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PROBLEMATICA DE LA INGENTERIA SﬁﬂfTﬁRIﬁ
EN LA REPUBLICA MEXTCARA

Ingenieria Ambiental y Sociedad

l.Las obras de ingenieriaz ambiental ejercen una influencia posi
tiva en ¢l nivel social del individuo y las agripaciones huma
nas: contribuyen al binestar, dignifican su existencra, ele--
van ¢l nivel y calidad de vida, y significan una etapu de su-
peracidon en el desarrolle de las actividades.

Desde el punte de vista econdmico, incrementan 21 periodc pro
ductivo de Jos individugs al reducir las tasas Ze morbilidad

y mortalidad y, como en el caso del abastecimiento de agua po
table, represcntan ¢l suministro de una materia prima para nu

Meresos procesos industriales.

Los objetives fundamentales de las sociedades primitivas son
"1a procuracidn de alimentos y teche y la satisfzccidn de la
funcidén sexual, mientras que en las sociedades desarrollzdas
se busca ademids, permancntemente, el logro de una mejor cali-
dad de vidu, para lo cual la conservacidn y mejoramiento del
medio ambiente es condicidn indispensable. Resulta pues,
evidente, que existe una relacifn determinante entre ¢l crado
de desarrello de una scciedad y los objetivos que esta se fi-
je en cuanto a la calidad del ambiente en que viva. El apoyo
de una sociedad a los programas dirigides al coxtrol de la ca
lidad del ambiente,-serin aceptados por ésta en el grado 2n

que estén de acuerdo con su estado de desarrolloe,

lLLos paises en desarrolleo, como es el caso de México, presentan
notables diferencias entre los medios rural y urbane, tanto
por lto que se refiere a la capacidad econdmica Jde 1a poblacién
como & la disponibilidad de bicnes y servicios, nivel cultu-

ral, etc. Micentras cn ¢l medio rural los mis praves problemas



se reficren o carencias de habitacidén adecuada, abastecimien-
to du awua potable, sistemas de alcantarillado, etc., en el
medjo urbane, ademiis de clertas carcencias en les barrios des-
favorecidos se sienten, y a veces llegan a niveles peligrosos,
prohlemas proplos Jde los palscs industrializados, tales como

Ta contominacidn atmosi€rica, el ruido, cte.

Mientras en ciertas {ireas rurales muches recurses naturalces
permanecen inexplotados, en algunas dreas industriales urba--
nas los recurses se hian sobreexplotado ¢ sus fuentes degrada-
do a tal punto por la actividad humana, que resultan inadecua
das para algunos usos; tal es el caso de algunos de nuestras
corrientes, Cuyas apuils no pucden ser ya usadas con {ines de
piscicuttura. También, muchas dreas de cultivo se han perdi-
do doebido a su explotacidn irracional con métedos arcajcos ¥

al uso de agwas inadecuadas para el riego.

El problema de la conservacian del medic en los palses en de-
sarrollo presenta una aparente paradoja: o estos paises conti
ruan st proceso de industrializacidén a bajo costo desentendién
dose de los costos de conservacidn del ambiente, para poder
compet iv con sus producltos en los nercddos nacionales e intexr
nocionales tratande de elevar asi ¢l ingreso per-capita de
sus habitanes, o0 se resignan a continuar siendo colonlias eco-
némicas, escencialmente de estructura agricola primitiva. Ob
viamente, la solucién a tal paradeja es una planeacidn adectun
da tante de la explotacidn de los recurses como de la conser
vacion del ambiente, de -acuerdo tante con el grado de desarvg

110 ¢! puis come con sus objetivos de desarrollo posterior,

La importancia relativa de cnda uno de los milriples proble-
mas de los paises en desarrollo: la insalubridad, 1a desnutyi
cibn, la incultura, la pebreza, etc., que se interrelacionan
entre si, es dificil de establecer, perec resulta obvio que pa
ra su resolucidn se requiere un enfoque simultinco y armdnico
que les considere come un todo. Do ipusl manena, resultarin

i16pico jerarvquizar los problemas de insalubridad, ftanto ded
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individuo como del ambiente, y dirigir los recurses econdmi-
cos a la resolucidn de alguna de los componentes. Sin emhay
go, parta ¢l conocimiente de estos problemas y la planeacidn

de su resolucidn integral, es muy convenicente recurrir a los

indicadores que representan su nivel de gravedad.

Algunos Indicadores del Problema Sanitario en la Repiblica

MExican:a

Sepin datos correspondientes al afio de 1973, proporcionadoes
por la Secretarfa de Salubridad v Asistencia, 1a tasa de mor-
talidad general en el pafs fué de B40/100 000; la primera
causa de¢ mortalidad fué la debida a necumonias, influcnza y
otras infecciones rTespiratorias agudas, 141.1/10¢ 000; y 1a
sepundd a enteritis y otras enfermedades diarreficas, 107.0/100 00D.

Estas dos causaé de mortalidad, asociadas indudablemente con
“la insnlubridad del ambiente, representaron casi el 30% de 1la
mortalidad en cse afo en el pais. En cuanto a la morbilidad
por todas las causas, la tasa en 1972 fue de 1405.8/100 000Q;
la primera causa de morbhilidad correspondid a parasitosis in-
testlinnles no especificadas, 585.8/100 000, la segunda a in-
fluenza, 166.1/100 000 y la tercera a amibiasis 104.9/100000.

Obsérvese que tan solo la parasitosis, enfermedades relacio-
nadns con la escasez, contaminacidn del agua, y la deficicnte
‘disposicién de los excreta, renresentaron mis del 40% de los

casos de enfermedad en 1a Repiiblica.

Desafertunadamente, las tasas de morbilidad de estas enfcime-
dades muestran tendencia creciente, por eiemplo, la tasa para
diarrens fue de 314.0/100 000 en 1967 y de 454.9/7100 000 en

1972 .

En ¢l afio de 1975, 1a poblacidn de 1a Heplblica Mexicani era
de 58 210 000 habitantes, de los cuales 36 664 D00 corraspon-
dian a o poblacién urbina, 62.8%, y 21 546 000 a la pobla-



cidén rural. Segin datos proporcionados por la Oficina Sanita
Tig Panamericana, solamente 24 962 000 habitantes urbanos con
taban, con conexion intradomiciliaria de agua potable y 775000
tenian acceso a surtidores pioblicoes, cuya suma represchta el
70% de la poblacidn urbana,servida en tul fecha., UPor lo gue
respecta a la poblacion rural, 10 497 000 habitantes, 49%, es
teba congctada o tenia facilidades de acceso a servicios de

agua potahle.

En relacibén con la eliminacidn de excreta, la situucidn era
‘atin mis adversa. Solamente el 28.8% de la poblacidn urbana
estaba conectada a servicios de alcantarillado, Yy apenas cl
141 de la rural contaba con instalaciones de letrinas o fosas
sépticas.

llebido o gue los datos levantados en ¢l censo de 1280 no han
sida aGn procesados, no es posible determinar la situacidn
actuval del pais en materia sanitaria, sin embarge, debido al
crecimiento de la poblacitn y al colapso econdmico de 1876,
es evidente que no han habido progresos substancilales.

Segfin ¢l documento cficialiﬁo. 118 de la Oficina Sanitaria
Panamericana, ''Los Ministerios de 1a Salud, asi come otros mi
nisterios interesados en el desarrollo eceondmico ¥ los orga-
nismos Internacionales que conceden préstamcs, han otorgado
urgente prioiridad a la meta de la Carta de Funta del Este re
ferente al abastecimiento de agua al 70% de la poblacion urba
na y al S de la poblacién rural durante el presente decenio,
como minimo'" (s¢ refiore al decenlio gue terming en 1970). Por
1o que puecde observarse de los datos anteriores, para nuestro
pais no fué posible satisfacer la meta establecida para ol me
dio rural. Mo cabe dudn de que el notable contrasre en ia
disponibilidad de servicios sanitaries, en los medios urbano
y tural, ha favorecido lo afluencia de campesings hacia las
ciudades, con 16 que se ha entorpecide el desavrollo arménico

+

del pais,



El fracaso cn la consecucidn de 1los ohjetives cstablecidos ek
ra América Latina en Punta del Bste y en otras reuniones simi
lares para otras repiones, ha llevado a los erganismos inter-
nacionales a pugnar por una mayor cpordinacifn cntre _paises,
organismos internacionales, ectc, para resolver este tipo de
preblemas.  Come consecuencia, en la reunidn internacional de
1977 en Mar de Plata, Argentina, se recomend$ designar al pe-
riodo 1981-1998 como Decenio Internacional del Abastecimiento
de Agua y del Saneamiento, lo cual {ué€ aceptade par la Organi
zacién de las Naciones Unidas. Es de esperarse que, debide
a los compromisos contrajdos per nuestro pals a este respeclo,
en ¢) futuro seri dedicada mayor atencién a estos problemas.

51 bivn los prolemas enumcrados pueden causar alarma, esto ng
significa en manera alguna que las autoridades respectivas no
hayan actuado ¥y actuen para resolverlos. Baste seflalar que
en ¢l afo de 1910 la esperanza de vida en nucstru-pais era de
28 afios, contra 65 afios cn 1975, segn lo expuesto por ¢l Sub
secretario de Mejoramiento del Ambicnte en la IV Reunién Na-

cignal de Salud Piblica,

En cuanto al ecstado de los cuerpos de agua del) pals, sepglin da
tos publicades por la Segcretaria de Agricultura y Recursos Hi
draulicos en 1977, existen en la Repdblica Mexicana 320 cuen-
cas hidrolgpgicas. A 11 de ellas conrresponden el 59 porciento
de la poblacién, el 52 porciente de la superficie de riege,
el 77 por ciente del valor brute de la produccidn industrial,
y ¢l 59 porciento de la carga orginica preducida; estas cuen-
cas requicren dcciones inmediatas de saneamiento. A otras 453
corresponden el 22 porciente de la poblacidén, el 45 porciento
de la superficic de riego el 9 porciento del valor brute de
la produccign industrial y ¢l 41 porciento de la carpa orgini
ca producida; estas cuencas sufrirfin, hacia 1983, niveles ina
ceptados de contmwminacién para los usos actuales. El resto
de las cuencas no presenta niveles de contaminacidn significh

tivos.



Necursos [lumanos

Se estima gue ndmere de inpenjeros mexicanos que han cursado
estudios de posgrade en ingenieria sanitaria es de unos cua-
trodientos., DIsta cifra es aln muy baja, st se considera la
tasa estnblecida por la Oficina Sanitoria Panamericana {1 inge-
niere Ssanjitario/S50000 habitantes) y la poblacidn del pais (a-
proximadamente 08 x 1ﬂﬁ habitantes), sc¢gin lo cual sc requerd
vign unos 1350. . 5in embarpo, desde ¢l afio de 1951, en que sc
establecid la maestria en estu rama de la ingenicria en la
Universidad Nacienal Auténema de México, la produccion de in-
acnieros sanitaries ha aumentado progresivamente, pgracias ade
mids a la fundacitn de esta maestria on instituciones del inte
rior del pais (Universidad Auténoma de Nuevo ledn, Instituto
Tecroldpgico de Monterrey y Universidad de Yucatdin); se espera,
por tanto, que hacio el afio de 1995 ¢l nimero de inpgenicros
sanitarios en cxistencia para engonces podrd satisfacer o una

poblacién estimada ¢n poco mis de 100 x 1IJ6 habitantes.

Mientras tanto, resulta obvio que el déficit de ingenieros sa
nitarics deba ser cubjerta por ingenicros civiles y otros pro
fesionales gue, mediznte cursos intensivos de actwalizacién ¥
eantrenamiento s¢ preparen para trabajar en aspectos especifi-
cos de la ingenieria sanitaria. Existen en nuestro pais diver
505 programas institucionales de este Lipo, tanto en Secveta-
rias de Pstado {Agricultura y Recursos Hidriulicos, Ascentamien
tos Humanos y Obras Pdblicas) como en la Universidad Nacionai

Autonoma Jdo México.
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INTRODBUCCTON

Concentracién Industrial y de Voblacién

El desarrollo tecnoldgico, iniciado en Inpglaterra en el siglo
AVI1I con la invencidén de la miquinag de vapor, aunado & otros
factores, ha traido como censecucncia la tendencis de la po-
blacifin a concentrarse e¢n grandes ciudades. S¢ estima gue en
el ano de. 1200 el 33 por ciento de la poblacidn mundinl vivia
en zonas urbanas, y que para el afio de 1998 esta cilra crece-

rd hasta el 50 por ciento.

Por otro lade, los ridpidos avances de la medicina y del sanen
miento ambicntal han reducido las tasas de mortalidad y aumen
tado los expectancias de vida, 1o que unide a la elevada feo--
cundidad ha determinade €1 crecimiento acelerado de 1a pobla-

cidn mmdial ebservado en las ultiimas décadas

_Se estima que la poblacién humana, en 1972 era de mis de
3 mi) miltloncs de habitantes, serd de wunos 6 mil milioncs ha-

ciag ¢! afio 2000,

or 1o que respecta a la Repiblica Mexicana, la tasa de cre-
cimiento medic anual se ha venido incrementando aceleradamen
te, pucs ¢n tanto que en ¢l periodo.de 1930-1940 fue de 1.7
por ciento en la década de 1960 a 1970 fue del 3.4 por ciento.
La publacién, que on 1930 cra de 16,5 millones de habitantes
‘sobrepusd los 50 millones en 1070 y casi llegh a los 70 mi-

lignes cn 1980, de tal manera que, de contipuat el ritme ace
lerado de crecimicnto, 1a poblacibn del pais llegard a los

100 millones ¢ habitantes hacia cl afo deo 1990.

Simultincamente al crecimiento de la poblacidn global del
pais, cn la Repiblica Mexicana se ha observado una muy alta
tendencia a 1@ concentracidn en ciudades que actuan como PO
los de atraccidn, priscipalmente en México, CGuadalajara ¥
Monterrey, y en menor pradd en Judrvez, Pucbla, Ledn, Tijuann,
“ Mexicali y Chihuahua. El drea urbana de la ciwlad de México,
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que en el afio de 1930 tenia una poblacidn de 1 millon 701 il
habitantes, sc ha convertido en una de los niicleos mis papu-
losos del mundo; en 1972 ocupd ¢l 5§ptimu lugar por ¢ste con-
cepto con unn poblacibn de 9 wmillones de habitantes, mientras
que ©n 1980 ocupa ¢l tevcer lugar, con una poblacidn estimada
en cerca de 15 millanes de habirantes. En el afio de 1930 la

poblacién urbana del pais era del 42% y hacia 1970 1llepd

al 60 por ciento, ohserviundose un Titmo ascendente en la ten-
dencia a la concentracidén. Actualmente tan solo 1a peblacién
de) Distrito Federal sobrepasn los 9 millones de habitantes.

PFaralelamente 2l crecimiente de la poblacidn,en los nGcleos

urbangs s¢ ha observado una muy alta tewdencia a 1a concen-

tyacidn industrial. En €l ajio de 1960 se lccalizaba cn  1a

zona urbana del Valle de México el 46.9 por ciento de la in-
dustria nacionnl, en 1955 el 48 por cliento, ¥ en 1969 ol

55 por ciento. No obstante los esfuerzos del gobierno para

controlar e¢sta situacidn, este {endmeno continua obscrvin-

dose.,

Problemas de Inpenieria Amblental

Junto a las inegables ventajas que el desarreclle industrial
y 1la concentyucidn de la poblacidén en los nOcleos urbunos
han reportado a la humanidad, han surgido wmdltiples proble

mas de tipo sanitario como son los relatives al abastecimien

to y cantrel de la colidad del agua, transporte ¥ dispoesicion
de desechos liguidos y s8lidos, habitacidn y urbanismo, ¥
contaminacidn atmﬂsfé}icn. Li resoclucidn de estos pruoblemas
no es féicil; se trata de problemas dindnicos que crecen pa-
ratelamente al desarrollo de las grandes ciudades y que,
aun on los paises miis ricos, s¢ encucntran siempre presentes
en mayer ¢ mcnor grade. IPor otro lade, la faceta sanitarin
es solo una partc del probliema, tal vez la dque pucde scr nis
facilmente cvaluada, pero desde luego existen también tmpli-

raciones de orden social que escapan a tods valoracidn ccond



Fn nuestro pais, la manifestocidon de los problemos antericres
¢s mis notable en ¢l firca urbana de la ciudad de México, vy
alcangn ya cierta relevancia en las ciudades de Guadulajara

y Monterrcy.

Ante los ecnormes costos Que resultan de la satisfaccidén de
las necesidades vitales en las prandes conglomeraciones hu-
manas, y las miltiples dificultades econdmicas y téenicas
que presentan para resolver los problemas de contaminacidn
del ambiente generados dentro de c¢llas mismas, parcce cvviden
te quec la sclucidn inmediata mfis adecuada consiste en la crey
cidn, debidamente plancada, de nuevas ciudades industiriales
que descongestionen la actividad de los grandes niicleos exis
tentes y en estos, la aplicacibn de medidas correctivas de
accidn inmediata, gque no interfieran con el procesec dc desa-
rrolio ccondmico, y permitan la obtencidn de ﬁetgs de mejo-

ramiento en la culidad del medio ambiente.

“Se considera que, sin restar importancia a otros problemas

de ingenieria ambiental, los probtemas relativos al ubnste-
cimiento de agua potable al dres urbana de la ciudad y el
aprovechamiento de las aguas p{uviules y negras del Yalle
de México, demandan especial atencifn, dada su peculijar si-
tuacidén geohidrogréfica, ya que se encuentra alejado de los
principales recurses hidriulicos del pais, en un valle na-

turalpmente cerrado.

CL AREA URBANA DE LA CIUDAD DIF MEXICO

La ciudad de México estd leocnlizadn en la esquina surgceste
del Valle del mismo nombre, que ocupa el borde sur de la
mesa central. El1 meridiano 99°8' W y el paralele 19724 N
eruzan la ciudad, que ticne una altitud media de 2240 msnm.
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- EY drca urbana de la ciudad de México inlcuye a la ciudald de
México, dividida en 16 delegaciones, 2si como a Ia pzrve urba
nizada de los municipios de Lcatepec, Morelos, Naucalpan de
Jufirez, Tlalnepantla y Netzahualcovotl del Lstado de Mexico.

La zona asi integrada constituye el principal complejo urba-
no-industrial del pais y cn espeelnl de 1a cuenca ded Valle
de México. Lla ciudad .de México es ademis el asiento de los
pobiernos del pais y del Distrito Federal.

Por leo que toca a la expansidn del drea urbana, se ka obtser-
vado que la poblacidn de la ciudad de México ha crecido :an
tasng inferiores a las del Distrite TFederal, de donde =s¢ in-
fiere que la poblacibn sc va desplazando bacia la périferia,

haciendo crecer a2l dren urbana.

El crecimiento de 1a superficie del fres urbana ha sido 2a-
ralelo al crecimiente de la poblacifing en el afio de 1930 1a
superficie cubierta era de 60.05 sz, en tanto jue en 1570

11cgﬁ a los 450 sz (excluyendo l1a zona de Netzahuaicoyetl),

migntras gue actualmente e5 de mas de 560 sz

La zona industrial represcntu cerca del 16 por cienio de la
cifra anterior vy se localiza principalmente hicia el nerte

del firea urbana.

La cuenca del Valle de México constituye-unad zcona cerraci
por montahas, sin escurrimientos naturales hacia el mar, ¥

tiene una extensiadn de 9 600 sz.

La precipitacidn plavial es variable en loas disgintas zenus
de la cuenca, con extremos de precipitacion media anunl le
1085 mm en Churubusco {sur-peste del drea urhana) v 501 mn
en Machuca (norte de Ja cuenca), eh tanto que a 1a ciudald
de México correspomnden 822 mm, El cif]o lluvicso, de mzvo
a octubre, no e¢s favorable para cl apfovcchnmicntu de las
aguas sino que, al contrario, propicia el escurrimicnto de

avenidas.
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La intemsidod mixima de precipitacidn tepistrada en la ciudad
de MCxico es de 53 mm en un perfodo de¢ una hora. La cvapera-
cién anunl en 14 cuenca varia entre D00 y 2100 mm por afio, y

es evidente que sobrepusa a la preocipitaciGn anuat.

La velocidad media de los vientos procedentes del NE y NW, zg5
de 10 Em/h, con cxtremos de 94 Km/h.

La produccitn de tormentas de polvo sobre el drca urbana, dz-

bidis o la accifn de vientos rasantes en los lechos desccadss

de los lagos de Texcoco, Chalco v Tlahuac, es frecucnte en

los mescs de enero o marze (estiaje), observindosc un promelio
de 68 tolvaneras por afo,

Numeresas corrientes de caracter terrencial que se originan

en los limites de }a cuenca tienden a desaguar cn 105 vasos
desecados de los lagos, pero la mayor parte de los escurrimien
tos son conducidos mediante el Gran Canal del Desague y el
Imisor Central, que atraviesan las montanas al noreste de 1a
‘cuenca, para descargar posteriormente a diversas corrientes

con salida natural al mar.

La purte norte y central de la ciudad de México estd cons-
truida sobre estratos de arcilla volcinicae extraordinariamesn-
te compresible, ]ﬁ que ha determinado hundimientos del terre-
ne hasta de 50 ¢m per afio (de 1948 a 1959) lo cual, ademis

de hsber producido numerosos problemas en la cimentacién de
los cdificios, ha dislocado ¢l sistema de alcantarillados de
1a ciudad ¥y elevade el nivel de la plantilla del Gran Canal

respecto a la cotln de los puntos miis bajos de la ¢iudad.

ABASTECIMIENTO DE AGUA

NDatos Histdricos

Lo ciudad de México, fundada con ¢l afio de 1325 en unn isla

del centro del lago de texcoce, no tuvo en un principioe



prgblemas: de abastecimiento de agua, ya dque cstaba ascpurado
er las entonces apuas puras del lapo ¥y ﬁ]gunos manantiales

que brotaban en el centro del islete; sin embarge,ya para la
tpoca del ascenso del rey Chimalpepoca al trono, el crecimicen
to de 1a poblacifn habia reducide y cast agotado el agua de
los manantiales; por otra parte, las aguas de 1o laguna se
encontraban centaminadas par los desvchos de la propia @iudad.
Para resolver esta situacidn ¢l rey Chimalpopoca pidid permiso
2 su abuelo Teczozomoc, rey de Azcapeotzalco, para usar las
apuas de los manantiales de Chapultepec.

Obtenide ¢l permiso, 1as obras fucron realizadas bajo la di-
receidn de Netzohualcoyotl, a la sazdn desterrado de su reino
de Texcoco; para cllo hubc_de construlr una calzada a través
del lago, sobre la cual Se alojo la conduccién; esta obra fue
reconstruids 50 afios mis tarde por el mismo Netzahualcoyotl y
perdurd hasta despuds de la conquista. Hernin Cortés reficre
que la, conduccidn era de dos coiles paralelos, tan anchos como
dos pasas cada une, por los cuales venia un golpe de agua
dulce muy bucna, del gordor del cuerpe de un hombre, que Se¢
distribujia e¢n la ciudad por fuentes y estanques de las que se
servian todos, pero solo les nebles tenian agua dentro de sus

casas ¥ palacios,

Otvu de las grandes obras de Netzahualcoyotd, o quien debe
llamsrse cl primer ingeniero ambicental de smgrica, {fue Ia
construccion de un dique que cruzaba el lapo, ¥y que tenia
por objeiro ¢l deble propdsito de separar las aguas salobres
del norte, y proteper a la civdad contra inundaciones,

Al estabilecerse los conguistadores en Ia Mueva Lspafio, tos
pucblos ¥ ciudades adquiricron mayor iwporytancia. Los nhni
tecimientos de agun fucren los puntes hisicos para el cre- )
cimiento de los centros de poblacidn existentes ¥y la funda-
cifn de noevas cludades. [Bn lo fjue respecta o 1a ciudad de
México ¥ poblados aledafos, rveconstruycrch los acucductos

que hahian  sido destruidos durante la conquista, y captaran
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y aprovecharon las aguas de otras {uentes,

El primer abastecimiento moderne piara la ciudad de México se
inicid en }a &pocs del Porfiriato con la captacidn de los ma
nantiales de Xochimilco, pero no fue sine hasta 1917, ce¢n

pleno periodo revolucilonario, cuunde se inlcid la construccion
de la rcd de distribucidn. Debldo a2 la alta calidad de esias
aguas y al desarrollo de las uctividades de la poblacidn, cl
consumo dJdiario per-capita aumentd de 160 1,cn 1912,a 240 1 a
fines dc 1933,

El ripido crecimiente de 1la ciudad en el periodo posrevelucio
nario obligd, primcro, a 1la ampliacidn de las obras de Xoechi-
milco, después, a la perforacién de pezos dentro de la ciudad,
con lo cual se agravé el problema de los asentamientos del
terreno en gran parte de ésta  y,finalmente, al aprovechamiento
de fuentes cada vez més lejanas, a tal grado que en la actuali
dad se contempla la necesidad de lmportar agua a distancias my
yores a 100 Km, para satisfncer las necesidades crecicentes de
una poblacign que en el afo de 1990 scbrepasard a los 20 mi-
liones de habitantes, con demandas de mas dec 400 1 per-capita

por dia.

Estado Actual y Preoyectos al luturo

Debido a las condiciones topogrificas y a la situacidn de
las fuentes que abastecen al frea urbana de la cludad de
Méxjco, existen varies sitemas que distribuyen ‘el apun eon
las distiutas zonas, La 1lamada ved primaria cubre el drean
urbanizada abajo de la cota 2268 msnm, excepico las zonas
corrcespondientes a Tlalpan, Xochimilco y 1la Magdalena Con-
treras, y los municipios de Ecatepec, Naucalpan, Tlolncpan-
tla ¥ Netzohualcoyotl; estas, ¥y las zonas arrviba de lu cota

2268 wanm cugntan con redes Jde distribucidn independientes.

En ¢l ano de 1975 la disponibilidad de agua en ¢l drea ur-
a

Bana del Distrito Federal Fue de mis de 38 mSXSCg, en los
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que se consideran 1a explotacidn de las fuentes cxistentes y
el gasto puria riepgo de parques vy jardines recupcrado de las
aguins negras tratadas,  lista dispenibilidad representd  una
dotacidon de¢ mis de 370 1 per-capita por dia en tul aio, ¥y sc
sumeptado hasta unos 42 msiseg.

Las estimaciones do poblacidn futura en el drea urbana de la
ciundad de México y cu vtras peblacienes de la cuenci, auna-
das al desarrpllo previsto para la zoua, permitcn suponer

que en €l afio de 1990 ¢l consumo medic en e} drca urbana de
la ciudad de México serd 92 msfseg y en et total de las zonas

urbanas de la cuenca dscenderd a 102 msfseg.

Por otro lado, como los estudios geohidrelépicos ¢ hidroldgi
cos sefialan la imposibilidad de satisfacer las necesidades
futuras de¢ la poblacidn con los recursos propios de la cuenca,
s¢ estima indispensable la impoertacién de agua de otras rce-

piones.

El aprovechamienta de las fuentes futuras de abastecimiento
de agua requiere indudablemente de la consideracidn integral
de las necesidades de las poblaciones de la cuenca del Valle
de México. Para satisfacer ceste objete las auvtoridades gu-
bhernamentales han propuesto y realizadoe estudies para deter-
minar las fuentes analizadas mids facuibles de explotar, en
erden de obilener la midxima cconomia en su financiumiento,

CONStruccidn y operacidn,

Asimismo, =s¢ han realizado diversoes estudios temdiaontes a
definir lus extensiones y wodificaciones nccesarias o efecctunr
en la red primaria para su correcto funcionamiento on el oo

1950,

Para resolver de manera coordinada el problemn del abaste-
cimiente de agua a Tas pebluciones del Valle de México, el
gobierno del pais cred una Comisidn [urmada por represen-

tantes del pobierna federal y las entidades afectadas, que
fijao politicas y explota los recursos para abastecer a las

poblaciones del Valle.
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Entre Jos nuevos proyectos de explotacién de fuentes, destacan
los d¢l aprovechamiente por intercambio de las aguas profundas
del lago de Texcoco, gque es parte de un proyecto integral de
regencracidén de esa zona, y los de explotacidn de las aguas

del tio Cutzamala.

Control de 1a Calidad del Agua Potable.

El control de la calidad del agua potable en ¢l Distrite Fe-
deral se rcaliza en base a las normas de calidad estableci-
das en ¢l "Reglamento sobre Obras de Previsidén de Apua Potable"

Hasta e] presente, el agua gue abastece a la ciuvdad proviene
de mantos subterrdncos y es, cn general, de superior calidad
desde los puntos de vista fisico, quimico y bacterioldgico,
por lo queé cn la mayeoria de los casos, ¥y Dor razones de seru
ridad, se da solamente tratamiento de desinfeccidn a base de
clore, el cual se dosifica en los tanques de regulacién y

almacenamicento,

Solamente en casos especificos se¢ da tratamiento especializa
do n las aguas c¢rudas, para lc cual se cuenta c¢on plantas
comg Ja "Inpg. Marroquin y Rivera' situada en el ocste de la
ciundad, gue remueve dureza; la planta “Ing. Roberto Gayol",
situada en el sureste del Distrito Federal, que al igual que
1a planta “Ing. Francisco de Garay", en el noreste de la

ciudud, remucve olor y sabor.,

Las programas de explotacién de {uentes futuras de abaste-
cimiento de agua  incluyen ¢l aprovechamiento de [uentes
superficiales, por lo que se ha considerado la potabilizacidn
de 1odos los caudales que asi lo requieran;poer cjewmpla, 1a

planta de Cutzamala tratard 24 msfﬂeg.

Los andlisis rutinaries de calidad de las aguas potables
son ¢lectuados por ¢l Departamento del Distrite Federal en
los Jaborotories instalados en las plantas potabilizadoras;

los unilisis relativos a 1a supervisitn de la calidad, son



efectuados en los laboratorios centrales de la Secrctaria de
Salubridad y Asistencia, ya que por ley leg corresponde esta

funcién,

AGUAS TXCEDENTES

latos Histdricos

El Valle de México, hasta antes de la crupcitn de los velea-
nes que forman 1a sierra de Chichinautzi, era un Valle que

drenaba librementc sus aguas por el sur,.hacia Cucrnavaca,

Al cerravse 1a {inica salida, las cenizas producto de la ac-
tividad volcidnica se flocularon y sedimentaron on los lagos,
(hoy practicamente desecados), constituyendoe el suelo de al-
ta compresibilidad sobre el que se¢ asienta la ciudad de 1
México. FE1 pueblo Azteca, que {undd la ciudad de México en
un islete del entonces gran lago de Texceco sufrid las ca-
lamidades de las inundaciones producidas en épocas de inten-
sa precipitacidén pluvial, por lo cual hobieron de construir
a través del lapo diques de contencidn y regulacién de nive-
les, el primero de les cuales, construide per Netzahualcoyotl
en 1446, tenia una longitud de 16 Em y protegia a Iz ciudad
contra las aguas del norte de 1a cucnca; posteriormente Se
construyeron 1os diques de Tlahuﬂh ¥ Mexicalizingo que con-

-’

troinban las aguns fluviales del sur.

Durante la época Virreinal, se construyd cl digque de San
Cristobal, que cerrd 1la garganta por la cual derrumaban sus
aguas las lagunas Jde Zumphango, Xaltocan y 5an Cristobal al
lago de Texcoco. Las grandes inundaciomes. ocurridas en

1604 y 1607, diervon lugar o8l primer projecto pava dar salida
a las aguas excedentes dol Valle, del cand fue autor el
cosmdorafo alemin Tnricoe Martinez, Las aguns del rieo Cuau-

titlin fuceron desviadas por el primey tdel de Nochistonpe,

12,



al nortec de la cuetnca, con lo cual el Valle tuve su primcra

salida artificiul, en el afio de 1608

liste tanel operd solo durunte unos cuuntos meses, pues

quedd inutilizado debide 2 numerosos derrumbes, no siendo
sino hasta ¢l afio de 1789 cuando se inicid la transformucién
de la obra, para convertirla en un tajo, y dar salida perma-

nente a las aguas del rio Cuautitlén.

A raiz de las inundaciones de 1856 se inicid. 1o construccidn
del Gran Canal del Desague y del primer tanel de Teguisquisc,
obras que se terminaroen en ¢l afdo de 1900, con lo que sc .
tuyo la sepunda salida para las aguas de la cuenca, Con la
construccidn del segunde tinel de Tequisquiac,iniciade en

194&, desde 1956 1a cuenca del Valle de México tuve salida

a Ja cucuca del rie Moctezuma, afluente del Pinuco, que desagua
en el Golfo de Mixico a la aliura del Pdertﬂ de Tampico.

Estas obras se proyectaron y construyceron para trabajar por
pravedad; sin embargo, la explotacidén de los mantos aculfe-
ros de la ciudad de México acclerd el hundimiento gencral del
Yalle, provacando retracciones hasta de 83 m en algunos puntos
de la ciudad, lo cual did lugar a la dislocacidn de las
plantillas de la red de alcantarillade & inclusive del Gran
Canal, por lo que las avtoridades de 1a ciudad s¢ vieron obli
pados a instalar en los puntos criticos del sistema carvcamos
de almacenamiento y plantas de bombeo, lo cual represcntd

un netable incremento c¢n los costos de operaciﬁn y mantenimizn

to del sisiema.

Sitvucion Actual ¥y Proyectos sl Futuro

Bl Canal del Desagie fuc construido para conducir un gasto
de § msfﬁcg ¢n su% primeros 5 kmy 17.5 m3!§cg en los res-
tantes; fue amplindo en sus bordes para conducir gastos
hivsta de 130 mSIHCR. Los vases de algunos lagoes se han uti-

lizado como almacenamiento para regular 1as aguas excesivas.



El intercepter del poniente, recibe y desaleja los cscu-
rrimientos de la zona alta del peniente de la Cuenca, arriba
de la cora 2200 msnm, ¥y las conduce al lago de Zoumpango o
al lago de Nochistongo, mientras gue el antiguo rio Churubus
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co (entubado en su cruce por la ciudad), conduce los Cscurri-
mientos del sur al lapgo de Texcoco, donde se regulariian los

caudales para scr enviados al Gran Canal, aguas bajo del Km
17.

No obstante las obras deseritas, el peligro de inundagioncs
de la ciudad de México con aguas sucias y negras persistia,
por lo que las autoridades competentes desarrollaron un pro-
yecto para resolver definitivamente el problema,; este proyec
to, que 5e inaugurd en su primera ctapa en el afio de 1975,
incluye los interceptores Central y del Oriente,que desajo-
jarin las cscurrimientos de la ciudad,y el Emisor Central,
que recogerd las aguas do ambos interceptores, para cnyiar-

71as por gravedad hasta la Presa Requena.

El Interceptor Central es un conducto circular de concreto
con longitud de 25 Km, difdmetro de 4 m en los primeros 12
Kmy 5 m en los restantes, pasto miaximo de 90 msfseg Y pro-
fundidad media de plantilla de 3¢ m, quc drepard un drea de
11,217 Nla. E1l Intcrceptor de Oriente, con longitud de 27
Km,difimetro de 4 m en los primeros 11 km y 5 m en los res-
tantes, llevard un gasto miaximo 110 mEISEg,cnrre5pundicnte
a un firen drepada de 20,430 IHa, ticne una profundidad me
dia de 30 w de plantilla. Tl Imisor Central ticne 6.5 mw

de diimetro, longitud de 50 Km, Aren transversal de 37,2 mz v

gasto mitxime de 220 n.
Actualmente se trabaja cn la extensidn de estos intercepto-
res y en el establecimiento de las conexiones de la red dJe

alcanturillado con ¢l sisicma prolundo,



Usao de 1as Apuas Excedentes

LY sistema de aleanturillado del fdrea urbanizada del Distri-
to Federal, es del tipe ceombinado, cvs decir conduce tante
apuas negras como pluviales. Aproximadamente 1 m3fscg de
lnsEduscchwﬁ ligqujdns se tratan en 1as plantas de "Chapulte-
pccﬁ. "Ciudad Deportiva™, y “San Juan de Aragén", cuyos
eflucntes se destinan al ricgo de parques y jardines en Enoén
de estiaje.

De las aguus nepras conducidas por el Gran Canal, una pequeid
parte, do 0.5 a m3fﬁeg, ¢s tratada y usada para fines de
enfriamicnto c¢n la planta termo-eléctrica del Yalle de México,
Para otros fines, el usu de apuas negras tratadas es todavia
muy resiringido, pero sSe estin realizando esfuerzos, y existen
programas, para substituir ¢l uso de aguas claras en diversas

industrius.

De tiempo atrds, 1a irrigacifn ha sido el uso mis impoftante
de las apuns excedentes, sin tratamiento previo. La planta
"Cerro de 1a Estrella', con capoacidad de 2.5 mSISEE, con
opcidn a scr ampliada a 5 mﬁfseg, fue construida con el objeto
de aprovechar terrenos del antiguo lago de Texcoco,

Las industrias loealizadas dentro del Valle de Méxice descar-
gan sus doesechos al sistema de dcsngﬂe del Valle de México,
¢n geneval sin tratamiento previe. No se tienen cifras cxac
tas de los volimenes descargnados por cSte conlcepty, pere se
estima gue la industiria localizada en el Distrite Pederal con

sume mas del 20% de la dotacidn a esta entidid.

Control e la Calidad de las Apguas Excedentes

Bl Cbddipe Sanitario de los Hstados Unidos Mexicanos' seilala

a la autoridad compctente para diciar medidas gencrales sobre
ebras de slejamiento, tratamiento y destino de los desechos)
proiibicidén a autoridades, empresas o particularcs pavit sus-
pender los servicios tunto de agua potable como de avenimiento;



obligacidn de los usuaries a develver el apua sin alteracién
nociva a la salud y biencs de los habitantes que las uscn
posteriormente; fijando responsabilidad c¢ivil y eriminanl a
los inlractores; prohiibicidn de descarga de albanfales y cun-
ductos que a iuicio de la Scceretaria de Szlubridad y Asiszen-
¢ia no conduzcan aguas tratadas convenientementc, en mantl:s
de agua usados para ¢l,consumo doméstico, balncaries, o ¢ria-

deros de fauna acudtica,

La "Ley Federal para Prevenir y Contrelar la Contaminacibs
Ambiental", expedida el 3 de marzo de 1971, amplia, refucr:za
y ¢specifica los conceptos anteriores, ¥y se completa, en 2l
aspecteo de desechos liquidos, con el "Reglamento Federal zara
Prevenir y Controlar la Contaminacidn del Agua’.

Indudablemente, la pelitica tarifaria de agua potable del De-

partamento del Distrito Federal ha contribuido ha reducir los
volimenes de contaminantes descargados por 1a industria a: sis
temn de alcantarillado, ya que al imponer tarifas méds elevadas
al agua potable para ser usada en fines industriales v a sayor
volumen consumido, en muchos casos restlta mis econdmico para
los propietarios consumlr aguas negras tratadas O tratar v Te-
circular las aguas usadas, y recuperar materiales antes d2scar

gados al drenaje,

Los exdmencs de calidad de las aguas necpras del Distrito Fe-
deral son cfectuados en los laboratorios existentes con di
versas plantas de aguas negras de- 1a c¢iudad de México, ¥y ins
del YValle de México en los laboratorios de la Secretaria Ze

o
1x

'

Agriculiura y Recursos Hidriulices o en los de la Secrcetavia
de Salubridad, segdn cl propfsito a que estén encaminadus.

Para resolver los preblemas de coptaminacidn ambiental y on
particular los relatives al controel de la calidad del apun,
s¢ crearon, a principios de los afios  setenta, nueyas
estructuras administrativas de nivel nacional; ‘dentre de 1la

L
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Secrcetaria de Salubridad,. la Subsecretaria de Control y Me-
jorvamicnto dJdel Ambicnte y, dentro de 1a ahora Sceretaria de
Agricultura y Recursos Hidrdulicos, la Direccidén General de
Usos y Control de 1a Contuminacibn del Agua. Ademfis, a
nrinciploes de este sexenio, como consccuencia de 1o Heforma
Administrativa, se¢ clectuaron algunos cambios csiructurales
en diversas Secrctarias de Estado, sin embargo, ne han afec-:
tado al 'status de Yos problemas sanitarios de la Ciudad y el

Valle de México, d

- e e ——————
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ABSTRACT

(excarpt from text, p. ix-x)

For many years developing countries have been working, with external assistance, to promote development of water
treatment and waste di5p05a1 systems in their cities and towns. Adequate quantities of safe water and adeguate sanitez-
tion measures are considered to be a necessary hut not a SUfflC1ent condition fer social and economic deve1npnent how-
ever, up t0 this time programs simply have not succeeded in keeping pace with the problem of water and sanitation in LDC'

A breakduwn has occurred where there have beer direct technology transfers which resulted in the selection of treatpent

processes too sophisticated or costly for Tn-country construction, maintenanee, or operation.

A pasic probtem, then, relates to site—speeifje_se]ectien of appropriate technolegy in LDC's. This volume, 1in part t!
result of an in-depth study sponsored by the United States Agency for International Development and in part the result of
additional and related efforts, is concerned with this problem. Chapters I and Il outline the difficulties encounterad ir
dunﬂrfc1ieet relatienships and technology transfer. Chapter [1II explains a methodology for selecting the most appropriant:
teehno]ugy for water and wastewater treatment for a particular LDC site and at a particular time, according to the macori;
and manpewee resource capabilities available. Chapter IY presents a mathematical model for LDC's in Afriea, Asia, and
tatin Anerica. to predict water and wastewater demand, as well as construction and aperation ‘2nd maintenance cost esticuis
for slow sand filters, rapid sand filters, stabilization lagoons, aerated lagoons, activated sTudge systems, and trickiiag
filters. The basic technique used in eeve1up1ng this medel was step-wise multiple regressfon working from LDC in-country
cost data. Chapter ¥ presents a methodology for eetting peierities amuﬁg LDC water supply programs. Chapters VI, VII,
YII1, IX, and X constitute state of the art chapters (for application particularly to LDL's) on past, present, and future

technologies for water and wastewater, including  on-site disposal and treatment concepts.



. The purposa of this volume is to support donor/client efforts to reduce health prcbiema through proper selection

of processes and projects, realizing that much of the solution is educational in nature.

WORKSHOP OVERVIEW

/7

1. Problem Statement - the inappropriate use of water and wastewater treatment
systems in develeping countries.

A.

B.

Bppropriate fit of the water and wastewster treatment systems results !n:

1.
2.

Most econocmical system to construct

" Most -econcmical system to operate in terms of:

a. tabor
b. Chemicals used
C. fnergy

d. Yaintenance demands

Inappropriate use manifests fiself in several ways.

1.
2.

Systems dn not operate 2s designed

Systems in disrepair fail to effectively treat water
or wastewater

Systems roguire redesign and retrofitting to assure
quality treatment when used with existing eguipment.

used in the selection concept of this workshop
Development and conceptual use of the predictive model.,
Development and conceptual use of the prioritizing model.

Discussion of the dissemination cancepts of the ciient/donar
relationship.
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.11.- Program Devel opment by the University of Oklahoma
A.  Rarket contact in the Deveinﬁinﬁ countries.
1. Amerfcas
2.  Turkey
3. Kenva
4. Thait and
5. Indonesia
6. Philippines
7. Taiwan
B. Prioritizing Model

C. Prediction Model testing prﬁjects for a possible refin process.
Results comparison. |

1., Indonesia
2. Africa
3. Asia
I1I. \lorkshop Format
A.  Staff Introductfons

"B. Materials used 1dentification
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1.  text

2. workbaook

3.  Vendors cataleg
Korkshop

1. Pace

2. overview of scope.

‘5
Session 1.2

Title: Science, Technology, Technology Transfer;‘

and Appropriate Technology

Objective: To dé&élnp the basic concept of science,
technology transfer, and aid in the selection
process of appropriate technologies in

developing countries.

;L



Technology Transfer, Adaptation, and Utilization
(excerpt from Chapter II, p. 23 in text)

Direct transplanting of water and wastewater treatment technglogies has not led to gatisfactury utiIizatiuH of either
foreiyn or domestic resources. The use of innovative techniques to coordinate existing technology te new technologies to
vpyrade 1ife, to take advantage of local manpower, materials, and remain sensitive to the socio-economic goais of that
country. The main emphasis of the chapter is to obtain a grasp of.the total picture, putting pieces together in a pragtic
and usable way. International health organizations, lending agencies, and national, regional, and local institutions can
develop a viable planning tool.

This session presents some key elements in approaching the problem of selecting appropriate technologies: {1)
systemat ic evaluation of the importance and interrelationships of all relevant aspects of the problem, such as technical,
eccnonic, social, political, and cultural factﬂrs;'{Z} assessment of alternative courses of action; and {3) analysis of
benéfits and costs or cost effectiveness on the basis of which policies can be determined and decisions made.

Schumacher has said that "fa; developing countries there is a1very 1ovw level of technology which does not keep people
gaing except In re]ativé misery, and in developed countries exists a technology which is beyond the technical support

cazpability of the lesser developed country at this point in time.
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SESSION QUTLINE:
I. Introduction
A. Historical Development of technology

B. Concept of essentiality of water to economi¢ development

—d
L]
-

Defining the prccess of technology transfer, and the selection of approprizte technologies

A. Defining of terms used
"1.  Science
2, Tecﬁnaiugy
3. Appropriate Technology
4. Ratrogressive Technology
5.  Acceptance

{Refer to Figure II.1)



.,

TEGHNOLOGY
INNOVATION

SCIENCE

ECHNOLOGY
- RESEARCH, INVENTION -

ENVIRONMENT
PROBLEMS, SOLUTIONS

Interrelat:onsh:ps among sc:ence, technology, and nroblems and
solutions in the environment.

Figure {1



I11. Contributory Greakdown of Donors {fechnology Iransfer)

A USA

B. UK )
C. Germany
0. France

E. Other Western countries
TABLE II.1
TECHNOLOGICAL BALANCE QF PAYMENTS
ESTIMATES FOR 1964

Receipts Payments

{percentage of world total)é - {percentage of world total)?
UiSlA!. ' ) 5?1_ _IZ%
U.K. : : 12% ' 11%
Germany {F.R.) 6% 14%
France 5% 11%
Other Western .
Furopean Countries 1B% 25%
Japan . : BT : C13%
Other Developed s
Countries 1% 5%
Develcoping .
Cauntries- . 1xb 8%

d

SOURCE: C.D.G. Oidham, C, Freeman, and E. Turkcan, Transfer of Technology to Developing
Countries, Stwly of the Science Policy Research Unit of the University of Sussex, for the U.H.
Conference on Tracde and Developwment, Second Session, TD/28/Supp. 1 (MNovember 10, 1967). (Based
on Office of Economic Cooperation and Development data.}

& xcluding trapsactions among socialist countries and between those countries and developing
countries, _
bReceipts of developing countries were negligible and in any case less than 1 percent.



23

f?. Recognition of the failures that have occurred due to the direct transfer of {nappropriate technologies
¥. Ristoric development and the time lag between DC's and tBC's

A. Europe

B. USA

€. Russia

D. China, etc.

(Refer to Figures 11.2 ~ I1.3)}



| INNOVATION ! ACCEPTANCE
o e

e W

/\ INVENTION

wuaudojanaq [eo1BojouLd8) B JO OS[] J0 JudIX]

TIME
Figure [1.2a PROCESS OF TECHNOLOGY DEVELOPMENT.
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SECOND APPLICATION

\. FIRST APPLICATION

Extent of Use of Successive
Applications of a Technolcgy

‘ TIME
Figure 11.2b '

o5
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WATER TREATMENT TECHNOLOGY

MULTIMEDIA FILTER SETTLING
TUBES, POLYELECTROLYTES

. RAPID SAND FILTER
{Al Fa}

SLOW SAND FILTER

EXTENT OF USE AND EFFICIENCY

Figure.ll 3.2 TIME(URBANIZATION AND INCREASED
RESOURCE USE) |

S

2¢
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EXTENT OF USE (population/acre served)

>

ADVANCED
 WASTE
TREATMENT,

INDUSTle.L WA?T_'ES y REUSE

ACTIVATED SLUDGE,
CONTACT STABILIZATION

WATER

CARRIAGE ROCK FILTERS

INTERMITTENT SAND FILTERS,LAND |
APPLICATION, CESSPOOLS, STRAINERS

b 8

-

Figure 1t 3.b TIME (Urbanization and increased resource use)
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VI, Most suwecessful inngvations are derived from need

A.  PAppropriate adaptations of prhgressive “OC* technologies to the currently existing teéhnaTogy of the “LDC"
?Ii‘ LOC Characteristics d

A.  Unskilled labor .

B.  Unemployment !

C. Smaller domestic market

D. Lawer purchasing power
¥11I. Concept of Econmic scaliag

A, Refer to Figure I1.4



Unit cost increases filter rate decreases

Slow aand fiiter

Rapid sand fliter

Multimedia/multldeck unlts

Size of Operation

F:guray. 4 The effect of economy of scale In water treatment.

v



Time Needed
o Acquire

>

Cperation
Support

In-Country Available Technlclans’

R e L
e et Y o ek wi e -
o o o e o oy e o A gy am omm e S fa am

t t >
I} Yot (4] Time

Figurs 11. 5 Change In 2vallability of In-country technlcians with time,

Manpowar Leaks (Econcmic development in developing countries and loss of skilled manpower)

oF
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Xi.

Appiication of Technology Concept
A. _rfa{rd and Soft
B. Grading

1. High

2. Intermediate

3. Low

Goal Realization

A. Background information needed to understand sutcessful technology

1. local traditien
2, Regiénai Goais
3. Social & Economic: Impact '
Examp1e§ of Appropriate & Ihapprnpriate Technalogy
A. Deve1bphd?Cuuntr1es ]
1. Norman, Oklabhomaz - conventional Eewagq plant; settling bas{ns;-trick11ng filters; sludge digestar; s

beds;

2. Huskugee ﬂk]ahuma - high technology, part1cu1ar1y sludge handling, thickness, cyclone, centrifuge,

awt
1nc1neratur - all automated; never (in 3 years) funttiﬂned correctly; 180 eritical items naf 2t any

time.
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B. Developing Countries
. 1. Turkey - aeratuﬁ for sewage--homemade, no bearings; chiorine for water, no scurce.
2. Indenesia - family fish ponds; cultivation of vascular plants; food.

3. Paru - automated {tape); shallow filter.

4. Thailand - coconut fiber/char rice hulls; slow sand filters; rapid sapd filters.
5. Lolanbiz - dynamic filters; multimedia; declining head filter.

6. - Daminica - chlorinre; B-month turn-around.



Session 1.3

C-o

Title: Predictive Model

Objective: To develop the basic model to assist in the
selection of appropriate technology - using »
system approach to arrive ‘at a low

technology solution

t
e
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Prediction Methodology for Selettion of Suitahle Water and Wastewater Processes

{excerpt from CHAPTER 111, p. 39 text)

The three sect{uns {ncluded in this chapter are shortened and revised versions of the eriginal pu@Ticatinns vhich they
represent. In them s presented an ordered method of selecting the most appropriate technology for water and wastewalter
treatment for a particular site and at & particular time, according to the material and manpower rescurce capabilities avatl-
able, The primary ¢oncern is drinking water and wastewater for orgyanized Communities, including thase for which management
systems for.on-site processes would be appropriate.

ln the first section explanation is made of the selection methodology which involves the systems approach and aggregate
mnde]ling.' The systems 2pproach permits the analyst to lock at various 1nterrelationships and decision options at ooe time
while agyregate modelling uses average values for attributes of the real-life situation under study. The attributes for LIC
vedelling mest be representative and must be based on available data on the LDC site either ubtainéd directly or through the
2id of & surrcuate.

The output of the medel d1§p1af5 coipatible water supply and sewerage treatment alternatives for a specified community in
the base yzar and at thé end af each of four increments of five years. For the alternatives provided, information is given
on caplit2] znd maintenance costs, manpower requirements, the population tn_be served, and the plant scale which would be
reguired,

In the secuéd section of this Fhapter, data forms are included which were deiigned to use in collecting the basic
information needed for the use of the .predict.ive mode} | while the third section provides a manual cemputation application of
the model together with an example problemt which has been worked out step by step. This manual method will suffice in most

instances, although a canputerized version has been developed.,
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THE PROCESS-SELECTION MODEL

The purpose of this model 1s to provide the decision-maker with a tool that will assist in the
selection of a technology for water and wastewater treatment which is most appropriate to the conmunity's
capabilities.

The responses and combinations which result from this exercise provide a series of applications
which would achieve the desired levels of treatment based upon leocal conditions. Fron these alternatives,
the final selection may be made by the decision-makers.

The model is designed for nucleated systems and for comprehension of the process by non-engingers,
Engineers will find it useful as a tool for a coarse sort and sensitivity analysis.

CONCEPTUAL APPROACH . 3g

.The model screens all known processes for social-economic attributes, resource attributes,
comparable process costs, and aggregate processes (systems) for further consideration.

_Thase systems which emerge through this process are those which are mast auprcp%iate to
. meeting designated goals.




TYPES OF SCREENING INVOLVED N THE SELECTION OF A COMPATIBLE
LOWEST COST COMBINATION OF TREATMENT PROCESSES

All Processes
with Costs

¢
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Figure |. 3
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Determination of
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Treatment Processes



COMPLETE, INFOUMATION FIOW FOR TRE PREDICTIVE MONEL
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BASIC REQUIREMENTS

1. A Classification of Water & Wastewater Processes:
PW 1 etc. and PS.1 etc,

(Detailed process classifications on pages 53-61 in text}

2. By Manpgwer Requirements

Unskilled

+ Skilled

]

Professional

3. By Resource Requirements

Eqguipment

Materials

Supplies: Maintenance

(M

Chemical

41
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PROCESS CONSTRAINTS
WATER TREATMENT PROCESSES WITH ESSENTIAL MANPOWER
& RESOURCES REQUIRED FOR OPERATIONM

PROCESS REQUIREMENTS

n
' a8 MANPOWER RESOURCES REQUIRED
TREATMENT E
METHODS o a - .
7 = o | E | €6 | o3 2 |3y
= = o 2 & E AR e =0
= |5 -l 1 U1 é = LI ‘F'.-:'.. E-.: E ﬂ
B < e & n £EE g =5 = 2
= [77] - M [ F <% E ﬁ L%y E} 5
HO TREATMENT PW1* X X X X
PRE-TREATMENT PUZ X X X
SLOW SAND FILTRATION PW3 X X X
"RAPID SAND FILTER (Conv.} PW4 X X X X X X X
RAPID SAND FILTER (Adv.) PW5 b X X X X % X
SOFTEMING PWG b X X X X X X
DISINFECTION PW7 ¥ i X X X X
TASTE, ODOR-Fe, Mn PW8 % X X X X X
DESALTING-SALT PWg ¥ X X X X % X
DESAL TING-BRACKISH PW10 X X X X X X X
CONTATNMENT FILTER PW112 X i X
DISINFECTANT FILTER PW12 X X

* Water Sgurce
(Groundwater Availability)

3) isted for completeness only, not actually avatlable as a model output at this time.




SEWAGE TREATMENT PROCESSES WITH ESSENTTAL MANPUWER
& RESOURCES REQUIRED FOR OPERATION

PROCESS CONSTRAINTS

PROCESS REQUIREMENTS
=4
C MANPORER RESOURCES REQUIRED
TREATMENT E
METHODS o a . "
i 5l s 2| 88 | 2 2 | 38
- =] o b= v - H -
2 13 | .2 38 |88 | g2 | 28
B b = [= [ ] EE = o l B
B @ o> o@d | £3 Ea S @
ERIMARY (Conv.} PSl e X X X
PRIMARY-Stabilization Pund P52 X X X
SLUSGE {Conv.) ' P53 X X X X X
SLUDGE {Adv.) PS4 X X X X X X X
sLUnGE-Combined (Imhoff) PS5 X | - X X X
SEEDHCARY-5tandard Filter P56 X X X X . X
SIC3RIARY-Hish Rate Filter PS7 X X 4 X X X
SECONDARY - Athivahed $ludge | PSB X 14 X X X X
EATZNDED AERATION P$9 X X X x | x
ROTATIHG BIOL . CONTACTOR PS10 X X X X X
nIsl sHrzCTIoN PSll X X X X X
LAND RPFLICAT TON P512 X X ¥ X X
AU CULTURE P513a - R
ThOTVIGUAL P5142 X
INDIVIDUAL {Adv.) PS152 X % X

“tisted for completeness only, not actually available as a model output at this time,

43




I.

3.

Parameters to Codify Community Capabilities.

Establishment of Resource and Manpower Levels of the Site and-Associating These

With 1, Above.

Determination of Costs and Cost Ratios by Levels Derived in 1 and 2 Above,

BASIC DATA PROCESSING

- {There will be an entire lecture on costing later.}

Development of Acceptable Combinations of Processes to reet Established Goals.

These Goais Will Change With Increased Levels.

I3
"

Establishment of Social-Econtmic Levels [, 1§, III, IV, from a VYaricty of (19)

-

e

- Em— i e iy -



Carciriogens
Viruses
QOrganics

Chemicalsr,Toxicants
" Solids(Total Dissolved Solids)

Hardness, Taste and Odor

CONSTITUENTS TO BE REMOVED IN _WATER TREATMENT

Bacteria

of Removal.Goals

Increase in Restrictiveness

Increase in Socio-Economic Level

Flgure 111, 1



Increase in Restrictiveness

of Removal Goals

Thermal Pol!uﬁon

Nitrdgen_
Phosphorus

Biodegradable Material [BOD]

Sofids [Suspended Solids]

CONSTITUENTS TO BE REMOVED IN
WASTEWATER TREATMENT-

Increase in Socio-Economic Level

Figure 111, 2



~ © WATER TREATMENT

ACCEPTABLE COMBINATIONS OF TREATMENT PROCESSES, ACCORDING TG
RAW WATER QUALITY OR DEGREE OF DILUTION AVAILABLE TO WASTE FLOWS

CRITERIA LEVELS ‘
CODE FOR PROCESS RAW WATER CONCENTRATION
PROCESS .. COMBINATIONS i :
COMB INAT IONS COL1FORM SOLIDS
' : BACTERIA
{MPN/100 m1) TURBIDITY OTHER
{JTU} {mg/1)
a
W1 PW1 C1-2 10
W PU3 200 100
W3 PW11 300 800
W PH1 + PW7 500 1G
W5 Pw2 + PU3 1,000 200
121 ) FHZ + PHW12 3.GG0 8400
W7 . PW3 + PW7 5,000 100
WE ) PWZ + PW3 + PW7 10,000 1,000
Wo PW4 + PW7 10,000 100
Wi0 PW2 + PHG + PU7 10,000 1,000
T W1l ' PWS + PW? 10,000 140
W12 PWZ + PWS + PW7 10,000 1,000 -
BUIE - H{any one nf W1 to W12 )+PUb 300 hardness
. W14, - |{any one of W1 to W12)+PW8 . ) i-3 Fe & Mn
T WIS - |{any one of Wl to Wi2)+PW9 . .| 3000 TDs2
s=ﬂI§ © it{any one of W1 to W12 }+PH10 i : 2000 Tos2 -
. £ - ' . . i :

® This represents standards for eve]cged countries; différent standards may be more
appropr1ate for developed cuuntries _ f



SEWAGE  TREATMENT 77

ACCEPTABLE COMBINATIONS OF TREATMENT PROCESSES, ACCORDING TO
RAW WATER.QUALITY-GR-DESREE-OF-DILUTION AVAILABLE TO WASTE FLOWS

RECETIVING WATER YOLUNME )
CODE FOR PROCESS . - (7-day Tow flow level }WASTE VOLUME
PROCESS COMBINATIONS
COMBINAT IONS BASED ON BOD BASED ON COLIFORM
S1 PSS 20 160
52 PS1 + PS3 .20 ‘ 160
53. PS2 : 10 15
54 P59 3 16
S5 . S2 + PS1D g 12
B $2 + P56 6 32
7 52 + PS7 5 - 32
58 $2 + PS8 4 32
59 PS1 + PS12 0 0
510 54 + PS32 0 0
511 Ps2 + PS13 5 16
s12 51 + PSi1 - 20 2
513 - S2 + PS11 - 20 2
$14 53 + PSil 10 2
515 54 + PSil 3 2
516 . S5 + PS11 5 2
517 56 + PS1l 6 2
518 57 + PS11 5 2
519 ) 58 + PS11 4 Z

These represent s'tand;rds for developed countries; different standards may be more appropriate for
developing countries.
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COMPLETE INFORMATION F-"W FOR THE PREDICTIVE MODEL e
Block? . L A:; :E'at‘k 2 ﬁ:z;;‘; Block 3 3« -;5;‘: Block 4 .-_,;*;:-;
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COMBINATIONS gf'::’"‘:;"*f i ) joost . ’
- OF PROCESSES it o1 R
______________ e e L -l{.-.-.-—-——— ——— R A R WA e B WU Gt e e T MR EE ek e b e e -
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SITE DATA REQUIRED

Soclal-Econamic Determinants {Block 1}

Resource Determinants {Block 2)
Cemcgraphic Determinants- {Block 1)

Goals for Water Quality (Block 4)

PROCESS DATA REQUIRED

Process Constraints (Block 10}

Acceptable Combinations {Block 12)

L]

THE BALANCE OF THE FUNCTIONS IN THE MODEL
REPRESENT CALCULATIONS TO ARRIVE AT COMBINATIONS
AND PREDICTIONS UPON WHICH DECISIONS CAN BE MADE,

|||.J-'| TN

51
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BLOCK 1
SOCIAL TECHNOLOGICAL FACTORS (STF)

# Level of Education " Ehem{stryiiﬁ tocal College
[ | Distribufiun of Labor Force _ ] tnmmunity Fiscal Lavel
. ¢ Income Characteristics o 8 Unemployment Level
# Percent Non-Indigenous ﬁnrkers % Availability of Extension Services
~ In Governnent & Industry N 8 Schools of Local Coliege Students

.9 Scheol Operations . , 8 Level of Technology Available

¢ Highest Grade Offered by "
Local School

Government as Labor Users

@ Availability of Employment Services
2 HNearest High School

¢ Availability of In-3ervice
Training Programs

8 Llocal College or University

I
[These factors used to determine one of the four levels: I, II, III, IV)

N/
To Block 7




{1

(2)

(3)

Amount

Examples of Data Catagories Used in Gathering Social-Technical Factors (STF)*

Avarage level of education

pbtained by inhabitants
living in the community.

Average distribution of
labor force jin the
community.

Annuatl average income per
family in local currency:

~ Unit

Check epproximate U,S5.
doilars equivalent of
this amount:

*{see page 75 of the text)

Leée]

FARY .

) High

None Primary School

95% 4% 1%

70% 19% 7%
55% 22% 14%
9% 34% 42%

Unskilled Semi-skilled

97% - 2%
80% _ 16%
£1% 27%
45% 0%

Less than $100
$100 - %500 .

., 3500 - $1.000

$1,000 - $3,000
Greater than $3,000

Technicgal
Institute College
0% 0%
3% 1%
3} 4 3%
8% 7%
Professicnal
1%
4%
12%

25%

Waighting
Factor

=)
10
15

ot il
LA RS o B O



Indigenous Resources Data
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BLOCK 2
INDIGENOUS RESOURCES {IR)

1 - Operation Eguipment
Il - Process Materials
[II - Maintenance Supplies
IV - Chemical Supplies

To Block 8

FOR EXAMPLE

Category

Check If Hot Available

talculations

(20} Operation Equipment {OE)

&

Meters; water, gas, re-
cording devices, such as
thermopstats, water
meters

Sheet metal fabrication,

ete, v

Gauges; tacuum, {low, ete,
Laboratory eguipment such
as test tubes. etc. as
found in high shcool
chemistry labs, medical
of fices, and hospitals
Portable power plants
such as gasoline powered
electric generators
¥ptors such as 1-3 horse-
power electric motors
Fumps, fans. etc.

Critical Level for Operation
Equipment 3.

Sum of Items Not Available

Availability of Operation
Equipment

- {yes = 1, No = 0)



BLOCK 3
DEMOGRAPHIC DATA (DD)

8 Present Population
® Average Growth Rate

N

To Block 9

hBh

bLOCK 4
RAW WATER QUALITY

Number of Coliform Bacteria
Suspended Solids
Receiving Water Dilution Available

'BOD - Organic Waste Measurements

Fe & Mn Minerals
TD5 - Total Dissolved Solids

~N
To Block 13
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DEVELOPMENT OF COMMUNITY PROFILES

STL Level 1, IT; III, or IV

Manpower 1, 1T, IIT, IV

Resources I, I, III, I¥

Size I, Il, III, IV



. From From From From

Block 1 Block 2 " Block 3 Block 4
Biock 5 Block B '
Relative Social- Aelative
Economic Indigengus '.'
COMMUNITY Weighting Rosource Y 1
Faclors Weighti
PROFILE LEVEL FM?NS"Q
CALCULATION Y i L
. Block 7 Bilock & Biock 9
Social Rosource ) Populalion
Technological Capchility (RC .
Level (STL) pehility (RC) Forecasting (POP)
T T T e e e e e e e e e — T m e — e o= ] [~mmm T e ety Attt
loek 1"" rf Y b
Procésse, '--‘:'f : : -
".ﬁl‘ﬂiruinis . '
PROCESS FEASIBILITY et . _ )
Block 11 - g
L— | Avdilable ol ) =
Procgaues | J E
_"'"":.—-——_.4-22—7-——_-'.4_———-——-. ———————————— -\lr—---— ——————————————— l: —————————— -—-—————--——I—L
SELECTION (FEASIBILITY Suitabie - 'Ea.lmda.a 5 ,f-\"
COMBINATIONS) Process (ST Acceptatlal S (& 1)
: Combination Combination :-,‘.% a3
TTCosTESTMATE e e Tt e T R T
= Bloet A4 T RE. .| Block 15 - ~
OF SELECTED SRS —-jmst 0
COMBINATIONS WL R _'
- OF PROCESSES
-—_--—_.—-——-———nq.__,.,__—_—a—_g—p——--—[—-—r—lllf ———————————————————————————————————————
e - - ’ Block 16
£l
FINAL SELECTION OF hasl Compatisle
PRCCESS COMEIIHATIONS Basngd o




From Block 1

BLOCK §

Relative Social-Economic —t
Weighting Factors (Wst)

LT S

BLOCK ¥

SOCIAL TECHNOLOGICAL LEVEL (STL}

These levels are used to estimate
manpower availability in Ski11

categories.
1 - 1-23
I1 - 24 - 51
I - 52 - 93
- 94-133 - DC

IV

% Alternate Classification Process
on pages 68 - 72 of the text.
(scenario method)

N
To Block 15

™
g

To Block 11



BLOCK &
Relative Indigenous
Resource Weighting
Factors (Wir)

From
Block 3

1

I}LHCK 8
Resource Capability (RC)

Indicated by a confirmation
of any four categories

BLOCK 9
Population Ferecasting (POP)

Als0 determines which of -the
four population scaie levels
1s correct for the community
to be served.

f

=

T
"
P

iE:l

il
'::l[

j

;
|

|

o LIJ

I - 60D-2500
II = 2560-15,;000
111 - 15,600-50,000
1¥ - 50,000+
N
To
Block 16




L0

—

BLOCK 10
PROCESS CONSTRAINTS
(See Table I1I, 1.2)

r

BLOCK 11
From ' . From
Block 7 —t AVATILABLE PROCESSES e alack 8

Selected on the basis of

3TL and RL ip relation

to the Process Restraints

BLOCK 12
SCHEDULE OF ACCEPTABLE Fror
COMBINATIONS. -
IATIONS " 81oc!

To bring raw water to the
desired quality.
{See Table III 1.3}

| BLOCK 13

SUITABLE PROCESS CONBINATION, SYST
Based on the community profile 3
' i ! * and Raw HWater Quality or
] i Receiving Water Dilution
. ! . Available.
L1 GICT
To - | L
Block . i




From

Blork 13
FROM BLOCK 7
BLOCK 14 : ' . BLOCK 15 }
SCHEDULE QF COST RATIOS ) RELATIVE COST POSITION:
Items Inciude: _ 1. Construction by STL . From
1. Process C
] o 2. DOperation & Maintenance ‘
2. Construction Cost by STL by Scale
3. Operation & Maintenance
Cost
‘4. Manpawer Requirements ¥
BLOCK 16
G PREDICTION OF MOST
COMPATIBLE COMBIHATIONS BASED ON
1. Relative total costs o
.o 2. Relative Operation &
. Maintenance.Costs
I 1 I ! - L] i M I ) 1 )
1 } | 3. Manpower Requirements
2 . %? . by 3 categories: -
,:':] : L+ ] _ @ Professional o
= ® Skilled ‘
o 0 Unskilled
[+] I--l w 11—.—..——'
- iL..' - '_'__ : ] ) f
= = Ta decisicn maker for selection of appropriazte

© nology besed on aszessment of local objectives



TABLE 4. ™

POPULATION SCA!

PER Ch. .(A _J5T RATIOS
~  CONSTRUCTION/OPERATION AND MAINTEMANCE

"1~ (2,500 - 14,098} ¢1

Process Social-Technological Levels {STLY
! I1 111 1y
[Ho Treatment) Pl  Construction 2.70 247 .48 (.37
Cperation and .
Maintenance 1.75 2.01 3.01 .53
. (Pre-Treatment) Pu2 Construction L 2.20 2.50 3.00 3.25
. Qperation and
Faintenance &.74 7.17 7.67 B.15
[Slow 5.F.) PW3 Construction 11.29 13.48 14.66 15.00
Operation and o )
taintenance 2.9 . §.71 6.06 6.4
(R.S.F. = Conv.) FW4  Construction 22.00 19,85 14.45 11.00
Operation and
) Maintenance 4.90 8.27 9.53 10.45
{R.S5.F, « Adv.) PWS Construction 70.94 59,57 50.00 40.88
fineration and
Mzintanance 43,13 41.68 40.22 33.77
[Softening) PWE Construction 115.86 30.49 65.12 39.75
Operation and
. Maintenance 38.48 37.52 36.57 35.61
(Disinfection} PU7  Construction 3.81 3.57 2.94 2.80
' Operation and ~ ~ .
Maintenance 18.47 15.65 12.54 11.42
{Qdor, Taste, .PW8 Construction 91,34 80.44 70.53 59.63
Fe, ¥n) Operation and
"Maintenance 51.00 49,728 47.56 45,84
{besalting - Sz21t} PHI Censtruction 146.94 129.63 117.31% 45.00
{peration and )
Maintenance L 24.77 25,17 23.92 22.26
(Desalting - PWI0 Construction 120.04 105.53 91,01 77.50
Erackish? Operation and )
. Maintenance - 37.87 36.59 35.31 34.03
{Disinfectant PW12 Construction 30.25 28,55 26,74 284.12
Filter) . Qperation and . .
-t Maintenance . £7.78 25,45 23.25 20.64
Note: Complete cost ratio tihles may be found under Session 3.4, "Manpower,  (osts, and Equipment®.
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SOLUTION PROCESS REVIEWED

STEP ONE

Determine the social technological "level, indigencus resources, 5c¢ale, Goals.

STEP TWD-

Use the indigenous resources, social technological Jevel to find available prucesses;

STEP THREE

Use population, goals, and available processes to find suitable combination.

STEP FOUR

Arrive at manpower and costs from social technological level and scale.



PROCESS SELECTION

SCORE :
. 5, - o RESOURDE BOUx

PH'S OR PSS STL SCALE
IO 4 .
[N ORDER OF TACREASIHG RAMTS

"

1 i

- UIFESTYLE~ |
BOUHD __ i
N A

AL M R

STEPS

A - IBERTIFY STL SCORE DRAM HORIZOWTA
- LIHE 10 45° LINE YO SET PROCESS BOUND.

B — [DENTIFY RS. SCORE DRAW VERTICAL

LINE AS BOURD

*G = LIKE {QHE OF TWO) CLOSEST 1O STL LINE

BEFIRES SOLUTION ARCA, OR PROCESSES
THAT HAVE BEEN SCREEHED.

D — IDENTIFY SGALE, EOHNECT 10 FURTHER

DEFHHE AREA.
E ~ IDEHTIFY WS —~ RAW VS: GOAL

 F - SELECT P &/0R PS N PROPER

COMBIRATION TO KEET WOS.
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Session 1.4

‘ . 879
Title: Client/Donor and EngineerfDonor Relationships

Objective:r To explain the genus of this preogram -
poorly used resources due to selection of

inappropriate technology.

ARSTRACT

{excerpt from text, Chapter 1, p. 7) R/

In studying the problem of technology transfer, the engineer/client relationship was seen to be of critical
fmportance:

Ia the design of water supplies the choice of components, materials and dimensions is often governed by cedes of
prectice or by professional cenventions which engineers trained in the West tpo readily take for granted. And not eonly
do these conventions tend to Yimit the adaptation of design to local needs, but Tike the WHO standards for water gquality,
they are suited to the needs of urban water supply in Europe rather than to village water supply in the tropies. Thus
cotes of practice may lead to the choice of unnecessarily expensive materials or equipment, or may discourage an engineer
from dimprovising when the "correct™ cosponents are not available. Every village deserves the best possible engineering
design for mesting all the Tmmcdiate objectives, but given the kind of objectives which semn right for rural water
supply, the "best possiblie” wmay not always lock a good solytion when measured against Western codes of practige.

Scue ongineers are conscious of this dilemma, but feel that if they chose an unorthodox sciutign to 2 specific
problem z2na the equipment failed and led to an outbreak of .disease, they would carry an undue burden of responsibility;
but if they had followed the “correct” design conventions, they would not be blamed (21},



SESSION QUTLINE:
1. ‘Introduction
A. 'Global Conference - WHO and OU, 1875
1. Objectives of Conference
2. to assess the state of the arttin water and wastewater treatment
b. to establish priorities for various studies to be done

c. to discuss the development of international coordination of programs

" B. Need for ccumunity water supply - nearly 1/3 of the world's population has no adequate water supply, and only 0,81
are served by sewage treatnent facilities

C. Water supply and sanitation are an integral part of the development process ([lessons of history)
1. Each country needs:

a. an overall national plan

b. to establish water resources planning aid

¢. to establish.relations between in-country universities, which in turn should communicate with out-of-
country {developed country) universities, etc.

D. Program failures - due to several factors

i.  Shortage of resources

2. .lack of governmental support within the LOC
3.  lnadeguate institetional structures

&. Lack of local acceptance ¢or interest

£, while the neeo is greater anong dispersed populations, the 2id could be more effective if concentrated on nucleate
tnits, .
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F. Other conziusions of the Glchal Conference

1. Groundwater should be given priority as a source of water supply
2. Slow sand filters have proven effective in developing countries

3.0 Lagouns have alsg proven effective in developing countries
4

. Different standards apply to developing countries, than apply to developed countries. Don't confuse coals
with standaros. E——

5, Llocal professionals prefer to rely on foreign consultants
8, Importance of involvement of locals from start of project
7. The local public and decision-makers need to be familiar with the processes.
[. Selection of appropriate technology - using the predictive model as a teoj
A, lsepprooriate technology has led to ineffective and inefficient use of internaticnal invesiments.
1. Cxamples of inappropriate use of techrology
B. Tecnnology should be appropriate to in-coumtry manpnwe?, rmaterials, and societal support -
£. tncourage design of in-country oparable and manageable processes
1. Engineer/Client Relationship | |

A. The engineer is working in an alien and often very complicated enviromment.

8, Tnzre a}e at least eight seperate, frequently conflicting elements which the engipeer must take into consiceration
(3ee figure 1.1) .

V. AVCD/Reid Study

A. "=sults snowed that 80X o

the decision-makers wanted what everyone else was currently using; 15% wanted older,
cn23per solutions; only 5

wanted innovative solutijons !

al -n

3. Tre engineer’s interest is Timited to the task of getting the plant built

C. HNeither the decision-mater nor the engineer appeared to be interested in the abiiity of the plant to cantjnue'
functioning {design £ walk eway;



Availzble Data

Local Associations | . )
Relevant {o Project Donor Requirements

Equipment Manufacturing
Internationat Programs

Potential for Operation
and Maintenance

Local and Political
Considerations

The Design
Engineer

Process
Selection

Naticnal Revolving
Funds

Technology Avallable” .

Regional
Waier Systems

Nztiona! Health Goals

Lk
0

vre L4

7%
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. - Expatriate Advisors

A. Often, in-country engineers preferred to transfer responsibility of plant design to an "out-of-country" expert
B. Hine specific problems are associated with use of expatriate advisors

The Promoter

The Biased

The Yacationars
The Impossible
Tre Irrelevant
The Confusion

The ui-of-Place
The Scphisticates
The Bid-Timers

WO d en LA s L) R e
O}

-

1. Communicaticr Linkages = nead for improvemer< i cosmunication between the developing cuuntrj'z areas of need and the
technology sources in developed and developing ccuniries.

A.  Gate keeper concept
B. Pﬁbliﬂétinns
.. Special courses and wurkshnpsl
D. ﬂn;hénd observation
't1, Education - it iz necessary tc builld up scientific competence within the developing country
A. Emphasis of system approach in education

B. Incorperation af concepts of appropriate technology



7

VI,

I1X.

Relztionships of nutleated sites to rurel and cammhnﬁty suppl ies
A. hucleated sites are consicered to be those witpn 2 population of less than 300.
2. L{ocmmunities ere breoken cown inilo twd categories
1. Rural - population less than B3D
2. Urban - population of qreater than 800
Relationship to other needs

L. -Realth

.B. Education

£. Transportation

session 2.1 EO

Title: The Local Scene g

_ﬂhjective: Each wﬂrk;hop will re]ﬁte to the local socip-economic and
respurces problem, the purpase herein is for a resident expert
to explain the in-country situation as it pertains to water
and wastewater treatmeﬁt. In addition, there will be a discus-

ri7n on collection.of dats at side level o operate the

model.
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-SESSION OUTLINE:
1., Description of existing condition in terms of selection and priuritiiing water and wastewater treatment construction
A.  Demography

1. . Distribution
2. Rates of growth

8. Economic

1. Sector activity level
2. Bi-lateral support

L. Institutional Arrangesents
1. Hational agencies
2. PRenional agencies
3. Local ayencies
4, Educational institutions
1I. Water, Sewaye and Health Problems
A. Historical experiences

1. Governmental
2. Bi-lateral

B. Existing programs

1. Goverrental
2. Bi-lateral

€. Future programg

1. Governmental
Z Bi-lateral

83
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II1. Amount and access to - necessary data fﬂr_input jntﬂ Predictive Model
A. Raw water quality - receiving stream quality
B. Drinking water standards - effluent standards
L. Socio-technological data
D. Demographic data
Iv. - Appropriate Technology Activities
A, .In country successes and programs - historical perspective
B, Incorporation of iaported concepts of appropriate technology
C. Educational programs in appropriazte technology
DT Risk analysis of involvement in appropriate technology in the treatment of water and'wastEwatEr technology
V.. Problem Areas .
A. Dispersed }ural communities
1. Significance of the problems
2. Present program
3. Possible solution
B. .Small nucleated communities
1. Significance of the problem
2. Present program
3. Possible solutien
C.: Medium-sized communities
1. Significance of the problem -

2. Present program
3. Possible solution



VI.

S

D. Llarge nucleated cuomnunities
1. Significance of the problem
2., Present progran
3. Pussib}e solutian
Specific Problems of collecting {or availabiTity of} necessary data

A. Social technological Data

B, Indigenous Resources Data

C. Demographic Data. {Papulation)
. Moter & Wastewater Qualiity Data

Session 2.2 5 2
Title: Prioritizing Model - 8y

Objective: Developing criteria for seleeting which
among the proposed projects shuu?d be
executed, and of the order in which

those selected should be implemented.

BS



i1
Methodolegy for Establishing Priorities among Water Supply Programs: A Case Study
{excergt from CHAPTER v:'p. 167) ]

This chapter presents a methodology for setting priorities for water supply programs and represents 2 condensed form of
material which has not been published previously. In this 5£udy analysis was made of the Indonesian Rural Water Supply
Frogram. There were found to be three major cunstraintslin executing that Program, namely, money, time, and manpower. The
problem was to develop crite?ia for selecting which among the proposed projects should be executed first. Existing priorit:
models vere deemed unsuitable for application in Indonesia at the present time because of the particular program strategies
and conditions prevailing, and also because of the lack of well-trained engineering personnel, especially at the levels vher
the selection of the project lTecalities is made.

In this chapter a delineation is made of the relevant Indonesian administrative hierarchy, population characteristics,
and the water and sanitation situation. In the study, the following ten prioritizing par‘aﬁeters wore pstablished:
weterborne, diseases, difficulty in obtaining water, technological alternatives, popuiation, village contribution, village
pnteﬁtial, puinc-p1ace5, excreta disposal, road comditions, and power supp]y._ These are discussed in detail in this
‘chapter. ‘

Tﬁraugh the use of forms and questionnaires extensive data was obtained on particular localities in Indonesia. This da

was subsequently processed, and some of the results are presented here to demonstrate utilization of the prioritizing model

* By Dr. Soetiman
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SESSION QUTLINE:

I.

I1.

ill.

Definition of a Prieritizing Model

. In general it is a.tool to assist in selecting which zmong proposed

projects should be implemented first.
khy the need of a model to help seiect which communities andfor areas
that water treatment/waste treatment improvements are te be made

A. Limited amount of funds to ;uild water and/or waste treatment
systems,
E. Competition among villages and communities within & country.
General Consideraticns for Priority Modeis -
A. Strategies
1, BRest first
2. HWorst first
3. Economics of scale
4. Financial viability

5. Income redistribution

6. targs populations (serve most people)



7. Political

8. Social
Iv. Litérature Review = Existing Mﬂ@&1 (Page 135)
A, World Bank Paper - Bacted Upon Three Things
1, V¥illage needs

a. ¥illage interest )

b. Adequacy of existing supply In terms of quantity
¢. Convenience

d. Reliability during drought

e. Quality considerations

f. Pruvalence of waterborne disease

2. Village potential
a. Growth of the comaunity

b. Crowth of institutions
1.) Econouic activities

2.] Health
_ 3.) Educaticnal center
* €. MNon-donestic water uses

1.) Agriculitural
2.) Cottage industries
3.) Preduce preparation
3. Systen cost

a. Population distribution

b. Hature of the water source

¢, Accessability of supply

B. tconomics and Pelicy - Saunders & Warford

1. Economics of large scale production
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2. lLeads to the conclusion, the project serving the greatest
number should be implemented first
k. Rank according to population

Service quality

a. Transnission costs
b. Source works - public hydrant versus house connections

Growth point strategies

d. Create centers which will hold popuiations and hold
econcmic activities '
1.} CEducational facilities
2.) Roads
3.} Market places
4.] MWater and wastewater
Income redistribution - "worst case strategy"
Rural investment results in high to Tow income redistribution

Financial viability and community enthusiasm

a. Mot consistent with worst case strategy

h, Consistent with a growth point strategy

c. If community does not perceive a need for the preject,
usage rate will be low.

Criteria adopted by countries for assigning priorities

1.

Papul ation, size, density (30}
Scarcity {(23)

Development {23)

Health [21)

Secial reaschs (18)



V.

YI..

6, Community demand (18)
7. Cost (9)
Priority Models

A. Linear programs - PSA group of WHO in 1973 for Rural Water
Supply Program {n Indonesia

Maximize functions
1. Population
2, Mater demand
" 3, Budget - expected
4. Probabi1ify gf foreign fnvestment
5. Level of foreign 1nve5tment-
6. Probability of domestic investment
7. Llevel of domestic investreent
8.. Expected technology costs
Different Priocrity Models
A, Linear Programming Model - WHO - PSA Group
B. Pragmatic Approach = WHO - PSA Group
C. Priority Index Formula = PAHO
D. Reijd and Discenza Model - AT/LDC Modal

£. Priority Index - 0U/Scetiman (Indonesian)
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YII. Linear Programming Model

VIIIL.

IX.

A,

C.

Developed in 1973 by the PSA Group of WHO experts for assigning
priority for the Rural Water Supply Program in West Java
Providence, Indonesia

Fermula R 1n text on page 194

Disadvantages

J. VYery sophisticated

2. Every constraint requires a separate analysis

3. Requires that personnel involved have a background in
economics, mathematical statistics, demography, and
enginaering

Pragmatic Approach

A.
BI

There is no basic formula for ranking every variable

It requires practical experience and to some extent personal
Judgement .

Developed by PSA Group as alternative'model for the 1inear
progranming approach.

Basic characteristic of the method s a systematical integration
of hydrological, hydrogeological, technological, demographic,
health and socie-economic information

The quantification of most of the above variables follews an
integrative process consisting of 12 cteps {page 195)

PAHD Prigrity Index Formula

Developed in Mexico by the Pan American Health Ovganization



B.

F.

G.

H

The Formula is
I «100 P rk
: T-A
P = Inverse of cost per capita of the system
TA
r = Index or physical availability
k = Index of concentration of houses

The priority index formula is much simpler and more realistic
than the previous two

A1l variables easy to quantify

it fits the strategieg

1. Economics of scale

2. Financial viability

It reflects the "best first" strategy -
Model implies cqpmynities with

1. Larger population .

2. Higher village contribution

3. Hiyher hnuse density

4. Abundance of water sources

In Gengral a Larger Population indicates better economic
develoument, better educatfonal levels and better sanitatian

conditions in the community. In other words this type of
community does nat need very much help.
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XI.

Reid=-Discenza Model

‘AI

8.

cC.

Was not suitable for the Rural Water Supply Program 1n Indenesia
Mainly because inputs were not available

The inputs were

1. Socio-technological factors

2. Indigenous resocurces

The method of .develepment and utilization 1s the same as for the
Priority Model

Madel Development

A.

.

The objective of the study was to develop a modei which would
establish priorities for the Indonesian Rural Water Supply

Program - taking into consideration the strategy established by
the country

Also had to consider the qualifications of the personnel that
would use the mode!

The model developed is a very simple one and is a matrix system
in mathematical terms is expressed as

10
F'Ij= E Hi ‘S-Ij
j=1

PI = Priority Index
W = Weight of each parameter

§ = Score of each narameter



{ = A subscript denoting the ith parameter
J = A subscript denoting the jth village
where:
viliages represent matrix rows
parameters represent matrix columns

D, The entries cuonsist of the product of weight times score of
each parameter -- Wy 5ij

E. The 10 elements that make up the variables ¢f the model are
" 1. Waterborne diseases
2. Difficulty in obtaining water
3. Technological alternatives
4. Pppulation
5. Village contributicn
6. Village potential
7. Public places
8. Excreta disposal
9. Road conditions
10. Power supply
F. Why the above 10 variables among many which could be selected

1, They fit the strategy of the Indonesian Rural Water
Supply Progranm. .

ga
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G.

Ha

2. They were relevant to the program.

3. They were suitable to the Indonesian rural conditions
and characteristics.

4. They were feasible because they could be obtained
with the data which was available,

$ix of the above are the same as the criteria adopted by
countries Tor assigning priority in providing new canmunity
water supplies.

A discussion of the relevance of each parameter can be found
starting on page 201 of the large text.

1. daterborne diseases . i

This variahle could be given the highest weight
because water plays an Important role in transmitfting
diseases.

2, Difftculty in obtaining water

For rural water supply - distance is very important.
Also change in elevation [¢limb or dascend} 1s
important.

3. Technological alternatives

Type of water treatment technolegy to be installed will be
based on the availability of water sources and the capabiiity
of the canmunity to operate and maintain Lhe system.

Choose the simplest end wipst econonical systems.

- 4, Population

This parameter is asso¢iated with the ecopomy of the project,
More important in this respect is whether the population is
nucleated or dispersed -- population receives a high weight..
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10,

¥illage contributions

This parameter reflects village interest and {nvolvement
in the program, Yillage contributions, income, money,
labor and local materials.

Yillage polential

This parameter includes the elements of economic growth
potential and manpower. Maybe best way Lo express is
incane per family. In Indonesian study this variable
was expressed as the Village Economic Growth Potential
measured as type of 1) land use 2) mineral resources
J) industrial development and number of infrastructures
and uvtilities,

Public places

Public places play an important role in spreading or
controlling waterborne diseases.

Excreta disposal method

This parameter {3 expressed in terms of the percentage
of houses in each viilage using sanitary excreta disposal
methods such as septic tanks, latrines, fish pond.

Road conditions
Important because of transperting equipment and materials

during construction and later maintenance. Accessible road
will reduce the construction cost and save time.

Power supply

Availability of electric power will be very helpful because
1t w1l reduce the costs of operation and matntenance --
electric pump §s easier to operate and maintain than a diesel

pusap.

101



102

J.

Weighting Process

The Delphi Hethod was used as the weighting process
need: A panel of experts '
kept apart
asked to rank each variable
The average weiyht of the ten {10) parameters can be found
on paege 207.

Scoring Process

The scoring process consisted of the categorization of the
data and score assigment of each data category.

Efforts were made in categorization to guantify as many of
the parameters as possible.

The score values ranged from 0 to 15.

Test of the Model
See page 219 - 229
Discussion of Results

A. Five of the ten variables could not be used because the
datz was rnot available.

B. Two of the five remaining variables used {waterborne
diseases and village contributions) did not affect the
P{ values because most of the villages within the same
group had the sane scores. ~no variaztion-

¢, In future surveys data collected should be conducted by
well-trained staff to insure reliability of data.

D. 1In developing models of this type one has to use inputs
and variables which can reasonably be obtained. -

E. Alsg the variables have to have variation - otherwise the
mocdel will not work.



TABLE ¥.22
P1 VALUES FOR VILLAGES IN THE IBU KECAMATAN

H1.5{j
No. Yillage A s » \ Pl
L1 - c

® . - P c 0w

o M o o v

LY ] - 0 oW -l Q

O w oA L I T

Lo [ EI o I m o4

oA ued e [ +J N ] - o 2

-] 4+ m 4 F =11 - - [}

el I R o o -

L] - .S m L] ) -

T A O0OET B Iy o
1. Podal [ 14 1l J5 16l 321
2. Tengwango ] 86 a7 21 161 367
, J. Togowo U Bé 97 23 10l a7
4, Duno 0 B6 42 35 161 324
5.  Tukowoko 0 14 111 12 161 298
6., Goin 0 14 42 23 161 240
7. Sangaji Nyeku 0. 14 42 23 161 240
8. Sengaji Adu 0 14 42 i2 161 - 229
9. Togquis Q0 115 42 12 161 330
10. Togoreba Sungi 0 14 42 23 161 2410)
11,  ERorona 0 14 42 23 161 240
12.  TJodake Q 29 42 23 161 255
13, Sirimahu 0 Bb 111 23 161 38
14, Pasalulu 1] 14 42 35 161 252
15. Togoreba 0 115 111 35 161 422
16. Tobaol - |0 14 111 35 161 321
1¥.  Tongutette 4) 14 139 45 a1 280
18. Gam Lamo 0 14 42 35 81 172
19, Gam lei 4] 14 139 46 81 280
20.  Tongute Sungi H 58 42 46 21 227
21,  Akesibu ¢ 14 42 35 Bl 172
22. Tongute Coin o0 14 42 35 81 172
23, Maritango 0 14 42 23 81 160
24, Kie Ici 0 144 42 35 g1 302
25, NWaga 0 86 42 23 81 232
26. Tosoa Togower 0 115 97 21 81 316
27,  Tababal 0 14 111 21 81 229
28. Baru 0 14 111 58 81 26
29,  Aduu 0 28 - 111 23 81 273
30.  Nyawet Manas Jere lD 58 111 35 81 285

1M
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Session 2.3

g

Title: £Cansumer Acceptance; Lessons of History

107



SESSION QUTLINE:

I. Introduction

A,

Basic problem - "if one has a better mouse trap, how does cne get
others to use {t?"

II. Theories of Perception - how does ane percejve what one §s expiaining?

A.

B.
Ei

Concepts of per;eptiﬂn, reinforcement

1. '3 tier brain (Skinner)
2. .5 tier linkages {Schumacher)

Who makes the decision

What is the decision based on, cognitive learning of personality

I11. Benefit Analysis

At
8.

Who benefits - group, individual, community, donor
From what phase {groups and individuals)

1. Design

2. Construction

3. Financing

4. OQperation (jobs)

Community

Industrial development

1.

2. Better lifestyle
3. Better health

4, Employment

Possible consequences of appropriate and inappropriate technology

1na
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Ea N

i¥. Penetration

A,

F.
G.

Demonstratien projects

Recap advantages

Short courses, workshops

Publications, health education activities
Information directed to leaders (rotary clubs)
Information through industry itself

Gatekeeper (someone with a "foot in each camp")

Marketing Concepts

A,

There arg two distinct parts to the problem of marketing the contents
of the workshops

1. Dissemination of the concepts of the-warkshop
2. Dissemination of the model for conceptual design of appropriate
technology systems

Assumpticns

1. Awareness - acceptance of concepts
2. Capability - demonstration and use

Concept - the user community is divided into two groups: customers
for treatment systems and suppliers of those systems

1. Both groups are somewhat victimized by technological fads.
{Current technology may be considered fashiorable, but it i5 not
necessarily appropriate)

2. Customzrs aremore or less at the mercy of the suppliers who tend
te offer a Vimited menu

3. Suppliers of traatwent systems should be included as part of the
target audience for appropriate technoiogy awareness training




Customer acceptance appears to rest with at least five inter-
dependent groups

P L) O —
e o .

-

Decision-makers, in-country, local, and central

Technical staff, in-country, local, and central

Political staff, in-country, centrail

Consultant and advisory staff, in-country, local, and central
Foreign sponsar agency staff, technical and programmatic

Supplier acceptance appears to rest with at least four additional
groups

£ Lad M3 =

Foreign architectural and engingering firms

"Foreign equipment suppliiers
Foreign financiers

Foreign government agencies promoting international trade or
sponsoring development of markets for their country's goods.

Long-term acceptance of the concepts of appropriate technology will
depend on the education of the user community

Development of key communicators {gatekeepers) inside and outside of
the U.5. may be more valuabie in the long run

Dissemination of the mode]

1.

The decision model for concept design of appropriate system appears
toc be a good demonstration of the utility of the concepts of appro-

. priate technoiogy

The model itself does not appear to be a marketable {tem, however,
the concept of the nodel is

Use of the model illustrates the type of information required by ;
in-country decision-makers. Immediate value can be derived from
manipulation of the model if such information can be identified

and action initiated for its collection

There is 1ittle reason to believe that funding agencies will promote
or reauire the use of this type modal for decision making

It would be very helpful if a high prestige, fnternationally active
Amer ican consulting firm could be influenced to use this type of
model to assist LDC decision-makers

in
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-1.  The concept of appropriate technology is several times more valuable
than the applicetion model at this time.

1. The concept is broad enough to be transferred to other social/
engineering applications, such as energy. )

_ ¥I1. Lessons of History {sce text, Chapter VI, pp. 231-322)

A.  Concepis of consumer acceptance ' |

8. Concepts of retregressive technology

C. Studies of history should lead to a schedule of sequential array of

technology {time vs. technology and STL vs. time)

]
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D. With this information, one can plot the following:

e o O W W W S S b T

STL

>

Water and Waslewater Processes

Consequently, site (STL) identification should iead to historically acceptable processes by people,
g.0. COnsSuUmars.
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YII.

YIII.

 m O M

Failures ’

A. More than twenty countries of Africa, Asia, and Latin America have
reported system fallures

‘osquito breeding

Inadaquate maintenance

Heavy rainfall

Odor and excessive amounts nf organic matter in lagocon's effluent

B lad O -t

B. Communities in ryral Africa reported numerpus operational failures

Lack of laboratory equfpment
Manpower leaks
Imported chemnicals were too expensive

Lad Pl e
- & om

C. A survey of 10 treatment plants in India showed 80% {mproper operation

0. Other problems

ol

Sedimentation tanks.became breeding grounds for moltusks and

5pongaes

2. Chlorine dosing egquipment often out of order

3. Treated water was recontaminated during transport to the consumer
{Brazil)

4. Physical or political failures (Kenya and Nigeria}

Successes

A. WMost LDC's report stabillzation ponds to be both very economical and
practical

B. In India, treatment methods which require very little or no skilled
supervision for operation are advocated. They are simple to construct:
and have a minimun amount of machanization
Lang treatament for waste disposal
Earthenware chlorination pot (India)

Kenya

Nigeria and (hand dug wells)




Number of Reported Cases

/e

Successes and Failures

—Waste water treatment plants

Water treatment plants -
L) T ] T T - ] T ¥ > )
Low 1 2 3 4. I 5 6  High

-+ Degree of Failuere - -

11R



Session 2.4 fi R

i1 g
T{tle: Model Applications, Management Implications, and Limitations
Objectives: - To demonstrate some economic and
management concerns with thefr’

retationship to the model.

Iy

SESSION QUTLINE:
I. Some Economic/Management Cancerns and the Model.
A. Demand for Water
B. (ost and Delays - aggregate projects
C. Cost and K/OM ratic
1. Counter intuitive of capital intensive.
B. Unit cost and scale
1. V¥plunteerism
£. Total Cost
F. Size and scale

1. Charts Z2.42=-f



l:Jnit

.. Requirement

t4/c/d

{42

Total Effect
tncluding High
STL .

Small to Large

== Aridness {cost now

aconcern}
X ey
Low STL High STL”
Small Scale Scale/Life Style Large Sca!e

DEMAND FOR WATER, RELATED SCALE,
AND LIFE STYLE '

FIGURE 2.4.a
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Effect of

Aggregate Projects
Cost

Growth Inflation

b e i e el e e My

V

flir ) . Delays
- COST & DELAYS

. FIGURE 2.4.b
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AN
Total
Cost
% of
Total Equipment
: 60%
50% —
) - . 20%
— , 40% |
50% Q&M
>
Low ' High
. Level Technology ' Levei

COST & K/OM AND RELATIONSHIP TO
TECHNOLOGY LEVEL

FIGURE 2.4.c
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Unit
Cost

300-500
Size

UNIT COST-SCALE SHOWING BREAKPOINT
ON VOLUNTEERISM

FIGURE 2.4 .4

-1z
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L3

‘Where Total Costr(unit coest} (population)

100,000x10:10,000.000

—— =" As Opposed to
- 1 Direct Increass

13 - r . T
- = -
—
- .
e >

‘Size, Life style
10,000x 10100000

TOTAL COST BY SIZE & LIFESTYLE

FIGURE 2.4.e



Total
Unit

Engineer

10% Fari
90% . Materials

45% _ S
: Size-Scale '
RELATIVE COSTS BY SCALE
. FINANCE,CONSTRUCTION, ENGINEER

" FIGURE 2.4.f
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[T, Sensitivity Analysis
A, Goals - Elenents
1. Levels [See Workbook Figure #2.4.q]

a. Coliform, BOD., TOS., etc.
[1— 10— 130, etc.]

111, System Relisbility (computers)
A. . Modified goals
8.  Resulting goals
e sIL "

1. Jumps 1n levels

2. Cost difference hefween each level jump
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. TESTS

I C{)“fﬂrm
Turbidity
30MPN ¢
100 ml
- Hardness
: Color
i o
1l Chromium
Zinc
IV . | MeN DS
\ /1?0 ml N/ \/ Temperature

RELATIONSHIP OF STL TO TEST PARAMETERS -

FIGURE 2.4.g
H




\ TESTS
-

Ty

PROCESSES 1EHH““*~HM

Alkalinity
Carbon
Dioxide
Chiorine

- ————

Temperature

Total

Oxygen

lron

Suspenrded

Solids
B3f5gdved
I Turbidity

Residual
Coliform
Bacteria
Dissolved
Hardness
{dor
pH
Relative
Stability
Taste

C|Acidity

HATER TREATHMERT

|
i

LDC Ho Treatment

Sedirrentation

Disinfection o X

e O = =

x
atrh [ -

STow Sand Filfér

Rapid Sand Filter !

Activated Carbon

HErétinn

e e

. oG Sufteﬁing

o | e [ |

i
WASTE WATER TREATMENT .

Lo Dilution

Oxidation Pond

*

Sedimentatian

Trickling Filter

Activated Sludge

| P
e

oy
DC Disinfection X

e e O e

* Method of cholce in develoning countries.



1v, Interrelatianshipruf the Entire Deljvery System.

A. Expanded telling what each block is made up of.
[See Workbook Figure #2.4.h]

Y. Priority
A. Providing baélground Tist of key points
¥YI. Interacting Relationship
"A.  Points for consideration
1. Mater and Health Care
2. MWater and Education
3.  Hater and transportation
VIl. C?stfﬂenefit Analysis
A.  Cost of effectiveness analysis
YIII. Management Poiﬂts and Programming -
A. Use of simulator tools
1. Reactive model

2. Proact ive model

T 131



FIGURE 2.4.h

TREATMENT SYSTEM

SURFACE
CYCLE WATER
SOURCE \
. Q
WATER
DISCHARGE TRANSPORT
SYSTEM
N/
bﬁ@"‘?% RECYCLE e v@" BEFe,
% SEWAGE > %E;TE Rr‘fmﬁﬁg‘v‘;a’?
? REATMENT - FTREATMENT 2%
Y i} CHERNEE
LAND
APPLICATION Y
N
SEWER DISTRIBUTION
SYSTEM GROUND SYSTEM
WATER
N
CONSUMER
2




Treatment Distritution

A

Distribution

N
/77

Sewage

'\l\\\\\\\\‘\\\ VAAMAVN AN

‘Sewage
Treatment

Reuse

ENTIRE SYSTEM

%igure.z.d.i
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-

INTAKE: infiltration galley; river bed intakes

PIPELINE: aqueduct vs. pipe and pump, vs. varjous materials

[

DISTRIBUTION: fire protection; pvc, c¢d, etc.; valveless
SEWERAGE: pressure system; separate grey water
OISCHARGE: alternative discharge - recycle

- 1anq application

4

L

. 13
Sessions dE
L |
. 31 % 3.2
¥
Title: Water Treatment - Goals and Processas r2e

Cbiective: To present the goals of water supply
and treatment, and to discuss various

processes and systems.



Water Supply 1 Treatment
(excerpt from CHAPTER VII, p. 323)

In‘LIE's 1t is not always possible to provide the popuiation with drinking water that satisfies DC standards. The first
concern may be tn-ﬁake adequzte amounts of water easily available. With regard te water quality, res;urces an& capabilities
must be weighed in corder to derive standards suitable to a particular situation, with pathonenic pur{ty being an important
consideration., The determination of standards for potable water and water treatment relates to economic feasibflity and to
{n-country ability to provide operatignal skills necessary Tor water anslysis: When more $8PH1&€1EntEe LFEALMERT RFOEE33ES
are used, the need increéases for better analytical support. In general, fn an LDC situatinn, costly and complicated
equiment, should be avoided, -

As an LDC develops c;r changes with respect to its industries or type of life-style, additional measurements (attributes)
of the quality of drinking water will be required, and the acceptable level for each attribute will also be subject to
chamge. At least, in DC's the pattern of change has been -toward more restrictive standards, mﬂviﬁg faf example, from limits
on simple turbidity and coliform bacteria to the identification of organic chemicals, toxic metals, or ;iruses. It is of
interest to note that although in the United States great'reliapce has been p]acea upon chlorine for the removal of
pathogens, the priesence of chlorine has been implicated in the production of detrimental health effects, and dechlorination

has been advocated. . -

In the first section of this Ehapter, emphasis is placed on "Water Supplies in Rural Areas of Developing Countries”;
however , application can be made to nearly al) but the largest settlements. E;a;inatiﬂn is made of some of the possible
causes for fatiures in the area of potable water supply in LDC's. Information is provided on water consumption, sources,
treatment, and transport and distributicn. To furnish this article complementary material was Tncluded from two original

publications which were greatly reduced and rewritten for adaptation to the Timits of this text.

139
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The second section of this chapter provides & study of a sand filter in Thailand. Details are given reiatéd to i:s
desjgn and operation. The original publication was condensed and rewritted for incliusion in this text.

The third section {n thls chapter is an article which was prepared e;pecial]y for puhiication in this volume. It
presents certain advantages, disadvantages, and design criteria’ for small weils, and slow and rapid sand filtratiom with
particular application to developing areas. When feasible, recovery of groundwater is suggested as the most desirgbice
source for domestic supplies, since any pathogenic organisms will generally have had sufficient time to die away, and irz
result wiT] be a hygienTca11y safe water, Slow sand filters present a choice method of treatment in LOC's since they a:
uncamplicated in nanagement and maintenance, ut{lize cnskilled labor, and have a tremendous purifying capacity. Althe: ik

stow sand filters have great advantages for developing countries, the advantages of rnpid sand filters are that they show

greater adaptability to more turbid waters and have smaller tand requirements.,

-



PROCESS SUMMARY DESCRIPTION (TABLE 5.1)
WATER

PH 1 -- Np-Treatment: Use of existing ground water or catchment control with no treatrent
before use. )

PW 2 == Pre-Treatment: Control of turbidity and algae through use of sand fiiters, thermo-
ciine control and chemicals.

PW 3 -- Sjow Sand Filtration: Separation of water and ﬁuspended matter through the use of
a relatively large bed of unstratified sand resting on a2 gravel bed.

PW 4 -- Rapid Sand Filter - Conventicnal: Separation of water and suspended matter through
the use of a stratified sand bed using canvent1nna1, surface agitation, dual media,
and upflow methods.

PW 5 -- Rapid Sand Filter - Advanced: The use of multimedia, plate or tube settiing, or
pn]ye]ectrn]ytes with the rapid sand filter process.

FW & -- Snften1ng: The use of lime soda and zeclites to remove excess fons of ¢alcium and
magnesium. ;

PW 7 -- Disinfectign: The use of chlarine, iodine, ozone, ultra violet, 1ime, and heat to
kill pathogenic organisms.

PH 8 -- Taste, Odor, Fe, Mn: The use of aeration, zeglite, chlorine or absorbents to remove
- taste, odor, Fe, Mn, from a water supply system.

PW 9 -- Desajting - Saltwater: The use of pressure, multiple effect evaporation or the freezing
process to reduce a salt concentration of 35,000 mg/L to tess than 1000 mg/L.

PW 10 -~ Desalting - Brackish water: The use of electrodialysis, reverse osmusis and chemicals
to reduce a salt concentration of 100 mg/L - 35000 mg/L to less than 1000 mg/L.

PW 11 -- Containment Filters: Dunbar;, coconut fiber/charred rice husks; asbestos/charred pine
neadle

P 12 -« Disinfection Filter:
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TABLE §.2

WATER TREATMENT PROCESS/CCDE IDENTIFTERS

CODE
P 1
P 2
PY 3
J
PH S
P 6
PH 7
PN 8
PH 9
Pu 10

PW 11

PROCESS
No-Treatment
Pre-Treatment
S1ow gand Fijtration
Rapid Sand Fiiter-tnnvent1una1
Rapid Sand Filter-Advanced
Softening
Disinfection
TJaste-0dor - Fe, Mn
Desalting - Saltwater
Desatting - Brackish

Containment Filters
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TABLE
WATER FROCESSES VS. MANPOWER REQUIREMENTS FOR POPULATION LEVELS

Skilled Professional

Unskiiled

Level

Manpower Regtiirements/Hrocess

— 0 o

PH 1

— = o

et i Oy LY

P 2

PH 3
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PROCESS CONSTRAINTS
WATER TREATMENT PROCESSES WITH ESSENTIAL MANPOWER
% RESOURCES REGUTRED FOR OPERATION

PROCESS REQUIREMENTS

[~
& HANFOMER RESOURCES REQUIRED
TREATMENT E
METHODS " A - o
1753 [l :é cf}'z i | [ %] = e
13 — [ = HH tnﬁ ::r 5ﬁ
S = - = E& HE e o P/
= 4 - 1w =y o b = o, = e
' 5] =i o Uy L= o - - [l | S a1
= - [T oo 2 =g = = =
e 1} ] By B [ 5 | b = = U, [ L
NO TREATMENT PU1* X X X X
PRE-TREATHMENT . P2 X X X
SLOW SAND FILTRATION PW3 X X X
RAPID SAND FILTER (Conv,) PU4 4 X X X X X X
RAPID SAHD FILTER {Adv.) PWS X X X X X X X
SOFTENING PHE X X X % b4 X X
DISINFECTION PW7 X X ¥ X X %
TASTE, ODOR-Fe, Mn PUg X X X X X X
DESALTING-SALT PW3S X X X X X X X
DESALTING-BRACKISH M410 X 3 X b4 % X X
CONTAINMENT FILTER PH114 X } X X
DISINFECTANT FILTER PU12 X X

* Yater Source
{Groundwater Availability)

8 isted for completeness only, not actuelly available 2as a model output at this time.
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WATER TREATMENT
ACCEPTAGBLE COMBINATIONS OF TREATMENT PROCESSES, ACCORDING TO
RAW WATER QUALITY OR DEGREE OF DILUTION AVAILABLE TO WASTE FLOWS

CRITERIA LEVELS
COOE FOR PROCESS . RAW WATER COMCENTRATION
PROCESS COMBINAT IONS -
COMBINATIONS COLIFORM SOLIDS
- BACTERIA
(#Pu/100 ml) TURBIDITY OTHER
{JTU) (ma/1)
W1 : PRI 1-2 @ 10
W2 PU3 1 200 100
W3 PW11 " 300 800
Wd PW1 + PW7 500 10
W5 Pw2 + PW3 1,000 800
W6 PW2 + PWI2 : 3,600 800
W7 PH3 + PW7 5,000 100
wg - PWZ + PW3 + PW7 10,000 ; 1,000
Wy PHS + PWT " 10,000 100
W10 PH2Z + PWA + PW7 10,000 1.000
Wil PUS + PW7 10,000 : 100
W12 PY2 + PWE + Pi7 10,000 1,000
W13 (any one of W1 to W12)+PK6 300 hardness
W14 any ane of W1 to Wiz)tPWB . 1-3 Fe & Mn
W15 . any one of W1 to W1Z2}+PWS 3000 TDSA
W16 {any one of W1 to W12)+PH10 : : 2000 TDS3

| -

a_‘ This represents standards for developed countries; different standards may be more
appropriate for developed countries.
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FEASTRLE TOTAL MANPORWER
PIYXCESS QOST RATIO ROEQUIRED
CHBINATION 20 YEAR UNSKTT, SKIL PRCE

53 76.99 2 0 0
54 339.19 2 170
59 202.68 3 1 0
310 475.44 4 2 0
S14 228 3 1. 0
815 490 3 "2 b

THE LOWEST TOTAL COST RATIO IS
S3 AT A 20 VEAR SWM OF 76,99
**IENTFR 5 VGHEN YOU WISH TO CONTINUER*

——
]
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Session 3.3

177

Title: Data Questionnaire and Sample Manual Cajculation

Objective: The purpose of this Tecture is to use a set of test data
to demonstrate "pen and paper" application of

the modei. The goals of the lecture include:

(a) an increase in the workshop participant's
'understanding of the waEFrfwasteuater
treatment selectioﬁ model s
(b) to demonstrate the internal gperation of
the model; and
{c} to indicate the limitations, and flexibi-

1ity, of the model.

177
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TYPES OF SCREENING INVOLVED IN THE SELECTION OF A COMPATIBLE
LOWEST COST COMBINATION OF TREATMENT PROCESSES

All Processes

: : ’ Suitable Process
with Costs Ccth
—5 —t [ — [ — -
© = e
- > —>
— > —S> | -] —p | —
> —
—> —5> | —> >
> —t> -
o > —t> —— | - —>
o > L —> —_— .
—S | —5 |
Socio-Economic - . Resource - Required Effluent Determination of
Attributes and Attributes of Quality and Lowest Cost
. Size of Site Site - Treatment Goals Compatible

_ Comhination of
Treatment Processes



Predictive Model Questionnatre - .art I "General Information”

el Cral AT ONS

Location of community
City Smalifle,
State Aanssc

T
Country /. 6. 4.

Planning group or agency:

Predictive Model Questionnaire ~ Part I "“Demographic Data"

f l1ocal or site date is not available, use a national estimate.

Answer alther Part A or Part B.

A}

1) Present population {this figure
or estimate of the present pop-
ulation should reflect the num-
ber of inhabitants that the pro-
posed water or wastewater treat-
ment facility is going to serve).
Actual population &4/

If unknoun, estimate the following:
500-2,500 people
2,500-15,000
15,000-50,000
50,000-10G0,000
Source =

2) Annuzl population graﬁth‘rate
.77 or estimate in the
following: '

(8)

Population estimate at iast
Census

Date of census
Source of census
Annual growth rate at date of last
census or present annual growth
rate -

iI770

Population estimate at last-
Cansus

Date of census
Source of census
Annual growth rate at date of last
census or prasent annual growth

T rate




_Predictive Model Quesiiennaire - Part I17 "Socio-technological Data

. ‘ ilich  Technical Keighting CACANLMTION S
(1) Average level of educaiion Level Hone Primary Schop)l Institute Lollege Factor {sum af weiqghting facio
obtained by inhabitants 1 95% 4% % 0% 0% 0 o
living in the community, i For 15% Tt kY 1% & -
73+ 85% 22% 14% - 6% 3% W10 7
il ci ELY 4 42% 3% . S 4 15 10
(2) Averzge distribution of Level Unskiiled -Semi-skilled Professional |
. labor force in the 1 97% - 2% 1% 0
community. 2 80% 16% 4% {5/
3 61% 7% 12% 10
4 a5% 30% 25% 15
) 15
(3} Annua) average income per Less than $100 E
family in local currency: $100-%500 €8)
Amount Unit h$500-$1,000 12
Check approximate U.S. dol- | $1,000-%3,000 ' 15
; Yars equivalent of this Greater than $3,000
! amount: ’
X 23
| S
(4} Among highly skilled and Less than 10% 4
| technical workers, what per-! 10%-29% 3
. centage of these are hon- 25%-50% ¢ <D
local or non-native people? | 50%-75% 1
75%-100% 0
25
[5) Are there any .primary and
. secondary schools operated Yes 0.
. by voluntary or missiopary .- :
' organizations rather than {Eg) CE)
the government itself?
- 30
(6) What is the highest grade Mone 0
offered by local schools 1 2 3 4 3 6 2
on a regular basis? 78 8.0 4
L 12 7
Vg 0. 40




teighting Facton

[ SCR BRI, o B B

project?

excerd the costs.

have relatively high income

b) Limited ability to repay; however, the benefits

c) Repaynent prospects are good; the beneficiaries

(7) If the grade selected in Less than 70 mites (16 Km) 3
question #6 is less than 10-30 mites (16-48 km) - 2
i2, how far away is the 30-50 mites (48-80 km) | /i
nearest high school offer- | More than 50 miles (80 km) 0 40
ing the 12th grade? ) '
(8) Are there any technical or - P
vocational schools in the  [(JE5. (5.
community? Ne 0
45
{9) Has the community achieved v 5
compulsory priniry educz- o3
tion of at least & years? {No . Cﬁ)
45
{i0) Are there any formal in- - _
service training programs Yes) (5
by either the government
or iocal industry for No 0
their employeeas?
&
(11} Is there a college of uni- |~ '
versity in the local commu- @ QD
- nity? Ho 0.
&0
(12) Does the university have Yos 3
a chemistry department or " =
lab? Mo (o)
. &0
.
{13) How do you rate the ability | a) Unable to repay: the project is a gift because Informe-
of the comrunity to fina2nce the beneficiaries are poor. tional
a water & sewage treatment . only

g0

- .
ET S L A A R




. vices readily available?

Fis

Weighting Factor Toataftatan T2
(i3Y Ts unempToymént widespread? |(ves-. ¢ 0
No 5 ,
60
(13) Are advisurr services widely
available to farmers for
community development or for| Yes 3
other programs designed to -~
upgrade the skiils and en- {EEJ (::)
list the participation of
the inhabitants?
' &0
{16) Do most college or univer-
sity students of the comm- _— -
nity receive their educa- (jgﬁ (o)
tion in neighboring commu- No 3
nities or countries or
other foreign countries
60
17) The level of technology Hand tools only Q2
.available can generally be |wMechanica) tools (i.e., gasoline powered equipment)| ¢5)
classified as: Chemical products {fertilizers, chicrine) 10
tlectronic technology 15
65
{18} Does the goternment domi- Yes 0
nate the labor market? (No, {s)
.. — - ?G
{19} Are public employment ser- g?é§3 : . 75
NG i -0




The Total Weighted Socio-technological level {TWSTL} {is equal to the sum of the weighting factors of Questions #1-19,
not including Question #13.

THSTL yi
5TL 111 {refer to foilowing charts)
Socio-technological : Range for . ) Hanpower Availability
Leve} (STL) THSTL Unskilled Skilled Professiopal
1: 1-23 X
11 24-5] X X
111 {pop.< 50,000) 52-93 X A
111 {pop.» 50,000) | X X
v : 934 X X

The manpower availability for an STL of II1 and a populatien of 12,050 is:

Type of Manpower Availability Score (Yes = 1; No ~ 0)
Unskilled (UN} . Yes 1

Skilled (SK) Yes - 1

'Prnfeﬁﬁiunal [PF) . F_ Hﬁ- . ; .0 :

TIP3



Predictive Mode! Questionnaire - Part IV “Indigencus Resources Dats™

I
Category

Check If Not Available

Calculations

Ll LU T I

-~

.

{20} Operation Fquipment {OF)
-Heters; water, gas, re-
cording devices, such as
thermostats, water
m2ters

Sheet metal fabrication,
etc.

' -Gauges; vacuum, flow, etc.

-Laboratory equipment such
as test tubes, etc. as .
found in high school
chemistry labs, medicai
offices, and hospitals

-Partable power plants
such as gasoline powered
electric generators

-Motors such as 1-3 horse-
power electric motors

-Pumps, fans, etc.

Critical Level™ for Opera-
tion Equipment } 3.

Sum of Items Not Avall-
able )

Availability of Operation

Equipment
(Yes = 1, Ho = 0)

(21) Process Materials {PE)
-Pipe {clay, asbestos,
cemant, .plastic)

‘Fipe {cast iron, steel,
copper)

-Concrete, cement
-Yalves, pipe fittings
-Tanks

*Structural Steel
-Heat exchangers

_

. Critical Level for Process

Materials »3.

Sum of Items Hot Avail-
able 4

Availability bt Process
Materials /

{Yes = 1, No = 0)

.

*Critical Level (CL} beyond whic

v this resource is not available: For egamp1e;_1f 3 or more of the items in Question #2C
not generally available, then the entire category, operation equipment, is not considered available.
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{22} Operation and Maintenance

Supplies {OMS)
-Silica sand and gravel

-Paint

*Water sealing compound,
apoxy

-Petrolaum

-Electricity

Critical Level fdr Opera-
tion and Maintenance
Supplies 2

Sum of Items Mot Avail-
able v

Availability of Operation
and Maintenance Supplmes
/ (Yes = 1, ho.= 0)

(23) Chemical Supplies {CS)

*A12{5G4}3 {q]uminum
sulfate}, FeCI3 {ferric

chioridge), polyelectro-
lytes

“NA, L0, {soda ash), acti-
vated charcoal, Ca0 (lime)

C, (Chlorine}, 0, (ozone},

chlorindioxide, bromine

- HTH, Cus0,

,

7

Critical Level for Chemical
Supplies 3 3 ‘

Sum of Ttems Hot Avail-
Able i

ﬂva11ab111ty of Chem1c31
Supplies

{Yes = 7, Nn = ﬂj

Note:

Questions 20-23 can be replaced with water and waste equipment versus process matrix from the international
equipment document, pages 29 & 30.

- .



Sunmary of the Results for Parts I1! & Iy (Manoower and Indigencus Resources)

LN sx PE OB PM T oM £S GWS
] 1 0 1 1 .1 0 1
(Available = 1; Not Available = 0) L :

PROCESS CONSTRAINTS

WATER TREATMENT PROCESSES WITH ESSENTIAL MANPOWER AND RESOURCES
- REQUIRED FOR QPERATION
Traatment ' . Process Process Requirements
Methods | . _ Number : Manpower Resources Required

Unskilled Skilled Professional - Operation Process Maintenance Chemical

Equipment Supplies Supplies Suppiies
No Treatment Py 1* 4 X X -4
Pre-Treatrent Py 2 X X X
Sow Sand Filtration - Py 3 X ) X X
.Rapid Sand Filter {Conv.) Pl 4 X X - X X X X
Repid Sand Filter {Adv.} PU 5 X X - X X X X
. Spitening PW & X X- X X 4 4
Disinfection - T X X - X X X X
Taste, Ddor - Fe, Mn --|-P¥8 X X X X X X
dJesalting - Sait | PW G X "X X X X X
as2lting - Brackish T PY 10 X - X X X X X
Contzinment Filter PW 112 X X X
Disinfectant - Fitter PH 12 I X X
: un $K PF GE PM 2 O .

*Uater Source (Groundwater Availebility)

Misted for campleteness only; not actually available as a model output a*. this time,



‘1ist of Possible Water Treatment Processes: K

U 1
PU 2
PW 3
188
£
CODE FOR CODE FOR
PROCESS PROCESS
COMBINATIONS  COMBIMATIONS
W ' Pl
W2 PU3
W3 P
Wa PHI + PW7
W5 PUZ + PU3
W6 PUZ + PH12
W7 PW3 + PW7
W8 PWZ + PU3 + PM7
W9 PHA + PWT
W10 PUZ + PW4 + PU7
W, PUS + PWT
2 PHZ + PW5 + PU7
W13 (any one of W1 ta Wi2} + PUE ‘
W14 @nyone of W] to W12} +PHE _ e
W15 (any one of Wi toW12) +PUS . |
W16 {any one of W1 to W12) + P10
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List of Possible Water Process Combinations,
Based on the Resgurce and Manpower Screen:

Wl = PHl
We = PW3
WS = PWZ2 + PK3

189
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Predictive Model Questionnaire - Part ¥ "Mater Quality"

figure.for PE in dilution ratio)

e

A} Raw Water Quality Notes/Comments
Number of coliform bacteria o (MPNAI100 m1)
Turbidity e (JTu)
Hardness 7ep {mg/1}
Total Dissolved Splids (TDS} » e {mg/1)
Iron and Manganese s (mg/1)
*BOD {mg/1}
*git . ' (0-13)
*Dissolved oxygen (mg/1)
*Temperature (oc)
*Chloride (mgf1)
{(*At this point, these tests are informaticnal only, and not actually
part of the model).
B}  Wastewater Quality (prior to treatmant)
Dilution (CFS receiving water ?1QHIIGDG PE}
Dilution =l (Receiving water volume/waste Qu]umé}
80D {mg/1; may be nésded to ascertain !




HATLR TREATMENT

ACCEPTABLE COMBINATIONS OF TREATMENT PROCESSES, ACCORDING TG
RAW WATER QUALITY OR DEGREE OF DILUTION AVAILABLE TO WASTE FLOWS

CRITERIA LEVELS )
RAW WATER CONCENTRATION

CODE FOR T CODE FOR -
PROCESS PROCESS T . SOLIDS
COMBINATEONS COMBINATIONS  foc.cios o Turbidity Other
' (JTU) {ma/1)
©Wl P 1-2” 10
-y W2 i PW3 200 100
W3 - PHD) 300 Boo
Hd PWl + PWY - 500 10
e 115 PWZ + FW3 1,000 BO0
Wh PHZ + PW12 3,000 - . 800
H7 PH3 + PWY 5,000 . 110
1B PWZ + PU3 + PW? 10,000 ' 1,000
Wa PH4 + PW? 10,000 100
1D PWZ2 + PWA + PYWY 10,0480 1,000
W11 . FV5 + PWY 10,000 100
Wiz PWZ + FUWH + PUWY 10,000 1,000
W13 - {any one of Wl to Wi2}+ PWo : 300 hardness
W14  {any one of W1 to WI12}+PUB ‘1-3 Fe & Mn
W15 {any one of W1 to W12) + PWS 3000 TDS:
Wi6 {any one of W1 to W12)+ PWID ) 2000 TDS

Acceptabie water combinations, based on the raw water quality:

W2
W5

* These are standards for develgped countries; different standards may be more appropriate'
for davelcping gountries.
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To select a combination based on cost, then the following procedure would be used:

1. Calculate the design year population scale.

Design year 1980
Actual population year 1970
ﬁctua1 population value 10,181

| Population growth rate ’ 1.7%

Design year population value = {Actual Population) (1 + Population growth rate)”
where n represents the difference between the design year and the actual population year.
Design year population » {10,181} {1 + .D]?]]u = 12,06Q -

Population Ranges and Scale Yalues

" Estimated Population Population Scale -
500 - 2,499 ¢
15,000 - 49,999 I11 N
1V A
50,000 - 100,000

The design year population scale equals II -
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2. F‘Ind_the appropriate cost ratios.

By referring to Table 4.2 {Population Scale I1), the following cost ratfos are indicated:

Lombination : Lonstruction Cost Ratio Operation & Maintenance Cost Ratio
"W2=P43 14.66 5.05
W5 =PpPy2

s P 3 3.00 + 14.66 = 17,66 7.67 + 6.05 « 13.72




TASLE 4.7 o

POPULATION SCAl

PER CAr.rA

T .~(2,500 - 14,999)
3T RATI0S
CONSTRUCTION/QPERATION AND MAINTENANCE

/1y

Process Social-Technological Levels (STt}
: ' ) 11 I 1V
(o Treatment) T Construciion 2.70 —2.43 1T.Z8 .37
) {peratiocn and
Maintenance 1.75 2.01 3.01 3.53
{Pre-Treatment) PW2 Constiruction 2.20 2.50 g?'B.HG el 3.25
: Operaticn and R
Maintenance 6.74 7.17 Y7.57 8 8.15
{Siow 5.F.) PM3 Construction 11.29 13,48 Hina .66 i 15.00
Operation and R & -
, laintenance 2.94 5.71 2360507 __6.65
{R.5.F. = Conv.} PW4 Construction 22.00 15.89 14.45 11.00
) . - Qperation and
_ Maintenance 4.90 8.27 9,92 10.45
{R.5.F. = Adv.} P Construction 70.94 59,57 5G.00 40,88
: . Operation and
iaintenance 43.13 41.68 40.22 38.77
(Softening) PW6 Construction 115.86 90.49 £5.12 39.75
Oneration and
faintenance 38.48 37.82 36.57 35.861
(Disinfection) PW? Construction. 1.8) 3.57 2.94 2.80
T Dperation and
Haintenance 18.47 15,85 12.54 11.42
(0dor, Taste,  PWB Construction - 97.34 80 .44 70.53 ° 59,63
Fe, Mn) Operation and
oot . Maintenance ¢ 51000 - £8.28 47.56 _45.84
(Desalting - Salt) PW9 Construction 146,94 122.63 117.31 895.00
3 r Operation and
Ly e iaintenance - 24.77 25,17 23.92 22.?6
(Desalting - PWi0 Constructien 120,04 103.53 91 .0} 77.50
Brackisn}- Oparation and . |
Maintenance 37.87 © 36,58 35.31 34.03
(Disinfectant PW1Z . Construction 30.25 7B.55 26.74 28,12
Filter} Operation and _
Maintenance 27.78 2545 23.25 20.64
'Hote: Complete Cost ratio tables may be found under lLecture 3.4, “"Manpower, Costs, and Equipmmt
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3. Ca2lculate the total cost ratios.

' Operation &
; Construction - . -n
Total cost ratio = + Maintenance 1-{14r)
- Cost Ratio Cost Ratio [ v ]

where r is the discount rate
n is the discount period

If we assutme r = 7.25% and n = 20, the discount miltiplier s

discount multiplier = 1 - {1 + rl'"
r

=1 - {1+ .0725)°%

L0725
= 10.39
. For total cost ratjos
. Cperation &
. . Constructicn N . Totald

Combinations _ + _ Maintenance =, e e d

Cost Ratio: Cost Ratio Cost Ratio
WZapy3 14,66 T4 IE.DS} {10.39} ® 77.53
WE=PWHZ+PH3 17.66 + (13.72) (10.39) E 160.23

bl

i
-—= Based on the total cost ratics, combination W 2 would be selected at least costly.

e ——

1R
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Selection of Sewage Treatment System .
Summary of the manpower and indigenous resource data:
UN Sk PF QE pM  OMS S
1 ] I S 1 0
{Available = T; Not Available = 0)

PROCESS CONSTRAINTS

. SEWAGE TREATMENT PROCESSES WITH ESSENTIAL MANPOWER
' . ANO RESQURCES REQUIRED FOR OPERATION

Treatment Methods Process ' ' Process Requirements
. ' Number Manpower ' ; Respurces Reguired
: . . peration Process Maintenance Chemica)
| Unskilled Skilled Professional Fouipment Materials Supolies Supplies
Pritary {Conv!) ' PS1 X i X A
Primary - Stabilization Pond  PS2 X ¢ X
Sludge {Conv.) - P33 X X X X X
Sludge {Adv.} . PS4 X X X X X ¥ X
Siudge {Combired (Imhaff} PS5 X ) - X X X
"Secondary - Standard Filter PSb A X . X X X
Secondary - High Rate Filter PS7 X X 4 X X X
Secondary - Activated Sludge PS8 X X X X X % '
Extenced Aeration . PSa X X X X X
Rotating Giol! Ennta:tur PS10 X X - b H A
Disinfection . Ps ' X - X X % X
Land Appiication PSIE . S X X X X
Acua Culture S P5‘13a X
Individual P514 X . ) :
Individual (Adv.} © . -  Psisd X . - X ' X
UN 5K PF QE M OMS LS

B{3sted for completenass only; not avaiiabie as a model-output at this time.



List of possible waste treatment pr:ncesses:

PS 1
PS 2
P35 3
PS 5 |
PS 6
PS5 9
PS 10

S PS2

. List of the possiblé waste combinations:

Code for Process Cumbinations - Process Combinations

R

s 1 P55

52 - P51 + P53

53 PS2___.

5 4 P53

$ 5 ' s2 + PS10

56 - 7 52 + P56

‘g 7 ‘ $2 + PS7

S 8 . S2 + PS8

5 9 _Ppsiipsiz

$ 10 _ s4 + P512 -

5 11 psz + PS13

S 12 T S'I + P31

513 1 §2 + Ps12

§ 14 A 53 + PS13 o

S 15 s4 + PST4

5 16 ' . 85 + PSS '

s 17 . $6 + P$16 |

s . $7 + PS17 4
| s 19 . $8 + PS18 |

1z
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Based on the resource and manpower screen the possible 7

water combinations are: Possible Combinations

a1 = 55
$¢ = PS1 + P53
S3 = PS2
sS4 = P59
$5 = 52 + PSID
6 = 52 + P56

89 = PS1 + PHI2
S10 = 54 + P512

- 200,
Wastewater Quality Data
Y. Diluticn (CFS receiving water flow/1000 PE)

ar
Oilution _ /&  (Receiving water volume/waste voliume)

SEWAGE TREATMENT

ACCEPTABLE COMBINATIONS OF TREATMENT PROCESSES, ACCORDING TO
RAW WATER QUALITY OR DEGREE QF DILUTION AVAILABLE TO WASTE FLOWS

CODE FOR RECEIYING WATER YOLUME
PROCESS - PROCESS (7-day Tow flow level)/WASTE VOLUME
sl ' PS5 20 160
52 PS1 + PS3 20 160
-—53 ) FS2 10 16
-——54 Ps9 3 16
$5 s2 + PsS1o 5 32
56 52 + PS4 6 32
‘—r 59 PS1 + P512 0 0
3510 54 + PS12 0 0




Ac/

Based on the dilution ratio screen the acceptable waste combinations are:

Acceptable
{ombinations

53
s4
S g
$ 10

(The cost calculations for the waste combinations iare similar to the caleulations for water systems.}
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Sessfon 3.4

205

Title: Manpower, Costs, and Equipment

Objective:
I. Determination of Equipment needs, by process

1I. Determination of Skil1) needs, by equipment

Y
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Methodology for Predication of Water and Wastewater Volumes and Treatment Costs
{Excerpt from Chapter IV) '

To obtain LDC cost or volume figures for selected water and wastewater treatment processes, three methods may be used

" In order of increasing accuracy, they are the following: an empirical analysis of U.$. data, regicnal or natjonat multip

regression daya, and in-country or local data. 1In this chapter a cost-demand model is precented in which medelling
techniques have been used to develop equations for Africa, Asia, and Latin America to predict water demand quantities and
wastewater anounts, as well as construction and operation and maintenance costs for slow sand filters, rapid sand filters
stabjlization lagoons, azerated 1ageoons, activated sludge systems, and trickling filters. The basic technigue used in thi
study was step-wisé myltiple regression using avaitable cost data from ﬁfriéa. Asia, and Latin America gathered througn t
use of questionnaires and a review of the literature,

The material contained in this chapter is a shortened and revised version of the original publication. Numerous tab)

have been included which present the results for mean water demand, waste disposal, and ¢osts of water and wastewater

‘treatment systems for selected socioeconomic and technologicel conditions of LDC's, Two sample problems {1iustrate the v

of this predictive mathematical model.



SESSION OUTLINE:
I. HNumerous Studies for Forecasting Water and Sewage Treatment Costs
A. Developers of forecasting tools .

. Schoeffer
Wolman

. Snith

Assenzo

Black and Veatch
. AVYCO/ES

. kanti Shah

8.. Reid

= On 0N B LD P o

B. Development of models for water demands and water costs in terms of populations
1. Tools devised are those sophisticated regression models
a. Such as: from Wi = {Popy){gcd)

to WDy = (Popt}(ged) + tEInd Popi ) (ged) ete.
i

to WDy = Cg + C1 Popnt + C2 PPCTNZ + C3 INCM etc.
1I. Similariy other to¢ls have been developed for cost analysis
A. Generaily two routes exist

1. The aggregate model
2, Detalled summation of compenent parts. The Composite Model.

L] )

207
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111. Recognizing the problems with USA cost forecasts, and the shortage

of LDC data

A. Development of DC aggregate forecasting models adapted to the

amount of LDL data available

1. Figure 12.1

PER CAPITA COST PARAMETERS ($U.S5.) AND
OPERATION AND MAINTENANCE MANPOWER REQUIREMENTS

PROCESS:: SLOW SAND FILTER (PW3}

100,000)

Haintenance

Population Social-Technological Levels Manpower Reguired
Scale - (Mumber of Workers)
I Il LI v Unskilled  Skilled  Professional
3 Construction 12.65  16.50 ° 16.00 20.00
(500 - 2,499} Operation and
! Mogrosion and 3,33 2.00 233 °  5.00 1
2 Construction .03 11.72 11.85 14.28
* {2,500 - 14,999} Operation and
P o 21T 0.60 0.90 1.5 2.25 2
3 Construction 6.33 7.18 . 7.068 10.01
(15,000 - 49,599) Operation and
T mintenance | 0-33 0.58  0.73 1.25 5
. 4 Construction  3.95 6.58 5.21 6.25
(50,000 - Operation and 0.20 " 0.35 0.44 0.75 a




T

‘1y. After Field Demonstrations

V.

A. Costs were expressed in terms of ratio's for the sake of

comparison, and to eliminate the Effects of Scale

S B. Some additional influences were also felt effecting cost.

T. Cheaper Tand in LDC
2. Volunteerism becoming a factor in smaller LDC sites

) i

oo
Mg

L
.

“_11

.Cit The uutput is cost ratijos

_..EI, —4 ] -
1, Ratio's represénting capital and 0 + M values for possible

<~ T successful*candidate processes
R Specu1atiun can now be done as to whether

1%

In1t1a1 expenditure or continuing costs are better
VR b-* The use; af'camparisun of an annualized or capitalized
T -cost .

—— -
o 1 -

_ The prucedure to establish a2 cormon base faor anaIysis of tota] cost
. is Tlisted as fo]]nws

— -
-

- - I ] L] -.

_ 1 — 1 —
.. A.H Estimation nf the cunstructian cost and 0+ M cnst based on the
o cust of,prucess:and*the effects oflpupu1at1un scale and STL's, =

K i .- -i o] A . .
X :T . - {Ea]culat1ons on fn]]uw1ng page} Qe 1 n
i o
1‘ " o + 4T o . - - -
- F R - i-. a0 a, B ; '
i i — - = -
L - ] L] - . -
+F ¥
- - B,
= L et _ _ - .
dl_! - F
* f H L o
3 + L - '
- 1 fair] F ) 2 L |



TARLE 3.3

PGPULATEON SCALE IIF  (15.060 - 19,999)

PER CAPITA £OST RATIOS

CORSTRUCTION/OPERATION AND MAINTERANCE

" Process Social-Technological Levels (STL)
A - ! 1 111 v
(N freatment] FWl  C(onstructian - T.04 1.67 B Y - B4
Operatinn and . S S
Maintenance 1.42 1.95 2.50 Z.75
(Pre-Treatment)  PU2 Construction . PTTeeD - — 2075 - 3.0 . .. “3.50.
Operation and . LTre - T
_ Maintanance 6.83 7.33 7.83 §.33
(Slow $.F.) - PH3 Construction - .9, . 11.35 . 13.3 . “14.17 -
’ Operation and ’ y
Mainterance 305 6.0 _7.B6 10.42 L
{R.5.F. - Conv.) PW4 Construction . i6.42 "16.060 5.80. . .7 .58 T
- Operation and oo ' !
Maintenance 6.58 - 9.25 11.91 14,58
(R.5.F. - Adv.} ~ PW5 Construction.. ___ .. T49.15 43.37.. 37.60 . _ _ 33.82
Cperation and .
Kaintenance 62.50 59.95 56.95 54.124
{Softening} PH6 Construction .. _ 60.79 _._ 52.01 £8.73  __ 25.45.
Operation and ' ' S
. ) Maintenance 44 .50 42 .67 40.83 32.00
(Misinfection) PW7 Construction —_ -3,488— . 3.04. 2.71 Y -
. Operation and . - : .
_ Maintenance ) 18.08 14.91 12.35 10.58
{Odor, Taste, PW8 Construction . * 75.59 -__ - 66.71 57.82. _.. ] 4B.94 .
Fe, Mn) Operation and e "
) Maintenance 87.50 B4 ._2¢ B0.495 17.67
(Desalting - Salt) PW9 Construction . . . 127.70 . . 112.88. 97.06.._. ° B4.24
{peration and - A D
ST Maintenance 32.67 31.22 29.78 28.33
(Desalting - PW10 Constiruction - . - 106,50 © -t o5 42 B1.31 69.21
Brackish) Operation and '
. Mayntenance 65.10 62.97 60.78 58.58
- ~{Disinfectant P11 Condtruction . 28.95- -~ 28.26° 26.38- 24.01-
Filter) : Dperavion and ‘ ' "
. Maintenance 27.13 . c3.17 22.85 .- 20019




f“ 3

TABLE 4.3 yeon &) 223
Process Social-Technolpgical Levels (STL)
. 1 11 111 Y
{Frim. - Conv.] PST Construction .07 . §.95% 10.70 i1.00 {mech. equipment
Uperation and .
Maintenance 2.7 10.86 12.56 0 14.25
{Primary Stabili- - .
zation Pond) PSz Comstruction 1.50 1.70 2.22 3.35
' Operation and , o
Haintenance 2.10 3.17 5.33 7.50
{Sludge - Conv.) P33 Construction 13,73 11.70 .7 8.64
: Operation and
) Maintenance 39,25 34.58 27.63 25.47
{5Tudge - Adv.) P54 Lonstruction 23.78 z2.50 - 18.22 14.94
{peration and
‘aintenance 30.67 36.28 40.95 47.50
{Slvdge - Imhoff) PS5 Construction 28. 1 21.28 - 20.04 18.80
' Operation and
Maintenance 38.58 41.80 42.03 42.25
[Sec. - 5td P56 Construction 27.99 29.50 30.80 31.040
Filter} - fperation and )
) Haintenance 5.33 8.53 11.72 15.92
[Sec. High R. PS7 ~Construction 27.11 231.51 19.90 17.68
~ Filter) ) Operation and .
' Maintenance : 14.20 16.44 21.14 ?25.83
(Sec. - Act. PS8 Construction 30.30 29.00 23.22 < 18,00
S1udge) ' Operation and :
iaintenance 13.50 ., 17.67 21.43 24 .83
" (Ext. Aeration  PS3 Construction 7.6 - .. 18.40 19.64 21.88
, Operation and
_ Maintenance 10,50 14.72 18.495 23.17
(Rotating Biclo- PS10 Construction - 37.93 35.70 8.7 20,48
gical Contactor) {peration and '
HMaintenance 25.24 203 16.20 13.37
{Disinfection) PS11 Construction 12.G0 11.12 10.15 6.83
Qperation and
] Maintenance 10,08 8.80 7.53 6.25
{Land Applica-  P$12 Construction 10.23 11.37 15.20 . l6.84
" tion} Operation and

Maintenance ' 6.19 6.88 g.24 10.18




TAELE 4.4 fOPHATION SCALE TV FG0O,000 - 100,000) 03
PER CAPITA COST RATIOS
CONSTRUCTION/OPERATIO! AND MAIHTERANCE .
Process Social~Technnlogical fevels (STL)
1 11 11} 1Y
{No Treatment) PWT Construction T.44 T.38 T1.7] .70
(peration and
Maintenance 1.00 1.78 1.95 Z2.43
{Pre-Treatment) PW2 Construction 2.74 2.9 3.48 4.00
Operation and '
Maintenance 6.93 7.63 7.93 8.53
{Slow 5.F.) PW3 Construction 7.90 9.43 10.97 12.50
. ) {iperation and
Maintenance 3.33 6.37 9.44 12.50
(R.S.F. - Conv.) PW4 Construction 15.50 8.77 6.00 5.30 Note #1
Operatiopn and
_ Mainterance 11.17 15.78 20.35 25.00 Note #)
(R.S.F. - Adv.) "PW5 Construction 31.20 27.53 23.87 20.20 Note #1
Dperation and
_ Maintenance 82.50 78.72 76.495 7417
(S5oftening) . PH6 Construction .47 .80 30.87 27.83 22,80
T Operation and ‘
B Maintenance 54,50 £2.68 50.87 49.08
{Disinfection) PW? Construction 3.16 2.91 2.05 2.40
) : Operation and
Maintenance 16.50 12.33 12.17 10.00
{Qdor, Taste, PWS Construction 61.76 54 .57 47.34 40.20
Fe, Mn) Operation and
) faintenance 97.50 94 .27 an.45 B7.67
{Desalting - Salt) PW9 Canstruction 83.5¢ 73.95 65.37 57.80
Cperation and
. Maintenance 47 .67 41,22 35.73 38.33
{Desalting - P10 . Constructian '80.78 75.17 6b .46 56 .80
Brackish) Operation and
Maintenance 66.33 jo.72 55.11 £9.50
{Bisinfectant PWIl {Construction 29.32 2E.ID 26.23 23.75
Filter) {peration and ' , -
Maintenanze 26.98 24.98 . . 22,56 20.04




. ;
TABLE 4.4 y.on't)

Process Social-Technological Levels {STL)
i R has 111 v
{Prim. - Conv.) PST Tonstruction 10,55 T1.18 J1.45 T1.82 Tmech. equipment
(peration and ,
Maintenance 9.08 10.57 11.33 14.10
{Primary Stabili- PS$2 Construction 7.00 2.50 3.50 -4.00
zation Pond) Operation and :
Maintenance ‘ 1.00 2.83 4,67 . 6.50
{Sludge - Conv.) PS3 Construction 17.37 15.23 13.08 11.94 9PParent revars
Operation and economy of sca)
Maintenance 37.80 32.90 26.96 21.3
{Sludge - Adv.) P54 Construction 19.29 17.03 15.78 12.52
Operation and
) Maintenance 28.60 33.83 39.07 44,30
{Sludge - Imhoff) PS5 Construction T 30.38 27.28 24.17 21.07
. Operation and ’
tlaintenance 18.70 24.60 26.50 31.40
(Sec. - Std PSE Construction 23.32 24 _#7 ) 25.21 20.16
Filter) {peration and
Maintenance 5.10 8.13 11.17 . 14.20
{Sec. High R. PS7 Construction : 20.11 "18.86 17.62 16.37
Filter) Operation and
HMaintenance ~ ) 11.75 16.07 17.93 19.80
(S2¢. - Act. PS8 Construction 23.31 21.82 18,34 15.85
Siudge) Operation and ‘ _ :
Kaintenance 13.67 17.39 21.11 24,20
. - : ) apparent revers
(Ext. Aeration) P58 Bg;igigggj::d 17.23 19.57 20.90 23.24 economy of scal
Haintenance 8.40 10.30 14.27 15.20
(Rotating Biolo- PSI0 Construction 28.94 27.25 ! 21.91 15.64
gical Contactor) Operation and _
Maintenance 23.93 17.71 14,32 10.2%
{Disinfection) P511 Construction . . 16.84 13.50 10.17 518
(peration and
Maintenance 5.80 5.07 5.32 3.60
u {Land Applica- PS12 Construction 8.25 9.19% 12.23 - 13.58
tion) Operation and

Maintenance | 4.95 5.52 7.3% - 8.15
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Sessions
4.1 % 4.2

o U
Title: Wastewater Disposal and Treatment
Objective: To present the goals of wastewater

disposal, and to discuss various processes

and systems,



Wastewater Disposal and Treatment
{excerpt from CHAPTER viI!)

In'this chapter are presented several wastewater treatment or disposal methods for application to sewered wastewaters.
These particular methods were selected for inclusion because of their low cost and their suitability for developing
countries. Stzbilization ponds are among the processes associated with developing countries, and the first section of this
chapter deais with this subject at Tength before giving brief descriptions of the uvse of fish pands and oxidation ditches,
This materfal rapresents & shortenad version of the orfginal pubtteation. Stabilizatierm pond systems are a treatment af
choice in dévelnping countries due to their generally iow cost and because many developing countries are located in tropical
areas which provide optimus ¢limatic conditions for pond gperation. .Data are givgn on the performance and costs of ponds,
and some comparisons are made with aerated lagoons and activated sludge systems.

In the second section in this chapter, infarmation is given on the aerated lagoon, including process desiqgn
considerations ard power requirements for mixing. The cost of an aerated lagoon is generally more than that of a
stabilization pond and less than that of an oxidation ditch, Among the advantages of aerated lagoons in cumparison with
stabilization ponds, are first, their ability to handie higher ioadings with a shorter detention t%me in a reduced area. In
addition, algae are not necessary to provide oxygen to an aerated lagoon; therefore, this type of qnit can be used without
regard to the amount of avai1qple sunlight.

In the third section of thislchapter, an article on land application of wastdwater presents a practice which was
formerly used primarily for wastewater disposal but which more recently has often been used for wastewater treatment or
reuse. Like the article on aerated lagoons this article was prepared especially for publication in this volume. Design

criteria are given, and cost and health aspects are discussed. With this method wastewater is spread over the land,



229

L]

After having been subjected to filtering and stabilization of the organic matter hy topsoiis and soil biota, tha treaten
water may be collected by 2 drainage system for reuse or allowed to recharge natural aguifers. The reguirements of inis
orocess are Jow in terms of enerqgy and chemicals, and the water yielded from a properly maintained system1wi11 be of sim?
'quality to the water provided by advanced tertiary treatment processes. A principal problem associated with land

application is the possibility of pollution of groundwater or soils with harmful suhstances.



P31
ps2

PS3
PS4
P55
PSeE

P57

PS8
PSS’

P30
P51

PS12
PS13
PS14

TABLE 13.1 &3/
WASTEWATER

Primary: Conventional: The removal of suspended solids and some BOD through the use of clarifiers and
sedimentation hasins.

Primary; Stabilization Pond: Removal of suspended solids in-a quiescent settling pond using basically no
constructed facilities.

Sludge; Conventional: The dewatering of sludge from the primary treatment stage by sludge drying beds,
incineration or other heating processes.

-

Sludqe: Advanced: Tha dewatering of 3ludgs utilizéng a wel ox108TiBNH Pracess pr 1aad agpiigatian,

Sludge Combined, Imhoff: A constructed two-story tank used for both sedimentation and digestion of sgolids.

Secondary, Standard Filter: The use of a standard trickling filter and bacterial action to remove colloidal
and dissoclved organic matter from the primary clarifier effluent.

Secgndary; High Rate: The use of higher loading rates accomplished through a recirculation process.

secondary; Activated Sludge: System in which the flocculated biological growths are continuously circulated
and contacted with organic wastewater in the presence of axygen.

Secandary; Extended Aeration: More time is provided in the aaration process to allow for oxidizing the bio-
degracable portion of the sludge.

Bisinfection: Use of chlorine to kill pathogenic organisms.

Aqua-Culture: Utilization of waste effluent as a food source for fish and plant 1ife in controlled ponds
and lagoons.

Dilution: Reduction of waste levels by incorporation in large volumes of water,
Individual: Sewerless system used primarily for individuazl dwellings or on-site systers.

Individual; Advanced: Sewerless, individual system using chemical and thermal treatment of waste. .
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TABLE 13.2 _
WASTEWATER TREATMENT PROCESS/CODE IDENTIFIERS

COBE ‘ : PROCESS

P51 Primary - Conventional

pS2 Primary Stabilization Pond
PS3 . ] Siudge - Conventional

P54 ‘ Sludge - Advapced

PSh ' Sludge Combined - Imhoff

PSE ' i Secondary - Standard Filter
P57 L Secondary - High Rate Filter
PS8 o . Secondary - Activated Sludge
33 ) Secondary Extended Aeration {Oxfidation Pond)
PS10 Disinfection - Chlorine

P51 ' Agua-Culture

pPs12 - Dilution

PS13 . ) Individual

PS14 : Individual (Advanced)



FALLE 3.3 B
WASTEWATER PROCESSES VS. MANPOWER REQUIREMENMTS FOR POPULATION [EVELS

Process/ .
Manpower Reguirements Level Unskilled Skiiled Professional
1 ' 1 .
z2 i
Ps1 3 .2 1
4 4 2
1 1
' 2 Fi
a b
1 i i
. . 2’ 1 1
‘ 4 4 2 1
1 1 1
. 2 1 1
PS4 3 2 1
4 3 2 1
1 1 1
2 1 1
PSh 3 2 1
4 q . 1
1 1
2 1 1
PS8 3 4 1 1.
\ a & Z 1
1 1
2 2 1
PS7 3 a 1 1
4 [ i 1
1 1 1
Fi 2 1
P38 3 4 1 1
a 8 Z 2
1 1 l
Fa P 1
P59 3 4 1 1
-4 6 2 1
1 1
2 2
P510 . 3 | 1 .1
3 6 1 1
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PROCESS CONSTRAINTS i
SEWAGE TREATMENT PROCESSES WITH ESSENTTAL MANPOWER
& RESOURCES REQUIRED FCR GPERATIOH

. PROCESS REQUIREMENTS
e
| i MANPOWER RESOURCES REQUIRED
TREATHENT 3
METHODS tn = 5 7 e =
L 73] o -2 -] |75 ] - U
43} -] = = b 2 | 2 It o8] = &3
&) | [1%] o =~ = L2 - Ly
= » = | A ol a8 = 0 =
B 4 v =34 = o =5 ==
5 T [ M o W E § =0 FE!
PRIMARY {Conv.) Ps1 X X X 4
PRIMARY-Stabilization Pond pse £ 5o .
SLUDSE (Conv, } psa X X X X X
SLUBEE {Adv.} PLd b { ¥ X X X X X
SLUDGE-Combined {Imhoff) psh | ' X X X
SECONDARY -Standard Filter P5h X X X X X
SECONDARY-High Rate Filter PS7 X X X X X X
SECOMDARY-Activated Sludge P58 b { X b 4 X b4 L .
EXTENDED RERATION . F59 £, X ’ X X X
ROTATING BIQOL. CONTACTOR PS10 X X X A bt
DISINFECTION - P51l X X X A X
LAND APPLICATION PS12 X X X X X
AQUA CULTURE PEI3a X
INDIVIDUAL - PSi4a X
INDIVIDUAL (Ady.) pgisa X X ¥

3 isted for completeness only,

not actually available as a model output at this time,
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SEWAGE  TREATHENT 2

ACCEPTASLE COMBINATIONS OF TREATHENT PROCESSES, ACCORODING TO
W WATER QUALLTY OR DEGREE OF DILUTION AVAILABLE TO WASTE FLOWS
. . , ) : RECEIVING WATER VOLUME
CODE FOR PROCESS - | - (7~day low flow 1ev§1}HASTE YOLUME
PROCESS COMBINATIONS ° .
COMBINATIONS BASED ON BOD BASED QN GCOLIFORM

f 51 PS5 20 160
52 PS1 +.PS3 - 20 _ 160

53 PS2 10 . 16

54 P54 ' k| 16

55 - 52+ PS10 5 32

56 52 + PSO B 32

57 ) 52 + PS7 5 32

S8. . 52 + PS8 4 k¥

59 P31 + P512 0 0
-S1d 54 + ps1? 0 0

511 ) PS2 + P513 5 16
$12 81 + PS11 20 2

513 §2 + P51l . 20 2

514 53 + P311 . 10 Z

515 sS4+ pS1l . -3 2

- 516 ) } 55 + P51 5 pd
517 56 + P51 6 2

518 $7 + PSII 5 2

519 58 + PS11 4 2

]

These represent standards for developed countries; different standards may be more apprepriate for
developing countries. '
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TARLE VITI.1.5 ™
BOD LOADINGS PER UNIT AREA PER DAY UNDER
VARIOUS CLIMATIC CONDITIONS

Surface Loading Poprulaclion | Datention E
(Lb. ﬂﬂD;!hcre!ﬂny}ﬂ Fer Acroh Time {bays)© nvirnomental Conditions

Lasg than 9 Less then B0 Mora than 200 Fripid ronc with scagonzxl

’ ) . fee cover, unifarmly low
wWitet temperature and vari-
ahle cloud covar,

9 - 45 . &0 -~ L0S 200 - 100 Cold seasonal climate with
: ' aeagonnl ice cover and

ftemperabte summer tompera-

tures for short periods.

&% - 134 405 - 1,215 90 - 13 Terparate to semi-troplral
zone with occaslonal ica
eover and no prolopped
cloud cover.

13 - 113 1,215 - 2,834 - 17 Tropical zone with uniformly
. dizstributed sasghine and.

el - temperature and pe ssascnal
cloud cover.

P

SQURCE: &loyna, 1%71.

Opascd en the aSSumptién that the effluent volume 18 equal rto the fnfluenc
"wolume, f.e., thar the sum of the evaporacive and ecepapge logses {5 not greater
than rainfall.

bassuntng a contributieon of 0.11 1b. BOLg peT person per day.

Slased on an influent wvolume of 260 gallona af wasto par persen por day.

v
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Fig. VIII.1l.1, Schematic diagram of wascte stabilizatien lagoon operatd
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TABLE VIII.1.6

ARFAL LOADINGS USED IN TROPICAL ATIAS

—— A& ————————————
e ——

Danang, wier Ham

e ton Loading _Depch Na. of e -
an““?o” i1y, B0Dgfiere/Dayl) - (Fear) Lagoons Rezarks Source
t
Latin America
,Canaos, Cocata Rica 213 b 2 Saguitariva, paraiisi 3
Lima, Paru 254 2.3-40 1 .Faculcroive i
Lizma, laru 241 5,52 21 Fagulracive, series 2
Mexicald, Mexico 1062 lSa—ﬁ.Eb Ho data - Araerahic-faculrariva, i
. . series -

3racgilia, DBrazil 5369-80% 6.53.3.3% 2, Anaerobic-faculrative, 2

: sezles
Cznal Zone, Ponoma 153 6340 2 A~aerahic-fagulracive, K|

. series
Palmivra, Colembia 150 -5 ! Taculpative, series &

' and parallel
Asiz

Madras, Indiz 180 2,753-5b 5 Anaereobic-faculracive, 5

scries
Ahzedabad, India 200-250 I T4 2 Faculracive, series &
Atmedabad, Indla 325 (4 L Faeculzacivae 7
Kagpur, India 1385% 3.52 2 Facultative, series 7
Naopury India 4179-3947 I .2 Faculcariva, parallel 7
Bangkaok, Thoiland 5000 2 Na darta Anserobic 2
- Baagpkok, Thailand 200-400. 8-15 24 .High rare, parallel 9
220 No.data 2. Facultative, series 10



TABLE VIII. 1.6 ——Cont lnued

e —— e ———

e e e — e e ——

Loadings Depth . Bo. of .
ocation (Lb. 50D¢/Acre/Day} {Fect) Lagoons Remarks Source
Africa i i
Mandarellas,
Southern BRhedesia 1669 . 4B_ab 6 Facultatiwve, series 11
Nairobi, Kenya §1,501-57b 5.7 2 Facultative, series , - 12
|

CrImrFs: Frroyglacian of rakhla, MHMa- T8 7

1. ZSaenz (1959} 7. Dave and Jain (1966)

2. Talboye {1971} B. McGerry ané Pescod (1970)
3. Eckley, Canter, and Reid {(1974) . g, MeGarry {1970)

4. Canzer {1969) . . 10. Duttweiler and Burgh {1959}
'5.. Purushothaman (1970) ) 11. Rodgson (1964}

5.

Jayangoudar et al. {1970) 12, WHO and Government of Konya (19?3‘

- 8pyimary ‘ponds.

b5ecundary Pands.‘



TABLE YILI.1.7 A5

DESIGN CRITERIA FOR POWDS ARD AERATED LAGOONS

1IN BRAZIL
N ———————— S — ot~ g
Facultative Fond Aerated Lagoon

Efficiency (F) ' 90 90
Nepth (metar:) F 2 .3
Detention l:ilme {days) , . -— . &

BOM:, (gmfcapita-day) i ) 54 ' 54

lew (1/cap~day) . 170 E 179
Tewmpercatury I:DE}; I ' 17% ;— 21°¢ . 0%
hon_ /L0y ‘ - L. - 1.46
Maxloum aves per pond {Lhectares) - "8 B
Constant Ky (per day} : 1 - ' | 0.35
_Kg 0, added/Kp B removed -— : 0.7

Kg 0, added/h.p. fhr ) : . - 1.2
Up/1006 m? o -- ' 2.68

SQUPCT:  Morrespundence with E. Jordao, Ria de Jareiro, Brazil.
TAULE V11I.1.10

LAND REQUIREMENTS OF WASTEWATER TREATMENT PACTLITIES i
1:r='=:ﬁ====ﬂ-n1=:====n-===-=== - S——— P
sapacic 3 . M
Ilfl**lf.‘.l?:)!llIr Pinlutiﬂn (:;;E:ﬂ} {ﬁcrategLizzaunsb} (hctivgszssSludgE“}
1 10,000 1¥ 1 | 15 | 10
Io 100,006 180 ) 50 20 H
25 25:1, 000 450 14 | 35
20 ©o 500,000 tHIele 125 | © 45
100 1,000,000 1,800 250 7

Enased on ¥V = (3.5 x 107%)NqL 0035 = Tm) and depth » 2 maters.
Based on 6-day detention time. '
CEFA efrcimates.

———— .
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TADLE vITIL LN

CAFITAL AND OQFPERATING COST FOR

WASTEWATER TREATMENT PLAXT USING ACTIVATED SLUDGCE FOR

(1975 DILLARS)

BIOLOGICAL TREATMENT AMD ANAERCBIC DIGESTION ARD ENERGCY RECOVERY

m:“—rﬁmgm__ﬂ—#——m

Capital Cost

Cperating Cose

' . . Biological Waste-’ Sludge Digestion and Chemicals, Sludpe Handling'
Laﬂ;;;E? Paz:iizzun water Treatment Energy Recovery - Labor, etc. and Electrical
($/Capita) {$/Capita) ($/Capfyz) ($/Cap/y<)

1 10,000 $53.70 $48.93 $3.35 §1.52
Lo 100,000 21.43 10.79 D.95 0.32
" 25 250,000 17.58 7.30 0.70 d 0.27
50 500,000 15.78 6.58 0.56 C0.24
100 - 1,000,000 14.22 6.18 0.46 0.22




Sessions g5 A2
4.3 54.9

457

TITLE: Computer Demonstration and Case History

DBJEEfIUE:

The purpose of this lecture is to acquaint the workshop participant with the use of the madel cn the microcomputer.
The sequence of the lecture will be to briefly review the filtering process in the model then turn to the use of the
microcomputer. |

Th%#gnals of this lecture include the following:

{a) to increase the participant's underat;nding of the water/waste treatment selection model; and

| {b) to outline a comparison of information prncessinﬁ technology.
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TYPES OF SCREENING INVOLVED IN THE SELECTION OF A COMPATIBLE
LOWEST COST COMBINATION OF TREATMENT PRQCESSES

All Processes
with Costs

ﬂﬂﬂT?
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—>

Combinations

/
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Required Effluent

Quality and

Treatment Goals

/

Determination of
Lowest Cost
Compatible
Combination of
Treatment Processes
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Total Cost Comparison For Information Processing ~  Labor Intensity For Information Processing

}
iotal Cost Labor
Intensity
For The User
1 i ; o -
:Pen And Papep . +Pen And Bapar
¢ Lalculator . Calculator
-y Smail Computer » Small Computer
« Large Computer » Large Computer




e

PLUASE CIIOCSE A BYSTEM FOR DATA INPUT -
NS TOLLCANS:

ENTER 1 IF YOU WANT DATA INPUT I
BLOCKS OF QUESTICNS, IN INGLISH OWNLY.
PRZSS RETURN.

ENTER 2 IF YOU WANT DATA INPUT BY.
SINGLE QUESTICN, IN ENGLISH ONIY.
PRESS RETURN,

22

FUNCH IN DESIGN DATA IN THE FOLLOWING
FORAAT

YFAR OF THE AVAILABLE POPULATION,
POPULATICN VALLUE IN TTIIAT YEAR, .
POPULNIION GROWLH TATE LYPRUSSED AS A
DECIMAL (1.8},

BASE YEAR OF DESICH,

PROJECTED TERMINAL YEAR OF DESIGH
21970, 10181, 1.7, 1980, 2000 .

PUNCH IN LOCATICN DATA IN THE FOLLOWING
FPORMAT:

COMUNITY ,

STNIT OR PROVINCE,

COTNTRY,

PIANNING GROUP

2SYALLVILLE, KRNSAS, USA,

AVERAGE IEVEL OF EDUCATION CBTATNED BY
TEABITENTS LIVING I THE COMMITNITY

o Lo k-

ETRIC, PRI~ HIGH  TECENZITAL

LEVEL NOWE MARY SCUIOOL INSTITITE COLLECT
1 95% 4% 1% 0% Cy -

2 708 193 7% 3t 1%

3 55% 228 14% . 6% 3%

4 9% 34%  42% 8% 7%

73
ANVERAGE DISTIUGUTICN OF IABCE: FOOTE IN
ThE CO2ANITY
-~
LEVEL UNSKILLED SEMISKILIXD =TRCFESSICT .

1 97% 2% id

2 803 16t a%

3 618 27% 12%
4 45% 30% 25%

72

NoNURL AVERAGE INCOVE PER FRAATLY IN
APPROMIMAGT, U.S. DOLLAR DOUTWALLNLG

1RG5 TN F100

$100 ‘10 §500

$500 10 $1000

$1000 TO $3000

GREATER THAN $3000
73

MONG THE HIGILY SKILLED MND» TECHNICAL
WORKERS (ECOHMOMIST/TNGTMNTER/(THEMIST
EIC.) WHAT PERCENTACE OF THESE IS NOW-
LOCAL QR WCH-MNATIVE PEOPLE?

1ESS THAN 10%

1
2 10% TO 25%
3 253 TO 50%
4 50% IO 75%
5

75% T0 1008



2hd

73 -

ARE TIERE ANY PRIMARY OR SECONDARY
SCHOOLS OPERNTED BY VOLINTARY OR
MISSICHARY ORGINIZATIONS RATHER TIWWN
TiE GOVERMENT ITSELF?

EwTEZR 1 IF YES

EXIER 2 IF KD

27 o

VHAT IS ™= BIGEST GRADE OFFLEZD BY
LOCAL, SCHOOTS O A RECULAR RASIS? (ENTER
THE NUMBER. FOR 12+ EWTER 13.)

12345678910 17 12 12+

?13

IF TIE NGRER SELECIED IN QUESTION 6
IS LESS TIIAN 12 HOW I'MR MwnY IS THE
WERREST 1ITGY SCHOOL OFUIInG TIE 12TH
GRADE?  DWTER THD BUMERR

1 IF LESS THAR 10 MILES{10 KILOMETERS)
2 IF 10 19 30 MIIIS(16 TO 48 KM)

3 IF 30 TO 50 MILES(4B 70 80 KM)

4 IF GREATER 71N S0 MIIES (B0 KM)

70 , -
ARE. THERE ANY TECHNICAL OR VOCATICNMAL
SCHOOLS IN THE COMMEINITY?

ENTER 1 IF ANSWER IS YES
ENTER 2 IF ANSWER IS NO

?1 F— _ - ne
HAS THE COMIUNITY ACHIEVED COMPULSORY
PRIMARY EDUCATICN OF AT LEAST 6 YEARS?

ENTER 1 IF ANSWER 1S YES
INTER 2 IF ANSWER IS5 NO

22.

ARE MIERE ANY CORMAL IN SERVICE
TIATVING PROGRAMSG BY BEITIER THE
COVERDENT OR LOCAL INDUSTRY FOR
THEIR IMPLOYLRES?

ToTER 1 IF ANGKER IS VES

TITER 2 IF MNSWER IS KO

71 )

IS THERES A OOLIEGE OR UNIVERSITY IN TiE
1LOCAL, OONMMUNTTY?

INTER 1 IF ANSWER IS YLS
ENTER 2 IF ANSWER IS IO

7]

- LOES NE UNIVERSITY HAVE A CHEMISTRY

DEPARIMENT OR LARBORMNTORY?

ENIER 1 IF ANSWCR IS YES
GIER 2 IF ANSWER IS NO

2/
15 UNIMPLOYMENT WIDESPRIRD?

INTER 1 IF ANSWER IS YIS
£NTER 2 IF ANSWER IS5 NO

2

ARE ADVISORY SERVICES WIDSLY AVATLABLE
TO FARMERS FOR COMVMUNITY DEVELOZWMENT OR
FOR CTHER PROGRMYS DESIGNED TO UPGRACE
THE SKILIS AD ENLIST THE PERTICTATION
OF THE INHABITANTS?® |,

ENTER 1 IF EKSWER IS YES
ENTER 2 IF ANSWER IS5 RO

£



ZBF .

22 .
DO MOST COLLEGE OR UNIVERSITY STUDENTS
OF TV COMMUNITY RECEIVE THEIR

COUCATION IN NEIGHBORTNG COMMUNITIES OR

KEIGHBORING COUNTRIES CR UTH.ER FOREIGN
COWIRIES?

ENTER 1 IF ANGER IS YES
ENTER 2 IF ANSWER IS RO

M
THFE IZVFT, OF TROHNOTOGY AVATTAGLE (AN
GENERALLY BL CLASSIFILD AS

1 HAND TCOLS ONLY

2 MECHANICAL 'TOOLS

3 CHEMICAL PRODUCTS

4 ELECTRONIC IECHNOLOGY
7?2

DOES TIE COVERIMVINT DOATMATE THE LABOR
MAREET?

ENTER 1 IF ANSWER IS YIS
ENTER 2 IF ANSIVER IS NO

22

ARE PUBLIC CMPLOYMENT SERVICES READILY

AVAILABLE?

" ENTER 1 IF RNSWER IS YES
ENTER 2 IF ANSWER IS NO

71

(COUNT EACH "NOT AVAILADLE" ANSWER
LINEG AS 1 AND CACH “AVAILABLE* ANSWER
LINE 25 0. ENTER THE SUM OF THIS
COUNT. )

o = R I P PR

A&7
FOR OPERATICN DQUIPMENT HOJ MANY OF THE

FOLLOWING ARE NOT' AVAILARLE I.H 1L
OOMMLINITTY?

Meters; water; gas:. thermostats

Sheet metal -fabrication, ete
auges; vaown:, flow. ote

labortery couipment; test tubes
Portable powsr plants

Electrio motors

Pumps, fans, etc

PR ST, SV

72
{COUNT EACH "HOT AVATLABLE" ANSWER
LINE AS 1 AND EACH "AVAILABLE" ANSWER

* LINE AS 0. ENTER THE SUM OF THIS

COUNT. }

FOR PROCESS MATERIALS HOW MANY OF THE
FOLIOWING ARE NOT GENERALLY AVATLADLE
™ THE LOCAL COMRRMNITY?

Pipe( clay, asbestos, coment, eto!
Pipe( cast iron, steel, mpper}
Concrete, cement

Valves, pipe f.:.ttmgs

Tanks

structural steel

Heat exthangers

>

{gmwr EACH "NOT AVATLABIE" ANSWER
LLE AS 1 AND FACH "AVATLABLE" ANSIER
LTDE AS 0. ENTER THE S OF THIS
DT ) -



FOR OPERATTON EXD MAINTISWNGT SUPPLIES
THICHT OF T30 DO T TG ARD MO
GQINERALLY AVAILISLE IN TIE LOCAL
COADRNITY ? '

1 Silica sand and gravel

2 Paint

3 ¥ater sealing compound, SRoxXy
4 Petroleum

5 Electricity

71

{CORRNT EACH "NOT RVAILABLE" ANSWER
IINE AS 1 BRND EATH “AVATLABLE" ANSYER
"LINE AS 0. ENTER THE SUM OF THIS
COURT., )

FOR CHEMICMN. SUPPLIES [OW MANY OF THE
FOLLOWING AE NOT GENERALLY AVATIABLE
IN THE TOCAL COMINITY?

1 Abcwimin sulfate (AL2{504)3);
ferric chloride(FECL3) ;
olyeloctrolytes,

' Soda ash {MA2C03) ;
activated charcoal;
lime {ChD)

3 Chlorine{C12) ;
ozone {03) ;
chlorirdioxide;
bromine

4 ETH;
copper sulfate (CUS04)

188

I5 GROUNDWATER AVAIIABIE?

1 YES
2 D
21

USTXG DRTA INDICATED BY TEE RAW WATER
COATITY SECTION OF YOU QUZSTICNAIRE
ANSWER TiHE POLLONING QUESTIONS

[NTER THE NUYBER OF COLIFORM BACTERTA
(FPN/T00 ML) **

750 _

EMTER THE TURBIDITY (JACKSCN TURBIDITY

LRIITS) *#

250 )
FTER TIE HARDNESS {(MG/L) **

2100
ENTEZR THE TOTAL DISSCOLVED SOLIDS{TRS) Y

21000

 EVTER FE AND MY (MG/L}**

?.5






THE ILDC WATER AND SEWAGE TREATMENT
PLAVNING MODEL

FOR THE COM-LAITY SMALIVILLE
IN THE STATE OR PROVINCE OF  KANSAS

IN THE COUNTRY OF USA

YOR THE PLANNING GROUP

BASEYZAR = _ 1980

_kkw¥ PRTER THE NUMBER 5 WHEN YCOU WISH
T OONPINUE****

?5

*&* CITTARLE WATER TREATVMENT PROCESSES
FOR IMPLIMEMATION IN...1980...%**

FEASIBLE

INITAL AVERLGE
PROCLEES CONSTRUCTION  MATWTENANCE
CopMBINATIONS  Q0ST FATIO CCOST RATIO
W2 14.66 3.14
W5 17,66 o 7.13

. **ADNTER 5 W1 YOU WISH TO CONITRUE***
73 :

FEASIBLE TOTAL " MANPCWER

PROCESS ~ COST RATIO REQUIRED
COMBINATION 20 YEAR  UNSKIL SKIL PROS
W2 77.53 2 0 0
WS 160.23 3 1 ©

. e LOWEST TOTAL COST RATIO IS
W2 AT A 20 YEAR SUM OF  77.53

*+*ENTER, 5 I*HEZN YOU WISH TO CONTINUE**™
75 )

TUE FISOUAM WILL KOT PROTID UNTIL YOU
PUNCHT T A NUMBER FROM THF KEYDONRD.
PLEASE ENIER TIE MNuMBER WD THOICATES
YOUR CHOICE .

0 IWDICATES THAT YOU DO NOT WISH TO
USE NIE WASIE TREATMENT SECTION OF THE
MODEL- ‘

1 INDICATES THAT YOU DO WISH TO USE
THE WASTE TREATMENT SECTION OF THE
MODEL .
21

DO YOU PREFER TiE DILUTION RATIQ TO EE
IASED ON BOD OR COLIPORM?

ENTER 1 IF YCOU PREFER THE BOD BASE
ENTER 2 IF YCOU PREFER TIIE COLIFORM BARSE
k!

INFUT THE DILUTIOH RATT
215 : .

**%% SUITABLE WASTE TREATMENT PROCESSES
FOR IMPLEMENATICN IN.. L1980, ., AN

FEASIBLE INITAL MERMGE
DPROXTESS COWNSTRICTION MAINTENANDE
COMBINATIONS COST RATIO  COST RATIO
S3 2.07 3.75

84 18.2 16.05
9. 28.72 12,7 ¢
$10 37.14 21.92



s

THE PROGRRM WILL NOT PROCEED UNTIL YOU
PUNCHE 1IN A NUMBER FROM T1IC, KEYBONRD.
PLEASE ENMTER THE WUMDCR 3HICH INDICATES
YOUR CLOICE

0 IDNDICAIES TIAT YQU OO RO WISH TO
USE THE WATER TREATMINT SECTION OF THE
MOCEL.

1 INDICATZS THAT YOU DO WISH TO USE
THE TWTER TREATMENT SECTIGN OF THE
DDEL. .

?1

ENTER THE MFBER WHICH CORRESPONDS TO
VOUUR PREFERENCE TN DISPLAYING THE QOST
DATH

i TEPTIESENT WO COST AMALYSIS NEEDED

»" ' REPRESENTS RELATIVE COST PATIOS
NASED ON U.5. DOLLARS IN 1978 PRICES

3 REPRESENTS TOCAL COSTS WHICT YOO
MIST SUPPLY TQ THE COMPUIZR AS DATA.
IF YO CHOOSE 3 INSTRUCTIONS WILL BE
DISPLAYED FOR ¥OUR DATA ENIRY. -

72

AR

LHAT DISCOUNT RATE AND TIME SPAR WOULD.
YOU LIKE T USE 18 THE PRESEHT YALUE-
CALCULATILIS?  ENTER DATA IN THE
FOLLOWIHG FORMAT

GiSCOUNT RATE EXPRESSCD AS A DECIMAL
YALUE {ENTER .0725 FOR A DISCOUNT RATE
0F 7.25%.)

THE HUMBER OF YEARS TO BE USED FOR °
THE DISCOURTING (20 FOR EXAMPLE)

[ R HnTE * k¥

1F YOU DO HOT WISH TO DISCOUNT THE
DPERATION AND MAINTEHANCE COST THEN
ENTER THE MUMBER ZERO FOR THE DISCOUNT
RATE. ENTER THE BUMBER OF YEARS IN A
HORMAL FASHICN.

A TYPICAL DATA ENTRY WOULD BE

..0725 .20
2.0725, 20



Title:

3

sessjon 5.1

Land Application, Aquaculture,

. and Qn-site Treatment

" 277

A7 7
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(excerpt from Chapters VIIT & IX)

1. Aqua-Culture {pg 478 & 481)

Objective:

A,

B.

C.

D.

The primary objective for Aqua-Cultures is food production
in developing countries,

In the United 5tates or developed countries, the primary
intarest is in the removal of suspended solids.

Problem is that the guidel ines that maximize fish productign
are nat the same guidelines that would renove the gresztest
amounts of contaminates or suspended solids.

Guidelines:
1. Maintain 3 p.p.m. dissalved oxygen.
2. Elimination of toxic substances.

a. ammonia
b. sulfides

1. Haintéin proper pH,
4. Maintain consistent "proper temperatures.”

€. Maintain proper biological balance that yields adequate
gquantities of fish food.



" {Exaniple #1)

In Europe dilutions of two to five volumes were used per volume of
settled sewage.

b

1. Depth one to two and one-half feet oL

2. Loadings of 800 to 1000 peaple per surface acre
uf pﬂ-"dr L.

3. Ducks were used to keep the pond ciear of weeds.

4, One acre of pond produced 400 to 500 pounds of fish
agnd 200 to 250 pounds of duckmeat.

5. Ponds were drained and cleaned during winter when ice
retarded aguatic life,

II. Lagoons
tables text pqg 453, 454, 463, 464, 470
A. Example Oklahoma Lagoon Projects
B. Fish used ‘
1, Carp
2. Goldfish
3. Flathead Minnow
4. Golden Shiner
5. Blackbull Heed
. Channel Catfish



c.

0.

Mosquito Fish

8lue Gii1

, Green Sunfish

_Large Mouth Bass

Tilopia

Six cell Lagoon

1. '
2. .
'3..

4,

first and second were aerated

The mean BOD removal level from June to October was 95%.
Suspended S0lids removed 594X

a. efflyent 12 mg/1

fical coliform bacteria reduced from 3 x 108 to 107100 ml.

Growth rates in sewage-pends in Okiahoma

1#

2.

- .

4.

Third Cell an increase from 1500 - 4300 1bs/per acre for

Tilipia in 191 days. '

Third and Fourth Cells Cat Fish increased from 600 to 4400
1bs/per acre in 120 days.

Fifth and Sixth Cells Shiners {ncreased from 5 to 536 1bs
in 120 days.

The Tilipia will increase (4 to 5 times) more when fed grain, in

the amount of 3% of their body wt/per day, as when fed algae, and
(20 to 40) times more when fed on sewage effluent,

m



)

I,

Iv.

F.

. Factors 1nfluencing production

1. Species of fish
2,  Age of fish

Income 2.5 c/par 1000 gal. of seﬁage treated.

¥Yascular Plants

A.
8.

C.

Water Hyacinth are & prime candidate for nutrient removal,

Plant production: can be used as ruminant feed, gr for methane
production. .

Fish production can be used for animal feed and fertilizer.

Health Considerations

IAI

Potent1al health problems associated with fish and shell fish grown
in a wastewater enviroment.

1. Salmonella

2. Polio viruses

3. Coxsackie viruses

4. Shigella

5. Cholera

6. Enterpathcgenic Yiral Hepatitis

From the European market recommnendations were:
1. That the fish grown in the wastewater be placed in a fresh

water environment for 2 period of two to three weeks prior to
narvesting. -
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Session 5.2

;}8#

Title: Policy/Sensitivity Analysis Oemonstraticn

Objective: The purpose of this Jecture is to demonstrate a
sensitivity analysis approach to the selection of water/waste
treatment technology. The demonstration will input a set of
test data to the computer, and use that data in a sensitivity
analysis framework.

The goals of the lecture are:
(a} to indicate the application of sensitivity analysis;
{b) to reinforce the computer usage of the water/waste

treatment selection model.



LLEMSY CHOOSE A SYSTEM FOR DATR INPUT
A5 FOLIOWS:

ENTER 1 IF YOO WaNT DATA INPUT IH

BLOCKS OF QUESTIONS, IN ENGLISH MLY.

PRESS RETURN.

EYIER 2 IF YOU WANT DATA DPUT BY
SINGLE QUESTION, IN ENGLISH QMIN.
PRESS RETURN,

1

PUNCH TN DESTS DATA IN TIE FOLLOWING
FOEMEAT +

YOAR OF THE AVAILABLE PORULNTICN,
POPULATION VALUE IN THAT YEARR,
FOPULATICN GROSTH RATE EXPRESSED AS A
meran (1.8),

BASE YEAR OF DESIGN,

PROJECTED TERMINAL YEAR OF DESIGN
71976,10181,1.7,1980,2000

nn

A 70

PUNCH IN LOCATICN DATA IN THE FOLLOGTN.
FORMAT: f

CONDLRITY,

STATE OR PRONVIICE,
COIIRY ,

PLANNING GROUP

PSMMLLVILLE, KANSAS, USh,

PLEASE INPUT DATA FROM T QUESTICMAIRS
(SECTION III IABELFD SOCIC-
TECENOLOGICAL DRTA GUESTIONS 1 —ImOUGH
18) IN THE FOLLOWTHG FORMAT

WNWERIC CHOICE rOR QUESTIN 1,
NUIMERIC CHOICE FOR QUESTICR 2,. EIC.

AN EXAMPLE OF THE INPUT DATA WOULD BE:

312;3r1 ;EIC-
ik WOTE ki

QUESTICN 13 IS NOT INCIUDED IN THIS
ARWALYSIS., THE FESPONSE TO QUESTION 14 ¢
FOLLOWS THE RESPOMNSE TO QUESTICN 12,

?31213?3!2:13:'3!112r1r2j1111211 rzrz.rj,'






AT

INPUT INDIGENOUS RESOURCE DATA IN THE
FYELOMNG FORMAT

QPEPATION EQUIPMENT AVAITABILITY,
PROCESS MATERIALS AVIALASILITY,
CPZRATION AND MATNTENANCE SUPPLIES
RNIINBILITY,

CIJCAL SUPPLIES INVAITABTLITY,
CROCHNDAATER AVALLASILITY

kk MAT, h&*

AVATIARILITY IS DETERMINED DY ADDING
THE NUMBER OF ITEMS CHIXKED {{OT
MNATIABLE}, FOR EXAMPLE IF QUESTION 20
HAYO THIRCE TTFMS CFECKED AS NOT
AVETTABLE TAEN THE WUMBER 3 WOULD BE
EXTCRED AS OPERATON EQUIPMENT
AATLABILTTY.

?2,3,1,21

INPUT RAW FVTER (UALITY DATA (SFE THE
(UESTICMATRE PART IV} IN THE FOLLOWING
FORMAT

MRABER OF COLIFORM RACTERIA,
TURBIDITY,
HARDUESS,
TOTAL DISSOLVED SOLIDS,
FE A M
?50,50,100,1000,.5

272

THE PROGRAM WILL NOT PROCESD UNTIL YOU
PLCH IN A NUOMBEDR Fprpd THE EEYEQOARD,
FLI'MSE ENTER THE NIBBER WHICH DINDICATES

M CHOIC®: '

0 INDICATES TIIAT YOU DO RoT WIGH 1O
USE THE WATER TRCATMEMT BESTICN OF TPUR
MOETTE..

1 INDICATES THAT YOU DO WISH T0 USE
THE WATER TREATMENT SECTION OF THE
MDODET,.

1

ENTER THE NIMBER WHICH COREESICHDS TO
YOUR PRUETERENCE IN DISPLAYING THE COST
DATA -

1 FUPRESENT NO COST ANALYSIS NEEDID

2 REPRESENTS RELATIVE COST RATTOE
EASED ON U,S5. DOLIARS IN 1978 PRICES

3 REPRESZNTS TOCAL COSTS WHICH YOO
MOST SUPPLY TO THE COMPUIER AS DATA.
IF ¥YOU CHQOSE 3 INSTRUCTIONS ITILL BE
OISPIAYED FOR YOUR DaTA ENTRY,

2?2



a3

WIAT DISCUUNT IATE AND TIMY SPAN WCULD
YOU LIKE TO USE IN THE PRZSINT VAlLs
CALLULATICNE?  ENTER DATA IN TR
POLIOITENG POISMAT .

DISCORT RATE EXPRESSED AS A DECTMAL
VALUZ {INTER .0725 FOR A DISOOUNT RATE
& 7.25%.)

THE NUIMBER OF YEARS TO BE USED FOR
DISCOUNTING (20 FOR EXAMPLE)

* &k NCTTS k¥

IF YOU DO HOT WISE TO DISOOUNT TES
CPESATION AND MATNTENASCE OQST TN
INTER TIE KURNER ZERD FOR THE DISCOUNT
FATE. EWTER THE NIMVBER OF YEARS IN A
NORMAL FRSHION,”

A TYPICAL DATA ENTRY WOULD BE

0725,20
2.0725,20
THE IDC WNTER AND SEVRGE TREATVENT ;
FLANNING MODEL
FOR TiE QOLTMNITY BINVIINTIIE
In TE STAIE OR PROVINCE OF  KANGAS

IN TobE COUNTRY QF Ush
FOR THE PLANNING GROUP
BASCYEAR = 1580

. e

Al

kukk ENITR THE NUMBER 5 WHEN YOU WISH
TO QOTINRIGH w &

73

*xw SUITARILE VATER TREATZZNT PROCESSES
FOR IMPISMENATION IN...T19B0...***

FEASIBLE INITAL FNEPAGE
BROCESS CONSTRUCTI(N  MATNTENANCE
CXEINATIONS OO5T RATIO CosT RATTO

©owW2 14.66 3.H

WS 17.66 7.13

***ENTER 5 WHEN YOU WISH TO CONTINUE*¥
?5 '

FEASIBLE TOTAL SANPCER

IOCESS COST RATIO REQUIRED
OVMBINATION 20 YEAR - UNGKIL SKIL PROF
W2 ¥1.53 2 0 D
W5 160,23 L 4]

THE LOWEST TOTARL OOST RATIO IS
W2 AT A 20 YEARR SV O 77.53
d
**AENTER 5 WHEN YOU WISH TO CONTINUE**w
?5 " .



TIE PROGRMM WILL NOT PROCIYD UWTIL You 47 ]
PUNCIT TN A NUMBER FTOM JHE KEYREOARD, o
PLEASE ENTER THE NUMEER WHICH INDICATES

YOUR ClIOICE

0 INDICRTES THAT YOU DO HNOT WISH TO
IFE TiHE WASTE TREATMENT SECTION OF THE
MODEL,

1 INDICATES THAT YOU DO WISH TO USE
TE ({(ASTE TREATMENT SECTION OF THE
21

D3 YOU PREFER THE DITLUTION RATIO TO EE
BAGED OR BOD OR COLTIFORM?

ENTER 1 IF YOU PREFER THE 20D BRSE
INTER 2 IF YOU PREFER THE COLIFORM BASE

21

INPUT THE DILUTYCN RATIQ

0

) 296
*xk SGUTTARLE WASTE TREANMERT PIOCESSES

TOR IMPLEMRATION TN, .. 71980, . . %%*

FEASTRLE THITAL MVERMGE

PR ESS C CONSTRUCTION  MATHTINANCE
CCHBINATIONS C0OST RATID COST RATIO
83 : 2.07 3.75

54 iB,2 16.0%

59 28.72 12.7

510 37.14 21.92 .

AHXNTER 5 WM YOU WISH TO CONTINUEX**. .
™

FERSIBLE TOTAL WANPCORER

PROCESS COST RATIO RECUIRED
QX BINATICH 20 YEAR UNSKITL, SKIL PROF

g3 16,99 Z 0 0
54 338.19 2 1 G
59 282,68 i 10

810 475.44 4 2 0

THE LOJEST TOTAL COST RATIO IS
S3 AT A 20 YEAR SI4 O 76.99

“%*ENTER 5 VHEN YOU WISH TO CONTINUE®**. .
75



2 77"

DO YOJ WISH TO USE THL SEMSITIVITY
JLOTYSIS SDCTION OF THE MODEL?

EXTER 1 TF YOUR ANSSER IS YES
EVIER 2 IF YOUR ANSRER IS NO
21

BASED O THE SCCIO-TECHMOLOGICHK, DATA
WHICH ¥OU ETERID ABRCWLE THE FODET, RS
TETTMTRED THE FOLLTNG

FARkRKE A A LR R R AR T AREER LR AR TR T I bk vkt Rk,

ORIGINAL DATA

STL = 3
UMSKITIIIy =1 .
SKILIED = ]

PRCFESSIONAL = €
*hk ¢ wak

1 MEANS THE PARAMETER IS AVATIARIE
¢ FEANS THE PARMETER IS NOT AVATIARLE

DO YOU WISH TO CHANGE THE STL LEVEL?
ENTER 1 IF YOUR ANSVZR IS YES

EVIER 2 IF YOUR ANSWER IS RO
72

i1q8

278
BASED ON TIE THDIGERDUS FESCURCE DATA
VHICH YOU ENTERED ABOVE THE MOUEL HAS
IEITRAINED THE FOLY OWING

ORIGINAL DATA
FESOURCE 1=YES 0=NO
TYPE  AVAILABILITY

CE 1
EM 1
o 1
5 0
&7 1

LIRS S 4 L L 5ot

1 = AVATILABIE (O = NOT AVAILABEIE

DO YOU WISH TQ Ot XGEE THE AVALTMBILITY
O TIE ABOVE RESOURCES (1=YES 2=N0) 7
k|

CeERRTION BOOIPMEIP{CE) =

PRCCESS MATEREALS (P} =2
CPEINTION & MAINIENANCE SUPPLIES (QMS)=3,
CIEICAL SUPPLIES (CS) =4

GIORTYRTLR AVAILABILITY {&Gi) =5

ETER THE MSER OF TUS AT VIO
YOU WISH TO CHANGE(CE=1,P¥=2,EIC.).

24

INPUT CS AVATLABILITY

21

NEW DRTA
FESOURCE 1=YES 0=X0
TYFZ  AVALLABILITY

0= 1.
B
(5
c3
e 1
FNOTHER CHANGE {1=YES 2=ND) 7
22 . .

— -k =t



FASID N TFIE 7 WATER QUALITY nmnra
WHICH YOU EXIZRID AROVE TEE MODEY, g
TETERMINGD To DOLYOWING

ORIGINAL T7Th
EARNETER LEVEL

COLIFORM 50
TUBIDITY 5D
HARDINESS 100
TDS 1000
IE & MY .o .

DTLUTICN 15
Tk dok ek Rk kR Rk

1 = AVAILARIR 0 = NOT AVATIARIE

DO YOU WISH TO QWGE Tos TEVTL OF THE
PLINE PAPAMETERS (1=VES 2=110) 7
22

THE PROGRAM WILL NOT PROCEED UNTTL YOU
. PUNCH IN A NRZER FRGA TiE KEYEORRD,
FLEASE ENTER THE MUMBER WHICH INDICATES
" YOUR CHOICE

0  TNDICATES THAT YOU DC NOT WISH TO
52 THE VATER TRENDMENT SECTION OF THE
MODEL, .

1 INDICRATES THAT YOU DO WISH TO USE
THE WATER TREATVENT SECTTCN OF Tue
MIOET,,
|

300

2TER THE KIMBER WHICH QORRESPOIDS =0
YOUR PREFERENCE IN DISPLAVING THE COST
DATA :

1 FEPRESENT NO COST ANALYSIS NEEDED

2 REPRESENIS REIATIVE COST RATIOS
BASED ON U.S. DOLLARS T 1978 PRICES

3 REPRESENTS LOCAL COSTS WHICH YOU
MIST SUPPLY TO THE QOMPUTER AS DINTA.
IF YOU CHOOSE 3 INSTRUCTICNS WILI, BE
UISPTAYED FOR YOUR DATA ENTRY,

22

VEAT DISCOUNT PATE MND TIME SPAN WOUID
YO LIKE TO USE IN THFE PRESENT VALUE
CALCULATICNS?  ENTER DATA IN THE
FOLLOATING FORMAT

DISOOUNT FATE EXPRESSED AS A DECTMAL,

. VALLUE {ENTER 0725 FOR A DISOOUNT RATE

O 7.25%.)
TEE KUMBER CF YFARS TO EE USED FOR
DISCOUNTING (20 FOR EXAVPLE) '



L

NOTE & ko

IF YOU DO BOT WISH TO DISOOUNT THE
CPEPATICN 22D MDD RS O0ST T
ENER THE NIMAER 2EN0 FOR THE DISOCUNT
FEATE, ENTER THE NUMZER OF YEARRS IN A
BOTMAYL, PASHION,

A TYPICAL DATH ENTRY WOULD BE

.0725,20
2.0725,20

THE LDC WATER KD SEP."E‘RGE THREATHENT
FLINNING MODET.

FOR THE OCM UNITY SAMLIVILIE
T THE STATE OR PROVINCE OF  KANSAS
IV THE COUNTRY CF UsA
FOR THE PLANING GROUP
FASTVEAR = 1980

3nn

o3
*+&* ENTER THE NUMBER 5 WREN YOU WISH
TO QONTINUE* ***
25
*%# GUITABLE WATER THEATMENT PROCESSES
TR DPLEMGEATION IN,..1980.,. %%

TNITAL

FEASIBLE INERME

1 OCESS CRETRUCTION  MATWTENENCE
COH-RINATIONS COOST RATIO  COST RaPIN
W2 14.66 3.14

95 17.66 7.13

16 29,74 16.06

W7 17.6 4.66

w18 20.6 13.64

#%*[NTER 5 WIEN YOU WISH TO OONTINUE*#4
75

FEASIBLE TOTAL

MMNPOWER
PROCESS COST RATIO REQUIRED
OB INATION 20 YEAR UNSKEIL SKII, PRI’
2 F77.53 2 . 0O
W3 160.23 3 1. 0
e 351.04 2 1- 0
W7 210.77 3 1 0
3 293,47 4 2 1}

THE LOWEST TOTAL COST FATIO IS
w2 AT A 20 YEAR SUM OF  77.53

WANENTER 5 WHEN YOU WISH TO QNTINTE**+

L

303

TiE PIOGRAM WILIL NOT PROCIED UNTIL vl
Y IN A NREER FROM THE KEYSORD.
FLEASE ENTER THE NUWMBER wWHICH TREITCATS!
IR CHOICE

D INDICATES THAT YOO DD NOT WISH TC
USE THE WASTE TREATMENT SECTION OF TR
ML,

1 INDICATES THAT YOU DO WISH TC Ues
THE WASTE TREATMENT SECTION OF =
MODEL,

71

*%%* SUTTARIE WASTE TREATMINT PROCESZE:
FOR IMPLEMERTION IN...1980..,%**

FLASTRIL INITAL AVESAGE
PRCTSS CONSTRUCTTION  MATNITENNZT
O BINATIONS COST RATIC COST FHT“D

53 2.07 3.75

54 18.2 16.0%

s9 28,72 12.7

s10 ) 37.14 21.92

sl4 9 10.9%

813 . 25 23.25

whRENTPR § VEEN YOU WISH TO OO INUES*
e
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I.

EXPERIENCIA  EN EL TRATAMIENTO DE AGUAS RESIDUALES EN MEXICO

INTRODBUCCION

Uno de les pardmetros de cuantificacidn y control de la con
taminacibén del agua que mis atencién ha recibido en México

y en otros paises, ha sido la Demanda Bioquimica de Oxigeno
(DBO). En base a este pardmetro se han llevade 2 cabe nume
rosas actividades, tales come estudios de monitoreo, aplica
ciones de modelos de simulacidn digital, estudios y proyec-
tos, construccidn de plantas de tratamiento de aguas resi-

duales, planeacién de la administracidn del manejo del agua,
establecimiento de normas para cuerpos receptores y enseflan

za e investigacibn en los centros de educacifn superior.

Esta situacidn se ve reflejada en la mayoria de los sistemas
de tratamiento de aguas residuales,municipales que existen
en México, leos cuales han sido disefiados para remover princi
palmente la materia ergidnica, medida a través de la DBO, con
tenida en las aguas residuales. La razén de que exista una
tendencia a implantar este tipo de sistemas es obvia, la tec
nolegia para el control de la contaminacién del agua que se
estd aplicando ha sido importada de otros paises.

5in embargo, las condiciones en México difieren considerable
mente de las que prevalecen en los paises donde se ha origi-
nado y desarrollade dicha tecnologia. Un aspecto en el cual
se observa una marcada diferencia, es el alto porcentaje de
aguas residuales municipales que en México se utiliza {sin
previo tratamiento) para el riego agricola en las Areas rura
les circunvecinas a los centros de poblacidn., Esta préctica
se¢ ha venide efectuando desde hace muchos afios, por lo que
dicha situacidn implica la necesidad de plantear alternativas
de solucifin apropiadas para contrelar las descargas de aguas

residuales municipales.



En este trabéjo se hace un anflisis del inventario de las
plantas de tratamiento de aguas residuales construidas en
el pais, incluyendo tipos de procesos seleccicnados y los
objetivos para los que se construyeron dichas plantas. Tam
bién se consideran las condiciones de operacidn y manteni-
miento.

El enfoque del trabajo esta dirigide a plantear la problemi
tica que presentan los procesos de tratamiento oricntados a
reducir 1la carga orginica basada en la DBD, cuando son apli
cades en 1os casos antes mencionades y proponer Sreas de in
vestigacidn que permitan desarrollar una tecnologia que se
adapte a las condicicnes y posibilidades econfmicas de 1la

mayoria de los municipioes.

11, MARCO LEGAL PARA EL CONTROL DE LA CONTAMINACION DEL AGUA

1.-

El programa para el control de- l1a contamipacidén del agua en
México se fundamenta en los instrumentos juridicas siguien-
tes:

2} Ley Federal para Prevenir y Controlar la Contaminacién
Ambiental (Marzo 1971)

b} Reglamento para la Prevencién y Control de la Contamina-
cidn de Agua (Marzo 1973)

¢) Ley Federal de Aguas

d) Ley Orginica de la Adninistracidn Piblica y Federal

¢) Acuerdo del C. Presidente de la Repiiblicaz en el Diarie
Oficial de lu lederacidn el dia 21 de [{ebrero de 1977,

que determina la competencia de las dependenciuss federa-
les involucradas,



Hasta antes del mes de marzo de 1973 cuando entrd ep vigén-
cia el Reglamento para la Prevencifn ¥y Control de l1la Conta-
minacibn de Aguas, la legislacién que existfa no contempla-
ba normas especificas para la calidad de las aguas residua-
les y de los cuerpos receptores donde son vertidas. El plan
contenido en este Reglamento contempla tres etapas que con-
s5isten en:

a) Paimeha Etapa. Inventario (registro) de las descargas de
aguas residuales provenientes de los usos municipales, in
dustriales, comerciales, agricolas y pecuarios, con excep
cidén de las provenientes de casas habitacién.

b) Segunda Elapa. Realizacifn de las instalaciones para tra
tamiento indicadas por los responsables de descargas en
los informes preliminares de Ingenieria (IPI), de tal for
ma que todas las descargas de aguas residuales no scobrepa
sen los limites de los cinco pardmetros (pH, temperatura,
grasas y aceites, materia flotante y sﬁlidné sedimenta-
bles),

c) Tercera Egapa. Clasificacidn de los cuerpos (receptores)
de agua del pafs en funcifén de sus usos y establecimien-
to de condiciones particulares a las descargas de aguas
residuales que se vierten a los cuerpos de agua clasifica

dos.

El llevar a la prictica el plan anterior implica un gran es-
fuerzo y tiempo. Se requiere estudiar y analizar el cempor-
tamiento de un gran nimero de cuerpes de agua que existen en
cerca de 220 cuencas hidrelfigicas del pais., Una investiga-
cidn realizada{al respecto a la cantidad de descargas de a-
guas residuales en el pais con el fin de estimar el nlmerc

de registros esperados indicd las cifras mostradas en la ta-
hla 1.



ORIGEN DBE LA NUMERO DE
DESCARGA DESCARGAS
Industriales 120,000
Publaciones 1,900
Servicios 80,000
Comercios 71,100
Agricolas 27,000
Total 300,000

Tabla ¥, Estimacibn del Nimero de Descargas de Aguas Residuales

en México.
DISTRIBUCION DE LA POBLACION

1.- El1 crecimiento de la poblacién el pais es de 3.5%, lo que
implica que de cerca de 70 miilones de habitantes que acrual
mente (1980) tiene México se pasarid a 135 millones de habi-
tantes en el afio Z,Uﬂﬂ(h). En la Tabla 2 se muestra la dis-
tribucifn de la poblacifn y el nimero de localidades en el
pais, de acuerdo al IX Censo General de Poblacidn de 19?0{52

RANGO DE POBLACION TOTAL NUMERO DE

POBLACION (millones de hab.) § LOCALIDADES
(hab.} . o
2,500 19,9 41.3 95,410
2,500 - 10,000 6.6 13.6 1,476
10,000 - 50,000 4.7 9.8 b 25
50,000 -100,000 2.1 4.4 30
100,000 -860,000 6.0 12.4 61
Monterrey, N.L. 0.9 - 1.8 1
Guadalajara, Jal. .2 2.5 1
Distrito Federal 6.0 14.3 1
A% 2 100.0 97,228

Tabla 2. Distribucitn de la Poblacibn y Nimerc de lacalidades en

MEBy M



IV.  INFRAESTRUCTURA DE AGUA POTABLE Y ALCANTARILLADO

1.-

V.

1.-

En un estudiofﬁ}realizado en 314 ciudades de mis de 10,0300
habitantes, que en forma agregada sumaban una poblacifn de
21.0 millones de habitantes (excluyendo el D.F.), se encon-
trd, que el 98.4% de dichos asentamientos contaban con agua
potable y el 80.4% de sus habitantes recibia este servicio.
Por 1o que respecta al alcantariliado se determind que el
87.9/ de estas localidades tenia servicio, beneficianda al
60.9% de sus habitantes. En las poblaciones menores de -
10,000 habitantes estos porcentajes se reducen considerable
mente.

La dotacibn media de agua en los siﬁiemas de abastecimiento
municipal del pais es muy variable, va de 100.0 a 450.0
1/hab./dia. La distribucidn de dicha dotacignt®) se ejerce
en los usos domésticos (81.0%), industrial (3.0%)} y servi-
cios piiblices {10.0%).

En el pais se generan del orden de 75.0 m?/seg. de aguas re
siduales municipales. Asumiendo que el ano 2,000, el BDY de
la poblacifin cuente con servicips de alcantarillado, entoen-
ces se tendrf un caudal descargado de apuas residuales de a-
proximadamente 295.0 m’fseg.(kj.

La situacidn antes descrita, aunada a la problemdtica que
presenta el gran nGmerc de localidades menores de 50,000 ha
bitantes cuya infraestructura para estos servicios es mucho

mis limitada, demanda una considerable inversifn econ@mica

en los prbéximos anos,

INVENTARIO DE PLANTAS DE TRATAMIENTO DE AGUAS RESIDUALES

A través de un anilisis del avance en la coenstruccién de -
plantas de tratamiento de aguas residuales en México, se¢

puede observar que este aspecto de saneamiento ambiental no
-



no ha recibide la atencin que en otrocs paises ha tenido,
En 1la Tabla 3. Se muestra un inventario, si bien no exhaus-
tivo, de las obras realizadas en México.

En dicho inventario se han identificadec 70 sistemas de tra-
tamiento de aguas residuales, cuyo disefio, proyecto y cons-
truccibn ha estado a cargo de dependencias oficiales, tales
comg DDF, SARH , SSA y SAHOP y empresas privadas. En su ma
yoria, estas plantas fueron construidas en el periodo de
1960-1970. De los procesos empleados en dichos sistemas,

27 tienen algln tipo de lagunas, 22 son de lodes activados,
16 tanques Imhoff, 4 £iltros rociadores, 3 sedimentadores
primarios 1 zanja de oxidacibn, 1 fosas séprticas ¥ 2 emiso-’
res sybmarinos, tal como se indica en la Tabla 4. Ademis

(2

incluyen 27 procesos de algln tipe de lagunas.

se han detectade mAs de 35 proyectos, 19)en los cuales se

ra

Es interesante destacar que en el Area Metropolitana de la
ciudad de México se ubican 9 plantas y en la ciudad de Mon-
terrey, N.L. existen 5 instalaciones dc esta naturaleza.

De las 20 principales poblaciones fronterizas con los Esta-
dos Unides, 14 cuentan con sistemas de tratamiento para las
aguas residuales,

Existen varias razones a las que se le puede atribuir el re
ducide nimerc de plantas de tratamiento en el pais, entre

los principales motivoes sc¢ pueden mencionar los siguientes:

a) Carencia de instrumentos juridicos para contreolar las des
cargas de aguas residuales hasta 1973 en que entrd en vi-
gor el Reglamento para la Prevencidn y Contrel de la Con-
taminacifn de Aguas.

b) Costos de construccidn y operacifn de las obras de trata-

miento de aguas residuales,



- Ohiativa Tnicic d« {1] Candicionas an
Lacalidad Entidad Tipo da FPlunes da Tritamlenta da la Flanta| msu Opera- que Be ONCURRT
clbn. tra la Flanta
1 Algodones B.C.N, Laguna Facultiva . FL11) fn oparacion afg, nfa -
2 Ensanedd B.C.H, Tanque Inhofl [ - 195 En operacidn
1 Maxicall BC.W, Lagurkh d¢ Fetabllizacitn - - 1313 En oparaciin
4 Tecats B.C.W. Tanque Imhgif 4 Filtros Rocladorws C.C. Abandonada
5 L Paz B.T.5. Tangque Imhaff v Laguna Facultive - 1%E3 En operacién
E Y1)1la Conatitucldn |B.C.5, Laguna Facultiva c.E. 1970 Eohpedisenada, nfa
7 CA, Acula " |caxh, Tangua Imhoff y Lagund Faculilve G.C. 1%62 Sobredinefiads, »/w
-1 Fiedran Negras Coah, Lagunas de Estsbilizacidn L-JY- 1%6d En operacidn, siolvadas st
[} Facrrad gk la Fuente|Coah, Tiitros Foclidoced [T - En qgperagidn
14 Vijla Tronters Caah, Fodos Activadows &.c. En uperscidn
11 Menglava (1) [ Coah. Filtros Rocliadoran L En operacidn
12 Fanclovae (2} Coah. Lodos Arcivadon I , Fpn aperarion
11 Ssicillo (2} Caal. Lodos Activadons N, En operacids
14 Nusvh Aoaita Caah, Lagunas de Estabilizacién c.e, En pperdcién
15 Djinsgs thih, Lagunss da Estabilizacisn e.e. En Cperacifin afe, afe
14 Dur anoa ogo., Lagunss de Fatebiliracitn [ o operacaln o/
17 Ledn Cro. Lagunas da Catabilizacidn E.E, En operacidn
18 Acapyloe Gre, Laguna de OxideciBn -1 ‘ En wperacidn
19 kerrticlin | HgO, Lagunas de EstabilizaciBn L En operacidn
Fi] Cd, Sanagiln Hao, Tangua Imhoaff E.g, Abandonada
21 Cd, Guimin Jal, Tangue Imhofl &.0. 1960 Abandonada
32 Fuerts Vallarta Jal, Lodaos Astivadon 19 En opeEracidn
Fi | Puerts Yallarta Jal, Tangue jmholf C.C. rn oparacidn a/a
1 Foerta Yallsrta Jal, Sedimentador Frimarioa-Emisor o0, 1976 En pparacidhn
b1 ] Atenguigua Jal, Foaas Cépricas €.C. En operacion
14 5an Marcoe Jal, s sedimencador Frimarie L1 - En oparacidn
FE JOCt rpag Jal). Lodos Activadon E.&. 19717 Fn oparacaibn sfc
] ] Tialtlzapdn Mor. Lagunas ¢dw Esptabilizacitn £.8. En operacicn
I8 Jiutapac Mar. Lodoa Aceivados 0.c. 1878 En construcCisn
El Ean Blag Nay. Lagunas As Estabiliracieén E.2. En operacidn
il Monterray [1} H.L. Lodoa Aotlwvados R. 1954 En operaciin
i1 Hontereay {21 H.L, Lodos Activados K. 1961 En aperacidn
kX Hontarray [Z11 H.L. Lodos Ackivados R. 1962 En operacifn
i Hontecray [2} H.L, , Lodoes Accivadon R. - 1%ald En operacidn
35 Honcerray {21} K.L. Lodoas Arebivadon R. 1976 En cparazidn
- Carcalve oL, Tangua Imhall ¢.e. Abandonade
Bakt alaniTa w.L, Tangue Tuholf €.c. Abandonsde
Eaaclage H.L. Tanque ichofl? e Apandooada -
19 Ccd, Serddn Fus. Lagunay de Eatabiliracidn .0, Abandonala
in Cuarétaco Qro, Tanque Ishoff B.E, 1387 En operacitn
(51 Cancan q.h, Lodos Aotivadon EiE 1574 En operaclin
L¥ ) canciln a.n. Lodna Acpivadan R.E, 1574 En operacitn
43 Chetumal O.%. Lagunas Facultativas 2.2, Abandonada
{4 Mazatlan 5in. Lodos Activedon 2.9, Anancansda
15 Adua Prieta Son. Lagunas de Eatabilizacifn a.2. 15&1 En cperazldén
' Empalma Son. Lagunas de Ewtabhilizacidn 0.5 19469 En opecacidn
A7 Hagdalans Son, Tangue Inhoff . E.E. Enn aperacion
4B HiLQ LT Lagunas d# Litabllitacisn e.e. 1964 En pperacidn
L} 5.L. Aio Colorads | Zan, Tamrgque Imhoff o.C. En cparscicn
50 Cuaymas Son. ., Lagunay 4w Farabilizacidn £.E. En aperacion
-3 Benjamin Gil zon. Laguna da Orldecidn o e, En pperacidn
32 Enharipa Son, Laguna dr Ozidacifn g.E. En operacicn
51 Hagulaa 3-F, Laguna Je Oxidezlin [-19 -1 En cperacitn
5 Rliamira TADPHE . Lagunas de Facabdlizecidn C.2. 1964 En vparacicn
5 Hueve Laredo Twope. Tangue Ixhaff c.a. Abandonade
5h Huova {d, Cueérrérd Tamps, tangue Imhoff -1 Abandonads
571 cd. Miguel- Alemin | Tamgn, Léguns da cxidacitn c.c. En operaclén sfo, ife
38 Reynons Tampa, Tapque Iohoff y Laguna da Istabili Tanque ImhGIf-Abandonado
pacitin .. 1981 Lagunag wn aparacifn sfc
LY Ria Wrsva 11} Tampe., Laguna da Scdisentacidn -9 - En operacitn
*0 Yeragoug Yer. Traramieanto Primacle—[Lmisor c.e. 1v72 En opsracidn
51 sdrica D.F. LaxicE Activados R. 1940 Ia opecazlin
id wdulco o.F, Lodom AcCtivados n, 1980 En Optracicon
i3 HEnlza o.r. Lodos Accivados N. 19%10 En ¢pecacifin
Ed Fdulcoy o.F, Lodos Acclvedod n, 1965 En operaclon
65 Mixica o.F, Lodoe Aetivadon N, En cperatlén
117 Mékico (1) o.rF, riltros Hocliadodws N, En Operacicn
67 Meaige [F] [ Lodoy Aotivados n, ' | En cperacién
[1:3 M x et D.F. Lodos Activadon . En ocperacitn
a% Mixien (73 o.r. Lodom Activaday N, Em Cperacitn
0 Toluce 179) Fdo, de MEx.| Zanjas de Ovidacifn e.o. /R 197% SohredisehAc n/4

{1} c.e. = Control ce iz ContsolnsciSn deol Aguar K. = Mawsdy L/c = Sln conirol) &/& & S1n afluenis,

12} Instalaclanes del Sector Privada & Induatceial

TABLA 3.

aguar astancadan

INVENTARIO DE LAS PL&NTAS DE TRATAMIENTO DE AGUAS RESIDUALES DE LA REPUBLICA MEX.



-
FOSAS ,

TAMITUES SEDIMENTA ALGUN FrruTros ToDOS TANJTAS EMISG- WO . TOTAL PLANTAS
ENTIDARD $EP‘T£ i IMHOTF DGR PRIH& TIFD DE ROCI.ADE ACTI- nE DIL RES EUR DE PLAN=- EN OFPE-
ChS | RIO LAGUNA RE.E ‘I.i"ADC_IS DACIGN MARINOGS TAS BACICH
1
B.C.N, 2 2 i 4 2
B.C.5. 1 2 2 1
COoAH. 3 3 2 ) 3 8 7
CHIH. 1 1 4]
DGO, 1 1 1
GT0. *
GRO. 1 1 1
HEGO. 1 1 2 6 .
JAL. 1 2 2 2 1 7 [
HOR 1 1 2 1
NAY. 1 1 1
H.L. 3 =1 B 5
PUED, 1 9 o
QRO. 1 1 1
0. R. 1 2 3 2 -
SIN. 1 1 o
50H. p 7 4 9
TRAMPS . 3 4 [ 3
YVER. 1 1 1 1
o.F. 1 g 9 a
EDO DE )
MEX 1 1 "
TOTAL 1 it 3 27 4 22 1 2 70 . 52
TARLA 4 . PLANTAS DE TRATAMIENTO DE AGUAS RESIDUALES EN MEXICO - -




c} Falta de una planeacibn a nivel nacional al respecto.

d) Fuentes de financiamiento para este tipo de instalacio-

nes

e) Falta de orientacibn sobre la tecnclogia disponible por
parte de los responsables de descargas de aguas residua-
les,

f) Desconocimiente del problema que ocasiona la descarga de
este tipo de residuos por parte de las autoridades muni-

cipales.

Esta situacidn ha ocasionado que s&le se construyan obras de
esta naturaleza cuando los efectos son palpables (molestias,
dafios, etc.), ¥ la presifn del plblico o de aléuna dependen-
cia obligada a las autoridades a instalar los dispositivos
de tratamiento.

Hasta ahora solamente se han descrito las obras construidas,
independientemente de su funcionamiento. Es importante que
muchos de los sistemas de tratamiento citados estan siendo

(7,13}

operados en forma inadecuadas o han side abandenados.

La mayoria de las plantas de tratamiento municipales han si
do disefiadas para controlar la contaminacidén del agua (75%
del total inventariade). ©En algunos casos, ¢omo ocurre en
los sectores industriales y oficlales, la finalidad de. las
plantas es el reuso del agus en las actividades industriales
y en el riego de fireas verdes. En una investigacibn realiza
da por la SARH er 1974, se encontrd que con excepcidn de las
plantas cuye objetivo es el reuso del agua, un gran nfimero
de instalaciones carecen de una adecuada organizacién para
su administracién, operacifn y mantenimienta, presentande ba
jas eficiencias de tratamiento y demandando trabajos de reha
bilitacidn en sus obras y equipo.



8.- En alpunos centros de poblacibn se cobserva que el Porcenta-
je de habitantes servidos con alcantarillado es menor del
60.0%, lo que ocasiona que el flujo de aguas residuales a
las plantas de tratamiento sea mucho mencr que el estimado
para su disefio,

A falta de flujo, el agua residual se estanca en las unida-
des de tratamiento, evaporindose e infiltrfrdose, Cabe mencio
nar que en 6 plantas, se encontrd esta situacién. Se ha.de-
tectado que el 11 de los sistemas de lapunas se encuentran
en operacifn sin contrel, sobredisefiados ¢ abandonados. Por
lo que respecta a los tanques Imhoff se observa que 11 unida
des presentan condiciones similares a dicha laguna,

En este Giltimo caso, uno de los problemas que se presenta -
con mis frecuencia es el manejo y disposicién de los lodos

acumulados en los tanques.

9.- Se considera que el principal problema del deficiente funcic
namiento de los sistemas municipales de tratamiento existen-
tes en el pafs radica en el Area administrativa, de donde se
originan las fallas de operacifn y mantenimiento!! .,

PROBLEMATICA MUNICIPAL EN EL CONTROL DE DESCARGAS DE AGUAS REST-
DUALES

1.- Llas actividades que se desarrollan en los centros urbanos re
quieren del suministro de una gran cantidad de bicnes de con
sumo, (que Se& generan en parte en las zonas rurales dentro de
los municipios, como son el agua, alimentos, materias primas,
etc. A cambie, diches centros desalojan upa gran cantidad
de residuos, tales como aguas residuales y desechos sélidos,
que por su carfcter indeseable, son transportados y deposita

dos en las Areas rurales circunvencinas,

2.~ Uno de los problemas mis praves que afrontan les municipios



es el manejo y disposicidn de las aguas residuales, Se ha
estimadotll'lz) que para controlar las descargas de aguas
residuales municipales de cerca de 291 localidades (ubica-
das en los 2,388 municipies que existen en el pais) que
cuentan con sistemas de alcantarillado y exceden los limites
permisibles de los cince parimetros que marcan el Reglamen-
to, se requiere establecer plantas de tratamiento paimarde
que implican una inversidn en construccién y equipos de -
aproximadamente 500 millones de pesos a precios de 1980,

En 1970 se habian identificado finicamente 40 plantas de tra
tamiento municipales en un total de 331 poblaciones mayores
de 10,000 habitantes, Por otro lado, en estas localidades?
seé enconir§ que sclamente en el 77.61 tenia establecido el
cobro por el servicio de alcantarillado, del cual el 64.0%
lo obtenla Ginicamente al realizarse la conexién,

En general, la evacuacidn de las aguas residuales municipa-
les se efectia a través de un cuerpo receptor (rio, lago,
mar) que provee un medlio de transporte para alejar estos re
siduos de las Areas de asentamientos humanos. En un consi-
derable niimero de cascs los sistemas de drenaje municipales
se conectan 3 dichos cuerpos receptores a través de peque-

fMos cauces paturales,

Desde hace varios afios, se ha venido incrementande en el pa-
is la prictica de irrigacibn agricola con el empleo de las
aguas residuales municipales {crudas o tratadas) en las z0-
nas rurales aledafias a los centros de poblacidn, intercep-
tindose los escurrimientos de les cauces naturales antes

mencionados,

En un estudio® llevado a cabo por SARH, en 1975, en 314 ciu
Jades con mas de 10,000 habitantes, se determinb que en cer
ca de 100 localidades se estaban utiltizando las aguas resi-
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duales municipales para el riego agricela, A continuacién
Se mencicnan algunos de estos sitios:

Cd. Judrez, Chih, Naco, Son.

Ojinaga, Chih. Celaya, Gto.

Piedras Negras, Coah. Toluca, Edeo, de Mix.
Cd. Miguel Alemfn, Tamps. Durango, Dgo.
Reynosa, Tamps. Querétaro, Qro.
Ensenada, B.C.N. . Cd. Cerdin, Pue.

Cd. de México Tula, Hgo.

Valle del Mezquital, Hgo, Cd. de México, D.E.

Otra préctica que se estf efectuando en el pais e3 la des-
carga de aguas residuales al mar. Tales son 1l0s casos de
la Paz, B.C.5., Empalme, Sen., Guaymas, Son,, Puerto Vallar
ta, Jal., Veracruz, Ver. y Acapulco, Gro.

“"En aigunos lugares, la escasez del recurso apgua, ha obliga-
do & las industrias y a las autoridades municipales a esta-
blecer sistemas de reuso del agua, aprovechando las aguas re
siduales municipales. En esta situaciln se encuentran las
ciudades de México, D,.F., Monterrey, N.L., Saltilleo, {oah, y
Monclova. Coah.

. ALTERNATIVAS DE TECHOLOGIA DISPONIBLE

1. -

Tomando en cuenta las condiciones socio-econdmicas que ace
tualmente prevalecen en México, y los valores miximos tolera
bles para los cinco parimetros estipulades en el Reglamento
para la Prevencifn y Contrel Je la Contaminacibn de Aguas,
la seleccidn de alternativas de procesos de tratamiento de
aguas residuales municipales, deberd tener comoc objetivo el
Temover principalmente los sblidos sedimentables, materiales
grueses ¥ flotantes y prasas y aceites. Por investigaciones
realizadas en la calidad Je Jas aguas residuales de numeroc-
sas localidades, se considera que los parametros de tempera-



tura y pH no exceden dicha norma excepto en aquellos sitios
donde se localizan industrias que descargan a los sistemas
de alcantarillade municipales.'?

2,- Las alternativas a considerar deberfn implicar bajos costos
de construccidn y simplicidad en su mantenimiento. Adenmfis
deberd efectuarse un estudio de impacto ambiental que eva-
1Gie las diferentes alternativas propuestas.

3.- De acuerdo a la tecnologia disponibles y tomando en cuenta
los criterios antes mencionados, se plantean las siguientes
alternativas de procesos de tratamiento: a) tanques Imhoff,
sedimentadores primarios, lagunas de oxidacibén, lagunas ae-
readas y zanjas de oxidacibn. En la Tabla 5., se muestran
algunos criterios para la seleccidén de los procesoes de tra-

tamiento,

VIII. PROBLEMATICA DE LOS PRCCESOS DE TRATAMIENTO BASADOS EN LA REDUC-
CION DE LA DBO

1.- A través del pardmetro de la Demanda Bioquimica de Oxigeno
(BBQ) se puede medir indirectamente la concentracidn de mate
ria orgfinica biodegradable contenida en el agua, que define
la cantidad de oxigeno requerido para la respiracifn de los
microorganismos responsables de la estabilizacibn de la mate
ria orginica en condiciones aercbias.

2.- Este indice ha sido extensamente utilizado para cuantificar
el grado de contaminacifn del aguva. Dade que la degradacién
de la materia orgfnica se pueden efectuar en forma natural
(sutopurificacidén) en los cuerpos receptores o en forma arti
ficial en las instalacicnes de tratamiento, este pardmetiro
ha sido empleado también para evaluar la rapidez y eficien-
cia en que se lleva a cabo dicho proceso.

3.- Un alto porcentaje de las aguas residuales que se generan



Tipo de Planta Claslficacidn| Qbjetiyocn da lgp Proceacs Frocenos o2 ETOE - __1
del Hivel da | Ge Tratamianto Antecedentas [ Canstruc|Operacitn 2:2“::';::?5
Tratasiento ciﬁn. ¥ Mant. Plantan. Gradg
de Dificultad
&n Oparacidn ¥
Hantenimiento,
Fosas Sdpticas Primercic Fempcidn de 558, materia flotante, ¥ -
t DBO. Digentifn da lodas Ninguno Bajos Bajos Mipnimo {d]
Tangue Imhoff Prinario Femoglén de 558 y DB, Digestidn de Relillanm y
lodeos. i desarenadpr aajos Bajos MInimo (4}
Sedimentador Primaris Remocién de 5S5e (1) ' Fejillas ¥
primario . deszaraenador Bayom Hedion Medic (5)
Laguna de Sacundarie femocifn de 55 y DBO. Digestin dae Hinguno Bajcs Bajos Minimo
Gxidacidn lodos .
Logunas de fecundario Remocitn da S55e y DAD, Digestcidn de Hinguna Bajoe Bajom Minimo
Eetabilizacidn ledos . .
fanjas de Sscundario Remocidn de DBO Ferjillam, Hedilon Hedios Hediom (5]
Dxidacida dasarenador
y sedimenta
dor primario{i}
Lagunsa Aerpadas Secundario Remogidn de DEO Redjillax,
9 . dezaranador Hedios |Hedios Madios {d]
¥ sedimlnti
dor primario
Filtrok Becandario Eemoclin de DBD Rejillas, " |Altos Altos Alto (5)
Rociadoran desaranador -
. y sedimenta-
| dor primaria(l]
Lodoes Activados Secundsric Ramocidn de DBO ) . I FRejillas, Altonr Altos Alto {5}
desaranadorn \
. y ssdimenta=
dor primario{l)

{1} En forma indirecta szs remueve DAD

{2} En ocaciones se aplican productos guimicos para efectuar precipitacidn en sedimentador
{1} fRequiere de medimentador escundaric y cloracign

{¢) Reguiers mantenimiento pariodpco param remover y disponsr lodes acumuladce

{5} FReguiere de mantjo y disposicidn de grol cantidad Sa lodos

TABLA 5. CARACTERISTICAS DE LOS SISTEMAS DE TRATAMIENTO. DE- AGUAS RESIDUALES MAS COMUNES

Pl



provienen de los usos domésticos del agua y uno de los prin-
cipales contaminantes que acarrean dichas aguas es la mate-
ria orgénica. “Por tal motive, la mayoria de los procesos de
tratamiento de las aguas residuales estan orientadas a redu-
cir la carga de materia orginica, medida por medio de la
DBO. Otros contaminantes indeseables en las aguas residua-
les de corigen domé&stico son los organismos patf8genos que
presentan el peligro de transmitir enfermedades., De acuer-
do a la tecnologia disponible, es necesario remover en un
alto porcentaje el contenido de materia orginica antes de
aplicar el proceso de cloracidn, con el fin de reducir las

désis requeridas del agente desinfectante.

4,- Existen otros tipos de cnntaﬁinantes, como son los s&lidos
suspendidos, grasas y aceites, materiales gruesos, nutrien-
tes y detergentes, cuyas concentraciones en las aguas ne-
gras son también indeseables,. Existen procesos especifi-

-CO5 para remover estos contaminantes.

Cabe mencionar que en las unidades de tratamiento dirigidas
a reducir las concentraciones de s6lidos suspendidos sedimen
"tables en forma indirexta se remueve un porcentaje significa
tivo de la materia orginica biodegradable.

5.- Es importante indicar que un alto porcentaje (96.0%) de las
plantas de tratamiénto que existen en sl pais cuentan con
algiin tipo de proceso biolégico para remover lh materia orgi
nica medida como DBO. En algunos casos quizé se justifiquen
dichos procesos, con otros la decisifn para implantar este
tipo de unidades no fue acertada, tales son los casos de las
localidades que vierten al mar y en aquellas en gue sus a-
guas residuales son utilizadas para el riego apricela. Di-
chos tipos de disposicitn no requieren de un Euntrﬂl de la

DBO.

6.- En algunos casos, quizd por desconocimiento de la tecnolo-
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gia disponible, en otros por intereses de los fabricantes y
vendedores de equipo los procesos de tratamiento escogidos
ne han sido los adecuados. Lo mis grave del problema es
que dichas soluciones demanda considerables inversiones vy
posteriormente les municipies abandona dichas instalaciones
por ne contar con les recursos econfmicos, administrativoes
y t8cnicos para operarlas, Esta situacifn crea desconcier-
to entre las gutoridades y el ptiblico en general, que a fi-
nal de cuentes es el que paga dichas inversiones.

IX. LONCLUSIONES Y RECOMENDACTONES

.- La disponibilidad del recurso agua en México, su distribu-
cién y la demanda existente y prevista en leos priximos afios,
exige que el manejo de este bien se efectfie baje una planea
cibn adecuada que incluya el control de las descargas de

aguas residuales.

2.- El principal instrumento juridicc para contrelar la contami
nacifn del agua que existe en el pais es el Reglamento para
la Prevencidn y Control de la Contaminacidn de Aguas. en
lo que respecta a las descargas de sguas residuales munici-
pales, este Reglamento contempla en forma muy adecuada la
situucidn socioecondmica que prevalece en el pais y en las
entidades municipales. En principio, las normas que se han
establecido demandan la instalacidén de plantas de tratamien-
to primario para las descargas municipales que exceden los
limites permisibles, poer lo que es muy importante que las
autoridades responsables y los técnices involucrados no pler
dan de vista este concepto, Cabe mencionar que la aplica-

c16n de diclhas normas no se puede generalizar a todos Jos ci

sos, Y& que algunos cuerpos receptores pueden demandar siste
mas de tratemiento secundario de las descargas de aguas res)

duales municipales y en tales situaciones deberd Jlevarse a

cabe un estudio de impacto para establecer el proceso de tra

tamientoc mis apropiado.
L]



Existe en el pais un alte nGmero de pequeﬁas"y medianas lo
calidades ¢con un bajo porcentaje de habitantes servidos con
servicios de agua potable ¥ alcantarillado. Esto implica
que las soluciones técnicas que se apliquen para el control
de la contaminacidn del apguz consideren tal situacidn.

Uno de los problemas mAs graves que actualmente afrontan -
los municipios del pais para estahlecer medidas para contre
lar sus descargas de aguas residuales es la carencia de .-
fuentes de financiamiento accesibles a sus posibilidades.
Urge entonces que se creen 1o¢s mecanismos firancieros que a-

poyen a estas entidades.

Se han identificado aproximadamente 70 plantas de tratamien
to de aguas residuales municipales en el pais. El 356.0% de
estas instalaciones cuentan con algln tipo de procesc biclg
gico para reducir la DBO, &Si bien dichas plantas se cons-
tfayeron en su mayeria en el periodo de 1960-1970, laos pro- -
cesos escogidos no deben ser siempre la pauta a seguir por
las autoridades responsables, ya que en algunos casos la -
disposicién de los efluentes de las plantas no justifica di
cha solucidn, tal como ocurre en las descargas al mar ¥y en
el aprovechamiento de las aguas negras para riege agricola,
asi como cuando la capacidad de autopurificacién de los -

Cuerpos receptores es muy amplia.

En I1os casos antes menciunadbs, el alto conténido de hacte-
rias coliformes en las aguas negras puede ser indeseable por
el tipo de disposicibn de dichos residuos, De acuerdo z la
tecnologia disponible, el proceso de desinfeccién por medio
de cioro requiere de un tratamlento previo de las aguas re-
siduales para remcver la materia orginica. Este aspecto es
una de las dreas de investigacién que deman@an mayor aten-

cibén.

L.a construccién de plantas de tratamiento de aguas residua-



les en el pais se ha efectuado sin una planeacién a nivel
nacional. Dichas ohras se han realizado debido a la presibn
del pGblico local o de alguna dependencia gubernamental cuan
do los efectos son palpables. Se puede afirmar que es mini-
mo lo que se ha realizado en el aspecto de construccidn de
obras de prevencibn,

El 751 de las plantas existentes se han disefiado para contro
lar la contaminacidn del agua (en su mayoria para resolver
problemas ya existentes), ¥y el resto tiene por objetivo el
reusc del agua para las actividades industriales y el riege
de fireas verdes. En este Gltimo caso, la escasez del agua
ha creado 1la necesidad delimplantar SU Teusdo.

Un alto porcentaje de los sistemas de tratamiento identifica
dos estén siendo operados en forma inadecuade o han sido a-
bandonados, Se ha detectado que la ﬁaycria de estos siste-
mas carecen de una adecuada organizacibn para su administra

cifn, operacifn y mantenimiento,

Se ha detectado que la prictica de utilizar las aguas negras
para riego agricela en el pais se ha incrementado y generali
zado en los Gltimes afios. Dade el caricter agricoia de}l pais
sg prevee que dicha prictica aumentari en forma considerable,.
Las investigaciones rcaliziadas al respecte son incipientes y
sus resultados no permiten establecer cConclusiones determi-
nantes. Por tal motivo, es necesario que los estudios sobre
los efectos del usoc de aguas negras, {Erudas o tratadas) en
irrigacibn sean intensificados. Cabe mencionar que, si bien
esta prdctica se efectia en los paises donde se ha originado
l1a tecnologia disponible para el tratamiento de las aguas rec
siduales, el avance en &ste aspecto ha side limitade, debido
a gque no es5 una prictica comlin y a que las condiciones socip
econbmicas difieren considerablemente de las que existen en
México.
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We have had uvnderstudy for five years the problem of how to reduce
disease, and promore secial and economic &evelupmeni by assisting the lesser
developed countries in theilr quest for pure water. Potable water is a neces-—
gary but not suffleient condition for development. In fact, this very well
may be, the stem of serious problems of socia] acceptance - aceepténce not
only of modelling, apgregate {large systems) models, appropriate technology,
bur of piped purified water.

The water problem iz glebal, and quite serious, Over & 1000 million
people have inadequate water supplies, and over 75X of the earth's population
are wirhout adequare sewape dispopsal. As development takes place, one shifts
te piped water and high water demauds, and alsc brings about a need for dis-
rosal of liquid wastes.

Cur study initially was conecerned with Low Cost Water and Wusle Water
Treatmene for LDC's. Thislprojctt {financed by USAID) developed concurrently
with worldwide interest in the concepts technolopy transfer, intermediate
technolopy, retrvoprvessive tethnology, appropriate technolopgy, and; Efﬁﬂﬂurﬂe,
responsive large systems models. A model was developed that would enable a
community in the developing world, or anywhere else for Chat matter, to select
from all the available technologles to treat water or sewage Lhose that were
compatible whith quality goals; and gconomic and socletal, and human and material
resources. The model is central to our problem solutioen. ‘

The model along with supportive material has been put in the form of a
workshop Llab 1s being presented to 19 LDC's around the plobe. The medel is
fully computerized, on an aspple 17, and an a hand-programmable compuccr or in

manual {ormat. In addition to Lhe model, a delphi based, prioritizipg model

also has heen dueveloped. 1t became apparent after several workshops that



§
"If one has a becter mouse trap the question is hwow does one get oChers tao

use It?" Put anether woy, in the coverall project, T suggested three phaxes,
where thie first is science, the second is technology and technolopy cransfer,
and the third is utilization or acceptance of the technology sometimes called
penetracion. What kinds of mechanisms, what kinds of judgments can be made

to asalst 1in the last phase, iIs of current interest, and the subject of this
paper. )

Cansumer acceptance requlres a value judgment. Whe is te say what is
berter? One talks abpub water and health, and *ith each technological advance
{or change) tiere is a technological impact. Sometimes it's good, snd some-
times lt's bad. The guestion perhaps 1s "whieh 18 better?™ In my opinion,
the judgies of which 1s better should be the consumer, net a technician, public
affieial, politician, engineer, Who represents a4 consumer interest. Freguently,
T have found in the United States: for instance, when plans are for a large
rezervolr Lo provide water, that when givcn'a chqgca, peofle may vote ﬁgainst
it, For rheir own reasons they prefer to have that land for agriculture and
some mighl even prefer to have the land cnmﬁletely unused. Lefr the wéy ic
was with nature. The question then is who makes that judgment? Technicians
are Bupposed to make the judgments, that are consildered best for the whole
over time, and not for the immediate. This brings you to & basic concept in
systems approach that one is a]wﬁ}a a part of & larger system. This is called
embedment . By thiz I wean you are inside of a world thar rolls in gime. Also
adequate water Is ingide of the whole delivery service which is inside of a
town inside of a councry ﬁhich is a part of our world. The expert tends to
represenl those that arve not yet to be born., He tends to protect our children

and our prandchildren from the over-allocation and utilization of resources by

us. We Lhave a problem here af asking the question: If we as decislon-makers



fecl cthat his 15 betrer fer che whole, how de we convionce the current portion
of the whole that it is berter so that they will accepr ic?

I have attempred to weork out several ways of approaching that problem.
I studied with behavioral scientists much the Same way they night come to ne
about engincering. 1 took a course in Ltheerics of perceptien. So my fdirst
point developed to one of how do people perceive things? What is one's paradigm?
Your eve to eye vlew., Skinner's theory is that there are three parcs o the
brain, three tiers. One part aimply reacts in an animal fashion, one part has
the condicioned respenses, the third parc has the reagoning capability. The
difference between the animal and the human being is this difference berween
the abilicy to s=imply respond and the abiliry to ¥eason. Shumnker has five
tiers that he talks about in pevception. In the inanimate world, one knows
quite a bic about it. We know it's chemistry. The next level of thase five
tiera, Is the vegerable or plant. They can't think, they can't reason, they
can't react. Dut they creace and actually we know wvery little about that.
We cannot yet create life. The next ctiler is the animal world, and we know
less and less abour that. On cach tier we know less and less. So less is
tangible and real to us. More and more is lefr uﬁ to the imagination.
Schumaker's fifth tier is everything untouchahble has‘nc materinl substaonce.
Herein 15 the problam of communicating. These are some of the theories
comlng cut of the behavioral sclences. And_in the perveption concept 1s the
concept of }ulnfﬂrcenent. One pucs out an idea, or model. Then, next time
goes into a livtle move detail, so each time you go over it, it Is reinforeed,
In the mechanics Df“the.hrain if you sce something, ir .is registered
in the brain. If you sce something and then wrltelit down, you will remember
it better because you coan sec 1t agaln. You have crapsferred from a visual

interpretalion to a sepsory one., Then you take one theme and go over and
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aver it, you miay get the Ildea acrﬁgs bertur, IC we ran decurent it wich

plctures, with odors, it reinforces the tthc. As tou scwage, taka mé Lo

a sewage plant. What I am trying te peint out is that rhere are levels of
percoption to get the idea aeross. In trying to sell a new idea, there's |
a problem of personal commupication, If I am offensive to somebody then 1
will have trouble communicaring. This {s personal; it has nothing to do
with uscience and techoology., If T say right away that I have somathing
againsc lawycts, right away they aren't going to have anything to do with
me.  On che other hoand, T may say something that will gec them to listuﬁ Lo
me 50 that they can pick ar me. And if this happens, communication is now
happening. 5o, all of these things are what the social sclencist looks at
in tryiong to get an idea across.

Ju terms of tlils partleular lssue, I Liave built a model T want others
to use. llow could 1 get the idea &tross? T put forward two questicns, one
of them says "Why waste my pime?" and "Why not concentrarc my time on a
. person that's important?' For example, if I want teo sell a man an auto-
mobile, I won't talk to the man; I will talk to his wife. Because maybe she
has more influenge on the decision to buy th; automebile. The poluc is to
locate the person who makes the declsion. I yu; are going to build a large
water plant in 2 rtown in o developing Fountry, and you want the idea to go
across that 1t iam being built with low cost, appropriare technelopgy, you've
got to talk to who is golig to decide what kind of techﬁclngy'is to be used.
So you must define scomehow or other who is going to be the decislen-maker.

Then there is the second question. And thac 1s, what is it that the
decision-maker will base his decision on? I believe thore are two kinds of
things thae e makes his decision on, As I have just sald, he makes his
declsion on the ope hand on purely personal things, so he may not like Lh%

way 1 look, vr he may not 1ike the facor that T am an American and not an
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Indonestia. ALl of these kinds of cthings can Le there. Thﬁ relacive

strcngth; of these likes and dislikes reside in the individual. Also, he

may lave trouble in his own life thac morning. Or he may have an ulcer thac

iz working on him today. IDr he may not like anether member of the commitrea,
and if that member likes me then he won't like me simply because he doesn’t
1lke the other member. These are personal things, 1 w;uld like to aa;,

"Lect's forger them." You may not agree, but ler me tell you why I think we
ghould forget them. I think my role is to identify how the decision-maker
thilnks about technical parc. 411 1 wank to do 13 net to convince him of
anything, but simply show him something. And if he can underscand what it

is that I am showing him, then he can make his own decdslon. And that is
exactly what T want., 5S¢ my problem is ene of cowmunication, and ner one of
satisfying the personal likes and dislikes, and that includes such things

n3 kickbacks, cte, which happens and not Just in LDG's., To reinforce this
concept [ would llke to address the bribery.idea, If I am a politician, and I
have the role of making a decision; ! am obviously going to malke that decision
in favor of a man chat belped get meé elected. Bot I'm godng to do 1c 1f he
gives me somelhing that is not polng to work., Mosc politicians want te scay

in business. So they would like to have their advisors be friends, and they
would like thelr advisors to make a lircle money, But they don't want to get
some bad information that ia going to cause them te lose rthelr next election.
They don't waunt white elephants. So there is a certain amount of control within
this mechanlum. Ar least T find ic 0. So my job is to make sure that the
toctmical information thac the politician pets is correcc, and that I can show
him sevoeral sysiems and "inform him of «the consequences ol his deciaion in gach
case. Then iL's up to him to make the décisinn, and I don't care which Qecisinn
he makes, as long as 1 have told hinm the consequences. To make the deelsion ls

hiy problom, au long as he has heen informed of rhe consequences of Lis actions.
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In the case with several optlons of water treatment, say a slow sand filter
agninst a rapld sand filter, sophlsticated versus a simple solution. Again,
1 don't carc which one the politician picks;’ just se he understands the con-
sequences. 1In the case of the slow sand filter he'll probabkly be able to
oparate the thing. In the fancy one, he may never get the thing te run one
day correctly. 5o he must decide 4f he is willing to put up with the "flack"
from the local people when they have something that wen't work., Se, T asked
the gquestion, "1f I identify the decision-maker, then 1 want te ldentify how
the deegision-maker thinks., Beczuse I want to put my ideas across to him, and
ta do so I have Lo know how he thinks." To identify his thinking process I
would use his cognitive Ex;ericnce. Copnlrive experience is the cxperiance
one goes through in hig fermacive years, And the beat {dentifier that I can
give for eopnitive experience is what you do in scheol. If you study law,
you tend to think one way, And thac is to «win the arkument. Tf you studled
guience, you tend to search for the ctroch. You don't care how puch ic will
cost or how long 1t will take. If you study enginesring, you tend to give

a4 solution as quickly as possible, and as cheaply as pessible. And so on.

5¢ 1{ I 'can idencify the decision group in terms of the way cthoy learned Ko
think, then I may be able to present my arguments toe them se that they will
think it tﬂruugh. S0, I must overcome a personal countact barrier, and a
technical language barrier, and a cognitive thinking barrier. To properly
communicate. How that would be ideal. A pracrical excention of that ides
would be to work with the surrogaly. Knpwing that the members of the decisicon
making group atre pan—-technical and ﬁill get a technical equipped friend that
they can Lrust to glve thcm the scraight information on consequences of cheir

decision. So, I am actempting to categorize the decision-makers cognlelve
i
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respunse, to Ldentlfy the approach T would usc to communicate, such a
tabulation [z s5L111 wnder development and tescing.

An addilional approach could be called a benefit analysis. This is a
little different approach., "The basic question is "Who lLenefits?”" You can
see how thils approach differs. Here-in, one develops a schedule of pogsible
benefits, on negatlve benefits. In the other instance, the ihea was Lo get
the informarien across and then let them decide whecher they will benefit or
not among themselves. Let them make that total éecislun. How T am asking
whio benefits in another context. 1 have broken this down into an individualf
a proup {a specialized group of people), a community, and or the donor. The
community, is the one that gets thls system that we have been rtalking about.
The individusnl may be one who has designed the system. Or he mipght be a
maycr, and his administrartion was respongible for puttlng in the water system.
Or 1t wmight be a speclal greup, the businessmen in town because the water treat-
ment plant means they can put in a new factory and have more business, the

donor -might be USAID., So I trled to divide this into those four groups. In
tormg of who benefits, I have sorted this out as to what phase they will'
bencfice from, because there are phases that I classify as cthe design, the
_constructiﬂn, the financing, and the operacion. ‘The phase costs differ; and
in the selecticn of a system we can spend more money on one phase and less

on another. Bub each of these has a different role to play. Now from the
scandpoine of e commoenity, o water cupply eystem generally means industrial
development. It means growth., It meana a berter lifestyle, maybe. Depends
on whe you are talking to. 1 think in the nggréﬁate, in a larger sense, 1t
does menn a bobber lifestyle.  in the long run, people live longer, althouogh

some people miplit argue, 1s this an advantage? We know we live longer and

better in this kind of develupment (industrialized). There are fewer diseases.

e
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And penornlly cthere 18 more employmept.  Sa the commumity may have cvery-
thing to gain. 5o, here-in, one would simply arrange by category, all kiads
¢f bencfiLa, impacts, extern;litics, tangible, direcc, ectc., bencfics, or the
consequences of impacta of apprnpriafe or Inappropriate technology. There

is a grear degl of information on this subject.

However, the problen or in my case the predictive model is cast,
market lug coucepts ave alse iwporcant, There are pethaps btwo distinct parts,
firs; dissemination of the concent of appropriate techmoleogy, its worch, ete.,
and secondly dissemlnatlon of the model for conceptual design of ApprOpriate
lechonoloyy systems.  One the idea, Cthe other use of a mathematical, cnmputerize&
podel. So one uipght be called awarencss, acceptance of concepts, the other to
demonstrate the use in real situations.

Apuin in terms Of‘thc markat, the user communicy 1s divided into (wo
Broups. Customers for treatmenl systens, and suppliers of those systoms.
There are addiciomal preoblems, assuming those of cammuniénting are sul;ed.

1. loth groups are somcwhat victimized by technelopical fads.

We want what Chicafio has or it ﬁmst uge a computar, efc.

2. Customers are more or less at the mercy of the suppliers.

They effce a limited menu,

Once penetration of appropriate decﬁsinn groups has been accomplished,
customer acgaeprance appears to rest with at' least five interdependent groups:

1. Decision-Makers, in-county, local, and central

2. Techniecal staffers, in-county, local, and cencral

3. Polirical staff, in-county, central

"h. Consultants apd advisory staff, In-councy, local, and central

5. Foroipgn sponsgprs stafi, technical and programmable



Suppliers acceptanee would add four additional groups:
1. Foreign architectural and engincoring firms.

&. Toureign equipment suppliers '

2. Forcign financicrs, WHO, AID .
Foreipn governments agencies promoting rrade

5, Imternacticnal Institutionsz.

So one can see, that penctration, more sphecifically of a compuccerized,
large system model to idencify che appropriate technolegy for water treacment
process gelection In lesser developed countries in quite a complicared
affair, In away, one 1s Lrylng to identify & very lew cost, hasle, perhaps
historic process, by using a very advanced search technology.

There are some practieal methods and rtechnigues that are helpful,

Demonstrat lons, workshops, short courses, publicarion, wte. Information

directed throuph wnofficlal channels, rotary internationsl, etc., to laaders,

informarion through industrial groups, etc:

The long term acceptance of the concepts, and aggregate models depend
then on the cducation of the wser {and supplles) communicy. One csgsential
ingredient might he the development of key communicators (gate keepers). &

man wich vne feot in each camp. A local that under funds the site snd sources

of technelogy.

I've been to several countries tordute_with a 5 day workshop and the
predictive model wich cartain concluslives,
1. The decision modei appears to be a good demonstrvation of the
ut Llity of CDHCEPLS of apprepriate technology, hut
2. The model ig not marketable bub chae coéceﬁt is,
3. Models aud computers, are stlll somewhat mysterles, to LDC's
4, System analysts are rheir own worst enemies, because they

conserve with ong npnecher, and not the eclilent,
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I have suggesced that acceptance {s the third step and essential to
the propar wrility of eschemes and of course, of large system mnduls: I have
analyzed some of the problems of acceptance and sugpgested some avenues of
appreaching the problem. Thes; ideas and conclusions have been drawn from
personal cxpericnece in attempting o put actess to LDC's a predictive model
for the sclection of most appropriate technology for water and waste water
treatment,

Therg are ample examplea of unguccessful thhnﬂlcgy transfers, either
direct or aldoptive, and very feuw examples of indigenous technolopies in the
field of water and waste water creatment. There is even less evidence
requiring, or volunteer exploration of alternative processes, particularly
with attent lon to "soft" technology, s¢ lessons of history, fallures and
successes gan help 1n a benefit analysis of demonstration of value of
sppropriace water Ercatment technolopy, but'not of o model.

The use of a model Lllustrates the type of information requlred by
in—country decision-makers, immediate value can be derived from {vs manipu-
Jarion, ff guch data can be identified and acticn initiated for its ¢ollection,
but our cxperience to-date would indlegte lictle reason to bolieve that
funding agencles, eor regulation agencies will promote or require the use
of a model for decisfion-making. In a glebal reuse, it wbuld be very hélp-
ful at a high prestige, internationzlly active copsultant Eirm could be
influenced to use this type of model te assist the LDC decision-makers.

The mosC promising gvenue at present serye }D be through in-country
universitics assisting in the developreent of a "cell", or "gate keeper",
who will Jevelop the cancept of appropriate technelogy, and the application

of the medel, or a wmodified model, The concept of appropriate technolepy s
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geveral cimes pore valuable chreoagh the application of the model, and
the concept Is hroad enough te be transferred to ocvher social/engineering

applications,
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Appropriate Technology Supplimental Lecture-Workbook p. 119-134

The author has developed a model, aggregrate model, to he used to as-
pipt the decision-maker ot makers In selection of appropriate technology with
a treatment water or wastewater as a particular applicatfon in developlng coun-
tries. A model that is fully developed including computerization, It has been
presented to many audiences and was tested in depth In Panamz and In Indonesia,
and is currently being given in the form of short courses in twenty-cone countriés
around the world. Including such countries in Snuthlﬁmerica, Guaremala, Panama,
Barbados, Columbia, Peru, Bolivia, Jamiaca, in Africa, such cities as Nirobi,
Abajohn, Dekar, and in the Far East in Manila, Indonesia, Bandung, Bangkok,
Decca, Delhl to name a few. There are additional lectures or papers given in
these five qay workshops that are used to present the meodel and thege have been
with twe exceptlons have bFFn incorporated in a text that is currently under-
golng publication, The text is entitled "Interface for Dgcisiuﬁ Appraoprisate Tech-

nology Prediction and Selection Methodologles state of the Art," by Reid and

Coffey.

The purpose of thils paper is te further develop some of the concepts that
come ouk of the actempt to test che applicacion of the model; as well as, some
management Implications, and some of the limitations, Most of these thuugﬁts
have developed through the tests in Panama and Indonesia; as well aa, the feed-
back from seven workshops te date, Of course the object of this paper would be
to demonsecrate some of the econcmic and~manage¥ent conce}ns with their relarion-
ship to this model. In general I propese to cover the effect of the demand for
water on the models'ﬁse; the costs and ﬂelays and concepts of aggregate projects;
the relacionship between capital tost and O & M nusr;; as well as, the O & M
ratic. Some of the counter ilntuirive, capltal intensive problems relating to

unit cost and scale; the unlque ideas of potentials through volunteerilsm; the
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relationship of toral cost to the aforementioned factors and some of the con=
cerna with size and lifeatyle on che demands for water. The model itself takea
zll the avallable processes for treatmen! of water or mewage, and screens them
for their exceprability, socfally and economiczlly with appropriate technology
in the larger sense or what could be called "soft technology", and arriving at
84 coslt comparison or an array of those that survived the variopus screeas.

The first topie that T would Like to discuss would be the demand for water
and its related scale and lifestyle problems. This 1a shown in Figure 1 {in
lecture workbook on page 122). Here, I have plotted the unit requirement fo;
water Iin gallons/per capita/per day against the scale or the size of the operation
aor the lifestyle either one. In starting with 3 small scale and working to a
larger scale; a small community working to a larger community, one can see that
the unit requirement for water escalates. It isn't simply the same gallons/per
capita/per day for a small community as it i3 for Q larger one. The reason for
this is we po from a small community to the larger there are more community or
public services. The larger scale the unit use might range somewhere in the neigh-
~borhood of 150 gallons/per capita/per day; wherec as, in the smaller communities
it might be only abouc 20% of this which would be 30 pallons per day/per capita.
The idea being that there ig Included, Just not the water being used domescically,
but new water thar is used for p;blic services, flushings of streets, fountains,
and things ef this sort, and water that is used by industry that relies on the
tommunity for water; as well ag, the water that is used commercially. On the
other hand as one works on the low lifestyle standard ko a high, one can see the
amaller communities with the lower lifestyles, etc, nnq eascalation to higher
STL'g. That is to say a&s the 3TL 1necreases the unilt use of water 15 greater, and
ko the population served for the same quantity of water is less, and this is ome

of the imputs into the model. Now there 1s a counter concern and that fg {f I



could put a dotted line on this chart which would indicate the incresse aridness
6bviously as we get to higher lifestyles and larger scales ihe Amount may go

d;wn. Flgure 2 relates to casts and delays and this 1s a very important issue
too, Host of the water supplies or sewage systenms (Fhat wa are discussing or
will be discussing) relate to public concerns that is the wodel was designed for
nucleated systems-pericd. In this case generally, these are done by private
concerna gn competitive bids. In the bidding ;;;Incedure, the delays that are in-
volved are not only iIn the bidding procedure but of other issues much as impact
studies. Obviously as one delays the nonatructiun.nf something that has been
designed the cost goes up mostly due to growth inflation and so 1t 1sn't infrequent
that one finds thact the engineer's cost estimate maybe by the time one gets the
bids it maybe inadequate and requiring a complete revised design vhich is a
further loss. 5o due to growth inflation onme can expect increased costs. There's
another delay which is pa;rtinularly of importance in developing countries ana
that relates to the proposition thet many of the developing countries #nuld like
natlonwide programs of waste treatment or water treatment. These programs would
do several at one time, and having aggregrate projects. When you get aggregrate
prolects, you begin to tie-up the construction Industry and then the censtruction
industry raises the price. And so I've tried te show you effective apgregrate
projecta which fa of course derrimental in the sense that they a_lsn increage the
costa. Another interesting Figure 3 (found on page 124} is the eost and their
relationship to the STL. Now the costs are made up of equipment or capita costs
and operation malntenance cost. I'm trying tolindicate that one would starc out -
in the lower technologies where the two cosats might be equal or fifty-fifty in
other words, and that as you Increase the ratio might change and r;qlly what the

Figure says is that I{n the higher technologies only 20 percent might be on 0 & M
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and 80 percent could be on equipment, and alsa thst there 1s a considerable
;s:alatiﬁn in the total of course. On top of that, a relatively larger partfon
¢f thia aeems tc be embedded in capital cost. In Figure 4 (on page 125) 1've
tried to show the problems associated with cost with ‘particular reference to the
ldea of volunteerism. In volunteerlsm the key fgsue is that there is a point
beyond which it's necessary to hire trained people to operate the facility but
below that, the operation can be shared on a rational basis by the recipients.
S0 up to a point say 3 to 500 people, irn developing countries, we are able to
operate on a voelunceer basis. 5o the cost is the rerurn on the capital Investment
up to that peint. In Figure 5 (on page 126) as the lifestyle and the size both
increase the total cost increases but not in direct proportion. In Figure &6 (on
page 127) is a sketch that relates the relative cost by scale and components,
fipance, construction, and engineering. 5o with & breakdown of the costs In
three parts, perhaps 10 éercent for rhe engine~r and 45 percent each for fiﬁ:ncing
and constructlon, Now aa ir gets larger the relative amounts will change a little
bit as you can see e.g. the relative imput of the engineer is less but at the
fape time his absolute amount could be about the game,

Second concern with the use of the model deals with sensitivity analyais.
This ia particularly of interest in the selection of goals and perhaps elements
embedded in the goals. You may recall in the model itself the prefoimance geals
thar have been used are Coliform, BOD, and to some degree TDS, Alsoc an Indica-
tion one might usé in developing countries are varicus levels of these elements.
For example on Coliform in the Urnited States ar developed countries because of
any contgmination that occurs that is known to be dangerous we‘have established

one to two most prabable number of coli per hundred mllliter sample. for Coliform.

The value may be 10 to 30 in the developing counktry. So there is & chance to
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arcirulace theae and this can be done on the model. To atress this, ona might
iook at Table I {on page 129} at the relationship between the socio-technolagleal
level (STL) an; the test parameters, and their levels. I'm really saying that as
society develops more you not only increase rigor of ‘the level of a particular
parameter but you may also add addicional parameters. As I've noted here you
might start out in a underdeveleped country with 30 most probable mmber Coliform
and wortk you're way up to maybe 1 most probabléqnumber am you go from the under-
developed to the developed areas. On the other hand if you just go from one
developed area to & slightly more developed you might include ﬁardness etg,, and
then if you continue because there are additional problems now associated with
industrial contaminates you might include such things as metallie ions. Then
when you get to highly developed countries TDS and temperature also become impor-
tant. In Table II {on page 130) is a more detailed tnyulatian from the developing
country to the daveloped.and both in termas of water and sewage treatment process
of the various kinds of tesrs chat one mighé find necessary. So in-thé very under-
developed szltuation Coliform and Turbidity are perfectly adequate, but then when
you get up perhaps with the more sophisticated level tha rapld sand filcer on
water you will gtill have Coliform, but now you are interested in pH and suspended
golids, coagulante, and color, ete. This is alec true with sewage Lrearment.
There are many more processes that can be brought into this thing, bur it's here
primarily for purpesea of lllustratlon. 5o we have different tests that caon be
&dded and different goals within the tests themselves that one has to talk about.
Another area of importance is that that relates to aystems reliability, these
reliahil;ties can be sought by manipulating the cemputer inputs and autputs, and
this 1s of particular interest because.of the implication that it's just unneces-

sary (or fool~hardy) to computerize a rather simple model that can be "cranked

out" by hand. or with sever Iteraticns on a hand programmable calculator. But om
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the other hand 1if you can make calculatlons quite rapidly as we've done on

using the Apple II (our mini-compurer} you can vary a great many of the differ-
eht imputs and see :ﬂe effect on the output, In other words by changing the

goals as indicated earlier one might decide about a policy that requires a
developing country to use 1 Coliform or a pelicy that means that we may have

to include wmerallic iong fu; sgome reaszon. The impact then on the selection of

the processes can be sought. In many instances because tﬂe éelectiun of prucesse?
are incrementél and not eontinucus this hecomes”a very interesting thing. That

1e teo say in sewage treatment for example 30 percent reducticn of BOD is accoﬁplish—
ed by primary treatment and B5 percent by secondary. There's no in between unless
you delibertly attempt to pasa by a portion, where you go full treatment to only

a fraction of the total, and blending it with untreatedlwaste.tu give you the
level you want. This would not be ordinarily done, but In a sense ane can lock

at them and can modify goals and ;ertainly ir terms aflthe impur parameter. One
that is of particular interest fs of course the 5TL and it's just posaible and
has been noted before in our studies rhat when you Jump In time 1580-1990 and on
your way up there may be a jump do to another 3TL level, and thia could have
subgtantial impact on the selection of treatment processes.

As 1t has been noted earlier the delivery system consists of a whole group
of things for warer and the yremoval of wastewater, and not just treatment. The
inicial emphaszis of tha model was on treatment primarfly because this lent {tself
to the largesc perhaps gain by the selectlon of appropriate materials and pro-
cesses; mostly processes because the appropriate processes minimiza the 0 & M
coaty and certalnly Increase the reliabiliry, Individual reliability studies
have beén made and been discussed clsewhere, but to refresh your memory one can
look at the more sophiscicated processes that are capital intensiv; that certainly

are costing more, but also being subject to. the whole socletal breakdown in the
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transfer of technolegy., The question, of course, has arlsen why not look at

the whole delivery gystem of water. This 1s beilng undertaken at the present

time by leoking at the various alternatives that are available, The system can
be deescribed ag seen on both drawlngs on Figure VII, and VIII (page 132 and 133)
as being one that starrs out with water supply and then the pump, an adequate
or pipeline with storage then treatment, distribution, and collection, Then the
sewage can be collected and disposed of by cruck farming and returmed for reuse
discharge and/or treated. 5o the whole scheme of things should be looked at, and
the relaticnship of each tc the antire delivery aystem, There are many oppor=-
tunlties and possibilities. For example distribution systems need not supply
water fu;.f;re protection Pther techniques can be used. The distributlon system
need not be Interlocked thus eliminating fitcings, crosses, and tees, Other things
that can oake a cheaper system relate to many alternative materials. Jdne could
go to plastic. wune concept that has been auggﬂsted in which you could get Lnough
water for STL level 1s hy using a % inch plaatic tube that could be hung right
along with the electrical conduits. B5So if there is a “Ilight bulbk" ip every home
then there 1s a possibility of having pasteurlzed water In every home and & tollet.
Uther syatems could relate water and health care, water and education, water
and transportaticn, ete,, or water can be interrelated to the entire public deliv-
ery system. Once we have some way of defining the benefits from publie water
supply and the main thrust has been health ben;fit cost analysis _or cost ef-
fectiveneas analysis can be done through computerized manipulation of the model.
As sort of as a final "rap-up" statement of these consideraticns and things that
can ba done in the management of the mﬂd311 perhaps-it might be well to suggest
that it's educational potential rather than the cranking out of definitive

numbers 1s perhaps the greatest at the present time, end particularly its use

2 -7



to demonatrate the value of aelection of appropriste technology. The educational
problems can lead to a way of thinking wvhere one tepnds to think in terms of ‘al-
ternatives, goals, and aggregrarte systems. Then the two can be put to greater

use, To speculate on its use w;uld ke to suggest that a medel be bullc that can

be used in community after community as one beging to gat more of the things thﬂt“
needs more simulation study with alcernative goals, alternative materials. a
strategies, and then the mpdel 1tself can be used in two modes. One would be re-
active and the other would be the:proactive modeal. %he proactive model would

make studles and suggest rreatment processes et or a whole dellvery system that
might be useful teo varlous cities and communities in an area. On the other hand the
reactlve mode would be when the cities themsclves discover a need or interest

andg initiaté a program a0 a proposed project can be checked out. Both of these
medes are very useful an& the whole.scheme lends itaelf nicely to this considera-
tion. The medel is of a type that the type 1teerlfi could be used on health delivery
systems, or educational systems and any other of the things that are so vitgl to
the planning function of the developing countries. COnce iF gets some reasonable
use Iin the hands of the young people coming up thr?ugh tha indigenous educational

systems it will probably fipnd its way into mere active numbers crunching and

real field rgsulta.
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t PROCESOS

TRANSFERENCIA DE GASES.
a) Adicién de :
oxlgeno
QzoNo
clora
didxido de claoro
bitxido de carbono
amoniaco
b) Remoci6n de:
oxfgeno
dcido sulfhfdrico
substancias vol4tiles
bisxido de carbono
TRANSFERENCIA DE SOLIDOS,
a) Cribado:;
Rejillas
Tamices
Micro tamices
Para la remocitn de:
Hojas, palos, peces, materia suspendida y algas.
b} Sedimentacién, -
Simple y con coagulantes .
Remocién de materia suspendida sedimentable y flécules.
<} Flotacién, -
Usada en potabilizacidén ocasionalmente para remoclon de sodlidos

suapendidos empleando como agentes de flotacidn compuestos cuaternarios

de amonio,



d) Filtracitn, -
La filtracion es un proceso compiejo que involucra dos acciones
complementarias,
dl) Tranaporte de particulas por medio de :
Cribado, sedimentacidn, intercepcion, difusidn, impacto.
d2)  Adherencia de particulas a los granos en la que intervienen:
las fuerzas de Van der Waals, fuerzas electrostdticas y puentes
quimicos de cadenas poliméricas
lin los filtros lentos hay ademas transferiencia de nutrientes por contac-
o Interfacial,

TRANSFERENCIA DE IONES,

n) Coaguiacidn quimica.,
Pera remocién de coloides. \\
b) Precipitacion quimica, 1 .

Para remocién de subatancias disueltas como fierro, manganeso, dure-
zr , fluoruros,
) Intercambic idnico, -

Para ablandamiento y desmineratizacidn,

d) Adaorcitn, -

Para remoclén de olores y sabores,

ESTABILIZACION,

Pora volver innocuas substancias disueltas en el agua, sin removerlas,



Ejemplos tipicos son lz adicidn de polifosfatos, la recarbonatacifn ,
la super cloraciton lz decloracion.

PROCESOS ESPECIFICOS,

a} Desinfeccidn,

Aniquilamiento de organismos pat&gencs por medio de cloro, ozono,
radiaciones U.V,, accién oligodinimica de metales,

b} Desalacion, |

D¢ aguas salinas y salobres por :

Filtracion idnica { electrodidlisis, Osmosis inversa y utrafiliracion ),

Destilacion

Congelacidn

[mtercambio l&nico
c) Floruracion, -
d) Adicitn de Sulfato de cobre,
DISPOSICION DE SEDIMENI QS
Con motivo de los problemas de contaminacion debidos a la descarga -
‘de sedimentos de plantas clarificadoras, ablandadoras y desferriz.adura]s.
ge HE:CESil;an procesos para su adecuada disposicidn,

Fundamentalmente son procesps para secado ¥ recuperacién de productos

qufmicos,



11 SISTEMAS

La secuencia de procesos conduce a los sistemas de Potabilizacidn,

La eleccidn de los procesos que constituyen un sistema depende de

Calidad del agua cruda
Calidad del agua tratada {Normas de Calidad )
Costo del] tratamiento.

Los tipos de sistemas mas comuneés son:

l,- Plantas de desinfeccitn. i Ciz’
=] CONLacCLO o ——
2,- FPlantas de clarificacion,
a) Por filtracidén lenta,
Filtracion | .lDesinfeccitn
T Bgsedimenta Y |, —
e om = e o e
b) Por filtracitn rgpida
convencional
__L_ Mezcla | Flocula® leesed Sedimenta- b Filtracitn jesd Desinfec-
| Réapida cion cidn Répida cidn
¢) Por filkracitn répida
directa.
Al
2 {504) P%E'ESID no *
Mezcla Filtros R —
Variante 1 Répida Duales
Pollmero
Catidnico _ .
. MeZCla | s Flocula- Filtros i
Variante 11 Répida cion - | :




Variante

——alMezcla
Ripida

3--

-

I1I

Control de TIJ
Coagulacion

Tangue de
Contaclo

Plantas de ablandamiento.

a} Por precipitacidn quimica,

Filtracion
Dual

Mezcla
Répida

Flocula-
cion

| Sedimenta

cidn

Estabili-
zacidn

Rapida

Filtracién

by Por intercamblo ibnico. -

Agua

4, -
Veariante

la
Clara

Intercambio
ISnico

-

Desinfeccidn

Plantas desferrizadoras,

Aeracion

Filtracidn

—t Desinfeccigh—m

Variante

—d Cloracitn

—p Sedimenta
cidn - I

Filtracitn

__l Desinf ecciﬂi;—..

51-

Ll--

Plantas desaladoras,

a) Por filtracién ionica

al) Osmosis

Inversa,

lH2504
Aeracion  lemwmegmd CONMICIO |emmamad Filtracion
[6nica

- e wam o

1

l

Salmuero

gin -
eccidp




a2) Electrodiilisis , o »

b) Por destilacién

¢) Por congelacidn

Adiciones Comunes,

Los procesos mas usuales que se incluyen a los sistemas gpres seflala-
dos son: :
Adsorcitn,. utilizando ¢carbdn activado.
Estabilizacién, empleando polifosfatos,

El uso de las Unidades de contacto de solidas,

Como una de las herramientas mids importantes para los sistemas de -
clarificaci6n vy ablandamiento estd el uso de las unidades de contacto -
de sblidos, cuyas ventajas pueden conducir, en donde sean aplicables,

a disefios econdmicos y méas eficientes.

El avance tecnoldgico v ia simplificacién de operacidn y equipos,

Se destaca €l cambio de orfentacitn en el disefio de Planta Potsbilizadoras
8 partir de la decada de los sesenta, empleandc mayor soporte cientfico

¥ aprovechande nuevos equipos, materiales ¥ productos quimicos.



I11 EFICIENCIAS,

Remocitn o Aeracidn Sedimentacidn Ablandamiento Filtracin Filiracién  Desinfeccion
Control de con c¢oagulantes por precipita- Lenta Rapida { cloracion }
cidn
Turbiedad O + e+ (+ + X1) *+4e(2) +i4e 0
Color D + + ¢ 0 + + Feié 0
Qlores vy
Sabores ++(3) {+) ( ++ ) (1) t+ + t o+ +244(4)
- - {3

Dureza g {- - )9 sei+(10} O (- - )& 0
Corrosidn v+ 4+(7) -

- ---(8) (- - )9 0 (== )9 0
Fierro y ;
Manganeso : 4 + (11) { + ) —-==~(11)  #e¥e(l]1) 0
Bacterias 0 + + ' ( ¢+ +)12) =--- e T

Y



NOTAS,

(1)
2)

(3)
{4)

(5)
(6)
(7)
{8}
(9)
(10)
(1)
(12)

El signo ¢ y - representan grado relativo de eficiencia de los sistemas.

El parentesis indica un efecto indirecto.

Por inclusion en el precipitado,

Pero los filtros se colmatan muy rapidamente a turbiedades mayores
de 60 UTN,

No incluyen sabores a clorefencl

Cuando se emplea cloracién al, punto de quiebra o supercloracitn y

. decloracion.

Cuando no se emplea {4) en la presencia de olores intensos,
Algunos coagulantes convierten carbonatos en sulfaros.

Por remocién de C O, ' |

Por adicldn de oxfgeno

Algunos coagulantes liberanl C 02

Variable, algunos metales son atacados a pH alto

Despues de aeracion

Cuando se produce rmuy alto pH por exceso de cal,



Y

COSTC.DE “BEQUIPOS ..
JIV.l Criterios para la Estimacidn de Costos,

Se acepta generalmente que la produccitn de agusd se -

caracteriza por economtas de escala,

E1 departamento de tratamiento de Agues del Estado de
M1inols (Ref., Journal AWWA Mayo 1975} ha realizado -
un estudio de economtfa de escala en la produccidn de

agua tratada,

Basades en el apdlisis de 42 plantas, se estim® que -

1a relac!dén entre el costo de la Planta de Tratamien-

to y Su. capacidad es:

0,65

Y ~ 22,66 K

en donde:

¥ = ¢costo total de 1a planta de tratamiento
(miles de pesos), ,

K = capacidad-de la planta {(m3/dla).

Esta ecuacion debe afectarse de un coeficliente que -~

1a adapte a los costos que se-obtienen -en el pals, --

. -

que en forma aproximada son el orden del 50 al 75 % -



de los que se obtlenen en Estados Unidos para este -
tipo de instalaciones,

|

En el estudio de referencia se recomienda no Incremﬁg

tar Indefinidaments las economlas de escala, por lo -
cual se redujo graficamente la teﬁdéncia, prblnnganda:
tangenciaimente ta curva en el costo de una planta de{
"2 msﬂs, que es el tamafio m&ximo recomendado para ﬁsaf'

la ecuaclén anterior,

Se trazd también la recta de vajores medios entre la
tangente.y la recta de valores que no toma en cuenta
la economla de escala con objeto de obtener, en esta
etapa, una serie de valores “hajos" y otra de valores

."altos'". Esto se puede observar en la gr&fica anexa.

Se utiliza también el criterfo_de Fair, Geyer y Okun
que dlice: 'Los costos de construééiﬂn de plantas de.'
filtracidn se aproximan a j BZE;GDD‘por cada 1 000 .
mBIdra de capacldad de planta, varlando gpruxlmadqmqﬂ

te con:

2
1.55 @23

" siendo Q la capacidad nominal (miles m3/dfg}"

En virtud de la sugestién de ugillzar plantas con la

tecnologla mas moderna se empled también la grafica

-



de la Epviroenmental Protection Agency (EPA} relativa
al- costo de instalaciones con el use de filtros de di
sefjos actualizados., "Este criterio Indica; _
"En térmlinos generales los procésas de remocidn de 5§
lidos suspendidos tienen una economta de es:a]é, Es-
decir, las unidades de capacidades mayores producen -
mencres costos de-tratamienko por unidad de volGmenes
de agua tratada., Esto se debe principalmente a dos -
factores:
a) Costos reducidos de capital por unidad de vu;
| umen,
b) Costos decrecientes de operacidn debido a un
empleo m&s eficiente del terreno,personal y -

. tiempo",

Es pﬁrtinente aciarar que ¢l uso de los criterios an-
teriores se hizé necesario en esta etapa del estudiao,
en virtud de 1a carencia ;bsnluta de datos actualiza-
ﬁus.de costos de plantas existentes en.a1 pals y s610
para fines de 1a modulacidn.

. IW) 2 Actuslizacion.de costos de plantas de trata--

tamiento al ler, Semestre de 1977,

Los costos se pueden dividir en;

/



1.- Obra Civil | 70 %

Z2.- Equipos 30 ¥
Los factores de actualizacion son:
1.- Obra Civil; 1,45 del) ter, Semestre de 1976 al ler
Semestre de 1977,
2.- Equipos: 1.8 del ter, Semestre de 1976 a1r1er Se-

mestre de 1977.

Por to tanto el Factorlﬁioba1 serd:

Obra Civil: 1.45 x 0,70 = 1,015 .
Equipos: _ 1.80 x 0,30 = 0,540

Factor Glabal = | 555



IV, 3¢, Valores corregidos para el trazo de la graf]
tamiento de Aguas de [l1linois.

COSTOS APROX IMADOS EN MEXICO
(INDICE: ler. Semestre de .]9??]

(Miles de Pesos)

ca segln el criterio del Departamento de Tro

GASTO NOMIMNAL VALORES VALORES - VALORES SIN
) BA JOS i ALTOS ECONOMIA DE ESCALA
1 m3/seg 63 000 - 50 000
L9 .
2 m3/seg - 100 000 - -
k m3/seg - | 180 000 R
6 m3/seq - - o 300 000
8 m3/seg 300 000 . 345 00O

IV. 4 . vyalores corregidos para el traza de la grafl
ca segin el criterio de l1a Enviromental Pro-

tection Agency,

COSTOS APROXIMADOS EN MEXICO
{INDICE: ler, Semestre de 1977)

(Miles de Pesos)

" GASTO NOMINAL VALORES CORREGIDOS

0.3 m3/seq 1 ' 6.2
30.0 m3/seq bh66.5

]



za

IV..53 * Correccidn del factor en la ecuacion de Fair,

Geyer y Okun,

L

El factor considerada inicialmente fue de «-

T.99.I Por tanto el actual serad:

1.99 x 1,555 = 3.09

Y. la ecuacion general se modifica como sigue:

1.55 0%-867 876 000 x 3.09 = 3.956 ¢0-667
' 1 x 10 ‘
IV.. 6 . Eleccion de capacidades para la modulacion -

de una Planta de 22 m3/segq.

ia, ETAPA: Planta de 12 m3/seg.

unidades de 2 .m3/seq
unidades de 33 m3/seg
unidades de 4 m3/seg

e ol o

unidades de 6 m3/seg

za. ETAPA: Planta de 10 m3/seg.

5 unldades de 2 m3/seqg
2 unidades de &G mi/seq,

Los costos de (a Ja, ETAPA, utilizando los criterias 1o
)
expuestos arriba se Indican en la tabla siguiente:
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ESTIMATISG WATER S3YSTEM COSTS 719}

fzcters must be considered 1o the greatest extent possible when preparing
a preliminary cost estimate for lhe pipeline project.

ESTIMATING COSTS OF WATER
TREATMENT PLANTS .

This section contains construction cost information on water trealment
planty designed by Mantgomery Engineers. In addition, three plants
designed by the Metropolilan Warer District of Southern Californis (MWD)
are also listzd. The waler lreatment planl construction cosis were
adjusted to exclude costs of the Following items: land, rights-of-way,
raw-waler reservioirs, lreated-waler reservoind, intake pumping stations, and
trealed-water pumping stationy. These items were excluded from the toral
actual construgtion costs to focus on the ¢osts for the partion of the
plant directly associated with the water treatment operations, which
usually inctudes operations and administration buildings.

A summary of the adjusted water treatment plant costs is contained in
Table VIL. Construction cost curves are shown in Figure 8, Although the
curves do not show separate costs for major treatment planl companents,
the construction costs for average conditions can be apportionsd a3 |
lollows:

*  Earthwork, general aite work and yard piping L5 20%
* Sedimentation apd flacculation batina. 10-10%
* Fitert and appurienant wytlem, ingloding wash waier
tank, pumps and wash water reclamation facilites | 20-15%
* QOperatigns and administration building 1-25% )
' Elecuical snd (slemetey 10-20%
v Miscelluneous chemicul wanks, amall sTructures 1-15%

[n determining the ahove figures, two items pormally inchuded in a treal-
ment plant complex were not incleded because of their highly variable .
costs: {2} raw waler pumping station and high service pumping station,
and {b) clexr well. .
It is 1o be noted that the cost of pumping stations and clear wells are
not included in the cost data tabulated In Table V31 and <hown in Figure B.

" Conventional Waler Treatment Plants

Convenlional water preatment plants are defined a3 [ull treatment
faciliviss involving Aocculation, sedimentation and fittration unit processes.
The construction cost curve for conventional plants includes the lollowing
plants (refer ta Index numbers shown in Table WII): 4, 6, 7, 8, 10, 11,
12, 14, 15, 16, 20, 21, 22, 23, 24, 25,16, 28, 29 and 31. The cost of



Tabk V1L Water Treetment Prant Costs

Conalruciion
Cosl petr mpd
Maximum ef Maximum
Hydraulic Capacity Mydraulic Adjusicd Copsl.
Lheed ax Basis far Capaciry lor Cost for
Ireden Chnit Comt ENR-LA=1500 EMR-LA=2500
Mo, Owaver Plant fmgd} (5/mgd) (%3] Rermiarks
1 Alemneda Tounty Water Minual ). Bernardo ig4 114,000 2,100,000
Dnrnct Water Sof1, Flam .
2 Azusa Valley Water Co. Water Filtration Plant 1.3 &4 000 T 000
3 Chino HRasin Municpal Cayl B. Masingale Reg. 20 127,000 2,340,000
Walel District Trertlary Treslment
Punl Ha. ]
4 Cuontia Costa Couniy Ralph D, Baliman Waler bt 116,000 9,280,000
Waler Distncy Treatment Flani
5 Cowvina Iinigating Co. Water Trraimenl Plant 15 BE DOG 1,280,000
[ City of Lsvondide ¥isia Joiny Water Tresiment 37.5 224 0060 8,400 000
Irrigmbion Disirict Flant
7. City of Fairfietd Walerman Treatment 15 292,000 4 402,000
Fant
] Helix Water Districe R. M. Levy Filiration 50 129,000 6,430,000
Plant (initial}
9 Helix Water DHatrict F. M. Levy [dtralion a7 41,000 2,870,000
Plant {&xpansion)
10 Helix Waler DHstrice R. M. Levy Tiltration 67 159,000 9,300,000
Plant {comm poite) -
(§] MWD af Southern Weymouth Softening & 600 118,004 83,000,000 $56,000,000
Caliornia Filtration Plunl ' withoul
{compuotite) sofiening
* . MWT:of Southemn Diemer Fillration Flam 406 27 000 34 850,000
Califlernia [unvidiald
MWD of Southern DHemar Filtration Plant 40 €3, 00K} 15,000,000
Cafifarnia (ex pangon)
14 MWD of Soulhern Dhermet Filtmtion Flant BoQ 75,000 &0,000, 000
Calllomia (compnsiie]
15 WY af Southern lensen Filiratlon Plant 350 95,00 52,000,000
California
1& MW uf Souilern Skinner Filtration 150 125,000 18,700,000
Califarnda Plant .
17 Gty of Onwrio Waler Purification ? &6 D00 603,000
Plant
18 = Cuy of Pusadena John L. Beyner Water 1.5 186,000 1,390,000
Tresimeni Flant
11 City of Fomona Canyon Filter Plant 5 109,000 544,000
0 Cily of Sacramento Rivgreide Waler it} 208,000 4,150,000
Treatmeni Flant
21 ity of Saciamento Amcrican River Waler 12 01,000 14 460,000
Trealment Plant
22 Oty of San Dikgo Alvarado Water 10 204,000 20,400,000 517,340,000
Treaiment Plant withaut
salteping
23 Ciy of San Dhego Miramar Water Filtration 15 121,000 2,070,000
. Flant
14 San Dieguite [rripation Igini Filtration Phant 17 159,000 5.100.000 N
Ditirici-Sanw Fe
Irmipatinn Dastren
23 San Francisco, Crty & San Andreas Wate BO 155,000 12,370,000 ’
County of Filuration Plani
Pl Sin 1 rancisce, Ciy & Sunol Valley Waler Fit 24 118,000 9470, 000

Coninly of

Flant finitial)

NTHSAQ INY1d LNTFLYTAL d31¥m il
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V.- OQOPERACION

Los problemas de operacion de lag Plantas Potabilizadoras en - -

México se deben a los siguientes factores:

.-  DEFICIENTE DISENQ

2.-  MALA OPERACION

3.-  FALTA DE MANTENIMIENTO DE LOS EQUIPOS

4.~  EN ALGUNOS CASOS A LA CALIDAD DE LOS
PRODUCTOS QUIMICOS.

5-  INSTALACION DE BQUIPOS CON BAJO CONTROL DE
CALIDAD,

Los dos primeros son los mas imporiantes,

El disefio deficiente de las instalaciones se debe g :

a) FALTA DE CARACTERIZACION DEL AGUA CRUDA
b) FALTA DE PRUEBAS DE COAGULACION

<) EMPLEO DE TECNICAS OBSOLETAS

d ' DESCONOCIMIENTQO DE LA TECNOLOGIA MODER NA

Por otra parte los disefics contemplan una mediclén sofisticada -
inoperante en el Pais, © bien no tienen medicidn adecuada,

En general no se usan polielectrolitos en la coagulacion y la mezcla-
réipida no se evalua debidamente.

No se ;:'uida la equi-reparticion de] flujo y se calcula con poco cuida-
do la secuencla hidrdulica de los procesos.

Existe un monopolic que aplica la misma t&cnica, con los mismos - -

parametros en todos los disefios, \

La mala operacitn se debe principalmente a la improvisacion ¥ falta -



25
_ de seleccion de personal capacitado.
Deberfan establecerse en las Universidades del pafs cursos de - - =
Operadores de Plantas, a diferemtes niveles-y las Depmdencihs - -
encargadas de la operacion de Plantar;, exigir como requisito la - - -
aldecuada preparacion de los operadores, dando facilidades y estable-

ciendo estimules econdmicas,

Otro aspecto que se descuida en la operacién es el valor del Labom-
loric en la evaluaciGn del funcionamiento y ayuda para fijar dosifica-
ciones y resolver problemas operativos,

KLﬂs problemas principales de operacion son la falta de control de la
dwificacion, mezcla {nadecuada v en los filtros el lavado sin la - -
técnica aproplada y carreras demasiado largas que propician cargas -
negatlvas y paso. de foculo,

Ea importante destacar la falta de acrualizacién de las NORMAS DE -
C..r‘.LIDAD de nuestro pals y el desconocimiento de agpectos tan impor-
tanresa como la formacién de Lrihalomets.mos con la cloracitn de aguas

con contenide orgdnico.

Ademds ge destaca la Importancie de exigir la fabricacién de equipo_s.

.cnn mayor control de caI;dad.
ée Eu_giere como indispensaple, una evaluacidn realista de las condicio
nes y operacion de las plantas poiabilizadoras para eliminar prﬁcticr.-ls
y eguipos defectuosos en los nuevos disefios ¥y poder establecer un pian

integral, a nivel nacional, de rehabilitacién de las Instalaciones y = =

preparaclon del personal,



<L

Finalmente se considera de vital importancia elaborar un fnventario .
cuidadoso de las facilldades de eguipos y accesorios con que se = -
cuenta en Mexico, asi como de los de facil importacidn, destacando
Iaa instalacicnes en donde se ha usado, caracterfsticas técnica-s y -

precio para un determinado Indice de Costos,
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Directorio de Asistentes al Curso: “Tecnologla Apropiada para el Tratamiento

de Agua y Aguas Residuales Agosto 1980.

J. Trinided Arredondo Ledesma
Fac. de Est. Superiores
Cuautitldn Izcaili, Edo.de Méx,
33 111 Ext. 117

Joaquin Arellano Mifilez
SARH

Reforma 107-1°

Z,P, 4

566 95 58

Antonio Arias Garcla

H. Ayundamiento de Naucalpan
Palacio Municipal de Naucalpan

San Bartolo, Naucalpan, Edo, de Mex.

Francisco Bahamonde Torres

SARH

Dir, Gral. de Proteccién y Ordenacidn
Reforma 107-5°

Z.P. 4

546 14 55 '

César Augusto Barrientos Martinez
Facultad de Ingenieria

Universidad de San Carlos de Guatemala
Ciudad Universitaria

ZONA 12

Guatemala, Guatemala C.A.

48 04 21 al 25

Enrique G, Barragin Morales
DvBois Mexicana, S.A.de C.V,
Calz. Atzcapotzalco [a Villa 260
Z.P.l6 ‘

561 60 22

Martha Alicia Blancarte Zurita

Centrod e Investigacién y Estuidios Avanzados

Av. Tocomdn v Av. IPN
Zacatence

Z.P. 14

754 02 00 Ext. 289

Hda. la Escondida 122

Col. Impulsora
Netzahualcoyotl , Edo, de Méex.
794 13 49

Procuradurfa Gral, de Justicia 87
Z.P.%
762 62 30

Fco, Sarabfa 225-2
Sn. Juan Tlihuala
Z.P.16

Edif. | Entrada B Depto. 501
Unidad Lindavista

Z.P.l4

587 37 62

1l Calle 14-60
Zona 12
Guatemala, Guatemala C.A.

Cigueflas 27
Las Alamedas
Atizapdn, Edo. de Méx.

Calz. de la Viga 1470 Edif. B No, 203

Col. Sifon
Z.P. 8
58l 59 83



1G.

i,

121

13.

14.

15.

T

Pedro Antonio Bosch Cue
Tubos de Acerode Méx, S A.
Paris 15

Sn. Rafael

México, D.F

566 12 00

José& Ricardo Campa M.
S. A, R, H,

Reforma 107-4°

Z.P, 4

546 18 47

Marfa Magdaiena Cantii Garcia
CIECCA, SARH

Av. Sn. Bernabé 549

Z.P.20

595 24 55

Octavio Castellanos Lopez
SARH ’

Av. Sn. Bernabé 549

Z.P. 20

595 24 55

Gerardo Castillo Villavicencio

Dir. Gral. de Protecci6n y Ord. Ecolbgica
Reforma 107 -8°

Z.P.4.

502 14 38

Octavio Caatro Guzmdn
Universidad Michoacana
Esc. de Ing,. Civil

Ejif. “A_”

{Ma. Universitaria
Morelia, Mjch.

José Luis Cruz 5alazar
5. A.H., O,

'P, de la Reforma 77-9°

Mexico, D,F.
83557 21

Gabriel Chavarria Chivez
CIECCA

Av.S5n. Berpabé 549

Z.P. 20

505 23 22

il

Sur 69 No. 3036 -4
Col. V. Pledad
Z.P. 13

530 11 87

Galeana 60

Sn. Jeronimo Lidice ,
Z.P. 20

595 13 47

Av. Copilco 162 Edif. 27-301
Copilce Universidad

Z.P. 20

5350 88 72

Calmecac lote | Mza. I
Ajusco
Zz.P. 21

Tecuen 16
Rancho Charro
Morelia, Mch,
274 06 !

Nte. BR # 6210
Getrudis Sdnchez
Z.P.14

Hojalaterfa 60
Col. Morelos
Z.P.2

526 64 B9



16.

17.

18,

19.

20.

21,

22,

23,

=3 -

Héctor Delgado Herndrdez . ..
Bubois Mexicana, S.A.de C.V,
Atzacoptzalco la Vila 260

Z.P.16

561 60 22 -
Josué Manuel Diaz Segura
S. A, R, H.

P. de la Reforma 107-2°
Z.P.4

S66 06 88 Ext, 153

Ma, Socorro Espino Valdés

Centrode Iny. y Est. Avanzados

IPN.

Av. I, Politécnico Nal. y Cada, Ticomdn
Apdo. 14740

Zacatenco

Z.P.14

754 02 00 Ext. 289

]J. Fleres Muiloz

Lab. € Ing. de la Calidad del Agua S.A.
Av. Col. det Valle 637

Z.P.12

543 9194

Everardo Flores y Robles
SARH

Subjefe de Depto.

P. de la Reforma 107
Z.P, 4

546 18 47

Ma. Victoria Franco Orozco
S. A. R, H.

Ignacio Rmz. 20

Col. Sn. Rafael

Z.P. 4

566 39 11

Humberto Gdmez Lozano
Dubols Mexicana, S5.A,
Atzeapotzalco la Villa 260
Z.P. 16

561 60 22

Faustino Garcla C,

Edif. 453 B-201 U, L
Unidad Lirdavista
Z.P. l4

587 30 96

Monaco 264-9
Z.P.13
53¢ 71 07

Nte. 26 # 328
Col. Industrial
Z.P. 14

517 08 75

Mario Moreno 15-404
Qlivar del Conde
Z.P,19

Calle 1L # 210
Col. Porvenir
Z.P. 15

355 07 97

Mar de Japdn 8571
Loma Linda
Monterrey, N,L.

70 88 40



24.

23.

20,

27.

28.

30,

3l.

a2.

33.

Abelardo Gonzédlez Aragén
Subdireccion de Investigacion y Ent.
Av.Sn. Bernabé 549

Z.P. 20

- 595 44 53

Ma. Carmen Gpe. Herndndez Garcia®.

S.A.H,OP,
Reforma 77-10°
Z.P. 4

292 0l 26

Ramén Humberto Gonzdlez Nifiez
Eco-ingenierfa 5.A.

Providencia 1033

Z P.12

S75 B7 23

Enrique Herndndez Cortés
SARH
P. de la Reforma 107-2°

4P, 4

566 95 69

Carlos Hernindez Chivez

SARH

Dir.Gral, de Proteccitn y Ord. o,
Av. 5n, Bernabé& 549

505 24 00

Rodolfo Hines Lépez

DuBoais Mexicana S.A. de C,V.’
Atzcapotzalco la Villa 260

Z.P 16

561 60 22

Silvia Ivonne Ialas Curiel
SAHOQP

Reforma 77-9*

Z.P. 1

535 57 21

Sergio Ledn Pérez
SAHOP
Reforma 77

Z.P. 4

Francisco ], Mancebo

Juan Manuel Martinez jiménez
Comisidn de Aguas del Valle de Méx,
Victoria 77-2°

Z.P. 1

521 87 25 Ext, 14

A. B. Franklin 99-40! s

Z.P.1

Nie 9 A No. 4612

Col. Defensoresa de la Rép,
Z,P. 15

355 54 45

Lidia 88

Gpe. Tepeyac
Z.P, 14

537 09 58

Micla 270-401
Z.P, 12
579 96 49

Valle de Parana 122
Valle de Aragbn
Netzahualcoyotl, Edo, de Méx,

Calle The 790
Granjas Méx,
Z.P. 8

Fro. Novoa 9l
Col. Aragdn
Z.P.14

TR 12 N7

Pl

-



34.

33.

36.

37.

38.

39.

4U4

41,

42,

-5 -

Francisco Javier Maytorena Fontes
SARH -

Dir. Gral. de Proteccitn y Ord. EcolGgica
Reforma 107-5° '

Z.P. 4

566 06 88-122

Paulina Rosalfa Montoya Aguilar
S, A.H. 0O, P,

Bertha Leticla Navarro Ginther
Comision de Aguas del Valle de Méx.
Balderas 55

Z.P.1

521 16 74

Felipe Ord6fiez Armengol
SARH

Reforma 107-8°

Z.P. 4

592 10 62

Jesfis Ortega Medrano

Consultec de México, 5.A.de C.V.
Ameyalco 10-4°-427 al 430

Col. del Valle

Z.P. 12

543 5173

Ma. de Lourdes Pefla Velizquez
Instituto de Geograffa

UNAM

Z.P. 20

550 52 15 Ext, 4295

Lauis Quezada Camacho
SARH

Reforma [107-1°

Z.P. 4

546 14 35

Maurilio Rios Soto

ECCAC IV

Km. 3.5 Carr. Jiutepec-Zapata
Jiutepec, Morelos

5 87 89

Jos& G. Robledo Montes
ASrRES

Sur 72-4222

Col. V.Piedad

7 0D 2

Sur &9 # 3036-5
Col. V. Pledad
Z.P. 13
530 11 87

Rembrasnt 61
Z.P, 19
598 24 03

Cuicacalll 46
{da, Sacélite
Fdo. de Méx.
a72 32 50

Luisa 130-4
Col. Nativitas
Z.P, 13

332 73 44

Nte, B2 # 5218
G. Sanchez’
Z.P, 14

760 24 74

Cereales 112

Col. Progreso del Sur

582 17-52

Sn. J. de Letréin 454 B 603

Z.P.3
583 92 47

Real Yautepec 16

Tejalpa, Cuernavaca

Colima 388 A
Z.P,7
51119 73



43.

44,

45‘

46.

47,

48,

49,

al.

S S

Pedro Rodarte Mireles
SARH

Reforma 107

zZ.P. 4

566 06 B8 Ext. 149

Margarito Pepoca Ocampo

ECCAC

Km. 3.5 Carr. Jiutepec-Zacatepec
Jiutepec , Mor.

5 87 89

Francisco Jos€ Rojas Villanueva .-
Lab, € Ing. de la Calidad del Agua 5,A,
Av. Col. del ¥ lle 637

Z.P. 12

343 91 94

Miguel Rosas A.

Ramiro E. Rosas Corral
Dir. Gral. de Proteccidn y
Ordenacién Ecolégica
Reforma 107-2°

Z,P. 4

566 06 88

Gilberto Mateo Sada y Ramos
SARH

Jefe del D pto, de Reuso del Agua
Av. Sn. Bernabé& 549 '
Z.P. 20

595 44 53

Jorge Sinchez Vizquez
SAHOP

Vallarta 9-1° )
México, D.F,

Jesus Sereno Crozco

Dubois Mexlcana, §,A, de C.V.
Calz. Azcapotzalco ta Villa 260
Z.P, 16

561 60 22

Jaime Sosa Romero

SARH

Dir, Gral. de Captaciones y Conducciones
de Agua

Ignacio Ramirez 20-1°

Z,P.4

566 3% 11

Plaza de la Asuncidn 5
Tejalpa

Cuernavaca , Mor.

S 097 '

Violetas 314

Fracec. Florida
Naucalpan, Edo.de Mex.
572 87 07

Nte 14 # 4719-4
Defensores de [a Rép.
Z.P, 15

587 32 42

Retorno 21 de Lic. Genaro Garcia 8-l
Jaxd{n Balbuena

Z.P, 9

768 42 11

Cumbres de Maltrata 3%3-9
Col, Narvarte

CZ.PO12

579 84 68

Sonora 148-404 |
Hip&dromo-Condesa
Z.P. 1



22,

53,

4.

55.

56.

57,

Le6n Sudrez Gabino
SAHOP

P. de ta Reforma 77
Z.P. 4

546 80 16

José Luis Torrescano Espaila
ECCAIV

Jiutepec, Marelog

587 89

Sai! Traconis Bamos
S. A.R. H.
Reforma 107-5°

Z.P. 4

542 27 52

Mauricio Treje Monroy
Av. Constituyentes 947
Z.P. 18

271 30 00 Ext. 458

Crescenciano Uridstegui Cardoso
Dir. Gral. Obras Maritimas

Av. Insurgert es Sur 465-8°

Z.P. I

564 76 68

Vicente Vargas N;
SAHOP

Av. Jalisco 57
Coyotepec, Edo. de Méx.

bur 121 A No. 342
Col. 201

Z.P, 13

670 37 47

Carlos B, Zetina l61-4
Tacubaya

Z_P. 18

516 90 99

Liverpool 149
Col. Judrez
Z.P. 6

525 80 08

R, Cantos Edif. Guantanamera Depto.
Col. Villa Fanamericana . 003
Z2.p, 21

-
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TECNOLOGIA APROPIADA PARA EL TRATAMIENTC DE AGUA Y ACUAS RESIDGALES

LA POTABILIZACION DEL AGUA PARA SERVICIO MUNWICIPAL EN LA

' .7 REPUBLICA MEXICANA
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LA FDTRHILIZHEIDH DEL:-AGUA PARA EERUIEIDIMJNIEIPHL EN LA HEPUBLI—
CA MEXICANA,

.En su mayorie les plantas potablilizadores en la Replblica Fexicena, Hnn
copias mndifi:adaa o patenies dE las que ae usan en paises mis induatrializu-

dos. Esto =g debe = gue el gran dasarrollo comercial de eston paissa, lmpul-

R L wn

op 2} usn de eguipos fﬂhriGEdUE por elloe, los cuales exporton cunjuntamnntu

con 1a tecnoloogia qun los oripina.’

Esta situacion se ha wantenlde inmodificebls hastn el presente. Hay qua
tener en cuenta, no obstante, qug une lnstslacidn 1ndu5tfial.(una pluntu pota-

bilizadnra se conpidera coma tal) no puada opsrar correctamenta, Binnﬂcﬂﬂita

l*- '
para Bu fun:iunamientn de un nivel tecnoldgico mie elevado:del que pnsaa el -
wrg
pais donde se conatruye. —-

Lo enterlor es tento mas cierto cuanto mayor sea el nimero de $rabas im-
b
puestas a la importacidn, tanto de perscral como de equipos y plezss de repues

i

ta.

Eata,sltuacidn se hsce aun mas critica en la industria del agus, la cuaml

- HEL ol

frente a les apramiantaa neceaidedes do loe paiﬂea en vias de desarrclla, vie-
he.# sor una induatria debll, trabajuaumente gpportada par el £stgdo y con -
.r-"' - -

une angustiusa carencla de fondos on la maynria de lns CAsSos.

Es de tomar en cuenta, que no poces veces les patentes que construyen sg
te tipo.de plantas, proporcionon s los operadores locales solamente las cong -
clmientos indiaspencablee como pare gue controlen su funclonamiento rutinario

de' las plantas potabllizedoras, sin_suwlinistrar mayor informacion.spobre sus -

principins,béainna de disefio por lo qus no heneficien el nivol tecnalogico na-



ciocnal.

Gualquiera gus cea la situacidn,el problema radica en
las comunicacicones. FMuthas veces las plantas de tratamlentno de =gua
oe construyen en lugares distontes,de las grandes ciudades dande se
encuentran mas facilmente las partes de repuesto o el personal capa-

citado psra slgupe reparacion,

£sto ha producida un sorilo probleta entre 8l desarrollo
tecnolfgico que orlgind las ideas hasicas del disefio del equipo v el
deserrollo tecroliboico del pais compradnr, gque fiene gue grear la ca-

paciteclon para la operacion y mantenimienio de dichas instalociones.

Dtro de los grﬁndaa problamas en la potabilizscion en -
Hexico, son debldoe a la falte de pperacion y mantenimlento en los sis
temas de agua potable y mlcantarilladoa, aunaedos \ pruhlémas socio-po~

1{ticas gque estps obrae siemppe han padocido.

Entre los problemas gque so presentsn podenos mansionar =

continupcifin alqunos.

Inadecuados progreamaa de mantinislento preventiva y ca -

rrestlvo en las instailscionea electromecanices.

Deesconpeimiento da laos encargados de las Anatalaciones
de petabilizacidn, de los conceptos bésicos congue fueron disefiados en
lop aspectos electromBcanicas, fislco-quimicn, hidraulicos gue Finzlmen

te proporcionan laa direnclonge de la nbre civil,

Muchas vecea no se encuentran las refeaccionegs de servicio

a la mane y hosta cierto tipo de reactivos.



Falts de recursos econdmicoa pera sufraguar les gastos

necesariog.

Tpde lo anterior hace pensar, que en nucstro pafs hace
falta poner was atenclon sl manejo de ls pelidad del agua, a le ope-
racion y montenimiento de les obras de abastecimiento de agua y del

sancamicnto.

Por psupucsio que no todo es negativo, pucs contamos con
algunas instalaciones a lap cuales se les ha pueste la etenciaon debi-
da, pucs estan prestando el serviclo de scuerdo para lo gus fuoron -

proyectndas y construidas,

Entra £lles podemos mencionar Manterrey, tochis, Morelia

y algunns pocas mas.

Agimiema se ban hecho intentes por crear +ipos de plan =
tas eceonimicas del tipo convenciaonal,cen disefios de ingenlercs mexica-

NoF.

- Estos técnicos se dioron cuents gue exiastlan en nuestro
pais,un gran nimero ds poblaclones qua s abastecen con agums superfi-
ciales da rlo=, lagunas, canales de rlego,cuyas caracteristicas de tur
bieded, color y sobre todo bacterioldgicas se encuentran fuera da las
1{mites de norma gque marca el Reglamentp Federal sobre Aprovisionamien

to de Agua Potable.

Sobre todo,muches de esies pohleciones son te escasoc ra
cursps scondmicos y humanoa calificodos, por 1o gque s descertaba la po

gibllided de construly plantas potablillzadaras muy sof{aticedas slectro



mecanicamente, ya que no eatarfan en eondicionca da pagar le inver-

sign y la adecuada operacion y wantonimientn.

Breva deceripeidn de las unidades clarificadoras. La dea
cripcidn so hard siguiendo el flujo del agua desde la fuenis do ghag .
tecimicnto heata 21 tongue de oguas claras.
“-Egtas unidades se consirulran para clarificar (30 1 p s ),

r

“y me recumfendu{un miximo de dos trebajendo en paralelo.

La logmlizeclon se hard a una cota superior al nivel del -
Agua maximo registrado, po es necesario que ses inmadiata n la CBpLE
cién, ya que eota deberd supeditarse tembién al funcionamlento deads .
el punto do vista de operacifin’y-mantenimiern. 5in embargo, en algu-
nos cascs los aitins de locallzocion se verén obligedos cuando se trg

ta de aprovechar cbrasa cxistentes.

las obras princlpales gue constituysn eats planta potabili-

zadora son:

A - 14-

Dosificador de cal Bn suspensidn,

2.— Dpsificador de culfato de aluminios en solucian.
* 3.- Mezclador répido.

k.- floculador

5.= Sedlmentador.

El doueiflcador de cal sera un tinaco de ashssto - cementa
‘ ~, de 1 100*1ts. el cual tlens un &rsm eproximada de un metro cuadrado

“Hue facilitaré el wanejo do la desificacidn. e

Lol

-

£y T "t Dpnteo del tinanq;para3mantaner 1a calven guepenaion-ae ins-

talg un mptor de un 1}n de cabpllo con su fFlecha y una f£lice de & cm .



rasi en el fondo.

Tamblén contlene una maya protectara al Tlotadpor para evi-

tar interferenclas al dosificador de nastno constante (ver fig, I).

£]1 dosiflcador da sulfaoto de alomino £5 1igual que el ante-

]

rior con esepeian de.gue np necesita anitador.

Mezelador rapide. £s un tangue de concreto de seccidgn cua
drods da 1.55 m. de lado por 2.50 m. de altura y berde libre derB.25

3

m. gue da un volumen de 6.00 m” y tlempo de retencion de 3 minutns

tiempo suficlente para una mezcla adecuada ( ver figura 2 ). = -

-

Flpsulador.- Este tangue también se‘vantruye de concreto de
gecciin cuadroada de E.éS m. de lado y de 3.35 de alfura con bhordo 11-
* bpe de 0.30°m, tiena'un volumen 27.1 w3 con un tismpo de retencion da

15 minutos aproximadacente ( ver fig. 3 ). -

Eedimantadu;.- En este unidad es donde verdaderamente esta
ls inpvacldn, es un tengue de forma piramidal truncada invertida, de
base rectegular de concreto ormado. -5u digeﬁu se pensd considerando
la facilidad de cgntrug:iﬁn y teniendo en cuenta gque los ialudes da -
pus muros descansen en la excavecion en gue se aloje sin resibir empy

Jes.

Las dimenciones de.esta estructurs eon de 18.4% de largo por ..
12.45"m.- de ancho y una prefurndidad mAxima de 4.27m. su.volumen total
gs de 254.13 m° con una tolva para todos de 37.85 md..tiempo de reten

cign de 2 horas { ver fig. & J. -



Concluciones y Aecomendaciones,

a) LConcluciones:

1.— 5e necesltan on nuastro peis plantas FDtﬂhiliZﬁdﬂ;EB que e3tan
acorde con tecnologia y economis de nuesireos sistemas de aoua
potable.

2.- Exiaten en nuestro pals muchas poblaclones gue tomen pgues su-
perficiales fuera de las normas fisicas y bactereolagicaa, que
pueden potabilirzarse con unidades sconomicas y fecil de aperar
S2. .

3.— Falton an nuestro paie profesionistas y técnicos sobre tratamien
to de agus y los gqua exlsten no se les da la pporiunidad de tra
bajar en esa agctividad.

b.— En los sistemas de agua ppteble y saneamienta, los encargedos de

su ndpinistrecion no le dan la misma importsncis a8l concepto ca

iidoed como & la cantidad.
h) Recomendecionaa:

1.~ En sisiemas de abastecimiento de agua superficisl & las poblacio
nes, provector y construir plantas potabilizadoraz de scucrdo z
la realidad técnica y econdmica de lae mismes.

2.~ Proyecter y construir plantas potabilizadores gue requieran el mi
nime o nada e equipoa, partea de repuesto y resctivos del extran
Jjaro.

3.- Capacitar recurso$ humanos a nivel profesicnel y técnica sbbre la
pctividad de tratamiento de agua, dandoles la opartunidad ds galp
horar en ella.

t,=- fue lps Organismos Adminlstradores de lops slstemas de agua potable



w1

=

y sancomiento estén conelentes, que tiene la misma importancia ia
Luena calidad del acua como el buen control del volumen.

En los obres de agua polable vy saneﬁminntu, sa implanten tarifas
por servicio, suficlentea para une buenn operzcion y mantenimien
tn, y asl se pueda entregar un agua en cantldad y ealidad ndecua

do.
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Directorio de Asistentes al Curso: "Tecnologia Apropiada para el Tratamiento
de Apua y Aguas Residuales Apgosto 1980.

J. Trinidad Arredondo Ledesma

Fac. de Est. Superiores .Hda, la Escondida 122

Cuautitldn lzcalli, Edo. de Méx, Col. Impulsora

33 111 Ext. 17 , Netzahualcoyotl , Edo, de Méx,
! 794 13 49

Joaquin Areliano Nifilez

SARH Procuraduria Gral, de Justicia 87

Reforma 107 -1° Z.p.9 .

Z.P. 4 762 62 30

566 95 38

Antonio Arfas Garcia

H. Ayundamiento de Naucalpan Feoo. Sarabia 225-2

Palacio Municipal de Naucalpan Sn. Juan Tlihuala

San Bartolo, Naucalpan, Edo. de Mex. Z.P. 16

Francisco Bahamonde Torres

SARH Edif. 1 Entrada B Depte. 50!
Dir. Gral. de Proteccion y Ordepacitn Unijdad Lindavista

Reforma 107-5° Z., P14

Z.P. 4 587 37 92

546 14 55 ' '

César Augusto Barrientos Martinez

Facultad de Ingenieria 1 Calle 14-60

Universidad de San Carlos de Guatemala Zona 12

Ciudad Universicaria Guatemala, Guatemala C.A.
ZONA 12

Cuatemala, Guatemala C.A,

48 04 21 al 25

Enrigque G, Barragin Morales

DvBols Mexicana, S,4,de C.V, Ciguenas 27

Calz. Atzcapotzalco La Villa 260 las Alamedas

Z. P16 Atizapdn, Edo. de Méx.

561 60 22 '

Martha Alicia Blancarte Zurita
Centrod e Investigacion y Estudios Avanzados

Av. Tocomdn y Av. IPN Calz. de la Viga 1470 Edif. B No. 203
Zacatenco Col, Sifon
Z.P. 14 Z.P. 8

754 02 00 Ext. 289 " 58159 83



1,

12.

13.

14.

15.

-

Pedro Antonio Bosch Cue .

Tubos de Acerode Méx. 5 A.

Paris 15 .
Sn. Rafael

Méxice, D.F

566 12 D0

José& Ricardo Campa M.
S. A. R, H.

Reforma 107-4°

Z.P. 4

546 1B 47

Maria Magdalena Cantid Garcia
CIECCA, SARH

Av. Sn. Bernabé 549

Z.P.20

595 24 55

Qctavio Castellanos Lopez
SARH :

Av. Sn. Bernab& 549

Z.P, 20- -

595 24 55

Cerardo Castillo Villavicencio

Dir.Gral. de Proteccién y Ord. Ecolbgica
Reforma 107 -8°

Z.P. 4.

592 14 38

QOctavio Castro Guzmién
Universidad Michoacana
Esc. de Ing, Civil

Edif. “A"

(da. Universitaria
Morelia, Mijch.

jos€ Luls Cruz Salazar
S. A.H, O.

'P. de la Reforma 77-9°

México, D, F.
535 57 2!

Gabriel Chavarria Chivez
CIECCA

Av.5n. Bernab& 549

Z.P. 20

595 23 22

M}

Sur 69 No. 3036 -4
Col. V. Piedad
Z.P. 13

530 11 87

Galeana 60

Sn. Jerdénimo Lidice .
Z.P. 20

595 13 47

Av. Copilco 162 Edif. 27-301
Copilco Unjversidad

Z.P. 20

350 88 72

Calmecac lote | Mza. 11
Ajusco -
Z.P. 21

Tecuen 16 .
Rancho Charro
Morelia, M'ch.
274 06 ’

Nte. BB # 6210
Getruwdis Sdnchez
Z.P.14

Hojalateria 60
Col. Morelos
Z.P.2

526 64 8%



16.

17.

L§.

19,

20.

21.

22.

23,
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Héctor Delgado Herndndez . ..
Bubois Mexicana, S.A. de C.V,
Atzacoptzalco la Vila 260
Z.P.16

561 60 22

Josué Manuel Dfaz Segura
S. A. R. H.

P. de 1a Reforma 107-2°
Z.P.4

566 06 88 Ext, 153

Ma. Socorro Espino Valdés

Centrode Inv. y Est. Avanzados

IPN.

Av. 1, Politécnico Nal. y Cada. Ticomén
Apdo. 14740

Zacatence

Z.P.14

754 02 00 Ext. 289

J. Flores Mufoz

Lab. e Ing. de la Calidad del Agua 5.A.
Av. Co!. del Valle 637

Z.P.12

043 91 94

Everardo Flores y Robles
SARH

Subjefe de Depto.

P. de la Reforma 107
Z.P. 4

546 18 47

Ma. Victoria Franco Orozco
S. A, R. H,

Ignacio Rmz, 20

Col. Sn. Rafel

Z_P. 4 '

566 39 11

Humberto Gimez Lozano
Dubois Mexicana, S.A.
Atzcapotzalco la Villa 260
Z.P, 16

561 60 22

Faustino Garcia C.

Edif. 45 B -201 U. |
Unidad Lindavista
Z.P. 14

587 3096

Monaco 264-9
Z.P. 13
539 71 07

Nte. 26 # 328
Col. Industrial
Z.P. 14

517 08 75

Marioc Moreno L5:404
Qlivar de! Conde
Z.B.19

Calle 11 # 210
Col. Porvenir
Z.P. 15

355 07 97

Mar de Japtn 8571
Loma Linda
Monterrey, N.L.

© 70 B8 40



24.

23,

26.

27,

28.

30.

31.

32.

33.

Abelardo Gonzdlez Aragdn _
Subdireccion de Investigacitn y Ent.
Av.Sn. Bernabhé 54%

Z.P. 20

595 44 53

Ma. Carmen Gpe, Herndndez Garcia .
S, A.H.OP.

Reforma 77-10°

Z.P. 4

592 0l 26

Ramdn Humberto Gonzilez Nifez
Eco-Ingenieria 5,A.

Providencia 1035

Z P.12

575 87 23

Enrique Herndndez Cortés
SARH
P, de la Reforma 107-2°

- ZP. 4

566 9569

Carleos Herndndez Chdvez

SARH :

Dir.Gral. de Proteccitén y Ord. Eco.
Av. 5n. Bernahé 549

595 24 00 .

Rodolfo Hines Lépez

DuBois Mexicana $.A. de C,V,
Atzcapotzalco la Villa 260

Z,P. 16

561 60 22

Silvia Ivenne Islas Curiel
SAHOP

Reforma 77-6° .
Z2.P. 1

53557 21

Sergio LeGn Pérez
SAHOP
Reforma 77

Z.P. 4

Franciseo J. Mancebo

Juan Manuel Martinez Jiménez
Comisién de Aguas del Valle de Méx.
Victoria 77-2°

Z.P. 1

521 87 25 Ext. 114

A, E. Franklin 99-401
Z.P.11

Nte 9 A No.4612

Col. Defensores de la Rép.
Z.P.15

355 54 45

Lidia 88

Cpe. Tepeyac
Z.P. 14

2337 09 58

Mitla 270-401
Z.P, 12
579 96 49

Valle de Parana 122
Valle de Aragbn
Netzahualcoyotl, Edo. de Méx.

Calle The 790
Granjas Méx.
Z.P, 8

Fco. Novoa 91
Col. Aragbn
Z.P.14

78112 N7



34.

33.

36.

37

38.

39.

40.

41,

42,
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Francisco Javier Maytorena Fn::tntf:&iI
SARH

Dir. Gral, de Proteccion y Ord. Ecoléglc:a
Reforma 107-5°

Z.P. 4

566 D6 88-122

Paulina Rosalfa Montoya Aguilar
S. A. H, 0. P,

Bertha Leticia Navarro Ginther
Comision de Aguas del Valle de Méx.
Balderas 55

Z.P.1

521 16 74

Felipe Ord&fiez Armengol
SARH

Reforma 107 -8°

Z.P. 4

592 10 62

Jesls Ortega Medrano

Consultec de México, 5,A. de C,V.,
Ameyalco 10-4°-427 al 430

Col. del vyalle

Z.P, 12

543 51 73

Ma, de Lourdea Pefia Veldzquez
Instituto de Geografia
UNAM
-P. 20
550 52 15 Ext. 4295

Luis Quezada Camacho
SARH

Reforma 107-1°

Z.P. 4

546 14 55

Maurilic Rios Soto

ECCAC 1V

Km. 3.5 Carr. j1ute~pec-2apata
Jliutepec, Morelos

S 87 89

José G, Roblede Montes
ASHRES

Sur 72-4222

Col. V. Piedad

Sur 69 # 3036-5
Col. V, Piedad

"Z.P. 13

530 11 87

Rembrant 61
Z.P, 19
398 24 05

Cuicacalli 46
{Xa, Satélite

Edo. de Méx,
572 32 50

'Luisa 130-4
‘Col. Nativitas

Z.P. 13
53273 44

Nte, B2 #5218
G. Sinchez
Z.P, 14

760 24 74

Cereales 112

Col. Progreso del Sur

a82 17-52

Snt, J. de Letrén 454 B 603

Z.P.3
583 92 47

Real Yautepec 16

Tejalpa, Cuernavaca

Colima 388 A
Z.P.7
SIL19°73



43.

44,

45.

46.

47.

48,

49,

0.

Sl.

e § -

Pedro Rodarte Mireles
SARH

Reforma 107

Z.P. 4

566 06 88 Ext. 149

Margarito Popoca Ocampo

ECCAC

Km. 3.3 Carr. Jiutepec-Zacatepec
Jiutepec , Mor.

587 89

Francisco José Rojas Villanueva

Lab. e Ing. de la Calidad del Agua S, ﬂ
Av, Col, del V lle 63?

Z.P. 12

543 91 94

Miguel Rosas A.I

Ramiro E. Rosas Corral
Dir, Gral. de Proteccitn y
Crdenacidn Ecologica
Reforma 107-2°

Z.P. 4

566 06 88

Gilberto Mateo Sada y Ramos
SARH

Jefe del D pto. de Reuso de] Agua
Av. Sn. Bernabé& 549

Z.P, 20

595 44 53

Jorge Sénchez Vizquez
SAHOP

Vallarra 9-1°

México, D, F,

Jesus Sereno Orozco

Dubois Mexicana, S,A, de C.V.

Calz, Azcapotzalco la Villa 260
P, 16

56! 60 22

jaime Sosa Romero

SARH

Dir. Gral, de Captaciones y Conducciones
de Agua

Ignacio Ramfrez 20-1°

Z.P.4

566 39 11 ‘

Plaza de la Asuncitn 5
Tejalpa

Cuernavaca , Mor.

S 10 97

Violetas 314

Frace. Florida ‘
Naucalpan, Edo.de Mex.

572 B7 07

Nte 14 # 4719-4
Defensores de la Rép.
Z.P. 15

587 32 42

Retorno 21 de Lic. Genaro Garcia 8
Jardin Balbuena

Z.P. %

768 42 11

Cumbres de Maltrata 393-9
Col. Narvarte

Z2.P. 12

579 B4 98

Sonora 148-404
Hip&dromo-Cordesa
Z.P, 1l



52,

53.

54.

a3,

56.

57.
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Ledn Sudrez Gabino
SAHOP

P. de [a Reforma 77
Z.P. 4

546 80 16

José Luis Torrescanc Espafla
ECCALV '
Jiutepec, Marelos

587 89

Sagl Traconis Ramos
5, A. R. H.
Reforma 107-5°

Z.P. 4

542 27 52

Mgauricio Trejo Monroy
Av, Constituyentes 947
Z.P. 18

271 30 00 Ext. 458

Crescenciano Uridstegui Cardoso

Dir., Gral. Obras Marftimas
Av. Insurgert es Sur 465-8°
Z.P. 1

564 76 68

Vicente Varga's N.
SAHOP

Av. Jalisco 57
Coyotepec, Fdo. de Mex.

Sur 12} A No.342
Col, 201

Z.P. 13

670 37 47

Carlos B, Zetipa |61-4
Tacubaya

Z.P. 18

516 90 99

Liverpool 149
Cel. Judrez
Z.P. 6

325 80 08

R. Cantos Edif. Guantanamera Depto.

Col. Villa Panamericana
Z.P, 2i
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