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PROBLHIATJCfl DE LA INGE:\IERIA SNUTARIA 

EN LA REI'UBLICA ~1EXTCANA 

1. Ingeniería AmbiC!ntal y Sociedad 

'· 

Las obras de ingeniería ambiental ejercen una i:1flueacia pos.!_ 

tiva en el nivel soci-al del individuo y las agr"paciones huma 

nas: contribuyen lll binestar, dignifican su existcnci;t, ele-· 

v;m el nivd y calidad de vida, y significnn una eta:'a de su­

pcr.:~ción en el desnrrollo de las actividades. 

Desde el punto de vista económico, incrementan el períodc pr.e_ 

ductivo de los individuos al reducir las tasas ~e morbili:iaC 

y niortalid,1d y, como en el caso del abastecimie.~.to de agt.:a p~ 

t¡¡ble, reprcs~ntnn el suministro de una materia pri¡:¡a para IHí 

mcrosos procesos industriales. 

Los objetil'os fundamentales Uc las sociedades p!imitivas son 

la procnr<lción de alimentos y techo y la satisf!cción de !a 

función sexual, mientras que en las sociedades ;!esarroll.:das 

se busca ndemás, permanentemente, el logro de u:1n mejor cali­

dud de vi.b, para lo cual In conservación y mcjcq·amicnto ,lel 

n1edio ambiente es condiciÓJl illdis¡Jensablo. llc~lilta pues, 

evidente, que existe una relación determinante entre el grado 

de deSarrollo de una sociedad y los objetivos 'l~:e esta sc fi­

je en cu<nlto a la calidad del ;~mbieñte en que 1•:.va. El apoyo 

de una socieJJd a los progr<lmns dirigidos al co::trol de l<l ca 

Jidnd del ambicnte,.ser3n aceptados por Csta en el ¡;rado 211 

que estén de ncuenlo con S\l estado de desarrollo. 

Los p<!Íscs en desarrollo, como es el caso¿,_, ~¡¡:deo, preoclltall 

not<1bles diferencias entre los medios rur<::~l r· u:·bano, tanto 

por lo que se refiere a la cap:lcidad económica ..!e la pob!:Jci611 

como a L1 disponibilúbcl de bi<.'nes y servicios, nivel cultu­

r<ll, etc. ~1icntrns en el medio rural los m;ís 'r.r.1vcs problemas 
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se rcfi<;rcn <l carcnci.:.s de habitaci611 iidccuada, ab<Jstccimicn· 

to de agua potable, sistemas de alcanUll'illado, etc., en el 

J~cdio urbano, ndcmás Uc ciertas c¡¡rcncins en los barrios llcs­

favorccidos se sienten, y a veces llegan a niveles peligrosos, 

problemas propios ,le los p~íscs inJustrinlizados, t<~lcs como 

111 COJILaminación ntllloo;féríca, vl ruido, L·tc. 

Micnrrns en cicrtns ~rcns rurales muchos recursos naturalc~ 

permanecen inexplotad_os, en algtmas áreas industriales urba-­

nas los recursos se lwn sobreexplotado o sus fuentes dcgrad~­

do 11 tal punto por ];¡ nctividad humana, que resultan inadl·cug, 

das pnra algunos usos; tal es el caso de algunos de nuestras 

corrientes, cuy<~s aguils no puc(l~n ser y~ tiSadas con fines de 

piscicultura. Tnmbi6n, 1nuchas ~n~as <k cultivo ~e han pcnli· 

do J,~hit!o ¡¡ su explotación lrracionHl con métodos arcaicos v 

al uso de ¡tguas ina<lc-cundns para el riego. 

El problema de'la conservación del medio en los países en de­

sarrollo presenta una aparente paradoja: o estos paises con~l 

lltl<lll su proceso de in<lustriaJiznción a bajo costo des<Jntcndié!! 

do:>c dn los costos ,]u conservación dCll ambiente, pnrn poder 

compL·tit· con sus productos en los n1C'rc¡¡dos nacionales e int.er 

nucionnlcs trntnndo de elevar nsí Ct ingreso per-capitn de 

sus hahitancs, o se resignnn a continuar siendo colonins eco­

nómicas, esccncialmente de estructura agrícola primíli\'a. Ob 

viamcntc, la solución u tal paradoja es una planeación :1\l!::tua 

da t<~nto de la cxplotaci6n de los recursos como de l;l ~onsc-r 

vacif>n del ambiente, de ·a..:uerdo tnnto con el grado do <lcsarrD 

llo cl(:l p;~ís como con s11~; ohjctivos de desnrrollo pOStL'rÍOl". 

La im¡>"rt;mcia rclntiva de cnda uno de los m1ílriplcs j)roblo­

m;lS do los pníses en desarrollo: la insalubridad, ln dcsautri 

ción, !;1 incultura, la pobreza, etc., que se interrel;¡cion:ll\ 

entre sí, es díficil de est'll¡lecer, pero resulta obvio que !':!. 
ra su resolución se requiere un enfoque simultiineo y nrmóni~o 

quo los considere como un todo. lhJ igw<l manc1;a, resultaría 

iló¡:ic:o jcrnrquizar Jos prühlCili:IS do in.~aluhridnd, tantü del 
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individuo como del ambiente, y dirigir los recursos económi­

cos ;1 la resolución de olgÚna de los componentcs. Sin cmh;lf 

go, pan el conocimiento de estos problemas y la plane~ci6n 

de su resolución integral, es muy convcnicnto recurrir n Jos 

indicndorcs que rcprcsonti!n su nivel de gravedad. 

2. Algunos Indicadores del Problema Sanitario en la República 

Ml!:<:icana 

Según datos correspondientes al año de 1973, proporcion;Hlos 

por la Secretaría de s,,Jubridad y Asistencia, la tas<.l de mor­

talidad general en el país fué de !!40/100 000~ la primera 

causa de mortalidad fui! la debida a neumonías, influenza y 

otrns infecciones respiratorias agudas, 141.1/100 000; y la 

segunda o enteritis y otras enfermedades diarreicas, 107.0/100 000. 

Estos dos causas de mortalidad, asociad:1~ indudabl<:!mente con 

la in~~lubridacl del ambiente, represé'lltaron casi <:.'1 30\ de.' Ll 

mortnlidad en ese afio en el país. En cuanto a la morbilidad 

por todas las causas, la tasa en 1972 fue de 1405.8/100 000; 

la primera causa de morbilidad correspondió a parasitosis in· 

testin;lles no especificadas, 585.8/100 000, la segunda a in­

fltJe¡¡::•, 166.1/100 000 y la tercero a ~mibiasis 104.9/100000. 

Obsérvc!le r;¡ue tan solo la pansitosis, enfermed~des relacio­

nadas con la escasez, contaminación del a¡:ua, y la deficiente 

disposición de los excreta, rernesentaron más del 40\ de los 

casos <le enfermedad en la República. 

Desafortun:~<lamcnte, las tasas de morbilidad de estas enfe1-me· 

rlades· lllUc5trJn tendenci:1 creciente, po1· e.icmplo, la tasa para 

di:1rrca~ fue de 31~.0/100 000 en 1967 y de ~54.9/100 000 en 

1972. 

En el ;¡i'io de 1975, In población tle In República ~!cxicnnn er:1 

de 58 :!10 000 hnbitantcs, de !os cuales 36 664 000 corr~s¡>on· 

di;~11 a l;o JlOblación Ul'll;tlln; 62.81, y 21 546 000 a la ¡Jobln-
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ción rural. Según Untos proporcion:~dos por la Oficina Sonit~ 

ria !'an;¡mcricana, solamente 24 962 000 habitantes urbanos col!. 

tab::m, con conexión intrndomici liaría de agua potable y 775000 

tenlan acceso r.t surtidores públicos, cuya suma rcprcscrHn el 

70';. de ln población urhana,scrvidn en tul fecha. l'or lo que 

respecta a la población rural, 10 497 000 habitantes, 49\, e;: 

taba concttada o tenía facilidades de acceso a scn•icios <le 

agua ,potah le. 

En rclaciól\ con la eliminación de excreta, la sitlwción era 

aún más adversa. Solamente el 28 .S\ de la pob1<!ci6n urlHuw 

estaba conectada a servicios de alcallt<lrillado, y apenas el 

14\ de la rur<~l contaba con instalaciones de letrinas o fosas 

sépticas. 

Debido n que los datos levantados· en el censo de 1980 no han 

sido aún proc:usados, nu e~ posible determinar la ~itunción 

actual del país en materia sanitaria; sin embargo, debido al 

crecimiento de la población y al colapso econó~:~ic:o de 1976, 

es evidente que no han habido progresos substanciales. 

Seg(in el documento oficial No. 1_18 de la Oficina Sanitaria 

Panamcricun;~., "Los ~linisterios de ln Salud, así como otrO!. mi 

nisterios interesados en el desarrollo económico y los orga­

nismos internacionales que conceden pr6stamos, han otorgado 

urgente prioiridad ;1 la meta de lo Carto de Punto del Este r~ 

ferentc <ll nbastecimiento de agna al 70\ de la población tnb~ 

na y 111 _t;¡ll <le la población rtln:tl durante el presente decenio, 

cmno min¡mo" (se rcriorc nl decenio que tern1in6 en 1~170). Pnr 

lo q11c puede observarse. de los d~tC"ls nnteriores, por<¡ nurstl"o 

país no fué posible s:~tisfacer la met:~ establecida p:na el r.•c 

dio rHral. No cahe duda de que el notable contraste o:n b 

dL~pnnihilid:ll\ de servicios sanitarios, en los medios urbnao 

y na al, ha favoro:cido b nfllwnci(, Jc campesino5 lwcia lns 

ciuU~<lcs, con lo que ¡;e ha CJltorpccido el desarrollo annñnico 

del ¡qls. 
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El fracnso en L1 consecución ele los objetivos cs"tnblccidos p~ 

ra América Latina en l'lmta del Este y en otras reuniones sírni 

lares par;'! otras regiones, ha llcv.1do n los organisoos intcr­

nacion:~lcs a pugnar por una mayor coordinaci6n cntrc,paíscs, 

organismos internacionales, etc, para resolver este tipo de 

problcnns. Como consecuencia, en la reunión internacional de 

1977 en ~lar de !'lata, Argentina, se recomendó designar al pe­

ríodo 1981-1990 como Decenio Internacional del Abastccímicnto 

de Agua y del Saneamicllto, lo cual rué aceptado por J¡¡ Organi 

zación de las Naciones Unidas. Es de esperarse que, debido 

a los compromisos contraídos por nuestro país a este respecto, 

en el futuro sorli dedicada mayor at~nción a estos prohl~mas. 

Si bi~n los prolemus enumerados pueden causar alarma, cst.o no 
significa en manera algunn que las autoridades respectivus no 
hayan ;octuado y actuen pilra resolverlos. Baste sefialar que 

en el ni\o de 1910 la esperanza de vida en nuestro país era de 

28 af'ios, contrn 65 años .en 1975, según lo expuesto por el Sub 

secretario de ~1ejoramiento del Ambiente en la IV Reunión Na­

cional de Salud Pública. 

Jin cunnto al estado de los cuerpos de agu;¡ del país, según da 

tos publicados por la Secretaría de Agricultura y Recursos Hi 

dráulicos en 1977, existen en la Repúblic;~ ~1exicana 320 cuen­

cas hi¡JJ·ológicas. A 11 ,]e ellas corresponden el 59 porciento 

de la pobL¡ción, el 52 porciento de la sup~rficie de ri~gc, 

el 77 por ciento del valor bruto de la producción industri~l, 

y el 59 pCirciento de la cnrg~ orgiinicn pJ·oducidf!; estas cuen­

cas rel]tlicren ucciones inmcdintas de s;~neamiento. A otras 43 

corre~pon,\cn el 22 porcicnto de la Jloblación, el 45 ]lorcicnto 

de la SU!lc'rficie de ric~o el 9 porciento ,]ol v;Jlor bruto de 

la pro,\ucción industrial y el ~1 porcicnto de la carga orr,.íni 

ca pro!\ucüln; estas cuencas sufrir:'in, hacia 1983, niveles in~ 

cept:od0s de cont;lminación parn los liSOS octt•alcs. El resto 

de l:os cuencas no presenta niveles de contaminación si¡:nific~ 

ti vos. 



8 . 

3. 1\<..!CUl"SO.O. IIUIIIJOOS 

Se estima que número de ingenieros mcxic;mos que han cursHdo 

estudio~ <le posr,r<~do en ingeniería ~anit.-ria es de unos cu:~-

troCicnto~. r:sta ci f"r~ es alln muy baj<l, si se considera la 

t~sa estalJ)ucida por la Oficina Sanil:lria Pnn:11ncric:m:' (1 111gcc 

nicro sanitnrio/50000 hahit:mtcs) y la población del país (a­

proximad;:rn,cnte 68 x 10 6 habitantes), scgtín lo cunl se requerí 

rían unos 1350. Sin o.:mbargo, desde d afio de 1~:,1, en que ~e 

est¡¡\Jlecii'i la maestría en c~1':1 rama du la ingcnicLía en la 

Universidad NaCional Autónoma de ~léxico, la producciún de in· 

gcnieros sanitarios ha aumcntndo pro¡:rcsivamcntc, gracias acle 

miis a la fundnción de est:J mncstría en instituciones del int"-. 

rior del país (Universidad Autónoma de Nuevo León, lnstÍt\JtO 

Tecnoló~ico de Monterrey y Universidad de Yuc:~tán); se espera, 

por tanto, que hacin el año de 1995 el número de ingeniero~ 

sanitarios CJI existencia pnrol cnronci.ls podr& s~tisf;¡ccr u un::~ 

población estimada en poco más de 100 x 10 6 habitante~. 

!Hentra~; tanto, resulto obvio que el déficit de lngcnicros su 

nit:1rios 1lvbn ser cubierto por ingeniL~ros civiles y otros Jlf!2. 

fcsionnlcs que, mediante cursos intensivos de nctuali~ación y 

entrenamiento se prcptsren pa1·a trabnj:11· en aspectos espccífi­

cos Ue ln ingeniería sanitari.:t. Existen en nue~nro país di ver 

sos progr:nnas institucionales ,\e este 1 ipo, t.1nto en St'C1Tt<l· 

rias de EsUHlo (Agricultura y Recursos \lidriiuUco;;, Ascnt:wicn 

tos Hu,~;1110S y Obrns Públicas) como en la Univcrsid~J N:Jcion:~i 

l\ut6noma d" ~léxico. 
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1. lNl'IWIHJCCJO;J 

1.1 Conccntr<1ci6n :ndustri<ll y de ]'oblación 

El ,](:st•rrollo tecno!6gico, iniciado en Inglaterra en el si¡:lo 

X\'lll con la invención de la m5qu.inu de v;~por, aun11do a otros 

factor<·s, hu traido como consecuencia la tendencia de la po~ 

blucilin a conccJJtr<lrse en gramks CÍ\Hlndes. Se estima que en 

el niío dc· 19h0 d 33 por ciento U'-' la población mundi•d vivía 

en zonas ur\wnas, y que p;~ra el año de 1990 esta ci(r¡¡ crece­

rá hasta el 50 por ciento. 

Por otro lado, los rlípidos avances de la medicina y del snnen 

miento <Jmbicntul han reducido l<JS tasas de mortalidnd y aumcn 

tado las expcctancias Uc vida, lo que unido a la elevada fe-­

cundidad ha determinado el crecimiento acelerado de In pobla­

ción 1111~ndb1 observuUo en las últimas décacl;1s 

_Se {'~lima que la pobL!ci6n human;J, en 1972 era de mú~ de 

3 mil l'lillone~ de habitantes, ser;í de unos 6 mil millones ha­

e¡¡¡ el año 2000. 

l'or lo que respcctu a la Repúblic;~ ~lcxicann, la tasa de cre­

cimiento medio ¡lflual se ha venido incrementando acelcrudame!! 

te, pues {'n tanto que en el periodo de 1930-1940 fue de 1.7 

por ciento en In dé-caJa de 1960 a 1970 fue del 3.4 ]HIT ciento. 

La Jlld>bclón, <¡ttc en 1930 era de 16.5 mjlJones de hilbit1111tes 

'sob,-,,¡,:•s6 los 50 millollC~ en 1970 y casi llcg6 a los 70 mi­

lloru·~ l'rl 1980, de tnl rn~nera que, de continu:~t el ritmo aC!::_ 

lermlo de crecimiento, la población del país lle¡:ar5 " lo~ 

100 ¡¡,llloJlcS <le J¡abit:llltcs h~cin el afto de 1!)90. 

Si1:mlt:inea<ncntc al creciluicnto de la pobl:1ción glob<rl del 

pnis, en lo R{'públic:~ Mc:dcana se ha ohscrv;~Uo una muy nlta 

teiHiencia n )¡¡ conccntr¡¡ci6n en cil~<lndes que ncttwn como P~ 

los de· :1tracci6n, princip:llmcntc en !·léxico, Gt•ad~laj;~r:J )' 

Monterrey, y en lllL'ilol' gr:1dti en JuSrcz, l'ucbl~, León, Tiju:m~, 

~h.'..;Íc;lli y Chihu:~hua. El iirea urb:JI¡n de la ciudad <h~ 1·1éxico, 



que en el ~fío de 1930 tenia una población <le 1 millon 701 ,,¡¡ 

t1o1bi l<Intcs, se ha convcrti<lo en una de los núcleos m.'ís popu-

' losas del mundo; en 1972 ocupó el septimo lugar por este con-

cepto con un;L población de 9 millones cle habít~nte.~, mleutrn~ 

que t'n 1980 ocupa el tercer lugar, con una pobl~ción estiJ<HHl<l 

en cerca de 15 millones de habit~ntes. En el año de 1950 l<I 

población urllan~ del país era <ld 42~ y hacía 1970 llegó 

al 60 por ciento, ohscrvGndos<~ LLil ritmo as(endente e11 1~ t¡cn­

dencia a la concentr.1ci6n. Actualmente tan solo 1:1 población 

del Distrito Federal sobrepas;¡ Jos 9 millones de h;¡bitantcs. 

l'arHlcl<Lmentc al crechdento de l<L población, en los núcleos 

urbanos se l,a obscrva<.lo una muy alta tem\enc:a a ];1 concen­

tración industrial. tu el afio de 1960 se localiznha en la 

zona urbana del Valle de ,\léxico el 46.9 por ciento de la ln­

dustri~ nacion;tl, en 1!l55 el ·1R por cieJLlO, y en 1969 el 

SS por ciento. No obstante Jos esfuerzos del gobie¡·no pnra 

control:~r c~t¡¡ situación, este fenómeno continua observán­

dose. 

1.2 Problemas de Ingeniería Ambiental 

Junto a las inegables ventajas que e.l dtlsarrollo industrial 

y ];< conccntrución de ]a población en los núcleo,; urh;mos 

han report~Ldo a la humaJlÍJ~,d, han surgi<.lo múltip)<.J~ probl~ 

mas de tipo sanitario como son.los relativos nl ohastcL'ÍIIlk!)_ 

to y control de ];1 CillitL1d del ;1gua, transport.c y ¡]isposic\ón 

<.le rlus<eclJoS líquidúS y sólidos, habit;lción y urba,,i~mo, )' 

contnmi une i ón :JtHLOsfiSr i en. L;~ resolución de e5t'l~; p¡·ublem;Ls 

no es flicil; se trnta de problenws dinñt\icos que crecen p~­

ralela¡~cntc al desnrrollo de }.15 grandes ciudade,:; Y que, 

aun '-'Ll l0S péti5es Lnús ri<:os, se encucntr:~n siempre presente~ 

en mnyor o menor g1·ndo. Por otro lodo, 1~1 f<Lcet;¡ s;<nit~ri:¡ 

es solo una p::nte del problema, tal ye1. lu qu'C plLC<le ser !ILÍLS 

fficilnwntc cv:~lu:Jdn, pero desde luego e:dsten tmnbi(•u impli· 

r•o,·ionc:; de• onl<'n soct:Ll que cscap<lll ~ tod;~ V<llOI';L<:ión cc011Ó 



P.n IHJt:S\'1"0 pn'i:;, la m~nifestnción de los probl1:m:n; anteriores 

es 111.b notable en o::l lírc~ urbnll<l ,¡¡, la ciudod ele ~léxico, y 

alC<JJn::o ya ciertn rclcv:liJcia en las ciLOdadcs de Gundalnjora 

y ~lonterrey. 

Ante los enormes costos que resultan de la satisj:Jcci6n de 

las necesidades vitnles en lns grandes conglomeraciones hu­

manns, r. las múltiples dificultades ccon6micns y t6~·nicas 

que presentan p;¡r;¡ resolvc1· lus problemas de cont:llllin:,ción 

d()} ambiente ¡:cncn,dos dentro dt: ellos mism~s, p<1rccc L>Vide22. 

te que la soluciúr1 inmcdi~t~ m/is adecuada consisto:; en la crc:1 

ci6n, debidamente plnncada, de nuevas ciudades induslrinlcs 

que descongestionen la actividad de los grandes núcleos e:os 

rentes y en estos, la aplicación de medidas correctivns de 

occi6n inmedi:na, que no interfieran con el proceso de desa­

rrollo económico, y permitan la obtención de metas de mejo­

rnr:~iento ''ll ln calidad del medio nr:~bientc. 

·se c0nsider<1 que, sin rest~r importtmcia a otros problcmus 

de itlgctJict·!a rltlliJicntol, los prol1lcmas relativos al ¡¡)Jrlste­

cimicntu de ~gun potable al iírea urbnna de la cludnd y el 

aprovech:1miento de las aguas pl.uviales y negras del Valle 

de ~l(!;xico, demandan especial atención, dada su peculinr si­

tuación gcohidrográfica, ya que se enc_uentra nlejado de los 

princip:llcs recursos hidráulicos del pa~s, en un vnllc na­

turJluwntc cerrndo. 

2. EL .-\tn;,\ l!llB.-\Ni\ DE Li\ CIUJJ;\ll DIO ~IIOXJC:O 

La ciu,\a,] ¡\e ~!Cxico est:í Joc:lliz.,,J., en 1.1 csquin:1 suroeste 

del Valle del mismo nomhre, que ocupn el borde sur de la 

mes;l CC'ntr:ll. El meridiano 99"8' W y el pnralelo !9"24' N 

cru:an J¡¡ ciudnd, que tiene una :1ltitud medin de 2240 msnm . 
• 
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El' líreo u'rb.onn de la ciudad de ~léxico inlcuye a l;l ciu,\a~ de 

Mfixico, dividida en 16 delegaciones, asi co1no a la p<lrTI-' urbn 

ni~ni.lu <le los municipios de Ecutcpcc, ~1orelos, :<nucalpnn de 

Ju.'iru~. Tlnlnepontln y Netznhunlcoyotl del Estodo de ~kx:co. 

La zon:1 asi intc¡p'i!dn constituye el principnl complejo u~bn­

no-industrial del país y en cspeGhl de lu cucn~n d~l V<!~lc 

de Nfi:dco. La ciud.1<l .de México es adem:ís el asiento de :os 

gobiernos del pafs y del Distrito Federal. 

Por lo que toca a la expansión del área urbana, se f:a ober­

vado qL1c la pobl.aci6n de ln ciudad de ~léxico ha crecido :on 

tas;ts i1tferiorcs n los del Distrito ~ederul, de don¿c se iJJ­

fieJ·c que la población se va desplazando hacía la po;,ri[(·:ia, 

hacien,\o crecer :11 ñren Jlrl>nna. 

El crecimiento de la superficie del ñrea urbana ha o ido :.Ja­

ralelo al crecüliento de la población; en el af,::¡ de 193( la 

superficie cubierta era de 60.05 Km
2 , en tanto -~ue en 1~-o 

ileg6. a los .tSO Km 2 (excluyendo la Zona de :let:ahuai.coyt:l), 

mientn.s que nctunlmente es de J;~ás de 560 Km
2 

La zon'l industrial representa cerca del 16 por .::icnto d~ la 

cifra nnterior y se localiza principalmente h".::ia ~~ nC:'tf! 

del firen urbana. 

La cuenca del Valle do ~léxico constituye-una ZC!l:l cé'rntC.l 

por mo~lt<~iJ.:ts, sin escurrimientos naturales haci.1 el mar, y 

tiene una cxtcnsióu de 9 600 Km
2

. 

l.n preci¡>itaci6n pl,tvial es variable en lns dü'tint.ts ZC"l:ts 

de In CtiCilca, con exu·e¡n(lS de precipit::.ción mcc1a anunl .le 

1085 mm en Churuhusc.o (sm·-ocstc 

en !'nchuca (norte de Jn Ctlencn), 

de Ho!;>:ico correspomlen 822 mm. 

n octubre, no es favorable pilrn 

del ~re a 11rhan.t) 

'" t:~nto (\llC " lo 

El ciclo lluvicso, 

d n provec\wm i c·n to 

) ,, o 1 ':',:IL 

e i ud::J 
,,, nt::::o 

"' l;l.:> 

nguns sino c¡uc, nl coñt~·ario, propicia el C5Cu,rriutic'nto Je 

¡¡venidas. 
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La intcnsi.J;,J miixíma de prccipit;lción registrada en l~ ciud~d 

de MC:xico es ,k 5.3 mm en un pcr5odo de un<> hora. Ln c\'apor;,-

ción anual cn ];, cuenca varía cnt.rc 900 y 2100 mm por n1io, y 
. ' c.s cv Ldcnle que sol!rcpasn a la prcci.pitnci6n anual. 

La vclocitbd mcUL.1 de Jos vientos procedentes del NE y .'\W, ~~ 

Uc JO Km/h, con extremos de 94 Km/h. 

Lu producción de torme"ntas de poii'O sobre el área ur\J~n;,, C~­

bitli<S n la acción Jc vientos rasantes en los lechos Jcs{·cad-,s 

dc los lagos de Tcxcoco, Chalco y Tluhu«c, es frCCiJCnte en 

los meses de enero n marzo (estiaje), observándose un prome'.i;• 

de 68 tolvaneras por ano. 

Numerosas corrientes de caracter torrencial que se originan 

en los límites da la cuenca tienden a desaguar en lo~ t·asos 

desecados de los l~gos, pero la mayor parte de los ~~Cllrrireie~ 

tos son conducidos mediante el Grnn Canal del IJosag"lHo )' el 

Jlmisor Central, •ltlc utraviesn11 las ffiOlltaftas al Jlorcste de la 

-cuenca, para dcscnrgar posteriormente a dinJrsas corrientes 

con salida natural al mar. 

La parte norte}" central de la ciudad de ~léxico estll L·ons­

truid;J ~ubre c~trntos de arcilla volc.'inic<t extrnordinnriame:J­

te compresible, lo que ha determinado hundimjentos ,]el terre­

no lwstn de 50 cm por año. (<le 1948 a 1959) lo cual, adem5s 

de haber producido nur.wrosos problemas en la cimentación de 

los edificios, ha dislocado el sistema de alc;lnt:~rill:tdc'S de 

la ciud;HI y cl!'l'ndo el ni1•Cl de la plantilla dc.l Gr~n r~n3l 

rcs¡1e1:tu a la cot~ de los puiltos n1~s bajos de liJ ciu<];,,]. 

3. ABASTJ:C J.l] I DITO llli ,\GU,\ 

3.1 Dntos llin6ricos 

Ln ciud:Hl d" ~16:-:i<.:o, furHl¡oda en el atio de 1325 en un~' i~la 

del ccnt ro del l<LgO de tc-xcnco, no tuvo en un principio 
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pq1blcmas· de: ;ihil~tccimicnto de n¡:un, yn que e:::; raba ascgur:alo 

por lns entonces a¡:uus puras del lago y illgunos manantinlcs 

t¡uo hrot;¡b;Jn en el centro del islote; sin cmbargo,ya pnra la 

6pOC;J. del o.sccnso Ucl rey Chimal)lopoca al trono; el crccimicn 

to de la poblaci6n lwbia reduciJo y casi agotado el agu;1 de 

los manantiales; por otra parte, las ;~guas de ];, laguna se 

cneontra\J.1n contnminad.1s por los dcs~>chos de lD pro¡Jiil ciudnJ. 

Para resolver cstn situación el rey Chimalpopoca pidió permiso 

a su abuelo Tczozomoc, rc:y de Azcapotzalco, parn 11sar las 

aguas de los manantiales de Chnpultcpcc; 

Ohtenitlo el permiso, las obras fueron l-eal izadas bajo la di­

rección de Nctzahu«lcoyotl, u la sazGn desterrado de su r..,ino 

de Texcoco; parn ello hubo_de construir una calzada a través 

del lago, sobre la cual se alojo la conducción; esta obra fue 

reconstruid:\ 50 al'ios más tarde por el mismo Nctzahualcoyotl y 

perduró hastn después de la COilCJlliSta. Hernán Cortés refiere 

q~n! ln. CoJt.lucción crn de dos callos paralelos, tau anchos como 
dos p;¡sos cüdn uno, por los cuales venía un golpe de agu:1 

dulce muy huc-nn, del gordor del cucrpo de un homhrc, que se 

distribuia en Jn ciudad por fuentes y cstam¡ues <.le las que se 

servian todos, pero solo los nobles tenían agua dcntro de sus 

c¡,sas y p:,lacios, 

Otri' dc las grnurlc;. oiJras de Netzahualcoyotl, ¡¡ r¡uicn dcLl' 

llllil\ill"SC el primer ingeniero ~mbiental de J\mihil.:a, ft¡e 1~ 

construcción de un dique <¡ue cruzaba el lago, y que tenín 

por objeto ~-t doble propósito de separar l~s agu.-ts s;~tobrcs 

del llOrte, y proteger a la ciudad contra inundaciones. 

J\1 cst:¡\JlcceJ·se lc1S COitqLIÍSt,ldtJl"C~ e11 In Nueva JlS]l:ln~, 105 

pueblos)' ciudade:s ¡,lqniri~ron m;~ror import:mcin. 

tecimientos d1: ngua fueron los puntos b5sicos p~r~ el crc­

ci¡niento de Jos cent1·os de pobl:ICión existentes y la fund:~-

ción de nucv:1s ciudades. En 1 o que respecta n 1.1. ciud:Jd de 

Hóxico y poblados nlcd;¡flo~, 1·cconstruycron los ilt:\IC<luctos 

quo li<1hian sitlD tlc~truiLltJS tlur:~llt.C la conquist:~, y C<ipt<tl"(lll 
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que se consideran ln explotación de l:~s fuentes existentes y 

cl g;.¡sto p:1Ti! riego de ¡wrqucs y jarUinos rccupcrudo de las 

E~tll Jisponl\J'ili,\;.¡J repr<l~c:ntó Ull;J 

dotación de n¡fis de 370 1 pcr-capita por día en Ull aiío, y ;,e 

aumentado hasta unos 42 m3tscg. 

Lns estimaciones de población futura en el árc:~ urh;ma de la 

ci1nbd do ~léxico y Cll oLrns pohlacionc~; tk 1~ <.:UL'IlC:,, nun:l­

¡l;L.~ al dcsr1rrollo previsto par:¡ la zona, permiten suponer 

4110 en el nño de 1990 el consumo medio en el área t1rhann de 

In ciudad de ~1i!:xico sed 92 m3/seg y en el total de las ~onns 
urharw.s de la cuenca ascenderá a 102 m3/seg. 

l'or otro lado, como los estudios geohi,\rológicos e llillrol<ír,i 

cos señalan]¡¡ imposibilidad de satisfnccr las ncccsida<lcs 

futuras de la población con los recursos propios de la cuenc;\, 

se estima indispensable la importaci6n de agua de otrus re­

giones. 

El ¡<provcchamicnto de las fuentes futuras de ~b¡,stccilllicnto 

de ~gua re[]uiere indudablemente de lu consideración integral 

de lns necesidades de las poblaciones de la cuenca del Valle 

de ~léxico. Para satisfnccr este objeto las autoridades gl1~ 

bernnmcntnlcs han propuesto y realizado estudios para deter­

minnr ];'!S fuentes nnnlizad:,g más factibles de e.xplot:n-, en 

orden de obtener b miíxima cconomí~ e11 su fin~nci;uni<,nto, 

conoarucción y operación. 

Asimismo, ~e han re~llizntlo diversos estudios t('JHlicJJtes a 

JefiJJiJ" l;¡s cxtcnsioJlCS y lliOJific:JciollUS Jlct:es¡,,·i:IS '' crccttlr\1" 

r.n la re,! priiJUlri;l p:.~rn Sll correcto funcionilrnÍ¡;,utu l'll el afiO 

1!190. 

Para resolver de m;tncra coonlin:tda el problem;~ JeJ ab<~ste­

cimicnto <k ,·,¡;ua a l:1s pol>l;~cioncs del Valle de ~léxico, el 

gobierno Jel pais creó una Comisi6n f"rm:ttln por. r"prescn­

tnntcs del gobierno fedcrnl )' L1s Clltid;~,]cs ;tfc<..:tad:Js, que 

fija l'oliticas y cx¡1lotr• los rect1rsos pnra nb;Jstccer a las 

pohLu;-ioncs Ucl Vnlle. 
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Entre los nuevos proyectos de cxplotución de fuentes, destacan 

los clc·l ~J)lrovcchamiento por intercambio de las aguas profundas 

del lngo de Tcxcoco, que es parte de un proyecto integral de 

regeneración de esa zona, y los de explotación de las aguas 

del río Cutzamala. 

3.3 Control de la Calidud del Agua Potable. 

El control de la calidad del agua potable en el Distrito f-e­

deral se realiza en base a las normas de calidad estableci-

das en el "Reglamento sobre Obras de Previsión de ,\gua Potn.blc" 

!-!ast<J. el presente, el agua que abastece a la ciudad proviene 

de mantos subterráneos y es, en general, de superior calidad 

desde los puntos de yista físico; químico y bacteriológico, 

por lo que en la mayoría de los casos, y por ra:ones de seg~ 

ridad, se da solamente tratamiento de desinfección a base de 

cloro, el cual $e dosifica en los tanques de regulación y 

a lmac en ami unto. 

Solamente en casos específicos se da trntamiento especializa 

do a las aguas crudas, para lo cu:Jl se cuenta con plantas 

cmno la "fng. ~l¡¡rroquin y Rivera" situada en el oeste de la 

ciudad, que remueve dureza; la plant'a "Ing. Roberto Gayol", 

situad¡¡ en el sureste del Distrito Federal, que al igual que 

la plnnta "Ing. Francisco de Garay", en el noreste de la 

ciud;<d, remt1cve olor y sabor. 

Los progranws de explotación de f11entcs futur¡¡s' tle <lbastc· 

ein¡it'llto de <lf!U<l incluyen el aprovechamiento de fuentes 

SU)lcrficiales, por lo que se h:1 consider:alo la potabilización 

de totlos Jos caudrdcs que nsí lo requi~r:JJJ;por ejemplo, J:¡ 

pl:Jnta de Cutz~m:~la tratará 24 m3 /seg. 

Los :llliílisis rutinarios tle c;¡lid:1d d~ 1<1s aguas potables 

son cfcc:nwdos por el Dcpartamcnro del Distrite Federal en 

los J:J\Jo1·:•torios instalados c11 l:1s plant:•s JlotalJiliz,¡dor:,s; 

los ¡¡¡¡~lisis relativos [\ 1:1 su]>ervisi6rl de la c:1litl:ltl, 5011 



efectuados en los laboratorios centrales de la Secretario de 

Salubridnd y Asistencia,· ya que por ley le corresponde esta 

función. 

4. AGUAS EXCEDENTES 

4.1 !latos flist6ricos 

El Valle de ~léxico, hastn antes de la erupción de Jos volca­

nes que forman 111 si.crra de Chi¡;:hinu¡¡tzi, crn un V:~ll" que 

drenaba librcm<'!ntc sus il[~UIIS por el sur, .. tl_nci:1 Cu~·rnilvnc_.. 

Al cerrarse la única snlida, las ccniws producto de la ac­

tividad volcánica se flocularon y set\imcntnrol} C'll los lagos, 

(hoy pract"icnmentc desecados), constituyendo el suelo de al­

ta compresibilidn<l sobro el que se ~sit!nta la ciudad de 

Héxico. El pueblo Azteca, que fund6 la ciudad de ~léxico en 

un islote del entonces gtilll lago de Tcxccco sufri6 lns ca­

lamidades de las inundaciones producidas en 6pocas de inten­

sa precipitación pluvial, por lo cual hub·icron de construir 

a través del lago diques de contenci_6n y regul;1ción de ni\'e­

les, el primero de los cuales, construidtr por Netzahu;llcoyotl 

en 14.t6, tenía una lonsitud de lb Km y p~rotcr.~« a 1:1 ciullad 

contra las ,1guas del nortC> de la cuenca; posterior!!lente se 

construyeron los diques de Tl:~huac y Hexical tdngo que con­

trolal>an las ag1111S fluviales del sur. 

Dur.1ntc la époc;¡ Virreinal, se construyó el dique de S;1n 

Cristob;l1, que cerró la garganta por b D1oll derrnmab;m sus 

nguns l;ls lagunas Je Zumpango, Xnltocan}.! Snn Cristoba\ al 

l<1go de Tcxcoco. l.a!i grandes imiiJdnciom·s. oCin·ridas en 

1604 y 1607, dieron lugar :11 primer p¡·op.:cto ]'ara dar salida 

a las nguas excedentes <lul Valle, del C.ea;J':ll fue autor el, 

cosmógr~ro alcndn f:nri..:o fl:ll'tinc:. La~ :q¡:u~~ tlel río Cuau­

titl!in fuc:ron tlesviall:ls por el prim~r t{u:c.l de NlJ.:hi~Longo, 

12. 



nl norte de 1~ cucnc~, con lo cu~l el Valle tuvo su primc!"a 

snlida a¡·tifici~l, en el afw <.le 160R 

r:ste túnel operó solo dur<mte unos cu<Jntos ~¡eses, pues 

t¡t:edó inutilizado Uebido a numerosos derrumbes, no siendo 

sino hast~ el a1,0 de 1789 cu~n<.lo se inició 1~ tronsform:..ción 

de la obra, para convertirla en un tajo, y dar lHllid<~ perma­

ncute a las aguas Uel "río Cuautitltin. 

1 ~ . 

A raíz de la~ inull<l;H:ioncs de 1856 se inici6. la construcci¿:¡ 

del Gran Can¡¡l del )Jcsague y del primer túnel dc ToquisquiJ:, 

obrns que se terminnron en el ¡¡¡\o d!.' 1900, con lo 411e se· 

tuvo J¡¡ segunda salida para las aguas de la cuenca. Con lJ 

construcción del segundo túnel de Tequisquiac,iniciado en 

1940, desde 1956 la cuenca del Valle de ~téxtco tuvo salida 

n la cué'IJC;J del río MoctC'zuma, ~fluente del !'Snuco, que desa~ua 

en el Golfo de ~IGxico n la ¡¡Jtura del Puerto do T:mpi.co. 

Estas obn1s se proyectaron y construyciron par~ trabajar por 

gravedad; sin embargo, la oxplot<Jción de los m¡¡ntos acuífe-

ros de la ciudad do México aceleró el hundimiento general del 

Vnllc, provocando retrnccioncs hasta de 8 m en algunos puntos 

de la ciu<.l~d, lo cuol dió l\1gar a lo dislocación de las 

]llriJJtilJ;¡s de 111 red de RlC~!lt<•rillndo e inclt!Sive del c,·an 

Can<Jl, por Jo que las autoridades do la ciudad se vieron obli 

¡:ndos a inH«l<lr en los puntos cr!ticos del sistema c~n.:<ImO~ 

de alm¡¡cenamiento y plontas de bombeo, lo cual representó 

un notable incremento en los costos de operació_n y mantC'nirnl.'n 

to del sistema. 

~.2 Situdciün Actual y l'roycct.o~ :1! h1turo 

El Cnnal del l)csar,\i" fue construido po.rn conJucir un gasto 

de S m3/_sc!: en sus primeros S !(m y 17.5 m3/Scg en los tTS­

tantos; fue ompli.:Jdo en sus ho1·dcs para cond~ci1· gastos 
3 1wst:• do 130m /ser,. Los v;¡,;os do a !¡:unos la¡;os so h.1n uti-

liz;Hlo como alm~¡crn;uniento Jl~na re¡:t¡J;¡r li1s a¡:tw~ cxcc-sli'3S. 



El intcrccptr·r del poniente, recibe y dc:;nloja los cscu­

t-rimicntos de la zonn alta del poniente de la cuenc¡t, arriba 

de la cota 22ú0 msnm, y las conduce nl lago de Ztllnp<~ngo o 

14. 

nl lago de Nochistongo, mientrns que el antiguo río Churuhu;;_ 

co (cntuhudo en su cruce por la ciw!ud), conduce los escurri­

mientos del sur al lngo de Tcxcoco, donde se rcgularl:nn los 

caudales p;ora ser enviados al Gran Canal, aguas b:~jo del Km 

17. 

No ohstunte Jns obras dc!;critas, el pcl igro de imwdacioncs 

de la ciudad de ~!fxico co¡¡ agttas Sllcias y negras pct·sist5a, 

por lo que las autoridades competentes desarrollaron un pro­

yecto para resolver definitivamente el problema; este proycc 

to, que se inauguró en su primera etapa en _el año de 1975, 

incluye los interceptores Central y dtl Clricnte,que Ues;¡jo­

jarft¡¡ los cscurriJoieJltos ,¡~ lo tiLJJ:¡d,y el Dmisc1r Ccntr;tl, 

que recogerá las aguas de amhos interceptores, para t·nviar­

-:las por gra\·ed.:Jd hnsta In Presa Reqtiena. 

El Interceptor Central es un conducto circular de concreto 

con longitud de 25 Km, Uilimetro de 4 m en los primeros 12 

Km y 5 m en los rcstant<Js, gasto mi'ixin10 de 90 m 3 /sq~ y pro­

fundidad media de plantilla de 30 m, que drenará un úrea de 

11,217 rra. El Jntcn:eptor de Oriente, con longitud de 27 

Km,di;lmetro de 4 m en los primeros 11 Km y 5 m en los res­

tantes, Ilevnrá un gasto máximo 110 m3/ser,,correspondicnte 

a un .~rcn 1henada de 20,43b Ha, tiene una pro.fundi•hd m~ 

diC~ di.' 30111 Jc plantilla. J:l Emisor Central tio:nc 6.S 111 
2 

de Ui:imctro, ]ongittJd ,¡¡¡50 Km, firen transversal de 37..2 

g.:~sto uní:cimo <le 220 m. 
111 " 

Act.lmlmcntc se trabaja en la extensión de estos intercepto­

res y en el estC~hlecimiento de lns conexiones de 13 red de 

alc:~nt:.rill:Hlo cOll ¡~l sistcmll prorun<lo. 



El ~;JsL,·111a ,¡.., alc;J;tl:orillado tld árt::l urbani;wU:~ del Distri­

to Fcd{·r;IJ, es del tipo comhin<Jdo, o::s decir conduce tanto 

agu~s ncgr;os como pluvifolc~. Aproximadamente 1 m3 /sc¡; de 

los 1~dosc(;lir,~ lí[]uidn~; se traum en lns plant<IS tlc "Ch~¡n¡]tc­
pccf, "Ciml~U Deportiva", y "San Juan de Ara¡:ón", cuyos 

efluente~ se destinilll al riego de p:nt¡ucs y jartlincs en é¡~oca 

de estiaje. 

1 5 • 

llc l11s ;tguas ne¡:r;os coaduciil~s por el Gran C.:~n,1\, una ¡wquc¡·¡,¡ 

)l:lrte, de 0.5 a 1 m3/scg, es tratada y usada p:na fines de 

cnfriamicllto en la planta tcrmo-el<:ctrica del \'alle de ~léxico. 

Para otros fine~, el usu ele agu;~s negras tratndas es tO(lavía 

muy restrin_r:ido, pero se están realizando esfucr3os, y existen 

progn•mas, ]'~ra 5ubstituir el uso de nguas claras en diversas 

industri;,~;. 

De tiempo :J.trás, ln irrigaci6n ha sido el uso mds imporLulle 

de lns a¡pws excedentes, sin tratamiento previo. La planta 

"Cerro de: In Estrdla", con c~p~cid:td de 2.5 m3 /seg, con 

opción~ ser ampli"Ja a 5 m3/seg, útc construida con el objeto 

de aproyechar terrenos del antiguo lago de Texcoco. 

!.as in,\ostrbs localiz¡¡d~s dentro del V~lle de México dcscar­

g;m sus <.lc:St"(;hos "l sistema ele elcs:J.¡:.tie elel Valle: de ~16xico, 

en general sin tr:ttouaicnto previo. No se tienen cifras exac 

tas de los volúmenes descarg:tdos por este concepto, pero se 

estima qtll~ 1;, indllstrin loc:tliznJ;¡ en é'l Distrito Fedc:r;tl con 

sume miís del ZOt <le la doUtd6n a esta entidatl. 

4.4 Control tlc In. C:~litlocl de las Aguas r::xceJentes 

Bl Códi~o S~nit:~rio lle los E,;L;JJos Unidos ~lexicanos" sciíal;l 

a la uutori<bd competente p~ra dit:tnr medidas ¡:encralcs sobre-, 

oln-:lS de :dcj:J.micnto, trat;Jmicnto y <.lcstino de los desuchos; 

prohibición n autorill•Hles, cnt¡nes:~s o pnrticularcs pnr;t sus­

pcn,lcr los servicios tanto de :~gu~ pot;Jble como ele aven~111icnto; 
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obliga(.:i6n Ju los usw1rios a. devolver el ugua sin altcr¡¡c~ón 

nociva~~ la salud y bienes de los habitantes que las usc:n 

posteriormente; fijando responsnbilid.:Hl civil Y crüninal ~ 

·los Íllfractorcs; prohibición de descarga de ulbail.alcs y c·.n­

ductos <¡ue a juicio de la Secretaria tlc Salubritlni.l )' .;sis:cn­

cia no conduzcan aguas tratadas convenientemente, en ::~nnt:s 

de agua usat\os para e~. consumo do¡;¡éstico, balnearios, o c~ia­

deros de fO.lJMI ucwítica. 

La "Ley Federal para Prevenir y Contro1.1r la Contnminaci6:. 

Ambiental", expedida el 3 de marzo de 1971, amplia, refuC':~a 

y específica los conceptos nnt~riores, y se complct;l, c11 ~l 

aspecto de desechos líquidos, con el "Reglamento Fedcr.:1l :ara 

Prevenir y Controlar la Contrnninación del Agua". 

Jnduda\Jlcmcntc, la politic;1 tarifari~ Jc ~gun potabll' del De· 

partam(;nto del Distrito federal ha contribuido ha reducir los 

volúmenes de contaminantes descargados por la industria a! sis 

teJnn de alcantarillado, ya que al imPoner tarifas mlí::. cJe·.-;tdas 

al agun potable para ser usada en fines industriales v n :-,ayor 

volumen consumido, en muchos casos .resúlta má.s cconól~ico par<1 

los propietarios consumir ngu.1s negras tratadas o tratar :; re­

circular las aguas usaJus, y recuperar materiales ant('s óoscnr 

gados <1l drenaje. 

Los e~dmcncs de cnliJnd de l<lS agu<1s negras del Distrito :e­
doral son cfc¡;tuados ~n lo~ laboratorios exisu:ntes crt 1~.' di 

versns plnnt!l.s de aguas ncgrns de· la ciudad d~ ~.!6xico, y :.~s 

del V;¡Jlc de ~16xil.:O cn los lnboratórios de ln SecreLli"Í<l .Oe 

Agricultura )' Recursos llidrfotdicos o en los J.c. l¡t Scc:1·ct:a:·ía 

de Snlubrid¡¡oJ, según el prop6sito a que estén enc;~¡:J.inadu~. 

Paril resolver los problmnn.s de contaminación nmbicnt~l y ~n 

pnrticubr los rclntivos nl control ¡\e ln cnliJ;¡d del nt;ut, 

se crenron, a princjpios de los ;1i'ios sctcnt!!, mH•va~ 

estructur:~s ndministrativas de nhel nacional; 'dentro de la 
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Sccrcc•r!" de Salubri<la<l,.la Subsecretaria de Control y He­

jonmicnto del i\mhiclltc y, dentro <.le ln ahora Sccrcturíu de 

Agriculturn y Recursos Hidr5ulicos, l<l Dirección General de 

Usos y Control de la Cont<~minac:i6n del Agua. Adcm:'is, a 

principio~ ¡l¡; este sexenio, como consecuencia de la Reforma 

Ac!Jninistrativa, se efectuaron ;dgunos cambios cstrut:turalcs 

en diversas Secretarías de Estado, sin cmborgo, no han <1fec-· 

tado al ·status de los problemas sanitarios de la Ciudad y el 

\'ullc de ~IGxico. 
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l!nivcrsity of Oklahoma 

Appror;riate Methods of Treating l<ater 

and ~lastewate:- in Developing Countries 
• 

Workbook --

This workbook is basi"-ally a outline of h"-tures to be presente<! at the 

Universi=y of Oklaho<:~a's workshop on Appropriate Methodi< of Treati.1g 

>.'at~r a:1d Wastewnter in Developing Countries. The purpo,;e of tha work­

book is to assist porticipants of the workshop in the assimilation of 

the inforl:l<ltion prcsented at the workshop. The workbook itself is not 

an :bdependent entity. Detniled tnformation in referenee to the work­

book caa be found in the text: 

"Appropriate Methods of Treating Water and 
Wastewater in Developing Countrics", 

the Un!verstty of Oklahoro.; Bureau of Water and Envtronmental Resources 

Research, Norman, Oklahomo, 1978. 



WORKSHOP LECTURE FORMAT 

. 1~ 1 2 3 4 5 

RE CAP & T!E-!N 
REGISTRA TIC N RECAP& TIE-!N WATER SEWAGE LANO APPL 

1 OPENING LOCAL-SETTING TREA1MENT TREATMENT AQUACULTUR 

CEREMONIES GOALS GOALS ONSITE 

OVERVIEW TREATMENT 

SCIENCE ANO PRIOR!TIZAT!ON WATER SEWAGE POLICY/ 
2 TECHNOLOGY M O DEL TREATMENT TREATMENT SENS!TIVITY 

SYSTEMS SYSTEM ANALYSIS 

COMPUTER 

3 
PREOICTIVE HISTORY COMPUTATION DEMO. DISCUSS!ON 

MOOEL CONSUMER MOOEL MINI &HAND PANAMA& 

ACCEPTANCE EXAMPLE COMBINED INDONESIA 
EXAMPLE DEW,ONSTRATION 

4 
CLIENT/DONOR MOOEL COST CASE SUMMATION 

RELATIONSHIP APPLICÁTION EQUIPMENT HISTORV 

' 
AFTER WORK SESSION CONSULTAT!ON ' ' 
MEETING OR ' ' 

' EVEN!NG ' ' ' ' 
'-~ ' 
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ABSTRA.t'T 

(excerpt fr~ te¡¡t, p. ix-x) 

For m.¡,ny years develop1ng countries have been working, with externa] assistance, to prcwnote development of wau,~ 

treatment and waste disposal systems in their cities and towns. Adequate quantities of safe water and adequate s~nite­

tion f.leasures are considered to be a necessary but nota sufficient ccindition for social and economic developr:1ent; h~w­

ever, up to this tir:~e programs simply h<lve not succeeded in keeping pace wfth the problesn of water and s~nitation fn LDC' 

A breakdOI,'Il has o~:curred where there have b~:en· direct technoloqy"transfers which resulted in the selection of treau.«r.• 

processes too sophisticated or costly for in-country construction, mai_ntenance, or operation. 

A basic problem, then, relates to site-specific.selection of appropriate technology in LDC's. This volume,,in p~rt t! 

result of an in-depth study sponsored by the United States Agency for International Development and in part the resu1t of 

additional and rel<~ted efforts, is concerned with this proble:~. Chapters 1 and 11 outline the difficulties encount·~reri ir 

donor/client relationships and technology transfer. Chapter 111 explalns a methodology for selectlng the most appropri,.t( 

technology for water and wstewater treatment for a particu~ar LDC site and ata particular time, ~ccording to the m .. 1i'.:~i; 

and 1~anpo11ei- resource.capabilities available. Chapter J\1 presents a mathf'lllatical model for LOC's in Africa, Asia, an<l 

lat in Arnerica, to predict water and l~astewater demand, as well as construct ion and operat ion "¡¡nd m.Jointenance cost est ir.IJtf 

for s\aw sand filters, rapid sand filters, stabilization lagoons, aerated lagoons,·activated sludge systems, and tricU~.1g 

filters. The basic technique used in developing this model was step-wise multiple regressíon work1ng frcrn LDC in-country 

co~t data. Chapter V presents a r.1ethodology for setting priorlties among LDC 1~ater supply prograr:1s. Chapters VI, VIl, 

VIII, IX, and X. constitute state of the art chapters (for application particularly to LDC's) on past, present, and future 

technolog1es for water and wastewater, including·orJ-site disposal and treatment concepts. 
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The purpose of this volume 1s to support donor/client efforts to reduce health problems through proper selection 

of processes and projects, realizing that.mucll of the solution is educational in nattlre. 
WORKSHQ¡> OVERVJEW 

l. Protolem Statement - the inappropriate use of water and wastewater treatment 
syst~s in developing countries. 

A. Appropriate fit of the 1·1ater ami wastewater treatment systems results in: 

1. ~\ost econcmical system to construct 

2. ~lost econOf;lical syste:n to operate in terms of: 

a. Li!bor 
b. Che,icals used 
c. Energy 
d. ~~aintenance demands 

B. Inappropriate use manifests itself in several ways. 

l. 

2. 

3. 

c. Tcol 

l. 

2. 

3. 

Systems do not operate i!S designed 

Systems in disrepalr fail to effectively treat water 
or wastewa~er 

SyHems rr.quire redesi<Jn and retrofitting to assure 
quality treatment when used with existing equipment. 

' used in Che selection concept of thís workshcp 

Develcpment and conceptu~l use of the preéictive model., 

Development and conceptu~1 use of the prioritizíng model. 

Discussion cf the dissemin~tion ccnce;¡ts of the client/doncr 
relationship. 

1 



11. · Program Development by the University of Oklahoma 

A. t·\arket contact in the Developing countries. 

l. A'11ericas 

2. Turkey 

3. Kenya 

4. Tha i1 and 

5. Indonesia 

5. Phil ippfnes 

7. Taiwan 

B. Prforitizing /l()del 

c. Prediction Model testfng projects for a possfble reffn process. 
Results cor.~parfson. 

l.. Indonesia 

2. Africa 

3. Asia 

III. 1/orkshop Format 

A. Staff Introductfons 

·B. Materfals used fdentificatfon 
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l. text 

2. workbook 

3 • Vendors c~tal og 

¡.:orkshop 

l. Pace 

2. overview of scope. 

Session 1.2 

Title: Science, Technology, Technology Transfer, 

and Appropriate Technology 

Objective: To de"velop the basic concept of science, 

technology transfer, and aid in the selectiori 

process of approoriate technologies in 

developing countries . 



Technology T1·ansfer, A<1aptatton, and Utilization 

(excerpt fran Chapter JI, p. 23 in text) 

Direct transplanting of water and wastewater treatment technologies has not led to satisfactory utilization of elther 

foreiyn or dor.oestic resources. The use of innov~ti~e techniques to coordinate existing technology to new technologies to 

~p~rade life, to take ad~antage of local manpower, materials, and ren¡lin sensitive te the socio-econtr.Tic goals of that 

country. The main er.~phasis of the chapter is te obtain a grasp of the total plcture, putting pieces together in a p¡-act i~ 

and usable way. lnternational health 0!1lanizations, lending agencies, and nattonal, regional, and local institutions can 

develop a viable planning tool. 

This session presents sorne key elements in approaching the problem of selecting appropriate technologies: (1) 

systematic e~aluation of the importance and interrelationships of all relevant aspects of the problem, such as teC:hnical, 

econcrnic, social, political, and cultural factors; (2) assessment of alternative courses of action; and {3) .ana.lysis of 

benefits and costs or cost effect1veness on the basis of which policies can be determined and decisions made. 

Schur.Tacher has said that "for developing countries there is a very low level of technology whfch does not keep peop1e 

going except 1n relative misery, and in developed countries exists a technology which is beyond the technical support 

capabil ity of the ~t!sser de~eloped country at this point in time. 
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SESSION OUTL!NE: 

l. Jntroduction 

A. Historical Developr.~ent of technology 

B. Concept of essential ity of water to economic develo¡xnent 

Ií. Oefining the prccess of tectmology tnmsfer, anc! the selection of appropriate t.echnologies 

A. Definiilg of tenns u sed 

l. Science 

'· T echno 1 ogy 

3, Appropriate Technol ogy 

4. Ri!trogressive Technology 

5. Acce;¡tance 

(Refer to Figure 1 I. 1 ) 
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SC/ENCE 

RESEARCH,INVENTION 

TEGHNQbQQY 

INNOVATION 

ENVIf~.ONMENT 

PROBLEMS,SOLUTIONS 

ECHNOLOGY 

lnterrelationships among science, technology, and problems and. 
solutions in the · environment .. 
Figure 11. 1 
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1!1. Contri~utory Breakaown of Donors (Technology Transfer) 

A. USA 
B. UK 
C. Gernany 
o. France 
E. Other Western countries 

U. .A. 

U. K. 

Gennany {F.R.) 

France 

Other Western 
European Countries 

Other Developed 
Countries 

De·1el oping 
Countnis-

TABLE 11.1 
TECHNDLOGICAL BALANCE OF .PAYMENTS 

ESTirATES FOR 1964 

Receipts 
{perce~tage of world total)a 

Payments 
{percentage of world total)a 

' 
"' 
" 
" 
lB~ 

" 
"' 
131. 

" 

d[xcluding transactions .mong soclalist countries Jnd between those countries and devcloping 
countries. 

bReceipts of developing countries ~.oere neyligihle and in any c~se less than l_percent. 



1\'. Reccgnition cf the failures that have cccurred due te the direct transfer cf inapprcpriate technclcgies 

V. Historie developr.~ent and the time lag between OC's and LOC's 

A. Eilrcpe 

s. usA 

C. Russia 

O. China, etc. 

(Refer te Figli-es 11.2 - 11.3) 

r 
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Figure J1.2.a PROCESS OF TECHNOLOGY DEVELOPMENT. 



T~D APPLICATION 

'\ 
SECOND APPUCATION 

\FIRST APPLIC~TION 

TIME 

Figure Jl.2b 



WATER TREATMENT TECHNOLOGY 
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MULTIMEDIA FILlER ,SETTUNG 
TUBES, POLYELECTROLYTES 

RAPID SANO FILlER 
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r5 SLOW SANO FillER 
>-
X 
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Figure.IIJ.a TlME<URBANIZATION ANO INCREASED 
Rf.SOURCE USE) 
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INDUSTRIAL WASTES ~/-< 

AOVAN CEO 
WASTE 
TREATMENT, 
REUSE 

w 

"' :::1 WATER 
u. CARRIAGE o 

. 

ACTIVATED SLUDGE, 
CONTACT STABILIZATJON 

ROCK FILTERS 

~ z 
w 
~ 

" w 

INTERMITTENT SANO FILTEAS, LAND 
APPUCATION, CESSPOOLS, STRAINERS 

Rgure 11 3.b TIME !Urbanizotion and increased resource use) 

' 
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VI. Most successful innovatlons are derlved fr001 need 

A. Appropriate adapta.t1ons of progressive "OC" technologles to the currently e:.::istlng technology of the "LDC" 
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Slze of Operatlon 

Figure 11. 4 The eflect ot eeonomy ol scale In water treatment • 
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1+1 Time 

Surph.z$ 

Delicit 

Figuren. 5 Changa In avallabilily of ln-country technlclans wlth lime. 
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M4npower leaks (Econcmic developroent in developing countries and loss of skilled manpower) 



IX. 

X. 

Appl icat ion of Technology Concept 

A. Hard <1nd Soft 

B. Grading 

l. High 

2. lntermediate 

J. ''" 
Gool Real i zat ion 

A. Background infomation needed to understand suc:cessful technology 

l. Local tNdit ion 

2. Regional Goals 

J. S~ial & Economlc·In:pact 

XI. (xi!taples of Appropr1ate & Inappropriate Technology 

A. Devefop"ed' Countries 

1. Nonnan, Oklahor.la- conventional sewage. plant; settling basins; trlckling filters; sludge digestor; s 

beds. 
• 

2. Muskogee, Oklahoma- hfgh technology, particularly slu~ge handling, thickness, cyclone, centrlfuge, 
'· ou.-t 

1ncinerator- all autQ!:Iated; never_(in 3 years) functioned correctly; 180 critical items .ll6't" at any 

t ime. 

.. 



---------------------------------~-~-------------~----
B. Oeveloping Countrles 

l. Turkey • aerator for sewage--h0r.1emade, no bearings; chlorlne for water, no source. 

2. Indonesia- family fish pom!s; c:ultivation of vascular plants; food. 

3. Peru- automated (tape); shallow filter. 

4. Thaihnd- coconut fiber/char rice hulls; slow sand filters; rapid sand filters. 

5. Colanbia- dyn~ic filters; multimedia; decllnlng head filter. 

6. ·Dominica- chlorine; 6-month turn-around. 



Ses~ ion 1.3 

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 

" 



Predict1on Methodology for Selectloo of Suitahle.Water and Wastewater Processes 

{ucerpt frcm CHAPTER lll, p. 39 text) 

T~ three sect1ons lncluded In this ch~pter are shortened and revised verSions of the original puh11cations which they 

represent. In thsn ls presented an ordered method of selectiog the mast appropriate technology for water ~nd w~stewater 

treatr.~ent for a puticular s1te and ata particular time, according to the material and manpo111!r resource capab1\ities av~!l­

able, The primary concern is drinking water and wastewater for organized conmunities, lndudlng those for wblch management 

systems for.on-slte processes wauld be aprropriate. 

In tlll~'first sectlon cxplanation is made of the selection methodology whlch involves the systems approach and aggregate 

100delling, Tlle systems appro~ch permits tlle analyst to look at varlous interrelationshlps and declslon options at one time 

wllile ag~reglte mode\ling uses average values for attributes of the real-life _situation under study. The attrlbutes for LOC 

•ncdelllng must be representatlve and must be based on available data on the LDC site etther ohtalned dlrectly or through the 

aid of ~ surrogate. 

Thc output of the model dlsplays comp~tlble water supply and sewerage treatrr.ent alternatives for a speclfied crnmamlty in 

the base year a~d at the end of each of four increments of five years. For the altern~tlves provlded, infonnatlon is given 

on ca;¡\tJl ~nd malntcnance costs., manpower requirements, the population to be served, and the plant sc~le wbich would be 

required. 

In the second section of thls ch~pter, data forns are included wilich were designed to use in collectlng the b~sic 
" - l -

information needed for the use of the predlctive model, ...tlile the thlrd section provldes a manual ccmputation appl ication of 

the model together with an example pro~lern which has been worked out step by step. This manual method will suffice in most 

in~tances, a_lthough a cauputerhed version has beeil dcveloped, 



THE ~ROC~SS-SELECTION MODU:_ 

The purpose of this wodel 1!. to provide the dedsion-maker with a tool th~t ~rill ass_ist iP the 
selectioP of a technology for water and wastew.;ter t~eatment whkh is most appropriate to the conr.:urlity's 
c~pabilities. 

The respor~ses arv:l ca:;biMtions which result frorn this exercise provide a ~eries of applications 
which ~10uld achieve the desired levels of treatment based ·upoP local coflditions. Fra-a·these alternati"ILS, 
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-engineer~. 
Engineers will find it useful as a tool for a coarse sort and sensitivity analysis. 

CONCEPTUAL APPROACH 

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

Those systems which emerge through this process are those ...tlich are most aopropriate to 
meeting designated goals • 

• 

• 



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

All Pro¡;esses 
with Costs 

e 

> 
·-----'? > 

> 
> ,. 
> 
> o----:3> 
> ·----:3> 
) 

) ·--7 

Figure \. 3 

--> 

Socio-Economic 
Attributes <~nd 
Sb:e of Sitc 

' 

Resource 
Attributes of 
Site 

Suitable Process 
/" ICombinations 

Requircd Effluent 
Qu<~lity and 
Treatment Goals 

Determination of 
Lowest Cost 
Compatible 
Combination of 
Treatment Processes 



COMPLETE. INFORW1T!ON Flf>l~ FOR THt PP.EDICT!VE. l~ll(I:Cl 

RAW DATA 

----~- ----------------
' Acl:~live Social-

COMMUNITY 
PROFILE LEVEL 

CALCULATION 

PROCESS FEASIBILITY 

'""'"" Weighting 
Factors 

PRELIMINARY PROCESS. 
· SELECTION (FEASIBIUTY 

B\cck 7 

Olcck 11 
1\vhihbi<J 
p,OCI,~~~:I 

-~~------------ ---------­
Block 13 
Suilnble 

--·· --

-----------

--~~:~~~~~~~~}--- ------- ----t~J~~~~:=!¡--~~~~ 
COST ESTIMA TE ~ 
OF SELECTED 
COMBINATIONS 

'OF PROCESSES 

~1-·-------------------------

FINAL SE!.ECTlON OF 

PROCESS COMBINATIONS 

Block 16 

=:;--- -------------------------------
Most Compatib'e 
B3sed 01'1' 



BASIC REQUIRE~!NTS 

1. A Classification of Water & Wastewater Processes: 

PW l etc. and PS.l etc. 

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

z. By Manpower ReqiJlrements 

• Unski11ed 

• Skilled 

• Professional 

3. By Resource Requirements 

" • Equl¡xnent 

• :".ateriah 

• Suppl ies: Ma 1 ntenam:e 

Chemical 
~ 
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' 

PROCE,SS CONSTRAINTS 
WATER TREATMENT PROCESSES WITII ESSENTIAL MANPOWER 

& RESOURCES REQUIRED FDR OPERATION 

PRDCESS REQUIREMENTS 

" " ' 
~ 

MANPOWER RESOURCES REQUIREO 
TREATMENT 

METHDDS 
" o .. "" " " " o• ... " u. - o • ;:~ " u - " o "" " o " - " ~~ "" -~ " " - '" u u • " " o• ~g o e "" • " "" ~~ g , " .. o u 

NO TREATMENT PWl* X X X X 
PRE-TREATMENT PW2 X X X 
SLOW SAtiD FILTRATION PWJ X X X 

-RAPJQ SANO FILTER (Conv.) PW4 X X X X X X 
RAPID SANO FILlER (Adv.) PWS X X X X X X 
SOFTENING PW6 X X X X X X 
DISINFECTION "' X X X X X 
lASTE, OOOR-Fe, Mn PW8 X X X X X 
DE SAL TING-SAL T PW9 X X X X X X 
DESALTIUG-BRACKISH PWIO X X X X X X 
CONTA ltl~\ENT Fi l TER Pwua X .x X 
OISINFECTANT FillER PWI2 X 

* Water Source 
(Groundwater Availability) 

alisted for completeness only, not actually available as a model output at this time. 

:!ti 
u-
"" •• "" ., 
u o 

X 
X 
X 
X 
X 
X 
X 

X 



PROCESS CONSTRAINTS 

SEWAGE TREATMEIIT PROCESSES WITrl ESSENTIAL /WlPOWER 

& RESOURCES REQUIRED FOR OPERATION 

PROCESS REQUIREMENTS 

• " MANPOWER • RESOURCES REQUIRED 

TREATMENT ~ 
METHOOS " o :i i'i>; " '" " " " " " o • ~~ w< " 

~ " " o "H H 
H " H ~~ "" H" 

" " ' " g~ "" • " H ow "" H H • • ~~ •o ~~ g o " o• 

~W1ARY (Conv.) PSI X X X X 
i PR!HARY-Stabillzation Pond PS2 X X X 
1 SLUJGE (Conv.) · PS3 X X X X X 
1 SllJDGE (Adv .• ) PS4 X X X X X X 
• 5!..l"'0~-Cor::bined (Imhoff) PSS X X X X 

SEC !);;!:'ARY- S t,1.nd~ rd Filter PS6 X X X X X 
S~ (·J:> C· . .:.fl. Y- P.i ; h Rute Filter PS7 X X X X X 
S~ CO.'I[•P..;l.Y -A::: i vn ted Sludge PS8 X X X X X X 
EJ.E~:DEO AEf<ATION PS9 X X X X X 
ROTATWG BIOL. cmHACTOR PSID X X X X X 
:¡;s;;:r~CT10': PS!l X X X X 
LAN0 APPLICATION PSJ2 X X >J X X 
A(:l1.; CULTU~E PSJ3<"1 X 

1 HG!ViGL.t;L PS14a X 
' l:>O!VIDUA!.. Pdv.) ps¡sa 
1 

X X X 

JL1oted for co~pleteness only, not actually available as n model output at this time. 

43 

:i~ 
UH 
H" 

"" "" •o uw 

X 

X 
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BASIC DATA PROCESSING 

l. Establishment of Social-Econcrnic levels I, 11, 111, IV, frCill a Variety of (19) 

Parar~eters to Codi fy Cciñrnunfty Capabil it ies. 

2. 

J. 

Establishment of Resource and Manpower levels of the Site and·Associating These 

With 1, Above. 

Oetennination of Costs and Cost Ratios by Levels Derived in 1 and 2 Above. 

(There will be an entire 1ecture on costing later.} 

4. Development of Ac:ceptable Cornblnations of Processes to f·ll'!et Establ1shed Goals. 

The.se Goals Will Change With lncreased levels. 

-------

j 

' ' 
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Cardnogens 

Viruses 

Organics 

Chemicals ,Toxicants 

· Solids<Total Dissolved Solids) 

Hardness, Taste and Odor 

Bacteria 
. ' ' ' 

lncrease in Socio-Economic Level 

CONSTITUENTS TO BE REMOVED IN WATER TREATMENT 

Figure 111.1 



Thermal Pollution 
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In crease in Socio- Economic Level 

CONSTITUENTS TO BE REMOVED IN 
WASTEWATER TREATMENT · 

Figure 11!. 2 
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CODE FOR 

. PROCESS .. 

WATER TREATMENT 
ACCEPTABLE COMBINATIONS OF TREATI1ENT PROCESSES, ACCORDING TO 

RAW WATER QUALITY OR DEGREE OF OILUTION AVAILABLE TO WASTE FLOWS 

CR!TERIA LEVELS 

PROCESS 
RAW WATER CONCENTRATJON 

. . .. 
' 

COMBHIAT!ONS 
COMBINATIONS COL!FORM SOLIOS 

Bll.CTERIA 
(MPN/100 ml) TLIRBIOJTY OTKER 

(JTU) (mg/1) 

W1 PWl 1-2 11 lO 
W2 PWJ 200 lOO 
W3 PWll 300 800 
W4 f'Wl + PW7 500 lO . 
ws Pw2 t PWJ 1,000 800 
1·16 PW2 + PW12 3,000 800 
W7 PWJ + PW7 5,000 lOO 
wo PW2 • PWJ • PW7 10,000 1,000 
119 PW4 + PW7 10,000 lOO 
WlO PW2 • PW4 • PW) 10,000 1,000 . Wll PWS + PW7 10,000 lOO 
W\1 PW1 • PWS • pw¡ 10,000 1,000 

·. ~Jll . (any one of Wl to WI2)+PW6 300 hardness 
~ W14. {any one of Wl to W12)+PW8 I-JFe&Mn 

' w l'S: ;i - (any one of Wl to WI2)+PW9 . • Jooo rosa 
' ' '-'f (ciny one of Wl to Wl2 )+PWIO i • 2000 rosa 

• ¡ • . .. 

a Thls 'iíipresi:!nts standards for deVeloped countries¡ different standards may be more 
' ' approPriate for developed countries. 

. 



CODE FOR 

PROCESS 
COMBINATIONS 

SI 
S2 
53 
S4 
SS ' 
S6 
S7 • 
S8 
S9 
510' 
Sll 
512 
5lJ 
514 
S!S 
516 
517 
S lB 
519 

SEWAGE TREATMENT 
ACCEPTABLE COMBINATIONS OF TREATMENT PROCESSES, ACCOROJNG TO 

RAW WATEJI.-QUALITV~ORo.(JEGREE-·Of-OILUTION AVAILABLE TO WASTE FLOWS 

RECEIVING WATER VOLUXE . 
PROCESS {7-day low flow level)WASTE VOLUME 

COMBINATIONS 
BASED ON BOD BASED ON COLIFORM 

PSS 20 150 
PSI + PSJ 20 150 

PS2 10 16 
PS9 J 16 

52 + PS!O 5 32 
52 + PS6 6 32 
52 + PS7 5 32 
52 + PSB 4 J2 

PSI + PS12 o o 
54 + PS12 o o 

P$2 + P$13 5 16 
SI + PSll 20 2 
52 + PSU 20 2 
53 + PSll 10 2 
54 + PSll J . 2 

. SS + PSll 5 2 
55 + PSll 6 2 
57 t PSll 5 2 . 58 t PSll 4 2 

• 
- • 

' These represent Standards for developed countries: different standards may be more appropri~te for 
developing coUntries. · 



RAW DATA 

-----------------

COMMUN1TV 
PROFILE LEVEL 

CALCULATION 

CQ,~',PLEiE !NFORMAT!Otl F'-"\.1 FOR THE PRECICTIVE II,QDEL ;-o 

Rnsource 
CJ.pJ.bJIIIy (RC) 

Block 9 

' ; 

• 

--------------------------- -----------

PROCESS FEASIBILITV 

' . 

Block 11 

Av;>iluble 
PrO~!!OSúS 

--------------------- ----- ---------- -----------
PRELIMINARY PROCESS 
SELECTION <FEASIBILITY 
COMBINATIONSJ 

COST ESTIMATE 
OF SELECTED 
COMGINATIONS 

· OF PROCESSES 
------------- ---'~ 

FINAL SELECTJON OF 

PROCESS COMBINATIONS 

Block 15 

Cosl 

~==~--- ------------------------------­
Block 16 
Most Ccrnpalible 
Ektsed on: 



SITE DATA REQUIRED 

Soc1al-Econom1c Oeterminants (Block l) 

Resource Oeterminants ·{Block 2) 

Oemographic Determinants· {Block 3) 

Goals for Water Quality (Block 4) 
·- ---

PRDCESS DATA REQU!REO 

Process Constra1nts (Block lO) 

Acceptable Ccrnbinations {Block 12) 

THE BALANCE OF THE FUNCTIONS IN THE MOOEL 

REPRESENT CALCULATIONS TO ARRIVE AT COMRINATIONS 

ANO PREDICTIONS UPON WHICH DECISIONS CAN BE MAOE. 

.' 

51 
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5~ 

BLOCK 1 

SOCIAL TECHNOLOGICAL FACTOR$ (STF) 

• Level of EduCa ti on 

• Distribution of labor Force 

·• Incone Characteristics 

• Percent Non-lndigenous \lorkers 

In Government & lndustry 

o School Operations 

• Highest Grade Offered by 

Local School 

1 Nearest High School 

1 Availability of In·Service 

Tralnin9 Programs 

t Local College or University 

• Chemlstry io Local College 

• Coi!JIIuntty Fiscal Level 

• Unemployment Level 

• Avai1abi11ty of Extension Services 

• Schools of Local College Students 

• Level of Technology Available 

• Government as labor Users 

1 Availability of Employment Services 

1 
(These factors used to determine one of the four levels: I, JI, III, IV) 

-JI 

To Block 7 



Examples of Data Catagories Used in Gathering Socllll-Technic~l Factors (STF)* 

{ 1) 

{2) 

Average level of education 
obtained by inhabitants 
living in th"e Col!lllunity. 

Average distribution of 
labor force in the 
community. 

Annual average income per 
family in ·local currency: 

Amount Un 1 t __ _ 

Check approximate U,S. 
dollars equivalent of 
this "mount: 

*(see page 75 of the text) 

H'igh 
Level Non e Prfmary School 

1 "' " 2 70% 19< 
J 551 "' 4 " '" 

level Unskllled 
1 "' 2 '" J "' ' m 

less than $100 
$100 - $500' . 
$500 - $1,000 
$1,000 - $3,000 
Greater than $3,000 

" " 14t 

"' 
Semi-skilled 

" "' "' '" 

Technical 
Institute Co 11 ege 

" " " " " " " " 
Professional 

" " "' 25::: 

Weighting 
Factor 

5 
lO 
15 

o 
5 

10 
15 

o 
4 
8 

12 
15 



"-( '¡ 

BLOCK 2 
INOIGENOUS RESOURCES {IR) 

I Operation Equipment 

11 Process Materials 

IJI Maintenance Supplies 

IV Chemical Supplies 

Jndigenous Resources D~ta 

Category 

(20) Operation Equipn:ent {OE) 
o t~eters; water, gas, re­

cording devices, such a's 
thennostats, water 
meters 

• Sheet metal fabrication, 
·etc. v 

• Gauges; tacuum, flow, etc. 
t Laboratory equipment such 

as test tubes. etc. as 
found in high ShCool 
chemistry labs, n¡edical 
offices, and hospitals 

• Portable power plants 
such as gasoline powered 
electric generators 

• ~otors such as !-3 hOrse­
power e 1 ectri e no:.tot·s 

• Pumps, fans, etc. 

To Block. 8 

FOR EXAMPLE 

Check lf llot Available Calculations 

Critical Level" for Operation 
Equi pment 3. 

Sum of Items Not Available 

Availability of Operation 

Equipment -::---c:c-­
(yes = 1, No " O) 



. 
BLOCK 3 

OEMOGRAPHIC' DATA (DO) 

1 Present Poplllation 

1 Average Growth Rate 

To Bloc~ 9 

BLOCK 4 

RAW WATER QUALlTY 

1 Number of Colifonn Bacteria 

1 Susrended Solids 
1 Rec!!iving Water Dilution Available 

1 ·aoo • Organic Waste Measurements 

1 Fe & Jo'.n Minerals 

1 TOS - Total Dissolved Solids 

To Block 13 



OEVELOP~rNT OF COMMUNITY PROFILES 

STL Level l, 11; 111, or IV 

Manpov1er 1, 11, 111, IV 

Resources 1, 11, 111, IV 

' 

Size 1, 11, 111, IV 

1 

• 



C0:v1MUN1TY 
PROF!LE LEVEL 

CALCU~AT!ON 

-------------------------

PROCESS FEAS\B!UTY 

From 

Block 1 

' ' 

---·-----~--~-~-~----------
PREUM\NARY PROCESS 
SELECI!ON CFEASI6!LITY 
COMDINATIONS) 

!llock 11 

1\v:~il~l:llc 

f>r<><.:~;.~o;:~ 

From 

Block 2 

From 

Block 3 

Block 8 Block 9 

C:lp~t:.lity (RC) 1, 

From 

Block 4 

! 

R~~ource l~~'~' ~~~. 
------ -------- ----------· 

.. 

--------- -----------
Olock 13 
S:.~il<lbie! 

Pmc~-s~ ~~-~~J~~~~ 
'COST ESTIMATE 
O? SELECTED 
COMB\NATIONS 

· OF PROCESSES =bd----------------------------------
Bloc~ 1G 

F:NhL SELECT!ON OF 

PRGCESS COM9\NATIONS 
¡,/,.:!SI CD.<J\P~ti~le 
ea~d o;~• 

.,. 



From Block l 

BLOCK 5 

Relative Social-Economic 
Weighting Factors (Wst) 

BLOCK 7 

SOCIAL TECHNOLOGICAL lEVEl (STL) 
These levels are used to estimate 
manpower availability in Sk111 
categori es. 

1 - 1-23 
11 - 24 - 51 

111 - 52 - 93 

IV - 94-133 - oc 

' ' 
1 1 • 1 1 • 1 

' 
l / 

To 
' 

• 
' -

'---'--' ·' ¡,. 
• 

• • 
To Block· 15 

• 

' 

" / 

Block 

. 

Alternate Classific<l-tion Process 
on pages 68- 72 of the text. 

(s::enario method) 

11 



BLOCK 5 

Relative Indigenous 

Resource Weighting 

Factors (Wi r) 

. 

1•11·[· 
. 

1 ' 

1 

' 

From 
Block 2 

•. 
• 

--' v 
BLOCK 8 
' 

Resource Capability (RC) 

lndicated hy a confinnation 
of any four categories 

. 

' 

' • 
To 

!!loe\: 11 

From 
Block 3 

BLOCK 9 
Population Forecasting (POP) 

Al so determines which of-the 
four population scale levels 
is correct for the co~~unity 
to he servcd. 

1 - 500-2500 

11 25GO-l5¡[1Q0 
III 1s,eee-5o,eoo 

IV 50,000+ 

To 
Block 15 



• 

1 ' 1 ¡p 1 • 11 • 1 

1. ~[·Ji 
• • • 

• 
• 
• • 

• • 

Fror.1 
Block 7 

BlOCK 10 
PROCESS CONSTRAINTS 
(See Table 111, 1.2) 

BLOCK 11 

AVAILABLE PROCESSES 

l Selected on the basis of 
STL and RC in relation 
to the Process Restraints 

. 

BLOCK 13 

SUITABLE PROCESS CONBINATION, sysr 
Based on the corrr.runity profile 
and Raw Water Quality or 
Receiving Water Dilution 
Avai lable . 

To 
Block 

" 

. 

. 

Fro' 
Block 8 

BLOCK 12 

SCHEDULE OF ACCEPTABLE 
COMB!t1ATIONS. 

To bring ravr water to 
desired quality. 

(See Table I!I i..J) 

.. 

th• 

Frcr 
Blocl 



BLOCK 14 

SCHEDULE OF COST RATIOS 

Items Include: 

1 , Process 

2. Construction Cost 

3. Operation & Maintenance 
Cost 

4. Manpower Requirements 

r--·-

FROM BLOCK 7 

From 
Blot:k 13 

BLOCK 1 S 

RELATIVE COST POSITION· 

l. Construction by STL 
by Scale 

2. Operation & Maintenance 
by STL by Scale 

BLOCK 16 

9PREDICTION OF MOST 
COMPATIBLE COMBINAilONS BASED ON 

1. Relative total costs 

2. Relative Operation & 
M.a i ntenance. Cos ts 

3. · Manpower Requirements 
by 3 categories: 

Cl Professional 

IW Skilled 

Q lJnskilled 

Fro:n 
Block 9 

T:l decisic.n maker for selection of appropriate 
--~ology b~sed ::m as~essment Gf local objectives 



TASLE 4. 

Process 

_(No Treatmeot) PW\ Coostruct1on 
Opera ti Ofl and 
t·:aintenance 

. (Pre-Treatw.ent) P\o/2 Construction 
Operation and 
t·:aintenance 

(Slow S.F.) PWJ Construction 
Operation aod 
t-:ainteoaoce 

(R.S.F.- Co'ov.) PW4 Construct1oo 
Opera ti on and 
~IJintenancP. 

(R.S.F.- Adv.) PW5 Construction 
Operation and 
Mainteoance 

(Softening) PW6 Const¡·uction 
Operation aod 

. ~lainteoance 

(Disinfection) PW7 Construction 
Operation and 

· ~laiotenance 

(Odor, laste, . PW8 Constructioo 
Fe, t-:n) Opcration and 

· ~laintenance 

" 
POPLJLATION SCA1 ·r--<1 (2.500 - 14,999) 

,, 
PER Ck • • rA _JST RATIOS 

CONSTRUCTION/OPERATION ArlO MAltHH!ANCE 

1 
2. JO 

1. 75 

2.20 

6.N 

~2.00 

4. 90 

70.94 

Social-Technological levels (STL) 

11 
2.43 

2.01 

2.50 

7.17 

13.48 

B .11 
19.89 

111 
1 .49 

3. 01 

3. 00 

7.67 

14.66 

a .o~ 
14 .45 

8.27 9.93 

59.57 50.00 

-43.13 41.68 40.22 

115.86 90.49 65.12 

38.48 37.52 36.57 

3.81 3.57 2.94 

18.47 15.65 12.54 

91.34 80.44 70.53 

51.00 49.28 47.55 

(Oesalting- Salt) PW9 Constructioo 145.94 129.63 117.31 

IV 
1.3/ 

3.53 

3.25 

8.15 

15.00 

é .4§ 
11.00 

10.45 

40.88 

38.77 

39.75 

35.51 

2:80 

11 .42 

59.53 

45.84 

95.00 
Operation and 
t·:ainteoancc 24.77 25.17 23.92 22.26 

(Dcsaltin~ -
Brackish} 

PW10 

PW12 

Con;;tn1ction 120.04 105.53 91.01 77.50 
Operation and 
1-'.aintenance · 37.87 36.59 35.31 34.03 

Construction 30.25 28.55 25.74 24.12 

-•·. 

Operation and 

.. ·--- Mac•o· '"'"'"""'"'''--c-c:---c-:::c::'-;-c 27. 7'''':-::-;;;;c= 25 .45'c·-:c::-::-:23 .2;'''::occcc-::--''''·é'o'----
Note: Complete cost ratio tables.fl'.ay be found u~der Session 3.4, "Manpower, Costs, aod Equipment". 

(Disinfectant 
Filter) 



' Level {Block 7) Un ski lled Skilled Professional 1 -
' 

1 X p;¡ l 

ll X X 

Il! (pop. < 50,000) X X 

1 IV X .X X 
r•• J 
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"' 

"' 

"' 
f\1 7 

r~IO 

I'ATU. rroa:ssts vs. 1'A•P~'"'i~ r.ro::¡tr.t.E>:::~-r~ 
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SOLUTJON PROCESS REVIEWED 

STEP ONE 

Determine the social technologicaJ·level, indigenous resources, Scale, Goals. 

STEP TWO: 

Use the indigenous resources, social technologlcal level to find available processes. 

STEP THREE 

Use popuhtion, goals, and available processes to find su1table comblnation. 

STEP FOUR 

Arrive at manpower and costs frcm social technological level am! scale. 



' 

PROCESS SHECTIOil 

Pl'/10 -l--l-+-H-+-l-1 
IN 

· liFES!YlE 
BOUIW 

IV SCORE 
OOUliD 

STEPS 

A - IDHITIFY STl SCORE DRAW HDRIZOIIHL 
· liiiE TO 45" lJIIE TO SET PROCESS BOUHO. 

B - IDEIITIFY R.S. SCORE DRAIV VER TI CAl 
IV UIIE AS BOUiiO 

111 

11 

1 

C- liiiE [DIJE OF TWOJ CLOSEST TO STllll!E 
OEFitiES SOLU!IOII AREA, OR PROCESSES 
THI1T llAVE BEEII SCREEIIEO. 

D- JDEIITIFY SC!lE, COIIIIECT TOFURTHER 
BEFIIIE AREA. 

E -IDEIITIFY \VOS~ RA\'1 VS: GOAl 

F - SElECT PW &/OR PS 111 PROPER 
COMOJIIATIOII TO MEE! WQS. 

¡ 
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Session 1.4 

Title: Client/Donor aml Engineer/Donor RelationsMps 

Objective: To explain the genus of this program 

poorly used resources due to select1on of 

inappropriate technology. 

AllSTRACT 

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

·•1 

In studying the problem of technology transfer, the engineer/cl1ent relationship was seen to be of critica] 

b thc design of water supplies the choice of compor.ents, materials and dimensions is oftcn governt!d by cedes of 
prectice or by professional COMentions which engineers trJined in the West too readily take for granted. And not only 
do these corr:er.tions tend to limit the adaptation of design to loccl needs, but like the HHO st2ndards for w2ter quality, 
the)' are ~tn:ed to tht: neec!s of urban uater supply in Europe rather than to villa!je ~1ater supply in the tropics. T~.us 
co~es of practice may 1 eed to the choice of unnecessari ly expcns ive material s or equipr.~ent, or may di scourao;e an eni>ineer 
frcr.1 OIO;Jl'O'Iising when lhe "correct" co,Jpon~nts are not available. Ev~ry villa']e d~s~rves the best possible engineering 
design for ¡,Jeetlng all tlle ir.uOJcdiate objectives, but given thc kind of objectives which seem rigllt for rural 11ater 
supply, the "best poss1ble" 1nay not alw~ys look a good solution when measured against Western codes of practice. 

SOl.l€: engir.eers ~re con~cious of this dilffiJlla, but feel that if they chose an unorthodox solution to ~ specific 
proble'n ~na the equi¡:xnen~ fa1led and led toan outbreak of.disease, they would carry an undue burden of responsibi1ity; 
but if they ha~ foll011ed the "correct" design conventions, they would not be blamed (21). 



SESSJON OUTLINE: 

J. "Introduct ion 

A. 'Global Conference - ~HO and OU, 1975 

l.· Objectives of Conference 

a. to assess the state of the art in water and wastewater treatment. 
b. to establish priorities for various studies to be done 
c. to discuss the development of international coordination of prograr:Js 

B. Need for cc¡¡munity water supply- nearly 1/3 of the world's population has no adequate water supply, and only 0.81 
are served by sewage treat111ent facilities 

C. water supply and sanitation are an integral part of the development process (lessons of history) 

l. Each country needs: 

a. an overall national plan 
b. to establish ~ter resources planning aid 
c. to establish.relations between in-country universities, which in turn should C(]lllllunicate with out-of­

cmrntry (developed country) universities. etc. 

D. Program failures- dueto several factors 

l. Shortage of resources 
2. .lack of government~l support within thc LDC 
3. lnadeqt.:ate instit~tional structures 
4. Lac~ of local acceptance or interest 

L ~'hile the neeo is grenet· ~.aong dispersed populations, the a id could be r.lOre effectfve if concentrated on nucleate 
tmits. 

·" 



F. Other con~lusions of the Glo~al Conference 

l. Ground·,;ater should be given priority as a source of water stJpply 
2. Slow sand filters ha~e preven effective 1n developing cotmtries 
3.· Lagoll~s have al so proven effective in developing countries 
4. Different s~andards a;:¡ply to developing countries, th;m apply to developed countries. Oon't conftJse 11oals 

with st~nd~:-t:s. 
5, local professio~els prefer to rely on foreign consultants 
6, lrnportance of involvement of locals fran start of project 
7. The local public and decislOn-rnakers need to be familiar with the processes. 

t. Sele-::1:ion of e~propr_iate technology- us1ng the pred1ctive mo~el 11s 4 too] 

A. );-;opprop;-iate technology has led to ineffective and inefficient use of international invest~r.ents. 

!, ~xa>lples of inappropriate use of technology 

B. Tecor.ology should be appropriate.to in-country manpoweY., ~<~aterials, and societal support 

C. En:ourage design of in-country operable and r;~anageable processes 

!l. [ngj~eer/Client Relatians~ip 

A.· Ti;e engineer is working in an alíen ~nd often very" canplicated environment. 

B. Tr.sre ~re at least eight seperate, frequently conflicting elements which the engineer must take 1nto consideration 
(See figure 1.1) 

.V. AVI:D/?eld Study 

A. ~--csult~ 
~"'~~par 

showed that B'J;. 
solutions; only 

of the c"ecision-r.-.akers wanted what everyone 
5";; wanted ~nnovat.ive solutions 

el se was currently using; 15% w~nted older, 
/ 

B. The engineer's interes: i s 1 i::1i:ed to the task of getting the plant bllilt 

c. t!.eit.her the decision-.-;-,¡,::er 
fo.mct1onir.~ {desigr, t. \;~H. 

er.;;lnee:- eppe~red to be interested in the abil ity of tr.e plant to continue 



• 

Equipment Manufacturing 

National Revolving 
Funds 

National Health Goats 

Fi~cre \.1 

' 
Availab!e Data 

Local Associations 
Relevan: lo Project 

The Oesign 
Engineer 

Process 
Se\cction 

Regional 
Water Systems 
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Donar Requirements 

lnterriationa\ Programs 

f----
Potential for Opera! ion 
and Maintenance 

Local and Political 
Considerations 

Technology Available.-



[,..patriate Advisors 

A. Often, in-country engineers preferred to transfer responsibility of plant design toan "out-of-ccuntry" exper: 

B. Nine specific probler.1s are associa:ed with use of expatriate advisors 

l. The Prmoter 
2. The Biased • 
3. The Vacat ioners 
4. The Irnpossible 
s. The Irrel evant 
6. The Cc~fus ion 
7. '"' Ot.:t-of-Place 
8. The Sophisticates 
9. Th!! Oid-Timers 

·¡, Cocr.::wnication Linkages- need far improvcmer-: i:. ~o~munication between the developbg country's areas of need and the 
tecbnology sources in developed and developing cc::~.-:ries. 

A. Gate l::eeper concept 

B. Pu!>l lcations 

. c. Special courses and workshops 

D. On-hand observat ion 

'II. Educ:ation- it is necessary te tuild up scientif1c competente w1thin the developing country 

A. Empliasis of ;yste:n approach in education 

B. Incorporatio'l nf concepts of appropriate technology 



VIII. Relc:tionships of nucleated site~ to rurd an!:! COClr.Jun-ity supplies 

;,, r:ucleated sites are con~iGered to be those wicn a rélpulation of less thw 300. 

B. CCr:l:<lUni:ies ore bro\:en GO\>n in~o t~-.·o categories 

~. Rural 

2. l!rban 

popula~ior. less than 80::1 

population of greater than 800 

IX. Relationship to other needs 

A. · Health 

.B. Educa t. ion 

C. Transportation 

:O,ession2.l Bo 

Title: The Local Scené 8/ 

Objective: Each Wílrkshop will relate to the local socio-economic and 

res(Ju_rces problem, the purpose herein is for a resident expert 

to explain the in-country situation as it pertains to water 

on~ WJste...,ater treatrnent. In addition, there will be a discus­

~·.:~. on collection.of data at sid!': leve] to oper¡¡te the 

model. 
-
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-SESSION OUTLINE: 

l. Description of existing cor.dition in terrns of selection and prioritlzing water and wastewater treatment construction 

A. Demography 

l. Olstribution 
2. Rates of gi-owth 

B. .Economic 

l. Sector ~ctivity level 
2. Si-lateral w;:¡port 

C. Institutional Arrange:.encs 

l. ~~a~ional asencies 
2. Re~ional egencies 
3. Local ayencies 
4. Educatiorral institutions 

11. Water, Sewa~c and Health !'roble;;,s 

A. liistorlcal experiences 

1. Covernl'rental 
z. Bi-lateral 

B. Exlsting programs 

l. Govermental 
2. Bi-lateral 

C. Future progr;,;ns 

1. Goverru:ll'ntal 
2 Bi- hteral 

83 



III. AJTiount and access to- necessary data for input into Predictive Model 
. ' 

A. Raw water quality- receiving stream qual1ty 

B. Orinking water standards- effluent standards 

C. Socio-technological data 

o. Oemographic data 

IV. · Appropriate Technology Activities 

A. In country successes and programs- historical perspective 

.a. lncorporation of i1aported concepts of approprfate technology 

c. Educational programs in appropriate technology 

81' 

D. Risk analysis of involvement in appropriate technology in the treatment of water and wastewater technology 

V. . Prob 1 rol Are as 

A. Dispersecl rural conmunities 

1. Significance of the problerns 
2. Present prograr.~ 

3. Possible solution 

a; Small nucleated C(m"Tlunities 

1. Significance of the problern 
2. Present program 
J. Possible solution 

C.· Meclium-sizecl communities 

l. Sigr.1ficance of the problen 
2. Present prosram 
3. Possible solution 



D. Large nucleated cumnunHies 

l. Sign1ficancc of the problEill 
2. Present program 
3. Poss1ble solution 

VI. Specific Problems of collecting (or ava1lab1lity of) necessary data 

A. Social technological Data 

-B. Jndigenous Resources Data 

c. Demographic Data. (Population) 

o. Water & Wastewater Qual ity Data 

Session 2.2 S ;1. 

Title: Prioritizing Model · 131 

Objective: Developing Gritería for seleeting whiE:h 

among the proposed projects should be 

executed, and of the order fn which 

those selected should be implemented. 

89 



9¡ 

Methodolo<]y for Establishing Priorities among Water Sup~ly Progr.r.~s: A Case Study 

• (excerpt fr(Jtl CHAPTER v. p. 167) . ' 

This chapter presents a methodology for setting priorities for water supply programs and represents a condensed form of 

r.<terial which has not been published previously. In this study analysis was made of the Indonesian Rural ;Jat~r Supply 

f'rogril!l1. There were found to be three majar constraints in executing that Prograrn, namely, money, time, and manpo~1er. The 

problem was to develop criteria for selecting which among the proposed projects should be executed first. Existing priorit: 

models \,ere d~e:Jed unsultable for applicat1on in lmlonesia at the present time because of the particular progr<lll\ strategies 

and conditions prevailing, and ~lso because of the lack of well-trained engineering personnel, especially at the levels ;1he1 

the selection of the project local1ties _is made. 

In this chapter a delineation is made of the relevant lndonesian administrative hierarchy, population chancteristics, 

and the water and sanit<~tion sítuation. In the study, the fo11owing ten príoritizing paramC!ters were estab1ished: 

weterborm!, diseases, difficulty in obtaining water, technological alternatives, population, village contribution, v!llage 

potential, public places, excreta disposal, road conditions, and power supply. These are discussed in detall in this 

chapter. 

Through the use of forns and questionnaires extenslve data was obtained on particular localities in Indonesia. This da 

was subsequently processed, and SGme of the results are presented here to derronstrate ut1lizatíon of the pr1orit1z1ng model 

· * By Dr. Soetiman 
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SESSION OUTLlNE: 

1. Definition of a Prioritizing ~'.odel 

In general it is a .. tool to assist in selecting which cmong proposed 
projects should be ir.~pl~nted f1rst. 

JI. l·:hy the need of a r.1od<:l te help select which ccmmunities and/or areas 
tnat water treatment/waste treat:;¡en~ improvements are to be made 

,\. limited amount of funds to build water and/or waste treatment 
syster<lS. 

5. c,;,-;¡p~tition dmo~g villages ~n¿ ccmmun1t1es within a country. 

Ill, General Considerations for Priority I".Qdels 

A.. Strategies 

l. Best first 

2. Worst first 

3. Economics of scale 

4. Fina'ncial viabll ity 

S. Ir.come redistribution 

6. Large populations (serve r::ost people) 



7. Pol1tical 

B. Social 

IV. Literature Review- Existing t1odel (Page 188) 

A. World Bank P~per- Ba!ed Upon Three Things 

l. Vill age needs 

a. Village interest 
b. Adequacy of existing supply in tenns of quantity 
c. Conveniente 
d. Reliability during drought 
e. Qual1ty considerations 
f. Prevalence of waterborne disease 

2. Vill <1ge potenfi al 

a. Growth of the canmunity 
b. Growth of institutions 

l.) Econor.IÍC activities 
2.) llealth 
3.) Educational center 

c. Non-dOIH!Stic water uses 
l.) Agricultura] 
2.) Cottage industries 
3.) Produce preparation 

3. Systcm cost 

a. Population distribution 
b. Nature of the water source 
c. Accessability of supply 

B. Economics and Pol icy - Saunders & Warford 

1. Economics of large scale production 
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a. Leads to the conclusion, the project serving the greateH 
nu~ber should be implemented first 

b. Rank according to population 

2. Service qual ity 

a. Trans1~ission costs 
b. Source uorks- public hydrant versus house connections 

J. Growth point strategies 

a. Create centers 11hich will hold populations and hold 
econCillic activities 
1.) Educational facilities 
2.) Roads 
3,) Market places 
4,) Water and wastewater 

4. Jncane redistribution- "worst case strategy" 
Rural investment results in high to low income redistribution 

5. Financial viability and co:Jr.unity enthusiasm 

a. ~lot consistent with worst case strategy 
b. Consistent with a grm;th point strategy 
c. lf canmunity does not perceive ol need for the project, 

usage rate wi 11 be 1 ow. 

C. Criteria adopted by countries for assigning priorities 

l. Population, size, density (30} 

2. Sca1·city (23) 

3. Development ( 23) 

4. Health ( 21 ) 

5. Social reascns ( 18) 



6, Comrnunity demand (18) 

J. Cost (9) 

V. Priority flodels 

A. Linear programs- PSA group of WHO in 1973 for Rural Water 
Supply Prograr.J in Indonesia 

ftaximize functions 

1. PopulJtion 

2. Water demand 

J. BudDet - expected 

4. Probabil ity of foreign investment 

5. Level of foreign 1nvestr..ent 

6. Probability of domestic investment 

7. Level of domestic investl!!ent 

8 •. Expected technol ogy costs 

VI •. Oifferent Priority Models 

A. Linear Programmlng ~1odel WHO - PSA Group 

B. Pragmatic Approach - WHO PSA Group 

c. Priorlty ·rndex Formula - PAHO 

D. Reid and Discenza 11odel - AT/LDC Model 

E. Priorlty Index - DU/Soetiman {lndoneslan) 
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VII. linear Progra:nming Model 

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

• 
!l. Fonnula R in text on poge 194 

C. Di sadvantages 

.1. Very sophisticated 

2. Every cons'traint requires a separate analysis 

3. Requires that personnel involved have a background in 
economics, mather.1at ical stat i st ics, demography, and 
engineerill!J 

VIII. Pragmatic Approach 

A. Ther·e is no bash: fonnuli! for ranking every variable 

B. It requires practica] experience and to sorne extent personal 
judge1]ent 

C; Developed by PSA Group as alternative'model for the linear 
programming app~ooch. 

O. Basic characteristic of the method is a systematical integration 
of hydrologic~1, hydrogeo1ogical, technologlcal, demagraphic, 
he~lth an<i socio-economic infannation 

E. The tJ11antification of most of the ab6ve variablc:s fo11cvis an 
integrativc process consistin9 of 12 cteps (¡¡age IQ5) 

IX. The PAHO Priority Jnrlex Fornula 

A. Develope<i in ¡~¡,xico by the Pan American Health Organization 



B. The Formula 1 s 

1 • 100 P rk 
C-A 

P "' 1 nverse of cost per cap ita of the system 
C-A 

r" lndex or physical ava11a0111ty 

k " Index of concentration of houses 

C. The pr1ority.1ndex forrnul~ h much simpler and more real1st1c 
than the previous two 

D. All variables easy to qll<lntify 

E. It fits the strategies 

l. Economics of scale 

2. Financial viability 

F. lt reflects the "best first" str~tegy-

G. Model implies canmunities with 
• • 

l. Larger popu!,ltion 

2. Higher v11lage contributlon 

3. lliyher house density 

4. Abundance of water sources 

H. In General a Larger Population indicates better economic 
develo~ment, better educational levels and bett~r sanitation 
conditions in the co.nmunity. In other words this type of 
c!Xlmunity does n~t need very much· help. 
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X. Reid-Discenz~ Model 

.A. Was not suitable for the Rural W~ter Supply Progrillll in Indonesia 

B. Malnly because inputs were not available 

The inputs were 

1. Soc:o-technological fdctors 

2. lndigenous resources 

C. The 1nethod of.development and ut111zation is the same as for the 
Priori ty Model 

XI. Model Oevelopment 

A. The objective of the study was to develop a mode1 h'llich would 
establish priorities for the !ndonesian Rural Wdter Supply 
Prograrn- taking into consideration the strategy established by 
the country 

B. Al so had to consider the qualifications of the personnel that 
woul d use the model 

C. The model developed is a very simple ene and is a matrh:; system 
in mathematical terms is e)(pressed as 

10 

Plj=2.W;•Sij 
; .. ¡ 

PI .. Priority Indcx 

W .. Wei<;ht of each parameter 

S .. Score of each :Jarameter 



i • 'A subscript denotfng the ;th parameter 

J • A subscript denoting the jth vill~ge 

where: 

vi 11 ages represent m a tr ix ro¡.¡s 

parameters represent matrix co1umns 

D. The entries consist of the product of ....elght times score of 
ea~h p~rafl'll:!te~ -- W¡ S¡j 

E. The 10 elernents that make up the varhbles of the model are 

l. Wdterborne diseases 

2, Difflculty in obtalning water 

J .• Techno1ogical alternatlves 

4. Popuht ion 

S. V111age contrlbution 

6. Village potential 

7. Publlc places 

8. Excreta disposal 

9. Road condltions 

10. Power supply 

F. \lhy the above 10 varhbles among many whith tould be selected 

l. They fit the strategy of the Indoneslan Rural water 
Supply Progra,n. 
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z. They were relevant to the program. 

3. Tl1ey were suitable to the !ndonesicn rural conditlons 
and characteri st ics, 

4. Tlley h'ere feasible because they could be obtained 
with the data ~o·hicll ;¡as available. · 

G. Six of the above are the san1e as the criteria adopted by 
countries for assignlng priority in providlng new ccmnunity 
water supplies. 

H. A discussion of the nlevance of each parameter can be found 
start i ng on pa~e 201 of the 1 arge text. 

l. ~Jaterborne diseases 

Thls variable could be glven the highest weight 
because water plays an important role in tran~ltting 
diseases. 

2. Difflculty in obtaining water 

For rural water supply • distance is very important. 
Al so change in elevation (climb or descend) is 
important. 

3. Technológical alternatives 

Type of water treatment technology to be 1nstalled will be 
based on the availability of wJter sources and the capabillty 
of the ccnmunity to orer.lte and m.Jintain lhe systerr1. 
CtiOO>o.: the simplest dlld 1:1(JSt cconomical syc.tems. 

· 4. ropul at ion 

This pari!l~eter is associated with the econO!I1Y of the project. 
t~ore important in this respect is whether the population is 
nucl edted or di spersed -- popul ation receives a bigh ~ ight •. 



o 
5, Village contributions 

This par~.1eter reflects village interest and involver.1ent 
in the prograr;~, Village contributions, incor:1e, r.10ney, 
labor and local materials. 

6. Village potential 

This parameter includes the elements of economic growth 
potential and manpower. Maybe best way to express is 
inccrne rer family. In liJdonesian study this variable 
was expressed as the Village Economic Growth Potential 
measured as type of 1) land use 2) mineral resources 
3) industrial development and mmter of infrastructures 
and utilities. 

7, Public places 

Public places play an important role in spreading or 
control! i ng waterborne di sea ses. 

S. Excreta disposal method 

This parameter ts expressed in terms of the percentage 
of houses in each village using sanitary e~creta disposal 
methods such as septic tanks, latrines, fish pond. 

9. Road condit ions 

lmportant because of transportlng equip~~:ent and materials 
during construction and later maintenance. Accessible ro2d 
will reduce the construction cost and save tlme. 

10. Power supply 

Availability of electric power w111 be very helpful ~ecause 
it liiJl reduce the costs cf operat1on and mainten~nce -­
electric pump 1s easier te operate and ~ainta1n than a diesel 
ptr.~p. 
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I. Weighting Process 

The D~lphi flethoti was used as the weighting process 
need: A panel of experts 

kept apart 
askcd to rank each variable 

The average uei!jht of the ten {lO) pardi;Jeters can be found 
on pege 207. 

J. Scoring Process 

The scoring process consisted of the categorizatlon of the 
data and scor~ assignment of each data category. 
Efforts uere r.1ade in categorizatlon to quantify as many of 
the par;;r.Jeters as possible. 
Th~ score values ranged from O to 15. 

K. Test of the Model 

See page 219 - 229 

L. Olscussion of Results 

A. Five of the te~ variables could not be used because the 
data \'idS not available. 

S. Two of the flve ranaining variables used (waterborne 
diseases and village contributions) did not affect the 
P! val~es hecause most of the villages within the Sillll€ 
group had the san1e se ores. -no vari at ion-

C. !n future surveys data collected should be conducted by J 
well~tr~ln~'<.l staff to lnsure r~liability of data. 

O. In !:!eveloplng r:todels of this type one has to ~se inputs 
and variables which can redSonably be obtained. · 

E. Al so the variables have to have variation- otherwise the 
m o Ce 1 wi 11 ~ot work. 



TABLE V.22 
PI VALUES FOR VILLAGES IN TIIE !BU KECAMATAN 

W¡ .~ij 

No. Village " ' " ' PI 
" o ' • > " , ' ' • 

' 
o ,, •" ' u ' o • " ' '" " ' ' . " '" " . o . " " . " ' " • o o " . ·~ .... ... 

' o ~ . , .. "' "' ., .. , 
"" o • o o. 00 • "'" '" ""' '" ' " o 

;':0 OO> o< • .. 
~- ~~~;~ango 1~ '~~ ll i ~{ ~~~ 2. o 

' 
3 . TogD>~O o "' " " 101 la1 
4. O uno o " 42 35 151 324 
5. Tuk0110KO o 14 111 11 161 298 
6, Goin o 14 42 23 161 140 
). S~ngaji Nyeku O. 14 41 13 161 140 
B. S~n~aj i Adu o 14 42 11 161 229 
9, To~ulS o 115 42 11 161 330 

1 o. To~oreba Sungt o 14 41 23 151 240 
JI. l!orona o JO 41 23 161 140 
11. Tortake o 19 41 13 161 155 
13. Sinr~ahu o 86 111 13 161 381 
1 4 ' PasJlulu o 14 41 35 161 251 
1 5. To~oreba o 115 111 35 161 421 
1 6 . Tobaol o 14 111 35 161 311 
1 7 ' Tongutette o 14 139 46 81 2CO 
18. Ga11 Lamo o 14 41 35 81 1 72 
1 9. Gam lci o 14 139 46 81 180 
20. Ton~ute Sungi o 58 41 46 81 117 
11. Ake~ibu o 14 41 35 81 171 
11. Toll~IJto.' Go In o 14 41 35 81 171 
13. ~lari tango o 14 41 13 81 160 
14. Kie !el o 144 42 35 81 301 
15' N,1ga o 86 41 13 81 132 
16. Tosoa Togo.,.er o 115 97 13 81 316 
17. T~bab<J.l o 14 111 13 81 119 
18. Baru o 14 111 58 81 "' 19. Aduu o 58 111 13 81 173 
30. N~O~ICt Nanas Jere o 58 111 35 .81 285 

11\1 



Sess1on 2.3 

"' 
T1tle: Consumer Acceptance; Lessons of History 

'1 07 



SESSION" OUTLINE: 

1. Introduction 

A. Basic problem ~ "if one has a better rnouse trap, how does one get 
others to use 1 t?" 

II. Theories of Perception ~ how does one perceive what one is explaining? 

A. Concepts of perception, reinforcement 

1. 3 t1er brain (Skinner) 
2 .. 5 tier linkages (Schumacher) 

B. Who makes the decision 

C. What is the decision based on, cogn1t1ve learning of personality 

II I. Benefit Ana lys i s 

A. Who benefits ~ group, 1nrl1vfdua1, cotrmUnity, donar 

8. From what phase (groups and 1ndividuals) 

l. Oesign 
2. Construct1 on 
3. Financing 
4. Operation (jobs) 

C. Community 

l. Industrial development 
2. Better lifestyle 
3. Better health 
4. Employrnent 

D. Possible consequences of appropr1ate and 1nappropr1ate technology 

' 



IV. Penetration 

A, Der:1onstrat!on projects 

8. Recap advantages 

C. Short courses, wor~shops 

O. Publications, health education actlvities 

E. Information directed to leaders (rotary clubs) 

F. lnformation through industry ítself 

G. Gatekeeper (someone wlth a "foot in each camp") 

V, Marketing Concepts 

110 
' 

A. There are two distinct parts to the problem of marketing the contents 
of the workshops 

l. Dissemination of the concepts of the workshop 
2. Disser,ination of the model for conceptual design of appropriate 

technology systems 

B. Assumptions 

1. A11areness acceptance of concepts 
2. Capability. demonstration and use 

C. Concept - the user coll'Jil"O.Jnity is divided into two groups: customers 
for treHment systems and suppliers of those syster.~s 1 

1. Both groups are somewhat victimized by technological fads. 
(Current technology may be considered fashionable, but it is not 
necessarily appropriate) 

2. Cust0::12rs arernore or less at the merey of the ~uppliers who tend 
to offer a limited menu 

3. Suppliers of tr¿atl.~ent systems should be included as part of the 
target audience for appropriate technology awareness training 

. . ' • 



D. Customer dcceptance appears to rest with at least five lnter­
dependent groups 

1. Decision-makers, in-country, local, and central 
2. Technical staff, in-country, local, and central 
J. Political staff, in-country, central 
4. Consul tant and advisory staff, in-country, local, and central 
5, Foreign sponsor agency staff, technical and progra1m1atic 

E. Suppl ier acceptance appears to rest wi th at least four additional 
groups 

1. Foreign architectural and engineering firms 
2. · Foreign equipment suppliers 
3. Foreign financiers 
4. Foreign govern;nent agencies promoting international trade or 

sponsorlng development of markets for their country's goods. 

F. Long-term acceptance of the concepts of appropriate technology wi11 
depend on the education of the user community 

G, Development of key CO!llllUnicators (gatekeepers) tnside and outside of 
the U.S. may be more valuable in the long run 

H. Oissemination of the model 

1. 

2. 

3. 

The decís ion model for concept design of appropriate system appears 
to be a good demonstration of the utility of the concepts of appro­
priate technology 
The rrodel ítself does not appear to be a marketable ltem, however, 
the concept of the n1odel is 
Use of the model illustrates the type of information required by 
in-country decision-makers. lrrmediate value can be derived from 
manipulation of the mdel if such information can be identified 
and act1on initiated for its collection 

/ 

4. 

5. 

There is little reason to believe that funding agencies will promete 
or reuuire the use of this type rod~l for decjsion making 
lt would be very helpful if a high prest·ige, internationally active 
American consulting firm could be influenced to use thls type of 
model to assist LDC decísion-makers 

111 
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-------------------------~ 

·l. The concep~ of appropriate technology is sever<~.l times more valuable 

than the applicatio~ model at this time. 

l. The cor.cept is bread enough to be transferred to other social/ 
engineering applications, such as energy. 

Vl. Lessons of History (see text, Chapter VI, pp. 231-322) 

STL 

A. Conce.,~s of consumer acceptance 

B. Concepts of retrogressive technology 

C. Studies of history should lead to a schedule of sec¡uential array of 

technology (time vs. technology and STL vs. time) 

' 

---------------
IV 

-----------

"' ------ 1 
1 

' " ' ' ' ' ' ' ' 1 ' ' ' ' ' 

'\ 

. . . -

' ' ' ' 1 

' 1 

' 1 

' ' 

• 

• 

Water and 
Sewagc Processes :Rapid Sand Filler 

' ' _;;"'!,"4s~low Sand filler 
' ' ' ' ' ' ' ' ' ' ' ' ' ' L-----~·~----~·~--~~ 

1850 1977 1600 Present 
Time Time 



O. With this information, one can plot the Tollowing: 

-· 

------------
STL 

W:~tor ;md W::~stewatcr Processes 

Consequently, site (STL) 1dentification shou1d 1ead to historically acceptable processes by 

e.g. consurr.ers. 
' peopl e, 
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VII. Failures 

A. More than twenty countries of Africa, Asia, and latin America have 
reported system fa11ures 

l. ~~osquito breeding 
2. Inad~quate mainten<HJCe 
3. Heavy rainfall 
4. Odor and excessive dll'(lunts of organic matter In lagoon's effluent 

B. Cor:rnunities in rural Africa reported numerous operational failures 

l. Lack of la!Joratory equipment 
2. 11anpo1~er leaks 
3. lmported chenoi ca 1 s w(!re too expens i ve 

C. A suney of lO treatment plants in India shoWed 801: improper operation 

O. Other probler.IS 

1. Sedimentation tanks.became breeding grounds for mollusks and 
sponges 

2. Chlorine dosing equipment often out of arder 
J .. Treated water was recontaminated during transport to the consumer 

(Brazil) 
4. Physical or polltical failures. (Kenya and Nigeria) 

VIII. Successes 

A. ~ost LDC's report stab111zation ponds to be both very economical and 
practica! 

B. ln Indi~. treatment methods which require very little or no skilled 
supervision for operation are advocated. They are simple to cor~struct: 
ar~d have a mirlimum amount of mechar~ization 

C. L~nd treatmer~t for waste disposal 

.D. Earthenwdre thlorinat1orl pot (lndia) 

E. Kenya 

F. Nlgeria ar1d (hand dug wells) 
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Successe's and Failures 

~Waste water treatrilent p!ants 

• 

. --- -1-- ~ .. ~- --- -- ------Water treatment p!ants .... "" ......... --- .. _ ---- ----
L---~--~--~--~--~--~~-
Low 1 2 3 4. f. 5 6 Hlgh 

_ Degree of Failure 



Session 2.4 

"" T1tle: Model Applications, Management Jmplications, and Limitations 

Objectives: · To demonstrate sorne economic and 

management concerns with their · 

relationship to the model. 

SESSION OUTLINE: 

l. Sorne Econcr:~ic/Management Concerns and the Model. 

A. Oemand for Water 

B. Cost and Dehys • aggregate projects 

C. Cost and K/OM ratio 

l. Counter intuitive of capital intensive. 

O. Unit cost and scale 

l. Volunteerisl" 

E. Total Cost 

F. Size and scale 

l. Charts 2.4a·f 



Unit 
Requirement 

g/c/d 

11 
' 

----

Total Effect 
!ncluding High 

STL 

Sma!! to Larga 

t:==:::::::::~~------------~-;-~-><C: --- ~- Aridness (cost now 
aconcern) 

low STL 
S mal! Sea le Sca!e/Life Style 

J 

High STL 
Large Sea le 

DEMAND FOR WATER, RELATED SCALE, 
AND LIFE STYLE 

FIGURE 2.4.a 



Cost 

ú 

[---~-------· ¡:-- Growth lnflation 
' ' ' . 

COST & DELAYS 

. FIGLIRE Z.4.b 

' ' : 
' ' 

Delays 

' 

Effect of 

Aggregate Projects 



Cost 
% of 

Total 

50% 

50% 

Low 
Level 

60% 

40% 

Technology 

Total 

Equipment 

20% 

O&M 

High 
Leve! 

COST & K/OM AND RELATIONSHIPTO 
TECHNOLOGY LEVEL 

FIGURE 2.4.c 



Un!t 
Cost 

• 

' 1 Vo1unteerlsm 

' ' 

' 

300-500 
Size 

' ', 

t l <) 

' ' 
'--.~~::::::~-------., ---- ------ O&M ----

. . 
UNIT COST-SCALE SHOWING BREAKPOINT 
ON VOLUNTEERISM . 

FIGURE 2.4.d 



Cost 

--­~~--

Where Total Cost•(unit cost)(population) 

---------
-Sizc, Life ·stylc 

10,000x !0•100,000 

---

100,000 x lO • 10,000.000 

_- -- As Opposed to --- - - Direct lncrease 

TOTAL COST BY SIZE & LIFESTYLE · 

FIGURE 2.4.e 



Total 
Unit 
Cost 

11\ 

45% 

10% 

45% 

Size-Sct'l!e 

90% 

20% 

90% 

RELATIVE COSTS BY SCALE 
FINANCE,CONSTRUCTION, ENGINEER 

· FIGURE 2.4.f 

121-

Finanace 

Engineer 

Construction& 
Materials 



11. Sensitivity Analysis 

A. Goals - Ele11ents 

l. Levels [See l<orkbook Figure 112.4.g] 

a. Colifonn, BOD., TOS., etc. 
[1---:;..10--""30, etc.] 

lli. Systf1ll Reliability (computers) 

A. J1odified goals 

' B. Resulting go<lls 

C. STL. 

l. Jumps 1n .levels 

2. Cost difference between each level jump 

' . 

128 
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TESTS 
' 

Coliform 
Turbidity 

30MPN 
100ml 

11 Hardness . 

Color 

111 1 
. 

-
. 

Chroníium 
Zinc 

·. 

IV 1MPN TOS 
1~0 mi\ Temperature 

RELATIONSHIP OF STL TO TEST PARAMETERS 

FIGURE 2.4.g 

' 
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~!,\TER TREf1HlEi:T 

1 1 

-, 
oc !lo Tre~tment X X ' ' l 

Sedimentation X ; . 
X X. X 

• -
Disinfection X X ' 1 X •X X ' ' ' 

' 
. • ' ' 

Slm1 S~nd Filter • • • 1 

' 
Rapid Sand Filter ' X ... X X X 1 

• 
Activated Carbon X - ' " ·X X X 

Aeration X X X X X X X • X X X 

Softenino X X X X • X X e 1 .. o 
. 1 • ' 

' • 
\·lASTE WATER TREATKENT • 

l 
- X X 1 DC Dilution 

. X 

Oxidation Pond 
- • • • • 1 1 • 

Sedimentation X . X X 

Tricklin!J Filter X X X X 

1 

- -
1 Act i vated Sl udoe X X X X 

• 1 X X e Disinfcction x· o . 
" 11ethod of cholo~ in develo'ling countries, 



IV. Interrelationship of the Entire OeliVery System. 

A. Exp;wded telling what each block is made up of. 
(See Wor~book Figure 12.4.h] 

V. Priority 
• 

A. Provlding bac~ground list of ~ey points 

VI. Interacting Relationship 

·A. Points for consideration 

l. Water aOO Health Care 

2. Water and [dll(:ation 

J. Water and transportatlon 

VIl. Cost/Benefit Analysls 

A. Cost of effectiveness analysis 

VIII. l".anagement Polnts and Progr<mming 

A. Use of simulator tools 

l. React lve model 

2. Proactive model 

131 
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INTAKE: infiltratfon galley; rfver bed"fntakes 

P!P.ELINE: aqueduct vs: pipe and pump, vs. various materials 

' DlSfR!BUTION: fire prote~tfon; pvc, cd, etc.; valveless 

SEWERAGE: pressure system; separate grey water 

DISC.HARGE: alternative discharge recycle 

'Sessfons 
- ' 3:1 & 3.2 

land application 

• 

Title: Water Treatrr.ent ~ Goals and Processes 

Object1ve: To present tne goals of water supply 

and treatment, and to discuss various 

processes and systems. 

¡ 



Water Supply 1 Treatment 

(excerpt from Cfi.APTER VII, p. 323) 

In LOC's 1t is not always ;osslble to provide the population with drinking w~ter th~t satlsfies DC standards. The first 

concern may be te make adeqt:ate a¡:;ot:nts of water easily available. With regard to w~ter quality, resources and cap~bilities 

r.lUSt be weighed in arder to derive stand~rds suitable toa particular situation, with patho')enic purity being an ir.1portant 

consideration. The deten;~ination of standards for potable water and water tre~tment relates to economic feasibllity and to 

ln-country ability te provide operatioMl sk111s netessary for water anelr~;g, W\ien M!Jre S!ltlHiHH!~t!!!!. HI!~H!ii!Rf fiF~Ef!HI!§ 

are used, t~e.need 1ncreases for better ana1yt1ca1 surport. In general, in an UlC situ~tir¡n, r.ostly and complicated 

equiment SliOuld be avoided. 

Asan LDC develops or changes with respect to lts industries Or type of life-style, additional measurements (attributes) 

of tho; quality of drinking water will be required, and the acceptable level for each attribute will al so be subject to 

change. At least, in DC's the pattern of change has been ·toward more restrictive standards, moving for example, fran limit~ 

on simple turbidity and coliform bacteria to the identification of organic chemicals, toxic metals, or viruses. lt is of 

interest to note that i!lthough in the United States great"reliance has been placed upon chlorine for the removal of 

pathogens, the p~esence of chlorine has been implicated in the production of detrimental health effects, and dechlorin~tion 

has been advocated. 

In the first section of this chapter, emphasis is placed on "Water Supplies in Rural Areas of Developing Countries"; - 1 
however, application can be made to nearly all but the largest settlements. Examination is made of sorne of the possible 

causes for f,1i1ures in the area of potable water supply in LDC's. lnfonnation is provided on water consumption, sources, 

treatr.1ent, and transport and distribution. To furnish this article complementary material was included from two original 

publlcations ,.+dch were greatly reduced and reYrritten for adaptation to the limits of this tellt. 
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The second section of this chapter provides a study of a sand filter in Thailand. Details are given related to J·:s 

desisn and operation. The original publicatlon was condensed and rewritted for inclusion in this text. 

The third sect!on in this chapter is an article wh!ch was prepared especlally for puhlic~tion in th!s volume. It 

presents certain <J.dvantages, disadvantages, and design criteria'for small vells, and slo~1 an!J rapid sand filtration >~ir'­

particular application to developing areas. When feaslble, recovery of groundwater is SU!)gest.ed as the r:~nst desirab1~ 

source for domestic supplies, since any pathogenic organisms will generally have h<1d sufficient tir.Je to die a;;ay, and üo; 

result will be a hygienlcally safe water. Slow sand filters presenta choice method of treatment in LOC's since the.t ~: 

unca:~plicated in mana9ement and maintenance, ut!lize unski11ed labor, and have a. tremendous purifying capac1ty. Altl:c. ¡f, 

slow sand fllters have great advantages for developing countries, the advantages of r~pid sand filters are that they $,•,.,¡, 

greater adaptab111ty to more turbid waters and have smailer lam! requirements • 

. -
'/ 

' 

. . 



PROCESS SUMPARY OESCRIPTION (TABLE 9.1) 

WATER 

PW 1 No-Tre~tooent: Use of existing ground water or catchment control with no treatment 
befare use. 

PW 2 -- Pre-Treatment: Control of turbidity and alg~e through use of sand filters, thermo­
Cline control' and chemicals. 

PW 3 Slow Sc.nd Filtr~tion: Separation of water and suspended r1atter through the use of 
a relatively large bed of unstratified sand resting on a gravel bed. 

PW 4 --. Rapid Sand Filter - Conventional: Separation of water and suspended matter through 
th~ use of a stratified sand bed using conventional, surface agitation, dual media, 
and upflo~<~ methods. -

PW 5 Rapid Sand Filter- Advanced: The use of multimedi~, plate or" tube settling, or 
polyelectrolytes with the rapid sand f11ter process. 

PW6 The use of lime soda and zeolites to remove excess ions of ca1cium and 

PW 7 Disinfection: The use of ch1orlne, iodine, ozone, ultra violet, lime, and heat to 
kill pathogenic organisms. 

PW 8 laste, Odor, Fe, t·!n: The use of aeration, zeolite, chlorine or absorbents to remove 
· taste, odor, Fe, Mn, from a water supply system. 

PW 9 The use of pressure, multiple effect evaporation or the freezing 
salt concentriltion of 35,000 mg/l to less than 1000 mg/L. 

PW 10--Desalting Brackish water: The use of clectrodia1ysis, reverse oSmlJsis and chemica1s 
to reduce a salt concentration of lOO mg/L • 35000 mg/l to less than 1000 mg/l. 

PW 12-- Oisinfection Fllter: 

' 

.· 
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TABLE 9.2 

WATER TREATMENT PROCESS/CODE IOENTIFTERS 

CODE PROCESS 

PW! No· Treatment 

PW 2 Pre· Treatment 

PW3 S1ow Sand Fi1tration 

PW4 Rapid Sand Filter·Conventiona1 

PWS Rapid Sand Fil ter·Advanced 

PW 6 Softening 

" 7 
Disinfection 

PWS Taste·Odor- Fe, Mn 

PW 9 Oesa1ting - Saltwater 

PW 10 Oesalting - Brackish 

PW 11 Containment Filters 



"' 

PW 3 

PW4 

PW 5 

PW6 

PW7 

PW 8 

4 

1 
3 
4 

1 
3 
4 

1 
3 
4 

1 
3 
4 
l 
1 
3 
4 

1 
3 
4 
l 
1 
3 
4 

8 

l 
3 
5 

1' 
5 . 
8 

l 
.. 8 
10 

1 
6. 

10 

l 
.6 
10 

l 
l 
1 

' 

l 
1 
3 

l 
1 
5 
l 
1 
1 
5 

l 
l 

l 
l 
1 

l 
1 
1 

l 
1 
1 

l 
1 
1 
4 
l l 

6 l l -5 1 

l 

-~------------·ll_·~ __ _:_· i¡ -----! -----¡ 
PW 9 

PW lO 

-
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PROCESS CONSTRAINTS 
WATER TREAH:ENT PROCESSES I.JITH ESSENTIAL MANPOI\ER 

& RESOURCES REQUIRED FOR OPERATION 

PROCESS REQUIREMENTS 
• • • 
~ 

tWl?OWER RESOURCES REQUIREO 
TREATMENT 

METHOOS " e :l "" " " • oz • " • • e z ~- "< • g " • e •• "~ ~ 

;j ~ 02e< •• "" • " '" o• Z> 
• " ~ o" ., o• •• z • •• •e "" "" ·~ " •• e• •• ·" 

NO TREATMENT PWI* X X X X 
PRE-TREAmENT PW2 X X X 
SLO~ SANO Fll TRATION PW3 X X X 
RAPJD SANO FILTER (Conv,) PW4 X X X X X X 
RAPID SA!m FILTER (Adv.) PIOS X X X X X X 
SOFiENING PW6 X X .X X X X 
DIS!NFECTJON PW7 X X X X X 
TASTE, ODOR-Fe, Mn PWB X X X X X 
DESALTING-SALT PW9 X X X X X X 
DE SAL TING-ORACKISH PWIO X X X X X X 
CONTA!NtJ,ENT FIL TER . Pwlla X 1 X X 
DISJNFECTANT FILTER PWI2 X 

' 
" Water Source 

(Groundwater Availabi11ty) 
alisted for co:npleteness only, not actua11y available as a rr.odel output at this time. 

. " " . o~ 

~-•• •• zo 
"" 

X 
X 
X 
X 
X 
X 
X 

X 



COOE FOR 

PROCESS 
COMBJNAT!ONS 

Wl· 
W2 
WJ 
W4 
WS 
W6 
W7 
W8 
W9 
WlO 
¡.¡¡ 1 
I.Jl2 
WlJ 

"' Wl5 
Wl6 

WATER TREATMENT 
''( .,-

ACCEPTABLE C0~1!liNAT!ONS OF TR[ATMENT PROCESSES, ACCOROING TO 
RA'..J WATER QVALITY OR DEGREE DF DILUTJON AVAILABLE TO WASTE FLOWS 

CRJTERiA lEVELS 

PRQCESS RAW WATER CONCENTRAT!ON 
CO~tBJNATIONS 

COL 1 FORM SOLIOS 
BACTERIA 

(/I,PN/100 ml ) TURBIOITY OTHER 
(JTU) (mg/ 1) 

PWI 1-2 a 10 
PWJ 200 lOO 

PWll 300 800 
PWl + PW7 500 10 
Pw2 + PWJ l ,000 800 

PW2 + PWI2 3,000 800 . 
PWJ + PW7 5,000 lOO 

PW2 • PWJ • PW7 10,000 1,000 
PW4 + PW7 10,000 lOO 

PW2 • PW4 • PW7 10,000 1,000 
PWS + PW7 10,000 lOO 

PW2 • PW5 • PW7 10.000 1,000 
(any one of WI to Wl2)+PW6 300 hardness 
¡any one of Wl to Wl2)+PW8 1-3 Fe & l'.n 
any one of Wl to W12)+PW9 3000 msa 

l(any one of Wl to I.Jl2)+PH10 2000 msa 

~ Thfs represents standards for developed countrles; different standards may be more 

appropriate for developed countries. 

1·.-

' 
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FD\SIBT..E 'IOTAL W\NPO;>lEH 
PlD::ESS COST AATIO Rr:.QUIFED 
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Session 3.3 

"' 
Title: Data Questionnaire and Sample Mariual Calculation 

Objective: The purpose of this lecture is to use a set of test data 

to demonstrate "pen and paper" application of 

the model. The goals of the lecture include: 

(a) an increase in the workshop participant's 

understanding of the water/wastewater 
• 

treatment selcction model; 

(b) to delll)nstrate the internal operation of 

the mode 1; and 

(e) to indica te the limitations, and flexibi-

lity, of the model. 
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•• 
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TYPES OF SCREENlNG INVOLVED IN THE SELECTION QF· A COMPATIBLE 
LOWEST COST COMBJNATION OF TREATMENT PROCESSES 

All Proccsses 
with Costs 

;.: 
< > • > 
• > 
e > 
e > ;.: 
• ;.: 
e > 
• > 
e > 
e > 

• 

Socio·Economic 
Attributes and 

• Size of Site 

. Resourcc 
Attributes of 
Si te 

Suitable Process 

Required Effluent 
Quality and 
Trcatment Goals 

Determination of 
Lowest Cost 
Compatible 
Combina! ion of 
Treatment Processes 



Pre~ictive Model Questionnaire- . art 1 ~General Information" 

.1 Locatlon of commumty 
Ci ty ...:;,.,., ... t(Y¡,/Je 

State 4_05"-5 
Country ys A. 

:2.) Planning group or agency: 

Predictive Model Questionnaire ~ Part JI "Demographic Data" 

f local or site data is not available, use a nationi!.l estímate. 
Answer efther Part A or Part B. 

M 1) Prr:sent po¡:ulation {this figure 
or estioote of the present pop~ 
ulation should reflect the num~ 
be:r of inhabitants that the pro~ 
posed wateo· or wastewater treat­
ment facility is going to serve). 
A e tu a 1 po pu 1 a ti on 0/La~'~W~;;r¡¡;;¡r;;¡¡ 
lf unknO\m, estímate the following: 
500~2,500 peop1e 
2,500-15,000 
15,000 50,000 
50' 000-100,000 
Source 

2) Annua1 ;¡opu1ation groWth rate 
. 7'1o or estimate in the 

following; 
1%~1.5% 
1.5%~2.0% 
2.0:1:~2.5% 

2.5'!-3.01 
3.0%~3. 

3.5t-4.U.o. 

.. 

(B} Population estímate at last 
census 
Date of census " 
Source of census 
Annual growth rate at date of last 
census or present annua1 growth 

rate ----------e-------'------

Population estima te at last­
census 
Date of census 
Source of census 

> 

Annual growth rate at date of last 
census or present annual growth 
rate ___ _ 

• 



Predictive Hodcl Q<Jt-Stiü~:'a¡re- f'.wt llT "Socio-tectmo1ogical O;~ta'' 

u;s:h Technical 1-.'eighting C..A'-C.'-"'-'~--.,- \ O,.. ":. 
1 1 1 Average. level of education Lcvel Nene Prir.1ary School Tnstitute Collcge r~ctor '' um of wei htl~o far.tl"!• 

obtained by inhabitants 1 gr.•• 4% " ox 0% o 
1 "• living ,, the com"1un i ty. 2 "10::\ "' )) " " 1 -

-~3. 55% "' "' . " " \ 1 o i 
4 " "' m " " . 1 5 10 . 

(2) Average distrlbution of Level Unskilled Semi-skilled Professional 
labor force in '"' 1 '" " 1% o 
cowunity. '2. ." "' 16% " (s' 

3 "' "' "' 10 
4 45% '" m 15 

15 

(J) Annual average income per less than $100 o 
4 family in local currency: S 100-$500 \si ,'\mount Unit fvssoo-SJ ,ooo 

Check approximate U.S. dol- $1,000-$3,000 12 

1 ars equivalent of this Greater than $3,000 15 
' amount: 
' " . 
1( 4} 

. 
A:r:ong highly skilled and less than "' 4 

1 technical workers, wha t per- 10%-25% 3 
' centage of these are non- '25%-50% ·, (2) . 

local or non-native people? 50%-75% 1 
75%-100% o 

25 . . 
(5) Are there any.primary ood 

secondary schools operated '" o 
i 

by voluntary or missionary 
/N~) 6) organizations rather _than 

the government"itself? '--"· 
- . . JO 

(6) What is the highest grade t!one o 
offered by local schoo 1 s 1 2 J 4 5 6 2 

'" ' regular basis? 7 8 ' lO 4 
11. 12 

(1:) 
. 

1 1 2+' 40 



~~~;':;¡; ~ l '"·"'' -'-·-·-~ "'''::: ; ': 

lfJ "-'~~- i¡i',:':m ¡ ..... .L-._.,:,,.....,.:.. ... ..:._.. i·2, l1ow far ~w~y is the 30-50 miles ( 1 l: 
nearest high school offer- More than so 'mi lt:;S km) o 40 ing tne 12th grade? - -

' (8) Are there any technical " le:" 
1'~--

Y oca ti o na 1 schools in the l 5_....~ 
convnuni ty? No o 

" 
1(9) Has the c:or:rm.m1ty achteved 

1(~~~, 
5 compulsory primry educa-

Cil - tion of at least 6 years? 

Are there any formal in-
(s) service training programs Y es> 

by·either the government 
or local industry for No o 
their employees? 

1 

\(11) 1 s there a college of uni- ) (jO) vers ity in the local commu-
nity? No o 

Does the university have '" 3 a chemistry department or ··- (o) lab7 ._No~-' -
" 

1{13) Ho•., do yo'.J rate the ability •1 Unable to repay; the project is a gift because Informa-
of the comtr.unity to fin~nce the beneficiaries are poor. tional 
a water & sewage treatment · b) Limited ability to repay; however, ,,, only 
project? exceed the costs. 

e) Repayn1ent prospects are good; the beneficiari 
have relatively high income 
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Weighting Factor ---'-~-'"·":.o·'"" 
~-<¡ •S une~ oymen~ wu.~espreaur ~¡('S- . '· o 

. 

No 5 
. --"---

(15) Are advisory services wide1y 
availab1e to farners for . 
CO::".-;.unity deve1opr.:ent or for y,. J 
other progra~s designed to 

~ @ upgrade the ski11s ""' 
,_ :_!!o.! 

1 i S t the participation of 

"' inhabit~nts7 
{15) Do ~r.ost college or univer-

sity students of the cormru- -, CóJ nity receive their educa- Q:~s· 
tion in neighboring corm\u- No J 
nities or countries or 
other foreign countries 

1 _6_Q_ 

(17) The 1eve1 of technology Hand too1s on1y o 
.avai1ab1e can general1y be vMechanica1 tools ( i. e. , gasoline powered equipment) (5) 
classified as: Chemical products (fertilizers, chlorine) 10 

Electronic techno1ogy 15 ' 
65 

(18) Ooes "' go9ernment domi- y,. o 
n~te the labor market? (~o, (5) 

_]J)_ -
. 

(l9}Are public employment ser~ ·.veS;. - - {S) - -
. vices readily availa~le? 'Nó - o . 

75 



The Total Weighted Socio-technological level (TWSTL) 1s equal to the sum of the ¡,eighting factors of Questions Hl-19, 
not including Question #13. 

TWSTL __ ~--

STL III (refer to following charts) 

Socio-technological Range for 
Level (STL) TWSTL 

1 . 1-23 X 

11 24-51 X X 

111 (pop.<. 50,000) 52-93 X X 

111 (·pop. / 50,000) X X 

IV 93• X X 

The manpOM:r availability for an STL of III anda popuhtion of 12,050 is: 

}vpe of ~ianpower . 

UnsKilled (UN) 

sr:illed (SK) 

"Professional {PF). 

_Av a 11 abil ity 

y,. 
• 

y,. 

Seo re (Y es : 1; No " O) 

1 

1 

o 

1 ' 

X 

X 



Pre:Hctive Model Quest:onr,ajre - i'art IV "Ir.¿igenous Resourccs Oat.;." 

-
ategory Check lf Not Available Calculations c. .......... c. '-''- "-; ·.:: : •. -

' ' 
(20) Qpe"r'ation Equipment (OE) Critical Level* for Opera-

·t·~eters; water, gas, co- tion Equipment )J. 
cording devices, such as . 

Surn of Items.Not Avail-tllermostats, water able ' meter S 

· Slleet meta 1 fabrication, Avai1abillty óf Operation 

etc. Equipment 1 
"{Yes" 1, No • O) 

·Gn:.qes; vacuum, flow, etc. 

·laboratory equlpment Sucll 
as test tubes, etc. " . 
found fn high school 
chemistry labs, medical 
offices, and hospitals v 

·Portable power plants 
such as gasoline powered 
electric generators . .. 
-~totors such as 1-3 horse-
power electric motors 

·Pumps, fans, etc. J 

(21) Process Materlals (PE) . Critica] Level for Process 
-Pipe (clay, asbestos, Materials )3. 
cement,.plastic) Sum of Items Not Avail-. 

·Pi pe {cast iron, steel, able ' copper) . Avaihbility Lf Process - . 
·Concrete, cement Materials 1 

·Valves, pipe fittings 1 
(Yescl, No " O) 

·Tanks ~ 

·structural Steel - . 
·Heat exchangers J • 

•criticat levet lCl¡ beyond wt,1 e thls resource " 3 not availabte; For- e~&.nple, tf or more <?T the 
not genera11y available, then the entire category, operation equ1~~nt, 15 not considered ava1lable. 

items in Question #2C: 



(22) 

(23) 

' 

. 

Note: 

Ca-t<e.~<>~y <:n<.<e'e. ''\ ..... <>.:! •. 
" ' C<>l<.-......1<>.-n ......,'::. c. __ ._,·'·''-.-. T," .... ~. 

Operation and Maintenance Critica] Level for Opera-
Supplies (OMS) tion and ~ta i ntenance 
·Silica sand and gravel J Supplies )2 

·Paint Sum of Items Not Avail-

·Water sealing compound, able ' 
epoxy Availability of Operation 

·Petroleum and Maintenance Supplies 

' (Yes:l, r:o. = O) 
·Electricity ' . 

Chemica 1 Supplies (CS) Critica] Level for Chemical 
·Al 2(so4¡

3 
{~luminum Supplies) 1 

sulfate), fec1 3 {ferric Sum of Jtems Not Avail-

chloridge), polyelectro-
/ 

Able 2 
lytes Availability of Chemical 

{soda ash). acti- Supplies o · NA2co3 (Yes • 1, No = O) 
vated charcoal, c. o (lime) . 

·C1 2 
(Chlorine), o, (ozone), . 

/ chlorindioxide, bromine 
HTH, CuS04 

. 
. 

Questlons 20-23 can 
equipment _document, 

be replaced with water and waste equipment versus process matrix from the interñational 
pages 29 & 30. 

'~ - ._ 

' 



Su~rnary of the Results for Parts III & IV (Manoower and Indigenous Resources} 

UN SK PF OE PM OMS es 
1 1 o 1 1 1 o 1 

(Available " 1; Not Available "D) 

PROCESS CONSTRAINTS 

~JATER TREATMENT PROCESSES WITH ESSENTIAL MANPQWER ANO RESOURCES 
REQUIRED FOR OPERATION 

Process Requ1rements Treat.ment 
t·:ethods 

Process 
Number Manpower Resources Required 

. 
o<.io . Un_skilled Skilled Professlonal 

·~ 
No .. PW 1* ' ' ' 

·~·· PW2 ' ' 
51~,. San::: Pp X ' . 

S.cd . ~) '" . X . . ' . ' X 

Scnd Filter /A, .) 'N ' 
.. X X X 

. PW 6 X ¿_:_· ' . ' ' 
~-+.: Mo 

,, X . . ' X 

. 'W . ' 
.. .. ' .. - ' ' •Jesalting- Salt PW 9 X ·x . ,. X X 

fonta i ;,~~n~ 
e 'f/ . ' X X X 

'W X 

0~'="'-- Fi~ ~ X 

" ~ 
' --¡-¡; 

. "'"''· oity} 

.E.Listed for co:npleteness only; not ¿¡ctu<J.lly available as a model output a•: ttlis time. 

... 

' ' 
' 
' ' ' ' ' ' X ' 
' X 

X X 

X -X 
X 

X 

' 



·List of Possible. Water Tre.atment Processes: 16; 

.. 

pW 1 

PW2 

PW 3 

1!\8 '. ··•. 

CODE FOR 
PROCESS 

COMI3!NATIONS 

CODE FOR 
PROCESS 

COMB! ATIO S N N 

111 PHl 

" Nl3 

W3 PWll 

114 PWl + PW7 

W5 PW2 + PW3 

116 PW2 + PW12 

117 PWJ + PW7 

118 PW2 + P\-13 t PW7 

W9 PW4 + PW7 

W10 PW2 + PW4 + P\-17 

1111 . P\-15 t PW7 

Wl2 PW2 + PW5 + PW7 

Wl3 (~ny ene· of 'dl to Wl2} + PW6 . 

1H4 ~nyone ofWl tol-112} +PWS 
---····-·· 

1115 (any ene of Wl to 1112} + PW9 
---··· 

W16 ÍJnyone.ofWl toW12}+NilO 

. 

-

. 

' ' ' 

·-



L1st of Possib1e k'ater Process Combinations, 
Based on the Resource '"' Manpower Screen: 

Wl • P>ll 

" • PWJ 
ws • PW1 + PWJ 

' . 



l9_Q 
' 

' 

Predictive Model Questionnaire- Part V "Water Quality" 

1 Raw l.'~ ter Qua 1 i ty No tes/ Cor,¡r,¡ents 

Nurr:ber of coliform bacteria _-;' t• (MPN/100 ml) 

Turbidity -:-r (JTu) 

Hardness 1 .·- ~ (mg/1) 

Total Oissolved Solids {TOS) ' .-.-.; (mg/1) 

!ron and Manganese . . j (mg/1) 

*BOO (mg/1) 

*;JII (0-14) 

•Oissolved oxygen (mg/l ) 

*Temperature (oc) 

*Chloride (mg/l ) 

(*At tili s point, these tests are informational only, and not actually 
part of the w.ode1). 

1 ~ldstewater Quallty (prior to trfatment) 
' 

Oilution (CFS receiving water flow/1000 PE) 

Dilution !5 (Receiving water volume/waste volume) 
' 

' 

800 (mg/1; may be no:ieded to ascertaln 1 
figure.for PE in dilution ratio) 

' ' 



ACCEPTABLE COMBINATJONS OF TREATMENT PROCESSES, ACCORDING TO 
RAW WATER OlJALITY OR DEGREE OF DlllJTIO:-l AVAILABLE TO T.JASTE FLOWS 

CRITERJA LEVELS 

RAW WATER CONCWTRATlON 
CODE FOR 
PROCESS 

COMBINATIONS 

- CODE FOR 
PROCESS 

COI'\BIUATIONS 

COLIFORM 
BACTERIA 
( MPtl/1 00 ·1111 ) 

W1 
.,;_.,. W2 

WJ 
~!4 

_.,. ~:5 

" Wl 
W8 
W9 
HlO 

"" 1-:12 
W13 
W14 
W15 
W16 

PW1 1·2"' 
PW3 200 
PW11 300 

PWl + PW7 500 
PW2 + PH3 1 ,000 
PW2 + PW12 3,000 
PW3 + PW7 5,000 

PW2 + P\13 + PW7 10,000 
PW4 + p•,.¡7 10,000 

PW2 + PW4 + PW7 10,000 
P~IS + PW7 10,000 

PW2 + PW5 + PW7 10,000 
(any one of Wl to Wl2) + PW6 
(any one of 1~1 to Wl2)+PW8 
(~ny one of Wl to Wl2) + rwg 
{any one of W1 to Wl2) + PW10 

Turbidlty 
(JTlJ) 

10 
100 
800 
10 

800 
800 
100 

1 ,000 
100 
1 ,000 
100 
1,000 

. Acceptable water combinations, based on the raw water qua1ity: 

"' W5 

SOLIOS 
Otl"ler 
{lll!l/1) 

300 hardness 
·1·3 Fe & Hn 

Jooo rosa 
2000 TOSa 

* These are star.dards for developed countries~ different stand~rds may be more appropriate 
for deve1~ping countries. 

91 

• 
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To selecta combination b~sed on cost, then the following procedure would be used: 

1. Calculate the design year population sea le. 

Oesign ycar 19RO 

Actual population year 1970 

Actual population value 10,101 

Population grOI'Ith rate 1. n; 

Design year population value = (Actual Population) (1 + Population growth rate)
11 

where n represents the difference between the design year and the actual population year. 

Design year population • (10,1Bl) (1 + .017) 10 = 12,050 

. ' 
Estimafed Population Population Sea le 

500 2,499 
r 

2,500 14,999 ll 

15,000 49,999 lli 

IV 1 
50,000 100,000 

The design year population sea le equals II 



1 3 
.2. Find the appropriate cost ratios. 

By referring to Table<\.'l. (Population·scale Il), the followfng cost ratfos are fndicated: 

Combination 
·wz•P\Jl 

W 5 " PW Z 
t PW 3 

... 

Constructfon Cost Ratio 
14.66 

3.00 + 14.66 ~ 17.66 

_Operatfon & Mafntenance Cost Ratlo 
6.05 

7.67 + 6.05. 13.7Z 



TA5LE 4.' POPULATION SCAl I ,.......(2.500 - 14,999) 
PER CAr, i"A 5T RATIOS 11~ 

CONSTRUCTION/OPERATJON ANO MAINTEtiANCE 

Process Social-Technologfcal Levels (STL) 

""'""''""""-"',-===-,;-..-------,-1~~---~l 1 . lli IV (!~o lreab:lent) PWl Construc~1on :<fJ·----,,C.B.-----,",.~----
Operaticn and 

~laintena~"'~''-----------''c··'c''---------'2.01,_ __ =c'c·" 
Construction 2.20 2.50 E~·J.OO!,},'i] 
Oper~tion and lf·~. .,..,1 

( Pre-T re a t11:en t} P\\'2 
3. 53 

3.25 
' .. . '"~:.d 

¡.;aintcnilrlce'------------"''-'·':' ____ _,7".·"''---~Y,c 7 .Gi ~-~;;'----c'~-15. ____ _ 
Construction 11.29 13,48 1:-·~],,cc'~'J 15.00 (5low S.F.) PWJ 
Opera ti on and /\;;··:_· -~~i'{!i] r"· .. r " 1i .,.-,..--="'.----,,-'-'~~~ ~ te_~~~~-e'----------~2. 94 s. 71 ;;f~ ~-2.s":Je'·~' '---,'6.~~'~·-----

(R.s.F.- Conv.) PW4 Construct1on 22.00 19.89 14.45 11.00 
Operation and 

~~~--.oc-,--=,--M_a_!_nt~-~nce 4.90 8.27 9.93'----~10.45, ____ _ 
{R.S.F.- Adv.) PWS Construction 70.94 59.57 50.00 40.88 

Operation and 

-,,.-c,---c--,---=~~\a i ntenance ______ _:43. lc'-----'::"~·:06~8 ___ _:<4~0". 2~2 ____ __'3~_-!L: 
(Softening) P\./6 Construction 115.86 90.49 55.12 39.75 

O;¡eration und 
-~~~~~~-~~flaintenunce 38.48 37.52 36.57 35.61:-----

(0isinfection) PW7 Construction. 3.81 3.57 2.94 2.80 
' Operation and • 

-....,=--''·~l>~i"Cntenance ·--,------~18 .47, 15. 65 ___ ._:1 ó'c· 5~'-,-----'-'.11 .4~2'-------
(Cdor, Taste, PW8 Construction ·• 91.34 80.44 70.53 · 59.63 
Fe. ~:n) Operation and 

--~'·--.:.._....,_:._:"é'~ia~~-:_~~-a~:_e_. ___ ~.:....-, :51·.oo. _ _:.._ 49.28 __ ~:."'-'-~~---------"'5-84 ___________ _ 
(Desalting- 5alt) P\\'9 Construction 146.94 129.63 117.31 95.00 

· ·~ Operation and 
--.-c---.-,---'·-'' --''ccc--~1-lai ntenance ______ 24. 7.;'-~~-o'o'c·~'.;'-~''--'::";.c· 9~2 ____ _:22. 26 ____ _ 
(ílesalt¡:~?- PW10 Co:~~i.-;u~-Íi¿-n- 120.04 ~05.53 91.01 77.50 
BrackisM¡- Operation and 

<=cc:-;ccc:-::----c=~l-:a i ntenance 37. 8;7 ____ ·_:' 36.59 35.31 34.03 
(Di s ir.fectant PW12. Cor;st.·ru·c-tio'-,-------._:::30.25 28.55:~----;,;,~~.~74;-----'24 .12 ____ _ 
Fi1te:-) Operation and 

-----~----c'~·'~'~"~"~"~'~"~"'--------.''"'".78 '''------'25. 45 _ 23.25 20 .o6o'-----
·rlote: Complete cost ratio tables may be found under Lecture 3.4, "Manpower, Costs, and Equipmr.t' 



3. ·calcula te the total cost ratios. 

Total cost ratio • Construction + 
Cost Ratio 

Where r is the dfscount rate 
n is the dlscount period 

perat10n 
Maintenance 
Cost Ratio 

If we assu:ne r • 7.251: and n • 20, the dhcount mu.ltfp11er 1s 

d 1 scount rnu 1 t f p 11 er • ;1_:_~(~',~''-'-' lL'-" 

• 1 - p • .o1zsr20 
.0725 

.. 10.39 

_ For total cost ratios 

Combinations 

W2.•PW3 

Construction 
Cost Ratio-

14.66 

17.66 

• 

• 
• 

Operation & 
Maintenance 
Cost Ratio 

.(6.05) (10.39) 

(13.72) (10.39) 

1 5 

• 

• 

• 

Total 
Cost Ratio 

77.53 

160.23 

1 
--7 Based on the total cost ratios, combination W 2 would be selected at least costly. 

-

____;::..:__ __ _ 

• 



Treatment Nethods 
' 

Pri1Í1ary (Conv~) ' 
Prü.ary- Sta'oilization Pond 
Sludge {Conv.) 
Sl u;:!ge (Adv.} 
Shidge {Corilbir.ed (lmhoff) 

·secondary - Standard Filter 
Secondary- High,Rate Filter 
Secondary- Acti~ated Sludge 
ExterH~ed Aeration -
Rotating Sial! COntactar 
Oisinfeclion -
Land Application 
A¡¡ u <l. Cu 1 tu re 
J.ndividual 
]r.dividual (Adv.} 

Selection of Sewaqe Treatment System 

Summary of the manpower and indigenous _resource data: 

UN SK ~ OE PM OMS .fi 
110111 o 
{Available "' 1; Not Availab1c = O) 

PROCESS COtiSTRAINTS 

SEWAGE TREATMENT PROCESSES WITH ESSENTJAL MANPOI~ER 
ANO RESOURCES REQUJRED FO~ OPERATIDN 

P$1 X X 
P$1 X 
P$3 X X X 
PS4 X X X X 
PSS X X 
PS6 X X X 
PS7 X X X 
PS8 X X X .x 
PS9 X X X 

PSlO X X X 
PSll X X 
PS12 X X 
PS13: X 
PS14 X 
PS15a X 

X 

X 

X X 
X X 
X X 
X X X 
X X 
X X 
X X X 
X 'X 
X X 
X X 
X X X 
X X 

X 



. -· 

list of possible waste treatment processes: 

PS1 

PS2 

PS 3' 

PS 5 

PS 6 

PS9 

PS 10 

PS 12 

Cod for P ess Co b'nati • "' '" ' 
S 1 

S 2 

S3 

S 4 

S 5 

S6 • 

S 7 

sa -
S 9 

S 10 

S 11 .. . 
S 12 

S 13 

S 14 

S 1 5 

S 16 

Sl7 

S la 

S 19 

'"' 
p rocess e b • t · om 1na 1005 

PS5 

PSl + PS3 

PS2 

PS9 
52 + PSlO 

52 + P$6 

52 t PS7 ·-
$2 + PSS 

PSl + P$12 
-~-----------··-

54 + P$12 ' --
PS2 + PS13 

~--··- . .... 
Sl + PS1l 

52+ PS12 --
SJ + PSlJ 

54+ P$14 

SS t PS15 

$6 + P$15 1 

$7 + PS17 ' 1 
SS + PSlB 1 

{f'¡ . 



Sased on the resource and manpo\oler screen the poss1ble 
water combinations are: Possible Comb~~ations 

CODE FOR 
PROCESS 

CONBINATIONS 

SI 
52 

->53 
~54 

SS 
56 

·~s9 
__.,.S lO 

52 = PSl + PSJ 
SJ " P52 
54 = P59 
S5=52+PS10 
S6=S2+PS5 
59 = PS1 + PS12 

S lO = 54 + PS12 

200~, 
' 

Wastewater Qua11ty Data 

l. Oilution ___ (CFS receiv1ng water flow/1000 PE) 

" 
Oilution 15 (R~ceiving water volume/waste volume) 

SEWAGE TREATMENT 

ACCEPTABLE COMBINAT!ONS OF TREAH1ENT PROCESSES, ACCOROING TO 
RAW WATER QUALITV OR DEGREE OF DILUTJON AVAILABLE TO WASTE FLOWS 

RECEIVJNG WATER VOLU!~E 

PROCES5 (7-day low flow level)/WASTE VOLUME 
COMBINATIONS BASEO ON BOO BASE O ON COL! FORM 

PSS 20 160 
PSl + PS3 20 160 

PS2 10 1 6 
PS9 3 16 

52 + PSlO 5 32 
52 + PS5 6 32 

PSl + PS12 o o 
54 t PS12 o o 



~01 

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

Acceptable 
Combinations 

S 3 

S4 

S9 

S 10 

(The cost calculat:ions for the waste combinations ·iare simililr to the calculatinns fort water systems.) 



Session 3.4 

Title: Manpower, Costs, and Equipment 

Objective: 

1. Determination of Equipment needs, by process 

JI. Determination of Sldll needs, by equipment 

• 
• 



' 

- -r:.· 
' . r· -"" , . -

Methodology for Predlcation of Water and Wastewater Volumes and Treatment Cosh 

(Excerpt from Chapter IV) 

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

· ¡n order of fncreasing accuracy, they are the following: an Empirical analysis of u.S. data. regional or natfonal r.mlti? 

regresslon data, and ln-country or local data. In this chapter a cost-dEmand model is pre~ented In which r:~odelllng 

techniiJues have been userl to develop equations for Afrfca, Asia, and tatln Arnerica to predict water demand quantities aru! 

waste¡.;ater amounts, as well as constructfon and operatfon and maintenance costs for slow sand filters, rapid sand filter> 

stabilhation lagoons, aerated lagoons, activated sludge systems, and trickling filters. The basic technique used in thi 

study was step-wise multiple regression using available cost data from ~frica, Asia, and Latln Amefica gathered througn t 

use of questionnaires anda review of the literature. 

The ma"t:erlal contained In this chapter is a shortened and revised version of the original publ ication. Numerous tabl 

have been included Mlich present the results for mean water der;and, waste disposal, and costs of water and wastewater 

·treatment systens fo·r selected socioeconamic and technologfcal conditions of LDC's. Two sample problerns. illustrate the ~ 

of this predlctfve mathemat leal mdel. 



SESSION OUTLINE: 

l. Numerous Studies for Forecasting Water and Sewage Treatment Costs 

A. Developers of forecasting tools . 

l. Schoeffer 
2. ~lolnan 
3. Smith 
4. Assenzo 
5. Black and Veatch 
6. AVCO/ES 
7. Kanti Sha.h 
8.. Re id 

B. Oevelopment of models for water dema.nds and water costs in terms of populations 

l. Tools devised are those sophisticated regression models 

a. Such .u: from 1-rot" (Popt)(gcd) 

to WDt • (Popi)(gcd) t " t.Llnd PoPt)(gcd) 
i 

etc. 

to WDt • Co + c1 Popnl + c2 ppcrn2 + c3 JNcn3 etc. 

II. Similarly other tools have been developed for cost analysis 

A. Generally two routes exist 

l. The aggregate model 
2, Deta1led SlmiiTlatlon of component parts. The Composlte Model. 

' 
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ZII. Recognizing the problen1s with USA cost 
of LDC data 

' forecasts, and tl1e s~(lrtage 

A. Oevelopment of OC aggregate forecasting models adapted to the 
amount of LOC data available 

1. Figure 12.1 

Population 
Sea le 

PER CAP ITA COST PARAMETERS ($U.S.) ANO 
OPERATION ANO MAINTENANCE MANPOWER REQUIREMENTS 

PROCESS:: SLOW SANO FILTER (PWJ) 

Social-Technological Levels Manpower Requlred 
(Number of Workers) ¡ ¡¡ ¡¡¡ IV unskilled Skilled Professional 

1 Construction 12.65 16.50 16.00 20.00 

(500 - 2,499) Qperation and 1.33 2.00 2.33 5.00 Ma 1 ntenance 1 

2 Construction 9.03 11 . 72 11.85 14.28 

'(2,500 - 14,999} Operation and 0.60 0.90 1.05 2.25 
~taintenance 

2 

3 Construction 6.33 7. 18 7.68 1 o. 01 

(15,000- 49,999) Operation and 0.33 0.58 0.73 1.25 Maintenance 5 

.4 Construction 3.95 6.98 5.21 6.25 

(50,000- Operation and 0.20 0.35 0.44 o. 75 100,000) Maintenance 8 



• ·J' 

' • ' 
~ 
N ' ' 

IV. After Field ·oemonstrations 

" -
• • 
-
• 
-·: 

• 
' 

" 

A. Costs were expressed in tenns of ratio' S for the sake of 
comparison, and to el iminate the Effects of Sea le 

B. 

" • -,.... 
. e •. · .. 

• 

~ 

' 

Some additional influences were also felt effecting cost. 

1. 
; 2. 

Ttie 
• 
1. 

2. 

Cheaper land in LDC 
Volunteerism becoming a factor in smaller LDC sites 

·" " 
ou~put,_ i~ cost ratios 

~ . .... ' 

Ratio's representlng capital andO+ M values for possible 
successful'candidate processes 
Speculati~n can now be done as to whether .. 
a.· InitiaLexpenditure or continuing 'costs are better 
b.- The use.of•comparison of an annualized or capitalized 

-cost ' 

' V, The procedure to establish·a 
follows 

comnon -baSe for analYsis of t'ota 1 cost 
, is liSted as .. . -. . . . .... " 
~ . ·- ~ - ' . ~"'. ; ~-.... 

A.~ Est1mation of the construction-cost and O·+ M cost based on the 
.. , cost of~process~and~the 'effectS Offpopülation·scil.le and STL 's . 

. ,. ~·- ~ .ce_ 
. .~ .•. ' • ' :· -"-·"'~ .. ·: t· 

... {Calculat1ons on follow1ng-page) 
' . ' 

.. 
•• 

~ .. -' 

• • . ' • • 
e " o - '. . ' ' • - - ' 

. . 
' ' . 

" • • 

•• ' ' . .. ,. .. • 
w -. 

' • " • • • 
o ' ' 

"' 

• '. 

. 

' 
' • 
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TflelE 4,1 ' i'::O~UlATlf.'~ 5{/\Lf l I5JO - ,-.~9?' _l 
- --- -- ._ __ ------ -------- . - . - ------

lAfH.E 1.3 PO?ULATJO~ SCALE ¡¡¡ (1:;.or;o - 19,999) 
:L;í_l PER CAPJTA r.osr I!AT!OS 

CO~STRl!CTlON/OPERATION AtlD MAINTENANCE ' . --· p,·ocess Social-Techno1ogical Levels (STL) 
l JI lll IV 

·(No lreatment) Pl'll Construct1on 1 • 64 1 -4 { 1 • :> 1 - !. 1 z; 
Operation and 
l·lai n tenance 1.42 l. 95 2.50 2.75 

(Pre-Treiltment) "' tonstructlon ' . 2.50 2.75 3. 01 . 3.50. 
Oper¡¡tion and • ··<' J 
t-\aintenance> 6.83 7.33 7.83 8-33 

·(S1ow S.F.) . PWJ Constructiou -9.59 11 .45 13.31 '14.17 
Operation and 
Maintenance 3.05 6-01 7.86 10.42 

(R.S.F. Conv.) PW4 ConstruCtion 
Operation and 

16 .4~ '16.fl0 9.20. . ? . !iB 

11ainten~nce 5.58 - 9.25 11 . 91 14.58 
¡n.s.r. - Adv.) -. P\-JS Construction. ' 49. 15 43.37._ 37.60 33.82 -- - - -

Operation and 
Na in tenance 52.50 59.95 55.95 54.g 

(Softening) P~!6 Construction 60.79 52.01 48.23 25.45. 
Operation and • 
~laintenance 44.50 42.67 40.83 39.00 

(Oisinfection) "' Construction 
Operation and 

- 3.48, 3. 04- 2 - 71 ' 2. 57 

Maintenance 18.08 14-91 12.35 10.58 

(Odor, laste, P\.'8 Construction 75.59 66.71 57 .82. 118.94 
re, ~In) Operation and 

t1aintenance 87.50 84.22 80.95 77.67 

(Oes~1ting- Salt) PW9 Construction 127.70 112.88 97 .06 ___ 84.24 
Operation and " " flaintenance 32.67 31.22 29.78 28-33 

(Clesalting PW10 ConsirUctlon 106.50 '95.112 81 -31 69.21 
Brackhh) Operation and 

t·IJintenancc 65.10 62.97 60.78 58.58 

- • (Oisinfect~nt PW11 Cor.i'truct ion 29.95· ·- 28.26· 26.38· 24;01-
Filter) Qperation and 

t~o.intenan~e 27.13 . 2S.il 22.89 20.19 

• :; 
-' -~ 



r 
TACLE <11.3 1 '~" e) ,,, 

Process Social"Technological levels ( STL) 

1 1 1 111 IV 
(Fnm. Conv.) PSI Cons truc t 10n 9.07 9.94 10. 70 11 . 00 (mee h. equ1¡;mer.t 

Ooeration and 
~:aintenance 9.17 1 o .86 12.56 14.25 

(Primary Stabil i · 
zation Pond) PS2 Construction 1 .50 l. 70 2. 22 3. 35 

Operation and 
l·~intenance 2.1 o 3.17 5. 33 7. 50 

(Sludge - Conv.) PS3 Construction .13.73 11 . 70 :1.67 8 • 6<: 
Operation and 
~laintenance 39.25 34.58 27.63 25.47 

{Sludge- Adv.) PS4 Construction 23.78 22.50 18.22 14.94 
Operation and 
~~aintenance 30.67 36.28 40. 95 1!7.50 

(Sludge Imhoff) PSS Construction 28.11 21 .28 20.04 18.80 
Operation and 
l·laintenanr;e 38.58 41 .80 42.03 42.25 

(~ec. - Std PS6 Construction 27.99 29.50 30.90 31.00 
Filter) Operation and 

Haintenance 5.33 8.53 11.72 14.92 

(Scc. High R. PS7 · Construction 27.11 23.51 19.90 17.68 
Filter) Oper~tion and 

~1aintcnance 14.20 16.44 ?.1.14 25.83 

(Sec. - Act. PSS Construction 30.30 29.00 23.22 18.00 
S1udge) Oper¡¡tion and 

~1aintenance 13.90 17.67 21 .43 24.83 

(Ex t. Aeration PS9 ConstrucOon 1 7 . 16 18.40 19.64 21.88 
Operation and 
~-\a i n ten¡¡ nc e 1 o. 50 14.72 18.95 23.17 

(Rotating Bio1o- ~510 Construction .37.93 35.70 28.71 20.48 
9ical Contactar) Operation and 

1·\aintenance 25.24 20.31 16.20 13.37 

{Disinfection) PSll Construction 12.00 11.12 1 o. 15 6.83 
Operation and 
t'.aintenance 1 o. 08 8.80 7.53 6. 25 

{L¡¡nd App1 ica- PS12 Construction 10.23 11 . 37 15.20 16.84 
tion) Operation and 

Maintenance 6.19 6.88 9.24 1 o. 18 



rt.au: 11.1 f•üPlJ1.111'lú,~ SCALE lV (5r,,ooo -
PER CAPITA COST f<,\TJQS 

i()O,OOO) ') ., 3 
-" 

WiiSTilUCTION/OPERATIO:! AtiD MAli!TEtiANCE 

Process Social-Techno1ogica1 leve1 s {STL) 

1 11 111 IV 
(No Treatment} l'w 1 Constn•ct1on 1.44 .3 

Operation and 
f.l.1intenJnce 1.00 1.78 1.95 2.43 

{Pre-Treatment) PW1 Construction 2.74 2.96 3.48 ·LOO 
Opera ti on and 
Naint~nJJJCe 6. 93 7.63 7. 93 8.53 

·{51ow S.F.) PWJ Cons truc t ion 7.90 9.43 10.97 12 .50 
O¡¡eration and 
1·1aintenar.ce 3.33 6.37 9.44 12.50 

(R. S.F. - Conv. ) PW4 Construction 15.50 8.77 6.00 5.30 Note " Operation and 
11~intenance 11.17 15.78 20.39 25.00 Note " (R.S.f. - Adv.) · PWS Construction 31.20 27.53 23.87 20.20 Note "' •• 
Qperation and 
~la in ten¡¡nce 82.50 79.72 76.95 74.17 

(Softening). PW6 Construct;on .47.90 30.87 27.83 22.80 
Ope1·ation and 
11aintenance 54.50 52.69 50~87 49.06 

{Disiryfection) PW7 Construction 3.16 2. 91 2.65 2.40 
Operat\on and 
Maintenance 16.50 12.33 12. 17 10.00 

(Odor, Taste, PW8 Const¡·uction 51 . 75 5~ . 57 47.39 40.20 
Fe, ~:n) Operation and 

Nainten<~nce 97.50 94.22 90.95 87.67 

(Desa1ting - Salt) PW9 Construction 83.52 73.95 55.37 57.80 
Ope1·ation and 
t·~a~ntcnance 42.57 41 .22 39.73 38.33 

{De sal ting PUlO . Construction '80 .78 75 .17 66.46 56.80 
Brackish) Operation and 

!'.aintenance 65.33 70.72 65.11 59.50 

{Disinfectant PWll Ccnstruction 29.32 ?e.lO 26.23 23.75 
Fi lter l Operation ~nd 

f.'.a i ntenance 26.93 24.98 22.55 '20.04 



' TABLE 4.4 l·"n't} 
PI"OCCS~ Social-Technological Levels (STL) 

¡¡ ¡¡¡ IV 
(Prim. Conv.) PSl Cons t1·uc fi on 5 11 • 18 1 t • 4 5 11.82 (meen. equ1pment 

Qperation and 
~laintcnancí! 9.08 1 o. 57 11 . 33 14. 1 o 

(PrimarY Stabili- PS1 Constr~ction 2.00 2.50 3.50 - 4.00 
zation Pond) Ope1·ation and 

l'l<l in ten~nce 1.00 2.83 4.67 6. 50 

{Sludge - Conv.) PS3 Construction 17.37 15.23 13.08 11 . 94 
apparent revers 

Operation and economy of scal 

~:aintenance 37.80 32.90 26.96 21 • 31 
{Sludge - Adv.) PS4 Construction 19.29 17 .03 15.78 12.52 

Operation ¡¡nd 
~laintenance 28.60 33.83 39.07 44.30 

(Sludge - lmhpff) PS5 Construction 
Operation <J.nd 

30.38 27.28 24. 17 21.07 

Naintennnce 18.70 24.50 26.50 31 . 40 

(Sec. - Std PS6 Co:JStruction 23.32 24.27 25.21 26.15 
Filter) Operation and 

/o'.aintenance 5.1 o 8.13 11.17 14.20 

(S,.c. High R. PS7 Construction 20. 1l 18.85 17 .52 15.37 
Filter) Operatio.n and 

l·klintenance · 11 .75 15.07 17.93 19.80 

(S2c. - Act. P58 Cons truc t ion 23.31 21 .82 18.34 15.es 
Sludge) Operation and 

~:C.intenance 13.67 17.39 21 . 11 24.20 

(E~ t. Aeration) PS9 Construction 17.23 19.57 20.90 23.24 apparent revers 

Operation· and economy of sca1 

r-:aintenance 8.40 1 O. 30 14.27 15.20 

(~otatin~ Biolo- PSJO Construction 28.94 27.25 1 21.91 15.64 
gica1 Contactar) Opc>·ation and 

f\i!intenance 23.93 17.71 14.32 1 o. 21 

{Oisinfection) PS11 Construction 16.84 13.50 1 o. 17 9.18 
Operation and 
Maintenance 5.80 5.07 5.33 3.60 

· (Land App1 ica- P$12 Construction 8.25 9.19 12.23 .13.58 
ti on) Operation and 

Maintenance 4.95 5.52 7.34 8.15 



Sessions 
4.1 & 4.2 

Title: Wastewater Disposal and Treatment 

Qbjective: To present the goals of wastewater 

disposal, and to discuss various processes 

and systems, 

' 

-, 



Wastewater Disposal and Treatment 

(excerpt from CHAPTER VIII) 

' ' ' 

In this chapter are presented severa] wastewater treatment or disposal methods for application to sewered wastewaters. 

These particular r.:ethods were selected for inclusion becavse of their low cost and their suitability for developing 

countries. Stabil ization ponds are among the processes associated with developing cmmtries, and U1e first section of this 

chapter deals with this subject at length befare giving brief descriptions of the use of fish pands and oxidation ditches, 

Th1s material represents a ~hortened vers1on of the crlgin~l ~ulllleat1oll. !itabili~atien pond 5ystems are a tFeatment ef 

choice in de_veloping countries dueto their generally low cost and because many developing countries are 1ocated in tropical 

areas which provide optimv~ climatic conditions for pond operation .. Oata are given on the performance and costs of ponds, 

and sor.1e C(r.lparisons are made with aerated lagoons imd activated s1udge systems. 

In the second section in this chapter, info~ation is given on the aerated lagoon. including process design 

considerations and power requir!!ments for mixing. The cost of an aerated lagoon is generally more than that of a 

stabilization pond and 1ess than that of an oxidation ditch. Arnong the advantages of aerated lagoons in c<.l'lparison with 

stabililation ponds, are first, their ability to hand1e higher loadings with a shorter detention time in a reduce<! area. In 

addition, algae are not necessary to provide oxygen to an aerated lagoon; therefore. this type of unit can be used without 

regud to the ar.1ount of a va i1 ab 1 e s un 1 i ght. 

ln the third section of this chapter, an article on land application of ' ~~astcwater presents a practice which was 

foroerly used primarily for wastewater disposal but which more recently has often been used for waste~1ater treatr.:ent or 

reuse. Like the article on aerate-d lagoons this article was prepared especial1y for publication in this volume. Design 

criteria are given,.and cost and health aspects are discvssed. With this rnethod wastewatlir is spread over the"lijnd. 



• 

Mter having been subjected to filtPring and stabililation of the or"(lanic matter l>y topsoils and ~oil biota, th!'_ treat,;·, 

WJter l'liiY be collected by a draindge system for reuse or allowed to recharge natural aq11ifers. The rec¡uirPmeots of :r.:s 

process are low in terms of energy and chenicals, and the water yiel<ied from a prorerly maintained systerl will be of sir:.: 

quality to the water provided by advanced tertiary treatmellt processes. A principal prohli'I'Tl associated with land 

arPlication is the possibillty of pollution of groundwater or soils with hannful svhstances. 



TABLE 13.1 }.J/ 

WASTEh'Jl.TER 

PSl -- Primary; Conventianal: The remaval of suspended solids and some BOD through the use of c1arifiers and . ~ 

sedJIIlentatJOn bas1ns. 

?52 Primary; Stabílization Pond: Removal of suspended solids in-a quiescent settling pond using basically no 
constructed faCJh'Ties. 

PSJ The dewateríng of sludge from the primary treatment stage by sludge drying beds, 
heating processes ~ 

f'$4 SludQe; Advanced: lhe dew~ter1ng of" ~ludg~ utllh!ng a wet o~HIOtHHI prOfll~!i or iaAd ilflplieatiaA, 

PSS Sludqe Combined; lmhoff: A constructed two-story t.1nk used for bath sediment~tion <~nd digestion of solids. 

PS6 S!>c"ondary; Standard Filter: 
and dissolved orgamc 1natter 

The use of a Standard trickl ing fil ter 
from the primary clarifier e_ffluent. 

and bacteria] action to reroove colloidal 

PS7 Secondary; High Rate: The use of higher loading rates accomplished through a recirculation process. 

PSB Secondar·y; Activated Sludge: System in which the flocculated biological growths are continuously circulated 
and conta-cted w1th orgamc wastewater in the presence of oxygen. 

PS9 ·-- e¡'!~,'. More time is provided in the aeration process to allow for oxidizing the bio­
udge. 

PSlO ·- Oisinfection: Use of chlorine to kill pathogenic organisms. 

PSll Aqu~-Culture: Utilization of waste effluent as a food source for fish and plant life in controlled ponds 
and lagoons. 

PS12 -· Dilution: Reduction of waste levels by incorporation in large volumes of water. 

PSlJ --Individual: Sewerless system used primarily for individual dwellings or on-site syster.~s. 

PS14 --Individual¡ Advanced: Sewerless, individual system using chemical and thermal treatment of waste. 



TABLE 13.2 

WASTH!ATER TREATMENT PROCESS/CODE IDENTIF!ERS 

CODE 

PSI 

PSZ 

PSJ 

PS4 

PSS 

PS6 

PS7 
PS8 

PS9 

PSlD 

PSll 

PS12 

PSlJ 

PS14 

PROCESS 

Pri"1ary - Conventional 

Primary Stabll ization Pond 

Sludge - Conventional 

Sludge- Advanced 

Sl udge Combined - Irr.hoff 

Secondary - Standard Filter 

Secondary- Hlgh Rate Fllter 

Secondat'Y- Activated Sludge 

Secondary Extended Aeratlon (Oxfdlltfon Pond) 

Disinfection - Chlorine 

A qua -Cu 1 tu re 

Dilution 

Individual 

Individual (Advanced) 



TABLE 13.3 ~33 

WASTEWATER PRDCESSES vs. MANPOWER REQUIREMENTS FOR POPULATION LEVELS 
Process/ 
ManEower Reguire~nts Level Unskilled Ski 11 ed Profes!'ional 

1 1 

PSI 2 1 
3 ·2 1 

1 1 

PS2 2 2 
3 4 
4 6 
1 1 

. PSJ · 2 1 1 
3 2 1 
4 4 2 1 
1 1 1 

-PS4 2 ' 1 
3 2 ' 4 4 2 1 
1 1 1 

P~S 
2 1 1 
3 2 1 

4 
1 1 

PS6 2 1 1 
3 4 1 1 
4 6 2 1 
1 1 

PS7 2 2 1 
3 4 1 1 
4 6 1 1 
1 1 1 

PSS 2 2 1 
3 4 1 1 
4 8 2 2 
1 1 1 

PS9 2 2 1 
3 4 1 1 

. 4 6 2 1 
1 1 

PSlO 2 2 
3 4 1 . 1 

6 1 1 



PI<OCESS CONSTRAINTS 

SEWAGE TREAHIEfH PROCESSES WITH ESSENT!AL t-'.ANPQ:;ER 

& RESOURCES REQUIREO FOR OPERATIOil 

PROCESS REQU!RHjE/ITS 
• " MANPO\t.'ER • RESOURCES 

" TREATMENT . z 
METHOOS " o :; •e " " " oz " " " o z 

~- "" < u " " o 
~~ ·~ o ~ " " "" " " " '" u" • " " o" "' o u z " "" ·~ ~~ o " •• o" 

PRHOMY (Conv.) "' X X X 
PRJ/'.ARY -Stabi 1 i zati on Pond PS2 X X 
SLUDGE (Conv.} PSJ X X X X 
SLUOGE (1\dv.) PS4 X X X . . 

X 
. 

X . . 
SLUOG(-Combined (lmhoff) PSS X X X 
SEC01101\RY -Stand3rd Fi 1 ter PS5 X X X X 
SEC01~Df\RY-High Rate Filter PS7 X X .X X 
s~CO:lO.\itY-Activated Sludge PSB X X X X X 
EXTE:IOED AERI\TION P$9 X. X X X . 
ROTI\TING BIOL. CONTACTOR PSIO X X X X 
OISJNFECTION - PSll X X X 
LAIW APPLICATION PS12 X X X X 
AQUA CULTURE PS!Jil X 
!Nil!VIDUAL PS14il X 
INDIVIDUAL (Adv.) rs¡sa X X 

REQUIRED 

" • ~ 
"" zu 
HU 
$0 

"" 
X 
X 
X 
X 
X 
X 
X 
X 
X . X 
X 
X 

X 

alisted for corr.pleteness only, not actually availabte as a model output at th.1s t1r.le, 

"" <• 
u~ 

"" zu 

"" zo u• 

X 

X 

X 
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CODE FOR 

PROCESS 

COM~IN"TIONS 

SI 
S1 
53 
54 
SS 
S6 
S7 
S8 
59 

. SIO 
S 11 
512 
513 
514 
515 
516 
517 
518 
519 

SEHAGE TREA TNENT 
ACC:PTASLE CQ;;a!NATIONS CF iREATt·IENT PROCESSES, ACCORDWG TO 

RAl·/ h'AIEC1 QUIILITY OR DEGREE OF D!LUT!ON AVAJLI\BLE TO H,'\STE FLO'niS 

. 
. • R~CEJV!i\G WATER VOLUc:E • 

PROCESS • 
'(7 ~da y 1 ow f1 01·1 1 e ve 1 )WASTE VOLUr!E 

COMBIN/\TIONS. 

1 
llASED ON BOO DASttl 01l !;Ol.IFORM 

. 
PSS 20 160 

PSI + PSJ 20 160 
PS2 10 " PS9 • 3 16 

52 + PS!O 5 32 
52 t PSG 6 32 
52 + PS7 5 32 
52 t 1'58 4 32 

PSl + 1'512 o o 
54 t PS12 o o 

1'52 + PS!J 5 16 
SI + PSll 20 • 2 
52 t 1'511 20 2 
53 + 1'511 10 2 
54 + 1'511 3 2 
SS + PSll 5 1 
55 + PSll 6 2 
57 + PSII 5 2 
58 + PSll 4 2 

These represent standards for developed countries¡ different standards may be more appropriate for 

developing countr1es. 

?1~ 
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Ti\Br.E Vlo:I.l.5 

BCD LOI\DINCS PER UNIT ME/\ PSR Di\Y UNDER 
VARlOUS CLIY.i\TIC CONDITIO!i'S 

- • 
5urf.>to Loodlnc ropul<ltlon Dctentlon 

(Lb. 

• 

BCD 1 /Acre/Doy) 0 

"'' ,\crcb Tb" (Doys) 0 En vi r~nrnon e o l Condltlons 

. 

Le u '""" • Lus "~ 
., Mor• than "' hlgld 'ene ..,¡ '" 

oensonol 

''" tova, uniforr1>ly "" ""ter '""'?""-''uro '"' vorl• 
a~ le c\oud cov~r, 

• - " 
.,_ 

'"' "" - '" Cold seoson.ü e U"'"'" "ith 
••ooonol '" e o ver ond 
te~.perotc S Lll:l:'\(" torn~era-

tu ros '" s~ort r~rtods. 

" - "' '"' - 1,215 lOO - " Te~~n4te " seml·trop!cal 
~one "''" occasionol "' cover '"' "' prolon~ed cloud CO\rer. 

m . m 1,2\S - 2,834 ,_ 
" Tropical ·-· llith untfor,.lr 

dlstrlbuted sunohlno ond . 
. . . temporature ""' '" .. aoon3l -.... 

cloud cover. 

. . 
50~RCE: Cloyna, l91l. 

0Boscd en the assumption thot tho dfluent voLumo is cqual to tM tnflucnt 
volum~, (.o., th~t the sum ol tha ev3poratlve and ocepase Loso~• ls not ~reater 
th~n ralnfall• 

bAss=lng" ccnttibucton of 0.11 Lb. soo5 pH person pu d3y. 

~lJascd on on tntluont volUIDo ot 260 ~allano ot 113Sto pu pcrson por d3y, 

• 



RAW W,\STES 

·'T\ 
OEAD COl 

CELLS 

FUfiGl 
(BACTERIA) 

so" 
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¡ NC'I CCCLS 

FISH 

PROTOZOA 

DEAD CELLS 

~~-----,-"-,-,-,-,-,-,.=:os"""J 11 
ORGANIC l-IASTE ALCOHOLS CI!~+C02+NI!3 

FACULTATIVE 

A.'IAEROBIC 

--------~-------------------,.------

ris. VIII; l. l. Schcmatic <liagram of w~sce stal;dlization lagoon opera ti· 
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'l'AJJLE V!I!.l.6 

AREN .. !..Ot2li~GS t:S!:D !!\' ~RO!'lCAL A".EAS 

Loc~~~o!l 
!.oo.d!r.¡; Dcp~h :::o. ,, 

Rc:o.a~l<.s 
(!.':>. SOJs/Ac'!:c/D;;:y (!'<!C.~) Ln,¡;oo:<~s 

So~.:~ce 

La~:" ,\:::!!rica ' .. 
' 

.C~nas, Co•ta Ricn 223 
,_, 

' ::a~uitati>.r2, ¡;¡o:~at~~i ' 
l.~"'·"· Pe r<~ 254 ' 2.3-40 1 · Fac!!lt~::ive 2 

' . l'.1ru 24! 5 . S a . 2l Facuhat:ivc, sc.'!:ies ' .. t::.l, 

~!cx::.cal:!., 
V , !062 ¡s;'t-4. 6::. No data A.,'"' ro'oi e-:: ¡¡e u 1 z: a t:!. ve , 2 .. cx~co 

series ' 

Sras:!.lia, ~r;ail 536"-.eob 5.sa:.J.3b 2 Ann~ro!lic-f;;~culta:::!.ve, 2 

sc:ies 

C:~.¡¡l Zo:1.e, P ::n0!::13 150 6"-4b 
. 

l .bac ro':lic-::ac~.:l::ltive, l 
sc:!es 

' 

Palt:l.!.ra, Colo::tbia !50 l-5 l :F;:cultative, se.ti"-S 4 

ond p:~r:~llel 
' 

' ' 

As:!.~ 

f~;;:drns, Int!ii:t 180 2. 75 11 -Sb 5 An;;:c robic-facultative, 5 
series 

20C-250 ' ,_, 2' f,;c~.:l~;;:::!ve, series ' A::,..e¿¡¡b:!d, India 
A~::c~d;¡bad, -::r.d!a l25 ' ' Fnccl~a~ivc ' ' 

Ka.r;pur, lndi::> 135a 3. 5" 2 FJcultJ~~vc, se:"ies 7 

¡.:"'C!ll.:r, In¿~" ~l7~-394b 5n,b. 
' • 2 Fa.culcn::iv~·. p.:u .1lle 1 7 

13~n¡;\.;o4, '!h:::!.l::md 5000 l :O: o. b.t:l A.,~cro,ic ' 
B~nr:,'~o:t, 'Ih::~l.,nd 200-~00. 9-15 24 . P.i&!l ::::te, ;:oarallel 9 

D:>.n:>.n¡;, V~et N:>.m 2~0 "' .<:::ltll 2 . C";~.culi:ativ.:., series 10 



TABLE \'l t l. l.(, --Cant 1 ""~d 
. 

Locatiun 
Loo.dings Dcpth 

(Lb. 50:Js/Acra/Day) (Fcct) 

Afri.c;t 1 

Handarellas, 
Southern P~odesia 16811 4"-Jb 

Nairobi, Kenya 9l.sn-s7b 5.711 •b 

. 
<:t'lmH'."~, ""n:tul a t 1 "~ ··' t.~ .. "'. !ll ~- ,a 7~ 

L s~cnz (196'l) 
2. Talboys (1971) 

' . t:ckl~y, Can ter. and Reid (1974) 

' . Can:er {1969) 
5. Purusho t!la:::an 
6. Jayangoudar 

.!I.Prti..ary 'ponds. 

hsecomlary Ponds. 

" 
(19 70) 
•l. {1970) 

No. of 

1 
Lagoons 

6 

2 

7. 
R. 
9. 

w. 
11. 
12. 

253 

1 Re::~arks Source 
' 

' 
' 

Faculta~! ve, series H 

Facultntlve, serie~ l2 

-
D.1ve ond Jnin (1966) 
~kGarry '"' PPscod (1970) 
lkG;\I:ry (1970) 
Duttweil<>r and Burgh {1969) 
l!oci¡:son (1964) 
l.'l!O and Governrnent of K<'nya {1973} 



TAilLI> VIl l. l. 7 

l'ESJCN CRITERIA FOR I'ONlJS AND A.ERATED· LIIGOOSS 
lN 1\llAZIL 

-··- ,,,., • 'O"T"' =· 

l·:ffiri<•nc_v (;) 

Detcntion ~l'"'' (U.ty,¡) 

Bon~ (gm/e:~pitn-d;,y) 

l"lo)ll (1/r.:Jp-dny) 

.,. ( ,,,· cm¡><• r -~tu n • 

1\0:l /ll0[)5 
" 

Constant K1 (¡wl" day) 

. K¡; 0 2 addcd/Kg BGJJ removed 

Kg Oz addcd/h,p./hr 

ilp/1000 m3 

Facultativa Pond 

" 
2 

" 
170 

l.io6 

., 

Aerated L:J.¡;con 

90 

J 

' 
5 '· 

170 

' 
0.35 

o. 7 

L2 

SOtl!'.t:'"' f:">rrcapo:rndence vith E. Jordao, llf" .-1~ .l2!';eiro, Brazil, 
• TA!ll.l' vui".J. io 

H5 
LIINIJ ~EQUlREHENTS OF l<ASTEWi\TER TREATM!>NT FACILITIES 

-- --=---""-
Gapa<"ity 

!'opu'<~tio:¡ !le re~ Acres Acres (MCO) (l'onds") {Acr.ued Logoonsb) (Activatecl Sludge") 

.7 

lO 

" 
50 

lOO 

JO,OOO '" 15 

!Qil,OOO lOO 50 

25:1, llOO '" 90 

500,000 000 125 

1,000,000 1 '800 250 

3 llo:~cd on V a (3.5 x l0-~)Nq1.3 a(35 - Tm) nnd de¡>th ,. 2_ 
hnosed en 6-d,,y dcnention tii:l.!. 
"EPA .elltlmates. 

" • 
20 

J5 

" 
70 

lll<ltera. 

, .. ... 



. '· 

·t..<ljléldty 
(HGD) 

1 

LO 

" 
50 

100 

n;::.F. vJn.t.ll 

C.."?I1'AL AND OT'ER.'ITJ NG COST J>OR 
WAS'i'Eh'AT<:R TREAT~IENT PLA~n t:SHIG ACT!VATED S!..um;¡; FOR 

BIOLOGICAL TREATMENT ~lD ANAEROEIC DIGESTtON AllD E:<ERGY RECOVERY 
( 1975 DOLLARS) 

Population 
Ser"ed 

10,000 

100,000 

250,000 

500,000 

1,00(1,000 

C:~pi~al Cos~ Oper.:~tir.¡: Cost 



Sessions 

4.3 & 4.4 

TJTLE: Computer Demonstration and Case History 

OBJECTIVE: 

The purpose of this lecture is to acq1Jaint the workshop rarticipant with th(J use of the rnodel on the microccc:l;wter. 

The sequence of the lecture will be to bri(Jfly review the filtering process in the model then turn to the use of the 

r.1 i e roe wp u ter. 

The goals of this lecture include the following: 
/ 

(a) to increase the participant's understanding of the water/waste treaiment selection ~aodel¡ and 

{b) to outl1ne a ccrnparison of 1nformation processing technology. 

.. 
• .. . • 
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TYPES OF SCREENING !NVOLVEO Ir\ THC SELECTION OF"A COMPATIBLE 
LOWEST COST COMBINATION OF TREATMENT PROCESSES 

All Processes 
with Costs 

• > 
• > • > 
• > 
• > • > 
o > 
• > 
• > 
• > 
o > 
• > 

-> 
-> 
""' / 

"' / 

Socio-Economic 
Attributes and 
Size of Site 

. Resource 
Attributes of 
Si te 

Suitable Proccss 
Combinations 

Required Effluent 
Quality and 
Treatment Goals 

Detcrmination of 
Lowest Cost 
Compatible 
Combination of 
Treatment Processes 

• 



Total Cost 

, Den And 

Total Cost Comparlson For lnformatlon Processing Labor Intenslty For Information Processing 

' • • 
Pap<>r 

, Calculator 

. ' Small Computer 

• Large· Computer 

• 

• 

• 

Labor 
Jntensity 
For The User 

•Pen And Paper 

. ' 

, Calcu1ator 

, Sma 11 Computer 

,. Large Computer 

• 



PW\Sf. OJOOSE l\ SYSl'EM. f'OR Dli.T.l\ INPO'I' 
liS FOl.J..OiJS: 

::::,-mR 1 IF YOU 'Ñ71NT Dl\.TA INP'o .. i? n,¡ 
SI.CCKS OF cm;STICNS, IN ENGLIS!I (NLY .. 

PiESS R.::.""'Tlr'fi.-.¡. 

W"l'E~ 2 IF 'lOO 1\.'\.."n' !lATí\ Th7:Jl' BY. 
SINGlE CU.ESTICN,· IN EN;LISH Grr3. 
PlESS RE'I'Uitll. 

" 
FUNCH IN DESIGN DATA IN THE FOLI.ai'ING 
FORI-11\T : 

YCAR OF 'I1-IC l\Vf\IU\13LE PQPUIATIG.'<, 
POPUll\TICN Vf\UJC lN Tllf\T YEAl\, 
POPlf'...A'!'I~ GHCM11l MTE E.:>TRSSSED liS A 
DCCI!IJ\L ( 1 • 8) , 
B.'\SE YE.'Lll. OF DESI01, 
ProJECTED TEPMINrú. YEI\R 0F rESIQl 
?1970,10181,1 .. 7,1980,2000 

PUKO! IN I.O:l\TICN !:lATA IN THE F'OLLCWING 
F0?<1l\T: 

c:a-NUNITY, 
STl\:r'L OR I'FDI!INCil 1 

CO'J<fi:RY, · 
PL.'Il."":<UNG G!1COI' 
?S.•lli!LVII...I..:E;, Kll.<'lSAS, USJI, 
AV"....RAGE: LEVEL OF EDUC.~TION OBTA!NED BY 
IW"nJITANl'S LIVING n:l THE ~TY 

• 

ETlllC. PIU- ·HIGil ~::eN. 

1EVEL NOt-lE Ni\RY SCilCOL INSTIT.J'I'E OJLLEG:" 

1 95'1; 4";; " " " 2 70('; 19'/; n 3% " 3 55'1; 22% 14'1. " " 4 n 34% <:2'1; " 71 

?3 
j'.\'EFJia DISflUfiüiiQ.l OF lliBCE: FO~ m 
'liiE ca-zr~rn· 

1 
2 
3 

4 

n 

"' 80'1; 

"' 45~ 

" 16% 
m 

30% 

" " "' 25% 

1\.\0.UI".L AVEMGE JNCO:€ PER Fi"~~!ILY IN 
j\PPFOXL'VI.'l~-; U .. S. OOLU\R D:)Ul'.W• '-'.::N!" 

1 !I-SS 11~'\N $100 
2 $100 'lD $500 
3 $500 "lú $1000 
4 $1ooo ro $30oo 
S G!ll-"JI.TER THI\.'J $3000 

73 
J\.'0\"G TI!E IIIQ!LY SKILLED M':> TECI-INICAL 
1\'0rU<ERS (ECONa·UST/I:NGIN!:SR/'=HDIIST 
E1(: .. ) '"'1li\T PERCE:\'?AGE 0;.'"" 'I'IE:5"' IS l\'00-­
l.CCAL OR NON~NATIVE PEOPIE? 

1 
2 
3 

• 5 

LESS 'nlll..'\ 10% 
10~ TO 25<¿ 
251 TO 50t 
50% TO 75'!! 
75% TO 100\ 



" AJ\C TI!E!lJ; liNY Pll!!~./\RY OR So:::aiD,'\ro:' 
SCUOOL'i OPERI'>n:.D BY VQil.lN'L'\.'{i' OR 
l·1ISSICW1RY ORC"~".!UU\TI0!-!5 RJ\TI!ER Tl1'1.'1 
'lllli GCNEI'!\I>'.E!!r lTSEIF? 

ElYT"~ 1 IF YES 
C\"ICR 2 IF 1\'0 

?2 
\·;¡Jl,T IS T1-e HIG!IT:S':' GW,DE 0!-h.RZD BY 
I.CO\L SCHOJIS CN A F2C'-JJ\R !!.\SI S? (ENI'ER 
'IllE t.U>!BER. POR 12+ U:I'ER 13.) 

1 2 3 4 S G 7 8 9 10 11 12 12+ 

?13 
IF 11!E N"Jt·IDER SCU::Cl'I::D rn QOESTlCN 6 
IS LESS 1ill\N 12 iJ~,' Fl\R 7\'"7\.Y IS TI-!E 
l'<T:A\1.EST !JIG\1 SCIJCOL on·f:!Ut.:G Tl!C 12Til 
Gi\liDE? D.~l'SH TJJC t.U>\BER 

1 IF LrSS Tlll\N 10 ~ULES{1G Kiill·!ETERS) 
2 n· 1 o ·m JO 1-'.IL!:$ ( 16 ·m 48 Kr-tl 
3 IF 30 'Iú !JO HIIES{'lll 10 80 ¡qt¡) 

4 ll" GllEI\Tim 11U\N 50 ~\ILES (80 !<M) 

?O 
ME TIIERE A.W 'ImlNICI\L OR VOCATIO"AL 
SCHOOlS IN '!HE CTI-i'WITY? 

E:YJ'ER 1 IF A.'<SWER IS YES 
ENmR. 2 IT N/S\·:ER IS NO 

?1 . . - ... 
Hl\5 'nill CO>t>:'v"NITY ArniE"Jill cnl?UISO.l'l.Y 
PIUM\RY EOOCATIO:l OF AT LF.ASr 6 YFJ\.RS? 

Dn'ER 1 IF ANS\\IER IS YES 
:ENI'ER 2 lF ANSi-vER IS NO 

?2. 
11M '!1JEI<E li.W rüRNTIL IN ~ERVICE 
'J'Il!IINH.'G P!(X;M':S llY EITIIZ!': 'IY.E 
GOVER\:'·!i:l\'1' OR U.:Ci\L I:-"OCS'I'R'i FOR 
'IHC;!R [Ml>W'l'EES? 

E:,-:'Eil. 1 IF i\:>15\·."SR IS ~'ES 
¡::,'l'E:R 2 IF 1\..'IS.\'¿:R IS NO 

" IS TI-!ERE A COLIEGE OR J.,":''IVEllSITY IN THL 

• 

I:NTER 1 IF M'SWER !S YES 
ENrER 2 IF J\NSI\'ER IS !>U 

?1 
· LOCS 'l1IC UNIVEI<SITY fL"\VJ;: A CHDUSTRY . 

DBPTIR17"1El.-1r OR U\l30Rl\'l"ORY? 

ENTCR 1 lF NJSWC!l. IS YI:S 
ENTCR 2 IF l\NS!t.'EH !S NO 

" IS UNr:MPl.OYMENI' \-JIDCSPRI'AD? 

umR 1 IF 1\NSV.'ER IS Yt:S 
i::1'.'TER 2 IF J\.,'ISI,"EH !S NO 

?1 
ME NNISOrrt SCRVIC'".oS HID:S:.Y AVAIIAIUE 
"IU Fi\Jt>iCRS FOil. CO.'fo.Ll"NITI' DEIF....l.O?:-:Em' OR 
POR O!HER PKGM'·;$ DE:Sl~ '!O liPG?.ADE 
T\iE SKillS .1\.'\"D D.'!..Isr T";:E PARTICIA'!'ICN 
<F THE Th...""W3ITM"TS?' , 

D.'l'ER 1 IF AKS¡..""ER IS YES 
D-.""TER 2 IF llNS';\!8R IS NO 

·: . 



26(. ·-

n 
DO H:JST COUEGE. OR IJN!V!::RSI'!'Y S'IUDEPl'S 
OF Tiill C(X>].llJNI'l'Y lillCEIVE THEB 
LDUCJI?IQ:.l IN !;'EIGl!llOR~ c:J:M1U"NlTIES OR 
1\!.IG!BORlNG COON'l'IUE:s OR OlHER FOREIQ; 
CXXJ.\-:illES"? 

D3R 1 lP J\:'$.\':i:R 15 YES 
~ 2 lF ANSI'!En IS 00 

?1 
't'J{f. l.EVFJ, OF 'T'JX1-N')T~ AWül".ABLE CAN 
GENEAALLY BE ClJISSIFICD AS 

1 

' 3 

' 
n 

Hl\ND 'IrolS ONLY 
MEClll\NICl\L 'l'COLS 
CHE:'1IC/\.L PROD:JCTS 
EUX.··rnauc 'J'l:OINOLOGY 

OClES T!!E ~ 0CHINA1E 'lliE U\DOR 
W'lluu:r? 

FNI'ER 1 lf' MSWEH IS YRS 
ENl'ER 2 IF ANSI"ER IS 00 

?2 
A!lE PL'BLIC DlPI.OYMD>.•r SERVICES READILY . 
AVl\.IIABLE? 

rnreR 1 lF Jl.'lSI-.'ER IS YES 
ENTER 2 lF ANSW"ER IS NO 

?1 
(OXJNT EACH "NO!' ~" 11..\lSí\ER 
UNE 1lS 1 A'JO EllO! ~II.VJ\IU\BU::• J\NSWER 
LINE AS O. :El."'ER 'ffiE stM OF THIS 
(XXMj'.) 

• 

;JO 
FO~ OPERl\TID:>l EQJir~!ENT HCW MJ\..W OF' 'niE 
FOLUloJll\~ J\l<E N01' AVA!LmLC IN 'l7IE 
CXl':il-;m;:l"l'Y? 

1 !·letcrs; "'<ltcr ¡ gas, tbenrostats 
2 Sheet netal -fabric.1tion, etc 
3 C:l~ges; v<>.='-""· fl~>". etc 
4 l..ill;(lrtcry o:r-!i¡r..em:; test ~ 
5 Port.:l.ble =~ plruJ.ts 
fi Elcctric =tors 
7 Pur.lps, fans, etc 

?2 
(COONT EACH "NOI' liVAII.J\BLE" J\NSWER 
LnJI:: J\S 1 l\ND EACil "AVAIIJ\DLB" J...'\IS\-IER 
J.INE 1\S O. EJ\"''ER '111E Sll!4 O;."> TI-liS 
CCUNl'.) 

FOR POCCESS i·~'\TERil\LS 1101 l>'J\.'I.'Y OF THE 
FúUO:VlU::: .1\RE l'Or GENEill\LLY li.Vl\111\DLE 
rn nm r.ocru. CD:-t·lüNl'IT? 

1 

' .3 
4 
S 
6 
7 

?3 

Pipe( cl<ly, u5kstcx;, ctr.le!lt, etc! 
Pip2( c.JSt iron, stcel, co¡:per} 
Concrete, ce:rent 
Valves, pi¡::e fittings 
'i'anks 
structural steel 
lirot excl' .. ¿mgers 

(COONT EACH ":-m AVAIL71Jll.E" ANSt·lER 
LINE l\S 1 11.'.1) EAOI "AVAIUIBU:" A.'lSYER 

LINE AS O. llil.!.-'1. TI!E 5'.1-1 OF THlS 
rom.J 



f'CR OPEMTI(N A.';D ~7\INI~.:.>YI._"JCE Si.JPPLIES 
!·.~l.!:0! 0!" T:~ ':":'~(' ::r~JG .~.PE ~!0T 
GL~N~Y i\\17\IU.I\U:: IN 1m: LCCl\L 
C:0:·:-~1-H'l'Y? 

1 
2 
3 

' 5 

71 

Silic<o. f;und arx:1 grnvel 
P.::dnt 
~;;:¡ter scaling canpouncl, e¡;:cxy 
Petrola"'ll 
Elcctricity 

(CCXJtiT E/\CH "tm A'/AlLI\BLE" 11!\SIIER. 
LTh"E liS 1 1\NO FJICII "liVli.IUIBLE" A'!S;,'ER. 

· Lil\1:: AS O. ENrER 'IJffi SUM OF THIS 
Cüllf,.'T.) 

FOR 0-ID-liC!IJ, SI.JT'P~TES flCW i"JINY OF THE 
FDU..O·HNG lll~ NOT GENCRI\LLY AVAUABU: 
IN ':'<!!': !JX:i\L ro-7--\V'NJTY? 

. 1 

2 

3 

ll.lttu i 11' 11\ ~ 1 fa te (AL2 (504) 3) ; 
íc>r:dc chlodtlc(FOCI.J); 
polyclcctrolytcs. 
SOOa t!Sh(Ni'12C03); 
activ.J.tcd cl'arcool; 
limc(CN)) 

Chlorine(CL2); 
ozonc(03); 
chlorindioxide; 
brcmine 

4 P.'ili; 

COFPCr sulfate(aJS04) 

ltiB 

1 
2 

?1 
USTh'(; D11Ti'l. ThlliC:i\TED BY TI!E PJM WA'I'Ek 
CO.i'.LITI SOCriQ;Ij OF Yctl Q:ESTilliAIRE 
A'lS\'>iill TI:!E FOL!..C'\,'Th'G C(J"ESTIONS 

D<'TER THE Nw.BER OF (l)LIFOrol EJ\CI'ERIA 
U·'<'N/1 00 ML) ** 

?SO 
O!TCR Tllli TIJRBIDITY (JACKSON 'IURBIDITY 
L<>!·rsJ ** 

?50 
EXIT.R Ti!E 1!1\.RD:-JBSS {11:,;/L} ** 

?100 
ENTER T!lE TOTAL DISSOLVED SOLIOS ('IDS) *; 

?1000 
E·h::.!'\ FE A.'\D ~~ (~z;j'L) ** 

?.5 
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. - ' 

'!1-!J:: LOC '•>Fl'ITR l\ND SOI'liGJ:: T%-'\TI·lf.l.."'' 
PlJ\,'-lr•Ut\'G ~úDEL 

FOil TIIE ca-J·ll.iNITY 
IN TIIE STNrE OR PRCNil'Cl': 0F 
IN TIE COln-ERY OF 
FOR 'Ií!E PiA'>NTh'G GIOJP 

P..\SEY".:JI.ll = 

S.'-'.i\LI..VILLE 
Kl>NSAS 

u" 
1980 

**** F.:.'TER T"rill NU1tJCR S 1\'HEN YOO WISH 
'IO OJNI'INUE**** 

?5 
*** SUI'I'1-!lLE WATER 'ffiF..i\'IMEN"I' ~ 
FOR ll4PIDSNATIC!-J IN ••• 1980 ••• *** 

FEJ\SIBLE 
POCCESS 
o::t-UllNJ\TIONS 

'" ws 

INITAL 
CONS'I'RÜCI"ION 
OJS'l' PATIO 
14.66 
17.GG 

AVEMGE 
Mi\ Ul1'ENI\NC1: 
OJST RATIO 
3.14 
7.13 

u•rnrcn S'l"i'l.~ YOO NISII'l'O CXNJ.Th'UE**• 

?S 

FEASIBU: TOrAL 
Pro:ESS COST RATIO 
CCMBrni\TlON 20 YEJ\R 

W2 77.53 
NS 160.23 

. ~ti\."JP{J¡\'ER 

l<E(On<rn 
UNSKIL SKIL PR? 

2 o . o 
3 1 o 

~ THE W:'I'EST 'lÓrAL COST RATIO IS 
W2 ATA 20 YEl\R SUM OF 77.53 

***ENTER 5 1-:HEN YOO WISH 'lD CCt.'TThVE*,** 

?5 

TI!E f'J0:::\:/1."1 11ILL t\"JJ' l'R:Q.El) UNTIL YOO 
HlliCII D: ll t\U>1BER FRCl't 'I'HP. I<EYDOMD. 

Pill\SC: l:.NJ"Eil TIIE Ni .. "1Ul::r< WlllOI !NDIC!I'I'C$ 
YOUR CJIOICTI 

0 Th"DIO\Tr.S Tlll\T YOU DO NOr WISH 'I'O 
USE "11!E 1..;\STE 'ffiEI\'IMJ:Nr SCCri0\1 OF THE: 
l·'OOí:.L. 

1 Th'DICl\TES 'IW\.í' YOU 00 WISH 'l'O USE 
THE \"Y'ASTE 'l'RVI.'lMENT SECriOO OF THE 

IXl YOO PlU!Oi'ER 'líffi DIUJ'I'ION Rli.TIO '!O BE 
3i'\SDJ 0N B0D O:l COLIFORN? 

B'I'ER 1 lF YOU PP.EF'ER TI-lE B0D BASE 
.:::TI"ER 2 lF YW PREFER TI!E COLIFOro:! BASE 
?1 

D.'PU'r 'Il!E DIIDrict~ RATIO 
?15 

*** SUITI\BLE \l'l\STE TREI\'IMEN.t' PRXESSES 
FOR TI·iP~TlCN IN ••• 1980 ••• *** 

ffi"\SIBLE 
p;n::¡;;ss 
CO:< JBINATIONS , 
" 59 
510 

INrmL 
Ca\STIUJC'I'ION 
COSr RATIO 
2.07 
18.2 
28.72 
37.14 

l·l'\J~\1\CE 

COST RATIO 
3.75 
16. os 
12.7 • 

. 21.92 



.' . 

TI-!C Pr,((;.c1l'.M \'ITLL NOl' PRCCr..'El) U>ITIL YOO 
PLII"CH lN A Nl.J:.OGER FHCl'' '11lC,KEYI30i\RD. 

PLT:'\SE DTmR T'rili ;...UlOSR i·;Hictl I~'DICATES 
YOOR CEOIG: 

O lliDIC:A'I'f.S TiiAT Y(JJ r;::: :."'O'l' :·liSH TO 
USE THE 1-u""\'IZR 'I'RET\'D'\Do'T SB:'I'Ia.l OF T"rtE 

mw¡:¡,. 

1 INDICA7=S THAT Y0U 00 í•i.rSH TO USE 
TEE 1·17\TER Ti<E.o\TYiEl''T SECriCN OF THE 
~OOEL. 

?1 

Th'TER TI!C h'l.IV.J3ER \'11!Cll CORRESPCNDS '1'0 
YUJR PllEF'ERENCE IN DISPLWING mE COST 
MTh 

1 RSP!<I:SD!T NO COST N'L'ILYSIS NECDEtJ 

2 . REPRESINI'S IlEl.J\TIVE COST PATIOS 
Jl¡'.SED o.;' U. S. OOU.'\llS IN 1978 PlUCES 

3 m:PRS....SN'I'S :ux:AL COSTS i':"HICH YOO 
MJST SUPPLY TO THE CO:.:PUTI:R AS !lATA. 
IF YCO CHCOSE 3 INSTRUCT!Ot-:5 WIIL BE 
DISPIAYED FOR YaJR DATA ENTRY. 

?2 

• ,, 
h!ifli DISCOUHT RATE fi!W TII~E SPAN WOULD· 
YOU L! KE TO USE H! TllE PRESEtH \fALUC 
CALCULATlUi:S? ENTER DATA IN THE 
FOLLO>iltlG FORt'.AT 

DJ SCOUNT RATE [XPI~ESS[O fiS A DEC!t'<Al 
VALUE (ENTER .0725 FOR A DISCOIJ:H RATE 
OF 7.251:.) 
TH[ t!Ui1.íiER OF YEARS TO RE USEO FOR 
THE DISCOUmHiG (20 FOR EXAi1PLE) 

••• NOTE ... 
JF YOU 00 UOT \~JSH TO DISCOl!tH THE 
OPERATION ANO 11A!NTEilANCE COST THHl 
ENTER THE NW~BER ZERO FOR THE OISCOUN7 
RATE. ENTER HIE NUMBER OF YEARS IN A 
NORr1,\l FASK!ON. 
A TYPJCAL DATA ENTRY >JOULD BE 

.• 0725,20 
?.0725,20 



Session 5.1 

Title: Land Application, Aquaculture, 

and On-sfte Treatment 

277 
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( exc:erpt from Chapters VI r I & 1 X) 

I. Aqua-Culture (pg 478 & 481) 

Objective: A. The primary objective for Aqua-Cultures i~ food production 
in developing countries. 

B. In the United States or developed countries, the primary 
interest is in the rooaval of suspended solids. 

C. Prcblem is that the guidelines that maximize fish production 
are not the same guidel1nes that would removea the 9rtatest 
~~ounts of contamlnates or suspended so11ds. 

D. Guidul ines: 

l. Maintain 3 p. p.m. dissolved oxygen. 

2. Elimination of toxic substances. 

a. ammonia 
b. sulfides 

J. ~\aintain proper pH, 

4. ~\aintain consistent "proper temperatures." 

5. Maintain proper biological balance that yields i!dequate 
q~antities of fish food. 

¡ 

• 



2Bfl-, 

· (Exa!71;¡le NI) 

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

l. Depth one to tHo and one-half feet 

2. Loadings of 800 to 1000 people per surface acre 
of pond. 

J. Oucks were used to l::eep the pond clear of weeds. 

4. One acre of pond produced 400 to 500 pounds of fish 
and 200 to 250 pounds of ducl::meat. 

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

Il. Lagoons 

tables text pg 453, 454, 463, 464, 470 

A. Example Oklahcwna Lagoon Projects 

B. Fi sh u sed 

l. Carp 

2. Goldfish 

3. Fl athead Mlnnow 

4. Gol den Shiner 

5, 81 ackbull Head 

6 •. Channel Catfish 

• • 
• 

• 

r 

.. 
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). Mosquito Fisl1 

8. Blue Gill 

9. Green Sunf1sh 

10. Large ~1outh Bass 

!1. Til opi ~ 

c. Six cell Lagoon 

l. first and second \;ere aer~ted 

2. The mean BOD removal level fran June to October was 95:/., 

-3. Suspended Solids removed 94:t 

a. effl uent 12 mg(l 

4. fical collfonn bacteria reduced fr011 3 x 106 to 10/100 ~1. 

o. GroWth rates in sewa~e-ponds in Oklahoma 

., 

l. Third Cell 
·Tilipia in 

an increase 
191 days. 

fran 1500 ~ 4300 lbs/per acre for 

2. Third and Fourth Cells Catfish lncreased from 600 to 4400 
lbs/per acre in 120 days. 

· 3. Fifth and Sixth Cells Shiners increased from 5 to 536 lbs 
in 120 days. 

4. The Tilipia will increase (4 to 5 times) more when fed grain, in 
the a:nount of 3% of their body wt/per day, as l'klcn fed ¡¡lgae, and 
(20 to 40) times more when fed on sewage effluent. 

'"' 



·E. F actors 1 nfl u e nci ng produc ti on 

l. Species of fish 

2. Age of fish 

F. lnco;¡e 2.5 c/pe.r 1000 gal. of sew~ge treated. 

Ill. Vascular Plants 

A. Water Hyacinth ~re a prime candidate for nutrient ranoval. 

S. Pl~nt production: can be used as rum1nant feed, or for methane 
production. 

C. Fish production can be used for animal feed and fertilizer. 

IV. Health Considerations 

·A. Potential health problems assoclated with flsh and shell flsh grown 
in a uastewater envirorment, 

S. 

l. Salmonella 

2. Polio viruses 

J. (OJ(SacU e viruses 

4. Shigella 

5. Cholera 

6. Enterp~thogenic Viral Hep~titis 

'"'' the Europe~n r;¡arket recanmendations were: 

1, That the fish grown in the waste11ater be pl aced in a fresh 
water environment fcr a period of two to three weeks prior to 
harvesting. 
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PIT lATiUN'E 

CQ.'.\ i'OSTH.'G P1T 

. ex~reta +~e\~ com¡:csl ~ ~ 

' reluse 
--.. ~ /' com¡:cst 

=g-y).~ 
to (l1 p-:lS ti TliJ 

BUCrTT \"IlTH AQUACULTURE or digestion 

·y¡"'"'~. --.::!" ,-ro '(:::~:-:J 

VAULT - refuse 
).. _r-ccmpost--..... 

~~ 
compostlng 

F••· '~· r"'..;,¡ t<l',....""•"' .r..,.,.,. ..aao dio;>oool•P'""'" 

(o)·~·"' oi¡h<ooil.,..,_ 

• 

• 

AOUA PRI'IY 181\SICl 
excreta + tiltle w•i"iir 

&~t.~F,:~~~::-~~JP'~II~I"~'"~'~-:~h,~ sa.1kaW3y 

AQUA PRIVY ISE!I·TOPPiflGI 
excr~ta • sullaJC 

~ ~----- • fluenl ~··· - ----,...- ..• -:., saabway 
~:- ... ;· 

AQUA I'RIVY ISElf·TOPPiflG ANO S[I',~REDI 
excreta + sulloge 

F.;i~~~-]--1-+e~nuent ~L=-_.·.--.------::.-.'-1 ~'o='"'""" ~ ' " 'G;o-@E! ~::.;. s-l:~~~~i~~ (X)nds 

POUR flUSH ANO SOAKA\'IAY 
excrela + tlu¡_h 

(b)"W<I".,,..., .. ,,.,....,. 



Session 5.2 

Title: Policy/Sensitivity Analysis Oemonstration 

Objective: The pur"pose of this lecture is to deroonstrate a 

sensitivity analysis approach to the selection of water/waste 

treatment technology. The demonstration wlll input a set of 

test data to the computer, and use that data in a sensitivity 

analysis frar.~ework. 

The goals of the lecture are: 

(a} te indica te the application of sensit1vlty analysis; 

(b} to reinforce the computer usage of the water/waste 

treatment selection model. 

'"' 



l'LE!\!:)1;; UtCX:b'E A S%TEM ~lJR 01\.TA INl'Ul' 
JS ro:u._a.¡s: 

D.'TER 1 IF YOO 1-m..•n D.'\TA lliPt.1I' rn 
SLCCRS OF CUESTICl'S, IN ~GLISH CNLY. 

PRESS RE:I'UI<N. 

E>"l'ER 2 IF 'iOO VOO..'T Dl.'iA INPl1i' BY 
SINGLE QUESTICN, IN Et-.'GLISH CNLY. 
Pl<ESS R<.---rtlRN. 

, 

Pl.TNCH IN DESIQI Ili\TA ID '111!': FOLII.l'IING 
FOR:-Í/\T : 

Y!:'J\..'q OF '11!E AVl\Ill\BU: POPUIJ\.':'ICN, 
rüPlJI.iTIO.-- VAI.lo'E lli TI-U\.T YEliR, 

FOPU!l,TI<N Gm·.TH IlATE EXPRESSED llS A 
rr::cr:•t'\.L {1.8), 

BASE T'cl\R OF DESIQI, 
PF.Cl:JECI'ID TEru1INM. YEI\R OF DESI~ 
?197o, 101s1, 1. 7 ;tseo,2ooo 

. ' 
' 

~90 

FUNCH rn I..CCATICN DATA Thl TI-lE f'::ll.I.CWm" 
FO!'!'~"\T: 1 

00·!:<1UNI'rY, 
sri\1'1': OR PRCNIN:::E, 

CDUN1'RY, 
PU\.~~ING GnJP 
?S!\.'lLLVll.LE, KJ\N.SliS, U S."., 
PLEASE INPUT D!\Ti\ Fl1Cr1 11!E CQESTIClNAIR: 
(SECTICN III L'illEI..."D SOCIC­

'IECHNou:x;ICAL !lt',Tl\ CUES'l-'ICNS 1 ~ 
19) IN '11IE F'CJLI.a'ITNG FOR.'\7\.T 

l'.U1ERIC CHOICE FCR CUESTiffi 1, 
l\1.D1EIUC"OIDICE F0R QUESTIO:;: 2,. EIC. 

liN EXAMPLE OF THE INPUl' DATA w:tJlD BE: 

3,2,3, 1 ,EIC. 

*** l,)J'J'E *** 

QUESTIOO 13 IS Nar lNCllJIJED IN THIS 
A"!ALYSIS. '1HE RESPCf:.:SE 'lO Q:rr.S:'ICN 14 l 
FC.UU~'S 'mE RESPOOSE 'lO CUEST!a.! 12. 
?3,2,3,3,2, 13,0, 1 ,2, 1 ,2,1, 1,2, l,2,2,1 -





"~{ 
lNPIJr DlDIGl:NOOS RESO'JOCE DJ\.TA IN THE 

ro.:.r.o.-:rm m""~'T 

O!."EP/1'1'10:-1 E(lJil'}liT\'T AVAIL'\BIL!T'i, 
P~SS 1-l''ITI:..'UI\LS r,VII\LI\3ILITY, 
G.::.:R\1'10.'1 ,Jt,.'D ~lo'Ji:ID:.."'.\KZ SLi?PL!ES 
!NAIZ..\9ILIT'l, 

Cí!C>:ICi\L S:.1PPLIES li\17\.IIIIRI!.IT;: 
CI'2'V:ill:..:ATER !\Vl\lVGILl'IT 

1 

*** ~:a.J'E *** 

ll'i!Aiil\.fliLITY IS DE'l'FI'J'.UNED BY J\DDING 
'lliE NUHJER OF ITEMS O!OCKED {NOT 
AWúilúl!..E). F0R EXi\SPLE IF' CQEST!(N 20 
1ro '1~~ I7E:'1S O.:EX::<\ED liS NOr 
AWillAilLE TriEN THS l'Ui!lER 3 \';oum BE 
I:n:i::RED AS O?EMTO.'I ECUIP~~ 
N.m..Ii..iilli.LI'IY. 

?2,3,1,2,1 

Th'PU'I' ll/\!\1 l"i!ITER QUALIT'l nATA (SEE: THE 
QJI'"..STIOVIIF.E PART IV) IN THE F0LIJ::WING 
FORH'\'1' 

!>"L'X3Ei\ OF COLIFOF:-1 BACTE..'UA, 
'1\JIBIOI'IY 1 

1-'o~\hD:<::SS, 

'!OI:lll. DISSO!.VED SO""....WS, 
fE 1'.\!:J M'/ 
?50,50, lOO, 1000,.5 

'" . ' 

TiiE PIU:m"\."l lm..L !\~ Pfm;w tNI'IL YOO 
I1.').'Cl! rn A N'..,."1!ER F?!l1 THE .KEYBO.\RD. 
PLEi\SE D."n:R THE NU:·!BI:R 1"1-!!0! lNDICi\TE.S 
YCX • .'H CHOICS ' 

0 lNDICATES '11!1\T YaJ DO !M' WHJ!! 'ro 
US.C 'lliB \"'TER THrAlMil~r SEC't'ION 01" '!'HE 
1-illZL. 

1 INDICATES T!ll\.T YOU 00 1'/ISH 'IO OSE 
'IllE WATER TREA'IMENr SECT!CN OF THE 
>OOEL. 

?1 

D.'TER '1111: l\'LM3ER l\'HIO! COt'1RESroNDS TO 
'.I.'OUR PRl.'l''ERI:'NCE; IN DISPLA~ T!-IE COST 

DA"ll"< 

1 RI:PRESENI' N:l C0ST 1\tW.YSIS NEEDC' 

2 Pl:.t>l1ESTh'TS REU1TIVE COST Hl\TIOS 
BI\SED 0..'1 U.S. OOL!l'IHS IN 1978 P!UCI:S 

3 REPRP..S=:m; .IJX:AL. <XlS!'S r;mor YW 
~lJST Slll'I'LY TO Tlffi CO.'I?ll'I'ER /'.S DNL\-•. 

lF YOU CHOOSE 3 ll-.'~'CI'ICNS I·IIL!. BE 
mSPIA."ED ro..":?. YaJR n.~.TA n."TRY. 
?2 



' 

h1!.I\T D!SCX\.1-;"I' Hl\'IE l.\'D TI.'-1!:: SP,'\N W)tJU) 

YCU LIKr:: 'm l'SE IN 'lllE P~ v;,w~ 
ü\é.ct.ru"\TICNS? Th"''ER Dli.TA IN 'I1!E 

FlJI.liJ·JIN:i FO!C·U\T 

DISCXJ!..J:<'l' R'1TE EXPRCSSED AS A DECD<\L 
'v?llJ .. i:S (L"\'TER .0725 FOR A DISCCU•:J' R'\'n: 
CY 7.25'L) 

TIJE t...U.S..."'R OF YEt\RS 'IO BE USED F0R 
DrSCOUNrll-lG (20 FDR D<A.'1PW) 

... 
lF YOO 00 l-YJI' \ol'ISH 'JO D:rso::Lcr.r' T!-3 
OPE!VWJCN l\l-!0 1-'.1\INTINl\:<CE cosr TI~ 

HJTGR 'l1Jr:: t...U·IlER ZEOO FOR THE OISc:.cü:\'1' 
R"\TE. DITER THE r:rc:-JER OF YV ... ~ m A 

NO!l.'-:;L FJI.SHI<X'l; 
A TYPICJ\L-DATA Eh"i'RY W0JI.D BE 

.0725,20 
?.0725,20 

'lliE lX t·~,':'ER J\ND SU:i'IGE 'I'REI\'1~0."!' 1 
rllii\'NTh'G l>DDEL 

FOR 'líiT: a:t·':.';'}:-liTI 
n: '11!!': S:i'..7E OR PR:JVI:\C::: 0:' 
IN TriE cot.'l\'l'kt OF 
FOR T;-::; PL'\..'\:'<Th'G GilCUP 
B1\SE:'iEAR = 

Sl.~:I.I.VI!.LS 

Ri'~'JS.'\5 

USA 

19BO 

294 

**** D."rGR TI-IE Nl.J:.:BER 5 ~'líEN YOU WISH 
'lO CQi,TlN'JlO:**** 
o-.o 
*** SUIT.;BLE 1•::\'IER ~'l!.:::;r PRX:ESSES 

FOH mP12-:íEW>.TICN IN ••• 1980 ••• *-u 

FEI\SIB.LE 
PFO:ESS 
CI:'t-IDINl'ITICNS 
en 
16 

DUTJ\L 
Cú'<SI'RI.A.."'''CN 
COST RIITIO 
14.65 
17.66 

;,vr:?J\CZ 
~ 
COST RATIO 
3.14 
7.13 

*HD.'I'ER 5 W!!EN Y00 ~'ISH 'IO CCNTDIDE*** 
?5 

FEi\SrBLE 'l:úfl\L 
ffiCCESS COST 1~\TIO 
Q)YEINM'ICN 20 YEM 

h'l 77.53 
1</5 160.23 

:-wWCl·:ER 
!lE(!JlRED 
WSKIL SKIL PFOF 

2 o o 
3 1 o 

THE W.•iSS'r TOTJ\L COST RATIO IS 
1\2: Kr A 20 YUI..~ stN OP 77.53 

' ***D."''ER 5 WHEN l'OU WISH 'IO cc:t-'l'INUE"':*" 
?5 



' 

'I1U:: l'IlOJ!ll\.'1 \f.[LL NCf1' m::X.:L;.on ill.'"l'IL YOO ?. q 5 
Plliell m !'1 Nt..MnEn FTa1 '1M~ KEYOOJ\Il!l, . 

PI.E.riS!:: Dl'l'ER 'UIE t~..!-:BER 1\HICH INDICATIS 
\"OUR Cl!OICE 

O INDICATI:S TIIJ\T YCU 00 l!Or ~IISH TO 
lEE '111E WliSI'E 'l'Rl'!l\.T.-'l:NI' SfX:TICll OP THE 
~DDEL. 

1 INDICATES THli.T YOU 00 ¡..'IS!l TO USE 
'll!E I'LiS'l'E TRE:A'rNINr SECI'ICN OF TIIE 
MJOCL. 

?1 

00 YOU Pru::FER mE DIIJJI'ICN RliTIO TO BE 
B".SED ON OOD OR COLIFOHM? 

0-."TER 1 IP 'lOO PRE::ER '!?.E: SXl BJ>SE 
B:.;rr-;:.R 2 lF yqJ PREFE.'1. THi:: COLiroRM BASE 

?1 

~ 'l'HE DIIDl'lOO RATIO , .. 
' . ·' 
*** SUITABLE V.TN;rc 'l'RE!I.'lt•Ja;r P!ICCESSES 
POR L"'IPI.D-IENATlON IN ••• 1980, •• *** 

""5IBLE 
=s 
o::t-1BINATICNS 
Sl 
54 
59 
510 

nnTAL 
CD<Sl'RIJCTICN 
rosr Rli.TIO 
2.07 
18.2 
28.72 
37.14 

l.VE!WJE 
M'iiN'L'I:Nll.'lCE 
cosr Rt"\TIO 
3 • 75 
16.05 
12.7 

.21.92 

***L."'ITER 5 t..1ffiN YCIJ WIS!l '!O CONTlNUE*** 
?5 

FE1'.SIBLE 'IUI'J\L 
~S COST RliTIO 
a:t<HN!\TICN 20 YET'IR 

53 76.99 
S4 339.19 
59 262.68 

S10 475.44 

~/.t-'ro\"ER 

IID:tHRED 
UNSKIL Si<IL PFDF 

2 o o 
2 1 o 
3 1 . : o . 

' 2 o 
'!HE w~ '.rCl'mL rosr mTro rs 

S3 Kr A 20 YEA.l"{ stM O? 76.99 

***ENTER S W:~ YOU WISH '1'0 CONTINUE***· 
75 . . 



¿._ ? l ' 

I.O YO"J h":IS!-l 'IO L'Sf: Tlrr:: S2·lSI'I'lVITY 
11:0:.'\.SYSlS SIX:'l'lü:'; OF T!E !-DDEL? 

DTER 1 IF YCL'R .n.:;s;,'ER IS YE5 
l:Xl'S..'l. 2 IF YOUR ANS':\ER IS r.:ü 

?1 

B..~ED cw TJJE socro-mcmJOLCGICJ\L DATA 
wrrca YCU BITE.".ED AJ30\7B THE l.oDEL P.l'S 
::E • .::...V.IN:D 'IHE FO!.I.aYDIG 

... 

oruc:m;u. urcr.A 

STL = 3 
lR'lS!ULL.SD = 1 

SlULll.:U = 1 
PmFESSiamL = O 

* "*' 
1 !ol!':II..'<S 'I'HE Pl\Ri\~·::.7ER IS AV?II!JIBIE 

O J.LJ\.>.,'S THE PARtl!o.::.'IER IS t::or AVAIIA3LE 

D.~ 1 IF YOOR .il.!\S~SR IS YES 
E:ITER 2 lF YOOR ANS..;ER IS 1\'0 
?2 

;).18 
!ll\SC:O OC< TIIr: I!llJIGE:\:JUS f(ES(;URCE 01\.T;\. 

\'JJICH YOU D.TEIIED l\IlOVC THE M'XlEL !-!AS 
r.crr.:n:~J~m Tlill FOL' o;,'ING 

O:UGn&L U\Tl~ 
IESOUhC.E ]:ITS O=NJ 
'IYPE AViUll.:SIU'l'Y 

OE 1 
I'.'! 1 
a' 1 
es o 
a.:·: 1 

•• """* .. * * ........ 

00 YOO l'IISH 'IO a:. :m 'I'I!E A%TIABILITY 
{F TllE JIJJOVE ffiSOUHCES(1"'YES 2"N0)? 
?1 

G't:JVWICW E>;::Ul~:t::!'(CE) =1 
rruxss ~;Nmltli\LS (Pl·!J =2 

O'Ll~',TION & ¡..~"\1Nl'B1N''CE Sl.JI'PLIES(OM$}=3 
01!1·liCl\L SUPPLlES (CS) -=4 
G'..c>-'""-'"""'''ll:R -'<\17\lL\BILITI' (GI'I) :5 
FN.U:::R nm l\U:·3ER OF 'l'EE: ~ h""HlCH 
10\.l lf!Sil Tú OJA..'OGE(OB=1 ,W.=2,ETC.}. 
?·1 
INPur CS AWill..'\BILITY 
?1 

C'<E"ti' DATA 
IESOU<CE 1='r.""ES 0"':-.'0 
T.I"PB AVAIIABILI'N 

CB 1 
Fl·l 1 
a.:s 1 
C5 í 
GW 1 

A>rn'"dER CHA,.>.,'GE (1='iES 2=1\'0)? 
?2 

1 



P,"'\Slli CN TILS f'i~·) \\,\TER QUlU.ITy n.~A 
l\l:iiC:l YO"J E\"1';0~ JI.BfN?, T"~ ~ !!.~.S 
1X:mr:.u:;.:m "?:..;:¡:; :C:.:.O:·:D:G 

OfUGTh.Tl\L I:V.t'l; 
i'i\PA'2I'ER LE.'.'EL 

CO!..IFQit-1 
':",Iil!JIDITI' 
lll\.¡l!Y.\'ESS 
TOS 

fE & ~IN 

50 
50 
100 
1000 

.S 

D!lllriCN 15 
"****•~******* 

1 = NVl\IU..BLE O = N01' AVAilABLE: 

00 YOO l'JISH TO Q!/',..._GE T:-s !.EVZ:L CE' 
;.::n.>E, PliPA'.:.".:..'tS(l"'YES 2=:;0)? 

TI!E 

?2 

T:.-J:S POCGR?;;.¡ \l.'lLL NOI' Pro:EID L~'l'IL YCU 
RI\CH 1!-: A N"3-3ER FFG1 TrS ~. -
Pl.EP.sE Et>"l'SR T"tíE NliHBER 1-.'HIC!I INDICATES 

YOUR CllOICE 

O D-IDIC'\TES Tdi\T YOU 00 1\'0r 1-IISH 'ID 
UiE T!-:r! \-:<\"TI:.~ TilENl!'~'"I' SECTICN OF ?CB 
MXlE:L. 

1 11\'DICJ\.TES THAT rou 00 WISH 'lO USE 
'IHE HATER TREA'I!G\'T SEC'I':rCN (lf' 'I"dE: 
1'-!JDE:r... 
?1 

' 

30" 
2:-I'ER TJ!E 1\D::B.ER \1'1UCH CORRESPO:illS :") 
YOOR PREFERENct; IN DISPLWING THE COST 
DATh 

2 l<EPRES3;"TS REI/ITIVE COST .R\TIOS_ 
R"SSD CN U.s: OOil.ll..."ll.S m 1978 PilleES 

3 REPilESD<'I'S I..O:i\L COSTS h'HICH YOO 
l>UST SUPPLY 'ID TJ-IE CX:HPlrl'Im AS DATA.. 
lF YOO C!ICOSE 3 WSTRUCTICNS 1-ITLL BE 
ffiSPI.AYED FOR l:OOR D.liTA ENI'RY. 
?2 

1·:'!-'.J"\T DISCCtL';r' AATE !\.'m Tn-lE SPA"l \\U.li,J 
'r'CU Lli:E 'ID USE lli 'lilE PRESEZI.T \11\U..'E 
C\U:l.JL"\TICX'!S? FJ,'TER ü"\TA IN 'lHE 
FOLLOdTh':> FOR:·71.T 

Disc:ou¡...'l' PAT.i': EXPRESS!:D AS A DECJl.lhL 
W.lli"E: (ENIBR .0725 FO::< A DIS::X:X.,"l>'T R~: 
CF 7.2St.) 

THE r,~ O? YEr<RS 'IO BE Us:E:O FOR 
illsa:xlNTING (20 FOR EX1L'PLE) 



.. , 
IF YCIU 00 NOT l"i'ISH '!O DISC'.l)(Jt..'T TllE 

a_:o.s¡>.ATICN N-:0 !·~1\I:?lrR'I,XC:: CDST Tr~ 
l::ill:.R. THE !>.1....":t!ER 2.E!ú FOR Tr!E DISCXlti!\'T 
R1TE, D.'I'ER T'dE t-1J:-.3ER OF YEi'lliS IN A 
I\OR".'IL I'li.Slli0.'\1. 
A TYPICAL DATA EN'I1lY 1UJID BE 

.0725,20 
?.0725,20 

THE illC l~ll'rER M1J $E.W;GE TllEA'INENI' 
PIA'lNTh'G ~OOEI. 

FOR '!HE ca:-::.R<rTY Si'NLLVILU: 
IN TJr=: ~;·.rliTE OR PROVD:C: OP KA.'"SAS 
IN 'I'HE COUN'l'RY dE USA 
FW. '!HE PlA.\::>'ING G!U.r"P 
~'EAA .. 1980 

' 

,o, 
**** ENl'ER '.!'HE NIJMBER 5 \\~!EN YOU \{!SI! 

ro CCt>'l'Th"lJEh** ., . 
·' *"* SUIT/\BLE ll7\'rr'c.R TREA'It~ PRCCSSSES 

::C:<. l:·:PLE!·G-<liT·IUN lN ••• 1980.,.*** 

rn-..smu: rniTAL J\\ll::R/\G;'; 
¡¡~S <."0:-lS'rnl.JC'l'IOO ~-'I."CE 

c:t·íalliA'fiCl!S COST AATIO cosr R;TIO 

'.".'2 14.66 3.14 
"15 17.66 7.13 
":16 29.74 16.06 
W7 17.6 9.66 
~!B 20.6 13,64 

"**INI'ER S h'IIEN 'iOU WISH 'I"O o:NrTh'UE*u 
?S 

FEllSIBLE """'" Ml\."WW;'IER 

=s CQST R7\.TI0 "'C<Jiru.D 
W·IDINATIOO 20 ~ UNSKIL SKIL P!a' 

'" 77.53 2 
\'i':i 160.23 3 
1'/6 351.04 2 
m 210.77 3 
\•:S 293.47 4 

'lliE I.CX€ST '!Ol'AL COST PATIO !S 
Yi2 K1 A 20 YEAR. SllM OF 77.53 

o o 
1 o 
1 o 
1 o 
2 o 

*"~ 5 ~ YOO 1-JISH 'lO cn."l'Th"üE*""" 
?5 

003 

TI!8 PIICGR/\.."1 I'ITLL NDr PR:X:'Til Ut;::IL "0. 
r\l:CC'l L'J ,, l'.'L'!·lli:R FR:::%-1 TI!.E J<CiU')r,_~. 
IFLE.r"IS!:: Er\'TER TitE NW-!13ER i\HIQl IN!.:JIC.i\':'~.' 

'.tú'JR a:orcr: 

O IND:iCATI:S 'ilil\.T YO'J !Xl IUI' wr.s::..¡ 'I( 

lEE TtlE l-IASTE: 'l'RFJ\'INU:l' srr:.J'IOO CF TF....: 
~t:::rer.. 

1 DmiCATES 'TI!AT YOO 00 NISH 'IO tl.s::: 
'JHE \'ll\STE TREA'INE':t''I' SE:::l'ICl'l 0F '.!F..::. 

""""· ?1 

*** SUITABLB \'l'"ISTE 'mEA~"!' l?fi:::X:E:C:OC..i. 
FOR L'W~CN IN ••• 1980 •• ,'*"* 

FLAS!BU: miTAL ll.Vf:i-:AGB 

Pro::8SS CD.'lS'i'RLJCI'IOO ~11\ IN'::::EN..!¡! ::::: 

W·!SINATIONS COST R.\'l'IO COST :N>.T:O 
S3 2.07 ·. 3.75 
S4 18.2 16.05 
59 28.72 12.7 
510 37.14 21.92 
S14 9 10.95 
S15 25 23.25 

"**~ 5 1-'lE-2'1 YO'J I'USH 'tO c::ct.'::n.'UE*" 
?5 
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EXPERIENCIA' EN EL' TRATAMIENTO DE AGUAS RESIDUALES EN ME:OCO 

I. INTRODUCCION 

1.- Uno de los parámetros de cuantificación y control de la con 

taminación del agua que más atención ha recibido en M6xico 

y en otros países, ha sido l.a Demanda Bioquímica de Oxigeno 

(DBO). En base a este parámetro se han llevado a cabo num~ 

rosas actividades, tales como estudios de monitoreo, aplic~ 

ciones de inodelos de simulación digital, estudios y proyec­

tos, COI!strucci6n de plantas de tratamiento ·de aguas resi­
duales, planeación de la administración del manejo del agua, 

establecimiento de normas para cuerpos receptores y enseña!! 
za e investigación en los centros de educación superior. 

2.- Esta situación se ve reflejada en la mayoría de los sistemas 

de tratamiento de aguas residuales,municipales que existen 

en México, los cuales han sido diseñados para remover princi 

palmcnte la materia orgánica, medida a través de la DBO, co_!! 

tenida en las aguas residuales. La razón de que exista una 
tendencia a implantar este tipo de sistemas es obvia, la tec 

nologia para el control de la contaminación del agua que se 
está aplicando ha sido importada de otros paises. 

3.- Sin embargo, las condiciones en México difieren considerable 

mente de las que prevalecen en los países donde se ha origi­
nado y desarrollado dicha tecnología. 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 agrícola en las ~rcas rura 
les circunvecinas a los centros de población. Esta práctica 

se ha venido efectuando desde hace muchos año,s, por lo que 

dicha situación implica la necesidad de plantear alternativas 

de solucHin apropiadas para controlar las descargas de aguas 

residuales municipales. 



4.- En este trabajo se hace un análisis del inventario de las 

plantas de tratamiento de aguas residuales construidas en 
el país, incluyendo tipos de procesos seleccionados y los 

objetivos para los que se construyeron dichas plantas. Tam 

bién se consideran las condiciones de operación y manteni­

miento. 

5.- El enfoque del trabajo esta dirigido a plantear la problem! 

tica que presentan los procesos de tratamiento orientados a 

reducir la carga orgánica basada en la DBO, cuando son apli 

cados en los casos antes mencionados y proponer áreas de in 

vestigaci6n que permitan desarrollar una tecnología que se 

adapte a las condiciones y posibilidades económicas de la 
mayoría de los munic~pios. 

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

1.- El programa para el control de-la contaminación del agua en 

Mi!i.x:ico se fundamenta en los instrumentos jurldicos siguien­

tes: 

a) Ley Federal para Prevenir y Controlar la Contaminación 

Ambiental (Marzo 1971) 

b) Reglamento para la Prevención y Control de la Contamina­

ción de Agua (~1arzo 1973) 

e) .Ley Federal de Aguas 

d) Ley Orgánica de la Administración Püblica y Federal 

e) Acuerdo del C. Presidente de la República en el Diario 

Oficial de lu l'ederación el dia 21 de febrero de 1977, 
que determina la competencia de las dependencius federa­

les involucradas, 



3. 

2.· Hasta antes del mes de marzo de 1973 cuando entró en vigen­

cia el Reglamento para la Prevención y Control de la Conta­
minación de Aguas, la legislación 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
sisten en: 

a) P~t.imVLa: Etapa. Inventario (registro) de las descargas de 

aguas residuales provenientes de los usos municipales, in 
dustriales, comerciales, agrícolas y pecuarios, con cxceE 

ci6n de las provenientes de casas habitación. 

b) Stgunda Etapa. Realización de las instalaciones para tra 

tamiento indicadas por los responsables de descargas en 

los informes preliminares de Ingeniería (IPI), de tal for 

ma que todas las descargas de aguas residuales no sobrepa 

Sen los límites de los cinco par:imetros (pH! t~mperatura, 

grasas y aceites, materia flotante y sólidos sedimenta­

bies). 

e) Te.llC.tlla. Etapa.. Clasifi'cación de los cuerpos (receptores) 

de agua del pa!s en función 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. 

3.- El llevar a la pr!ictica el plan anterior implica un gran es­

fuer~o y tiempo. Se requiere estudiar y analizar el compor­
tamiento de un gran número de cuerpos de agua· que existen en 

cerca de 220 cuencas hidrológicas <.lel país. Una investiga­

ción realizada(¡) respecto a la cantidad de descargas de a­

guas residuales en el país con el fin de estimar el número 
de registros esperados indicó las cifras mostradas en la ta­

bla 1 . 



4. 

ORIGEN DE LA NUMERO DE 

DESCARGA DESCARGAS 

Industriales 120,000 

Poblaciones 1 '90 o 
Servicios 80,000 
Comercios 71 '1 00 

Agr!colas 27,000 

Total 300,000 

Tabla 1. Estimación del Número de Descargas de Aguas Residuales 

en México. 

!l. DISTRIBUCION DE LA POBLACION 

1.- El crecimiento de la población el pais es de 3.5\, lo que 

implica que de cerca de 70 millones de habitantes que actual 

mente (1980) tiene México se pasará a 135 millones de habi­

tantes en el afio 2,000(•). En la Tabla 2 se muestra la dis· 

tribuci6n de la población y el número de localidades en el 

pais, de acuerdo al IX Censo General de Población de 1970( 5 ~ 

RANGO DE POBLACION TOTAL NUMERO DE 

POBLACION (millones do hab.) \ UOCAI.IDAOES 
(hab.J 

2' so o 19.9 41.3 95,410 

2' 500 . 10,000 6. 6 1 3. 6 1 , 4 7 G 

10,000 . 50,000 4.7 9.8 251 

50,000 ·100,000 2. 1 4 • 4 30 

101),000 ·R60,000 6. o 1 2 . 4 61 

. Monterrey, N. L • o. 9 1.8 

Guadalajara, Jal. 1 . 2 2.5 1 

Distrito Federal 6.9 14 . 3 

~ 8. 2 1 00. o 97,228 

Tabla 2 • Distrihuci6n do " Poblaci6n y Número do localidades o" 
M~.x ico. 
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IV. INFRAESTRUCTURA DE AGUA POTABLE Y ALCANTARILLADO 

1,- En un estudio( 3 )reali~ado en 314 ciudades de más de 10,000 

habitantes, que en forma· agregada sumaban una población de 

21.0 millones de habitantes (excluyendo el D.F.), se encon· 
tr6, que el 98.4\ de dichos asentamientos contaban con agua 

potable y el 80.4\ de sus habitantes recibfa este servicio. 

Por lo que respecta al alcantarillado se determinó que el 

87.9/ de estas localidades tenía servicio, beneficiando al 
60.9\ de sus habitantes. En las pob1acioncs menores de 

10,000 habitantes estos porcentajes se reducen considerable 

mente. 

2.- La dotación media de agua en los sistemas de abastecimiento 

municipal del país es muy variable, va de 100.0 a 450.0 

1/hab./dia. La distribución de dicha dotación(•)se ejerce 

en los usos dom€!sticos (81.0\), industrial (3.0\) y servi· 

cios públicos {10.0\). 

3.· En el pa!s se generan del orden de 75.0 m1/seg. de aguas re 

siduales municipales. Asumiendo que el año 2,000, el 80\ de 

la población cuente con servicios de alcantarillado, enton· 

ces se tendrá un caudal descargado de aguas residuales de a· 

proximadamente 295.0 m1/seg. (•). 

4.- La situación antes descrita, aunada a la problemática que 

presenta el gran número de localidades menoies de 50,000 h!!_ 

bitantes cuya infraestructura para estos servicios es mucho 

más limitada, demanda una considerable inversión económica 

en los próximos años. 

V. INVENTARIO DE PLANTAS DE TRATAMIENTO DE AGUAS RESIDUALES 

1.· A través de un análisis del avance en la construcción de 

plantas de tratamiento de aguas residuales en México, se 

puede observar que este aspecto do saneamiento ambiental no 
' 
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no ha recibido la atención que en otros paises ha tenido, 

En la Tabla 3, Se muestra un inventario, si bien no exhaus­

tivo, de las obras realizadas en México. 

2.- En dicho inventario se han identificado 70 sistemas de tra­

tamiento de aguas residuales, cuyo diseño, proyecto y cons­
trucci6n ha estado a cargo de dependencias oficiales, tales 

como ODF, SARII , SSA y SAHOP y empresas privadas. En su ma 
yor'ia, estas plantas fueron construidas en el periodo de 

1960-1970. De los procesos empleados en dichos sistemas, 
27 tienen algún tipo de lagunas, 22 son de lodos activados, 

16 tanques Imhoff, 4 filtros rociadores, 3 sedimentadores 

primarios 1 zanja de oxidación, 1 fosas sépticas y 2 emiso- · 

res submarinos, tal como se indica en la Tabla 4. Además 

se hnn detectado mlis de 35 proyvc:tos, (? ¡~)en los cuales se 

incluyen 27 procesos de algún tipo de lagunas. 

3.- Es interesante destacar que en el Arca Hetropolitana de la 

ciudad de México se ubican 9 plantas y en la ciudad de ~lon­

terrcy, N.L. ellisten S instalaciones de esta naturaleza. 

De las lO principales poblaciones fronterizas con los Esta­

dos Unidos, 14 cuentan con sistemas de tratamiento para las 

aguas residuales. 

4.- Existen varias razones a las que se le puede atribuir el r~ 

ducido nú~ero de plantas de tratamiento en el país, entre 

los prir1Cipalcs motivos se pueden mencionar los siguientes: 

a) Carencia de instrumentos jurídicos para controlar las de~ 

cargas de aguas residuales hasta 1973 en que entr6 en vi­

¡¡or el Reglamento para la Prevención y Control de la Con­

taminación de Aguas. 

b) Costos de construcción y operación de las obras de trata­

miento de aguas residtwlcs. 
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e} Falta de una planeaci6n a nivel nacional al respecto. 

d) Fuentes de financiamiento para este tipo de instalacio· 

"" 
e) Falta de orientación sobre la tecnología disponible por 

parte de los responsables de descargas de aguas residua­
les. 

f) Desconocimiento del problema que ocasiona la descarga de 
este tipo de residuos por parte de las autoridades muni­
cipales. 

S.- Esta situación ha ocasionado que sólo se construyan obras de 
esta naturalen ctiando los efectos son palpabl.es (molestias, 

daños, etc.), y la presión del público o de alguna dependen­

cia obligada a las autoridades a instalar los dispositivos 
de tra 'tamiento. 

6.- Hasta ahora solamente se han descrito las obras construidas, 

independientemente de su funcionamiento. Es importante que 

muchos de los sist~s de tratamiento citados es tan siendo 

operados en fo"rma inadecuadas o han sido abandonados.( 7
'

11 ) 

7.- La mayoría de las plantas de tratamiento municipales han si 
do dise~adas para controlar la contaminación del agua (75\ 

del total inventariado). En algunos casos, como ocurre en 
los sectores industriales y oficiales, la finalidad de. las 

plantas es el reuso del agua en las actividades industriales 

y en el riego de ~reas verdes. En una investigación realiz~ 

da por la SARH en 1974, se encontró que con excepción de las 

plantas cuyo objetivo es el reuso del agua, un gran número 

de instala~iones carecen de una adecuada organización para 
su administración, operación y mantenimiento, presentando ba 

jas eficiencias de tratamiento y demandando trabajos de reha 

bilitación en sus obras y equipo. 



8.- En algunos centros de población se observa 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 menor que el estimado 

para su diseño, 

A falta de flujo, el agua residual se estanca en las unida­

des de tratamiento, evaporándose e infiltrándose. Cabe mcncio 

nar que en 6 plantas, se encontró esta situación. Se ha.de­

tectaCo que el 11 de los sistemas de lagunas se encuentran 

en operaci6n sin control, sobrediseñados o abandonados. Por 

lo que respecta a los tanques Imhoff se observa que 11 unida 

des presentan condiciones similares a dicha laguna, 

En este último caso, uno de los problemas que se presenta -

con m~s frecuencia es el manejo y disposici6n de los lodos 
acumulados en los tanques. 

9.· Se considera que el prlncipal problema del deficiente funcio 

namiento de los sistemas municipales de tratamiento existen­

tes en el pa{s radica en el área administrativa, de donde se 

originan las fallas de operaci6n y mantenimiento 11 . 

'l. PROBLE.'tATICA MUNICIPAL EN EL CONTROL DE DESCARGAS DE AGUAS REST­

DUALES 

1.- Las actividades que se desarrollan en los centros urbanos re 

quieren del suministro de una gran cantidad de bienes de co~ 

sumo, que se generan en parte en las zonas rurales dentro de 

los municipios, como son el agua, alimentos, J~aterii!S primas, 

etc. A cambio, dichos centros desalojan una gran cantidad 
de residuos, tales como aguas residuales y desechos s61idos, 
que por su carácter indeseable, ~on transpor~ados y deposit~ 
dos en las áreas rurales circunvcncinas. 

2.- Uno de los problemas más graves que afrontan los municipios 

• 
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es el manejo y disposición de las aguas residuales, Se ha 
. (>1 11) estimado ' que para controlar las descargas de aguas 

residuales municipales de cerca de 291 localidades (ubica­
das en los 2,388 municipios que existen en el pa!s) que 

cuentan con sistemas de alcantarillado y exceden los límites 
permisibles de los cinco parámetros que marcan el Reglamen­
to, se requiere establecer ptantah de t~atamiento p~ima~io 
que implican una inversión en construcción y equipos de 
aproximadamente 500 millones de pesos a precios de 1980. 

~.- En 1970 se habían identificado únicamente 40 plantas de tr~ 

tamiento municipales en un total de 331 poblaciones mayores 

de 10,000 habitantes, Por otro lado, en estas localidades l 

se e~contró que solamente en el 77.6\ tenia establecido el 
cobro por el servicio de alcantarillado, del cual el 64.0\ 

lo obtenia únicamente al realizarse la conexi6n. 

4.- En general, la evacuación de las aguas residuales municipa­

les se efectúa a través de un cuerpo receptor (río, lago, 

mar) que provee un medio de transporte para alejar estos r~ 
siduos de las áreas de asentamientos humanos. En un consi­

derable número de casos los sistemas de dr~naje municipales 

se conectan a dichos cuerpos receptores a través de peque­

ños cauces naturales. 

S.- Desde hace varios años, se ha venido incrementando en el pa­

is la práctica de irrigación agrícola con el empleo de las 

aguas residuales municipales (crudas o tratadas) en las to­

nas rurales aledañas a los centros de población, interccp· 

tlindose los escurrimientos de los cauces naturales antes 

mene ionados. 

6.- En un estudio 1 llevado a cabo por SARH, en 1975, en 314 Clu 

dadcs con más ile 10,000 habitantes, se determinó que en ccr 
ca de 100 localidades se estaban utilizando las aguas rcsi-
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duales muni~ipales para el riego agri~ola, A continuación 

se mencionan algunos de estos sitios: 

Cd. Juárez, Chih, 
Ojinaga, Chih. 
Piedras Negras, Coah. 

Cd. Miguel Alen§n, Tamps. 

Naco, Son. 

Celaya, Gto. 

Toluca, Edo. de Mi!x. 

Durango, Dgo. 

Reynosa, Tamps. Querétaro, Qro. 

Ensenada, B.C.N. Cd. Cerd:in, Pue. 

Cd. de México Tula, Hgo. 

Valle del Mezquital, !lgo, Cd. de México, D.F. 

7.- Otra práctica que se está efectuando en el país es la des· 
carga de aguas residuales al mar·. Tales son los casos 'de 

la Paz, B.C.S., Empalme, Son., Gua)'lllas, Son., Puerto Vallar 

ta, Jal., Veracruz, Ver. y Acapulco, Gro. 

8.· 'En algunos lugares, la escasez del recurso agua, ha obliga· 

do a las industrias y a las autoridades municipales a esta­

blecer sistemas de reuso del agua, aprovechando las aguas r~ 

siduales municipales. En esta situaciGn se encuentran las 

ciudades de México, D.F., Monterrey, N. L., Sal tillo, Coah, y 

~!onclova. Coah. 

ALTERNATIVAS DE! TllCNOLOGIA DISPONIBLE 

1.- Tomando en cuenta las condiciones socio-económicas que ac· 

tualmentc prevalecen en México, y los valores m5ximos toler~ 
bles para los cinco parámetros estipulados en el Reglaml:nto' 

para la Prevenc.ilín y Control de la Contaminación de Aguns, 

la selección de alternativas de procesos de tratamiento de 

aguas residuales municipales, deberá tener como objetivo el 
remover principalmente los sólidos sedimcntables, materi:<les 

gruesos y flotantes y grasas y aceites. Por investigaciones 

realizadas en la calidad de las aguas residuales de numero­
sas localidades, se considera que los parámetros de tempera-

• 
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tura y pH no exceden dicha norma excepto en aquellos sitios 

donde se localizan industrias que descargan a los sistemas 
de alcantarillado municipales. 1

' 

2,- Las alternativas a considerar deber/in implicar bajos costos 

de construcci6n y simplicidad en su mantenimiento. Además 
deberá efectuarse un estudio de impacto ambiental que eva­
lúe 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 lmhoff, 

sedimentadores primarios, lagunas de oxidación, lagunas ae­

readas y zanjas de oxidación. En la Tabla S. se muestran 

algunos criterios para la selección de los procesos de tra­

tamiento, 

VIII. PROBLEMATICA DE LOS PROCESOS DE TRATAMIENTO BASADOS EN LA REDUC­

e ION DE LA DBO 

1.- A través del parámetro de la Demanda Bioqu!mica de Oxígeno 
(OBO) se puede medir indirectamente la concentración de mate 

ria orgánica biodegradable contenida en el agua, que define 

la cantidad de oxigeno requerido para la respiración de los 
microorganismos responsables de la estabilitación de la mate 

ria orgánica en condiciones aerobias. 

2.- Este índice ha sido extensamente utilizado para cuantificar 

el grado de contaminación del agua. Dado que la degradación 

de la materia orgánica se pueden efectuar en forma natural 
(autopurificación) en los cuerpos receptores o en forma arti 

ficial en las instalaciones de tratamiento, este parámetro 
ha sido empleado también para evaluar la rapidez y eficien­

cia en que se lleva a cabo dicloo proceso. 

3.- Un alto porcentaje de las aguas residuales que se generan 
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Sed~rnentaclor Primado Remoción ,. "" 1>1 RejHlu y 
pr1mario desarenador B•joa 

La9'""" da Secundario li«"""ción o. "" ' ow. Dig•Ut10n '" Ninguno Bo.jo• 
Oxid"c10n ¡odoa . . 
Lequnas d& Secundario RemociOn '" "" ' DBO. DigeHi<ln '" Ninguno B•joe 
<;Habiliución lodo a 

u.nJU "" Secunoarto Remcción o. '" fle;Jillu, MecUo• 
Oxid~dOn "-e•areno.dcr 

y ~edl.Joenta 
dcr pr;Uoar'I:c{Jl 

La9unu Ae~eadas SecundariO Rernoc!On de DilO 1\ejHlu, 
M~d~oo desarenadcr 

)' ~edJ.mont!)_ 

(lor pr:iJ!Iar~ 

FHtroo Sec=dn!o Re...,ciOn de 090 llejUlu, Al~oa 
Rociadorol desannad.or . 

y sedh>enh-

' 
"cr pr1Jna.r1o(3l 

~00 Activado• Secundario llemOcHin de '" J<ejUlu, Alto• 
desarenadcn: 

. '1 5e"-iroenu-
dcr ril0ario(3) 

(ll Zn fC:<lliA indirecta se re10ueve DBC 

(2! En ocacionel ae aplic"n productoa qu1.ro.icoa pAr& efectuar precipita<:iOn .., aed1Aent,dor 

{3) ner¡u1ere de acdiroentadol" e"cundarto 'i <:loracidn 

(4) RequJ,.re mantenimiento pHr1cdoco pa.ra re::10ver '1 dieponer lodos acurouhdoa 

(5) Jlequj""" de ma!'ll>jo y d.inposicHin de ~ron cantidad de lodoo 

:!: O S t.,;..,cte.r !o ~.1:, 
Oper~;J.On 
'f Mo.nt, cu doi lda · 

Plantu, Grado 
de D1Hc:ulta4 
en OparactOn y 
Manun1miento, 

Bit jo• M!ninra "' 
BajO& . M!n!Joo "' 
Meo:aoa Meclio "' Bajo• M!nJ.Joo 

Bajo• M!nUOo 

Medico Medica "' 

t\ediol MacUca "' 
.U roa Alto '" 
Al too "~ "' 

TABLA 5, CARACTE!l I ST l CA S DE LOS SISTEMAS DE TRATANIENTO· DE- A:G!JitS RESIDUAL ES- HAS COMUNES 

. 

• 
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provienen de los usos domésticos del agua y uno de los prin· 

cipales contaminantes que acarrean dichas aguas es la mate­

ria org!ínica. ··Por tal motivo, la mayoría de los procesos de 

tratamiento de las aguas residuales estan orientadas a redu­

cir la carga de materia orgánica, medida por medio de la 

DBO, Otros contaminantes indeseables en las· aguas residua­

les de origen doméstico son los organismos patógenos que 

presentan el peligro de transmitir enfermedades, De acuer­

do a la tecnología disponible, es necesario remover en un 

81to p'orcentaje el contenido de materia orgánica antes de 

aplicar el proceso de cloraci6n, con el fin de reducir las 

d6sis re4ueridas del agente desinfectante. 

4.- Existen otros tipos de contaminantes, como son los sólidos 

suspendidos, grasas y aceites, materiales gruesos, nutrien­

tes y detergentes, cuyas concentraciones en las aguas ne-

gras son también indeseables. Existen procesos específi-

-cos para remover estos contaminantes. 

Cabe mencionar que en las unidades de tratamiento dirigidas 

a reducir las concentraciones de ~6lidos suspendidos sedime~ 

·tables en forma indirexta se remueve un porcentaje signific~ 

tivo de la materia orgánica biodegradable. 

5.- Es importante indicar que un alto porcentaj-e (96.0\) de las 

plantas de tratamiento que existen en el país cuentan con 
algún tipo de proceso biológico para remover 1~ materia org! 

nica medida como DBO. En algunos casos quiz§ se justifiquen 

dichos procesos, con otros la decisión para implantar este 
tipo de unidades no fue acertuda, tales son los ca5os cle las 

localidades que vierten al mar y en aquellas en que sus a­
guas residuales son utilizadas para el riego agrícola. Di­

chos tipos de disposición no requieren de un control de la 

DBO. 

6.- En algunos casos, quizá 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 

no han sido los adecuados. Lo más grave del problema es 

que dichas soluciones demanda considerables inversiones y 

posteriormente los municipios abandona dichas instalaciones 
por no contar con los recursos económicos, administrativos 

y t~Cllicos para operarlas, Esta situación crea desconcier­

to entre las autoridades y el público en g'eneral, que a fi­

nal de cuentas es el que _paga dichas inversiones. 

IX. .CONCLUSIONES Y RECOMENDACIONES 

l.- La disponibilidad del recurso agua en M~xico, su distribu­

ción y la demanda existente y prevista en los próximos afies, 

exige que el manejo de este bien se efectúe bajo una planea 
ci6n adecuada que incluya el control de las descargas de 

aguas residuales. 

2.- El principal instrumento jurídico para controlar la contnmi 

nación del agua qu!l existe en el país es el Reglamento para 

la Prevención y Control de la Contaminación de Aguas. en 
lo que respecta a las descargas de aguas residuales munici­

pales, este Reglamento contempla en forma muy adecuada la 

sitUi<ción socioeconómica que prevalece en el pais y en la~ 

entidades municipales. En principio, las normas que se han 

establecido demandan la instalación de plantas de tratamien­

to primario para las descargas municipales que exceden los 

límites permisibles, por lo que es muy importante que las 

autoridades responsables y los técnicos involucrados no pi~I 

dan de vista este concepto. Cabe mencionar que la aplica-
' ci6n de dichas normas no se puede generalizar a todos los c!!_ 

sos, ya que algunos cuerpos receptores pueden demandar sist~ 
mas de tratamiento secundario de las descargas d!l aguas resl 
duales municipales y en tal~s situaciones deberá llevarse a 

cabo un estudio de impacto para establecer el proceso de tra 

tamiento m~s aoropiado. 
' 

• 
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3.~ Existe en el pais un alto número de pequefias y medianas lo 

calidades con un bajo porcentaje de habitantes servidos con 

servicios de agua potable y alcantarillado. Esto implica 

que las soluciones técnicas que se apliquen para el control 

de la contaminación del agua consideren tal situaci6n. 

Uno de los problemas más graves que actualmente afrontan 
los municipios del pais para establecer medidas para contr~ 

lar sus descargas de aguas residuales es la carencia d~ 

fuentes de financiamiento accesibles a sus posibilidades. 

Urge entonces que se creen los mecanismos financieros que a· 

poyen a estas entidades. 

4.- Se han identificado aproximadamente 70 plantas de tratamien 

to de aguas residuales municipales en el pais. El 96.0\ de 

estas instalaciones cuentan con algún tipo de proceso biol~ 

gico para reducir la DBO. Si bien dichas plantas se cons­
trUyeron en su mayoria en el periodo de 1960-1970, los pro­

cesos escogidos no deben ser siempre la pauta a seguir por 
las autoridades responsables, ya que en algunos casos la 

disposición de los efluentes de las plantas no justifica di 

cha solución, tal como ocurre en las descargas al mar Y en 
el aprovechamiento do las aguas negras para riego agricola, 

asi como cuando la capacidad de autopurificación de los 

cuerpos receptores es muy amplia. 

5.- En los casos antes mencionad~s, el alto conténido de bacte­

rias coliformes en las aguas negras puede ser indeseable por 
el tjpo de disposición de dichos residuos. De acuerdo a la 

tecnología disponible, el proceso de desinfección por medio 

de cloro requiere de un tratamiento previo de las aguas re­

siduales para remover la materia orgánica. Este aspecto es 
una do las áreas de investigación que demandan mayor aten-

e ión. 

6.- La construcción de plantas de tratamiento de aguas residua-
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les en el pais se ha efectuado sin una plnneaci6n a nivel 

nacional. Dichas obras se han realizado debido a la presi6n 

del público local o de alguna dependencia gubernamental cuan 

do los efectos son palpables. Se puede afirmar que es mini­
me lo que se ha realizado en el aspecto de construcción de 

obras de prevención, 

7.- El 75\ de las plantas existentes se han disefiado para centro 
lar la contaminación del agua (en su mayoria para resolver 

problemas ya existentes), y el resto tiene por objetivo el 

reuso del agua para las actividades industriales y el riego 

de fireas verdes. En este último caso, la escasez del agua 
ha creado la necesidad de implantar su reuso. 

8.- Un alto porcentaje de los sistemas de tratamiento identifica 

dos están siendo operados en forma inadecuado o hall sido a­

bandonados. Se ha detectado que la mayoria de estos siste­

mas carecen de una adecuada organizaci6n para su administr~ 

ci6n, opernci6n y mantenimiento. 

9.· Se ha detectado que la prli,ctica de utilizar las aguas negras 

para riego agrícola en el pais se ha incrementado y generalj 
z.ado en los últimos atios. Dado el carácter agrfcola del pafs 

se prevee que dicha pr1ictica aumentará en forma considerable. 

Las investigaciones rcalizudas al respecto son incipientes y 

sus resultados no permiten establecer conclusiones determi-
' nantes. Por tal motivo, es necesario que los estudios sobre 

los efectos del uso de agua~ negras, (c'rudas o tratadas) en 
irrigaci6n sean intensificados. Cabe mencionar que, 'si bien 

esto. práctica se efectúa en los paises donde se ha orig~nado 
la tecnologin disponible para el tratamiento de las aguas re 

siduales, el avance en éste aspecto ba sido limitado, debido 

a que no es una práctica común y a que las condiciones soci~ 
econ6micas difieren considerablemente de las que existen en 

México. 

• 
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We have had understudy for five years the problem of how to reduce 

disease, and pn>IIIOtc sor_ial and economic developmenc by assisting the lesser 

developed countrics in thctr queat for pure w~ter. Potable water is e ncces­

snry but not suffici<:nt condition for dcvelopment. In fact, Uois very well 

amy be, the scem of serious problems of social acceptal!ce - acceptance not 

only of modelling, aggrcgate (larga syste~) modela, appropriate technology, 

but of piped purifi~d water. 

The water probl~m is globill, and quite serious. Ovar a 1000 !ltillion 

people have inadeql!ate water supplies, and over 75% of the esrth's population 

are wühout adequ:tte sewage disposal. As development takes plnce, one shifts 

to pipad water and high "ater dcmnnds, and a1so brings about a necd for dis­

posal o[ liquid waSLes. 

Our study initially ;¡as concerned with Lo;¡ Cose l<ater and Wnstc Water 

Trcntrnent for LDC's, This project (finance'd by USAID) developed concunently 

with worldwidc intcrest in the concepts technology transfer, intermediatc 

technolo¡;y, ratrog~essivc tcchnology, approprintc technology, and ¡ of courRe, 

responsiva large aystems models. A model was deVeloped that would enable a 

community in the devcloping '"'orld, or an)"oohere else for that matter, to select 

from all th" available technologtes to treat water or sewage t:hosn that were 

compatlble wllh quality goal"; or•ll •·conomic and societal, and human ond matcrinl 

resources. The model is central to our problem eolution. 

The model nlong with su¡>porc1ve material has been put in the form of a 

workshop ll"'~ 1s bcin~ present~<! 1.0 19 LDC'e around the globe. Thc model is 

f<1lly c<:>no[l\<LCI"l~cd, on rrn A¡>plc li, rrnd en ¡¡ hnml-programmnbln com[l<lt"r or in 

mnnunl formnt. In nddition lo L!<e mo<lel, a dclphi base<l, prioritizing modol 

alsu hns \""'" d"v"loped. lt bec.1me appar~.nt after severa! wor\r.shops thnt 



"If one has n l>Htcr mouse trap thc question is how does one get others to 

use il?" l'ut anoLhcr way, tn thc ovcrall projcct, I suggested three phases, 

whcre th~ Urst is scJancc, the sccond is Lcchnology nnd technolo~y transfer, 

and the third is utilization or 3cceptance of the rechnology sumetimcs called 

penetnltion. Whot ldnds of mechanfsms, "hat kinds of judgt:~ents can be ""'·de 

to asai!lt in the last phase, is of current interest, and the subject of this 

papcr. 

Consumer acceptanc"- reqllires a val"e judgmcnt. Who is to llllJ' what is 

better? One talks about water and hcnlth, and with eaCh technological advance 

{or change) there is a technological impact. Sorr.etimes ü;'s good, snd some­

times lt'•; b"d. TIH! question vorto.1ps is '\,hich ls better?" In my opinion, 

thc judg.,.q of which is berter should be the consumer', not a technician, public 

offtciol, politician, cnginecr, who represents a consu1:1er interest. Frequently, 

1 hava found in the United States; for instance, when plans are for n large 

rescrvoir· t.o provide water, t.hnt whcn givcn a clu;nca, ¡>cople may V<>tc against 

it. Por Lh<dr own reasons they pr~fer to have that land for agrt"ulture and 

sorne millhl evcn pref"r to have the land completely unuse'd. Left the way ir 

wa~ wJth naturc. Th~ que~Uon then is Ylw rnakes that judgment? 1"erhniciuns 

a•~ sup¡,os<!d to mnke the judgments, thnt are considcred best for tite whole 

over time, and not for the i=ediatc. This bi"ings you to a basic concept in 

systcm~< npproach that one is alwnys a pan of a lnrger system. This is called 

ernh~<hn~nt. Uy Lhi~ l 1nean you ,He insidc of a wor.ld that rolls in time. Also 

<ldequ:~t~ "ater ls inslde of thc \.lholc dclivery service which is inside of a 

town insi<l" of n counti"Y which is a patt of our world. The e1<pert tends to 

represcnl. tho;;e that are not yet tu be born. He tcnds to protect our childrcn 

nnd our ¡;rcondchi 1<1r~n from thc• ov~r-ullocution nn<l utilization of rcsources hy 

us. \le¡'""" u r•ol>lem herc of asl:ing the question: If we as dccision-makers 

_,_ 

' • 



' ' 

feel tl1•1t Ido; Jo bctLur for thc whulc, how- Jo «e convince thc current portian 

of th<! whole lh~t it is better so that th"'Y will accept it? 

J. have nu~"P~"d co work out sevurnl ways of appronching Lhat problem. 

1 studied with behaviornl sdeHists much the same way they ¡oight coroe to "'" 

about: engin~urlng. 1 t:ook a coursc in li1eorics of perccption. So my first 

point developed to one of how do people perceive things? What is one's paradigm? 

Your cyc to uyo:: vicw. Skinncr's thuory is that thcrc ere thrce parta to the 

brain, three tiers. One pare simply rencts in an animal fashion, one pert has 

the conditioned respOrtS<"S, thC! third part has thc rcasonlng cnpabílity. The 

diffcrence bct\Jeen the animal and the human being is this differ-ence between 

thc ability lo dr.tply respond and lhe nUillty to reason. Shumilknr h~s five 

tiers th<!t he talks about in perception. In the inaniJDate world, one knows 

quitu n bit nbout it. He know it'~ clwnlistry. 'l"he next leve! of thasu fivc 

tiers, is thc vegetable or plant. They cnn't think, they can't reason, they 

clln't I"cact. Uut thcy creatc and actnally Wc know vcry littlc <1bout that. 

Wc cannot yet creare life. Thc ncxt tier is the anic.al world, and we know 

less and le~s about that. On cach tier we know lesa and lcss. So less is 

tangible" and real to us. ~1ore and more is lcft up to the imagination. 

Schumoker's fiftlo ticr is evcryLhing untot!Chable has no material substnnce. 

Herein is the problem of eommunicating. These are sorne of the theories 

comln¡; out of tl1e behavioral sdcncc~. And in the per~eption concepl is thc 

conccpt of rclnforce""'nt. One purs out nn idea, or model. Then, ncxt time 

gocs inLO a llLL.le mot"c UecaJl, so enclo tim~ you go over it, it is rci;1forced. 

In thc mech,~nics of..the brain if you sen sm:u!thing, it .is registered 

in the broin. If you scc somethin¡; nnd then wrlte it down, you will rcmembcr 

it better b<·cilusc you cnn sec it agnin. You have transfcrred from a visual 

intcrprct:<L.j<"' co a sen•;ory olle. Thcn you take one theme and ¡:o over and 
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over it, yoe> mo.y get the idea . ' across bettur. 
1 

l( we can docuC!ent it with 

' picturcs, with odors, it ruinforcc~ the thcmc. As to se¡;ngc, takc me to 

a scwCJgc plnnt. What l ""' trying to point out is that therc are leveh of 

perceptíon to get" the idea across. In trying to se11 a new idea, thure's . 

a prob.lcm of !Jersonal comrno.Hlicatlon. If I am offensive to somebody then 1 

will have trouble com:nunicating. This ia personal; it h¡¡s nothing todo 

with scienc~ ~nd technology. If T say r!ght away that I heve something 

against lawycrs, right away they aren' t going to have anything to do with 

'""· OH thll other hnnd, I may say somcthing tlpt will gec them to listen to 

me so that they ean pick at me. And if chis happens, com::mnieation is now 

hnppenlng. So, all of these thing5 are whnt the social aeientisr looks at 

in trying to get an idea scross. 

to use. !low eould 1 get the idea across? I put forward two questions, one 

of them sny11 "Wby wastc my rlme?" ~nd "Why not eoncentrnte my time on a 

. person that's important?" For eJ<mnple, if I want to sella manan auto-

' mobile, I won't talk to rha man; I "ill talk to his wifc. B~cause maybe she 

has more influence on the decision to buy the autmnobile. The point is to 

locate the person who makes the dacision. If you are going co build n large 

water plmlt in a to01n in n Jeveloping eountry, and you want the idea to go 

neross tlwt 1t ia being built with lo" cost, appropriate technology, you've 

' got lo tal k to who is go.lng to deeide what kind of technology'is to be used. 

So you mu!lt define so10chow or other who is going to be the decision-mnkcr. 

Thcn thcre is the secnnJ question. And that is, what is it that the 

d<!eision-maker will base his dccislon on? I belicve thcre are t"'·o kindS of 

thillgs thHt he mnkcs hi~ tlccisioll on. As 1 h,we just said, h<' m<lkes bis 

docision un lh« ono hand Oll purcly personal thl.ngs, so he may not lik<! the 

wny I luok, ur h~ "'"Y nol like Llw f.1c;L that r 11 m an An.ericnn nnd notan 

-4-
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Imlon~sla. Atl o{ thcsc kinds of things can l>e lh~re. The u!lative 

strcngths o{ thc~e likas nnd dislikes r<!side in the individual. Also, he 

may i<nv~ troul>le in his own life thnt morning. Or h~ mny hnvc nn ulcer that 

is working on him today. Or he may not like another member of the corll'!littee, 

and if that mcmber likcs ~ne then he won't like me simply because he does,'t 

llk.:: the othcr mcmber. These are pcr,;onal things. I wo"ld like to say, 

"Let' s forget chcm." You may not agree, but let me te11 you why 1 think we 

should forgel them. 1 think my rol~ is co identHy how the decision-m,ker 

thlnks aboul technical part. All l wnnt to do ts not to convince him of 

anything, but simply sho\1 hi01 something. And if he can understánd what it 

is chat I <1m ~howing him, then he cnn m~ke his "~"' decision. And ~hat is 

cxacLly whnc I wanc. So my problem is one of communicaLion, nnd noc one of 

sntisfyin¡; che personal likcs and dislikes, and that _includes such things 

as kickback~. etc, which happcns nnd <lOt just in LDC's. To r~iaforc<J this 

concept l would l1ke to nddress the bribcry.idca, lf 1 nm a politidan, and I 

have the rol" of making a dcdsion; l nm obviously going to mnke thac decision 

in favor of n m~n thnt hclped gct me cl<J-ct<Jd. But 1 1 m going todo it if he 

givcs me somclhing that is not going to \Wrk. Most politicinns want to scay 

in busincs~. So they would likc to have their advisors be friends, nnd they 

wollld lik" thuir "dvisors to makc n little money. Buc thcy don't wnnt co get 

so¡oc bad info~m,~1on that is going co cause them to lose their nexc election. 

Th~y don't 1mul whitu ulcphants. So th~re is a certain nmount of control within 

chir. mech~nl~r.o. At lcast I find ic ~o. So my job is to makc sure that the 

ccdmical i"f<>l'rnntimt rhat the politicL:m gets is correcc, and that 1 can show 

him scvr"r«l synl"ms antl'-Lnfc>rm ldm <>f·~he conscqncnccs oí hls decision in c.1ch 

case. Thcn lL'.~ up to hlm co makc the dccision, and I don't care which decision 

hu mnkL•s, .os long as I havc told hlln th.e consequcnces. To rnnke the dccision ia 

hJH proLl~m, "" long ns he ha~ h~c•• lnformEd of ~he col\scquences of lois RCUO.,s. 
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In thc cas~ wllh sevcral options of water trcntmcnt, sny a slow sand filter 

agninal a rapld aand filtcr, sophisticat~d versus a simple solution. Again, 

l don't car~ uhich one the politlc.ian pichs;" jlL~t so htJ underr.tnnda the con-

sequences. ln the case of the slow sand filLer he'll probably be nble to 

oparete tlw lhing. In the fancy one, he ""Y never gat tha thing to run one 

day correctiy. So he must decide if he is willing to put up "ith the "flack" 

from the local peoplil when they have something tha~ "cn't work. So, I asked 

the 4uastion, "lf 1 identify thc d"cision-makcr, then 1 "ant to Ldentify how 

thc dccisiou-maker thinka. Because 1 want co put my ideas across co him, alid 

tn do sol huve Lo kno" ho;¡ he thlnk~." To i<\entify his thinking procesa I 

would use his cognitive. e,.;pericnce. Cognitive e;<perience is the cxpericnce. 

' one go~>s through in his fonnacive years. And the best identifier that 1 can 

givc for co~nitivc C><pcrience is "hat you do in school. If yo" study luw, 

yo" tend to think one "ay. And that is to "in the ar'&ument. If you studicd 

"<:le11~c, ynu t~nd to aenrch for the. truth. •You don't care ho" rnuch it will 

cost or how long it will take. lf you study engineertng, you tend to give 

¡¡ solution as quickly as possiblc, and as cheaply as possible. And so on. 

So if I ·can idcntify thc decision group in Lcrms uf the ""Y th~y lc,~rncd t<> 

thtnk, then 1 may be able to present my arguf:lents to them so that they will 

think lt t:hruugh. So, I must ovurcome a personal contact ba~rier, nnd s 

tcchnical lunguage burrier, and a cognitivn thinking bnrrier. To propcrly 

communicnt~. t1ow that would be idenl. A practica! cxtention of that idea 

"ould be tu work with the surro¡;"ll1. Kno,ing ~hat lhc members <>f tha dl!tlsion 

making group at·e non-~cchnical- nnd 11ill get a technical equippcd friend that 

thwy can to "~t to givc thcm thc straight information on consequcnces of their 

decisiott. So, l am nucmpti11g tn c,Hcgorizc the dccision-nosk.,,·s cognüive 

' 
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rcapunsc, lo id(:ntlfy thc appro.~ch I would use to coonnunicate, such a 

tabul~tion ls Hi.lll under d~vclopmenl mtcl tcsting. 

An ad<litional ~ppro,.ch could be called n benefit analysis. Tltis is a 

littlc diffcn:nt approach. The basic question is "\Jho bcnefits?" \'ou can 

sce how thls <ljl[Jroach dlffcrs. Here-in, onc d~v<Olops a schedule of possible 

bencfics, on ncgatlvc benefits. In the othcr instance, thc idea was ro ger 

the inforr.l1ltion across and then let thel:l decide wheth~r they will benefit or 

not <Jmong th~msclves. Let thcn> rnake that total decision. Now I arn asking 

wbo bcnefits in another conrext. l havc broken this clown into an individuul, 

a group (a speclalized group of people), a community, and or thc donor. The 

community, is thu one that gets this systcm that tve huve be en talking about. 

'l'lt<.< individuul rn:~y be one who hns designed thc systern. Or h~ misht be n 

rnnyor, and his ndministratlon was responsible for putting in the water system. 

Or it tdght be a spccial group, thc businesamen in town because the water treat-

mcnl plnnt rnuana lhey can put in a new factory and ha ve more bHsiness, Uoe 

donor ·might be USAID. So I trlcd to divide this into those four gro<.~ps. In 

rcrm9 of who benefits, I havc sorted this out as to what phase they will 

bcncfit from, bccacse there nre phnses that 1 classify as the design, the 

constrcction, tloc financing, snd the operatiun. The phase costa diffcr; and 

• in thc selection of a system we can spend JnOre money on one phase and less 

on anothcr. But oadt of thcse has a different rol,e to play. Now from the 

stanJpoi<lL of \.hu coonmunily, " >111tcr supply systcm gcner.1lly "'euns industrial 

dcvelopmcnt. Jt menns growth. lt menns a better lifestylc, rnaybe. Dcpe<>ds 

on who you are t<llking to. l lhink in the aggregate, in a larger sense, it 

doer. m<"nll n b<!tl.o!!' lifestyl<•. in che long run, peopl~ liv~ long~r, altho"gh 

sorne Jl"OJll'-' rnl¡;ltl argue, l~ Uols an aJvantagc? We know we livc lon~cr and 

better in this klnd of devclup11ent (industrlalized). There are fewer diseases. 

_,_ 



i\n<l ¡;~nm·11lly th~r~ is more employmcnt. So ~he co111r..unity mny have cvery-

thing to g:~in. So, hcre-in, onc would simply arrange by category, all kinds 

of ben~f!Ls, impacta, externali\:ics, tangible, direct, etc., bencfits, or the 

conseGu"nc<w uf impacta of apprupriatc or inapproprinte Cuchnology. There 

is a gn,.~l dual of inforrnation on this subject. 

llowcver, the probletl or in my case che predücive model is cast, 

marketln¡: cmoc~pts m·c nl.so it<lportant. Therc are p~¡;haps two distinct parts, 

first dissemination of the concept of appropriate technology, its worth, etc., 

and seconJly dissemination oi thc model for conceptual design of appropriate 

~~clHwlo¡:y systcm'.<. One the id~.,, Che othcr C!Sc of s m¡:¡themoLical, camputerized 

e>odel. So one t:oight be called ~warencss, acceptance of concepts, the Olher to 

d~monstratc the use in real situations . 

• 
A¡;alil itl cerros of che n"Hk(lt, che u5cr communicy fg divlded into t"o 

&roups. Customers for treetmcn~ syst.,:ns, and suppliers of those systnrns. 

Ther~ ore adllitional problems, assuroing those of corrounicating are solved. 

l. lloth groupr. are sommohat victimized by teclmolnJ;ical fads. 

We want what Chicago has or it must use a computor, etc. 

2. Customers are more or less at the merey of the supplicrs. 

They offcr 11 limiced mcnu. 

Once pcnetration of appropriate ' decidan groups has becn accomplished, 

customer ncccpcance appe<~rs to rest wich ;:ot' least five interdependcnt groups: 

1. liccision-~lakers, in-couolty, locnl, and central 

2. T.,chnicnl s~affer-s, in-county, locnl, and central 

J. PoJitícal staff, in-county, central 

·1,. Consultnnts and allvi~<>ry ~tnff, in-C<>Linty, 1oto<~l, cu1d c~nlr,~l 

~. Foreign ¡;ponsors scaff, technical and progra111mable 
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Supp)Jcn; ncc<'rt<mce would add four nddítional &roups: 

L l'orcign nrch i toe tu r al '"' en~inccrinr, firms 

2. Fl'r"Jgn cquipmcnt suppliers 

3 • Forcign finar1cicrs, <mo, "' 
4 • Fore1&n governi:!Cnt~ agencies promoting trade 

S • lnC"rnational inst 1 tn t ion~ , 

So one ctm sec, th,tt penctration, more s¡,ecifically of n ~-omputcd~ed, 

largc system model to identify thc appropriatc technology for water trcatment 

procesa sclcction in lcsscr developed countries in quite a complicatcd 

nffnir, Tn "way, onc is trying to identiíy n very lo~< o.ost, basic, perheps 

historie proccss, by using n very advanced senrch tcchnology. 

Thcrc are sorne practica! methods and techniques that are helpful. 

Demonstrntlons, workshops, short courses, publication, etc. Information 

directcd t!uouglt unofficlnl chil<mels, rolnry internatlon~l. etc., to le~ders, 

information through industrttll groups, etc; 

The lonr, tcrm ~cceptsnce of the concepts, and aggrcgate modela depend 

then on tl>e uducatlon of the user (and supplies) community. One ~sscntiol 

ingredictlt m!¡;ht be the Uevalop=nt of kcy communicators (gate keepers). A 

man with une foot in each carnp. A local that under funds the· site and sources 

of technolnr,y. 

l'v" bücn to several countries to-dnLe with n S day twrkshop and tl>e 

predictive model with certain concluslvcs. 

l. 'fhc decision model appenrs to be a good demonstration of the 

utllity of eonccpts of npproprincc technology, l>llt 

2. 1"\"' 111ud"l is not mnrk~taLlc buL t!1e concept is. 

J. No<lels sud computcrs, are stlll Soii!Cwhat ,.ystcrics, to LDC's 

~. Syslctn nhalysts nre rhcir """ worst enemies, bccausc they 

c<><>~crvc 1<llh onc nnorhc>r, nnd ILOt the client. 

_,_ 



I h.wc sur,¡;c~ted thnt acceptance is lh~ third stq> 'and esscntial to 

the prop"r ntility of aclocmc6 nnd of c:onrse, of larga system mo<l~ls. 1 havc 

analyzed ~omu of thc problems of 3cceptnnce and :<uggested sorne avcnucs of 

appro,.chin~ thc proble,, These ideas :md conclusions have been dra"" from 

personal <";pcrience in attempting to put ncross to LDC's a prc<llctive model 

for thc ~elcction of most appropriato tcchnology for water and waste water 

treati:lent, 

Therc nrc mnple exomples of unauc<:essful technology transfers, either 

direct ur '"loptivc, and very fe,; exmnplcs of indigenous t~dmolog1es in the 

ficld of walc,- and waste water trcatment. There is cven less evidence 

rcquiring, or voluntecr cxploration of alternativc processes, particularly 

with anenllon to "soft" tcchnology, so ]essons of history, fallures and. 

successes cnn help in n bcnefit ~nalysis of demonstration of value of 

appropriatu water treatrncnt tcchnolo¡;y, but not of a model. 

Thu "~" of n ll'.odcl illusLrat"s lh<> Lype of information requlrcd by 

in-country decision-makers, immediate value can be derived from ils manipu-

Jarion, lf such data can be idcntificd and action initiared for irs collecticn, 

but our cxperlence to-dute \Wuld indl~¡¡le little reason to bolicvu that 

funding agencies, or r~¡;ulation agencies will prOmotc or require the use 

of a model for decision-11111king. In n global reuse, it wbuld be very help-

ful at n hlgh prestige, internationally active consultant fin.• could be 

influGnc~J to uGe this typ~ of modd lO assist the LDC decision-makers. 

The o:ost promising avenu" at prescnt serve to be Lhrough ilt-country 

univ.,rsl tics assisting 1n the dcvclopn:cnt of a "cell", or "gatc kceper", 

who t;ill d"v~lop tilr: COOlc~¡>t of "l'l""Oi'rbte teclmology, nntl th~ applicutiO\l 

of thc liJOdo.l\, "r a modifieJ mutlel. The concept of nppropriatc tcchnology is 
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ucvcr.1l tim"s """" v.llunble throu¡:h Uoc nppl icnt 1 on of the r.ladel, nnJ 

the r.an~<·pl r~ loro"d cnough too be tr<m:Jcrred to oLher social/engincerin.g 

app l ic a t ion. S • 
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App~opri<Otc Technology Supplimentnl Lecture-Workbook p. 119-lJ~ 

The nuthor has developed a model, aggregrate roodel, to be used to aa­

sht the decision-maker ot makers in aelection of spproprb.te technology llith 

a treatment water or wastewater as a particular application in developing coun­

tries. A 1110del that is fully developed including computerization. It has been 

presented te many audiences and was tested in depth in Panama and in Indorteais, 

snd is currently being given in the form of short courses in twenty-one countrioi:s' 

around tha world. Including such countriea in South Amerita, Guatemala, Panama, 

Barbados, Columbia, Peru, Bolivia, Jamiaca, in Africa, auch cities as Nirobi, 

Abajohn, Dekar, and in the Far East in Manila, Indonesia, Bandung, Bangkok, 

Decca, Delhi to nSI:>e a fev. Theré are additional lecturea or papera given in 

these five day workshops chat are used to preaent the model and these have been 

with tilO exceptions have been incorporated in a text that is currently under-

going pubUcation. The text is entitled "Interface for Decision Appropriate Tech­

nology Predice ion and Selection Methodologica ~tate of the Art," by Re id and 

Coffey. 

The purpose of thia paper is to further develop sorne of tbe concepts that 

come out of thc atteMpt to test che sppltcation of the modal; as well as, ~ome 

management implicstions, and some of the lhUtations. Most of these thoughts 

hsve developed through the tests in Panama and Indonesia; as well as, the feed­

back from sevcn workshops to date. Of course the object of chis paper would be 

to demonstrate some of the economic and.management concerns with their relation­

ship to this modcl. In ¡¡eneral I propase to cover the effect of the dernand for 

water on the modela use; the costs and delays and concepts of aggregate projects; 

the relationship between capital costandO_& M ~osts; as well as, the O & M 

ratiO. Some of the counter intuitive, capital intensive problema relating to 

unit cOst and scale; the unique ideas of potentials through volunteeriam; the 
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relationship of total cost to the afotementioned factors and sorne of the con­

cerna with si~e and lifestyle on the demands for water. The modal itself takes 

all the available processea for treatment of water or aewage, and screens them 

for their exceptability, soeially and eeonomically with appropriate teehnology 

in the largar sense or what could be called "soft technology", and arriving at 

a cose comparison or en array of those that survived Che various screens. 

The fitst tapie that I would like to discuss would be the demand for water 

and tts related scale and lifestyle problem.s. This h shown in Figure 1 (in 

lectura workbook on page 122). Here, I have plotted che unit requirement for 

water in gallons/per capita/per day against the scale or the size of the operat1on 

or the lifestyle either one. In starting with a sroall acale and working to a 

largar scale; a srnall community working to a larger comrnunity, one can see that 

the unit requirement for water escaletas. It isn't sirnply the same gallona/per 

capita/per day f0!" a small co!ll!llunity as it is for 11 largar one. The reason for 

thia is we go from a small comzunity to the largar there are more c~unity or 

public serviccs. The largar acale the unit use might ranga somewhere in the neigh­

borhood o! 150 gallons/per capita{per day; wherc as, in the smaller co~nities 

it might be only about 20X of thia which would be JO gallona per day/per capita. 

The idea being that there is included, just npt the water being usad domeatically, 

but now water that is used for public services, flushinga of atreets, fountains, 

and things of this sort, and water that is used by industry that telies on the 

c~unity for water; as well as, the water that is uaed commercially. On the 

other hand as one works on che low lifestyle standard to a high, one can see the 

smaller cornrnunities with the lower lifestyles, etc, and escalation to higher 

STL'a. Th11t is to say liS thc STI. inereases the U11it use of water is grcater, and 

so the population served for the same quantity of water is less, and this is one 

of the imputa into che modcl. Now then is a counter concern and that ia 1f I 
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could put a dotted line on this chsrt which would indicste the increaae aridnesa 

obviously as wc gct to higher lifestyles and larger scales the amount may go 

dwn. Figure 2 relates to costs and delays and thia ia a very important issue 

too. Most of the water supplies or sewage systems (that we are discuasing or 

will be diacussing) relate to public concerns that is the model was designed for 

nucleated systems-period. In this case generslly, these are done by private 

concerns on competitive bids. In the biddin& pr<>cedure. the delsys that are in­

volved are not only in the bidding procedure but of other issues much as impact 

atudies. Obviously as one delsys the construction of something that has been 

designed the cose goes up mostly due to growth inflstion and so it isn't infrequent 

that one finds that the engineer's cost estiCISte ma.ybe by the time one gets the 

bids it msybe inadequate and requir1ng a complete revised design which is a 

further loas. So due to growth inflation one eso e~pect increased coats. There's 

another delay whtch ia particularly of 1mportance in developing countries ano 

that relate~< to the proposition that many of the developing countries would like 

nstionwide programa of waste trcatment or water treatment. These programa would 

do aeveral at one time, and haviag aggregrste projects. When you gct aggregrate 

projects, you bcgin to tie-up the constructioo industry and then the cooatruction 

induatry raises the price. And so I've tried to show you effective aggregrate 

projects which 1s of course detrimentsl in the aenae that they aho increase the 

costa. Another interes"ing Figure 3 (found on page 124) is th~ cost and their 

relat1onship to the STL. Now the costs are made up of equipment or cap1ta costs 

and operation maintenance cost. I'm trying to indicate that one would start out 

in the lower tcchnologies wbere the two costa mighc be equal or fifty-fifty in 

other words, and that as you increase the ratio might change and rc~lly whst the 

Figure saya 1s that in the higher technologies onlY 20 percent might be on O & M 
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and 80 percent could be on equipment, and also that there is a considerable 
.. 

escalation in the total of course. On top of that, a relatively largar portien 

of thia aeems to be =bedded in capital coa t. In Figure 4 (on page 125) 1 've 

tried to show the problema associated with cost with 'particular reference to the 

idea of volunteerism. In vo,lunteerism the key hsue is that there is a point 

beyond which it's necessary to hire trained people to operate the facility but 

belw that, the operation can be shared on a rational basis by the recipients. 

So up to a point say 3 to 500 people, in developing countries, we are able to 

operare on a volunteer basta. So the cost is the nnurn on the capital investment 

up to that point. In Figure 5 (on page 126) as the lifestyle and the sh:e both 

increase the total cost incresses but not in direct proportion. In Figure 6 (on 

page 127) 1s a sketch thst relates the relative cost by scale snd componente, 

finance, construction, and engineering. So with a"breakdown of the costa in 

threc parts, per~~ps lO percent for the engine~r and 45 percent each for fi~~ncing 

and construction, Now ae it gets larger the relative amounts will change a little 

bit as you can see e.g. the relative iJDput of the engineer is leas but at the 

aa.me time his absolute amount could be about the oa.me. 

Second concern with the use of the model desls with Sensitivity snslysis. 

'rhill is particularly of intercst in the selection of goals and perhaps elements 

embedded in the goals. You may recall in the model itself the preformance goals 

that hove been used are Coliform, BOD, and to some degree TDS, Also an indics­

tion one might use in developing countri~s are various levels of these elements. 

For e~nmple on Coliform 1n the United States or developed countries bccause of 

sny eontamination that occurs that is known to be dangerous we have established 

one to two ~ost probable number of coli per hundred milliter samplc.for Coliform. 

The value may be 10 to 30 in the developing country. So there is a chance to 
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articulate these and chis can be done on the modal. To stress this, ona might 

look at Tabla I (on paga 129) at the relationship between the socio-technological 

level (STL) and the test parameters, and their levels. I'm really saying that as 

aociety develops ~re you not only increase rigor of·che level of a particular 

parameter but you ~~~'~Y also a_dd additional parametera. As I've noted here you 

might atart out in a underdeveloped country with 30 most probable n~ber Coliform 

and work you're way up to maybe 1 mnst probable number as you go from the under­

developed to the developed ar .. as. On the othar hand if you just go from on". 

developed aren toa slightly more developed you mlght include hardness etc., and 

then if you continua because there are additional problema now associated with 

industrial contaminates you might include such things as metallic ions. Then 

when you get to highly developed countries TDS and temperature also become impar-

tant. In Tabla II (on paga 130) is a more detailed tabulation from the developing 

country to tha c'.~veloped and both in term... nf 'later and sewaga treatment prn~e.sa 

of the varioua kind~ of tests that one might find necessary. So in the very under­

developed situation Coliform and Turbidity are pcrf"ctly adequnte, but then when 

you get up perhaps with the more sophisticated leve! tha rapid sand filter on 

water you will still have Coliform, but now you are interested in pH and suspended 

solida, coagulnnts, and color, etc. This is alBo true with sewage trentment. 

There are many more processes that can be brought into thh thing, but it's here 

primarily for purposes of illustration. So we have different tests that can be 

added and different goals within the tests themselves that one has to talk about. 

Another ares of importante ts that that relates to aystema reliability, these 

reliabtlities can be sought by manipulating the computar inputs and outpute, and 

this is of particular i~terest because-of the implicntion that it's just unneces-
. ' 

sary (or fool-hnn.ly) to computerize a rather simple model thnt can be "cranked 

out" by hand. or with aever iterations on a liand progrmmnable calculator. But on 



the other haod if you can ~ake calculations quite rapidly as we've done oo 

Uaing the Apple II (our mini-computer) you can vary a great many of the differ-

ent imputa and see the effect on the output. In other words by chang1ng the 

goals as indicated earlier one might decide about a policy that requires a 

developing country to use 1 Coliform or a policy that means that we may have 

to include metallic iona for aomc reason. The impact then on the selcction of 

' processes can be aought. In many instanceS because the selection of processes 

are incremental aod not continuous this bccomea a very interesting thing. That 

ia to say in aewage treatment for example JO percent reduction of BOD is accomplish-

ed by primary treatment and 85 percent by secoodary. There's no in between unlcsa 

you delibcrtly attempt to pasa by a portion, wbere you go full treatment to only 

a fraction of the total; and blending it with uotreated, waste to give you the 

level you want. Thia would not be ordinarily don~, but in a sense one can look 

at thcm and can 010dify ¡iÓala and certainly 11: terma of the imput parameter. One 

that ia of particular intereat is of course the STL and it's just posaible and 

has been noted before in our studies that ~hen you jump in time 1980-1990 and on 

your way up tbere may be a jump do to anothcr STL lcvel, and this could have 

substsntial impsct an the selcction of treatment processes. 

As it has becn noted earlier the delivery system consista of a whola group 

of things for water aod thc removal of wastewater, and not just treatment. The 

initial emphasis of the model was on treatment primarily because this lent itself 

to the largest perhaps gain by the sclection of appropriate materiala and pro-

cesaes; mostly procesaes bccause the appropriatc processes minimize thc O & M 

coats and cerrainly iocrease the reliebility, Individual rcliability stu<.!ies 

have bcen made and been discussed clscwhcre, but to refresh your O,emory one can 

look at the more sophisticated processes that are capital intensiva that certainly 

are costing more, but also being subject to. the whole societal breakdown in the 
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to demonstrate the value of selection of sppropriate technology. The educaCional 

problema can lead to a way of thinking where one tends to think in terma of ·al-

ternatives, goals, and aggregrate systems. Then the two can be put to greater 

usa, To speculate on ita use would be to 9uggest that a model be built that can 

be uaed in community after community as one begina to get more of the thinga that 

needs more simulation study with alternativa goals, alternativa materinls, a 

strategies, and then the model itself can be used in two modes. One would be re-

' active and the other would be che proactive model. The p~oactive model would 

make studies and suggest trestment processes etc or a whole delivery system that 

might be usdul to various cities and commun1t1es in an area. On the other hand the 

reactive mode would be when the cities thernsclves discover a need or interese 

and initiate a program so a proposed project can bu ched.ed out. Both of these 

modes are very useful and the whole scheme lende 1tself nicely to this considera-

tion. The model fs of a type that the type it~~lf could be used on heslth ~elivery 

systews, or educacional systems and any other of the things that are so vital to 

the planning function of the developing countries, Once it gets aome reasonable 

use in the hands of the young people com!ng up through the indigenous educaCional 

systeros it will probably find its way into more active numbers crunching and 

real field resulta. 

2- S 
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l PROCESOS 

l.~ TRANSFERENCIA DE GASES. 

u) AdiciOn de : 

b) RemociOn de: 

oxrgeno 
o¡;ono 
cloro 
d!Oxldo de cloro 
blOxido de carbono 
nmonraco 

oxfgeno 
ácido sulfhídrico 
substancias volátiles 
biOxido de carbono 

2.- TRANSFERENCIA DE SOUOOS. 

a) Cribado: 

Para la remociOn de: 

Rejillas 
Tamices 
Micro tamices 

Hojas, Palos, peces, materia suspendida y algas. 

b) Sedimentación. • 

Simple y con coagulantes • 

RemociOn de materia suspendida sedimen_table y flOculos. 

e) FlotaciOn, -

Usada en potabllizaciOn ocasionalmente para remociOn de sOlidos 

suspendidos empleando como agentes de flotac!On compuestos cuaternarios 

de amonio. 



'¡~ 

d) F!ltraclón,-

La flltrac!On es un proceso complejo que involucra dos acciOnes 

complementarias, 

dl) Transporte de partfculas por medio de : 

Cribado, aedimentac!On, intercepc!On! difusión, Impacto. 

d2) Adherencia de particulas a los granos en la que intervienen: 

latl futrzas de Van dcr Waals, fuerzas electrostáticas y puentes 

químicos de cadenas polimer!cns 

En los filtros lentos hay ademas trnnsferlencla de nutrientes por contac­

to lnterfaclaJ.. 

3.- TRANSFERENCIA DE IONES, 

u) Coagulación química, 

Para remoción de colOides. 

b) Precipltac!On qu!mica, • 

\ 
\ 

Pura remoción de substancias disueltas como fierro, manganeso, dure­

z-a iluoruros, 

e) Intercambio 'iOnlco,-

Para ablandamiento y desmlnerall:zacion, 

d) Adsorción,-

Para remoción de olores y sabores, 

4.- ESTABILIZACION. 

Pura volver Innocuas substancias disueltas en el agua, sin removerlas, 

--



Ejemplos típicos son la adlcton de polifosfatos, la recarbonatac!On , 

la super cloraciOn la decloraclón. 

5.- PROCESOS ESPECIF!COS, 

a) Desinfección, 

Aniquilamiento de organismos patOgenos por medio de cloro, ozono, 

radiaciones U, V., acción oligodin.1.mica de metales, 

b) Desalación, 

De aguas salinas y salobres por : 

.Filtración ionica ( electrodlállsls, ósmosis inversa y utraflltraciOn ). 

Destilación 
Congelación 
intercambio IOnlco 

e) FloruraciOn,-

d) Adición de Sulfato de cobr~ 

6,- DISPOSICION DE SEDIMENrOS 

Con motivo de los problemas de contaminación debidos a la descarga 

•. 

' de sedimentos de pla~tas clarificadoras, ablandadoras y desferrizadoras, 

se necesitan procesos para su adocuada disposici6n, 

Fundamentalmente son procesos para secado y recuperación de productos 

qufmicos. 



11 SISTEMAS 

La secuencia de procesos conduce a los sistemas de PotabilizaciOn. 

La elecci()n 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 comunes son: 

l.- Plantas de deslnfecc!On. 

Contac,t·o 

2.- Plantas de clarlficaciOn • .. 

a) Por filtración lenta. 

" Lf ~~~;,~"~~~"-'_00_.J, m fDesinfecciOn 

• 

... ______ . 
b) Por filtración rápida 

convencional 

..Jr....¡Mezcla Flocula-

e) Por flltrac!On r!'lpida 
directa. 

Variante l Ri:lplda 

Po Ir mero 
CatiOnlco 

Variante 11 --'- Mezcin 
Rápida 

Pnl!mero no IOO¡co 

Filtros 
D..lales 

Flocula- L8,ltros 
e iOn . 

. 

1 • 

.. 



Variante lll 

--~Mezcla de 

J.- Plantas de ablandamiento. 

a) Por pn-cipitación qufmlca, 

Mezcla Flocula- Sedimenta Establli- Filtración ~~in ¡-. - Rápida Rápida e IOn e iOn zac!On e:ció -
b) Por intercambio Jónico. · 

Agua Clara ,.¡Intercambio 

1 
1 Desinfeccl01 

1 1 • • !Onlco 

4.- Plantas desferrlzadoras. 

Variante 1 

•IAeracJOJl 1 ~f6\{menurf ,., FlltraciOn f-1rksinfecci]R .. 1 

' '--
____ _. 

Variante 11 

Clorac!On Sedimenta Filtración Desinfeccl 
: e IOn t 1 
'-------' 

S.- Plantas desala doras. 

a) Por filtración !Onica 

al) Osmosis Inversa • H2S04 

Aeración Contacto Filtración 
Ión lea 

Salmuero 



a2) Electrodiállsis 

b) Por destilaci{)n 

e) Por congelaci6n 

6.- Adiciones Comunes. 

Los procesos mas usuales que se incluyen a los sistemas antes sei'!ala-

dos son: 
Adsorcl{)n,. utilizando carbón activado. 
Estabilizaci6n, empleándo polifosfatos. 

El uso de las Unidades de contacto de s{)l!dos. 

Como una de las herramientas más importantes para los sistemas de -

clar!ficaci6n y ablandamiento está el uso de las unidades de contacto -

de s6lidos, cuyas ventajas pueden conducir, en donde sean aplicables, 

a diseños econ6micos y más eficientes. 

El avance tecnológico y la simplificaci6n de operacl{)n y equipos. 

Se destaca el cambio de orientaci6n en el dlsei'!o de Planta Potabilizadoras 

a partir de la docada de los sesenta, empleando mayor soporte cientffico 

y aprovechando nuevos equipos, materiales y productos químicos. 



Ili EFICIENCIAS. 

Remoción o 
Control de 

Turbiedad 

Color 

Olores y 
Sabores 

D.>ma 

Corrosión 
~ 

Fierro y 
Manganeso 

Bacterias 

Aeración 

o 

o 

u(3) 

• 

•H(7) 
---(8) 

•• 

Hl 

o 

Sedimentación 
con coogulantes 

••• 

+ + • 

( . ) 
( - - )!") 

(--)(9) 

• (11) 

+ + 

Ablandamiento Filtración 
por precipita- Latta 
ción 

( 1' 1' )(l) H+t(2) 

o +. 

( H ) (1) t • 

+tt+(lO) O• 

o 

( . ' ) ----(ll) 

( ~ ~ + )(12) 

Filtración 
Rápida 

+tt+ 

++H 

• • 

(- - )(6) 

( -. - )(9) 

hH(ll) 

Ht+ 

Desinfección 
( cloración ) 

o 

o 

tHt(4) 
(S) 

o 

o 

o 

t++t 



NOTAS. 

El signo • y - representan g.fado relativo de eficiencia de los sistemas. 

El parentel:lis indica un efecto indirecto. 

(l) Por inclusión en el precipitado. 

(2) Pero los filtros se colmatan muy rapidamente a turbiedades mayores 
de 60 UTN, 

(3) No incluyen sabores a clorofenol 

(4) Cuando se emplea cloración al. punto de quiebra o supercloraclón y 
declorac!ón. 

(S) Cuando no se emplea {4) en la presencia de olores intensos. 

(6) Algunos coagulantes convierten carbonatos en sulfatos. 

(7) Por remoción de C o 2 

(8) Por adición de oxígeno 

(9) Algunos coagulantes liberan C 0
2 

(lO) Variable, algunos metales son atacados a pH alto 

(11) Despues de aeración 

(12) Cuando se produce muy alto pH por exceso de cal. 



.w ·eOSTO. DE :_:-:EQUIPOS 

1\'.1 Criterios para la Estimación de Costos. 

Se acepta generalmente que la producción de agua se • 

caracteriza por economras de escala. 

E 1 departamento de tratamiento de Aguas del. Estado de 

lllinols (Ref. Journal AWWA Mayo 1975} ha real izado­

un estudio de economla de escala en la producciOn de 

agua tratada. 

:¡ 

' 

Basados en el an~lisis de 42 plantas, se estimO que - · 

la relac!On entre el costo de la Planta de Tratamien-

to y su. capacidad es: 

en donde: 

y • 22.66 K 0•65 • 

y =costo total de la planta de tratamiento 
(miles de pesos). 

K .. capacldad·de la planta (m3/dla). 

Esta ecuaciOn debe afectarse de un coeficiente que 

la adapte a los costos que se·obtlenen en el pals, --

que en forma aproximada son el orden del 50 al 75 % 



de los que se obtienen en Estados Unidos para este~ 

tipo de Instalaciones, 

En el eStudio :de referencia se recomienda no lncreme_!! 
• 

tar Indefinidamente las economras de escala, por lo -

cual se redujo gráficamente la tendencia, prolongando 

tangencialmente la curva en el costo de una planta de· 

·2 m3/s, que es 'el tamai'io máximo recomendado para usar 

la ecuación anterior, 

Se trazó también la recta de valores medios entre la 

tangente., y la recta de valores que no toma en cuenta 

la economTa de escala con objeto de obtener, en esta 

etapa, una serie de valores 'bajos" y otra de valores 

. "altos". Esto Se, puede observar en la gráfica anexa. 

Se utiliza·tamblén el criterio de Falr, Geyer y Okun 

que dice: "Los costos de construcción de plantas de 

filtración se aproximan .a$ 826,000 por cada 1 000 .. 
3 

m /dTa de capacidad de planta, variando aproxlmadame!! 

te con: 

1 Q
2/3 

.55 

siendo .Q la capacidad nominal (miles m3/dTa)" 

En virtud de la sugestión de utilizar plantas 
' 

con la 

tecnologTa más moderna se empleó tambléri !a gráfica 

• . . 



de lo Envirormental Protection Agency (EPA), relativa 

al- costo de instalaciones con el uso de filtros de di 

Señas actual izados. ·Este criterio Indica: 

'~n términos g~nerales los procesos de remoción de so 

1 idos suspendidos tienen una econOmla de escala. Es~ 

decir,_las.unidades de capacidades mayores producen~ 

menores costos de- tratamiento por unidad de vol~enes 

de agua tratada. Esto se debe principalmente a dos -

factores: 

a) Costos reducidos de capital por unidad de vo-

l1.1nen. 

b) Costos decrecientes de operación debido a un 

empleo m~s eficiente del terreno,personal y­

t leJtllO ". 

Es pertinente <H.:larar que el uso de los criterios an-
' 

ter lores se hizO necesario en esta etapa del estudio, 

en virtud de la carencia absoluta de datos actual lze~ 

' dos. de costos de plantas existentes en el pals y solo 

para "fines de la modulac16n • 

11 

. IV: .. 2 Actua11zaci6n.de costos de plantas de trata~~ · 

tamlento a1·1er, Semestre de 1977, 

Los costos se pueden dividir en; 



1.- Obra Civi 1 70 % 

2.- Equipos 30 % 

los factores de actualización son: 

1.- Obra Civil: 1.45 del ler. Semestre de 1976 al ler 

Semestre de 1977. 

2.- Equipos: 1.8 del Jer. Semestre de 1976 al ter Se­

mestre de 1977. 

Por Jo tanto el Factor Global seri!!: 

Obra Civil: 

Equipos: 

J.45 X 0,]0" 1.015 

1.80 X 0,30 • 0,540. 

Factor Global .. 1.555 

!:V 
1 .·' 



IV. 3', Va lores corregidos para el trazo de 1 e gr.HJ.. 

ce seg(m el criterio de 1 Departamento • 
tamiento de Aguas de llllnois. 

COSTOS APROXIMADOS EN MEXICO 
(INOICE: ler. Semestre de 1977) 

(Miles de Pi:sos) 

de Tr;:; 

GASTO NOMINAL VALORES 
BAJOS 

VALORES 
ALTOS 

VALORES S IN 
ECONOMIA DE ESCALA 

1 m3/Seg 

2 m3/seg 

4 m3/seg 

6 m3/seg 

8 m3/seg 

IV •. 4 

63 000 50 000 

100 000 

180 000 

300 000 

-300 000 345 000 

Valores corregidos para el trazo de la gr<Hl 

ca segC.n el criterio de la Enviromental Pro~ 

tection Agency, 

COSTOS ApROXIMADOS EN MEXICD 
(INOICE: ler. Semestre de 1977) 

(Miles de Pesos) 

• 
GASTO NOMINAL VALORES CORREGIDOS 

0.3 m3/seg 

30.0 m3/seg 

6.2 

466. 5 

1 

' 
1 
' ' 



IV •. S Corrección del factor. en la ecuación de Fa ir, 

Geyer y Okun. 

' 
El factor considerado inicialmente fué de~~ 

1.99. Por tanto el actual ser<!: 

1.99 X 1.555 ~ 3.09 
' 

y. la ecuación gene'ra\ se modifica como sigue: 

1.55 Q
0 • 66 7 X 826 000 X 3.0_9"' 3.956 Q0 •667 

1 X 1 0
6 

IV:.· 6, Elección de capacidades par<1 la modulación~. 

de una Planta de 22 m3/seg. 

]a. ETAPA: Planta de 12 m3/seg. 

6 unidadeS do 2 .m3/seg 

4 unidades do ,, m3/seg 

3 unidades do 4 m3/seg 

2 unidades do 6 m3/seg 

2•. ETAPA: Planta do 10 m3/seg. 

5 unidades do ' m3/seg 

' unidades do 5 m3/o;er¡. 

Lo> costos do ,, 1' . E TAPA, ut i 1 izañdo )o:; CI'ÍlcH 

' expuestos arriba se Indican en la tabla sigUiente: 

ios '" 
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UTIMATING WATER SYSTElot C{ISTS J9J 

facton must h< consider<d lO thc gRllUl <xtcnt possiblc when pr<poring 
• preliminary CO<t cuima« for the pipdlne projeCL 

ESTIMATlNC COSTS 01' WATER 
TREA ntEJ'T PLANTS 

1111> .. otion conta,ñs conmuctton colt informatlon on water trutmcnt 
plams designed by MMtgomory Engin""· In addotinn, three plana 
desisncd by the Motropolllan Water Dmrlct of Southcrn California (MWD) 
ore abo Hstod. The watc1 trUI~Mnr pl.tnt co01!ruction com -•• 
ad¡u<tcd 10 e.cludc com of the followmg Uem.: IO<td, !ight!·of.way, 
raw·water ""'rvoin, treatod.water roservoirl, int•ke pumping >tations, and 
tre>ted.wat<r pumping stationl. The.e itoms were e.duded from thc toral 
octu..al conmuctlon com to f.x:u• on thc com for thc po<1i<>n of t~ 
plant duoc<ly assodated with the water matment o¡>uarions, whkh 
usually indudo• operltion• and admtnisrrarion buildmgs. 

A oummary of rhe odju~ted water trearment planr co•t~ u conloinod in 
Table VIL Ccnmucrion ccst curves are shown in Frgure S. Ahhough ltte 
cur><! do nct show <Oparate coors for major trenmenr plam component•. 
!he conltructicn cosr, for average condition• can be apportioncd ;tl 

follow1: 

E>«hwork. l<n<<ol oito w<nk 1rul1><d pipins 
Sod•m<nlation and flocculotion bo<in• 

fútcr< onú >ppumnont l)<l<m, inoluúto~ W:l-'h '"'" 
,.nk, p•<nl" >nd w"h "''''" <«lam~tlon f>cilnl"' 
0p<1'1ÍOOI ond admin,.tT>!lon buildln¡ 

El<cui<al >nd "'''"'"' 
Mi•«Uo~nouu< chemi<•l <Onl<, ''"'11 '""''"'" 

2()-l$~ 

¡(l.]!~ 

J(l.lo.¡ 
11)-JS~ 

In determining the al>ove figureo, 1wo ltems normal\y included in a treat· 
m<nl pl.ont comple• were not includcd becau<O of rheir h.ighly variable 
co1ts: (a) raw woler puntping station and high service pumpins otation, 
and (b) olear woiL 

h is 10 be noted rhat the eosr of pumping statio.is and clear wells are 

nct included in th• cou dat• tabul3ted In Table Vll and <hown In Figure B. 

Con•cntional Warcr Trealmenl Plont• 

Convenuonal wuer ueatment plann 11~ der.ncd u fui! trntnrcnt 
facilitios ,nvolving flcceulatiun, oedimcnurion and filttotion unil ptoocsse•. 
11re comtruction cost cutve for con•elltionol pl•nts indudes the following 
pbnro (rcfer to lndex numben 'hown in Table Vll): 4, 6, 1, B, 10, 11, 
12, 14, 15, 16,:10. 21, 22, 23, 24, 2S, 26, 28,29 and JI. 11te eo•¡¡ of 



Tobl< VIl. Wol« T .... tm<ol l'!ont Cu.n " t 
Conoltuclion ' Coot JI<• mpl > 

" M,.imum ofMPimum " " Hydto•l« Copo<lty llyd""'" .;.~ju<lod Conl[. a 1h<d.., B""' fot C.po<ity loo Coot fn• 
ln<l<• Unit Coso E>lR·LA•lSOO f.NR·LA•l500 > 

"" o ....... Plonl (mpl) ($/m¡d) "' R<motk.< " 
Al..tn«b Coun" Wat" Monu¡l J. Betnotdo lU l\4.000 2.100.000 j 

Ontml l'lllot Soll,l'bot • 
' Az"' Vall<y 1'101" O,. Woter Fillr.llion Plont ,., 94.000 704.000 1 ' nomo R"in Muni<ipol C.tl B. MaSl .... l< Ro¡. '" lll.OOO 2.~40,000 

w,,., o .. u"' T <t!I>IY Tttotmont e 
Pl;nl No. 1 

~ ' (""''"'"c.,,,. (""""'Y R;t~h D. ~ollmon W•l<J '" 116.000 9.280.000 
Wot<J Dutn<l r,,., .. .,, l'lant • 

' u. .... l!ripti .. Ce>. Wot<t T.ut""nt l'bnt " u.~ 1.180,000 

• Cily or úcondid<>-Vi!lo loinl Wot<r Troolm<nl n.~ 224,000 8.400.000 
lni¡::oUon Dhi"'l Plont 

L Cit 1 ol Faitf"l<l \l(ol<n"'" r,.,,., .. , " 293.000 4.400.000 
~ .. 

" H<lio l'lll<t Di>trl<t R. M. L<vy !'!ltroUon '" 119.000 6.no.nno 
rtonl Onitiol) 

' llclio Wot« Oiltna R. M. l.<oy Atnlioo " 41.000 2.!70.000 
Pbnt {oxpomlon) '. 11<1" WIIOt DhtJict R. M. 1-<YJ' rrluilion " H9,000 9.300,000 
Pbnt (com,...,IO) 

" .t.IWD of Sooth<Jn Woym'"'th Sol'tenlng& ~ 138,000 83.000,000 $56.000,000 
CaiofOliUO l'¡ltJ>Uon P~nl without 

" (<ompo~te) <oftoninJI 
r 

' MW!> of S<>11thorn Diom<T F~uoUon l'l>.nt <00 ST.OOO 34.HO,OOO 
Caltfotn¡, (onrliol) 

MWD of 5outh"n D><m<r Filuotion Plllnt •oo "-"" 21.000.000 
C.lofon"" (eoponiion) 

" MWO ol Soulh<!n Docmet Fiii<>IÍM l'l•nl •oo 7~.000 60.000.000 
C..Hfom¡, (oompo~to) 

" MW!l or Sol.th<rn J.,..n F"lllntiOfl Plont "' 1 9!,000 !1,000,000 
C.lilorllio 

" MWD uf Suuth,.,n Sk,nn« F,l\ntion '" 115.000 18.100.000 
C.l•fomla ~"' " City oJ Onlirio w.,., l'llnfiaiÍ<>D ' •. ~ 60).000 

~"' ,. Cíty uf P,Sddon• lohn l.- Boyn<r Woter '·' 186.000 1.390.000 
Trutment Plan! 

" Clty uf l'omon1 C.nyon Filler Pbnt ' 109,000 s.•.ooo ¡ ,. Cíty of Souom<nln ru.,,;d, "'"'" 
,. 208.000 4.150.000 

l!o.ttm<nt flllnt • 
" Clty of So<>on><nto A,.JÍ<•n Rr•OJ Wota " 101,000 14.460.000 ; 

T!<llmtnt Plant • o n Oty uf S.n D><Jo AJ,mdo w.,er ,00 204.000 20.400.000 117.140.000 

' Tt .. lmont Plant ""thout > 
ool,.ning " " n City of Son Dk1o r,w.,,.,.,w,,., F~ttotion " 111.000 9,010.000 • • 

~"' , 
" Son Diquito llriptinn lomt F~lt>lion Pbnt " IU,OOO 5.100.000 " Dimi<I·Sonl> Fe " ' lm1o~on Dutrkt g " San r .. oci<oo. C•tt &. S..n An4tea> W11a "' 155.000 ll.l70.000 

Count; oJ Filttat>On Plant • 
" S..n 1 """""'• C.ty l. Sonol Voll<y WotOJ Filt. "' 116.000 9.410.000 

' r·"""'' of flllnt (lnit;.,l] • -



• 

lndc> 
~ ~-· '1'1••• 

" S.m l"r>nci><o, C>•r"' Sun<>l Vol ley Wller Fill. 

County of Plont (u¡>an>lon) 

" s..n r .. ...rooo. Clty & Sunol VIII< y Wtter Frrt. 
CouMy o( PI• nt ( ccun !>0-IÍI< ) ,, e,, o( S...nw R"bm Wtlliom U. C.tor 

~illllllon l'llnt 

'" Clt> o( S.nu r.!oni<> A"· .. dio W•t•r S.ftoruna 
PI• ni 

" Stockton·Eo<l Wotcr Stockton-E.ut w,,., 
llH!n<l TrcUmcnt Pbnt 

' " • " "' • ' E 
o 
w , 
w 
w • • • 
" w 
w 
< , 
o 

' w 
< , 
' • • 

-c ..... ,,.,,;,. 
Cou P"' mp 

Muim•m o( Moximom 
H,d,.u!.< C.p><ity Hyd,.olie 
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V.- OPERACION 

Los problemas de operaciOO de las Plantas Potablhzadoras en -

Mbtlco se deben a los siguientes fnctores: 

1.- DEFICIENTE DlSE})O 

2.- MALA OPERACION 

3.- FALTA DE MANTENUviiENTO DE LOS EQUIPOS 

4.- EN ALGUNOS CASOS A LA CALIDAD DE LOS 
PROIXJCTOS QUlM!COS. 

5,- INSTALACION DE EQUIPOS CON BAJO CONTROL DE 
CALIDAD. 

Los dos primeros son los más Importantes. 

El diseño deficiente de las instalaciones se debe a 

a) FALTA DE CARACTERlZAClON DEL AGUA CRUDA 

b) FALTA DE PRUEBAS DE COAGULACION 

e) EMPLEO DE TECNICAS OBSOLETAS 

d) DESCONOCIMIENTO DE LA TECNOLCCIA MODERtJA 

Por otra parte los diseños contemplan una medición sofisticada 

inOperante en el Pais, o bien no tienen medición adecuada, 

En general no se usan polielectrolitos en la coagulación y la mezcla-

rlipida no se evalua debidamente. 

No se Cuida la equi-rcpanición del flujo y se calcula con poco cuida-. 

do la secuencia hidráulica de los procesos. 

Existe un monopolio que aplica la misma t~nica, con los mismos - -

pafámetros en todos los diseños. 

La mala operación se debe principalmente a la improvisación Y falta -



de selección de personal capacitado. , 

Dcberfan establecerse en las Universidades del pafs cursos de - - -

Operadores de P!añtas, a dlfer~tes niveles-y las Dependencias_- - -

encargadas de la operación de Plantas, exigir como requisito la - - -

adecuada preparación de los operadores, dando facilidades y estable-

cicndo estrmulos económicos. 

Otro aspa:to que se dt:scuida en la operación es el valor del Labo.r.n-

torio en In evaluación del funcionamiento y ayuda para fijar dosifica-

cionca y resolver problemas operativos. 

' Los problemas principales de operación son la falta de control de la 

d.t>lflcaclón, mezcla Inadecuada y en loa filtros el lavado sin la - -

técnica apropltH1a y ca:--reraa demasiado largas que pr;oplclan cargas 

negativas y paso. de fOculo. 

Ea importante destacar la falta de actualización de las NORMAS DE -

CALIDAD de nuestro pa!s y el desconocimiento de aspectos tan Impar-

tanres como la formación de trihalometanos con la clorac!On de aguas 

con contenido orgánico. 

Ad.emás se destaca la Importancia de exigir la fabricación de equipos 
• 

con mayor control de calidad, 

Se sugiere como Indispensable, una evaluación realista de lns condlcio 

nes y operación de las plantas potnbllizndoraa para eliminar prácticas 

y equipos defectuosos en los nuevos dlaenos y poder establecer un plan 

Integral, a nivel nacion<~l, de rehabilitación de las lnstal!lclones y - .,:_ 

preparación del personal. 

-



Firw.lmt:-ntc se considera r.!e vital importancia elaborar un inventario 

cuidadoso de las facilidades de equipos y accesorios con que se - -

cut:'nta en M~ico, as! como de los de fácil lmportac!On, destacando 

las instalaciones en donde se ha usado, características t~nicas y -

Precio para un determinado Ind!ce de Costos. 

' 
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Directorio de Asistentes al CUrso: "Tecnologfa Apropiada· para el Tratamiento 
de Agua y Aguas Residuales Agosto 1980. 

J. Trinidad Arredordo Ledesma 
Fac. de Est. Superiores 
Cuautitldn Izcallt, Edo. de Méx. 
33 Jl1 Ext. t17 

Joaqufn Arellano Ntfi'lez 
S A R'H 
Reforma 107-1° 
z.P. 4 
566 95 58 

Antonio Arfas Garcra 
H. Ayurrlamiento de Naucalpan 
Palacio Municipal de Naucalpan 
San Bartola, Naucalpan, Edo, de Mex. 

Francisco Bah:tmorrle Torres 
SARH 
O ir, Gral. de Protección y Ordenación 
Reforma 107-5° 
Z. P. 4 
546 14 55 

César Augusto Barrlentos Martfnez 
Facultad de Ingeniería 
Universidad de San Carlos de Guatemala 
Ciudad Universitaria 
WNA 12 
Guat<!mala, Guatemala C.A. 
480421al25 

Enrique G. Barrag.:in Morales 
DvllÓis Mexicana, S.A, de C. V, 
Calz. Atzcapotzalco La Villa 260 
Z.P.lC. , 
561 60 22 

Hda. la EscoOOida 122 
Col. lmpulsora 
Netzahualcoyotl , Edo. de Méx. 
794 13 49 

Procuradurra Gral, de justicia 87 
Z.P .9 
762 62 30 

Feo. Sarabfa 225-2 
Sn. Juan Tlihuala 
Z,P.I6 

Edif. 1 Entrada B Depto. 501 
Unidad Lindavista 
Z.P.l4 
587 37 92 

ll Calle 14-60 
Zona 12 
Guatemala, Guatemala C.A. 

-
Ciguenas 'P 
Las Alamedas 
Atlzapán, Edo. de M~x. 

7, Manha A lleta Blancarte Zurita 
Centrad e lnvesttgación y Estudios Avanzados · 
Av. Tocomán y Av. IPN · Calz. de la Viga 1470 &lif. B No. 203 
Zacatenco Col. Sifón 
Z.P:M Z.P.S 
754 02 00 Ext. 289 581 59 83 
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8. Pedro Antonio Eosch Ole 
TubOs de Acero de Méx. S; A. 
París 15 
Sn. Rafael ' México, D. F 
566 12 00 

9. José Ricardo Campa M. 
S.A.R. H. Sur 69 No. 3036 -4 
Reforma 107-4° Col, V. Piedad 
Z.P. 4 Z.P. 13 
546 18 47 530 u 87 

10. Marra Magdalena Cantú-García 
CIECCA, SARH Galeana 60 
Av. Sn. Bernabé 549 Sn. jerónimo Lfdice 
Z.P.20 Z.P. 20 
595 24 55 595 13 47 

H. Octavio Castellanos López 
S A R H Av. Copilco \62 Edif. 27-301 
Av. Sn. Bernabé 549 Copilco Universidad 
Z. P. 20 Z.P. 20 
595 24 55 550 88 72 

12. Gerardo Cssti\lo V11\avlcencio 
Dir.Gral. de Protección y Ord. Ecológica Calmecac lote 1 Mza. rr 
Reforma 107-8° Ajusco 
Z.P.4 · Z.P. 21 
592 14 38 

13. Octavio Castro Guzmán 
Universidad Michoacana Tecuen 16 
Ese. de Ing. Civil Rancho Charro 
Edif. "A" More tia, M ch. 
Clla. Universitaria 2 74 06 ' 
Morella, Mtch. 

14. José Luis Cruz Saiazar 
S. A.J-1. O, Nte. 88 # 6210 
P. de la Reforma 77-9° Getrudis Sánchez 
México, O. F. Z.P.l4 
535 57 21 

15. Gabriel Chavarría Chávez 
ClECCA Hojalaterfa 60 
Av. Sri. Bernabé 549 Col. Morelos 
Z.P. 20 Z.P.2 
595 23 22 526 64 89 
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16. Rector Delgado Hernán:l.ez 
Bubols Mexicana, S.A. de C.V. 
Atzacoptzalco la Villa 260 
Z.P.l6 
5616022 -

17. }osue Manuel Dfaz Segura 
S.A.R. H. 
P. de la Reforma 107-2° 
Z.P.4 
566 06 88 Ext. 153 

18. Ma. Socorro Espino Valdes 
Centro de Inv. y Est. Avanzados 
1 P N . 
Av. I.Politecnlco Na!. y Cada. Ticomán 
Ap:lo. 14740 
Zacatenco 
Z.P.I4 
754 02 00 Exc. 289 

19, J. Flores Muiloz 
Lab. e lng. de la Calidad del Agua S.A. 
Av. Col. del Valle ,637 
Z.P.l2 
543 91 94 

20. Everardo Flores y Robles 
SARH 
Subjefe de Depto. 
P. de la Reforma 107 
Z.P, 4 
546 18 47 

21. Ma. Victoria Franco Orozco 
S.A.R. H. 
Ignacio Rmz. 20 
Col. Sn. Rafael 
Z.P. 4 
566 39 11 

22. Humberto Gámez Lozano 
Dubols Mexicana, S.A. 
Atzcapotzalco la Villa 260 
Z.P. 16 
561 60 22 

23. Faustino Garcfa C. 

Edif. 45 B -20\ U. L 
Unidad Lin::lavista 
Z.P. 14 
587 30 96 

M O naco 264-9 
Z.P.l3 
539 71 07 

Nte. 26#328 
Col. In:lustrial 
Z.P. 14 
517 08 75 

Mario Moreno 15~404 
Olivar del Con::le 
Z.P.I9 

Calle U # 210 
Col. Porvenir 
Z.P. 15 
355 07 97 

• 
Mar de Japón 8571 
Loma Lirda 
Montérrey, N.L. 

''708840 

• 



24. Abelardo González Aragón 
SutdirecclOn de Investigac!On y Ent. 
Av.Sn. Bernabé 549 
Z.P. 20 

- 595 44 53 

25. Ma. Carmen Gpe. Hernlirrlez Garcra·. 
S,A,H,OP. 
Reforma 77-10° 
Z.P. 4 
592 Ol 26 

26. RamOn Humberto· González Núfiez 
Eco- Ingenierfa S.A. 
Providencia 1035 
Z P.l2 
575 87 23 

27. Enrique Hernárrlez Cortés 
S A R H 
P. de la Reforma 107-2° 
ZP. 4 
566 95 69 

28. Carlos Hernán:iez Otávez 
S A R H 
O ir. Gral. de ProtecciOn y Ord. ""'· Av, Sn. Bernabé 549 
595 24 00 

29. Rcxlolfo Hines López 
OuEbis Mexicana S.A. de C.v.· 
Atzcapotzalco la V11\a 260 
Z. P. 16 
561 60 22 

30. Silvia Ivonne Islas CUrlel 
SAHOP 
Reforma 77-9° 
Z.P. 1 
535 57 21 

31. Sergio LeOn Pérez 
SAHOP 
Reforma 77 
Z.P, 4 

32. Franc !seo J, Mancebo 

33. Juan Manuel Martfnez jiménez 
ComlsiOn de Aguas del Valle de Méx, 
Victoria 77-2° 
Z.P. 1 
521 87 25 Exc. 114 

A. B. Franklln 99-401 
Z.P.ll 

Nte 9 A No. 4612 
Col. Defensores de la Rép. 
Z.P.l5 
355 54 45 

Lidia 88 
Gpe. Tepeyac 
Z.P. 14 
537 09 58 

Mirla 270-401 
Z.P. 12 
579 96 49 

Valle-de Parans 122 

" 

Valle de AragOn 
Netzahualcoyot1, F.do, de Méx, 

Calle The 790 
Granjas Méx, 
Z.P. 8 

Feo. Novoa 91 
Col. AragOn 
Z.P.\4 
7 Rl 1.~ m 
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' 34. Francisco Javier Maytorena Fontes 
SARH 
O ir. Gral. de Protección y Ord. Ecológica 
Reforma 107-5° 
Z.P. 4 
566 06 88-122 

35. Paulina Rosalía Montoya Aguilar 
S.A.H.O.P. 

36. Bertha Leticla Navarro Ginther 
Comisión de Aguas del Valle de Méx. 
Balderas 55 
Z.P.l 
521 16 74 

37. Felipe OnMí'lez Armengol 
SARH 
Reforma 107-8° 
Z. P. 4 
592 10 62 

38. Jes(is Ortega Me:irano 
Consultec de México, S,A. de C, V. 
Ameyalco 10-4°-427 al 430 
Col. del Valle 
Z,P. 12 
543 51 73 

39. Ma. de Lounles Peí'la Ve\ázquez 
Instituto de Geografía 
UNAM 
Z.P.20 
550 52 15 Ext. 4295 

40. Luis Quezada Camacho 
S A R H 
Reforma 107-1° 
Z.P. 4 
546 14 55 

41. Mauri\io Rfos Soto 
ECCAC IV 
Km. 3.5 Carr. Jiutepec-Zapata 
]iutepec, Morelos 
S 87 89 

• 
42. José G. Robte:io Montes 

ASr •RES 
Sur 72-4222 
Col. V .Pie.:l.ad 
7 D l'J 

Sur 69 # 3036-5 
Col. V. Pie:iad 
Z.P. 13 
530 n fJ7 

Rembrant 61 
Z.P. 19 . 
598 24 os 

• 

Cuicacalli 46 
Cda, Satélite 
Edo. de Méx. 
572 32 50 

Luisa l30-4 
Col. Nativitas 
Z.P, 13 
532 73 44 

Nte, 82 # 5218 
G. Sánchez· 
Z.P. 14 
760 24 74 

Cereales 112 
Col. Progreso del Sur 
582 17-52 

Sn. J. de Letrán 454 B 603 
Z.P.3 
583 92 47 

Real Yautepec 16 
Tejalpa, CuernavaCB. 

Colima 388 A 
Z.P, 7 
511 19 73 



43. Pedro Rcx:larte Mireles 
S A R H 
Reforma 107 
Z,P. 4 
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566 06 88 Ext. 149 

44. Margarlto Popoca Ocampo 
ECCAC 
Km. 3.5 carr. Jiutepec·Zacatepec 
Jiutepec , Mor. 
S 87 89 

45. Francisco ]osé Rojas Vf!lanucva 
Lab, e !ng. de la Calidad del Agua S.A. 
Av. Col. del V lle 637 
Z.P. 12 
543 91 94 

46. Miguel Rosas A. 

47. Ramiro E. Rosas Corral 
O ir. Gral. de Protecc!On y 
Ordenación Ecológica 
Reforma 107-2" 
Z.P. 4 
566 06 88 

48. GUberto Mateo Sada y Ramos 
SARH 
jefe del O pto, de Reuso del Agua 
Av. Sn. Bernabé 549 · 
Z.P. 20 
595 44 53 

49. Jorge Sánchez Vázquez 
S AH O P 
Vallarta 9-1" 
México, D.F. 

50. }e sus Sereno Orozco 
Duboia Mexicana, S.A. de C.V. 
Calz. Azcapotzalco la Villa 260 
Z.P. 16 
561 60 22 

51. Jaime Sosa Romero 
S A R H 
O ir. Gral. de captacioneS y Con::lucc!ones 
de Agua 
Ignacio Ramfrez 20-1" 
Z,P.4 
566 39 ll 

Plaza de la Asunción 5 
Tejalpa 
Cuerna vaca , Mor. 
5 tO 97 

Violetas 314 
Fracc. Florida 
Naucalpan, Edo.de Mex. 
572 p;¡ 07 

Nte 14 # 4719-4 
Defensores de la Rép. 
Z.P. 15 
587 32 42 

Retorno 21 de Lic. Genaro García 8-1 
janHn Balbuena 
Z.P, 9 
768 42 u 

Cumbres de Maltrata 393-9 
Col. Narvarte 
Z.P. 12 
579 84 98 

Sonora 148-404 . 
Hip6.1romo- Corrlesa 
Z.P. 11 



52. León Suáiez Gabino 
SAHOP 
P. de la Reforma 77 
Z.P. 4 
546 80 16 

53. José Luis Torrescano Espana 
ECCAIV 
Jiutepec, Morelos 
587 89 

54. Saúl Traconis Ramos 
S. A. R. J-1. 
Reforma 107-5° 
Z.P. 4 
542 T7 52 

55. Mauricio Trejo Monroy 
Av. Constituyentes 947 
Z.P. 18 
271 30 00 Ext. 458 

-- 7 --

56. Crescenciano Urióstegui Cardoso 
O ir, Gral. Obras Marítimas 
Av. !nsurgert es Sur 465-8° 
Z.P. U 
564 76 68 

57. Vicente Vargas N, 
SAJ-IOP 

Av. Jalisco 57 
Coyotepec, Edo. de Méx. 

Sur 121 A No. 342 
Col. 201 
Z.P. 13 
670 37 47 

Carlos B. Zetina 161-4 
Tacubaya 
Z.P. LB 
516 90 99 

Liverpool 149 
Col. Juárez 
Z.P. 6 
525 80 08 

R. Cantos Edif. Guantanamera Depto. 
Col. Villa Panamericana 003 
Z.P. 21 

' • 
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LA POTAIIILIZAE:IDrl DEL.:'AGLIA PIIRA SERVICIO l"lWICIPAL EN LA REPUBLI-
--· .. 

CA MEXICANA • 

. En EU moyor!a loa plantea potabilizadores an la RepÚblico 1-tcxicana, son 
', 

copias modificadas o patentas de los que se uaon en pa{aas Más industrializo-

dos. Esto so deba a qua al gran •4_.. - desarrollo comorcial da estos países, impul-

so el uso da equipos fobricaUos por ellos,los cuales exporton conjuntamente 

con la tecnolog!e qull los oriolna; 

' 
Esta situación se ha mantenido in~odiflcabla hasta al presente. H::~y que 

tonar en cuente, no obstante, que une instalación lnduatriel (una. plonto.pote-

bilizadore ea oonoidsra como tol) 

pera eu funcicnami~ntc da un ni~el 

pala dende se construye~ 

}. . 
no pu~da~ operar correctamente, si,onecaeita 

. ..... ' 
tecnolÓgico más elavodoodel 

'"'~ , .... ' que posea el -

lo anterior ea tanto • mea cierto cuanto mayor sea el número da trabas im-

puestas a la importación, tanto de personal como da equipos y piezao do repue~ 

to. 

Eate;situación se hace aun 
' 

~a critica en la induatri~ del agua, la cual 

frente a lee apremiantes noceoidades do los ps!eaa en viaa de desarrollo, vio-

' na.a sor una induotria dabil, trabojoaomente eoportada por el Estado y con 
.-·~· _J ___ _ 

una angustiosa carencia da fondos en la mayor!a da loa caeos. .. -· - - : - ... ··'·. 

Es de tomar en cuanto, qua no pocos voces los patentas que construyen os 
-. " . 

te ti¡:io.,ds plantas, proporcionan a loo operadorc_s locales 11olomsnta los cono 
~ 

cimientos indiapsnoablaa c~mo para qua controlen au.funcionomiento rutinario 

da· las, plantas potobilizadoraa, ain.au~iniatrar mayor infcrmoción.aobra oua 

principioe_. báaicoa de diaafic por lo que no benericlan el ni vol tecnolfigicc na-



cionnl. 

Cunlquiora que Gen la situación,sl problema rádicn en 

las comunic'lcionss. r;uthoa veces l<ls plantas de· tratar.~iento do o gua 

ce construyen en lugares distantea1de las grandes ciudadeo donde se 

encuentran más facilmente las partes de repuesto o el p"¡¡rarmal capo­

citado para alguna reparación. 

Eato ha producido un snrio problcr.~a entra al desarrollo 

tecnolÓgico que originÓ les ideas b~aicaa del disolío del oquipo "y el 

desarrollo tecnológico del pn!a comprador, qua tiane que crear la ca­

pacitaciÓn para la operación y ~ntenimianto da dichao inotalocionoa. 

Otro de los grnndea problemas en la potabilización en -

México, con debidoa a la fálta da operación y mantenimiento en los ai~ 

temas da agua potable y alcantarillados, aunados a problemas necio-pe~ 

l!tlcos qua estos obran ainmpro han padecido. 

Entra los problemao quo so presentan pode~oa manaionar a 

continuación alaunos. 

Inadecuados programas de ~nt!ni~ianto preventivo y co -

rractlvo en las instalaciones alectromácanicae. 

Dasconoci~iento da loa encargados da lea instalaciones 

da potabilizac!Ón1de loa conceptos básicos conque fueron diseñados en 

loa aapectoa slactromécanlcoa, finlco-quimico, hldrQulicoa qua flnal~a~ 

ta proporcionan las di~ancionaa da la obra civil. 

Muchas vocoa no se encuentran las refacciones da aarvlcio 

a la mano y hoata cierto tipo de reactivos. 

• 

' 

-· 



Falta da recursos ~conÓ~icoa para sufrnguar los gastos 

nDceaarios. 

Toda la antcriar haca pensar, que en nuestra pala haca 

falta panor m~a atención al maneja da la calidad del agua, a la opa­

ración y ~nt~nlmlenta da las obras da abastecimiento de agua y del 

saneamiento. 

Por eupt¡cnto que no todo ca negativo, pues ccntar.>os ~;:on 

algunas instalaciones a las ~;:ualea se les ha puesto la atención debi­

da1 pues están prestando el scrvi~;:io da acuerdo para lo qua fueron 

proyectodea y construidas. 

Entra ellas pudsmos mencionar 1-1onterroy, 11och1s, ~1orelia 

y algunos pocas mas. 

Asimismo sa han hecho intentos por crear tipos dt' plon -

tea económicas del tipo convenclonol,con dlaeRoo da ingenieros mexice-

nos. 

Estos t~cnicoa se dieron cuenta que existian an nuestro 

pala, un gr8n número de poblaciones qua se abastecen con eguas auperfl­

cieles da rlos, lagunas, canales da rlago,cuyaa caracterÍsticae da tuL 

biedad, color y sobre todo bacteriolÓgicas se encuentran fuera da los 

11mi toa da normn qua maree al Reglammito Federal sobre P.p_rovisionamie!J.· 

to de Agua Potable. 

Sobra todo,~uchas da aetas poblaciones eon do escasoc r~ 

curaos económicos y hu~noa califlcadoa, por lo que aa descertaba la PE. 

eibilidad da construir plantee potabilizadoras muy eof{aticadae electrE 



mscnnico~ente, ya que no entar!an en condicinnco do pagnr lo inver­

siÓn v la adecuada opornción v mantenimiento. 

Sre~o deocripciÓn do leo unidades clorificadoran. La des 

cripción so hnrú siguiendo el flujo del agua dende la fuente do abo~ 

tacimicnto hasta el tanque da aguan claras. 

--Estas unidades so canatruirán para clarificar (30 1 p s ), 
. . 

~ccomiendn1 un mnxima de deo trabajando en paralelo. 

La localizaalÓn na hará n una cota superior al nivel del -

agua máximo registrado, no es neceoario qua sea inmediata a la ~apt~ 

aión, ya que eota deberá supeditaN>fl tnl:lbi~n al funcionar:1icnto de!lda.. 

al punto do viota da opereaHín·y-mntenimlerto. Sin embergo,e_n olgu­

ncis co!IO!I los sitios da localizopión ea verán obligados cuando se tr~ 

ta da aprovechar obras existentes. 

Las Dbr.Qs principales qua constituyen ef!ta planta potabili-

zadora son: 

1.- Dosificador '" cal en suspensión. 

2.- Dosificador do oulfato de aluminios en solución. 

' J.- r-:ezclador rápido. 

' . . - Floculador 

s.- Sedlltlentador. 

El dosificador de cal aará un tinaco de asbeoto - ce~nento 

~-. da 1 1DO'lts. el cual tiene un área aproximada da un metro cuadrado 

·l:¡ua facilitará al ~nanajo de la dasificación. ,...--

• 
·i¡'-~ ·····--,·Dentro del tinaco¡para·mantaner la cal··sn auapenaiÓn•ea ins­

tala un motar de un 1¡4 da caballo con su flecha y una élica de 4 Cln • 



c~si Qn el Fondo. 

También contiene una maya· protectora al Flotador paro evi­

tar interfarenciaa al dosificador da Qaato con_atanta (ver fig. !). 

El dosificador da eulfoto de alomino es igual que el ante-

rior con oGcpcién da que no nocaeit8 agltedor. 

ttezclatlor rápido. Ea un tonque de concreto de sección cu.!!. 

droda da 1.55 m. da lado por 2.50 m. de altura y bordo libre de•D.25 

m. que da un volumen da 5.00 m3 y tiempo de retención da 3 minutos 

tier..po suficiente f'l'lrO una mezcla adecu¡¡da ( ver fioura 2 ). - ·•· 

Flooulador.- Este tanque tambiiin ea 1 ~:ontruvc de concreto de 

sección cuadrada de 2.65 m. de ledo y de 3.35 de altura con bordo 11-
. . . 

bre de D.3D·m. tiene- un volumen 27.1 m3 ~:on un tiempo de retención de 

15 minutos eproximadenente ( ver fig. 3 ). 

Sedirnontador.- En ente unidad ea dond~ verdaderamente está 

lo inovación, es un tanque de forma piramidal truncada invertida, de 

bese rectegulot' de ciJn¡;t"eto orm!ldo. ··Su disef'lo se pensó considerando 

le facilidad do contruecién y teniendo en cuenta qua los taludes de -

oue muros descansen en le excavación en QUe se aloje ''" • 
resibir emp.!:!. 

jos. 
• 

Las dimenclones de. esto estructura eon de 18.45 de largo por~ 

12.4S"m;· do ancho y une profundidad máxima de 4.27m. su.volumen total 

ea de 254.13 m3 con una tolvi!l para todos de 37.65 m3.·~tiempo de reten 

ción de 2 horaa ( ver fig. 4 ). .• 



Conclwciomls y Reccmerulacioncs. 

B) Concluciones: 

1.- Se n~ceslton on nwastro ps{s pl¡¡ntos potobilizadOI'BS qw" Elotcm 

acordB r.:on tocnologia y ec:onom1o Da nuestros sistemsa de o¡¡ua 

pctllble. 

2.- Existen on nuestro pala muchas po~loclonos que toman eguas su-

perficialcs fuero de los normas físicas y bactereolágicas, ~uo 

pueden potabilizaras con unidades 

• 
3.- Faltan on nuestro país profesionistas y téc:nicos Gobro tr11tamien 

to ~e agua y loo quo cxioten no sa los ~a la oportunidad da tr~ 

bajar en esa octi~id8d. 

4.- En los sistemas do agua potable y saneamiento, los encargodos de 

su odrninistracián no le dan la misma impcrtanc:io al concepto c~ 

lidod como o la cantidad. 

1,- En aistllmas de abastacir.liento da agua euperficiol a los poblaci..Q 

nas, proyector y conntrwir plantas potabilizad~ras da acuerdo a 

la realidad téc:nica y ec~nómica da las mis~as. 

2.- Proyector y construir plantas potabilizadoras qua requieran el mi 

nimc o na~a ~o equipos, partes de repuoato y reactivos del extra~ 

jaro. 

3.- Capac:itar recursos humanos a nivel profesional y técnico scbre la 

actividad da tratamiento • de agua, dandolaa la oportunidad da col~ 

borsr en ello. 

4.- Qua loa Organismos Administradores de loa aiste~~a de agua potable 



y Ganonmientc eet~n cancinntoo,qua tiene la misma importancia la 

,, LJuona culided del agua como el buen central del volumen. 

5.- En loo obroo do a~uo potable y saneamiento, ae implonten torifea 

por servicio, suficientes pera una buGno operación y mantonimie~ 

to, y aei ae pueda entregar un agua en cantidad y calidad adecua 

do. 

• 

' 

' 
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Directorio de Asistentes al C.Urso: "Tecnología Apropiada- para el Tratamiento 
de Agua y Aguas Residuales Agosto 1980. 

]. Trinidad Arrerlordo Ledesma 
Fac. de Esr. Superiores 
Cuautitliin lzca\U, Edo. de.Méx. 
33 1!1 Ext. ll7 

Joaquín Arel\ano Núñez 
S A RH 
Reforma 107-1° 
Z.P. 4 
566 95 58 

Antonio Arfas García 
H. AyuOOamientode Naucalpan 
Palacio Municipal de Naucalpan 
San Bartola, Naucalpan •. Edo. de Mex. 

Francisco BahamoOOe Torres 
SARH 
Dir. Gral. de Protección y Ordenación 
Rt.!forma 107 -5" 
Z. P. 4 
546 14 55 

Cesar Augusto Barrientos Martfnez 
FaOJitad de lngenlerfa 
Universidad de San Carlos de Guatemala 
Ciudad Universitaria 
ZONA 12 
Guat<!mala, Guatemala C.A. 
48 04 21 al 25 

Enrique G. Barragán Morales 
DvBols Mexicana, S.A. de C.V. 
Calz. Atzcapotzalco La Villa 260 
Z.P.i(' 
561 60 22 

. Hda, la Escordida 122 
Col, Impulsora 
Netznhualcoyotl, &lo. de Méx. 
794 13 49 

Procuraduría Gral, de Justicia ffJ 
Z,P .9 
762 62 30 

Feo. Sarabía 225-2 
Sn. Juan Tlihuala 
Z.P.I6 

Edif. 1 Entrada BOepto. SO! 
Unidad Lindavista 
Z.P.l4 
587 37 92 

11 Calle 14-60 
ZOna 12 
Guatemala, Guatemala C.A. 

Cigueñas 27 
Las Alame:las 
Atizapán, Edo. de Méx. 

7. Martha Alicia !llanear te Zurita 
Centrad e Investigación y Estudios Avanzados 
Av. Tocomán y Av. IPN - Calz. de la Viga 1470 Edif. B No. 203 
Zacatenco CoL Sifón 
Z,P, 14 Z.P. 8 
754 02 00 Ext. 289 581 59 83 
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,_ Pedro Antonio [bsch Cue 

Tubos de Acero de Méx. S, A. 
París 15 
Sn. Rafael 
México, D. F 
566 12 00 

9' José Ricardo Campa M. 
S.A.R. H. Sur 69 No. 3036 -4 
Reforma 107-4° Col. V, Piedad 
Z.P. 4 Z.P. 13 
546 lB 47 530 u 87 

\0. Marra Magdalena Cantú García 
CIECCA, SARH Galeana 60 
Av. Sn. Berna M 549 Sn. JerOnimo Uí:lice 
Z. P. 20 Z.P. 20 
595 24 55 595 13 47 

11. Octavio Castellanos LOpez 
S A R H j'.v. Copilco 162 EdiL 27-301 
Av. Sn. Bernabé 549 Copilco Universidad 
Z.P. 20· Z.P. 20 
595 24 55 550 88 72 

12. Gerardo Castíllo Vil\avicencio 
Oir.Gral. de Protección y Ord. Eco\6gica Calmecac lote 1 Mza. ll 
Reforma 107-8° Ajusco 
Z.P.4 · Z. P. 21 
592 14 38 

13. Octavio Castro Guzmán 
Universidad Michoacana Tecuen 16 • 
Ese. de lng. Civil Rancho Charro 
Edif. "A" More tia, M ch. 
O:!a. Universitaria 2 74 06 ' 
Morelia, Mrch·. 

14. José Luis Cruz Salazar 
S. A.H. O. ,.,_ 88 # 62!0 
P. de !a Reforma 77-9° Getrudis Sánchez 
México, D.F. Z.P.!4 
535 57 2! 

15. Gabriel Chavarrfa Chávez 
OECCA Hoja!aterfa 60 
Av.Sn. Bernabe 549 Col. Morelos 
Z.P. 20 Z.P .2 ' 595 23 22 526 64 89 
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16. H~ctor Delgado Hernán:lez 
Bubois Mexicana, S.A. de C.V. 
Atzacoptzalco la Vma 260 
Z.P.l6 
561 60 22 

17, Josué Manuel O faz Segura 
S.A.R. H. 
P. de la Reforma \07-2° 
Z.P.4 
566 06 88 ElCt. 153 

LB. Ma. Socorro Espino Valdés 
Ct:ntrode Inv. y Est. Avanzados 
l P N_ 
Av. I.fulitécnico Na l. y Cada. Ticomán 
A¡:x:lo. 14740 
Zacatenco 
Z.P.l4 
754 02 00 Ext. 289 

19. J. Flores Muñoz 
Lab. e lng. de la Calidad del Agua S.A. 
Av. Col. de\ Valle 637 
Z,P.l2 
5439194 

20. Everardo Flores y Robles 
SARH 
Subjefe de Depto. 
P. de la Reforma 107 
Z.P. 4 
546 18 47 

21. Ma. Victoria Franco Orozco 
S.A.R. H. 
Ignacio Rmz. 20 
Col. Sn. Rafael 
Z.P. 4 
566 39 11 

22. Humberto Gámez Lozano 
Dubois Mexicana, S.A. 
Atzcapotzalco la Villa 260 
Z.P. 16 
56\ 60 22 

23. Paustino Garcfa C. 

Edif. 45 8 -201 u. 
Unidarl Lirrlavista 
Z.P. \4 
587 30 96 

Mónaco 264-9 
Z.P.l3 
539 7L 07 

Nte. 26 #328 
Col. In:lustrial 
Z.P. 14 
517 08 75 

Mario Moreno 15~404 
Olivar del Corde 
z.P.I9 

Calle lt # 210 
Col. Porvenir 
Z.P. 15 
355 fJ7 97 

Mar de Japón 8571 
Loma Urda 
Monte'rrey, N.L. 

' 70 88 40 



24. Abe lardo González Aragón 
Sub:! irección de Investigación y Ent. 
Av. Sn. Bernabé 549 
Z.P. 20 
595 44 53 

25. Ma. Carmen Gpe. Hernán::l.ez Gnrcía 
S. A. H. O P. 
Reforma 77-lOd 
Z.P. 4 
592 Ol 26 

26. Ramón Humberto' González Núi'iez 
Eco-Ingeniería S.A. 
Providencia 1035 
z p .12 
575 'ó7 23 

27. Enrique Hern<ln.:lcz Cortés 
S A R H 
P. de la Reforma 107-2° 
Z. P. 4 
566 95·69 

28. Carlos Hernárdcz Cbávez 
S A R H 
Dir. Gral. de Protección y Ord. 5::o. 
Av. Sn. Berna M 549 
595 24 00 . 

29, Ro::lolfo Hines Lópcz 
Dulbis Mexicana S.A. de C, V. 
AtzcaJXltzalco la Villa 260 
Z,P. 16 
561 60 22 

30. Silvia Ivonne Islas Curiel 
SAHOP 
Reforma 77-9° 
Z. P. 1 
535 57 21 

3!. Sergio León Farcz 
SAHOP 
Reforma 77 
Z.P. 4 

32. Francisco J. Mancebo 

• 

33. Juan Manuel Martfnez ]iménez 
Comisión de Aguas del Va!ie de Méx. 
Victoria 77-2° 
Z. P. 1 
521 87 25 Ext. ll4 

A, B. Franklin 99-401 
Z.P.ll 

Nte 9 A No. 4612 
Col.'_Defensores de la Rép. 
Z.P.\5 
355 54 45 

Lidia 88 
Gpe. Tepeyac 
Z.P. 14 
537 09 58 

Miela 270-401 
Z.P. 12 
579 96 49 

Valle de Para na 122 
Valle de Aragón 
Netzahualcoyot!, Edo. de Méx. 

Calle The 790 
Granjas Méx. 
Z.P, 8 

Feo. Novoa 91 
Col. Aragón 
Z.P.14 
7RI 1.<1. 07 

' . . 
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' 34. Francisco Javier Maytorena Fontes 
SA R H 
Oir. Gral. de Protecc!On y Ord. Eco!Oglca 
Reforma 107-5° 

35. 

Z.P. 4 
566 06 88-122 

Paulina Rosalfa Montoya Aguilar 
S.A.H.O.P. 

36. Bertha Leticia Navarro Ginther 
ComisiOn de Aguas del Valle de Méx. 
Balderas 55 
Z.P.l 
521 16 74 

37. Felipe OrdOi'!ez Armengol 
SARH 
Reforma 107~8° 
Z.P. 4 
592 !O 62 

38. JesO.s Ortega Medrano 
Consultec de México, S,A. de C.V. 
Ameya\co t0-4°~427 al 430 
Col. del Valle 
Z,P, 12 
543 51 73 

39. Ma. de Lourdes Peña Ve\ázquez 
Instituto de Geograffa 
UNAM 
Z. P. 20 
550 52 15 Exc. 4295 

40. Luis Quezada Camacho 
SARH 
Reforma 107 ~ 1 o 

Z.P. 4 
546 14 55 

41. Maurl\io Ríos Soto 
ECCAC IV 
Km. 3.5 Carr. Jiutepec·Zapata 
Jiutepec, More\os 
5 87 89 

42. José G. Robledo Montes 
ASI •RES 
Sur 72~4222 
Col. V.Piedad 

Sur 69 # 3036~5 
Col. V, Piedad 

. Z.P. 13 
530 11 87· 

Rembrant 6i 
Z.P. 19 
598 24 os 

• 

CUicacalli 46 
Ola, Satélite 
Edo. de Méx. 
572 32 50 

Luisa 130-4 
"Col. Nativitas 
Z.P. 13 
532 73 44 

Nte. 82 # 5218 
G. Sánchez· 
Z. P. 14 
760 24 74 

Cereales 112 
Col. Progreso del Sur 
582 17-52 

Sn, J. de Letrll:n 454 B 603 
Z.P.3 
583 92 47 

Real Yautepec \6 
Tejalpa, CUernavaca 

Colima 388 A 
Z.P .7 
Sll\9"73 



43. 1\'rlro Ro::larte Mireles 
S A R H 
Reforma 107 
Z.P. 4 
566 06 88 Ext: 149 

44. Margarita Popoca Ocampo 
ECCAC 
Km. 3.5 Cnrr. Jiutepec-Zacatepec 
Jiutepec , Mor. 
5 87 89 

45. Francisco José Rojas Villa nueva 
Lab. e lng. de !a Calidad del Agua S.A. 
Av. Col. del V Jle 637 
Z.P. 12 
543 91 94 

46. Miguel Rosas A. 
. . 

47. Ramiro E. Rosas Corral 
O ir. Gral. de Protección y 
Ordenación Ecológica 
Reforma 107-2° 
Z.P. 4 
566 06 88 

48. Gilberto Mateo Sada y Ramos 
SARH 
jefe del D pto. de Reuso del Agua 
Av. Sn. Bernal::é 549 
Z.P. 20 
595 44 53 

' 49. jorge Sánchez V.!!izquez 
SAHOP 
Vallarra 9·1" 
México, D.F. 

50. jesus Sereno Orozco 

51. 

Dul::úis Mexicana, S.A. de C.V. 
Calz, Azcapotzalco La Villa 260 
Z.P. 16 
561 60 22 

Jaime Sosa Romero 
SARH 
Dir. Gral. de CaptacioneS y Con::lucciones 
de Agua 
Ignacio Ramfrez 2Ó·1° 
Z.P.4 
566 39 11 • 

Plaza de la Asunción 5 
Tejalpa 
Cuerna vaca , Mor. 
S 10 97 

Violetas 314 
Fracc. Florida 
Naucalpan, F.do,de Mex. 
572 f5] 07 

Nte 14 # 4719·4 
Defensores de la Rép. 
Z.P. 15 
5f57 32 42 

~ .. ' 

Retorno 21 de Lic. Genaro Garcfa 8-1 
jardín Balbuena 
Z.P. 9 
768 42 u 

Cumbres de Maltrata 393-9 
Col. Narvarte 
Z.P. 12 
579 84 98 

Sonora 148-404 . 
Hip6::1romo- Con::lesa 
Z.P. U 
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52. LeOn Suái'ez Gabino 
S AH O P 
P. de la Reforma 77 
Z.P. 4 
546 80 16 

53. José Luis Torrescano Espafta 
ECCAIV . 
Jiutepec, More1os 
587 89 

54. Saúl Traconis Ramos 
S.A.R. H. 
RefOrma 107-5° 
Z.P. 4 
542 1:7 52 

55. Muuricio Treja Monroy 
Av. Constituyentes 947 
Z.P. 18 
271 30 00 Ext. 458 

56. Crescenciano UriOstegui Cardoso 
O ir, Gral. Obras Marftimas 
Av. lnsurgert es Sur 465-8° 
Z.P. 11 
564 76 68 

57, Vicente Vargas N. 
S AH O P 

Av. jalisco 57 
Coyotepec, B:lo. de Méx. 

Sur 121 A No.342 
Col. 201 
Z.P. 13 
670 37 47 

Carlos B. Zetina 161-4 
Tacubaya 
Z.P. 18 
516 90 99 

Ltverpool 149 
Col. Juárez 
Z. P. 6 
525 80 08 

R. cantos Edif. Guantanamera Depto. 
Col. Villa Panamericana 003 
Z.P. 21 
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