hr average)
Sulfur dioxide
oil-fired 0.80 1b/10® Btu
coal fired 1.2 1b/10° Btu

{maximum 2-hr average}

Nitrogen oxides

gas-fired 0.20 1b/16® Btu
oil-fired 0 30 1b/10° Btu
coal-fired 0.70 1b/10° Blu
, ’ {(maximum 2-hr average expressed as
NO;)
Visible emissions not to excced 20% opacity, except

that for 2 min in any 1-hr, cmissions
may be as great as 40% opacity

2. Incinerators

Particulates 0.08 grains/scf
3. Nitric acid plants
Nitrogen oxides 3 1b/ton acid
Visible emissions < 10% opacity
4. Sulfuric acid plants
Sulfur dioxide 4 Ibflon acid
Acid mist 0.15 Ib/ton acid
Visible emissions < 10% opacity
5. Portland cement plants
Particulates
kilns 0.3 Ib/ton feed
clinker coolers 0.1 lb/ton feed
Visible emissions
kilns 10% opacity
others < 10% opacity
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EMISSION INVENTORY (STEP 6)

An emission inventory is the compilation of the quantities of
air pollutants from all sources in a defined area entering the air in a
given time period. The time period that is typically utilized in an
emission inventory is one year, and the areas are usually associated with
a county or perhaps with a multi-county region. (33) Typical emission
inventory data contained in a state air quality implementation plan is
shown in Table 13. (34).

It should be noted that emission inventory information is useful for
general air quality management and trend analysis. It does not include
consideration of atmospheric reactions and the damage associated with
a given weight of pollutant.

Another thing that should be done with emission inventory informa-
tion is to identify major point sources of air pollution in the area.

A point source emits 25 tons per year or more of air pollutants. Figure
9 (35) shows the major point sources of air pollution in southwestern
Oklahoma. For each point source that might be located close to the
area of a proposed action, information should be procured on the nature

of the source, the pollutants, and the quantities of the emissions.

CALCULATION OF MESOSCALE IMPACT (STEP 7)

This step involves calculation of the estimated annual quantity of
air pollutants to be emitted from the construction and operational phases
of each alternative for the proposed action. This can be done based on
emission factors and information regarding the size or type of activity.

The calculated quantities of air pollutants should then be compared with
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regional or local emission inventory information, and percentage increases
%hould be calculated based on the proposed action.

Attention should be focused on any Priority I or Priority II air
ﬁollutants. Priority I represent those pollutants whose levels in the
é@bient air violate primary standards, Priority Il indicates that the
levels are at or near primary standards, and Priority ITI indicates that
the levels are better than primary standards. This particular approach

based on the concept that a given percentage increase in a pollutant

Ys more important for a Priority I or Priority II pollutant than for a

t

P}iority I11 pollutant. Table 14 (36) shows the priority classifications

in Oklahoma. (37)

MICROSCALE IMPACT DETERMINATION (STEP 8)
The next step is to calculate ground level concentrations of air
pollutants to be anticipated from each alternative for the proposed
action during both the construction and operational phases. It is
ﬁeyond the scope of this presentation to derive the variocus mathematical
éodeis for gaseous and particulate dispersion. This sectiom will be
ériented to the simple presentation of several mathematical models for
use in microscale impact calculations, and the identification of reference
sources which will lead to a more detailed study for an individual project.
The two basic factors that influence movement of pollutants from
their point of origin to some other location are horizonal wind speed and
éirection, and the vertical temperature structure of the atmosphere. These

two parameters influence the vertical and horizontal motion of poliutants
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< Priority
AN 1970 _ H v
AQCR Population (Particulates | SO3 | CO NO2 | Oxidants (HC)
Central Oklahoma (134) 779,518 I 11| rrr Iz I
Northeastern Oklahoma (186) 771,412 I IIT | IITI (III I
Southeastern Oklahoma (188) 305,750 I IIT | III {III III
Merth Central Oklahoma (185) 171,870 TIX III | III |III III
Southwestern Oklahoma (189) 284,279 III III | III {III IIT
Northwestern Oklahoma (187) 123,676 - ITIX IITI} IXIXI |ITIX III -
)
Fort S:ith Interstate (017) 93,822 IT IIT{ “II ;III III H
Shreveport~Texarkana-Tyier 28,642 II III| III |III III
Interstate (022) ‘




released into the atmosphere. Tho influence of these two parameter:
can be combined into a term called atmospheric stability, with representa-
tive values shown in Table 15. (38) The class A category indicates the
preatest amount of spreading in the most unstable atmouspheric conditions,
where the Class F category indicates the least amount of spreading in the
most stable atmospheric conditions. Each of the mathematical models for
prediction of microscale impact involves the use of a stability classifica-
tion.

The first model can be utilized to calculate ground level concentra-

tions from an elevated point source. The mathematical model is as follows

{38):

N

Cx,y,0 = Q e Zoz 20

C = ground level concentration ( ug/sec)
Q = release rate from stack (ug/sec)

crosswind standard deviation (m); function of stability
y classification and X

o]
¢_ = vertical standard deviation (m); function of stability
classification and X.

u = mean wind speed (m/sec)

H = effective stack height (m)

X,y = downwind and crosswind distances, respectively (m).

The vertical standard deviation and crosswind standard deviation 1is

2 function of atmospheric stability and the distance downwind fcs which
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the calculation is being made. Figures 10 asnd 11 contain summaries
of these dispersion coefficients in the vertical and horizontal divection,

respectively. (39) An example problem utilizing this model is showm as

follows:
Q= 10° pg/sec
U = 1.0 meters/sec
H = 30 meters

Property line is at 1000 m, find ground level concentration

at property line under most stable condition (class F).

From Figures 10 and 11,

0 = 35 m,
y
9 =14 m,
z
530!2
c 6 2 (14) 2
1000,0,0 = 10 e

(3.14) (1) (35) Q4)

65 na/M’

[}

It is possible to directly calculate the maximum gaseous ground-
level concentration from an elevated point source. (38) The location X

of the maximum ground concentration will occur approximately where
H , . .

oz = —— for a given stability condition. The maximum concentration
2

can be calculated from:

c _ 0.117 ¢

X500 % U o o
y VA

o and o, for given stability

condition and distance x

~40-
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Effective stack height is equal to the actual stack height plus any

rise of the plume that occurs as it leaves the stack. There are two basic

reasons for plume rise; the momentum effect due to the vertical velocity

of the yp1s leaving the stack, and the buoyancy effect which is related

to warm stack gases tending to rise in a cooler surrounding atmosphere.

The Holland cquation as follows can be utilized to calculate plume rise

when the vertical temperature gradient is equal to the adiabatic lapse

rate (38):

Ah

Ah

Ve

T
s

AT

VeD 1.5 4 2.68x10°° P AT D

u T
X s

plume rise above stack (meters)
stack exit velocity (m/sec)
stack internal diameter (meters)
atmospheric pressure (mb)

(1 atm. = 1013 mb)
stack gas temperature (ok)

Ts ~ ambient temp (ok)

The adiabatic lapse rate describes the rate of cooling with lifting

(or heating upon descent) of a parcel of air with no heat exchange. The

adiabatic lapse rate is - 5.4 OF/lOOO ft., If the actual or environmental

lapse rate is greater than the adiabatic rate,say - 8°F/1000 ft., then the

Ah above should be multiplied by 1.2; if the environmental lapse rate is

less than the adiabatic value, then the Ah should be multiplied by 0.8.
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. The concentration of gases from ground level point sources can he

calculated on the basis of the following equation (38):

- ‘22 + 22

X,¥,2 - Q ¢ 20 2 20
ﬂUUyO \y z

2

The concentrations of gases from ground level area sources or line

scurces can be calculated utilizing the following mathematical model (38):

The ground level center line concentrations of particulates from an

vlevated source can be calculated using the following model (38):

P = wt. fraction of effluent in a particular size range.

B = H - Vs X
100 u
VS = Stokes terminal settling velocity for particles i.

size range (cm/sec), determine from Stokes law as

follows:



. - "’.:v"ﬂd S, R -, 1*}”’,1_ ~ ’ i i e "
~ . . V; _ zr gp, , N4 ¢ ] a2
UL T ma " ’
i -‘r + 7 , B r‘;“\ )_;: . - . N
B e - . . ‘
TR , where . .
) . . o . ' ":' I S -‘/ N ,u—h
e - s on T '
A p = particle radius (cm)
KR [
g = gravitational constant
7T (980 cm/sec ) e
= T Ta e, ense s =T '~‘£ ¢ o . / 3
pp = particle den51ty‘(gm cm™):
PR ) - . S TR Lo
¢ S - TR T /- S IV L , 2
My =' ‘gir viscosity-(gm/cm/sec”) -

Utilization of the basic ground level. concentration model above .

requires the"seleétignibffserefallégualuesgﬁnd‘éaléulation“of the
;esultant)cqneentratidéf"%ummation‘of these.concentfations over the
ranéeho}ﬁparticle*siaes\adtiéipated'ffom‘thé'péint source will yield -
the'totaljanticipated‘ground}lévél’éonceﬁtrations;.»

The mathematical\models sho;niahoue:are_hasicallyﬁthgse‘oriented

- \

~ “ -

to point sources for gases and particulates, and, areas«sources for

(40) Refinement ofithese‘models in‘termé;df:useffor highway

gases.

(41)

impact statements have been made, and they are summarized ‘elsewhere..

DS B T

:,§>l7,’ P Ty

mathematical"models have been” developed for talculation of

areon .

7 ,Ar "
Numerous .other
AN \, PR - b4 [ ¢ v =

’.,nwj, . LN

*the disper51on‘of -air’ pollution from aircraft, and urban transnott and o

’, L
.
. e...,\au\_

reactions of pollutants (42 43 44 45)

I

-

Utilization of mathematlcal models w1ll allow the development of
v : ; ?“
isopleths of . equal concentration around thefsource of " em1551on £or various

)

oo ICRU R

types of air pollutants. These isopleths"should‘be“calculated with concerw

toward the frequency of occurrence based on the meteorological data assembled

NN LR
[P Ko

earlier;

in the project area should then b=

'The calculated ground level éoncentrations at various positions

compared to the applicable ambtient aiz

45~




standards. If the calculated ground level concentrations are less than '
@
the standsrds, then fractional proportions should be indicated to present‘ﬁ
the degree of safety. If the calculated ground level concentrations ar:
greater than the ambient air quality standards, then control measures or
abatement strategies must be developed. 1If there are other sources of
2ir pollution in the area of the proposed action that would significantly
contribute to the anticipated ground level concentrations from the proposed
action, these should also be included in the calculations so as to examine
che possible additive or even potentiating effect of various air pollutantg
sources.
In addition to these determinations, it is necessary to examine the
enissions from each alternative for the proposed action in light of
applicable emission standards. It is presumed that the proposed action

will be in compliance with the emission standards, and this point should <:)

be discussed as to the extent of compliance involved in the proposed action.

+ BATEMENT STRATEGIES (STEP 9)

If it is determined what ambient air standards are exceeded by the
proposed action, then abatement strategies or control measures should be
presented. Excellent references are available to describe various contreol
technologies which can be utilized for various gaseous and particulate
smissions (46,47,48,49,50,51,52,53,54), and it is beyond the scope of this

particular presentation to present details on control methodologies.

SUMMARY

-
2O

In summary, this chapter is oriented to the types of information aad <:>
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PRFDICTION OF BACTERIAL

I L oy v“‘\

SELF- PURFICATIOV IN
SN < (% *¢ " STREAMS'

s by
L.W. Canter*

R CE el T

v ls)

In order to assess the potential env1ronmenca1 impact of a proposed

action, it may be necessary to predict bacterial self—purificatlon in

streams. This discussion 1s oriented to the principles of bacterial self-

purification in streams as well as the mathematical techniques available

7
1 . - - A

_ _for descrlblng these phenomena.

# .,44*4"""‘”? 3,«'_ “ed? :j"'_é_ - I PR
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1. int:qduction ]
. AR i Tar - . . f;'f"f ;,:' 3" e
A. Bacterial Self- Purificatlon

P e i
§ ;w‘{ dt RN k3 B 11

1. Deflnitlon -— the decrease of bacteria of all types, and

P . ERFEURY BB S ot T oy 'f",! LM

& - [

especially those of‘fgcal origin, as a function of flow dis-

[ 1

tance or flow tlme in a r1ver.
. Loty oo, i ‘ - -, . e
2. Bacterla may starve to death be devoured by predaCOrs, oy
, .o Ly L3
be otherwise-inactivated.

i R T,

B. Classic Work =--- early work by Strecter and his co-workcrq in

.

Cincinnati on the Ohio River. (1920 s)

C. Pathogenic Microorganisms

*Director, School of Civil Engincering and anironmontal Scicuce, Univer-
sity of Oklahoma, Norman, Oklaloma.
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Special public health concern with the disposal and ultimate
fate of microbial wastes contained in municipal sewage, especi-
ally those of intestinal origin that cause waterborne discasecs.
These are principally pathogenic bacteria and viruses, and the
cysts and ova of parasitic worms.

Examples of pathogenic bacteria and their associated diseases.

(a) Salmonella typhi --~ typhoid fever

(b) Shigella and Salmonella organisms --~ dvsentery and diarrhea,

respectively
{(c) Vibrio comma --- cholera
(d) Mycobacterium tuberculosis =--- tuberculosis
Example of amoegas --- Entamoeba histolytica 1s known to have
caused epidemics of amoebic dysentery.

Viruses have been known to cause infectious hepatitis.

Indicator Organisms and Enumeratimn

1.

General Principies of Self-Purification

Coliforms (non-pathogenic bacteria) and fecal coliforms are
used as indicator organisms.

Values reported as '"most probable number" (MPN).

Capita Contribution and Seasonal Variation

Coliform generation rate

200 x 109/capita/day

Typlcal seasonal variations are shown in Table 1. Whether
these variations are traceable to actual multiplication,of
intestinal bacteria within the sewers or to a greater per

capita discharge of these organisms in the summer months can-

not be stated.

-2~ /
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Table 1:

Expected Seasonal Pattern of Monthly Averahé

Coliform Contribution Based on an Annual Average

of 200 Billion per Capita per Day

Monthly Average
(Percentage of

Monthly Averagg
Coliform Contr1but1on

Month ~ Annual Avérage) pex Capita per Day (th )
no | ] o
January 45 90 ©
February . ZS 92
March 53 106
April . 65 "'130 ‘
L A T} o 184
tv. -June 135 i 270
July, - SRS P/ 364
Aﬁgust o -182 Cene 1Y ‘ 334
* “Saptember 165 - 330
October 110 220 :
November: 80 ' 160 -
December ‘ _55. o ‘ <ilg
" Annual average 100 . 2060
-3
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{
i

1. Some geqeral cunq}usions of Strecter's werk are as follows:
(a) Thé maximum density of coliforms occurs at some distance
downstream of a source of pollution
(b) based upon the maximum numbers of organisms, the per-
centage of surviving cells downstream follows a curve
with a sifightly decreasing slope when a log linear plot
is applied
(c) the varilance of single observations rapidly increasecs
with a diminishing of the absolute numbers of organisms
Representative killing times for the first 90%Z of enteric
bacteria in river water are shown in Table 2.
Xilling rates of bacteria in natural streams depend largely
on the hydraulic and biological characteristics of the stream.
In shallow rivers, where a large ratio of wetted surfacc to
water flow exists, and a considerable amount of fixed biomass
is normally present, rate constants for the initial part of

the death rate curves (e.g., until T90) of celiforms might

be found which are 20 or more times higher than reported from
the Ohio River (see examples in Table 2).

Increasing temperature enhances bacterial disappecarance

considerably.

The influence of the orvanic pollution load on the persistence
of coliforms or other fecal bacteria in a river is controver-
sial.

The multiplication of pathogenic organisms in natural

waters is certainly neglipible (sedimenvs very rich {a fecal

matter may be an exception). Dissolved organic pollutants

-4~
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Table 2: . Killing Times for the First 90% (Tgp)
- pftgg;¢r§qj83pte;;a¢in River-Water
Organism MediuﬁAn T Afemp., C T90’ nours
60
. IS S ol 'A’?
E. colil Ohio River -’ Summer 47
widter 51
. Missouri River - | Winter 115
] .~ . . Tennessee River * Summer 53
Sacramento
River ‘ Summer. 32
Cumberland .
River 22.Summer 10
Glatt River ‘Summer/ . 2.1°
. " winter
S. typhi Thames River - Vi - :; p"“ 172
5 108
” 10 77

3 Small shallow streams.

2
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probably indirectly increase the death rate by favoring the <:>
growth of secondary consumers (bacteria feeders).
6. Systematic studies on the removal of viruses in rivers are

practically nonexistent.

II. Prediction of bacterial Self-Purification
A. Chick's Law
1. Bacteria die at a constant rate; that is, a given percentage
of the residual population diés during each successive time
unit,

2. Basic relationship
E-E=KB

This integrates to:

B
log10 Bo = -Kt

where B = residual after any time t (d.y)
Bo = initial number of bacteria
K = reaction rate or death rate (day—l)
B/Bo = proportion of organisms that survive
1 7—B/B0 = proportion of organisms that die

B. Factors That Modify Crick's Law in a Stream
1. Temperature -~~ increase in temperature increases the death
rate. See Figure 1.
2. Acidity and alkalinity --- both acidity and alkalinity increase
the bacterial decath rate, but under stream cenditions the speci- (::j
flc contribution of pH 1s not definable except when there is

prov.unced deviation from neutvality.

—~{y-
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3. Nutrients --- not much is known about the affect of avtricvnts <:>
on bacterial seif-purification.
4. Sedimentation and adsorption --- both increase the deatn rate.
5. Presence of competitive life —-- the natural biological life
of polluted streams is much too rugged for the survival of
organisms whose normal habitat is the shelter of the intesti-
nal tract of man and other warm-blooded animals. In sowe
instances coliform bacteria appear to multiply to some extent
immediately after discharge into the stream.
6. These modifying factors can cause two basic changes to Chick's
Law:
(a) deviation in form
(b) variations in observed death rates <:>
C. Deviation in the Form of Chick's Law
1. Two principal deviations in form of the survival curve are
commonly reported: an initial lag phase preceding onset of
the logarithmic decline, and an afterphase of apparent de-
creasing death rate. 1In some instances during the lag phase
an apparent multiplication in bacterial numbers 1is obsecrved.
This phenomenon is dealt with by considering the initial =,
bacterial load as the peak and shifting the orgin of the .
time scale in determining the death rate to the position of
the peak. The afterphase of apparent decline in dcath rate
is shown when the semilog plot bends upward at the end of the
depletion curve.

2. Mathematical formulation of a two-stage equatlion.

-8-
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B BO(IO ) + Bo(;o )
This calculation is bredicgted on the assumption that the
residual number of bacteria at any time consists of two frac-

tions, one’ resulting from the application of a death rate

o -...nk— st B2

constant k' to &n initial population B: and another from

r |l ‘*v»\ﬂ

similar application of the rate k' to theinitlal population
N, NSV

Bl

Phelps described some representat1ve values for the Ohio River
o e ‘z'."T'*'

for the two-stage equation as shown in Table 3

4 ’.\
‘r!‘!'; -‘ﬂ' (A

A review of Figure 1 and Table 3 indicates that the survival
~*,*-r'\\ ~ 4 s

curve deviates substant1a11y from the scra1ght «line Chick form.

~
N

The'collform group (in SUQmer) is composed of the\large frac-
tion of 99.51 percent with a half-life of 0.64 day; and a small
fracsjon of 0.49 percent of mcre fesistsnt organisms with a
half-1ife of over 5/da§s. For practic;l‘purposes tois neans
that 99.51 percent of the coliform bacteriu dieoff can be repre-
sented by the simple Chick straight-line form. Less than 0.5

percenf are involved in the apparent deviation refelected in

the upward turn of the survival curve.

Observed Death.Rates

1.

2.

Some typical death rate K values are shown in Table 4.

The K values for large rivers are 0.5 + 0.15 day-l; for

moderatc size rivers the values are 0.8 + 0.2 day-l.

Some death rates are shown in Figure 2. Tt will be noted

from Figure 2 that for summecr conditions only a small per-
cenkage of coliforms survives after 2 days' time of passage.

\
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Table 3: Two-Stage Equation for Bacterial

Self-Purification on the Ohio River

Parameter Warm Weather Cool Weather
Bo (percent) 99.51 97
x (day) 0.467 0.506
Half-life (day) 0.64 0.59
Bg (percent) 0.49 3.0
k' (day) 0.0581 0.026
Half-life (days) 5.16 11.5

-10-



? . o.-iTable' 4: - CéT1form Death Rates k Observed in Rivers

.. Chick's:Law: -log~ (B/B[)"= ~kt e

- 1 R O Y B
Reacc16n~Rate k(daylkf sz 30 L4 O8b
. ¢ N PP L=< R o P P A A A gl B
. Warm, .. ‘ Coq}w;;(;Authonity*fbr““?L:%?”
~. River Weather Weather Survey Data .. Remarxs
Ohio ., 0.50 . c...0.454~::Frost ;7 Stiredter *Gehéralized results
o ] et. al. of analysis of ex-
tensive data
Upper Illinois 0.90 0.32 Hoskins et. al. 1l-day deciine
' 0.67 0129 2-day decline
Scioto 0.96 0.46 Kehr et. al.
Hudson 0.80 . Hall, Riddick, Freshwater reach
Phelps below Albany
Upper Miami 0.80 Velz, Gannon, Mean through reach
Kinney above Daytou
Tennessee 0.46 1 Kittrell '1- and 2-day declines,
below Knoxville
Tennessee 0.60 Kittrell l-day decline
0.57 2-day decline
(below Knoxville)
Sacramento 0.77 Kittrell l~day decline
0.65 : 2-day decline
(below Sacremento)
Missouri 0.30 Kittrell 1-day decline
0.26 2-day decline
(below Kansas City)
-11-
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For a large stream (k = 0.5) only 10 percent survive after

2 days; for a moderate-size stream (k = 0.8) less than 3
percent survive after 2 days. However, although these sur-
vival percentages are smnall, it must be remembered that,
applied to the summer peak coliform bacteria loading, these
declines may result in larée absolute number of survivors,
which, converted to concentrations in the diluting streamf low,

may infringe the required criteria of water quality.
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Selected References for Bacterial Self-Purification

l. Phelps, Earle B., Stream Sanitation, John Wiley and Sons, Inc.,
New York, 1944, pp. 201-221.

2, Velz, Clarence J., Applied Stream Sanitation, Wiley-Interscience,
John Wiley and Sons, Inc., New York, 1970, pp. 234-253.

3. Whhrmann Karl, "Stream Purification', in Waier Pollution Micro-
biology, edited by Ralph Mitchell, Wiley-Interscience, John WLley
and Sons, Inc., New York, 1972, pp. 133-137.
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Mathematical models of varv oy degrees of compleaitv have

developed to deicrmine the fate und persistence of heal o7 quie
.’ . : ;'
" - oy

waters, ‘10w1ng qtrcams estuarivs, and the ocean. Tihe ubilitv

4 ! -
‘}J!.' ey

AT

Sent oy

to pie-
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2. Changes in the hydraullc rharacterlstlc o1 awater
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body or stream--for vxample due to 'theé conbtriction

B
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of & dam with its resulting flow regulation.

3. Relonses of water from stratified reservoirs with’'

mulLllevel outlets

4. Unusuai meteorologicral conditions.
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The foilowing discussion piesents a basic approach which ca
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used to solve temperature prddiiction problems. The material for
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1. Basic Principles
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<:> A. Heat Transport
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. There are two heal transport mecnanisms wnich occur in
water-—advcrcioq and dispersion or turbulent mixing,.
Advectrion is the transport of heat by the motion of 4
mass of water and is accomplished through ordinary
streamflow, utilization of a discharge stream's Kinetic
energy, or water movement due to densitv giodients.

2 Turbulent mixing or dispersion causes heat interchange

through eddy diffusion or molecular diffusion. Eday

diffusion occurs under turbulent flow, which depends

on fluid velocity and channel characteristics. Mixing

results from the action of small fluid masses known as

eddies, which are random both in size and orientation.

Molecular diffusion is that resulting from random motion

of molecules. 1Its influence is much less than that from

turbulent mixing.

B. Heat Exchange

1. Heat exchange which takes place between the water sur-

face and the atmosphere is made up of seven mechanisms.
Cdependent of water tempera-
i
}

Q_ = Incoming short-wave s;lar radiation (400 to 2800
1

—r——

2. The mechanisms which are 1

ture are:

2
BTU/fr /day).
Q_ = Incoming long-wave atmfspheric radiation (2400 to

3200 BTU/ftz/day).

Q = Portions of botljshort-wave and long-wave
sr’ Tar i

Q

radiation which are reflecf:d or scattered bv the water

surface (40 to 200 and 70go 120 BTU/EtZ/day, respectivelv).

-2-
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"i. 'The mechanisms of heat transfer which are dependent on ihe
surface water tempoerato o include the following:
Q.= long-wave back rafiation: from the water to the atmos-
: . Y - .| .2 . .
phere (2400 to. 3000 hi. /it /dav).. It 'is proportional to
\ R T | o, ‘
“++ the fourth powerof- the hsolute water surface temperature
o T ;
£ (AT ), ité., Q At - ’
LA u [ x ., . : -
( g7 G &hr”‘( A A A
L QC‘= Heat exchange due-to, conduction-convection (-300 to
i e 200 N e
+400 BTU/ft“/day), whic. is" proportional-to the wind speed
p i
i ot e 5, - - L ,'
(W) and‘the différence between water:temperature (TS) and
= R Tyooraas . Lo
AR RN R S . . ..
air temperature (T_ ), i.e., Q <« 'W(T -T ). -A positive Q
a ¢ s a c
BT BVR ,\‘_;t"{‘u::— G e - - . i ..
indicates an energy loss. ™ o sty L
%I- T r AT r“,;':.‘p? 3 L, . B . . 2
Qe = Heat loss due’ to evaporation (2000: to 8000 BTU/ft"/day),
CeE R aenrggn R I T :
: which is proportional 'to the product .of- wind speed (W) and

0

nroow 1‘)\ fff e, T

s . <o P - . .t . N .
the difference’ between the water vapor ipressure in saturated

e [ 4 . 5 . N w
air at the water temperhture~(e;) and the water vapor pres-
TGRS, L e s . . ) \ . ) wo . § H .
sure in the'oVerlying'air‘(éa);“i:é.,%Qé “ﬂw(eé - ea). If
e, > e condensation takes ‘place 'and the water body gains
energy. : T
PN [ ’.71){"1 o s v o f"a
4. The algebraic sum of thése surface heat' exchange pdrameters
oo, E T o R N B IS P , \ . .
is equal to 'the net rate of surface heat exchange. Equilibrium
temperature is reached when this sum ‘is zero. L
N ’«‘_&’xl," 1‘;”, .. PR : )
IT. Feaperature Prediction s ~

V.  Macro Models

. Lo S R
‘. Macro models are those which describe or predict temperature
B € TR

' " "'regimeés in a complete river or river system, lake or reservoir,

'
i

.
.
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CRLUATY, O COaslal ared. Such Lodeis (omblane Lodac onaasis r
wernani12as and waler movems ol oon G o contrinual bacis wii <::
Tespect te time.
2 Amacro model mainiains an energy budpet for the wator ay
under consideration, t.e.. it maintaias 4 hea:d balance of
both the internal heat exchange and the heat transfer at the

water surface. This heat hudget may he expressed as (ollows:

(Rate of lleat Tn)-{Rate of Heat Out)+(Rate of Heat Storvauc)r

(Rate of Heat Exchange at Water Surface)=0
3. he rate at which heat flows into and out of the water body s
determined from the flow rates and temperatures of inflowing
and outflowing water. These rates require evaiuation of the
heat transfer mechanisms in water to define the motion of
heat entraired water masses. The rate of heat storase is de-
termined from the temperature and volume of the water body 1n (:)
consecutive time periods. The rate of heat exchange at the
water surface is the algebraic sum of all the water-atmosphere
heat exchange rates.
B, ixaaple Problem
A power plant releases 6.41x109 3TU/hr.  If the flow in the receiv-
ing stream 1s 3500 cfs, determine the temperature changes 1in the
stream downstream from the power plant.
A. Compute the temperature rise in the 'stream, assuming complete mixing.

design flow in the stream of 3500 cfs. which in terms of 1lb/hr is:
3
A

Given a

Q = 3500 cfs) (62.4 1b/tt3) (3600 sec/hr)
Q = 7.86 x 108 1b/hr \
Since | BTU will raise the temperatur) of 1 1b. of water 1OF,
(6.41 » 109 BTUY) (:)

AT =AT 1 i = - d
AT An river = ST 0% 1b/iy) (1 BTU/1b OF
!

|
- \
\_

AT,=8. 20F
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‘where =+

juation for computing downstroam temperatures.

L
Bownstream temperatures are computed by assuming exponential

teaperature decay. This concept is presented mathematically

as:

Q_.
pragt

= -K(T - [)

(o
[}

= net rate of water surface heat cxchange (BTU ft~

V4 1

—_
1t -

day ')

alo.

-

= energy exchange coefficient (BTU ft~

- >~
n "

water surface temperature (°F)

m
1}

>

equilibrium temperature (°F) .

For a well-mixed stream, this-equation can be -written as:

o~

aT - - -

where p = 'water density (62.4 1b ft°3)$

4 C§,= specific heat of Wate;J (i 870 17! Qﬁ_]f
R VY AL T g v ‘
.y = mean strean.depth (ftL
U = mean stream velocity (ft dqyf])
aT = . . . O ¢ -1
T ongitudinal temperature gradient ( t )
x = downstream distance (ft)

Cefine TO = temperature at x = 0; then

[Afh§<-1
C yU
eCy

i

< C (TO -Ele . + £
By defining o = - ; then
y defining o = DprU ; the

T, = (7, - £)e" + E

207
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Determination of K
* The<energy-‘exchange:’'coefficient is’coiputed using
the following equation:

{15.7:%+ (0.26 + r)(bw)]»

where W 'w1nd speed (mph)

L el - Ve

b = experimental evaporat1on coeff1c1ent (a value of

15 is typical.

£ -
LS .

PN
3 sy R R

Y Ranide ‘of £ e
101) N (i l‘.g OF‘_‘)

50 o 60 0.405

6070 70 - 5 o il 08B s T ooniten
70t0 80 -, . 0.744 7

80 to 90 . . .- 0.990
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6 = proportionality coefficient [Seée following table]
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faus, {00 an everagie daily value of K, using ¥ - 8.5 wph:

K

5.7 b [0.26 4 ) [ (i5) (8.5)1)

Jsing appropriate values of ( for two ranges of E:

A% K(BT 7% day™! o)
60 to 70 120
70 Lo &0 144

Determination of £
oLy

K T ‘Q, : :;‘ Xyi‘! § N - 'Lv'){
The equilibrium tcmperature is reached when the rate of change

ot enerqy at the waler surface eguals zero. Edinger aad (eyor
NS

(2 ) present a method for conput1ng E. . The methed
involves assuming a 11Pe]y 10°F temperatuue range for [ and Ly

using the appropriate value fo%"K 5ﬁdlthe“giveh méteorbloui«nl
data, compuling a value for L. If the]combuféd value of @ falls

within the assuwcd range, *ho process is complete. However, it

|25 WO -iﬁ P j"\z PR R e B deiy
the comnulod va]ue of F fa]]s outside the aqsumod range,
A N :;j',’f‘; T rn‘_z -1 ;(

another range must be assumed and the process repeated untilt L
falls within the proper linits. ThuS} E. is conputed by @ trial

and error method.

For tne stated meteorological conditions and computed valuces
of ¥, we can determine a daily average £ by the following seven

steps

Step 1. Assumed range of £ = 70 to 80°F

o

Lot B

§'a




Step 2. Co, ,ute {H) for use inostep o, :
}— '.A' :'.-: -"‘l‘:‘:_-/ N fe

i . AN [N b
S A . av

As caupaion Taroan B orange of /U to 80, K = 144 LTU it”

SAA L Tk
A% - 157 ga

2

P IR -
' j. .o T }"1'1 N
; Lot , .
Step 30 Caapute F]'for use in step 6: i

.., i "1—' [
H, - 1301
£.0= N
i K

) K . ]
“, 1 PR, r 1 - I ( ‘_"2 -]
o in- tevmws- ol ~days, hR=* 5160 BTU ¢ -day. .,

rrom the wqfoprg]ogic data table, H, = 215 BTU ft™° hr

oo 8160 -1801 L Lt s
By s PR - 23

‘," ‘e 3" i 1 . T I
Step 4. COmpuLC”LZPfOF\USG in step 6:
, N A 2 S OO S P

T = e :j: N a.
‘2 7 {0.76 1)
Crom the meieordioq{c data table, Ta = 740F, and from
R Y P T ; R
the table of E range vs. 3, B = 0.744

JA AR £1 . :;:x?; . 3
o Eye{0:20) 178) gy

27526 Y 0. 764
Step 5. Compute E3 for use in §tep 6:

\ e, - Cw) .., z

, Fore @ el e IR L
37 (0.206 1 )
f T, e o, . -

From the meteorologic data table, e,

by

$zi

S 6.5 lg. 'C(S)

is reiated to ranges of £ us follows:

LR ey . : .Ex‘“—’— ~ . v ‘

Range of [ CC(1)
{vi) (amn Hy)

50 to 60 -11.22

60 to /0 -20.15

0 1o 80 -33.30

€0 to 9 -53.33

(0*76) (T )— T T e T e

A\



Thus for an [ range of 70 to BOOF, c(r) = -33.3

- E _ 6.5 - {-33.3)

37 (0,76 0. 7a0) © 396

Step 6. Compute !f for use in step 7: -

M

[N
m
-
-+
-
—
=<
—~—
—
m

3)
t

23.3 + (0.891) (19.2 + 39.6) = 75.7.

Step 7. Compute [ using the following %elétibnshib:

Inserting M and K and setting up a quadratic eduation gives:

2 (0.051 i
£ [ Whﬁ‘) L -75.7=0
. 0.000354E% + £ - 75,7 = 0

Solving this equation using theiquadratﬁt formbla gives:

’ e . =2 (1= (4) (0.000354).(=75:7)17%;
7

(0.000354) - g
12 (1.10719)1/2 (1 05923)
£ lz( e 057z3)
0.000708 07000708

Rejecting the ncgative value gives:

[ 0.05223
E:— 0 000708 ° 73. 8% F (This value .is acceptable because it

——-= falls-within the assumed range of
70 to 80F.)

;:f Compute Average Stream Velocity
Q = 3500 cfs
Given an average cross section 800 feet wide and 5 feet deep:

3 __ -
3%Ogof§t)skg iy © 0 875 ft/sec = 7r 600 ft[ﬂ?‘

U =

|
/
!
L -9~ oy -
L}
‘, 275
y

f




(5 Evaluation of

-Rx
pbpyd

(‘l:

-(144) (5200)x"
|

. ?
Forlx' in miles: = )(5)(75}6@0y

Y (624l

@ = -0.0322x"

H. Solve for T for x' =10, 20,....50 miles

Assune unheated river tenperature = 7,

LT = 749 4 Mp = 74°T + 8.2%F = g2.29

]
i} -0.0322x"
Tyr = (T, - E)e +E
For x' = 10 miles
To = (2.2 - 73.8)e7(0:0322)(10) , o o
Toos (8.4)e70.322 | 73.8
Tyr = (8.4) (0.725) 4 73.8 = 79.9%

For x' = 20 miles
Use samc value of « and replace T0 by Tx' for x' = 10 mios:

Teo = (79.9 - 73.8) (0.725) + 73.3 - 73.2°F

For x' = 30, 40, %0 mles

Follownng  the sarie procedufo:

S0 onles, T, = (78.2 - 73.8) (0.725) + /3.8 - 77.0%
40 miles.'Tx. = 76.1%

50 miles, Tx' - 75.5

-10-



Daily Average Stream Temperature (°F) -

[. These values represent the exponential temperature decay

which is graphically shown on the following plot:

'

Ty s L

; - - 3 -
¢ ’ . Y N * : b
...... s ~ e . . K Ir::\«,x,

70 S . 1 I - } e :
Pignt 10 . .20 30 - 40 50
Distance Downstream from Plant

{rniles) ‘

2 This grdaph presents an idealized picture of the downstream
temperaturcs, since the.computations were based on average daily
conditions, and thus no diurnal eftect 1s evident. It also assuires
that the weatﬁcr data on which K an¢ £ are based are indicative
of copditions along the 50-wile stretch of the viver. In addition,
no tributaery inflows or heated discharges are accounted for in the

50 miles.

(o]
, &
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THEORETICAL STUDY OF THERMAL POLLUTION

RAUL ZALTZMAN* AND
GEORGE W RIEID**

RESUMFN

Aproximadamente ¢l 80% de toda ¢l agua usada en la mdustiiag de los Fstados Umidos 1o
¢y en operaciones de enfriamicnto Como aesuitado  la carga termal (cator) de los lagos v
correntes recipientes es mas pesada cerea de Jos compleyos industniales Cuando la cantrdad
de calor en tales drcas comicnza a descquibibrar el proceso acudtico o a afectar las especies
acudticas, el resultado es fa contanunaaidn termal I stimaciones tedricas sobic el exceso
futuro de la produccion del calor apuntan 1a necesidad de obtener mas informacion en este
pioblema vital

I'ste estudio se refiere a los etectos de la contaimnacion termal y a los procesos termales
en corrientes y lagos Su objeto fue ¢l de contnbwir a la comprension tcorctica de los
procesos involucrados para gue pucdan desarrollarse planteamientos con cnterio solido Con
tal fin, un modelo matematico del proceso de contaminacion fue desarrollado y evaluado

ABSTRACT

Approximately 80% of all water used by United States industry 1s i cooling operations  As
a result, the thermal load (heat) of receving strcams and lakes 15 heaviest near industinal
compleses. When the quantity of heat in such aicas begins to impair aquatic processes o kil

* Unnersity of West Virginia
¢ Unwversity of Oklahoma
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56 GEOLISICA INTERNACIONAL

aquatic speaies, the result s whermal pollution " Projected estimates on future excess heat
productionpont upzthe meed formnore aptormation.on- this vital problem

This study concerns the etledts ot thrm.nI pollunun and-thermal processes in streams and
lakes The objective was 'to contnbute ‘o dhe dhi€orcticdl amderstanding of 'the proiesses
mvolved 1 order that sound desgn centena could he developed  Toward  that end, a
mathematical madel of the ‘pullullun prmu< “‘mdcvclﬂpcd and CV.I]u.llt.d .

vt Y

SINTRODUCTION w487 1 - Tee R

¢ anullg.mon LO]]L'U([L hat the University: ol fOKLihoma Torthe 41 S
SLnd(p ScleCommch on WaterdResourceson’ [0w Flow Augmenta-
tion® LOl“ldLrLd"Ol]lV lhc’xlculs ot dissolved: foxya,gn 4D: O') '(Rud

“(*“w.wom’ e e TSSO A :

towever, ‘the Select Commitice *studics-sinchcated the severity »of
lhc thermal’ pollutlon prohlcm and thatunore work-should:be done n
lhls area. _r N A A

lhc addition of:u ‘ther.m.ll load Cheat), to a stredm or ‘body of ‘water
~in’ “quantlhcs dmeanI to~ benefacial stIVI(y “constilutes sthermal
,pnllunon"Aproxumlcly 8 % of“all” water’ -USLd «by United --States
mdustry sis in- LOOlIl]" upcmllonx. with \lhe -result”lhdt fdmhar"u of

‘“ln"a qu.llNIIILS of iheat- m(o thesstreams and dakes ds s(.Olanl]p]dLC

*“Prowumg .this” 5|tut|l|0n “into’ rthc ‘zfulurc.s ,mdustryv is sexpecteds: to

',,‘j(joublc its” exuesmhe.nl produc,non‘e.mhr'demduuntnl at rleast 1980

-2 hlsm ‘turn ‘will ‘créate o greatly: fincréased water dcmandx,-—.,from 74

.'*\‘h"d .m il‘)54 to an cxlnn.nlui 60 l)"d”lor I‘)80 (Ruhdr(lsonu-li

\L

103«1)"‘” R N IR s

“The nu.essary arequnremcnt for «tcmpuaturc asad’t m.uornitacmr of-ihe
physu.ll ehvironment ‘ot “surl‘uc waters fmustbefithat: it -allow a Iével
ofr activily commensurate with maintainingdésirable’ aquatic -specics
'ln'mueptable numbm //\Ilowablw tunperaturcs -ares mot-within' one
spcuhc rdng,c s “thcy Hfluctuate Twith®Useason drand-Gther. natural
'chIronmental “factors. Present ” knowled"e Jor the dackrofi it) of
niture’ 'S processes for m.nnlammg balancesof life findicates that

NGRS Gl e mo Slmplt xmtcmcnl on’ lhcrnml 'lcqmrcmcnts of suri.nu

waler. ” > Y A N S ¥ 2 LT LN £ N

App.lruu‘ly ithe only Iu.n\|hlc remedy m “this snumonulmlo develop
specificand sound ‘ehgineering «design® provmons to-minimizeithermal
pollution from industrial sites. ‘The objective of ‘this study was to
contribute to the rheoretical understanding of  such designs by
deriving a mathematical anodel of the pollution process.

nas e
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THTERMAL POLTUTION
Lffects of Thermal Pollution

Fhe mmpact ot thermal pollution on water conditions is exemphified
by at least tour distindt reactions

(1) death or displacement of aqudtic species
(2) enviromm ntal modification

(3 actviiy reduction

H mpairment of styeam self-punfication

Lethal temperature levels among  different species of fish vary
markedly. in some instances as much as 31°F (Brett. J R, 1960)

Lor example, with fish the critical hmit for Carassius auratus is
106°F, while Oncorhivnicus gorbusha cannot endure temperatures
above 75°F  Stream temperatures which consistently exceced 70°F
favor warm-water fishes rather than cold-water species such as the
Salmonoids. (Belding, D L 1928) Increases in temperature of 2-3°F
above the 70°F level have been observed to cause depopulation of
Salmonoids 1o less than 10% of the total fish population Minnows,
suckers, and other warm-water species gradually replaced them under
this condition (Tarzwell, M C. and A R Gaufin. 1953)

While the change of temperature may be within the thermal
tolerance of the particular fish, it may make environmental condi-
tions unfavorable for essential food organisms and for certain develop-
mental stages of fish life - 1t is known that the eggs of some daphnia
have to be chilled or frozen before they hatch  Or the higher
temperatures may favor competitors or predators of desirable species.
Many other organisms go through resting periods or specific stages of
development during certain scasons Furthermore, certain diatoms are
abundant only, at temperatures below SO0°F. Thus, by clevating the
temperature of a stream, the biota distribution may be changed and
the entire food chain seriously distupted (Tarzwell, M C., 1957).

The observation was made im 1947 that water temperature affects
aquatic activity through the process of metabolism in the life forms
(Fry. F. E 1, 1947). Experiments were made to determune the cffects
of temperature and cruising speed of the sockeye to demonstrate this
relationship (Brett, J.R., et af 1958) The maximum sustaned
swimming speeds of sockeyes at 10°C and 19°C are approximately
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AEY

cqual Jowever, hu.nm ()l nm\.md gl anum dun.md at the higher
emplElGrE ena fy Fescivei ol ihe “1ish me tound (0 be exhausted
1% o 2 tmes as quickiy at Po-¢” nhcll R e al 1988) From
these studiesat s apparenthivat-iae rate of .M.ll\/lly is dmuly relateu
o thie watar temperature candador thes diference between resting
metabohsm Jand adlive metabalivn S Acuvitysieduction Uspects may he
vu\l\!}dg(] (o man who dabso L\p Humcs undesirable cttcus at higher
lunpualmu f-or example, the use of 4 slrum for recreational
PUTPOSES A8 Ty duud h\ exeessne heat

iq .’ fz,r-t‘ o7 i, Yt A 3 ;"*n‘j SO ESD Ny T

B ulunl\ "m\\lh lm o xm nnx DR REANTHITE Jar S0°1 Ay
" hwhu \ln nn umpu.mm\ duu.m lhc w// /muju ation
’u/ﬁlur; ul. (hud stream Addition of; héar h)«_i\urz.lu KRN increases
s”" pdi(llnlll\\ of \nplu umdllmn\ .md Slends 1o mnkc\ th water
unsml.:hh dor mdusmll SICUse urvloLdrlnknh, pulpoxu “without
/ lu.umun S <. prees o

lhc .dl\\()l\’cd oxyggn u)nlcnl of water. :w“no(ud m lhc introduc-
- lmn S AS:, luuulon of: temper .lllllt, rangimg from for cxamplc Ho
ppm .H ﬁ‘)"i !o 7 o PPt 86" Thiy rélationship has® l)cu) noted m
‘scll pummmon studies as wellas - lhc bacteral growthi raid” 11 "Should
) vbc"slrc“cd thath “ these, .conditions, I'CLI(L lO cthl)rlum conditions

. Ldnd, r.mlv OCCUr in vivo. 5 TR e,
’-}f,"f" g ]_L" dcvclopmu;l of 23" theorétical mrmul.m(m Wil yvc a broad
.ulm of . lhc assumlalmn capacity, ol thermal w.mc‘m'a u:ll.un pomnl
' g(,ot a SHL'(lm (hcrcby provuhng desn.n Lntend to heln prevem pollution

A.

. ~
In dn ,lnut‘dsnu_,ly Ll'ltl(.'ﬂl [dred. R f_ oot
[ et ® N NEREA
. [ LT U T S NS T\K G
« . R TN T A O A T g,,,. b myn. 3
L SUTIRE It EEESS L 4 e
< K - N ‘0t 3 B
¢ Y ;7‘;{ . s bt -:”"r““"; R M ’! : H" "“‘; LT

. AN'AI Y§l§ ()F THI, Tlll RMAI HUI)( E T IN AT BODY Ol W/\H R
S Studyu ol lhcrmal prowsses in waterimust bcl.,m byuduwunlmg for
d“ signiticant ~ factors.~ Atter tivis™ hay been done the - nature of
jun(lmn/ng can; be. analyzed and &,V.Illldltd s pcnfonntd below
. (Bowen..1 S, l‘)’() Ruh.trdﬂﬂrB I‘)H) . ,

. t \
noae oA S

.
PR ar N
¢ b ‘, ‘,. N buu 4 _:1L

oo,

A 1hc u)nlmuly ex prcssmn of thc LOI\\CI'le'iUI'I of energy can be
Loy sl nlcd as: . -

PR o S ¥

Hooll =0, H +n. 0 p

Cal
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wicie

H = heat required for evaporation

Hy = heat loss due to conduction to the atmoshphere

“\ = et energy advected

H, = increase moenergy stored i the body of water

H_ = mcident short wave tadiation .
H, = reflected hort wave radiation

I, = net energy loss throuth exhange of long wave radation

o1 1f we evaluate these terms as a function of Insolation (Richaid-
son. B. 1931), we find that Insolation 1y a positive quanil-
ty during the day. but at night is cqual to zero. Evaporation 1s
always positive. while the other terms (convection, sensible heat,
conduction and radiation) may be cither positive or negative. Fx-
pressed simbolically this s,

L-E‘R+L-F=1 § - -C-B (2)

r

L = latent heat of vaporization of water (585.4 at 20°C)

E = quantity of water evaporated i cm of depth per day

R = ratio of convection cevaporation (Bowen’s ratio)

[ radiant power per unit arca of earth surface from sun. O
calories per minute

S detectable heat measured by warming or cooling of
water, calories/day
C = conduction of heath through the walls of the container

B, = radiation from water. calories/per sq ¢m per day.

B. Effects of evaporation

From equation (2). heat loss by cvaporation is:
H =L-E+L-LE-R=LLI + R) with 3

loss

0.46 (T, - T,) P
R = N (4)
‘l)l - l)z ) 760
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Er7 pe 0o g R N
. where . o f." L bt Qi yetedd e .
Sl T Ly T o \“\ Fiot i \”"z(::k,w‘ U .
1= temperature of water °Co 0 1L
V= temperature of air °F L
Py = vapor pressure ot sat vapor @ T - mmHg / T

Py =-partial pressure ol actual“vapor in mr - mmkg
S ST

- B

P dnnosphcm prcssurc

N Y a3y .. ~

N TIIU‘ “él'fcct of wind' n eVdel‘dthH,thS <been dl%legdld(‘d
bcgausu nO dcleutdblu enol results ﬁomhwg,lcclmg,nt -(Bowen,
lﬂqi Iq’()) I 1' B R f)'—_k RS IS A
So” far, no mention’ hias been® madc of~ thc artificial-heating of
th Stream, Cbuty with it lhc*’v.:luc of R wiil change. As the
.llll(‘\ for 1% are known for the initial temperature (T.,) ol the
water. the, valué of R’ n goud only ‘for this LUHdI!IOI]., Fhus
AT when, an, increase of lempc rature in, the, stream has Lh.m{,cd R

<T0”_R’, "the geometru. mcun valuc of R is to be used, and

—a Lo - o
-~ »l.-wr'? R

Lqu.lllon ( 3) WI|| bc e ‘
o RN " ’" IR e \‘;37}: . N:.:«»: o 3,
- o s L} _ A S
H 53 . ”Iu« b l (l +\/RR ) B ()
RN ‘ R L y
- C (upau(y ot lhcrm.ll .mnmlahon T - =
N

whcrc usxm, a c,onslstcnl sct of umts,
Q“m=; nntml Ilow ' g Co e e
<y - EENIE A v WA S B AP ﬁj."‘:’:‘/‘h e

¥
;L
A, = hn,ll llow O T el

AQ = ddded flow (waste tlow)

t Y EIA SRR T PN RS o
— = Srutio of dilution
]
EIN - , ) . . o
T, = initial temperature i R
I ROS tunpcr.ltun. of rlvcr quahty stun(lards or final
Al allow.nl)lc tcmpcrdlure ch.mg,e or I"ROS T,
AT = allowable temperature difference between added tlow
w -

and T ROS
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1, = temperature loss

) = (emperature od added flow

A = wmit surface arca of sticam

Vg = subsidiance velocity. or Q/A

L = heat of vaporization of water at given temperature

l/:(li) i IRQS)

we hive.,

TAQ

QT - 2 AQ, + MDY Tygs = Qi Tros

o V)

LT W, + D0 =Q, T,

from ¢q (5)
Q, T, = ELA(l + RR')

- + A S
it A“—‘—9 Q..de'—‘(I ++/RR”)EL
VS
o Qn + AQ
(%)
S
then: 0. + AO
(Q, + DTy =T,Q, + TAQ K (—-"—\7———-)
s
) . o b D
VS
if ATy =T -~ Tros & AT, =Tpas - Ty

BQ (AT, KIV)=0, (AT, + K/Vy)

61

(0)

(7)

(])

(9)

(10)
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N o N R PR L A TR
' 1
and tinally if L S VA \
) QAL O ’
. = (W
: .. A()s/\dnf&( o
T R T Brvped 000 il atepd
P
I«|u||mn (I‘l lh( noni % be Constddred o we ihing (.\|‘|L\\l(‘ll fon

cale ul g llu L“Ld\ o w.nlu 'llltllll i unuhlluuxu!mm l’lilt"’.ltldlllnn
of Wadles Invmu .mv -'mn ghn uhn_\lu\ Im maore mlmm.:lmn pn
the ieérie] umn“nl the v.mll Iu i pl.um.ll (Iynunn. o)pcl.ndli;n"su
Appendix - AL o I”ll\ll.llt futher the™ & of Iqulllun (12) see
/\ppuuhx l¥ wlmh shuws Ahe dete rmm.nmn Lot lh«. thermal addition
capivcity "of the' Ohm Basm tnf\m i obtdlmd ‘from the Select
(onumgtﬁc \llldlLS (Rud (. Vy l‘)(»()) th m)lulnun is nmdc, gmphl-

cally from. l*u,urCs l and 2 (Appcnd:x . lugurn ] and 2 were
«Icvclnpcd from data_ prucnlcd g /\ppcmllx DL

PEESRY
. o

- v

Rl(OMVH NI)AII()VQ FOR TNGINE| l(iN(. (‘RlTl RIA

IR

D TR EY AR

“In order to provide a wlcrcnu Imsnx ()I d(.u.‘phlblt, temperatuie
ranges. it iy rewmmendcd that d(|lldllL spmussbcmllowed to have the
hcmhl of at- feast 3/4 ot their optimun total JLlI\.Ily capability (or
work L.np.mly al most Tavorable I(mer.liuu)’Jlhls"‘pu)leloll must

take into account the Iwm;_ requitements of desirable species of the

specitic water body. For ¢xample. the adverse effects of 4 3-57
temperature rise. on troutAorbul the discharge- of significant amounts
of heat into a stream in such asmanner that a temperature block
created.

I is farther recommended that close attention be paid in the
design ol tacilities to carelul studics ol the species which are intended
to inhabit the water Under no arcumstances should peak endurance

W
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remperatuves prevad for more than 8 hours ol cach 24 hours period
Eosbnvay s i be provided whien these aceptable conditions cannot
atherwise be mel

o conddusion, the authors hope that this report will stimulate
mierest e tus amportant problem and that this iterest wall fead to
the colliection ot urgenthy needed  ficld data. The aceeptance or
refection of the theoretical considerations made for this study <should
provide the insights needed to help solve tas “fast growimg problem ™

APPENDICLS
Appendix A Analysis of the Varables in Pquation 12
Appendix B Dilution Water Requirements of the Qhio Basin

Appendix C Figure | Determination of the Corrected Heat of
Vaporization

Figure 2 Nomograph for Solution of Equation 12
Appendix D Table | Sequence of the Solution of Equation 12
Table 2 Dilution Water Requirements for the Basins

ol the United States

APPLNDIX A

ANALYSIS OF THE VARIABLFS IN FOUATION No. 12

Equation 12 as stated says.

Qo OTy C

820 a1, C
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where.
; K
= -
Vs
m thenms of depth d™ we fave,
N vd
S

where:

v = velocity of the stream (in units of distance per day).
d = average depth of the stream.
total distance traveled by the water in one day.

Then the dimensiones of V¢ for a given period of time are:

L
(v=—"—:d=L;;l=L)
0

I_.L/B.L|_L|_ H
\S = ———»-————-i;—4~ - = _6_ = d/("nc = do
where:
time = unit,

or in other words,
‘The loading rate in our study i$ equal to the average depth per unit
of time (one day).

Therefore:

C=- e e e e “ATE

* | apression “AT will give the formula (12) in terms of the avergge depth of the stream
the section an study
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WORKING INTER-RELATION OF VARIABLES

INCREASE DECREASE AT K/E C ATu Q/AQ

w

T X Inc Inc Inc. N/C Inc

T ROS X Inc N/C N/C  Dec. Dec
T ROS X - Inc N/C N/C [Ixec. Dec.
Depth X - N/C N/C Dec. N/C Dec,
Depth - X N/C N/C inc. Ny< Inc.

inc = Incrcase, Dec.= Decrease, N/C= No Change

APENDIX B
DILUTION WATER REQUIREMENTS OF THE OHIO BASIN

1. A graphical solutjon of the equation (12) can be made by using
Figure | and Figure 2 (Appendix C).

2. Required Data:

T, = Average seasonal temperature of the water in the basin
(for the warmest).

Tpos = Maximum temperature allowable of the water in the
basin.

T = Average temperature of the waste water.

T. = Average temperature of the air in the layer in contact

atr
with the body of water.
E = Average cvaporation in the basin (Yearly average will be
good).
d = Average depth of the basin.

3. Available Data:

T, —in print 29, = 75°F pédg. 6 (Reid G. W., 1960)
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- - o AR i ) .
Tags T, =354 =A4T, > 1-°C = 3°C (Assumed 9°F)

T = 9521 Assumed” lcmpcralun, -of th¢ waste” water- - (To be
given hv ihc plants), , - .
T AI'RO.‘ = Al ,' in °C "AT in °l/l 8 AF in °C |
d -- m prnint. 29, pe. (»(Ru(l G \V 1960) .
CE - omopnnt 13 Class A pan Lvaporatlon (chd G. W.. 1960)
? ./'“,','"Y«‘yt .
4.: Solutioir for the Ohio' Basin: -
a Find T T, = 20°F - : '
b Gowith, thisvalue IL»‘O°F to Figure (l) und find' K/”f;’ =
846 =
- c:.Go with this valuc o!’ 546 to the nomogran {Figure 2) and
solve for £ = 45 inches/year, drawing a straight line thmugh
the pivol linc, then draw another straight line. . ,
“d. ... from the point in the pivot line through d 4 and tind
a value for C (8 hour period) = 0. 73
e. In equation (12),

U oy
NI

; "“ - . .j,. AN Q .,= ‘AT;V _“ (‘-) KN

(4]

sl L e AL T ———————— '

e AR I T 2 Ao (AFQ+ ( )_‘ ST i Lo e J”
REU ' X ' R
- S Wc hl‘VL‘ trh:ﬂ s )',3 o e v:‘;;?_':"f Lt e T € -, T

T S DS PR SR o 10 I LTI
e LT = 75°F C=0.73

N M w:z’z-.::‘ " B T TP A R St

v
I ) =T- T

.4 N4 [P Ar RQS

Tugs =T, +5.4=750+5.4=804

L AT, =95 804 = 14.6°F = 8.0°C

ATo =Ty, T, =804 -750=54F = 3°C

Q, 8 073 127
AQ 3+0.73 373

= 1.92
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and trom lable ¢ 1)

= h]
AQIUW-I‘)HO RN

LQ = AQULOD = 19021\ 192 =36,71232

APPENDIN €

Figure | Determination of the Cosiccted Heat of Vaporization

Figure 2 Nomograph for Solution of Equation 12

APPENDIX D

Table | Scquence of the Solution of Equation 12

Tabic 2 Dilution Water Requirements for the Basin of the
United States
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= a3 1 C L Tree) - €
¢ wosTo TThos 5 Teos o FTeoe € TposT) € Traos T *C
TR S 4 R 3 1030 350 280
W ou <4 1o 3 1030 390 264
0 RO 54 121 3 1130 380 297
079 54 108 3 1001 3179 264
059 S 4 92 3 861 359 241
073 s4 RO 3 721 373 192
107 sS4 9.2 3 813 407 2.00
0 RO 54 5.9 3 510 380 1.34
070 54 3.7 3 300 3.70 0.81
0 9% 54 86 3 762 398 191
087 54 53 3 443 387 114
160 4 121 3 1o 4 00 271
HIT 54 86 3 755§ 405 186
2.90 54 59 3 300 5.90 0.51
' 08 54 4.2 3 31 405 0.77
Ry 54 2.6 3 123 437 0.28
180 54 37 3 - 0.10 6.80 -0 -
249 5.4 53 3 2.81 5.49 051
4.50 54 80 3 3.50 750 0.46
068 5.4 137 3 13 02 3.68 3.54
1.27 54 126 3 1133 427 2.65
10.01 54 5.9 3 — 411 1301 - 0-
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TABH

wene DILUTTION WATE RRI()UlRl\HNISIOR*TlIE BASINSOI Flll UNITI I) S'H\llﬁI

T

e € e oaa

¢ TOTAL WASTLE WATER (M (?.(D.)

i e s 2000,
(NUMBL R Low MiDluM e b oo 'M_‘(-m}{ﬁ"
: 1‘1:4{“)‘};"" hand "-""““'M i l, xtm | 12219 20507 | 10893 18819
2 p\: lawére nda&.-f 19 %07 27,607 .41 974 "23.584 44,090
1 .\ur..'n.rc..u..m s 156l 27628 | 13612 1 250708
4*\\/L~1L’rt|(.r¢1l 1.;\1;{ © 31082 29032 ‘50721 | 26322 | 4858
.8 ( hu.ml dhe B.ly B Y|L5.(;§3 5 22 951 759:9!7 g 26,()89 . 39404
6 o'i{.!({” F M NRLRET 6,920 47225 ] 23409 | 44diR
7 (h:unlmlmd ) . ‘fpgo,sns IS AT 160,406 ; : 47,845 90,737
8 Tennewer Pl s 39 ifes | cisse 1006
"9 Southeast . RXITH 10583 48454 11,321 213436
10 Upper Misseiuppr 1 |2 lZ6 \ ié.b}yz 25,452 ' 14,265 ; 26,072
11 Lower Mivesippi L “3at0 4,826 -81295 4,300, l 8,230
12 Uppcr .Mmouri | sa0 ' 11,3583 12,998 6,665 12,106
13 ln\\u Missours ' 1.367 T1.872 :'3,;11 2,072 43,762
14 Upper Arkanas & Red 402 5526 ~9.7M 4652 1 8507
is Lower Atk Red, & Whiie [* 2978, 402 7,067 3352 "06,208
mr \Q/mun(.uu A TR 3s721 ca2gi2 | 26225 0 53,242
11 Rio Grande & Petos {71336 71,838 3,241 1,572 1 ©.2,865
I8 Colorado v 12629 +%3.598 36,398 4,480 ,ﬁ 8.133
1'9’ Great Basn v " 1,366 1887 " 3346 1572 1 202,895
. 763'.“.}“ Northwest' . 3,909 5409 7 9388 10320 ;18876
21 Contra, Pacire’ T ase a3 926 24542 | 14380 1 26,092 -
033 Souihpacivie. 0o | P98 1330 Yiogs2 | 10865, 19093,
10TALS 219455 306,510 534669 | 282084 531347,

1 Source Scunate Sclect Committee and Univeruty of New MeXico' Studies onResources for the~ |

2.Whenever heated. water 1s to be dumped.in the sticam 1t is recommended tc.raise the weir o a

e




MLUTION WATER REQUIREMENTS (M G D)

(_ig 1980 2000
AQ
HIGH (Fgq +2) LOW MLDIUM HIGH I Ow MIDIUM HIGH

44,027 280 24,950 4213 60.219 30.500 55.493 124,958
99,083 264 §2,29¢ 72.882 126,651 62,261 116,397 261,579
58.210 2.97 3370 47,110 82,055 40427 76,352 172,883
109,190 264 55,656 76,644 133,903 69,490 128,193 288,261
90.437 241 38470 55,311 96,199 48,414 94,963 217,953
101,141 1.92 36,712 51,690 90,729 44,945 85,282 194,190
206,972 2.00 - 81,036 114,238 200,812 95,690 181,474 413,944
2459 1.34 207 320 487 789 1.468 3,295
48,799 0.81 7,511 10,583 18,454 11,321 21,436 48,799
58.965 191 23,160 31828 56,253 217,246 49,797 112,623
18,397 1.14 3,887 5,501 9,456 4,902 9,382 20,972
27,286 2.71 14,874 20,367 36,004 18,462 33,533 75,582
8,479 186 2,542 3,481 6,158 3,853 6,997 15,770
19,193 051 4,026 5,526 9,771 4,652 8,507 19,193
14,012 077 2,978 4,026 1.067 3,352 6,208 14.Mm2
119,442 028 17,740 25,721 42,812 26,225 53,242 119,442
6,425 -0 1,336 1,838 3,241 1,572 2,865 6.4252
18,407 0.51 2,629 3,598 6,398 4,480 8,133 18,407
6,567 0.46 1,366 1.887 3,346 1,572 2,895 6,567
42,585 3.54 13,837 19,147 33,233 36,532 66,821 150,750
- 58,693 265 21,989 36,903 65,036 38,107 69,143 155,536
42,591 -0 8,298 11,330 19,852 10,565 19,093 42,5917
1,201,960 3593 449,209 634,144 1,108,136 585,357 1,097,674 2,483,729

Future. ‘

minimum ot 21 (total depth of water) 1

i,

)

r‘

h

e
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Assessment of the Impact of Organic
Discharges on the Dissolved Oxygen
Resources of a Receiving Stream

by

L.W. Canter® . .

-t

One of the most common problems of stream pollution is that

resulting from oxygen deficiency caused by organic waste discharges.

Dissolved oxygen in a stream is deficient ‘when the actual concentra-

» LR

t1on is less than the saturation concentration. Nemerow and Velz have

recently publlshed excellent books which descrlbe the myriad considera-

B P L n
tlons inveolved in stream pollut1on analysis (1 2) This discussion

-r v . -
ok L , N O b

represents only a cursory presentation of dissolved oxygen relationships

ot
RS IR I SO < Yol

in streams.

I. Dissolved Oxygen '
L s, ST "y oy

A. Dissolved oxygen is one of the prlmary chemlcal parameters used

IR . pELS

to describe water quality. Dissolved oxygen is basic to the

) [

maintenance and promotion of aquatic flora an& fauna.
B. Water quality standards have been established for dissolved
oxygen; some examples from Oklahoma standards are (3):

U
1. General standards

% \ | n . Ll
Director, School of Civil Engineering and Environmental Science,

University of Oklahomam_Norman, Oklahoma.

e




The instream numerical (riteria limits shall be
maintained at all times with the exception of when
the flow 15 equal to or less than the scven-day,
two-year low flow value or times when the flow rate
is not significant or discernable by the naked eve.
The numeric-] criteria limits apply at all times to
lakes and reservoirs unless otherwisc exemprted.
Dissolved Oxygen: The dissclved oxygen concentra-
tion shall not be less than 5 mg/1l for all Qer
waters, and 6 mg/i for those waters designated as
small-mouth bass or trout fisheries. Under extreme
conditions, the diurnal variations may cause the
dissolved oxygen concentration to be as much as 1
mg/1 below the above values.for short periods (not
to exceed 8 hours) during any 24-hour period pro-
vided that the water quality is favorable in all

other respects.

Special Standards - Return Flow Streams

Dissolved Oxygen: The dissolved oxygen countent of

a return flow stream shall not be less that 2 mg/l.
The dissolved oxygen concentration just above the
point where the flow of the stream combines,with the
flow of a stream of higher designated use shall not

be less than 3 mg/l.

Special Standards - Mixing Zones and Zones of Passage

a.

Mixing Zones: Except as indicated below, mixing



b:..

€. Saturatiiom Dissolved: Oxygen:

I..

Y

zones. shall be no larger than one-fourth (%) the cross
sectiomal area of the stream or no more than onc-fLourch
%) the volume of flow, whichever is most restrictive.

The- remaining portiom of the stream"s. ¢ross. section or

v

C e
ffow shall constitute a zome of passage for frcee swim-

ming and drifting organisms.  Where more thaw one eff lu-

. = -

ent enters & stream and: the mixing: zones would overlap,

the combined: mixing zones shall not excced: the one—fourth

T - ‘ B L T .

N X i - . , -
(%) value described above. The mixing zone slrall begin
<3 s,?f Wor

at. the point of discharge and: extend: downstream to the

point of complete mixing.

[ R T

Sbecfa%.miking{zones:shéll be- designated where return:
- ' ¥ .

flows: exceed one-fourth (%) of the combinedi stream and

returm flows.,.

Mixx¥ng, zones: in: lakes. shall be designated on a case by

’ - - - . L.
S N T R | e

I

L, ‘ - .
L3 AP A [ [ RN SR B

- 3

N R R T i L S O St SIS ET
Diissolved: Oxygen: The dissolved oxygem shall not be
liess than 2 mg/T¥ within the mixing zone.
If water is; saturated with diissolved oxygem, it means

that the water contains 100% of the dissolved oxvgen it

could contain: under specified: conditiions of temperature,

pressure and: salt content.




2. Influence of tempervature on the saturation concentration o

dissolved oxygen

Saturation
D.O.

|
!
5
|
L

Temperature

3. Influence of pressure on the saturation concentration or

oxygen

Saturation
D.O.

Pressure

4., Influence of salt content on the saturation concentration

of oxygen, mainly on conern in sea water.

Saturation

D.O. \\\\\

\\

Salt concentration

5. The actual concentration of dissolved oxygen in polluted

water is generally less than the saturation concentration.

Deficit = D = saturation actual
concentration concentration

(Cs)

O



' C ) ‘ )
Example: Temperature of 25 C, normal atmospheric pressure
T N X

.o

and non-sea water; if the measured D.0O. is 2,0

mg/1, what is the deficit?

syt

Cs = '8.18 mg/1

- P R L
ooy,

D =5.18 - 2.0 = 6.18 mg/1

~

i
II. Oxygen Relationships in Streams

H

A. Basic Forces
1. There is a demand for oxygen exerted by bactekgal decompo-

sition of organics; shown in simplified equatiqn which

7

follows:

Organics + 0, bacteria €O, + Hy0

. s mo T T - 2 .. . ‘ Lev2, s
2. There is a supply of oxygen from natural reaeration.

PR A T

3. Other forces are oxygen demand from bottom depoéits and - |

) - . =

oxygen éupplyifrqm\pﬁotosynthesis;iAs ::qttf <4

4: The basic forces of organic oxygen demand and natural reaera-

¥
o LR

tion yield what is called an oxygen sag curve.

“ by >

D.O.
Conc.

N DT B

Time or distance h
B. Streetef—Phelps Equation
1. Originally developed in 1925.

2. Assumptions for oxygen sag curve




a. BOD decrease dye cnly to bacterial onidation
b. No benthal O, demand

c. No photosyntnetic effect

d. Reoxygenation by reaeration
Basic differential equation
abd . OoXygen _ oxygen
dt demand supply
= KlL - K2D
where
Kl = rate of oxygen use by bacteria
L = biochemical oxygen demand
Kz = rate of reaeration

Solution of the basic differential equation yields the

following:
K, La -K.t -K,t ~-K,t
D= = (101—102>+Da102
K,-K
21
D = D.0. deficit at time t
= sat. conc. - actual conc.
Kl = coef. of deoxygenation
K2 = coef. of reaeration
La = initial BOD (ultimate) (in stream)
Da = initial deficit (in stream)
Kl = coef. of deoxygenation
determined in BOD test at ZOOC
Ky =X (1.047) %0
() (20)
T = temp. (°C)



10.

2 = bfsurface exposure, depth, turbulence, Qelocjcy)
o - Tables or Calculations -
K, =k, (1.016)T-20 ]
(T)  “(20)
0

7o lag = La 0y (0.92T‘+_o,6),
8 Iﬁlluence of temperature on' the oxygen sag éﬁé@éi%gggAFig.l)
9.‘ o

Crltlcal Cond1t1ons_\

‘ e S e
4. Critical time el -7 ' ' <
. 1 log KlLa K2Da+KlDa KZ
_'\-‘ N.‘W‘J
c . KZ Kl 10 KlLa ] Kl
b. Critical deficit i R S T
K K. te N ) g
- D¢, =1 La 10~ 1 - Tt ’
K-.
2
Maximum Permissable Rop Load
Rearrange Stregter—Phelps as follows:
log La = log pe 4 || 4 1 (1 - 23)0'418 Tog 2
og La og Dc K?‘Ki De : KJ

La = ultimate BoOD (mg/1)

Dc = allowable deficit = Saturation

DO conc, ; Tequired DO cone. in standard
Ph

Da = initjaj defficit
3

4

~
!

e
et~ g
S it




FIGURE | (26)

RELATION BETWEEN TeMPERATURE AND OXYGEN PHOFILE

(Afver La Berge)
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BOD reaction rate

=
i

K reaeration rate

[}

e

C. Thomas modification of Streeter-Phelps equation

1. It 3s known that stream deoxygenation,(Kd)‘valucs difter

S \ »

h) L
L 9

from Kl' LT e

2.-. Deoxygenation is. stream by oxidation. - .

D = oxygen deficit

Kd '= coef. of deoxygenation, not équai to Kl in BOD

. . St .
S bottles in lab, includes only deoxygenation by
‘oxidation in {stream
Lo NS A PR TR AR 4
o . . T .
Lt = oxidizable organic matter"remaining at any time t
<K, t ¢
1 IS

= La 10 . . f F . T ‘}
: : oL
La = initial oxidizable organic matter at t=o (in stream)

M PR RN

-, » T - “m~
Kl = rate of oxidation from laboratory
] ‘ .
P T S S AL 3oL -

t = time
3, Combining above the rate of deoxygenation may be cxpressed
as follows: ) i

—Klt

g% = KDLa 10
This equation exprezses’ the rate of deoxygenation in terns
of the,coefficientyof.debxxgenation (KD) add'tﬁe Jaboratory
rate of oxidation (Ki).'
4. The practical considerations to bé answered not is whethe
the rate of oxidation'deterpined in. the laboratorv (Kl) is
identical to the rate of organic (BOD) removal determined

)
in the actual receiving water.

-9~




= rate of RBOD removal 1 the stream 1tself

A

If the answer is negative then the above equation should be

expressed as:

-K t
dn . r
i KD La 10
5. Environmental factors that affect the rate of oxidation
Probable Relation-
Condition ship between Kr
d K
an 1
a) Turbulence Kr>Kl(BOD removal

in stream>BOD
removal in
bottle)
b) Biological Growth Kr>K1

on Stream bed

c¢) Immediate O K >K
2 r 1

demand
d) Nutrient defi- Kr<K1

ciency 1n stream

e) Toxic conditions Kr<K1

6. Environmental factors affecting the rate of organic material

removal in the receiving stream but not necessarily the rate

of oxidation.

Probable Relationship

Condition between Kr and Kl
Sedimentation and K >K

. . r 1
Flocculation tak-
ing away
-~ Y . id <
Scour adding kr Kl
Volatilization Kr>K1
taking away

-10-



@i) 7. Ove

a.

rall relationship between Kr’ Kd and K1

If the reactions in the stream werefidenﬁical to the

reactions in the laboratory then

If BOD removal in the stream was by oxidation only but

T ol Y A LN U,
the rate was increased by turbulence or slime growths

]

T S .
on the stream bottom then it may be assumed that

but KD = Kr

If BOD removal in thé'stfeém”ﬁas accomﬁiiéﬁgd by a com-

[

K. X Ky

LA ) - N A - 4 ‘v PR «
£ s ] e Fr o B

bination of oxidation and sedimentation, scour, volatili-

‘o

zation then it may be assumed that

KONK, but K=K,

Thomas equ integrates to

ot

Kt Kt o “K,t ‘
10 -10 +Dal0 .5, .

D = —rrne
K2-._Kr i
9. Determine Kr - :
/ ¢ <1 105 A )
r t LB :
Kr is rate of BOD removal, not nééessqrily just oxidation.
i
t. = time of flow between stations A and B.
_ ) ;
—_— A . L B. -
—_— - ; , .
) ;o L
LA ! B
) PRI v IR L TR PR i
L, = BOD loaﬁing at sta. A (1b/day)
\ | .
B N
PR 9
(@ : AR £
) !
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PONENCIA

VETODO DE DIFZRSNCIAS PARA LA RESOLUCION
DE ECUACIONES TRASCENDENTES

Por el Dr. Ubaldo Bonilla D.

O.- RESUMEN

En diversas ramas de la ingenierfa, economis, etc., el
uso de ecuaciones trascendentes como modelos que deben ajus-
tarse a conjuntos de datos relativos a dos o mds variables,
es muy comin. El problema consiste en determinar 1os parime-
tros del modelo a partir de los datos. Cuando el modelo pue-
de transformarse, por medio de funciones simples, a un node-
1o lipeal cuyos pardmetros son combinaciones de los pardme-
tros del modelo original, el problema se reduce a un proble-
ma convencional de estad{stica; tal es el caso por ejemplo -
del modelo geométrico de crecimiento de poblacibdn. En muchos

i

¢ssos,; sin embargo, este tipo de transformaqiones conduce a
modelos lineales en los cuales los pardmetros aparecen dentro
de argumentos que son combinaciones de los mismos pardmetros
y una o mis variables, lo cual hace pricticamente imposible

la resolucién matemitica del problema; tales son los casos,

por ejemplo, del modelo log{stico de crecimicnto de pobla--

cibén, y de la ecuacién de Theis para flujo hidriulico inesta

Profesor-Investigador, Fac. de Ingenierfa, UNAM
Viembro de la Socindad Mexicana de Ingenier{a Ssnitaria, S. C.

O
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ble hacia pozos. En este trabajo, se presenta un método de di-
ferencias, matemdticamente exacto, que se aplica en forma gens

ral a la resolucién de ecuaciones trascendentes.

LKETODO DE DIFERENCIAS PARA LA RESOLUCION DE ECUACIONES TRASCEN=-
DERT®ES

l.- Conceptos generales

Puede considerarse que un modelo es la representacién -
cuantitativa o matemidtica de un fenbmeno. A un fendémeno ﬁarti-
cular pueden corresponder varios modelos, y el mismo mnodelo -
puede. ser aplicado para representar diversos fenémenos; por -
ejemplo, la descomposicidn anaerdbica de la materia orginica
puede ser descrita por un modelo logfstico o por un modelo -
autocatalf{tico, y el modelo log{stico puede ser usado, ademis,
para describir el creciniento de diversos tipos de poblacidn.

Los pardmetros de un modelo sonm las constantes envucltas
en la relacidn matemftica que describe a un fenénmeno en parti
cular. Las variables del modelo representan las distintas en-
tidgdes del fendmeno y el nodelo al fenémeno en total,

En diversas ramas de la ciencla se prescnta frecuente-
mente el problema de determinacifn de los parimetros de un =
modelo o ecyacién matemdtica. Por ejemplo, en quimica pucde

soer de interfs determinar la rapidez con que procede ung -




cierta reaccidn; en fisica resulta a veces necesario determinar

la rapidez é§h_§ue‘un'gas se disuelve én agua; en demograffa -

)

pueds ser igﬁ&;fido detérmiﬁar‘elﬂlimite de saturacién de ura

: AR -

goblaciénléﬁ”érécimiento; ¥ en un programa de conservacién de -
;ecursos’puéde‘ser necesario detéfminar los parimetros que rigen
la autopurificacién de una cierta corriente.

’ “En todos los ejemplos citados, as{ como en muchos otrcs -
éasos, la determinacidén de los parimetros del modelo usado pa-
ra representar cgda fenbémeno en particular, se basa en conjun-

3

tos de observaciones de laboratorio o de campo, segin sea el -
caso,

‘Pafé}d@fé%ﬁihar los pardmetros de un modelo, es prictica
‘éeneralfzadé;'émando resulta posible, linearizar el modelo por
_ﬁedio de tfanéformaciones funcionales simples; en tal caso, -
los parfmetios’de la forma linecal resultante pueden ser esti-
;mados,\paré7oﬁténer de ellos los pardmetros del modelo origi-

‘nale Por ejemplo, en el caio del modelo geométrico

@



La. taplicacién \del -método ide zminimos scuadrados 0 ~cua1quier :0t10
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pesultando :imposible :determinar :los ijpardmetros ‘ln'sa, tb, & :ms=

mos';.que :se ;proceda ;por itariteos.
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La determinacién de los parémefros de aigunas ecpxc::‘.ol.';s:i <:>

strascendentes impl{citas se nha logrado mediante la aplicac:én
de métoéoé éspeciales, siendo una caracteristica gcneral de -
estos el uéo, en élguna etapa del proceso de cdlculo, de pri-
ficas o escalas especialmente discfiadas. Obviamente, estos mé
todos carecen de generalidad y solo pueden aplicarse a los mo
delos para los cuales han sido desarrollados, y ademis o3".'n

limitados por los rangos cubiertos en las griaficas corres,ca-
dientes. Entre estos métodos son dignos de citarse el de Tho-

mas-Snou1

para resolver los pardmetros de la ecuacidén de la -
‘reaccibén de primer orden; el de Ve;hulstl, correspondiente - <:>
al modelo logf{stico; y el de C. V. Theis5, usado para deteor-
sminar 1las constantes de formacidn de acufferos en flujo ines
table. |

Eq‘este trabajo, se presenta_un método de diferencias -
finitas,lmatcm5£icamente exacto, que puede ser aplicado en =
forma gencral a la determinacién de parimetros de modelos -
trascendentes. nga su presentacién se han seleccionado dos
nodelos; el de la :éaqci&n’ae'pr%mer orden, y el de flujo de

agua a pozos—eﬁ‘régimen’inestable, ya que para ellos existen

nétodos especiales queipermiten la comparacibdn de resultados, (}




tanto en la precisién como em el grado de diffcultad, con rou-

pecto gl método de diferenciasu En la referencia 4 aparece un

NGB renioe e A o
buen nimero de ejemplos de aplicaciGn del método de diferen-
it Deonolsyoeactials /

o AZ -

ggfas@

2o~ Determin&ciGn de Xos parﬁmetros del moaelo lineal

Mna vez -que: una ecuaci&n trascendente ha sido reducida -

BRI . ¢
[ e o N . e .
PR s K - ’ -~ t ot
R b -

a su forma Tineal, los parémetros de ésta deben ser determina
B O S S P A 0 I PN ST Sl ©d SIS ’;‘J’“7:»‘“e R,
dos. Para ello exIsten diversos mctodos que se aplican de --

acuerdo con la precisién deseéga,yﬁlafpa$u:algza de los datos

d¥sponibles.
@lumetodo de‘mInimbewcuédrados‘egiél’ﬂ&s;favorecido de-

x‘\

bido assusbmdltiples ventaJas eatadisticas. S1 el modelo 1li-

. i D dA oy A ‘MF Y "’w!,.t,uh
!neal‘esté dado por :
S S R TRRL PUT- S
“ o~ YwT4BPX - T S &2
los estimadores de P I est4n dados por S

P = .
a3 xX° - CEX)2

- 22X X
I ‘n P n

O

.




Xy Y -~ wvariabvles
n - nimero de parejas de datos
I - interseccidn al origen

P - opendiente

£1 método de promedios consiste simplemente en dividir el ...-
Junto de n parejJas de datos en dos grupos conteniendo k y =-k

datos respectivamente, para obtener dos ecuaciones simultérncas

k k '
$ YakxI+P 5 X (83
1 1

n n

s Y=(m-=-X%X)I+P © X (9)

n-k n-k

cuya resolucién permite determinar los valores de P e I.

El método grafico es el método mis usado en la resolucién
de p;oblcmas de ingenier{a. El procedimiento consiste en (ra-
ficarllos datos, y en pasar una rccta por el promedio (X, Y),

de manera que se obtenga, a 0jo, el mejor ajuste. LOs valores =

de P e I se miden directamente en la grifica.

3,- Reaccibdn de primer orden
Este mudelo corresponde a la ecuacifn

\

QI . x (@ -y) ‘s {10)

ax
)
|



(:) n__expresi6n que Antegrada considerando y = 0 para x = O cona .

P
:>I

Jcetas Lo - - S i

K ¢ . . R . . R

Rer s e 1Y e ﬁLa':(ﬂ'..'if,i"s?»q?‘.‘m;}?g);:;ﬂ; . T AT (Ll)

Este rmodelo ‘tlens"miltiples :aplicaciones. en el estidio de, - -

diversos‘fen&menos,\entre flos-«que’s pueden mencionarse la -da= .

-

‘manda bioqu{mica*de'oxigeno ren 'la cestabilizacién :aerdbica de

1a'materia“or55nica, ‘1la :rapidez :de estabilizaci&ntde embalaes

de~mgua, /procesos . radiol&gicos, ‘crecimiento . limitado de pe--

P ~ an

“'w* oL Tl A ‘U'\,'
lacidn, setce
e T S T U S U S S PR AR
9h§todo de momentos de ‘Thomas -~ iSnow
\’ < x w L \ﬂg, 5 ‘ N N i N REER. - R
(;) Este método se basaren;el“uso de gréficas que"relacionan
@ - PN S N N . i [N ERLCH ».“ r’»{u’ T RN

. los :primeros. dos momentos -de :1a - ecuaci5nell con los parimeiros
iﬁij?L.tEn:una"grﬁficaUQparecaﬁﬁna:sefle‘aejéuqvas LLy/zyx vk

‘yﬁenf&a:dtraa;una,Tamfliaidefcurvas If(y7l)"§s;kw

- -
[ N Cre” . - Cns -~ . .
“ ~ K W !

Deapués de calcular los primeros dos momentos del édnj&ﬁ-

Lot .., ’k’”

e LT - - s -
Loodd L b Vood . ) - NS NS o J
NS .

tO/de’pares de datos, k se determina ‘usando ia primera Erﬁgib
:cg,fyzwsaﬁdO“esteﬁvdIo;7se'determtna E?y%L'moaianéé:ig éégﬁg-
THthférica;é§wéezaquI;3}ina1§ehté:LZfObiidﬁeﬁte-dgaAi&amflia

@93cur&as'enflgs:grﬁftcas~correspon§e?a'una,secuenciafdet;r-

mninada .de valores de 'x, a un cierto :rango de valores de .08 =

(:D parfmetros, y -al sistema de unidades dnherente al fenbieno <




;
bajo estudio; estos inconvenientes limitan el uso de las prifi-

q
cas a fendmenos espec{ficos. Su aplicacién se ha hecho exclusi-

i
¥

vamente al estudio de la demanda bioquimica de oxfgeno en r.uog
tras de agua, y en otros casos se sigue usando el método de -
%anteos para resolver la forma lineal logar{tmica (ecuaciér 4)

del modelo.
b4e= Ecuacifin de Theis

La ecuacidn que muestra la relacién entre el abatimier.cc
de los niveles h, de la superficie piezométrica de un pozo, =«
una distancia T de su centro y al tiempo x después de iniciadec

el bombeo, estf dado por la ecuacidn diferencial parcial:

| 2% , 1 »h _ 8 3h (32}
r Jr T 9 x

: aT
C. Ve Theis desarrolld una solucibdn a esta ecuacidn, baszdx n
una analogf{a con el flujo de calcr a un sumidero. Esta solucidn

se expresa:
kS

e u2 u} .
ho-h - 17 (‘-005772 - ln i+ u - 'm + ‘3'-.‘3: - ooo) (.n./)

3

r S . -
*» R (24)
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. oy R PO PP .
s L S ] AR RN ' . N S S SR -

donde Q es e). gasto de bombeo en el pozo, T es un pardnctrd de-

noninado coeficiente de transmisibilidad, y S' es un parfmetro

denominado céeficiéhte’de-éimagcnam}entp.,Eldcgpfigigpte de =
S ; e

transmisibilidad representa 1a cantidad de agua que pueda fluir

'a
- NS

por&pnidad\dezanchq,de«acuifero por unidad de tiempo, cuandoc el
e 7 e T R T ISV R

FOALTL 1T
- L2 o

gradiente-piezondtrico es unitario, y el coeficiente de almace=-
R A I N P A I

namiento, la cantidad de ~agua liberada por una columna de acui-
ISR & A A

fero de.frea, recta unitaria, cuando el nivel piezométrico des-

~ ”!c‘-liw".' s P j:.lx
ciende una unidad. e ) |
O ot T e i Ay
‘Método de. Supcrposici6n de Thels

.« Se han dc§arrollad9 diversos métodos para determinar los

U z L A3 Ty AN h..ﬂ—:‘: L)

‘parametros .de.. la ecuacién de Theis. Se considera que de entr -

I,<,_‘y, . f,,< "

~elloa,el metodo de.. superposiciGn debido al propio Theis es el -

T Ssda - v

nfs exactoe.

a

Llamando W(u) a la serie infinita escrita dentro del parég

tesis de la ecuaci6n 13, y haciendo Q/4 T = Ci‘se obtiene.
ho - h = cl W (u) LN »;(15:

Hacicéndo S'/4 T = C,y la ecuacidn 14 puede escridbirss

R S g f:i‘e A A . .

- 4
<
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Tonando logaritmos, en las ecuaciones 15 y 16, sumando y Te-

arrcglando, queda la expresién ¢
L

1o u - In (W(u) = In Gy C, + 13 L= - 1n (b - h,) (17)

ecuacién en la que se observa que las curvas resultantes de

grificas U,vs W(u) y r2/x vs (b - ho) en papel log-log, tie-
"

nen exactamente la misma forma.
Para resolver el problema particular, la curva ti{pica
(u, W(u)) didbujada en papel transparente, se superpone a la

curva (rz/x, (h - ho)), tratando de hacer coincidir tantos -
-

puntos de zmdbas curvas como Sea posible/ﬁ.tomando un punto =~

condn a awbas curvas, se leen los valores r2/x, h - ho’ u,
y W(u) en las escalas respectivas; la substituciédn de estos -
valores en las ecuaciones 13 y 14 permiten determinar los va-

lores de T y S's

Se—= MEtodo de diferencias

Se sabe por el cdlculo elemental, que para cualquier -
funcidn
y = £ (x) Q)
a cada incremento A x de la variable independiente correspon-

de un incremento Ay en la variadble dependiente, que los va=-



lores asumidos por A x dependen solamente .del dominio de 1la
funcién y no del orden de magnitud, y que f(x) puede ser -
"’tualquier clase:de:fincidn; continua-.o-diséretas v e

En base a lo anterior, el nétodo de diferencias para la

N ~a < . 18 -’ - 1 = -~ %
T QEE Y BELGenT s o g mes e 55‘] s s ol o2 Qg

determinacidn de pardmetros de ecuaciones trascendentes con-

3 ;\sp ST

siste simplemente-en

B - b Fanua® DSy
- asignar un incremento a la variable dependiente para
obteneor la forma A & N gl
4‘_1 IR - 4 .,‘” ot ‘
f(x) + Ay = f (x + Ax) (18)
Lj e e ““““‘ s ~ & S ‘a! e .7'-: '\('dr\ :»‘2 oo “"{ea ‘:z\

e

- cstablecer “eY t:ipo de incremento que debe darse a una
de las variables, por ejemplo Ax = const., x = kn, etco,
para que una relacién entre las expresiones 17 18, re-

7 A

sulte en una ecuaciédn con parametrOS cxplfcitose

s e.—:.__

;' ol 1_ *
? + b v’}
"« VR i . QF 4& f
Sele= Reaccidn de primer orden

"

La ecuaci6n de la reaccidén de primer orden puede escribir

L3 A
e, et -
z U: W ) o
gt

-1.]
27 L<,‘;".'

L -y, =Lexp. (- xx) Q19

. . .. N ) ) o PN RPN B x
N .. B . . [ i B L2 e . “J}Jm

v o sl el TR T b B N S
Dando incrementos Ax, Ay en la expresién anterior se:'obtiene:

o

= L exp (=k(x + A x)) (2v)

Dividiendo la ecuacidn 20 entre la: ecuacién (19)..da ‘como resul

.

tado : , N
. - oo e . v e - - T i S

(L-Y )"J/(L-Y)ne‘cpa («xAx)

x+Ax




de donde se obtiene finalmente:

Yoo ax =D (1 =-exp (-k & x)) + exp (-ka x) Y, (21)

que es la ecuacién de una recta aritmética cuando Ax se to-

ma coastantae.

Se2e~ EZcuacidn de Theis

La ecuacibén 13, de Theis, puede escribirse

2 :
h "'h = 8 ('0057?2 - ln 9‘ + "g' - “—q—-“ + ooo) (22)
° x x 202! x2
* donde:
I (23)
2
r- S!
C = 4 9 (24)

dando incrementos a x ¥y h, de la ecuacibdn 22 se obtiene:

. .
ho= (h+s h) = a(~0.5772 - In ==%= + =755

c2

- + ooo) (.2 )
2.21(x + Ax)2 2

Substrayendo la ecuacidn 25 de la ccuacibén 22 se obticne

2 2
Ah=a(1nxﬂx+c -—--%_ c c

. —
x x+h x 2.21(x+ 4 x)2  2.214 x2

+.ao)

':’
,i
\

{
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-t ‘de.manera’ que, ‘haclendo AX = X

Ahualne- c.a % + %.—g—!‘_% '];24' ses (pf\)

¥ - et N - . - Pl
- . .ok R . : Lot I [
e “, N ~ ‘; PR A S ST A S R VY VG S e X R S 3 Y G Mot

*‘7
-
p,

b

Si "u" es pequeiio, como es generalmente el cas?,}qug—9§vu,a-
EPEE AN A e AL Vv SA [

forma lineql, o ( ' CLau . "li*m* L

b ; i Tt e . AR
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Cada uno de los ejemplés se prescnta resuelto en dos for-
mas, graficamente para demostrar la simplicidad del método de
éiferencias,?y,mediante la técnica de minimos cuadrados, con
Sbjeto de comparacidn de resultados.

Las operaciones anal{ticas se efectuaron con una calcula-
dora Hewletf?aqkard HP 35 sin efectuar redondeo de cifras du-
fante el proceso, por lo que al leer los cuadros de cdlculos

se ruega al lector tener esto en cuenta.

éole- Ecuacién de primer orden

Dadas las lecturas de demanda bioqufmica de ox{geno
(D. B. 0) obtenidas en una muestra de aguas negras, determi-
nar los parfmetros kX y L de la ecuacibén 11, usada como modelo

para representar este fenémeno.

fiempo x, dfas 0 1 2 3 o4 5
DBO y, mg/1 0 - 82 112 15% 163 176

Solucidn grifica:
i De acuerdo con la ecuacidn 21, se grafican las parejas

(o, 82), (82, 112), (112, 153), (153, 163), (163, 176).

i
En la figura 1 aparecen estos puntos y la recta de ajuste

i

due se hace pasar porgel promedio. Mediante medicién directa

se obticne:



pendiente P = 0,571

Interseccifn al origen I = 79.

“De’ la ecuacidn 21 se obtioné, ya que .AX.= 1. .. i -

o
» . . - S S TN . . - -
AR A M KN . i N N - M [ .- > ot L

kX = ~-1n P (29)

s/Q-p T (30
3 1:?5*“{‘5 . S o 5‘1:. N ":\ - :'L’*_" . 5 ’ - . T NI T
Por tanto:
k‘u - 1n 0.5?1 k = O. 560 dias
LT o By ‘ Gt o T 1

L'a 79/(1—0 579) | L - 184 mg/l o

v{nimos cuadrados.:

.
e

Las 'opersciones para determinar Pe I por e; metodc de

) T
o \Q '

nfnimes se muestran en la tabla 1. La substituci6n de los -

resultados que aparecen en el rengl6n de sumas, en 1&& .Sr-

S

, mulas 6 ¥ 7 conducen a.‘ o
o pow 2872947) = (510). (686) Pa 05579 ¢ i
5 (69246) - (510)

I« égé - 2%9 (0s579) 3 T =<78.L i

Finalwente, aplicando las ecuacioncS’29lingbfj§éfgbtf%ﬂé
{

A S . - , R «_'f

kK = - In 0.579 k = 0,543 dfas~}

L a 7801/(1 - 00579) L' = 18506 m[;/l
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Comparacién de resultados

En la tabla 2 aparecen los cdlculos para determinar la su
ma de errores cuadrdticos tanto si se usan 1los pardmetros obta=
nidos con el método de diferencias y minimos cuadrados
(k = O.543, I = 185.6) como usando el método tradicional de -
momentos (k = 0,523, L = 188) seglin se reportan en la referen
cia’'l.

Puede observarse que el método de diferencias propuesto
resulta mids eficlente en la solucibén de este problema en parti
cular,

5.20- Ecuacidn de Theis

Los abatimientos del nivel piezométrico en un pozo de ob-
servacién situado a 200 ft. de un pozo bombeado a razén de -
500 gal/min, as{ como los tiempos contados a partir de la =-
inici&ci&nIAel bombeo, aparecen en las dos primeras columnas
del cuadro 3. Determinar los valores de las constantes de for-

macién T y S°.

Solucibén grificas, -

En la columfa 1 de la tabla 3 se observa que los datos =

de tiempo satisfacen la relacién A x = x. Por lo tanto puczde

O

aplicarde la efuacibn 27, graficando los valores 1/x (coiua-
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<:> """ na 3)tecoutra Ajy(éolumnd 4), Gbsérveéézéué é‘péftif”dé
t = 8 min los datos carecen de‘ﬁre&isfﬁn,hﬁbr lo cual se de

sechan.fEn la figura 2: aparecen graficadas las pareJas Q1,

Teom

- ¥ (x - P,r’u

0.33), (0.5, 0.37), (0.25, 0 39) ¥ (0 33, O. 38). La recta

V-‘\-\ SR

[

de aaustéxpasaiporucb puﬁ‘6jpedioAdeqestos*v&lorcs;>De esta
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figura resulta, porimedicién ﬁifecth}zﬁ'nu P

w. . P w 20,0795 £t - min = .0 .
A A NEE ST

I = 0,409 ft.
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De las f6rmu1as 23, 240y 27 se’ obtiene’d
T = 0,055 3 (31)

TP o
S' = - 5,544 = S (32)
sl gmpbmere v ruon o mofostes oIps o L om0 A

A
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St w - 5544 92250 (<. 0795)
0.409 (200)2(7. 43)(60)(24) - SN

89 =12.432 x“lO"‘“‘ S
1 {1inos cuadrados:

: a o - -_ o : <L . Al r e X :
(:) En’ el ciadro' 3 se nuestran las operaciones para“deéeteriirnar

1

los




argumentos necesarios para calcular P e I usando las férmu.as

. 63 7, da donde se obticne:

. p e % (0.7392) - 2,0833 (1.47) :

P =z o= 0.780 ft— i
4 (1.8236) - (2.0833)2 min

I = l-_'_“’z + (000780) 2-28§§

Ty 7 I = 0.4081 ft,

Aplicando las férmulas 31 y 32 se obtiene:

T = 0.055 gpouégi)geo) T = 97030 gal/ft-d{a

- 5,504 92030 (0. 078)
0.4081 (200)° (7.48)(24)(60)

S' = 2.386 x 10~*
;‘Comparécién de resultados <>
En la tabla 4 aparecen los cdlculos para determinar la su-

ma de errores cuadraticos usando los paridmetros obtenidos con -

el método de diferencias (T = 97,030 gal/ft-dia, S' = 2.386),

y la suma de errores cuadrdticos uszndo los pardmetros reportn -

dos en la referencia 5(T“ 105000 gal/}t- J\a,s =1.28x10° 4)

Obsérvese que al método de diferencias corresponde la iiz=

por suma de errores cuadriaticos.

7.~ Ventajas del nétodo de diferencias
Las principales ventajas del/método de diferencias solre

:1los métodos tradicionales usados para estimar pardmetros d=z - C)

)




<:> """ ecuaciones trascendentes implfcitas, derivan de la precisién

Ll - r -

y‘simplicida& &e\su base méfeﬁética; esto es, del concepto -
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de modelo lineal que permite solucioncs analiticas, (e] solu-
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ciones gréfiéas simples usando escalas aritmeticas. mste he-

cho permite completa flexibilidad en la selecci6n del método

N - " - - s NS ,.,."\.,,, . T

de solucién al modelo lineal, asi comé en los medbs de cilcue

s

1 ) 4

lo quc se prefieran (calculadora, computadora, etco)
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e - S .
<= hh X LW .~

Una ventaja deflnltiva'del méﬁodd de diferencias es la
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posibilidad 1nmediata de aplicar la teoria estadlstica a los
T R R et T TP s - S AT U S
~".- estimadores obtenidos de esta manera. Por ejemplo, se pueden
e [, (,.‘,, “:‘ v G "

S ENCLgE R I LA o . 3 sooTr G LT
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- f ‘ »
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"k"\én casos 31milares al problcma de D. B O prusentado en ese
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te trabajo. Tambien, es intereéante senalar que el metodo ds
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tradic1onalbs en relacién con el sistema de unidades usado en
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la solu016n de un problema particular y con el rango de varia
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ci6n de los parémetros envucltos.
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El metodo de diferencias permite, en muchos cgsos, de=

terminar si un modelo prcasignado corresponde a una serie de

. . ~s -
’51 EUR $154 N

datos. Por eaemplo9 si una serie de datos quc pertenecen a -

-

<:) una serie de observaciones de D. B. 0 se grafican de acuerdo




con la forma lineal 21 y la curva resultantec no es una recta, <:>
evidentemente ocurre una de dos situaciones: o los datos ne

se ajustan al fenémeno (aguas negras frescas o muy viejas),

0 los experimentos de laboratorio no se efectdan correctamen

te,

Un problema encontrado frccuentemente consiste en dotere
minar cuantos datos son necesarios y con qué periodicidad de=
ben colectarse para rcsolver un problema particular. La pri-
mera parte de esta cuestiln depende de la precisidn deseada
y es resuelto por la teorfa estad{stica cuya aplicacién =s fa-
vorectda cuando se usa el método de diferencias. La sepunda = <:)
parte depende del modelo en si mismo; por ejemplo, si se usa
el método de diferencias para determinar las constantes de =
formacibén de un acuf{fero, resulta evidente que es anticconb-
mico medir niveles de la superficie piczométrica cu.nde no -
pueda dotectarse ninguna diferencia entre dos lecturas consc
cutivas. Los intervalos entre mediciones no deben ser n:cesa
riamente constantes, sino seguir el patrén dictado por =l pre
pio modelo. Los datos son mias valiosos en donde la curvatura

del modelo cambia mas rﬁpidamentﬂo La prictica de tratar s

obtener datos en largos periodos }Jle tiempo, ademds de scr .o <:>



tieconémica puede introducir errores en la determinacién -
de’io;'parimetros del modelo correspondiente.

finglmente, como se observa en los,edeﬁplos presentados,
elrﬁétodo de diferencias es mis eficiente, tiene un nivel

de dificultad mds bajo que los métodos tradicionales, y so-

bre todo, tiene naturaleza general,
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Yytdix -valc‘?res,“ae'“fb’B.O‘.dl tiempo x + Ax

200

1506

100

50

°\
102.0,137.2
O, !
. 137.2-790 _
Pendiente = 102.0 = 0.57
Interseccidn = 79.0
1 | S
(o] 50 100 o T 150

CRS ARt N

Fig

y, valores de DBO al tiempo x, en ppm

1. Determinacion de los pardmetros de la ecuacion de la D.B.O
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Ay, incremento del abatimiento, ft

0.40
.409- 0.
s=2 09] 9-312 - 5.0795 ft-min
0.409 ft
}.
0.35 [—
5
030 1 I I 1 i 1 1 { I |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1/X, 1/tiempo de bombeo, 1/min
T Gec roongcoe 0 0s corstantes de formacion en flujos @ pozos .

O O
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TABLA 1.

SOLUCION A LA ECUACION DE DB.O

Datos Calcuics
:Hempo, Dias BOD,mg/1 (3);y =Y (L); XY (5);){2
(1);x% = X+ X
0 0 82 0 o
1 82 112 9184 6724
2 112 153 17136 12544
3 153 163 24939 23409
N 163 176 28688 26569
2 176 - —_ -
z 510 686 75947 69246
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EFICIENCIAS DEL ML7ODO DE DIFERENCIA Y DEL MET00O

DE LA 0BO.

TABLA 2,

-
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OF MOMENTOS: E

Metodos -de Momemtosm: « ;
L] sn o~ N - TN
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(!),’X (2).Y
Observegos

2.

3y (B5lyy ) (5)5 (yy ")

Calc.. Error . Error

~(6), YY) (8 (y-y
Calcy Error ¢ Error

3

o ; ‘0. Wt

1 82"

112

2
3 153
L

{ee 7 . G < i .
0 0 0
SE , RN
77 15 225
i fi

122
Ihg

By

g SR LK )

163 . ]6“ -1 1- 165 =2 [
s oowe a2 a2
Variancia - - é?g,m ﬂf?'" - m —m}gé
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TABLA 3.

CALCULOS PARA LA SOLUCION DE LA ECUACION DE THEIS.

Datos Célculos

Tiempo, min, abatimiento,ft. .
(1),x (2),(hg-h),y (3)’J>Z =X (&), ay=Y (5), v (6),
| 0.66 1 0.33 0..3 L
.2 0.99 0.5 0.37 0.185 v
L 1.36 0.25 0.39 0.0975 AN
8 1.75 0.39
16 2.14 0.38
32 2.52
1.21 0.333 0.38 0.:2567
6 1.59

z . 2.0833 1.47 0,7397

T ——



TABLA &

CFICIENCIA DE LOS METODOS DE DIFERENCIA Y SUPERPOSICION DE CURVAS
EN L& SOLUCION DE LA ECUACION DE THEIS.

Datos Metodos de diferencias Metodos de Theis

' oyt «ay! Z : eyl \ 2
Sbiarvados’ | ot Gl BROIh Ry Tl Gy
1 0.66 0.60 0.60 0.0036 0.85 -0,19 0.0361

2 0.99 0.96 0.03 0.0003 1,00 -C.0i1 0.C0oot

3 1.21 1.26 -0.05 0.0025 1.20 0.01 0.0001

h 1.36 1.30 0.06 0.0036 1.36 0.00 0.0000

3 1.75 1.70 0.05 0.0025 1.73 0.02 0.0004
16 2. 14 1.12 0.02 0.0004 2,13 0. 01 0,000l
32 2.51 2.50 0,0 0.000! 2.49 0.02 0.0004
6L 2.91 2.91 0.00 0.0000 2.87 0.04 0.0016
Variancias 0.0136 0.0388
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(@) APLICACION DEL MODELO DEL TRANSPORTE AL MANEJO DE LAS BASURAS.

por: Francisco Zepeda P.

El crecimiento explisivo de ciudades en México, tanto en &rea
como en poblacidn, hace que la planeacidn de un sistema de —-
limpia por los métodos empiricos tradicionales sea obsoleta.
Se requiere del auxilio de los modelecs matemdticos para mini-
mizar los costos de transporte sobre todo en las tres.urbes—-
mas grandes ‘del pais; D.F., Monterrey y Guadalajara.

ELl modelo del transporte