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FACUL TAO DE INGENIEAIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

A LOS ASISTENTES A LOS CURSOS 

las autoridades da la Facultad da Ingeniaría, por conducto del jefa da la 

División da Educación Continua, otorgan una constancia da asistencia a 

quienes cumplan con los requisitos establecidos para cada curso. 

El control de asistencia se llevará a cabo a través da la persona qua la entregó 

las notas. Las inasistencias serán computadas por las autoridades da la 

División, con el fin de entregarla constancia solamente a los alumnos que 

tengan un mínimo de 80% de asistencias . 
. - •. 

Con el objeto da mejorar los servicios qua la División de Educación Continua 

ofrece, al final del curso "deberán entregar la evaluación a través de un 

cuestionario diseñado para emitir juicios anónimos. 

Se recomienda llenar dicha evaluación conforme los profesores impartan sus 

clases, a efecto de no llenar en la última sesión las evaluaciones y con asto 

sean más fehacientes sus apreciaciones . 

Palacio de Minería Calle de Tacuba 5 
Teléfonos: 512-8955 

Atentamente 
División de Educación Continua. 

Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285 
512·5121 521-7335 521-1987 Fax 510-0573 521-4020AL26 
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FA.CULTA.D DE INGENIERIA. U.N.A..IVI. 
DIVISION DE EDUCA.CION CONTINUA 

CURSO S 1 N STITU C I O NALE S 
. COMISIÓN DEL AGUA DEL ESTADO DE MÉXICO 

EQUIPAMIENTO DE LINEAS DE CONDUCCIÓN 
Dell8 al22 de octubre de 1999. 

Ajmntes Generales. 

Ing. Alfonso Rodríguez Navidad 
Palacio de Minería 

I 9 9 9. 

Palacio de Minería Calle de Tacuba 5 Pnmer piso Deleg. Cuauhtémoc Q6(X)() México, D.F. APDO. Postal M-2285 
Teléfonos· 5512-8955 5512-5121 5521-7335 5521-1987 Fax 5510-0573 5521-4021 AL 25 
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CURSO DE EQUIPAMIENTO EN SISTEMAS DE BOMBEO 

TEMARIO. 

l. AREAS QUE SE INVOLUCRAN EN EL EQUIPAMIENTO DE UN SISTEMA, BASE 
PROGRAMA INTEGRAL. 

1.-INGENIERIA: 

2.- ABASTECIMIENTOS : 

3.- FINANZAS : 

PROCESO 
EQUIPO 
CONSTRUCCION 

LICITACIONES 
COSTOS Y PRECIOS UNITARIOS. 
INSPECCION Y EXPEDITACION 

PROGRAMA DE INVERSIONES 
RECURSOS FINANCIEROS 

. ._ -

4.- DEPARTAMENTO JURIDICO O LEGAL: CONDICIONES LEGALES Y COMERCIALES. 

11.- SECUENCIA DEL EQUIPAMIENTO. 

1.-INGENIERIA: GENERA LA DE DOCUMENTACION DE: 

1.0.- CRITERIOS DE DISEÑO DE LOS EQUPOS Y SISTEMAS, CRITERIOS DE 
SELECCIÓN, TIPOS DE BOMBAS Y ARREGLOS. 

1.1.- DIAGRAMAS DE TUBERIA E INSTRUMENTACION. 

1.2.- PARAMETROS DE DISEÑO DE LOS EQUIPOS. 

1.3.- DESCRIPCION DE LOS SISTEMAS. 

1.4.- LISTAS DE EQUIPO Y MATERIALES: MECANICOS, ELECTRICOS, CONTROL E 
INSTRUMENTACION, CIVILES. 

1.5.- PLANOS DE ARREGLO; DE PLANTA Y DE EQUIPOS. 

1.6.- ESPECIFICACIONES DE ADQUISICION. 

1.7.- REQUISICIONES. 

1.8.- SOLICITUDES DE COMPRA 

1.9.- RECIBE INFORMACION FINAL DE EQUIPOS Y MATERIALES PARA APLICAR 
PARTICULARIDADES EN PLANOS APROBADOS PARA CONSTRUCCION. 

., 



2.- ABASTECIMIENTOS TRAMITA : 

2.1.- CONVOCATORIA PARA LICITACION. 

2.2.- LICITACION O CONCURSO. 

2.3- RECIBE OFERTAS DE CONCURSANTES. 

2.4.- EVALUA OFERTAS COMERCIALES Y FINANCIERAS CON APOYO DE FINANZAS. 

2.5.- ENVIA OFERTAS A INGENIERIA PARA EVALUACION TECNICA. 

2.6.- ELABORA DICTAMEN UNA VEZ QUE LE RETORNAN RECOMENDACIÓN DE 
EVALUACION TECNICA Y FINANCIERA. 

2.7.- EMITE FALLO DE CONCURSO Y FINCA PEDIDO DE FIRME. 

2.8.- ESTABLECE PROCEDIMIENTO DE COMUNICACIÓN ENTRE PROVEEDOR Y 
AREAS DE INGENIERIA Y ABASTECIMIENTOS. 

2.9.- PROMUEVE DE COMUN ACUERDO CON INGENIERIA LAS REUNIONES 
TECNICAS PARA RECEPCION DE INFORMACION TECNICA Y DEMAS. 

2.10.- ESTABLECE COMPROMISOS DE ENTREGA DE INFORMACION TECNICA. 

2.11.- DEFINE TIEMPOS DE ENTREGA CONTRACTUALES TANTO DE INFORMACION 
TECNICA Y DEMAS COMO TIEMPOS DE ENTREGA DE LOS EQUIPOS. 

111.- ENLACE CON ACTIVIDADES DE CONSTRUCCION. 

1.- UNA VEZ QUE SE HA LOGRADO LA ETAPA DE EQUIPAMIENTO DE UN 
SISTEMA, Y DE ACUERDO CON EL PROGRAMA INTEGRAL DEL PROYECTO SE 
ESTABLECE EL FLUJO DE INFORMACION DE INGENIERIA Y 
ABASTECIMIENTOS CON EL AREA DE CONSTRUCCION. 

2.- INICIO DE ACTIVIDADES DE CONSTRUCCION DE EQUIPOS PRINCIPALES DEL 
SISTEMA. 

ESTE TEMA NO FORMA PARTE DEL CURSO; SOLO SE ENUNCIARA Y SE COIIKNTARA. . 

~u 
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.CURSO DE EQUIPAMIENTO EN SISTEMAS DE BOMBEO 

INTRODUCCION 

EL OBJETIVO DE ESTE CURSO ES ESTABLECER UN METODO PARA LLEVAR A CABO LA 
DOTACION DE EQUIPO REQUERIDOS EN UN SISTEMA DE BOMBEO, DE ACUERDO CON 
LOS RESULTADO DE UN DISEÑO, ADQUISICION DEL EQUIPO ASI COMO LA INSTALACION 
DE LOS EQUIPOS DE FORMA QUE ESTOS FUNCIONEN EN SERVICIO Y CUMPLAN CON 

- PROPORCIONAR EL SERVICIO PARA EL CUAL FUERON CONSIDERADOS EN EL PROYECTO 
DEL SISTEMA. 

EN ESTE CURSO SE HARA UNA DESCRIPCION GENERAL DEL PROYECTO, ASI COMO LOS 
FINES PARA LOS CUALES SE EJECUTO Y CUMPLAN CON LAS NECESIDADES DE UN 
SERVICIO ESPECIFICO DEMANDADO. 

GENERALIDADES 

EL EQUIPAMIENTO DE UN SISTEMA DE BOMBEO TIENE COMO FINALIDAD : LA 
ADQUISICION DE LOS EQUIPOS QUE LO CONFORMAN PARA LOGRAR QUE EL SISTEMA 
CUMPLA ADECUADAMENTE SUS FUNCIONES ESPECIFICAS UNA VEZ QUE HA SIDO 
INSTALADO, PROBADO Y PUESTO EN OPERACIÓN. 

POR LO TANTO, ES NECESARIO ESTABLECER: 

l. AREAS QUE INTERVIENEN EN EL EQUIPAMIENTO DE UN SISTEMA, EN BASE A UN 
PROGRAMA INTEGRAL DE UN PROYECTO. 

1.- INGENIERIA: a- PROCESO 
b.- EQUIPO 
c.- CONSTRUCCION 

2.- ABASTECIMIENTO.- a.- LICITACIONES 
b.- COSTOS Y PRECIOS UNITARIOS 
c.- INSPECCION Y EXPEDITACION 

3- FINANZAS.- a.- PROGRAMA DE INVERSIONES 
b.- RECURSOS FINANCIEROS 

4.- DEPTO. JURIDICO O LEGAL a.- ESTABLECIMIENTO 
CONTRACTUALES. 

b.- ESTABLECIMIENTO 
COMERCIALES. 

DE CONDICIONES 

DE CONDICIONES 

11. ESTABLECIMIENTO DE ACTIVIDADES SECUENCIALES PARA EL EQUIPAMIENTO. 

PARA LO ANTERIOR ES NECESARIO ESTABLECER Y PROGRAMAR QUE AREAS DE UN 
PROYECTO EN PARTICULAR INTERVIENEN Y QUE TIPO DE ACTIVIDADES 
CORRESPONDE A CADA UNA PARA QUE EN FORMA COORDINADA SE CUBRAN LAS 
ETAPAS DE DISEÑO APROBADO DE LOS EQUIPOS, TRAMITES DE ADQUISICION, 
COMPRA DE EQUIPO Y FINALMENTE INSTALACION DEL MISMO (AUNQUE EN ESTE 
CURSO SOLO SE ENUNCIA ESTA ACTIVIDAD). 



GENERALMENTE lA MAYORIA DE EMPRESAS DE INGENIERIA SE ORGANIZA DE FORMA 
TAL QUE DENTRO DE lA ORGANIZACIÓN DE lAS MISMAS, SE ESTABLECEN AREAS DE 
TRABAJO QUE LLEVAN A CABO lAS FUNCIONES DE DISEÑO, ABASTECIMIENTO O 
PROCURACION, CONSTRUCCION, PRUEBAS Y PUESTA EN MARCHA DE LOS EQUIPOS 
PARA PROYECTOS ESPECIFICOS. 

CADA EMPRESA PARTICUlAR O DEL SECTOR PRIVADO, ASI COMO lAS ENTIDADES DEL 
SECTOR PUBLICO QUE LLEVAN A CABO PROYECTO DE INGENIERIA Y CONSTRUCCION 
SE HAN ORGANIZADO QUE PARA CADA UNA DE lAS AREAS QUE lA FORMAN LLEVE A 
CABO lAS FUNCIONES Y RESPONSABILIDADES QUE LES CORRESPONDA Y DE ESTA 
FORMA SE CUMPlAN CABALMENTE CON lA REALIZACION DE UN PROYECTO O DE UNA 
OBRA PARA LOS FINES QUE ESTA FUE PREVIAMENTE PROYECTADA 

DE ESTA FORMA PARTICUlARIZANDO EN LO REFERENTE A SISTEMAS DE BOMBEO, SE 
PUEDE PARTIR DE LOS SIGUIENTE : _ . 

DESARROLLO : 

lAS AREAS QUE INTERVIENEN EN El EQUIPAMIENTO DE.SISTEOMAS DE BOMBEO SON: 

1. INGENIERIA. 

a.- PROCESO: ESTA AREA EN SU ACTIVIDAD DE PROCESO ES RESPONSABLE DE 
LLEVAR A CABO LOS ESTUDIOS PRELIMINARES Y DEFINITIVOS QUE 
LLEVAN FINALMENTE A lA REALIZACION DE UN PROYECTO. 

ESTABLECE Y DEFINE EL SISTEMA A TRAVES DE DIAGRAMAS QE FLUJO 
DEL PROCESO, DIAGRAMAS DE TUBERIA E INSTRUMENTACION. 

DEFINE LOS CRITERIOS DE DISEÑO. 

CALCULO DE PARAMETROS DE DISEÑO DE EQUIPO Y ACCESORIOS. 

CRITERIOS DE SELECCIÓN : BOMBAS, RECIPIENTES, DISPOSITIVOS, ETC. 

MODOS DE OPERACIÓN. 

ARREGLO DE LOS EQUIPOS: ARREGLO DE PlANTA Y ARREGLO DE 
EQUIPO. 

TIPOS DE BOMBAS APROPIADOS PARA EL SERVICIO ESPECIFICO. 

DESCRIPCION DEL SISTEMA Y CONTROL. 

EMITE LISTA DE EQUIPO. 

SELECCIONA MATERIALES ADECUADOS AL SERVICIO. 

UNA VEZ QUE lA DOCUMENTACION RElACIONADA CON lAS 
ACTIVIDADES ANTERIORMENTE DESCRITAS HA SIDO AVAlADA Y 
APROBADA DE ACUERDO A PROCEDIMIENTOS DE CALCULO, SE ENVIA AL 
AREA DE EQUIPO. 
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b.-EQUIPO: EL AREA DE EQUIPO, EN BASE A LA INFORMACION DE PROCESO, SE 
ABOCA A PREPARAR LAS ESPECIFICACIONES DE ADQUISICION DE LOS 
EQUIPOS DEL SISTEMA 

LAS ESPECIFICACIONES DE ADQUISICION DEBEN SER LO 
SUFICIENTEMENTE CLARAS Y TAN AMPLIAS COMO PARA CUMPLIR CON 
LOS CRITERIOS DE DISEÑO. DEBERAN CUBRIR LOS ASPECTOS 
FUNCIONALES, EFICIENCIAS ADECUADAS, FACILIDADES DE OPERACIÓN, 
MANTENIMIENTO, SEGURIDAD DEL EQUIPO Y DEL PERSONAL DE 
OPERACIÓN, MATERIALES DE ADQUISICION NORMAL EN EL MERCADO O 
DE IMPORTACION SI ES PRECISO. 

ES IMPORTANTE QUE EN ESTA ACTIVIDAD SE HAGA ACOPIO DE 
INFORMACION TAL COMO COGIDOS DE APOYO, NORMATIVA NACIONAL E 
INTERNACIONAL, RECOMENDACIONES DE EXPERTOS Y DE 
FABRICANTES, EXPERIENCIA EN ACTIVIDADES DE INGENIERIA. 

LAS ESPECIFICACIONES DE ADQUISICIONES DEBEN DE CONTENER LO 
SIGUIENTE, DE PREFERENCIA : ' 

OBJETIVO Y CAMPO DE APLICACIÓN 
NORMAS 
DATOS DE PARAMETROS DE DISEÑO BASICOS 
ALCANCE DEL SUMINISTRO 
CONDICIONES DE OPERACIÓN 
CARACTERISTICAS TECNICAS 
CARACTERISTICAS PARTICULARES 
TIEMPOS DE ENTREGA 
INFORMACION CON LA OFERTA, INFORMACION DE FABRICANTE 
INFORMACION DESPUES DE COLOCADA LA ORDEN DE COMPRA 

UNA VEZ QUE LA DOCUMENTACION SE HA REUNIDO Y ORDENADO EN EL 
DOCUMENTO DE EMISION, REVISION Y APROBACION. SE PROCEDE A 
ELABORAR UNA REQUISICION, DONDE SE SOLICITA SE LLEVEN A CABO 
LOS TRAMITES PERTINENTES PARA LA ADQUISICION DE LOS BIENES 
MATERIALES Y EQUIPOS, INDICANDO LAS FECHAS CLAVE DE LOS 
EVENTOS PRINCIPALES CON BASE AL- PROGRAMA INTEGRAL DEL 
PROYECTO, ENVIANDO ESTA REQUISICION CON TOD~ l!\ 
DOCUM!::NTP,CION QUE COMPRENDE, AL AREA DE ABASTECIMIENTO. 

ESTA REQUIFICION ES ACOMPAÑADA DE UNA SOLICITUD DE COMPRA DE 
LOS BIENI:': QUE SE INDICAN CLARA Y AMPLIAMENTE EN LA 
ESPECIFICACION 

c.- CONSTRUCCION: . EN ESTE CURSO NO SE DETALLAN ESTAS ACTIVIDADES, SOLO SE 
ENUNCIARAN. 
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2. ABASTECIMIENTOS 

a.-LICITACIONES: CON TODA LA DOCUMENTACION DE INGENIERIA, El AREA DE 
LICITACIONES DEBE DE PREPARAR Y TRAMITAR LO QUE LE 
CORRESPONDE DENTRO DE LA ORGANIZACIÓN PARA LLEVAR A 
CABO LA LICITACION O CONCURSO PARA LA ADQUISICION DE LOS 
EQUIPOS CORRESPONDIENTES. 

PARA TAL OBJETO PREPARARA UNA CONVOCATORIA 
SOLICITANDO A DIVERSOS FABRICANTES O PROVEEDORES QUE 
SE TIENE EN CATALOGO DE PROVEEDORES Y QUE ESTAN 
FAMILIARIZADOS CON LOS EQUIPOS MOTIVO DEL CONCURSO. 

CONFORME SE VAN CUMPLIENDO DETERMINADAS FECHAS DEL 
PROGRAMA SE RECIBIRAN OFERTAS.DE EQUIPOS QUE EN FECHA 
DETERMINADA SERAN ANALIZADAS POR ESTA AREA PARA FIJAR O 
DEFJNIR UN CONCURSANTE GANADOR Al QUE SE LE ADJUDICARA 
El CONTRATO, UNA VEZ QUE; SE DICTE El FALLO DEL CONCURSO. 

b.-COSTOS Y PRECIOS: UNITARIOS: ESTA AREA SE ABOCARA A DETERMINAR LOS 
COSTOS Y PRECIOS UNITARIOS PARA QUE SE INTEGREN Al 
ANALISIS DE LAS OFERTAS Y QUE SERAN PARTE DE LA 
DECISION PARA ELEGIR LA MEJOR OFERTA 

c.-INSPECCION Y POR LO QUE RESPECTA A ESTA AREA ES AUXILIAR Al 
EXPEDITACION: DEPARTAMENTO DE ABASTECIMIENTOS PARA QUE UNA VEZ QUE SE 

TENGA CONCURSANTE GANADOR DEL CONTRATO SE 
INSPECCIONEN LOS EQUIPOS TANTO EN SU ALCANCE DE 
FABRICACION COMO EN SU ENTREGA ; TODO ESTO SEGÚN SE 
ESTABLEZCA EN El CONTRATO DE SUMINISTRO. 

3. FINANZAS 

A SU VEZ VIGILARA LA EXPEDITACION O AVANCE DE FABRICACION 
PARA ASEGURAR El CUMPLIMIENTO DE FECHA PACTADOS DE 
ENTREGA DE LOS EQUIPOS. 

CABE MENCIONAR QUE DURANTE LA ETAPA DE FABRICACION El 
PROVEEDOR SE COMPRC;I1E':TE Al . ENVIO DE INFORMACION DE 
INGENIERIA PARA QUE LAS PARTICULARIDADES DE SU EQUIPO SE 
INCLUYAN EN LA INFORMACION ::lE INGENIERIA DEL USUARIO COMO 
PARTE DE LA INFORMACION QUE DEBE SER APROBADA PARA 
CONSTRUCCION. 

a.- PROGRAMA DE ESTA AREA TIENE COMO FINALIDAD LA EMISION DEL PROGRAMA DE 
INVERSIONES : INVERSIONES A CORTO, MEDIANO O LARGO PLAZO CADA EMPRESA 

O ENTIDAD FEDERAL DEBE DE DESARROLLAR EN FUNCION DE UN 
PROGRAMA DE OBRAS E INVERSIONES POR PERIODOS DE TIEMPO 
QUE SE ANALIZAN EN FUNCION DE SERVICIOS O INSTALACIONES 

'-· 
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b.· RECURSOS 
FINANCIEROS: 

QUE SE REQUIERAN CUBRIR SEGÚN LOS PERIODOS O 
PREDICCIONES YA SEA PARA SATISFACER NECESIDADES DE 
CONSUMO O AMPLIAR LAS REDES DE SERVICIOS POR CUBRIR, 
TANTO PUBLICOS COMO PRIVADOS. 

ESTA AREA ES RESPONSABLE DE ANALIZAR Y OBTENER LOS 
RECURSOSFJNANCIEROS PARA SATISFACER O CUBRIR A SU VEZ 
LOS PROGRAMAS DE OBRAS E INVERSIONES ; DICHOS RECURSOS 
PUEDEN SER PROPIOS DE LAS EMPRESAS O ENTIDADES O 
MEDIANTE PRESTAMO DEL EXTERIOR. 

4. DEPARTAMENTO LEGAL O JURIDICO 

a,b: ESTA AREA SERA LA RESPONSABLE DE APOYAR A INGENIERIA Y 
ABASTECIMIENTO PARA ANALIZAR Y DEFINIR LOS ASPECTOS LEGALES Y 
COMERCIALES QUE SE INCLUYEN EN LOS DOCUMENTOS DE ESPECIFICACIONES 
PARA LA ADQUISICION . DE LOS BIENES POR ADQUIRIRSE COMO SON : 
CUMPLIMIENTO DE COMPROMISOS CONTRAIDOS, TIEMPOS DE ENTREGA DE 
INFORMACION Y DE LOS EQUIPOS, PENALIZACIONES POR INCUMPLIMIENTO, 
VARIACIONES DE PRECIOS DEBIDO A INFLACIONES, ESCALACIONES, CAMBIOS O 
SUBESTITUCIONES CONVENIDAS, ETC. 

HASTA AQUf SE CONSIDERA LA DESCRIPCION DETALLADA DE LAS ETAPAS 
PRIMORDIALES DEL EQUIPAMIENTO. 

POR LO QUE RESPECTA A 11 SECUENCIA DEL EQUIPAMIENTO; ESTA SERA CUBIERTA 
MEDIANTE EJEMPLOS QUE MUESTRAN EN DETALLE CADA UNO DE LOS EVENTOS 
ENUNCIADOS QUE SE PROGRAMARAN Y SE DISCUTIRAN EN CADA UNA DE LAS 5 
SESIONES DEL CURSO. 

LUNES INGENIERIA 
ABASTECIMIENTOS 

MARTES INGENIERIA 
ABASTECIMIENTOS 

MIERCOLES SISTEMAS BASICOS 

JUEVES 

VIERNES 

. DISCUSION . 

EJEMPLOS 
FINANZAS 

DEPARTAMENTO JURIDICO O LEGAL. 
EVALUACION, RESUMEN, OBSERVACIONES Y COMENTARIOS: 

tW''!T 
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F.A.CLJLTA.D DE INGENIERI.A. LJ_N_.A._IIVI_ 
DIVISIC>N DE EDUCA.CIC>N CC>NTINUA. 

CURSOS INSTITUCIONALES 
COMISIÓN DEL AGUA DEL ESTADO DE MÉXICO 

EQUIPAMIENTO DE LINEAS DE CONDUCCIÓN 
Dell8 al22 de octubre de 1999. 

Anexos. 

Ing. Alfonso Rodríguez Navidad 
Palacio de Minería 

1 9 9 9. 

Palacio de Minería Calle de Tacuba 5 Primer p1so Deleg. Cuauhtémoc 06CXX) México, D.F. APDO. Postal M-2285 
Teléfonos 5512-8955 5512·5121 5521-7335 5521-1987 Fax 5511).()573 5521-4021 AL25 
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17-48 Re(rlgcrot/on-systcms Piping 

., .ThC: Prc~.surc r~iping Cod<; also calls :1ttcntion to thc following wright clfccts 
\vhich .shoul~l he takcn in lo accounl in !he dc.sign of piping: 
,,t., ~ivc loads such <Ls.!Jlc wcight of thc fluid tnmsportcd ;-~nd snow ;-¡nd rcc ](lads 

if thc lallcr will he cncounlcTcd. lf low-tcmpcraturc pipii1g i.s no! in.•wlakd, lhcTC 
can he:\ build-up of ice on !he pipe e ven in high amhicnl tcmpc~:rltnc.s 

2. Dc:HI IP<1ds. consisting of !he wcight of !he piping CfllnporlC'nl.o;; and insulation 
and othc1 .su¡wrimposcd ln:His. 

3. Test lo:His which consist of thc wcight of thc lc.c:;t nuid in !he pipe. 
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1\ssocintinn, Jnc., 10 E. ~Olh SL, Ncw York, N. Y. IOOI(í, 

2. Rcfrigcr,rtinn Piping. ASA B31.5, Amcrictn S0cicty uf i'vlt'clt:mic:tl En~incct~"· llnllcd 
Enginccring Ccntct, 345 E. 47th Sl., Ncw Yo1k, N.Y. 10017, 1\ntcru.:an S1<11Hlard<> 
As"<'ciatinn, lnc., 10 E. 40111 St .. Ncw York, N. Y. IOOI(j, 
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SEWERAGE-SYSTEMS PIPING 

William E. Dobbin~* 

·¡ hi<> ch:rpter 1k:rl<; with tire dc~:ígn (lf scwt·ragc <:yskrns whkh pcrfnrm lhc 
runctiom of collectíng watcr-h(lrnc wasles of donH~.-.tíc, corrHncrcial, nnd indrrstr ial 
origin and of stnr 111-watcr nrnoff ami convcying thcrn lo points or (ltsposal. 

Thc dc-.r¡;n of scwct;¡gc systems which c:u r y domcstic or induslr ial w;tstcs llltrsl 
cpnrply wtth thc rnininurr11 stand:nds or thc city, county. and stntc rc-gulatory 
:1gcncics. 1'1ans musl ordinnrily he approvcd, nnd pctrnils llHr.<>t he ohtaincd for 
!he dr-;po.<>:ll of d(111lCslic ami induslrinl wastcs into n:llmal wntcr C01trscs. Whcn 
industri:d w;¡-;tcs :nc lo he disposcd of hy convcy:mcc lo a puhlic scwcr;-cgc systcm, 
thc quantity :llld qu:rlity oflhc wnstc ttl\ISI onlinarily he in e<lfltpliancc with thc loc:1l 
st·wcr onlinancc. 

DEFINITIONS 

Tcrm-; cnnunonly rro;cd in rcl:ttion lo scwc-ragc systcms lravc hccn dcfinc'l as 
roJJows:Lf ¡/((IP((illl (/, 

Scwer. 
1 

A prpc <lJ' conduil, gcnC"I;llly cloo;;C"d hui no¡m;¡lly nol nowing full, fnr 

c:r1 ryin~> .sewafc atH) o~lCT¡W""'~ lit¡~ids{( ¡ 
t> (JI •t_-'Vl_ 1 ·/' l{ll .(.. d (111 f"''W / t' • • 

Sew<"~gc- , .;11¡;dy t JC wal\.•r .up¡ y n a conununrly ;rft<'t ti ha.<: hrrn fnulcd hy 
v:r riou~ uses. 1 .-, 0111 t he s!;Jndpoint or sour CC', it m:ry he a comhinnl ion of thc liqttid 
nr \valcr-cnrricd wa~tr-; frnm rco;idcncco;;, h¡¡-;inc<>" huillling.<>. :tiHI in-;titutions, 

.. f'¡nfc~o;nl nfS:111il;11)' F.n¡..:inn'\111!_.:, Ncw Yn1k IJnlvcJsity. Nc\~ York, N. Y: l':trlncr, 
Tcdo•-11nhhirr~. Cnno;1iltin¡..: l.rrgi•rccr<;, Wc.~t r~tip. N. Y 

1 S•J¡w¡o;cript nrm1hcro; •crr1 ((l cnrJt:"fHmding cniiÍC'" in a li<:t nf rC"fc-renrc-<: inC"Imlcd :ti 
r he C'nd p( 1 hic; ('h.lp!cr. 

'" 1 

1' 
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.togcthcr with thosc'from .industrial cstablishmcnts, and with .such grouml w;rtcr. 
surfacc wntcr, nnrl storm'wntcr as nwy he prcscnt. 

Sanitary Sewer. · 1\ scwcr which carrics scwagc and lo \vhich shHill, surf¡¡cc. 
and ground watcr.s: <lfC not intcnlionally ;ullllillcd: also rc~cr red lo <!S ."scpar;-~tc 
sanitary .scwcr" or _"separa te . .scwcr."' 

Storm Sewer. 1\ scwcr which carrics storrn w;ttcr, surf:rcc water. strccl wnsh, 
and othcr wash watcLs or dr:'1irwgc but c;.:cludcs scw;rgc :wd indu.stri;d \\'astes: al.so 
callcd "stt1nn <Ir;-¡ in" 

Combincd Sewer. A scwcr rcccivin¡; hnth sur f;rcc r unofT and <;cw:rgc. 

Building Sewer. Thc c:dcnSJOil fronr a building tllaitl lo thc ptrhlic scwcr or 
othcr pi<~CC of dispos<LI; also callcd thc "housc scwcr'' or "housc cnnncction." 

Lateral Scwe'r. A scwcr which disclwrgcs into a br:rnch or othcr scwcr and 
has only building scwcrs tributary to it. 

Branch Scwcr. 1\ scwcr which rcccivcs scwngc from a rclativcly sm;r~l nrc:1 and 
dischargcs into a m:1.in scwcr. 

M a in Scwcr. A scwcr In which onc or more br:rnch scwcrs are Ir rhulary and 
which serves a largc tcrrilory; also callcd "trunk scwc1." 

lnterccpting Sewer. 1\ scwcr which rcccivcs dry-wcathcr now from a numhcr 
of transvcrsc scwcrs or orrtlct" and frc<prcntly additional prcdctcrmincd qnantrtics 
ofstorm wntcr (if f~nm ;1 cnnrhincd sy.stcrn) and conducts such watcrs In :r pninl for 
trcatmcnt or disposal. 

Outfall Scwer. A scwcr which rcccivcs scwagc frnm a colkcting o;;y.stcnr and 
carrics it lo a point of final discha1 gc. 

Separatc System. 1\ scwcr systcm compri .. cd c,cllrsivcly of s:rrrit;r¡y scwcrs 
which carry only scwagc :llld lo which stmm wntcr, sur fa ce water. and g1ound water 
are not intentionally admitted; ;~!so refened lo as "sanit:ny system" 01 "scponatc 

snnitary "y.stcm." 
Storm-sewer System. A syslcm cnmpn~cd only nf scwer'>.C.IIr)lllg sltltrll 

walcl,surfacc water, slrccl wash, .1nd olhcr w,1sh w,1lcr~ tH dr.uno~¡•e :nullrnm wluch 
SC\vagc nnd industrial wns!cs :u e c,cfudcd. 

Combincd-sewcr Systcm. A sy~tcm or <:CWCIS rcceiving hnth Slllface lllllOIT 

ami ~cw;~gc. 

QUANTITY OF SANITARY SEWAGE 

Gener;tl Considerations. Sanita1 y sewcrs mus! he dcsigncd lo prnvidc 
cap;~city for thc prcscnl ami cslimntcd futurc quantiti:.s. of dome<: tic scw01gc. 
conunc1ci<1l <liHI industrinl W<lStcs, 01nd ground-\v;J.tcr rnflllralron. l~:~tcr:rl. ;rnd 
b1 a nch scwcrs should be dcsigncd for t he ultima te pnp1r [;1 t i011 dcnsit y lo he ex pcclct[ 
in thc :Hca scrved. Largcr scwers are commonly designcd lo ll:rndlc thc llows ln be 
cxpected from 25 lo 50 years in thc futurc. 'fhe cstirnation off1tl~src nnws sllould he 
arrived al only aftcr a dctailcd sludy of the l:rnd us:1gc. pnpulatrnn grow!h ltcnd". 
water-consumption ratcs, commercial and industrial grnwth. ele. . 

Thc pr cd ict ion of rutu re popul:l tions is lll:HIC wi l h 111\ICh 11101 e ccrl<l.llll y fnl [;11 gc 
aJeas :11Hl dcn ... c popttlation<: lh:lll for <:m:dl :11{'.\S ;md lnw rmpuJ¡¡\tnll dcnsrlres 
r:igurc 1 shnws c:1pacity f:1ctnrs given by S. A Ci1eclcy :~nd \~.A.' St;1nlcy 2 :nl.use 
in m<1king allow<~nccs for thc unccrtamltcs of populat1nn <h.<:ltrhutron<; wriiHn <1 

.o::cwer district. Thc pnssiblc fuh11c popnlation dcn .. ity f(lt :1 ¡mrtion 1~f a l:nge 
di~ll ict 111:1y he cstim:tled hy multiplying tire <'"limalcd fu tute ;¡vcr;¡gc den"!!)' fn1 lh<" 
cntirc di,.ltict hy !he app1op•i;~tc f:1ctoc. 

lhc mm\ impnrt:1nl ~ingle indcx In the f1mv nf sanit:lly.scw;¡gc is tire l:dl' nr 
cnns¡rmptinn 'nf w;¡lct. 'll1c total conslrnr¡ltion nf \\;r\er w11hrn :1 lo\\'11 nr <..t'\\'~r 
di"triet :~s a wlrnlc i<: gcncr,JII)' cnn~idcc:Jhly hrgher th:111 !he pmcly dnrm:sl1c 

2 

Qunnrlty o( Snnlrary s~wng~ 18-3 

cnn.su'!11ptrnn.- lhe d iffcrcnce hCing a 11 ri.hutahlc lo 1 he use in puhlic inSt itútions: O mee 
h11ilding", commcJcinl nnd industrial e"tahli .. hnrcnt .... etc., and.to thc:.lcnkagc f1qm 
!he wntcr-dist1 ihution.sy ... tem. Whcn e.stimatcs nf s:witary "cwagc flow from small 
;11 cas 0' e hcrng pt q1:Hcd, 1 he mo$1 accurntc Jll nccdurc is lo m a k e $Cparate cst irnalcs 
of thc va• ious cl:t""ifica!i(lns nf flnw which makc up thc total. ·¡he classificnli{ln.O:: 
\\'hich are cnnltl.JOnly uscd are dnmcstic. commctcial. and industrial .o;C\vage nows 
and g111111HI-walc1 infiltr:1lion. 

ü 
o 
t> 
n 

?, 00 

~:Js:: ~= =-- --

m 
l'nptol"'""' ro.,~ulrrPÓ in prr crrrl of lnt.,r flOflUhlioo 

no 100 

Qu:tntity of Doruco;.tic Scwage. ·1 he purdy donw.slic "<"wage flow will 
gcnclally h{' ahnu! RO lo f)() rcr ccnt nf thc dnlllC' .. tic w;Jier Cllll!\Ulllption. The 
;rvetagc per C'apita do•nc"tic w:~kr con•;~lnlplintr varíe<> f1om ahnut -10 lo 120 gpd, 
dl:pt'1HI ing 11Jlcm liJe ch:11 ;1ctcr of 1 he :11 ca a nd t he cconnlllic status of t he pnpulat ion. 
lf w:11c1 ¡._ ~upplicd thrnu¡;h mclc!s, accu•atc c"tim:11cs nf avet:1ge pcrcapita con
SIIIllj'lrnn c:1n ht' m oH k. lf \\':ller is ."ltppli<"d unn1ch:tcd. rstimatcs h:l\'c to he h:1scd 
nn thc consurnptinr1 1.1\cs which :11c known lo prcvail in othcr :11ca" of similar 
cha1 ;rclcr. 

Quantity of Comm~rcial s~wage. Thc quantity of SC\ ... 'ilbC flnw fiOill 
C<ltlllllCrcial a1ca~ va1 ic.s widcly <kpending u pon thc n~IUIC of !he commcrcial 
:rclivity Allowanccs madr for thc quantity of "cwage frn111 commcrci~l íH<':lS in 
large scwcr di.st1id.s are cnmmnnly in \etnl" nf gallons pcr day pcr acre or g:~llon." 
JWI C:1J1ila pcr d;1y. Tahle 1 givc ... !he allmV(liK~'·" which WCIC lllíldc fo• now florn 
cornnlelrral :rrcas in S1lll1C Amctican citics. 1 Alln\vnnccs varicd frnm 2,000 to 
úO,SOO gpd pcr :Kit' :nrd f10m l.'i lo )00 gpd pcr en pila. 11 i" cvidcnl thal, fnr any 
;uc:t in which cnnHneJci:d activily is an importan\ factor. thc c ... limatc of scwagc 
flow shmrld he h;Jst·d tHJ a S[lCC1:tl stutly nf !he :lll'a. 

lnduc;trial Scwa¡:c Flow. Jire llnw nf SC\\':lg<' from imlustri:rl t' ... lahlishmenls 
rn:1y h<" pu1cly s:rnll:uy scw:~gc. nr it may ;¡l,sp indude watc1-horne indust1ial 
w;1~\C'<> r: .. tim<l\C'<: nf tire ":1111\ary scwngc a1e 111<1dc hy lhc ptoccdtttCS nhcacly 
cnn,.idcH·d Tire qu:mtrty nf iiHh,rstrial wasiC'S can lw dr.krminccl nnly hy !'iprci;1l 
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. Table_ l. Sewer Ctpacity Allowanc:es for Cornmercial :\nd Industrial Are~,.~ 

Ci!y 
Ycar 
d:l!il 

CnnHncrci:d 

--------[-------------------------·------· 

llcrhlcy, CnliL 

lloo:;ton. M:w> f . 

Cincinn;~ti, Ohiot 

Colurnbuc;, Ohint .. 

Crano;ton, lt 1 t . · 

Gr:uul R:rpi(l<;, Mich ... 

llagcr~town, J\1{1. 

Lno:; Vc¡;<1'\, Ncv .... 

Lo, Angclco:;, Calif. 

Mcmphio:;, ·¡ cnn 

M i\waukcc, \Vi:o; t. 

Ncw York, N.Y.f .... 

Santn Mncric.r. Cahf 

Shrcvcport. l.n. 

·1 olcdo, Oh1ot. 

Wao:;hmgton. D.C. 
~uhurban di<;trict t. 

1?<19 

1949 

1 94(, 

19<1J 

1949 

1 ?4Rj 

1945 

194') 

1?4(, 

1949 

(

IJ5 gpcdt (rant:c (;,750 lo) 
IJ,500J!pd pcr:n:re). 
rc,o:;uknt, popul.rtinn 

(
No !'>t.urd;~nl- -c.rch arra 1_ 

spccwlly '>lmhcd j 

(
Cornmerci:-d arca<; nol ~crvc-dt 

hy !'óanitary ~ewcr<; 1 

{
40,000 ¡;pd per :rcrc; C'<t.e'i<: } 

ad1lnl lo re'iidcntinl arnounc 
25.000 gpd pcr 11ClC 

(

:m,ooo r.rd pcr acre; dnwntnwn) 
arca r:rte addcd tn IIPnrc~tic: 
outly11r~ area r:rtc add<'d lo 
1lonrc~Crc 

(

40-SO¡;pcd;t ollio.:e huilding~ ) 
400-500 gpd pcr 100111. hotel'> 
200 ¡~pd per hed; ho~¡r~t.d<; 
200 -JClO gp1! pcr ron m; ~chook 

( 

1 flO -250 ~pd pcr 1oom; hotrl<; ) 
15(1 gpd pcr hcd. hn~pit:d~ 
120-150 gpd pcr room, <;chnol" 

(

-' 10-525 gpd per H•om: n·<;ort) 
hotel'> 

1 5 gped; t <;chool~ 

(

RI1-11111 "'"d :\ ol1kc hu;ldu•l!< l 
450 -500 gped: t hotel-: 
R00--1 ,fJOO ~pd pcr hcd: ho<;prtal<; 
35 gpcd: t ~chonl~ 
0.015 cr~ per acre; li¡!hl llll~ine~~ 

di'>l 'ict ( -, IJ, 70\l¡q•d pcr .rlrc: 
all commcrn:rl :rrl':r<;)! 

2.000 ¡.:pd pcr :rur: · 
O.OIJJ(, cr" pcr acre -· 60 .. "i00 ¡.:pd 

pcr acre 
¡A11ow:rncc<; dctcrmirwd hy1 
t spccia1 g:r¡;ing<; 1 

(
O 015 cr., pn acre: cnmrncrcr:d 
0.012 crs per acrr:: hotel" r 
J,OOO gpd prr acre: l"1HlH11Ctci,rl 

(

15,000 hr :m.ooo~pd pcr anc, ) 
;rve¡¡rgc tn lllil\111111111 :lllo'"· 
:urce'> 

lntluo:;tri:d 

7.500 gpcl ¡wr auc 
111111111Hifll 

)0,000 p.pd per ;rnc 

250,000 gpd 

IJ 021 cr .. pcr acre: lrght 
indu<;lri:rl ·individual 
studit''i lnr rnajcn 
rndll~ltt.rl di'iltrcl<; 

7,000 ¡;¡rd prr :rtrc 

• ASCI~ (\Vl'CF) Manual, "!)e,.i¡;n arrcl Con<;truclmn nr S.tnllary arrcl SltHIIt St'IWI\ .. 
t "Se\\ e¡ Cap.tcity Dr~ir.n l'r:l('trcc." hy \Vrlli,rrn F Stanky ami \V:urrrr 1 K:rrdruan.J flr~~{OJI 

Snr. e,,¡¡ F11~r~ .. Octohcr. 1951, p :no. T:rhk ~ 
t Galllln<; ¡rcr c;rpit;r pcr el ay, 

~ludies of 1 he indivcdua 1 indust 1 i;~ 1 :1ct ivit ie" When !:u ge industria 1 wa~te n0w<; _a re 
invo1ved. thc p10h1cm of cnllC'cti(ln and dt.sp(l~;ll of thesc wastc" usua!ly lCCJiliiC'S 

!>.pccial cnginecring !'ludies. . 
Quantity of lnfiltr:ttion. Thc m le 0f infi111:11inn of gtound water 11110 !>.Cwcrs 

is innucncrd hy {he ~Í7C, agc, and cnnd it Í(lll of {he SCWC't S; l he J_10sil ion of {he SC\VCI S 

wil h 1 C''>pccl In 1 hC' g1 cltrnd-\vatcc 1 a h1c, 1 he el m ract cr nf 1 he :sntl: and 1 he amnunl nf 
prccipil:llinn. Thc infillttllion ratc fnr an~ (~1\C sy~!ct\1 wrll vary fHHll "ca<:on le: 
scasl'n. 

3
11 i~cnnm1nn pr;-¡clicr In :1llnw fo• rnlrllt:tttnn of:lhc1111 :m,OOO I!P<I pcr llltlc 

Quontlry of Sonltory' Sj!wage ¡a-s 

of scwer. nnd hou<:c cot1ncction.1 Spcciricalions for 'new w01k :com.rnonly' allow 
mli!ttation ralcs nf 3,500 lo 5,000 gpd pcr mi!c fnr R-in. pipe. 4,500 to 6,000 for 
12-111. pipe. and 10.000 lo 12,000 for 2t1-in. pipe. 1 

Flow Variations. Se\\'\'! S mus! be de<>igncd lo handlc thc rcak nO\v ratcs In he 
e:-.pcctcd al !he cnd oflhc <k~tgn pC'riod. 11 is ;¡fsn dt·~ic;¡hlc lo dco;ign lhcm sn as In 
lllininu¡c thc prnhlcm of sollds dcpnsilion during thc cally yra~.s ~1f use \vhcn thc 
flcl\V~ lllíl )' he lllltcll lowcr 1 h:tll 1 he fttllll e now.s '1 he nows va ry fr (lfll da)' lo da y íl nd 
ftnrn hour l{l how withu1 cach day. Thc r;1tio of lhc ahc;ululc ma'lirnum hllurc 
llnw tate to !he initia! 111inimum ralc rnay vary frnm :1hout J•lO 1 for l;1rgc scwer.s 
serving highly dcvch)pcd arca<; lo llHliC !han 20 In 1 fnr <;ma11 sewcr~ .sctving arcas 
sldl undcr dcvclopmcnl-. Figutc 2. which wac; uscd fnr lhc dcsign of se,.,·ccagc for 

' - -------- ------ ·----- ---- ---¡---- --------------

- ------¡--------

1 

o L.-:::-___ -- ---
o 1 

¡·¡~;- 2 \'.11 i.11in11\ in llow r•f tlntllt'\IIC 'iCW:IJ!t~. 

!he Mcrtim:tck l{i\•cr \';lllr.:y Sc\\'cr:tgc l)isltict rn l'v1:1"~;n:hu~ciL" (Ma ... sachuo;;clls 
Scn;llc Dncurncnl .~50 nf ft)<l7), '"a gond l'.x;nnp1c of IIH· rnagniludcc; of lluctualinn.s 
rn llnw \vlnch ;11e COIIH1H1111y allowcd for in dcsign. 

Exarnples of Sewage Flows Used for Design. T:1hlc 2 givc<: dala on !he 
SCW:lgl' flows which h:lVC fWCil li~Cd fot lhc. dcsign of .<:allil;ll)' SCWCI'S in;¡ 1111111her of 
llni!nl .St.•lc<> citl('"-:1 !'he v:lluc.<: ccporlcd 1angc fctHII 92 lo (J(l() gpd pcr cnpitn 
and rhis widc tangc in llnw calc.s cmpha<:i1cs lhc dc<:i1ahili1y of making an individunl 
slt~dy In ddccmirrc thC' pr(lpcc dcsign Oow 1:ttcs fnr any p;ulicul:u atea. 

Rcquiremcnls of Rcgulatory Agc-ncies. Snrnc slalc rc~ulalo•y n~cncics 
h:n'l' c"l;thlishcd dcllrulc pct ca¡lil:¡ flow r;tlcs lo be lt.scd whcn detailcd sludccs and 
l'"linr:llc<: of c\¡lcclcd flnws ha\'c no! hccn madc Thc •ccnnHncndcd <:1:11Hhuds 
of lhc (;tr;ll 1 akcs 1 fppcr l'v1i<;<:i""ippi Hivc1 Board of Stalc Sanil:uy Engincccs in 
rq~;Hd lolhC" dc<:ign nf's.lnil;uy <;C\\'l'IS :'lle ;¡c; folln\\'S:r' 

T>c-.i¡:n l'áind 

111 .r.:cnC't .11. <>cwcr -.y~lt'!ll~ -.hPuld h1: dc'ir¡:ned fnt 1 hC' t'"l im:rlcrlull im:r le 1¡ ihrtl:u y pe~pul:r
\JC•rl, t'XCt'f'l 111 con<;f,Jt-rrrr,t: p:rrl" ni tire "Y"Ierrr'i !ha! can he 1cadrly innca,.cd 111 capanty 
-" irr rrl.t 1 1 V. con<; JI kr .llrr •n <>IH •r1lrl he t:i ven 1" 111r. rr r:t x 111111111 :1 ni i.i pa lct 1 e:1 p;rc it v nf m-;1 itr rl inrr<; 
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Q11nnthy of Sanltory Sewage 18-;7 

l)('~iJ!n F:~dor.c; 

1 n ddc1mining 1 he 1cqui, cd c;1 pací! ic.c; of ,.., nit:ny ~cwcr.c; thc fol/owing f:tclor.c; should he 
cnnsidce cd: 

01. M;1ximu¡u hnu1 ly (]llantity (lf scwa¡:;c . 
h. Additionod maxinuun o;;cwa¡;c or w:~c;tc f111111 induo;trial rl:lllto;. 
c. (lround water inliltratinn. 

llr.o;ÍJ!II ll:t'ii'i 

l'r1 Capita rlow. Ncw ~cwcr ~y~tcms <>hould he dc~igncd on !he basis of an a~eragc drlily 
per c:rpita now of ~r:wage nf nnt re .... !han 100 g;dlonc; per d;ry. q,¡_.. figure is :tso;unrcd lo 
cnvcr nnrm:d infilt.al10n, hnt :rn addl!i(mal allowancc shnuld he niadc whcrc conditiono; 
;u(' unfa\'nr;¡hJc. (icncrally thc scwcr.o; shonhl he dcsigncd In carry, whcn running fui!, 
not leo;., th;rn thc f111lowing d:1ily pcr c01pita contrihution" nf scwngc, cxchr"i\·c or scwagc 
nr othcr w,l<;lc from indrr'ilri:rl planl'i. 

l.nlcr:rl.'i ;wd .,uh-main ~cwcrs-· 400 gnllon~. 
f'\'l;rrn, !11111k ;rnd outf:rll 'iC\\'C'I'i -·2."i0 J,:allono;. 

lnterccplnrs: lntcrccptinr, ~cwcrs. in thc C<l'iC nf cnrnbin('d scwcr systcrm, should, fulfill 
lhc a hove rcquHcmcnl<; for 1t un k o;cwcr'i ;rnd hrrvc .suflkicnl ;rdditronOJI cap;rcily lo c;rrc 
fcu thc nccc<;o;;rry incrr:mcnl of ~torm \v;rtcr Normally nn intcrccptnr :o;hould he 
dc'iigncd for ks'i lh;rn \)0/~ of !he ~<lii!;Cd 01 Cstimatcd thy WC:llhcr nnw. 

Altr1nnfr /1 ((·lhml. \Vhcn dcviatinn~ f111111 !he for c!!ning pcr capit;r 1 ntcs a¡c dcmon:"l r<llcll, 
a hricf dco;cription n.f thc procetlluc tr'icd ror 'iC\\'CI .dc ... ign mmt he includctl. 

T:lbl~ J. Dl~ch=lr-gr. Wclghh of Plumblng Fl,:ture11 • 

Fo:.lllrc or grnup 

l\:1throom r,rotrp: 
llu~h vrrlvc water cln~cl 
1 arrk w:rtcr cln~ct 

llarhtuh {Jror arull·nld) 
i)tmkrn~ rounlain 
J)i~hwa~hcr dnmr~tic 

K rlchcn ~in k· 
1 )onw~l ic 

Wcight 
pcr ri:o:lurc 
or group 
in ri•durc 

unilo; 

R 
(, 

.1 
'.i 
2 

2 
J)ome~llc 1\'rlh rC\(111 \l:l~lc ~rrndcr J 

l.av.t(<'f}' (htll ami cold) 2 
Lrrundry lrrry fnnc nr twn cnmpartmer>l<;) 2 
:';hnwCl q:rll, dnrneqic 2 
Slmwer~ {groupl, J'C'l hcad .\ 
Sin t... 

Scn·icc (trap ~t;urd:nd) J 
.S·~rvtcc (i'·llap). 2 

tlrmal 
l'ctk~t<ll, ~rphorr jet, hln\l'{lut cnu~h valvc). R 
Srall or 11all typc 4 

\Valer ci<HCI; 
'lrrnk nprratcd ........... 4 
nu~h \'.llvc npn:~tcd R 

• Frncn Anrnie:111 St:rndard l'lumhin¡.: Cndc, ASA A40.R
I955 

1 Comr~ting or w;rlcr dn~cl, l.1vrrlnry, and h:tlhluh nr 
~hnwcr ~tall. 

1 A ~IHl\IN hrad O\'Cf a h:rthtuh dnc~ nnt mcrr:~~c !he 
lixtuiC vrrluc 

For a cnntirmou~ nr ~cnricnntim1m1'i nnw irrlo a drainar,c 
~y~trm, 'iUfh rr~ frnnr :r prunp, p11111p cjectnr, 1111 ·conditroning 
cqu¡pmcnl, nr ~lltHI:rr dcvke, lwn lhl111r. tmit~ ~hall he 
alln11Cd rnr cnch gallorr pcr mirmll' o/ llow. 
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Fixture-unit Basis' of Des!gn. · For small lrihulary popul.al.inr.rs ;n1d ~nr 
inslitul ions su eh as schooLo;, hoo:;pitnls, hoteL<;, factor ics, ~le., 1 he r eq_t,rrr ce~ c;r p01crt te o:; 
of S<tllit:rry sewcr S lllél y be estim<liCd fi'Pill !he "f¡X lnze~Unrt nnw 1 atc_s. dcflllcc_J by (he 
/\mcric<1n Standard N<1linnó1l Plum hin¡; Codc, AS/\ /\-10.R-1955. 1 ah_!~ :l grvcs.thc 
rc\;1\ ivc discharge weights in ri:d 111 e units f nr v;n inus 1 y pes of fix tu r cs. 1_ he 1 el al r~n
ship betwcenthe probable peak disclwrgc ralc ;rnd ~hc_tot:rlnur~~hcr c~f lr:-.1111c unrts, 
bascd on thc probahility studics of R. ll. llunter. lS gr.vcn hy hg. 3 . 

Summary. Thc following sunmr:~ry of !he consrdcralrons ncccssary_ f<:r thc 
dctennination of .sanitnry sewcr eap:rcity is givcn in the ASCE _M:rnual of hrgrn~cr~ 
ing Praclicc. No. 37 (WPCF Manual of Prnctice No. 9). "Dcstgn ;llld CPn<;lruclron 
ofS;¡nitari :1.nd Stonn Scwcrs"· 

500 

---
-·¡·. . -

----¡--

1000 1500 2000 
Number of fí)(fure units 

FrG. ]. Dischrtr¡;c ftnlll plutnhin¡; lixturc<; 

1-

2500 3000 

Thc cletcnninalion nf the Onw c¡uantilics for which lo dc"ign :1 <>Cp:u:IIC S:lllJI:uy scwcr 
rcquircs con<;idcralion :1ml detennin.11inn ofthe fnll<,win¡;· . 

1. The dcsign pclitHI 1\uring which tl1~ peak nr m:l:-.lllllllll ¡Jc"rgn Onw J<; llt'l cxrt·c:c,ltn 
be c:xcccdcd~usu;-tlly 25 lo 40 or 50 yr 111 Lhc futurc. . . . 

1 2 Domco:;tic sewagc enn\J·ibutions hascd u pon rJOhahlc ful\IIC p~lrUI.lllflll .tnd pr~hallc 
ruh;re pcr capil;~ w:ttcr cnnsurnption. · C;11~ful wn"idcllÍ<Hl io:; g1vcn In dr~.trrh~llror~-~o~ 
populatinn ;md rclationo:;hip ofpc:1k ;~nd mintnHllll ncnv ratc" lo average per l·'PII,l ~C\~, ,f!.c 
now<;. Thc fixi\IJC-1\IIÍI mclhod of dcvcloping pc:lk l:tle<; c::hnuld he cmplnycd fm sm.lll 

populations. . - 1 · , 
3. Cc1mmrncrcinl n1c;¡ c1mt 1 ihutinns frc111l <;\ore<:. hotel.<;, nOKco:;, ;tm\ :'ther 't:~~~~-c~~c:<; 

which are sonlc!Jmco:; ao:;smned tn he amply c:rred ror 111 lhc pc:rk .11low:HHC fnr pct C·IJ 1L1 

scwagc Oows ¡11 .c::m:lll commnmttcs. f'cr-acrc allowancco:; ha<;cd upnn :~c!Jt:d ICC(Hd<; :~r 
succcso:;ful dc"ign q¡rantitic" of rcc01d f1.'r. comp:frahlc cnnHIICJCl.d <HCa<; ate !he 1111 1 
rc;¡snnahlc nppro;¡eh for l;~rgcr cornmuntttcs. . 

1 
. 

1 4 Jndustri:1\ w;1 ~tc<: which inc\mle cc::timatcd dnmc::;.l1c ~cwagc f¡otn 1-.nnwn pnpu :-~llnl <: 
1cr shift, c<:.timatcd nr ga~cd allnw:1nccs pcr acre fn1 indu:try :¡e:; :1 whok: :wd :IC~u;d.,~'r 
~o:;tin1.1\cd llow r;1tcc:; r1 011'1 pl;tn{<; wit h l.r 1 ~e prnccs<; w:~.o:;\c<: wh1ch c:~n he pcr nuttcd 111 <;,, nt\, Y 
scwcr<;. 

5 
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5. ln<;tilulllln<d w,¡,tco:;, u:r;u:dly almn:-.1 cntircly dclfiJC<;Iic ~ewagc. Peak rtn¡\ rninimurn 
design flnw r:Jtcc:; frnl\1 pcr:r;pns mthc institutinn :u e nmltipli(·d hy \he <;ame ha'\ie pct ca pita 
r;llc<> ;¡<;;u e lJ<;cd hy S. A. (;rcclcy ;md \V. A. Strtnlcy. 1 

6. AÍJ·cnnditionmg and mdmt1inl cnnlint.: \\'0\lcts if pctmillcd In he di<;ehargcd In thc 
:-anitar y <;C\\'l'l" - ;¡<;.<;tllllC 1\ S lo 2 f:al pet \(lll (lf lHlll·Walct-cnno:;c¡ ving cnnling units. 
ThcH' \IJOuld he :rn cnft~~ccd mdinancc prnhihiting the dt<:.ch:ugc nf <;pcnt cnnlin!! w;¡\cr<; 
in1<1 "l'p:n:tlr ,o:;;mit.LJy '>C\\er.~. 

7. Slllll\1-w;¡ler Cllll{JÍhll\ÍilJI<; In <;;lntlaly <;CW('¡<; rhcsc shnltld hr Plllhihitcd, hui lhe 
de"iptcl must rcco!!nÍ7C that ~nmc such <:.IPtlll and <;urf:tcc watc1 d11CS J!el into <;cpar;¡tr 
::::tnita•y SC\\'CIS ;~nd a judgtncnl allowance tltcrcfn¡c lllll<;\ he made. . 

R. lnflltr:tlion 1\nnn¡.:h dcfcctivc jnints. 1 hi<; nccdc:: :t<:. 1'.11cful .111 cv;¡lu;-.lion a<:. c:~n he 
rnade f1om lflllnght f!_lVCn In thc <:.cvcr:rl f:lCIOI<:. invp(vcd. llc<;ign ;~llow;mcco:; should he 
l:tt{!CI (ltndet <;PIIIc.circttntslaJKC<; vcry ntuch l:ti¡!Ct) th:lntlHl<;C ~tip11latcd in cnnsttuctinn 
S['CCtfication'\ wlH're :rcccpt:mcc te<;\<; are m:ulr vcry soon :~1\cr cnnsltuction. Undrr
cv:du:ltion nf lllfl[fr;¡lrnn i~ nf\('11 thc Jl' incipal re:l~tlll why snl\lC <:.cwrr<:. h:wc hccnlllc 
o ver ln:ulcd 

Thc rclattvc cmph:,"i" gi1•cn to cach or thc f01cgoing faclors vatics anHlllg dcsigncr:::. 
Some h:tvc se\ up smglc v:thtco:; of peak dcsi~n Onw rateo:; fnr thc variouo:; da.o;o:;ifications of 
1 r ihurar y a re a, 1 hcrchy mlcgt at ing a 11 thc<;c 1\cm<:. 11 io:; r ccnmmcndcd, hn\\C\'Cr, that 0\clua [ 
lll<IXlllllll\l ;111d lllillÍllllllll pe;tk dc~ign 00\\',<; he dcvc\opcd Sl<'p hy S!l'p, giving ;!<; (hOfOil¡!h 

as P''""ihlc cnno;i(kl:lltnn lt•t•;¡ch nr !he cnmp1'11cnt rtcmo:; which innucncc ck<:.i!!" vnhrr~. 

QUANTITY OF STORM WATER 

Thc Rational Method. ·t !re ratinn;¡l lm.:lhod is thc 1110<;;\ CO!lllllollly uscd 
pr tJCCdltl e ftll 1 he conrpltlatron of thc t aleo:; tlf stmrrr-w:tlcr runoff fm slcllltl-:::cwcr 
dcc::ign Tire 1ale nf runnff (}jo; givcn hy lhc cqualion 

() ('iA 

111 which A i.<; lhc <;Í;rc or !he dl:tinag(: :tiC:\,¡ ic:; lhc :1\Tiagc inkmity or lainrall fm a 
clttt:Jii,Hr Cljli:¡JI<l the tinH' ofc(lllCCilllati(lll olthc atea, and (' i~_a nrnofrcocllkient 
\vhose va[Hc dcpcnds pr incipally u pon !he ch;uacter of !he atea. Fnr a stc;1dy 
r;rinfa\1 tale of 1.0 in./hr !he total prccipil:~tion dcpoc::ih-d (lVer :111 :liC!l of 1 .1ctc 
wnuld he a 1 1 he 1 a te of I.OOH cfs Pl, ftll p1 a el iea 1 putrm~cs, 1.0 cfs. ·t hcr dnt e. if A 
is CXJ11CSSCd in :ICICS, i in inrJws per h0111, tllld fJ Íll l'llhic rl'C( pcr SCCOIId •. C lllll)' he 
intcrptclcd crs a dirncnsionlcss cndlicicnt which cxprcsse.c; thc ratio of thc runoff 
tale lo lhc rainfall ralc. 

Thc :~sc::umption hchind tlw tal1on:rl rncthnd ic:: lhat the runofT rntc for a givcn 
rainfall inlensity will rnc•casc and re:rch its rnaxinHtlll \\:hcn thc duration of thc 
r:rinfall !Caches !he time (lf conccnltalinn llf thc :11ca (!he time 1cquircd for thc 
runorT lo now ftnrn thc tl'lllotcst ))(lint of !he :HC'a lo !he point whc1c Q is hcing 
mca<;UI cd). By 1 his ;rssunrpt ion, 1 he m a x inmrn runnlf t ntc Q which en n he cxpcctcd 
lo occur with any givcn fre<prcncy wrll he produccd hy a stnnn having !he rnaximum 
avctagc 1:lmf;1ll mlen.o;;;ity corrcspnnding lo thcgiven f1cqucncy :md durntion. Thc 
appltcation or thc rnclhnd tcquircs knowlcdgc of thc rainfall inlcnsity-duration
frc(prcncy chat:lcletistics for the lnc;Jiity. Althotrgll the ;t<:sump!ÍflllS are nnt 
slr1ctly 111 ;rccnrd with thc lllcch;urics of tht' tunoff p10ccss. thc r:Jtinnalrnethod has 
pro ved 1 o he a prncl ic;tl pt occdur e for stn~m:til a in dcsign bcc:ru.c;e 1 he :l.l'CHmub ted 
cxpcr iencc has rc<:ltl\c(l 111 pr rrctrcahlc vnlucs fnr lhc rurmn· cocflicienl C 

Time of Conc:entr01tion. Thc lime nf conccnlration i.c; !he time rec¡uircd for 
thc 1 unoff In n<lW frnm lhe temo\ e<;\ pnint nf lhC' drainagc :u ca lo thc poi11t undcr 
dcsign. Thic:: ic:: thc minimum time ncccss;tr y In pennil lhc cnlirc arca lo conlrihutc 
lo thc nnw :11 !he point. Thc. time of CPill't'lllr;liHlll conc::i.<;ts nf lhe inkl timt·, or 
tirnC' tequircd fpr thc rnnolr al lhe up¡wr cnd nf thC' atea lo 1cach th<' n<':n<'o:;l 
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inlcl, .plus thc, time of,,O("HV in !1_1c "cwcr frorn thio; in!ct' lo thc point hcing 
considcrcd. 

Jnlct time will-vary with thc naturc of thc ~urfacc, thc slnpcs, thc natu1c of thc 
establishcd drainngc channcls such as sltcct gullc1s, and thc antcccdcnl conditions. 
Bccausc thc inlct time is srnall, .it 1s commonly choscn on thc· ha<;is of cxpc1 ience. 

20.0 rl--rTT¡----r---,---r-¡---r-,--,--,----·¡-Tl;--¡-¡--¡--,, 

.06 ----------------- ------ -· --
----·--- -------·-- ------

0<1- --------- ------------· ---

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

.o2 u_u_u__..L-,L,-~":--L1:-----:'--~-:-;----;~:-;;:7.;-~~ 
5 10 15 20 YJ 40 GO 2 3 <1 5 6 A 10 1?. 18 ?.11" 

IIQIJrS 

Duration 

FIG. 4. Hainf.-.11 intcn:::ity-duralion-frcqucncy curvco:;, Ncw York, N. Y., 1903- 1951. Nn H\: 

Frcr¡ucncy an<~lysi.-; hy mcthnd of C'Xlrcmc valuc<;, :~flcr Gumhcl. 

In dcnscly dcvclopcd nrcas with a high pcrccnl:lgc of pavcd ~111 facc~ and dosel y 
spaccd inlcts, "" inlct time a~ low a~ 5 min lll;l)' he :t'\'\UillCd. In llHHieJat::ly de~ 
vclopcd lllh;lll ;lfC:lS with nat ~lopcs the inlct time lll:ty he fiOlll 10 lo !S llllll. In 
n.1t rc;<;idcntial il!C;l;'; having <1 ICiativcly Jow pCICCillagc of pavcd ;<;urfacc. !he miel 
time m;¡ y he'"' high "-"JO rnin. lt i~ pos<:1hlc to makc c<>lim:llc<> of thc inlct ti_mc hy 
calculatin~ the time of nnw ovcr !he v;11 inus types of surf:1ccs. hui ~uch csllm;Jics 
c;¡n rnrcly be made with a high dcg11:e nf nccur<~cy. 
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Thc time of nnw in thc SCWCI is computed fiOill thc hydlrHdic propcdics of thc· 
SC\VCI, thc common praclicc hcing lo u~c thc <l\Cingc nowing~full vclocity cnmputcd 
fN thc prcvailmg sin pe. 

Rainfall Frequency. 11 is mually pwhihitivc, nn thc basis of cost, lo construct 
sl01111 scwcrs cap:~hlc nf handling thc latgc<>l coiH.·civablc slollllS. Cuttcnt practicc 
is lo 11'\C st01m r:Jinfall.<: having an :-.vcragc npcctcd frcqucncy of once cvc1y J tolO 
yc;u~ for thc dcs1gn ofstn1111 sewc1.<: inJcc;idential ;u ca.<: <111d .c:torms of lO lo JO years 
for CO!lllllerci:¡l amllligh-\·al¡rc disltic!<;. 

Rainf;~ll lntcno;ity~Dur<~tion~Frequency Rel;~tionships. ,Thc 1 ;tinf<~l1 chat ac
tcric;IJC." which mus! he knnwn f01 .c:tor m~scwc1 ckc;ign :u e p1cscnt.~d in a vc1 y concisc 
m:nHlcr hy thc rnlcnsity-duration-fre'Jirency curves. which C<lll be ptcp<~rcd frnm a 
long rcetlld {lf precipitatinn :11 a gn·cn ~lalinn. Figure 4 .c:hows such a sct ofcul\·es 
pH·p:ncd hy !he II.S. \Vc,Jihcr llurea11 rrom lhc p1ecipi1<1tion rccordcd al Ncw Y<llk 
(.rty f111111 190.1 In ICJ)I 7 This figure <>luw .. ·s. rnr c."<amplc, thn_l an avcu1ge intensity 
or 2.2 in.fhr for ;¡ dur:IIÍOil nf 1 hr wiJJ he l'<JU:!Icd 01 c:-\CCCdcd, 011 lhc <lVCrélgc, 
nncc e ver y 10 ye:ll<> Similar data for rnany olhcr localitics lw.vc hccn compiled :md 
puhli~hc{l hy thc ti S \Vcalhc1 llriiC:Ill. 7 ° Fig11IC'> ). R .c;how thc gcngtnphieal 
disllihutinn of CCIIalll lainfall ch:u;u:tcri<;ticc; rOl thc ;uca nf thc Unitcd Statcs 
e:•"' pf thc IO'ith me~idi:m.;, l"or the 1q;1nn wcst of thc IOSth mcridi<1n, 
the local v;uiation" in •ainfall ch:uactc•ic;tic.c: nmkc it imp1ncticnhlc lo prc
scnl thcm in !he fnrn1 of ¡:¡g,. 5 lo R. l:nr data covering !h.c wcs!C'Il p(lrlion· 
of !he Unitcd St:lh'"· the rcadc1 t<; referred In ff't•arha nuu•(íu Tt'rlutir·a/ l'n!'t'l 
2R.'1 

Runoff Coefficicnt. Thc 1111Hllf eodlicicnl e· in tl~c •atin1ml ·mclhnd is !he 
var iablc which is lcac;t <;usccptihlc In precise dctc1minalinn. \Vhcrcas !he nc;c of.thc 
1 unolf nl{'nicicnt implle<; that thc1e is a cnn.,lanl ratio nf r urwiT lo 1ainfall, Che <lclunl 
1atio fo1 :1 givcn :u ca wdl depcnd upon thc c:nndition tlf thc ruca al thc time of 
PCnrnencc nf thc c;to11n :111d will incrcasc with !he dm:1tion of !he slo1111. A more 
ln¡;1c.d JHOcctlnlc th:111 !he r:¡tion:~l mcthnd for storm-drnin dcsign would he lo 
S11hl1:1d !he 1ainf.dl lno.:<;t'<: duc In inliltr;ltion :nHI lclcntion in sur f:1cc dcprc<;sÍon":nul 
lo di"t11butc thc ICillaiiHicl asan actual hydrogr<~pll of nrnoff. 111 llowcvcr, hccati-"C 
of thc g1c:ll v:Hi;1hility in thc time distrihution of thc r:tinfnll it.<>clf ;"' wcll .,., !he 
difliculty in cs1imating thc qu:1ntities of infill1alion :111d sutfacc dcprc""ion sloragc, 
111n"t cnginccr~ stdl p1efcr In c<;tim;Jic a valuc of Che rurwlf cnefllcicnt C. 1\ 
conlnmn.pl:lclice is !he u.c:c of ave1agc cocflicicnts for variou.c: typcs of dist1 icl.c;, thc 
coellicicnts heing assumcd tc1 he con.c:lanl throt1ghm11 lhc c;totlll duralion. Thc 
rangc of valt1es rcpclllcd lo he in cnmrnnn U'\C i<> as fnllows: 

llu~illc<:~ · 
!)owntown arca~. 
Nc1ghhnrlwod :~re;¡~. 

HcsHlcnlinl: 
:"im¡;k-fanuly are:~~ 
M11l1iuni1". clclar.::hcd 
Mullmnil<;. ,JIIachctl. 

ltc .. idcnli:d (<;ulhurhnn). 
Ap~lrlmcnl dwcllrn~ nrca~ 

lndu<;ln;ll; 
L•¡::hl .HC:l" 

llravy :JIC:J<; 

I'.Lrk~. l"C'IIH'1("11C~ 

l'laypn11ntl" 
lt.1llrnad yar•l are:~~. 
llnunprnvcd arc.1<; • 

o 70-0 9:5 
050-070 

o.Jo~o :so 
1).40 () (,() 
O.úll O 7:5 
o 2.'i o 40 
11.50-0.70 

O 50 O. RO 
n.r.o~o.9o 

0.10-0 25 
0.20-0 .15 
11.20 OAO 
o 10 0.10 
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f'"IG. 5. H.ninf;-.11 intcnsilico:; in mchc<; for 2-yc:lr frcr¡ucncy and 15-min dur:1!ion. 

\ 
FJr;_ 7. l{ainf:dl in!cno:;itico:; ¡11 mchcc; for 10-y{':tr fu:qucncy and 15-min durnti(ln. 

F1n. 8. lbi11fall inlcno;;itic<; ¡11 inchcs f¡,r 10-ycm frc<lucncy and (,0-min durntion. 

f=1n. l'í. Rainfn\1 intcm:itics in inchcs for 2-ycru frcr¡ucncy ami hO-mm duratinn. 

7 



18-14 Sewerage-JyJtenu Plping 

For spccific sm<LII :ucas it is 11101 c \ogic<LI to 1clatc thc valuc of C to !he actualtypc 

of surfacc. Cocnicicnls commonly uscd :u e::~ 

Chilraclcr nf ~111facc 

S!rccl~: 
1\.~ph;J[!IC 

Ccmcrc!c 
Brick 

Drivc~ ;ual \\:dl..'i 
Roof'i 
L:~wn~. ~andy ~oil: 

Flal, 2/~-
0vcrn~c,:} lo 77,~ 
Slccp. l ,, 

l.awns, hcavy ~n1l 
na t. 2 ~{. 
Avc1.q.:l". 2 In 7:\ 
Slccr. 7 ·:~ 

... 

Runnlf cm·llincnl 

o 70-0 <)') 

O RO-O '15 
0.70-0 RS 
O 75-0 RS 
1J.75-0 95 

Cl 05-0 ICl 
o 10-0 15 
0.15- n 20 

o 11 o 17 
n IR O 22 
0.25 o 35 

\Vhcn an arca is madc ttp of diiTctcnttypcs of st••faccs, <1 conlllHHI prt1ccdutc is 10 

u.;:c -1 wcightcd-avctngc cncnicicnl. r 
. Tilc cocnicicntc; in thc prcvious l;thnJ;tltOil~ :ltc_deSIJ!.I~Cd ro_r use ft.H ~(Oifl.IS _n 

5- to 10- 'C:tr f•cqucncics 1 or lcss ftcqut·nt, lngher m)ctl' .. tty s\nln_t~. th~.: en: 
cflicicniS ~hnuJd be highcr, hcC;lUSC !he infi!ll ;1( io11 ;~nd ~111 r;~~C 1 CICII( ~(lll ~\·t\J• he 
smallcl 'p10 pnrtions of thc \(1\:11 p1cc1p1la\1n11 l.1kew1->e. IPI ntP.tl\ ft~l~Lit:nl, 
lowcr inlt:mity .sto1ms. the cncflic1ents siHltLld he l~tWCI litan 111dLcatcd 111 ltc l,Ll11cs. 

HYDR/\ULICS OF SEWERS 

AltllClngh thcy are uc;ually plnced unde1ground, mn"l se\vers a,'<; de_signed lo 
now with a free w;ller surface. ¡\n ndvantage of thc free-Oow colHiil~on_t.~ tha~ thc 
dcpth wi\1 v:~ry wilh the ralc of llnw in :-;uch a w;1y ns lo kcepthc vcJnctty le.Lsn~l.Lhly 
hi •h eVCil ;~\ floW JaleS which ate \111;1JI in COillJ~;¡¡ i"Oil \Vilh \ht: fu JI c;¡p;~C .. I)' (lf 
th~ pipe. This hclps lo 111 ;1int;1in vclocittcs su_llicLcnt t.<l p1cvent.thc dc.pnsi!Lon (lr 
solid.;: 11 ~,er a widc prnp(ulion nf thc Oows wh1ch ;11e hkcly lo he encnunlcLctl. 

TJ~c ca 1acily of a scwer pipe shnuld he sllflicicnl lo c;u ry thc pc;tk Onw n~'.7 In 
be :wtici ~;¡ted al !he end of thc dcsign pe1 iod. ;~mi thc ,_Jope should h~ sulliCLCnl 

10 proville for sclf-deansing veJocitie" during thc ~a~ly ycnts nf,~LSC. 11.1~ c~mmo:~ 
praclicc In dcsign s:tnitary scwc 1s wilh "Jopes suOICtet.LI lo pro,t{le fm 'clncL.I•e" ( 
2 fps whcn llowing fui!. Expe 1icnce shO\V'> that w1th "uch sJ0pc" tcnuhlc ftom 

dcpoc;its is scldom encountcred. . . . . , ... 1 1, · 
Allhough thc now in scwc1s ¡._ seldom stcady o1 u!Hfolrn. tl 1~ unpL.tCIIC.tl e 111 

mosl e:~ ses In takc this ¡11 ¡0 <JCcount, ;nHI each sectiOJ_l ofthe ._cwer ts u"nally dcs1_gn{'d 

with lhc assumption th;1t thc now is sle<~dy and UllLfotm. . , 
Flow Formulas. !)espite its cn1nplcxil):· Kutt_c1 's fot nwl;1 has bcen wt_deJ~ •:~c~l 

in !he )aS! for the sollltl(l11 of prnh!clll" lll\'OIVIIlg open-ehan~l~l nn~V lll Se\. CIS 

1 
. l f thc availability of ch;nt:-; aLHI di;~glam<; wluch facdtlale 1\s snlul10n. 

)ec.wse n ' ' . . l 1 ·1 1· .. nr thc Kuller foLtllltla 
Thc rv1anning C<JU<liHlll \S tHIW bcl1lg \\'1{ e y llSCt lll J1 .lt( 

Thc Ktlltci equatiPn i." 

1' 
,~,s 

in which V-- mean vclocity. fps. 
r hydL;Hdic tadins, 11 . 
S slppe nf cnc1 gy gt ;Hiten\ 

11 cocllicienl or 1 nttghncs" 
8 

Hydraullcs a( Sewers IB-1 S 

Manning·s c<¡u:Jiinn is 

in \vhich the nonLendtlliiC ¡,_!he "ame;¡~ fo1 lhc Kullcr equation. 
Thc 1 nughncss cndliricnt " v;u ies fr n1n o 010 fnt snHHllh sm rae es lo n~ high ;1s 

0.10 fttr ltHI~h nal111al cil<~nm·ls ;1nd has thc samc numc1ieal v:Liuc in cach of thc 
ahovc c<¡u;lli(ltlS. 11 is C<Hlllllnn p•nctice lo use valucs of Kut1c1's or Manning's 
11 orO OIJ fnr sewcr de<>ign. Tlu" "aluc makcs somc allowancc for lhc futurc 

. cnnditim1 nf thc pipe a'i wcll as dic;ttuhances in thc now rcsulting rrom ¡oughjnint:::;, 
intc1 un· co:tl ingc; of grcase nr othct lll<Jiter. and cddying duc lo changes in pipe :-;i1.c, 
jttndinns. ele. Ftgurc 9 is a tliag1am for the snlution of lhc Manning cqualion 
applied lo circul;u pipes llowing full, wilh 11 t't¡tral lo O 01 J. Expcrimcnls ha ve 
indic;Jicd th;JI !he v:¡luc nf 11 '"no! the samC' al nll dcpths and that maximum value 
'" fnund lo Ol'Clll .11 a depth rqualto ahnut tlllt'C-Icnlhs nf !he diamctcr. 

Pipes Flowing Pa1·tly Fui l. Ftglllc 10, which isla k en fH~mthe ASCE (WI'(T) 
M :11111a 1 pr cviomly 1 der red 111, give~ 1 he hyd r ;ullic clcmcnts nf cit cul:1 r pipC<> llnwing 
Jl:Lllly fui J. ·¡ hj._ JigttiC shcm·<> !he r;tlitl" tlf lht' V:lllrC" tlf !he vnriOLtS clCIIICiliS lo \he 
vnluc" fnr thc llnwing-full condilton. Tlw t:lfl""·:c>t'clionnl nrca alltl thc hydtaulic 
1aditrs a1e jliTLcly gePmt·trit· ftttKiions atHI hCtiCC irukpendt·nt nf 11. Thc vt·lm:ily 
;Liltl ([t<,ch:ll!;t' fc11 :tll)' p:IIIÍCIII:tr 1:1\itl of th:p!h ltl di;tllll'lt't dcpc11d IIJlOII wht:\hCI 
11 is :l<><;ltlllCt! In he cnll"l:lnl tlt' vati:thlc witl1 thc tkplh. Vclocity and di'ich:tlgc 
l'll t ves rnrnputcd f1 nm ho1 h nssu tnpt1onc; ;11 e shown 1 he v;u i:1l ion in 1 he valut' or n 
i<> hascd nn {'XIcn"ivC' expclilllt'ltl.<: hy \Vtlccn and lty Y:um·ll and \\'ontlw:11 d 11 -12 

Thc u"c 11f ¡·¡g lO 1s illmtL:lll'd hy thc follcnvzng e'<:unpk" 

I~Himplr 1\ Jf,-111. ~C\\'CI pipe (11- 0.01.1) ic; /a id nn a slopc nr 2.00 fl pc1 1,000 fl. Find 
thc dcpth of Onw amlthc vclncity whcn thc now r<~lc i'i 20.0 cf<;. /\'i'illlllC that 11 v<~rics 

wil h 1 he dcpt h nf nnw 
Sofu11011. h Plll l'ig ?, lite C'apacity 0f !he pipe whcn nnwinJ! fui! i<; JO.O Cf'i ;ultilhc vcloc-

ity jo¡ ~.21 rp'i. 1 lwlt rr/(} 7.0 fl/.10.0 0.(,77. Frorn l'i¡:. lll, df/J O r,7 and 1•/V · 
O ?1 1 hcn drp!h O (,7 'O· 2 00 fl ami vclnci1y --O 91 ·-: ~.2.1 - J.rn fp<;, 

hgtnc JO also shows thc 1clative vclocitics tC<¡ni1cd lo oht:tin cqtml cleansing 
of thc pipe al all drpth<; of now. Thi.<> is b;1scd on T. R. C:unp's analyscs of thc 
thcorC'lical wo•k done by Shichls 011 lhc IIHlVCtllt'lll or gTallltlar lll<JieTials in opcn 
channcls. 11

·
11 The diag1alll intlicatc" th:1l, if a SC\\:cr h<~s sclf-clcansing vclncitics 

111Hlc1 nowing-rulf cnnditinll'>, !he \'t'locity wili alsn he scff-clcan<>Íil~ ror :111 flow 
condition" ;ti depth" !;IC'al!'r than <lllt'-halr thc di:lnlclcr. A" p•cviously si:Jktl, thi:c; 
¡,_ ;111 impotlat\\ IC';tSOil fol dcsigning SCWC'IS lo flnw :t<; OJlCII ehanncJ.,_. 

Alterna te Stages of Flow. rhc spccific cncrgy of !he flnw al <~ny scction in an 
opcn channel is dcfined :1s thc ene1gy of thc nnw cxprcsscd in fect (font-pounds 
pcr pound) lllC<JSIIICd <~hove lhe hollorn of thc channcl. Figure 11 ¡eptescnts thc 
ncnv p1ofilc :11 :1 "ection ora channcl flowing with n free .su1face. Thc spcciric 
cnetgy fw a p~1in1 in;-¡ strc:1111 linc al a distance _1' nhove thc hotlom or lhc ch:~nncl is 
~ivcn hy !he cxprcc:c:inn 

11 1' 1 " 1 112/2,~· d 1 Q'/2gA' 

whete 11 is the spccific cnctgy hC':HI, lt J" lhc pre<;stnc he:1d :thovc thc sllcam linc, 
/lis !he velocity :11 thc pollll, Q IS the now tale, :llld A is thc cro~s-sectional :tle:t. 
Sincc thc vclncity ¡._ a fnnc\i(lll or y. !he spccific CIICIJ;)' ¡._ <IJ<>o 01 runclion (Jf J'· 
llowcvc¡. 1 he abo ve eqtL:J 1 !011 can he cnmide1 ed, wil h ve¡ y lit tic c11 01, ::ts being 
1CJ11CSC'III;t1ÍVl' (lf lhC fl(JW ~IS <l whnlc j110Vidnf th:t\ 1' ÍS la k en(!,<; fiJe <lVCt:lgC vclocity 
f(ll !he cn,._s scction. 



16-16 

o 
"' e 

ª E 

"' E' 
o 

"' u 

5 

Seweragc-systcrns Piping 

0.002 0.003 0.005 0.010 0.02 0.03 0.05 0.10 
Slope 

F1n. 9. f)i.,chru gc rof circulnr pipes (runnin!! full) ha<;cd 011 !he Manning fo¡mula 

Q = A( 1.-lR(l/11)1 2 4s~1 

whcrc Q ·-o nnw rrtlc, A ,.., CHlSS-<;cc[i(lll<ll <IIC:l,,.-=' hydrat_dic I<Hiius, S- slnpc orcncq;y 
p:Hiicnl,ll cocOicicnl (lfiOII¡!hnc<>'>. 
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Hydroullcs o( Sewen 111-17 
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F¡r;_ 10 llydi<JIIhc clcmcnl<; of cucular scwcrs. 

1.1 

" 

llydutulic 
••ditn 

1' 

36 

1.3 

In Fig. 11. lhc ,.,IPpc of !he channcl hollnm is dcsignalcd as S
0 

a!HIIhc ~dope nf 
rhc cncq;y g•adi~·nl as .'•1. j'p¡ lhc gem·1al c•sc tlf nnnuniftHil\ Omv (whc1c lhc 
dcplh is inncn.sing o1 dccrcasing in !he diJcction nf Oow) !he valucs nf ,\' nnd Sn 
will he diffcTcnl; for uniform Oow lhcy will ha ve !he sarnc valuc. ·¡he Manning 
c<¡ualinn can he :1pplrcd In thc cnndilions at any sccli(ln providcd that S in thc 
c<¡uatinn is takcn lo he !he slnpc pf !he cncrgy gradicnl al !he ~Cl'IÍon. 

1 t is cvidcnt !ha 1 1 hC' Cl tlSS-sccl ion a 1 a 1 ca of 1 he llow in 1 he spcciric-cncr gy cqtml ion 
is a function of !he sh:1pc of !he scction amllhc dcplh. Fo1 a cilcular pipe. A is a 
complic:llcd funclion of !he dcp!h d 
;¡mJrhcdiamC'lc¡ /J. Figu1c 12, wh1ch 
wa<; p1cpa!cd by Thomas R. Camp, i.<; 
a g1aphic:11 solulion· of !he <;pccilic
CilC'Ib)' cc¡unlion for ciH:ul;u pipc<;_H• 
IIIS nnlcd frornl 7ig. 121hal, fcu grvcn 
vai\ICS nf Q, {), and /1, illl'IC ;tiC !WO 

possihlc valucs of d which will <;ali"fy 
thc C<]ualinn. Thc largcr of lhC' 1\vo 
valuc<; Í<; dc"ignaiC'd as "uppcr slagc 
llow," "\r;¡nqull 11mv:· <H ·"suhcrilical 
llnw''; thc lnwc1 v;duc is dl.'signatcd 
:ts ''lowc1 stag(· llow.·· "shnnl1ng 

--· l:nr, ----- _ Qy Q<m1trnr (~¡ ---
---;---~~ I ---- "'"'_""'"'' -f-- -~ 

- -·-. ·Ird "¡ " 
r,,,. '"llf'rr 

( ~lop~ • So) 

F1n. 11. Opcn-Ch<lnncl Onw. 

• 
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now," or "::wpcrcritical Oow."· Thc "clitical dcpth" is thc dcpth al which thc 
v¡¡Juc of thc function Q2/2g// D1 is a ma.ximum nr at which thc valnc of 11 i:;; a 
minirnum forgivcn valucs of Q and D. lt is impmtanlto tHl(C th;1! thc rclatinn
ships givcn in rig. 12 are purcly algcbraic and are in no way rclatcd lo thc hasic 
rclationship hctwcen Q and S ílS givcn by thc Kuu:r or Manning cquation.s 

o . 
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0018 

Frc.. 12a. Encrgy rcl:ltion.shipc; for fiCC .smf;JCC nnw in pipes. Q?fl,r: 11 1>1 fr nrn o o lo 0.02. 

ff a channcl is long cnough, or if thc down.sllc:Hll con~li-tions are ju.st righ~, !he 
now in a chnnncl mny he uniform. Undcr thcsc C(lndrtums. thc dcpth wdl he 
constan! a long thcchanncl amlthe valuc~ of S 0 • S, amlll~e.slope (lfthe water su• f.1ce 
will he cqual. Thc dcpth of now for 11n1forrn now cnndrtrons may he dco;;•¡;n:-~led a.o;; 
thc nnnn:-~1 dcpth d.,. This is the dcplh nf nnw \vhich nmkcs lh<" Falc nf lno;;o;; nf 
cncrgy .\~ cqunl lo the hottnm slopc S 0 • l'crkctly un1form llow rarcly occurs 

10 ; 

Hydroullcs o( Sewert 18-19 

hcc;n~::;c thc dcpth al :~r~y C1oss scction is tkpcndcnlnot nnly u pon S
0 

hul nlso upon 
!he d1.stancc of !he scct1on from thc channcl nutlct nr frnm thc nca!C'SI downstrcam 
or ~•po;;trca~n channdjunction, al whit:h pomtthc dcpth may he controllcd by fnctors 
wl11ch :He u~dcpcndcnt of s·o· . A valuc of d, C'an he computcd for any channcl by thc 
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Fin. 12h. Ene• gy rclntionc;hips ror rice c;ur racc now in pipcc;, Q'/2¡:U D 1 rrom 0.0 lo 0.50. 

M;mning. C'<¡ualinn hy :\SSIIIlling lh:1t Si~ C<pr;d In 5i11 . llnwcv<'l', whcthcr or nol thc 
Onw wdl cv:r ncn11 !11 !he tlcpth d, in any slrctch nr a ch:umcl will dcpcnd upon 
thc. hydrnullc COIHhlrnns dnwnslrcam nr upo;;lrcam or thc Sll~lch. A valtrc or So 

wiHch.,nwkcs d., grcatcr ~h:u1 thc criticar (kplh dr may he dcsignatcd as a "mild 
sln¡w, and ;1 vnluc wluch prnducco;; a rl, lc.c;o; lh:m !he critic-:11 dcpth 111ay he 

' 
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dcsignatcd as a "stccp ~dope." .Thc ~dope S0 which mak('.s d 11 cc¡ua\lo thc criticnl 
dcpth may he dcsignatcd as thc cntic<tl ~dope S,.: . 

Thc signifJCOlllCC or thc cdtical dcpth may-bc dlustratrd hy rcfcrcnc: lo rlg. 13: 
Thc now conditions for c;~ch of thc cnscs shown me c\pla111cd br1cny l:c_l?'~· 

1. A channcl with a milcl ~dope di.sch;ugcs frccly into thc aln10spllc.rc. _CntJcal 
dcpth will occur al thc outlcl. Thc dcplll will incrc;l.SC al .succcs.sl':c scciJOI.lS up
strcam until thc normal dcpth is rc<tchcd, hcyond which lile Oow wdl he umform. 

{o { 

· "1 ( ) l'rcc disrhar¡;c frnm a rndd .slopc. F 11 Ex:~ m ,Jc-. nf nonumfo1111 now pro11 cs. a · · ' 
IG .. · 

1 
•· · fl ·¡ 1 1 a stcc¡1 slnpc (r) nic:.ch:~rgc fwm nne mdd sl11pc lo annthcr. 

(h) ()!,<;C l:Hgc r<llll n llll < (l ' ' ' ' • ~ .• , 1' <; ·h 11 •e f1 (1111 a o;;lccp o;;Jnrc. 
(d) Oi~cha1 gc f1nm a stccp slnpc lo a 111ild !'dnrc. (1') 1 l(c ( 1 e · !-: · 

In many cases thc lcngth of thc ch;ltlllcl will he m.u~h lcss than !he dl<>lai~C~I'cT',i.lcd 
to dcvclop normal dcpth. Thc signific:111cc of th1s 1.<: !ha\ for a_shnl '. <>IHIC .~o ~ 1p

1
cj 

its ;¡clunl c;tpac1ty ¡0 cnrry now without stn.ch:n_gc nwy he ~nnch grc.1lc1 th.1n \\mil 

be calct!l;l!Cd by ;l.'>.'>lllllÍllg llllifor 111 now WL!h ,\ C'Jll~l.! In ,\n. . . ,, f ti • 

2 A clwnncl changcs slopc frnm mihlln stccp· 1 he cnndll1ons upo;;l!C.IIll of 1
1 ~ 

jun~tinn will he thc s:unc n.<: for paragr;-~ph l. Thc dl'plh down.<:l•c:nn o 1 ll 

junctinn will (\cercase nnd :tpproach d.,. lJ 1 . 11 
1 A ch;mncl chnnges slopc from a mild -.lopc lo :wnther rndd <>l0p~. P" _1 ~·'\ 

Or·,¡,c ·lunclion thctc will he <1 ¡•Jadn:d dcclca-.e inthc dcpth frnnl <>cctronllo ">CCrl'01 ,· 
' "11 1 ti. "<;C thc C l:IIWC 1011 

11. ;\. channd ch:~n¡;cs slopc frnm slecp lo 11 11 t • 
11 ~~~ t•

1 · , . t- ,¡. e 
the upstte:ull supe• e• ¡¡1cal now ¡0 the dnwn-.l•cam suhcnl1c:11 Om' wdt [,lk~ 1 ,,e 

11 
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suddcnly in a ''hyd,ra,tlic ju111p.·; :~·he po.<:ilion pf thc jump m;¡ y he cithcr upstrcam 
or down.<>lieam of !he juncllon, dcpending upnn !he rclativc valucs of-thc various 
p;1.ramc!er s which con! rol lile Oow p;tllcrn. 

5. A. slccp .<:lopc <lisch:lrgcs in lo !he atmosphC'I"C. In this case lhc now·will be at 
thc tlOI·mal. super~ritical now, JlH!vidcd that the upsl•eam control hns pcrmillcd 
1101111al dcpth lo he dcvcloped (scc ca~c 2). 

Thc fOtcgoing discussion 011 JlOilll!lifnrm nnw is pn."sentcd lo show lhe reader 
!he imporlanc:c of unde1standing thc.o;;c p1inciplcs, particulmly,:~vhcn dcaling with 
sn1:dl systcms whC'tc fcw pipes may he invnlved. h,r dctailcd p¡escnbtion of 
llOiltrrllf0/111 now. !he ¡eadcr i-. tcfC11cd lo lexlhooks 011 !he :whjeci. 111··IR 

Hydraulics of S~wer Transitions. In cxlcnsivc scv.:cr systcms, mosl of thc 
pipe.<: will l!;lve mild o;;lnpc<> nnd !he nows will he suhctitical. Exfr;¡ cncrgy losscs 

f."u;_ 14. Flow r~nfile ni junclion. 

nccur al ;¡lltran-.itions whetc ch;1ngcs occt!l in si7.C, slopc, 01 dircction of thc pipe 
ami al junclions where scvcrnl prpcs c0rnc togcthcr. lfthe transitions are propcrly 
dc.<:ignCd lo allow fm lhc<>e cnc•gy lm-.es, lhc condition nf unifnrrn Oow rnay he 
approxirnafcd in !he individual tines ;l!ld the Oows will never he al deplhs grealer 
!han lhc dcp!hs cnrnpulcd on the nssumptinn of unifo11n now .. llowcvcr, if thc 
lran.o;;itions are nol propetfy dcsigncd, pipes may :IIIÍiliCS now al dcpths grc::dcr than 
!he computcd dcpth-. ;HHI surch;ugc nmy occur undcr peak Oow conditions. Thc 
hydrnulic principlco;; involvccl in l1ansition dc.c;ign are illuslratecl in r-ig. 14, which 
shows n ll:l!lSÍ(tOil whcre n pipe Oows Ínlo a larger pipe Jaid 011 a nattcr grade. 
l)uc lo !he turbulcnce CICalcd hy !he now cxpansion lhcrc will he a hcad loss h¡. In 
ord<'r lo preven! the Hf1S1Tcam pipe from nnwing al <1 dcplh g1eatcr lhan its nornml 
dcpth r/1 , !he rclativc elevar ion.<; of !he pipes mus! he such thnt !ll(; encrgy g•adicnt 
of !he downslrcarn pipe is lowcr than that nf lhc upslleam pipe !'Y thc anwunt of lt 1• 

Thro;; rcquit<'S rhat !he invc1 t ofthe dnwnsl1cam he plnccd hclmv thal ofthc upsltcam 
pipe by the nmnunl h11 ,. Thc relation<>hip hcl\\'t'Cil !he v:trim!s vcrlicnl dimcnsions 
is givcn. hy th~ c(pi;Jiion 

11, 1 ,, 

·¡he cc¡u:¡fion a<>c;nmcs that thc lnss is cnnccnlr:llcd ni !he ccntcr or the lr:wsition. 
As achJ:tlly consttuctcd, the ltan.<>ilton will I:Tke pl;~cc within a manhole, and lhe 
channcl scctinn \vilhin thc manhnlc i<> lll;tdc In J'l(l\'Ídc ft1r :t guulu;~l l!ansilinn 
hcl\vccn !he lwo pipe.<;. rr thc comptrlcd invcrt dtop "'n is ncgativc, it Í.<> usually 
la k en ns 7CIO and thc pipe invnl<> are plnccd :ti the snntc clcvatinn. 

Thc cncrgy lo-.s h, is IJ<>ually -.m;~ I/. btrl it can ;,<;c;¡¡mc fai•ly high valuc~ when high 
vclncitico;; n~e invnlvcd. Data on thc mngnitucle~ nf h, nrc .<:caree, hui snch el;~ In a.<> 



18-22 ~ewerage-JyJternJ Piping 

are <tvailablc indic<liC thíll lr 1 can ·be rcprcscntcd ns., frnction of.thc clwngc in 
vclocity hc<lds in .,ccmdancc with thc cquation 

h, ,- Kl!.(,'/2g) 

B<lSCd on studics of opcn-channd \r;u;sitions for ::;rrhcritical now by .lulian 1 linds, 
thc vnlucs of K for smooth transitions rnight he takcn as Jow ns 0.10 for incrcnsmg 
vclocity transitions ami 0.20 for dccrca.sing vclocity tr;msitinns.

1
'' Jncrcascd 

transition losscs occur whcn a .<;cwcr linc clwngcs dirccti(m nnd al junctinns whcrc 
onc or more branch scwcrs join a main scwcr. Rcliablc infornwtion nr1 thc 
transitinn hcad losscs in such cnscs is almos! cntircly lacking. Thc hy{ll;wlic 
dcsign of junctions may be considcr cd as thc dc<>ign of two or more 1 r ansit ions, onc 
for cach path of now. Thc cxit scwcr is c0mmon lo all paths. ami its invc1 1 nu¡o;;\ 
be placcd at thc lowcst computcd clcv:llion. Hcc;tiiSC nf.thc b1ck nfinfonna\i(ln (lll 

thc tran'>ition los.'\CS, allo\o,.·anccs :nc usunlly n1:1de in :•ccmdnncc with the jud~mcnl 
of thc dcsigncr. An arhitrary pHlccdurc which i.'> conunonly adoplcd is lo nllnw 
ahout twicc a" much loss along Oow paths in junclitHl'> no;; cnmp:11Cd with thc 
allowanccs for simple transitions involving thc same velocitics. 

SEWER PIPE 

Pipe Materials. Thc malcri:liS, listccl alphtlhctlcally. of which st•ccl scwcr 
pipes ;;te most commonly constn¡ctcd ;¡¡e asbestos ccmcnt, GISI i¡on, conclclc, and 
vitriricd clay. Casi iron may he uscd for p•cssurc sewcrs. for piping in :wd arnu1HI 
buildings, and whcrc its IISe m ay be indicalcd by si rucl 01 ni• cqui1 cn1cnts. ·¡ he ot hcr 
matcrials are thc most commonly uscd for scwc•s Oowing undcr thc usu:1l ftcc· 
surfacc conditions. nituminizcd.fihcr pipes are commonly uscd in collccting stmm 
water from building downspouts, fnr foundation drains. ami in lcnching systcms 
for rcsidcntial sewagc disposal. l'lastic p•pc may he uscd fN thc corwcyflncc of 

highly acidic industrial wao;;tcs. • · 
Asbestos-cement Sewer Pipe. Ashcsl<l"·ccmcnt scwc1 pipe is ;wailahlc in 

thc si7cS and chrsscs givcn in thc following lahlc: 

Cl:w:: Nominal o:;i7c, tlrarnclc r, rn 
-------~~---~·-·~----~--- ··- ~·-· ---.--_ .... --·· 

1500 6 ¡' 10 12 14 16 
2400 6 8 10 12 14 16 

:IJOO 6 R lO 12 14 J(, 

4000 .. 10 12 14 16 
5000 10 12 14 16 

IR 20 H 
IR 20 H JO 
IR 20 24 JO Jó 
IR 20 H 10 Jó 

Standard lcngths ;'tfC 10 ami IJ ft for thc 6- amiR-in ·dinmctcr prpc <rnd 13ft f01 
thc Jargcr diamctcr pipe. Thc cJ;~ss dcsignations rcfcr tn lhe cnrshing st•cngths as 
dclcnnincd hy lhc thrcc·cdgc bcaring mcthod of \csling .loinls ;rrc m:Hic with 
whbcr ring'> or g;¡skcts ;~nd couplings or t he samc m;~ ter inl as lhc pipe. Advanl :tgc" 
claimcd fnr ashcstos-ccmcnt pipe ;u e case of handling duc lo hght wcight, tight 
joinls which rcsist infiltration ami cxriltral•on :ts wcll as rool pcnctr;llinn, í\IHI 
rcsistancc lo conosion in most soil conditions. Cmrnsion m:1y 1esult rrom ;1ci!l 

sewage ami in highly acidic or highly sulf:1IC·alk:1linc snils. 
St;~ndanl spccifrc;~ticllls covcring, <1Sllcstos·ccmcnl scwcr pipe are: 
l. Ff'dcral Spccification SS-P-DJ(l, l'ipc, A"hc."lns-ccmcnt. Scwcr, Nonprcs,.u•c 
2 .Tcnl:11ive S¡,ccifications ami t-.h'thnds or Tc'>l fnr Ashc"'('S·CC'Il1C111 Non-

p1C"S11/C Scwcr Pipe. ASTM lksignati(ln Ct12R 

12 , 
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Table 4. Concrete Sewer. Pipe (ASTM C-14-59) 

St:uu\:nd ripc E.o.:lm·'ilrcngth ripc 

llllcma/ Minlayin!! --·- --·-··-------- ------- ------
dJarn, rn lcn~lh, ft M in harrcl M in ~lrcnglh M in hnncl M in slrcnglh 

lhicknc~o; ¡11 (~antl hc;rrinJ!.), thicknco;o:;, in. {-;:.nd bcarin~). 
· • · lbllin ft lh/lin ft 

-- - .. -·~ ....... -· ·-·~· ---·~ -·-- ---·---- -·---- - -·-- ... -·---- -·-·---· ,_ .. 
4 2•. í . . 

,'1 ~ 1,500 ~ í 3,000 
(, 2 1,í 
R ~' 1,650 H 3.000 

2 1,f ' ' ·' 1,950 '·' 3,000 
10 3 \< 2,100 1 3,000 
12 J 1 2.250 p, 3.375 

" J ,, í 2.620 1 ~' 4,175 

'" J 1 ~{ 3,000 2 4,950 
21 ) 1'' .. 3,JOO 2' ¡ 5. 775 
2·1 J 

2 '·' 
J,r.no ) 5,000 

-

.Cono-e~e S~wer Pipe .. l~nrc!nforccd eoncrclc ~cwcr pipe is avail<lblc in 
sl.ll:~lílr.d .sllCS fl<·m·~ 4 lo 24. m. 111 dramctcr ami in lwo strengllt classes. Standard 
spcclfic:tt,mn~ CO\ ~~ ~~1g 11nrcmf01 ccd concrclc pipe in tended for w:c in thc convcyí\ncc 
~~.~ :cw.Jgc;. IIHhr~t•ml _w~slt's, ~mi s~o1n1 wa\ct are ASTM Ocsignalion Cl4. 
1 •11 ~e <1 _grvcs thc plrncrpal drmcno;;rnnal ami strength ¡cnirircmcnts of thesc 

spcc1fica llnllS ·¡ 

~~~inf01ccd. ~on~rctc scwc1 pipe, in si7.CS fl(lrll 12 lo lOR in ID, are covc1ed h 
A. I. M Spccrhcntrons. C:7~. l'ipC:. manufac.tmcd undcr thcsc spccificalions nr~ 
of hve strcngth das'>rllc;~trons. 1 ahle 5 grvcs \he availahlc si 7 cs ami slrcnglh 
•eqnnemcnts. · 

. ¡\ ~1~1.mbcr of di~crcnl i_~inl typcs are •.tvailahlc dcpcnding upon thc clcgrcc of 
w,tlci l1ghtncss 1cqnncd J he conc•ctc ptpc indu .. try fu1nishcs all thc nccc'>s·uy 
hcnd" wycs Ices ·u1 1 ••• 1 f · ' . · · • ·• •. ( spc<.:J.t" nccc'><>a•y or noy s:mrtnry scwc1agc project thc 
rrsu,1_1 prnccdurc ht.·mg lo makc c:tch such picce of pipe in ílccordancc witl~ the 
lc<¡uncmcnls nf thc p 1oject.2 11 

Advant<~ges o~ conc•clc pipe :nc thc widc rangcs in si1cs, laying lengths. ami 
~llc~1gt_hs. ¡\ d¡s;a_lv:mtag~ _of concrete pipe for sewc1s is that il is subjcct lo 
co••ns.•~lll tlndc• acu_l nm:lrttons .. 'r Oow vchlcitics ale ill.';unlcicnt to preven! thc 
deposJ\ion of o1~an:c sol.•ds, scpl•c c<~l~ditions may tcsult. llydrogcn slllfhlc gas 

. ptoduccd hy tl~c ,1n:1e10hr~ dccornposlllon of nrganic mattcr hccomcs oxidi-rcd lo 
p1ndncc sulfuttc _act.d, whiCh d:un:tgcs thc pipe This condilion can usually be 
p•cvcnt~d hy c~cslgnn.tg tl.tc.scwcls so thal sclf·dcansing vclocitics will occur tnost 
of thc lm1c. '· rotcc\ivc lmmgs can he uscd lo preven! corros ion whc1c thc scwagc 
111~1)' he e,._ccsstvcly :1cid. · 

Table 5. Reinforced-concr~te Pipe (ASTM C76·59T) 

Santl·hcrrnng ~trcnJ!.Ih, 

Cln~o:; 
Si1c r;rngc. th/n rt'r n lliam 

di;un, m. --- ·-·-·-- -····-
T'n produce 

Uhinlalc n Cll.in. cr:~ck .. _ _., __ . . ·- ----·- ----·--·· ·- --· ---.. ·--
1 {,()-ICJR 1.200 I,RIIO 
11 12-IOR 1,500 7,250 
111 12. IOR 2,025 J,OOO 
IV 12- R4 J,OOO 4.500 
V 12- 72 -t.snn :;,625 
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Vit~iried-ci<!-Y Sew~r .. Pipe: Vilrificd-cl;~y pipe is nwrnrfacltncd in sland;ud 
sizcs from -1 lo 36. in. i_n dimnclcr ami in two strcngth classificalions. AS rM 
.Spccilicalions CIJ nnd C~OO cnvcr."slandard-strcngth'' ami "otra-strcnglh" clay 
pipe. Thc crushing strcngths ;-~nd dimcnsums nrc givcn in Tahlcs 6 lo R. 

A widc varicty ofvitriflcd el .. y fiJ!ings is availablc as shown hy Fig. 15 Dctailcd 
dimcnsinns of lec hr;rnchcs are giycn in T:-~hlc." 9 lo 12 Drmcnsrons nf !he olhcr 
typcs of l'ittings are givcn in thc "Clay Pipe l~nginccring Mamra1." 21 

) 

Flf;. 15. Clay scwcr pipe spccial fiUing"-

Vitrificd-day pipe is rcsi<;tant to corr0sinn frnm most :JCids, making ir ;HIV<ln
tagcous whcn handling scptic scwagc or wnstcs with high ;¡cid conlcnL .Joinls are 
commonly madc up with hitun1inm1s compotmds, of which thcrc ;¡re nmny chff<.~•cnl 
typcs avail;~hlc. Recen! dcvclopn1cntal work hy clay-pipc llKtnufaclulcts h;¡s 
rcsultcd in thc mat kcting of joints cmploying rcsilicnt plaslic lll:llcrials which lunit 
joint fcakag(' undcr dcJ1cclion and high grotfnd-walct comlitinns Thrcc typ('s nf 
thcsc joints ar<.' covcrcd undcr 1\STM Spccific:tlion C-125. Vit1 ifi('d Cl:ty Pip(' 
.Joints Using M;Jtcrials Having Rcsilicnt Propctlics. 

APPURTENANCES ANO SPECIAL SII"RUCTURES 

Es"cnlial to all scwcrélgc systcms <Jrc thc ;1ppwlcn;tnt struclurcs such <ts scrvicc 
C(ltlllcctions, manholcs, ¡une! ion chamhcts. slotm-watcr inlcls, cllvct.sinn chambcts, 
etc. Thc dc!'ign of su ch. slrucl mes is nol covcrcd in dcf;til in 1 hi.s chaplct. hui typ•ctl 
dc"igns for thc nmst cnmnHmfy u.scd :tppt••lcnanccs wifl he p•c-.cnl('¡] hrieny. 
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Tablc 6. Cr·ushing Str~ngtln for Clay Sewt'r Pipe 

Sl7(', in. 

4 
G 
8 

JO 
12 
15 
18 
21 
24 
27 
JO 
JJ 
J(i 

·¡ h1 cc-cdgc 
bc;nin¡: 

1 .000 
1.100 
1.300 
1.400 
1.500 
1 '750 
2,000 
2.200 
2AOO 
2.750 
J,20{) 
J.500 
J,<Jnn 

Cru~lung ~lr('nglh, 111111, lh/lrn rt 

IJl':HillJ! 

1.~00 

1.(•50 
1.950 
2,100 
2,250 
2,(,25 
3,000 
),)00 
),600 
4,125 
4,ROO 
5.250 
5,R."i0 

·¡ hrer.-cdgl' 
hcarin¡! 

2,()(}() 

2.000 
2.000 
2.250 
2. 750 
.1,300· 
J,R50 
4.400 
4. 700 
5,000 
:'i,500 
r.,noo 

Sand 
hcarin(_! 

),000 
J,OOO 
3.000 
J,J 75 
4.125 
4.950 
5.775 
6,600 
7,050 
7,500 
R,250 
9,000 

T"biP. 7. Standard-st11cngth Vitriried-cl:ty Pipe Conrorrnlng to ASTM 
Specific:~tions CIJ V 

SI7C, 111. 

----------
4 
(o 

8 
J(l 

12 
15 
IR 
21 

24 
27 
JO 
JJ 
J(> 

l.ayinr. lcnr,th 
l. 

1 .in11t nf llliiHI~ 
M in• varr:llion. in. 

pcr fl ni knf!th1 
-----·· -------------

2 '' 2 ~ ; 
2 '. ' 7. l,í 

2 '. ·' ) ' ; 
) '. ·' ) ' ; 
J ~ ~ 
) ~' 

~' ) '' ) 

~· ----------------------

...... L.r .... r 
Te; :N 

' 
'N Lis 
~- .. --Dsr . 

' 

l 

'-- 0---H .. T -

Max difkrrncc 
in lcngth of 
twn oppo~1IC 

J;idc~. in 

----·----- --- ... 

~A~ 

'' '. ·'" : ÍA 

'~ í~ 

' ' ' • .. 
·'" 
~-í• 
¡. 

•. ' 
' . .. 
" .... í. 

Ont~itlr dialnrlcr of 
harrrl. in. 

4 1,~ 
7 1, r~ 

91,í 
11 ~ i' 

1 31 i 
17"!-íA 
20\~ 

24 1 ' 

27!{ 
JI 
JI/,' 
J7~ ~ 

41)1 í 

5 ,_~ 
7~-í~ 
?~ í 

12 

1" ~ (, 
17 1 ~ f· 
21 1,f' 
2.1 

28 ~ í 
J2~rí 
.15~' 
.lR 1 ~(, 

42! 4 

ln~1dc diamctrr 
o(J;ockct tlt !-í in. 

:1hnvc h:tJ;C, in. 

"-~-

M in 

l51_...rí 
l!l~rí 
22 1• í 
251.~ 

29 1 , 

JJ 
.16!í 
)')1' 

4l~í 
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Tablt"~ 7. (ConHnued) 

lh·pth of 'Hlckcl, in. 
Si7e, in. I.S 

Nominal Min 

4 1' ' ·' 1 ~' 
6 2 ~-í 2 
R 2 ~ í 2'' ·' 111 2~, 2:...' 

12 2' ' ·' 2 ~í 
1 ~ 2 ~' 2'' '" 1 R J 2'' ·' 21 1' ' "' J 

24 .l ~' 3~, 

27 3 ~' J' ' ·' 
JO J ~' 1'' 

. '. )J 1'' '·' J ~ ~ 
;\(, 4 1' ' 

. '' 
·¡ hcrl' sh,dl be nn m,l'Cimurn lcnr-:lh 

1 ·¡ hrrc ;., no limil for plu<; variatron 

'1 hickne<;~ of h:ur<'l. iu. 
r 

--·-·-··-· --
Nmniu:ll Mitt 

'' ', : í~ 
r~ ¡; ~-ift 

~ ; 11, Ín 

'·' 1 ~ í~ 

1 r:. ;. 
1'. ; 1' ' '. 1'' ', 1 ~' 
1' ' " 

1'•' '. 
1'' 

2'' ·' 2 ~ ~ 
2' ' . , 2,' 

''' 2 '- ~ 
2' ' ·' 2': ¡; 

'1 hicknc~'l nf <>ncket at 
~fin. from oulcr cnd, in. 

/',\' 
--------· 

Nominal Mm 

~-í· ~ ~ 

'· ~ 7 Ín 
q Ín ~ ~ 
·:,; ~ í-. 

' ; ''.Í• 
1 ': Í• 7_,.~ 

1 '·' 1 ~ r~ 
1 ~ ín r ~-í· 

1!-:! 1" .. 
¡r '~ Í• 1 ~ Ír. 

]1_ ~ 1'' ·' 2 '', r~ 
2 1, Ír. 1" . " 

Building Scrvlce Conncctions:. Figure 16 o;hows typical dctailc;; of se1vicc 
COiliHTiion<; lo a s'anit:uy SCWt'l' J:1id in a td;tlivdy shallow 11C11Ch, rig. J7 Shows a 
typicnl Cll1lTH'Ciillll lo n dccp scwc1. 11 ir.; lltllt'(l!hat. thc Ctlllll~'clinn slln.Wll in f-1g. 16 
rnakl'S ur.;c of cithcr n wyc bTanch m a ll'C lunnch 111 thc rnam scw(·r llllc. 

Junction Chambers and Manholes. ngu•c IR shnws n typical dcsign for n 
junction cl.mmhc1 and mnnhnlc fN rclati~cly Sl~lall_sC'WCIS. ~01 junctions of largc 
scwC'rs, a spccial••ndcrgro••nd slrt!Citvc w!ll o!dtrwttly ht: rcqu11t:d, :1nd thccnlt:lncc 
lo it will he providcd for hy a manhnle lncakd ni onc side. Such chamhcrs ami 
manholc<; ;He ~~quitcd at c\•cry r.;cwcr junctinn and al cvery pnint whc1c thc <;ewer 

T"blf' O. Dlmensions of Extra-stn~ngth Clay Pipe'J 

Nnmin;Jl 
!'iÍ7c, in. 

6 
R 

10 
12 

1 ~ 
1 R 
21 
24 

27 
JO 
:t.l 
1(, 

l.ayin~ k"~th 
l. 

l.imit of minuo;; 
M in, varia! ion, in. 
n· pcr n orl<-nglhf 

2 l.·l 
2 '· ~ t 
2 '' .. 
2 ,, 
J 1 •• ¡ 
1 ' ' .. 
J '' .. 

'¡ 

'' ~' ,, 
'' 

14 

M:l'l: dtrTercncc 
in lcnglh of 

two orpno;;itc 
o¡idn,m. 

'' ~ Í• 

'- ¡ • 
' r~ 

•,~ 

\ ~ 
~~~ 
~ ÍA 

'' ~' '•' 1 l. í~ 

Oul'litlc diamctrr of 
h;1rrcl, in l. & 

M111 

7 '·Ír. 
9 1 í 

11 ~~ 
Ll ~ í 

IJ~ ÍA 

20'•' 
241.~ 

27 '·' 

) 1 
J·1',' 
:q~,: 

<IO~í 

t.bx 

Eí~ 
9' í 

12 
( o1 ~ ÍR 

17 l 1·ÍA 

2P,ÍG 
25 
2R~~ 

)21_' 

.\S~' 
1R • ~ ;~ 
-12 1 í 

ln~ide dtatnC'IC'r 
nf o;;oekct at 
'A in. a hove 

h:J<;C, 111 
ns 

M in 

R ~ ín 
1 o~ f 
12~1 

15 ~' 

1 R ~' 
2Z ~ í 
2.5 ~~ 
29 ~' 

:u 
36 ~~ 
JI)~~ 

·111 'Í 
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Table O. (Continued) 

ncpth ofo:;ock'ct, in. 
. ·f.S ,, 

TfticktH'"" of harrd, in. 
'/' 

Thickncss ofsockcl nt 
~~ iñ. 'rroni outcr cnd, in. 

TS' 
Non11nal 
"17C, in. 

·----· -----1-----,-·---' ·- -·-:;--:--;--¡-~-
Nominal Min Nomin:d M in - N~minal. M in 

------· ·---- --··-- ------ ------
6 2'' . ' 2 ''..ír. ~-Í ~ \~ ,_,,, 
8 2 ~f 2 1,í '·' " ·' ~ ¡ n \i 

10 2'•' '" 2 ·-~ 1 '~ ~· ~¡. 
12 2' ' ·' 2 1A 1 "-'í~ 1 ~-í ~ ~¡ 1 Yi's 

15 2" . . 21!.' 1 ~ € n' 1 'lí 1 " 18 J 2' ' ·' 1'' '" 1'' ,, 1'..' 1 ~Ío 
2 1 ~ í ~ 1 ~·í· 
21; JI.~ 1 ~ ~ ·' 

21 J ~ { J 2~í 
24 1" .1 ',~ 2 ~ ~ '" 
27 1' ' .. , 1' ' . ·' 2 1 í 2~f Jl',í" t ~ r. 
JO )~ ~ J '!.' ) 2' ' ·' 1 :. ~ 1 ~·í 
JJ 3 ~ í 3 '· i J' ' ·' J 2 1'' ·' J(i 4 )~ í 1' ' . ', ,, ' 

' ' 2 '· í~ "/' 
1 !tete ~hall ht· rwm:l~l!ll\ltlllcn¡!lh Shmtcr kn1:1h~ may he u~ctf lor clo~urc~ nnd ~pcctnl" 
f hcrt• r~ no lt111i1 !or plus v:uialinn. 

t 1 ht' avcraf~e actual in~idc tiJa melero;; nf pipe havttl[: tite nnlllinnlthickm:o:;~ (lfh:~rrcl ~hown in 
l':thlc R lll:tV be o;;mallct !h.Ln lite 1101111nal .~Í7c~. 

&'1 he OLtÍo;;idc di.LIHC!cr nr tite harrcl rn:ty he ¡;rcalcr !han !he 1\l:t'(ÍIH\1111 ligurc~ o¡tatcú in Tahlc 
R p1ovidcd tite nlhcr (l!tnc-n<;tono;; ;1r~ vanc1l aceordin¡!ly within !he ~pccilica1ion tnlcrancco¡. 

'! n11ncn~ion~ 1 .. ns, /.S. T, and '!S •cr1·r 101hc ~kch'h ofTablc 7 

ch:~ngcs in sí;rc, ~dope. dueclion, or clcvation. ll is general practicc lo install SC\\TH 

in straight fine" hclwccn rn;lllholcs:. cxccpt lhat for !he larger sizec:; (36 in. anda hove) 
tky rnay he l:!id on C\ltvcs. Manholcs :uc usually installed.a! thc uppcr cnd of 
cvcry lalctal scwcr nnd in <;(rnight-linc "cwcrs so that !he spacing willnot cxcced 

E.~~-E-"'·""""" 
' 6 1{1 

lllu•'! conncclion 
n1uql ni 1!11~ ww•1 

(o \f'lcm 

¡:;,, 

~"' .. •:oF__..,,,,.,~,.. 

Cmh !in(' 

( b) El~vo1'on 

6 in 
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Table 11. Extra-strength Clay-pipe Fittings 

NPimnnl 
Onrrcl laying 

di:unclcr, 
lcn~lh, in. rt 

-----· ----~ 
4 1 
6 1 1A 

" 11A 

8 2. 3 
8 2. 3 
8 2. 3 

10 2. ] 
10 2. J 
lO 2, J 
lO 2. J 

12 2. J 
12 2. J 
12 2.J 
12 2, 3 
12 2,3 

15 3. 4 
15 3,4 
15 3.4 
15 3, 4 
15 J. 4 
15 3,4 

18 3,4 
IR 3,4 
IR J, 4 
IR J. 4 
IR J. 4 

Spm 

r bronches 

ore·mode with the spur set on the 
borre! ot on ongte of 90". 

The spur i~ molded on the horrel 
befare the fitting rs dnerl, burnnd 
or glozed, moking !he wholc on 
integral gla1ed unit. 

Oarrcl 
N0111111,1l 

A. 11. laying 
dinmclcr, in. in 

cli<1111Ctcr, 
lcn~rh. 

in. in. ,, 
----- ·--· ----- ------- ------

4 ' ,, í 21 .1.11 

4 5'. ·' 5',S" 21 J, 4 
(, 61.-í 5',' 21 J.4 

21 J. 4 

4 5~~ 6 ~ ~ 21 J,4 

6 6 1,!Í (i~¡ 

8 ,n; 7 24 J.4 
24 3,4 

4 6 7 24 J,4 
6 6~-í 7'. ·' "' 3.,4 
8 7" ·' 8'. ·' 24 3.4 

10 9 - R ~' 

4 Ó 1,Í R1 í 
27 1. 4 
27 J. 4 

6 6'..í 9 27 J. 4 
8 8 9 ·- ~ 27 '·' 10 9 ~-í 9'. ·' 

12 1 O~i 10 
JO ),4 

4 (i ~~ 10~2: JO 3, 4 

6 7 10~-í Jll 3,4 

8 8' • 1 1 ~- í JO 3,4 
·' 

10 9 ~, 11 ~ í 
1 o~-{ 11 ~~ JJ J,4 12 

15 12 1A 11~í D J.< 
33 3,4 

(, 7 1/Í 12~~ 
8 8'. ·' IJ 3G 3,4 

12 1 o~~ 1 ] ~- í 1(, J. 4 
15 12~.¡' 11• í J(, J. 4 

IR l.l~í 1 J ~ f )(, J. ·1 

Spur A. n. 
dialllclcr, in. "' in. 

------ ..• - . .•. ---·· 

" 7" ·' 1 -1 ~' í 

' R, ¡ H~ i 
12 11 15 
15 12~-í 15 ~ !Í 
IR 141_-í 15 "',.1 

6 8 16 
8 9 16~, 

12 lfl í 16~1 

15 1) 17 1 ' 

IR 1" '· ~ 17'-í 

(, R1 í 17, ¡ 
8 9 1 í 1 R ~ í 

12 1 1 ~ ~ 1 R 1, ~ 
1 R " Hl~í 

(, R 1• f 19 1.; 

R 9 t.~ 211 
12 12 20 1.; 

" 15 ·-~ 21 

(, 8'. _, 21~, 

12 1,2• .. ; 21:' 
IR "' 22 1 

' 

(, -9 1 í 22~í 

R 1 () • .. ~ 2J ~ í 

" 12 1 5 2l '· f 
IR '" 2·1 ~ ~ 

Non:: Ditnrn,.ion~ A ami n are arprnltimatc only. Dimcn"Í(11l" not shrnvn are 1hc qrnc a" for 

str:Jight r•rc. 
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Table 12. Extra-!ltrength Clay-plpc Flttlngs 

llarrcl 
Nonmt:1l 

dt:Jmctcr, laytng 

in. 
lcngllt, 

n 
-. ----- .. -· -·· ---

4 1 
r. 1 ~ , 
r. 1•. ~ 

8 2. 3 
8 2. J 
R 2. J 

10 2. 3 
lO 2. J 
10 2. 3 
lO 2, J 

12 2, J 
12 2. J 
12 2. J 
12 2. J 
12 2, .l 

' 
15 ]. 4 
15 3,4 
15 J, 4 
15 J. 4 
15 J. 4 

18 J. 4 
18 J.< 
IR J, 4 

Y hroncheo; 

ore made wilh !he o;pur set on the 
horre! ot on ongle of 60". 

The spur tS molded on !he horre'¡· 

befare !he filltng 15 dried, burned 
or glozerl, moking th~ whole on 
onlegrol qlc11ed untl 

--.. - -
Spm 

{liantt'lcr. 
in. ______ , __ 

' 4 
(o 

' 6 
R 

' (, 
R 

10 

4 
(, 

8 
10 
1). 

4 ,, 
R 

10 
12 

r. 
8 

12 

A. 
in. 

---- ----· 
R 
8' • _, 
9•.; 

9 1 í 
11 ~ í 
12 •. ~ 

11 
1) 

14 
15 

!JI¡ 
12 •,..; 
14 ~ í 
15 1 í 
17! í 

12•.; 
14 ~ í 
16 1 í 
18! í 
19\ í 

16 
IR 
21 

n. 
in. 

1 ()~ 
11'. 
12 
1) 

-

' ' ¡ 
¡ 

' 
¡ 
¡ 

¡ 12•. 
12~ ¡
IJ! í 
14 1• í 
15 

13 ~- í 
14 ~ í 
15 

1 ~ ~' 
1 r.•, ~ 

lf>'.S: 
17! í 
1 R ",. í 

llancl 
Nolllina1 

Spur 
diamctn, laying {lialllctcr. 

in. 
lcngth, 

in. 

" .. , - -- ·-·· ... ··-··-~-- ------ ·---
21 J. 4 ...,; (, 

21 J, 4 8 
21 J. 4 12 
21 J, 4 " 
" ),4 6 

" l. 4 8 
24 J.4 12 

" .',4 1 ~ 

27 J. ' " 27 3,4 8 
27 J, 4 12 

JO J,4 6 
JO J. 4 8 
Jo .',4 12 

33 3,4 6 
JJ 3,4 12 

J(, l. 4 6 
J6 3.' 8 
J(l J. 4 12 

A, 
in 

------
17~ ¡ 
1 R ~ í 
22, ¡ 
2J1, í 

18 1A 
201/í 
23'.-í 
23 ~ í 

211,.i 
221,.( 
241,.{ 

22 1.-í 
23 l,f 
n•,, 

24 ~ í 
27 ~ ¡ 

25 
26 
27 

10-31 

----

/1, 
in. 

. --·--
18 1 ~ 

19 1,, 

20~ í 
22 

20~ ¡ 
2\1,.{ 
22 1 ~ 
24 

22•. í 
23 1• í 
24 '.í 

24 
2~ ~ í 
26 1• í 

21Í', í 
2R 1,.' 

.28~í 
29! í 
JO•,{ 

No 11: • Dimcn~ion" A ami n :~re :tppro·omatc nnly. Dirncn~ion~ nol dwwn nrc !he o;amc a o; ror 
straight p•pc. 
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· • -~ Tablc 11. Extra-strength Clay-pip('; Fittings 

Nornmal 
llancl l:1ying 

diamctcr, lcngth, 
in. n 

4 1 
6 ,,/~ 

(, 1 .,, 

R 2, 3 
8 2. J 
R 2. J 

10 2. ] 
10 2. J 
lO 2, J 
1\l 2, J 

12 2, J 
12 2. J 
12 2. 3 
12 2, J 
12 2, .1 

15 ], 4 
15 J. 4 
15 J. 4 
15 J, 4 
15 J. 4 
15 J, 4 

18 ),4 

18 ],4 

18 ), 4 
18 J,-1 
IR ],4 

Spm 

"r" bronches 

ore·mode with !he srwr se! on the 
borre! al on ongle of 90" 

The spur is rno!ded on !he borre! 
helare the fitting is drierl, burnP.d 
or glozed, making the whole on 
integral glozed uní t. 

Rarrcl 
Nominal 

A. n. byint~ 
diamctcr, in. in 

,fi:Jmctcr, lcngth, 
in. in. n 

---- ----- --~- -------- -~---·-· 

.¡ 5 4' ; '1 J. ti 

4 5'-·' 5 ~ ~ 21 J, 4 

6 (¡ '/ í 5',1" 21 J. 4 
21 J. 4 

4 5 ~i 6 ~ ~ 21 J. ·1 

(, 6'.A 6'!-í 
R ,.¿~ í 7 24 J.4 

24 3,4 
4 (, 7 24 ], 4 
6 (j ~ í 7' . ·' 2<1 J . .¡ 
8 7~,; 8' -.. 24 1. 4 

10 9 R~1 

4 Ó 1,í R1 í 
27 ], " 
27 3, 4 

6 6.,_í 9 27 ],4 
8 8 9·.~ 27 J. 4 

10 9 ~-í 9'-. ' 
12 1 o~~ 10 

JO J. ,¡ 

4 (i ~S: 10'A JO .1. 4 

6 7 1 0~-í JO ], ,¡ 

8 8' - 11 1-í JO J, 4 _, 
10 9 ~ í 1 1 ~ ¡ 

lll_,f J) J,-1 12 1 o~ i 
15 121.-í 11'!.-í JJ ),4 

JJ J, ,¡ 

6 7•,-í 12 1, ~ 

R 8• • 
" IJ JG .1,-1 

12 ro~~ r 3 ~ í ](, J,-1 
15 1 2 ~ f 1J1 í J(, J,4 

18 '-',; 1J 1 i )(, J, ·1 

1 1 

! ll='p 
~----- ---8-

' ""''== 

1 

¡ 

Spur A, /1, 
di:> meter, in in 

in. 

-- -- ------ ·- - -·-· ·---
r, 7' --' 14 ~-· 
R 1\' í ,,,, i 

12 11 15 
15 12 ~-í 15~~ 
IR 14'/Í 15,_,; 

6 8 16 
8 9 1 (, ~~ 

12 11 1-í 1 (,~ "Í 

15 IJ 17~~ 

IR 14 1 (, 17 '· ; 

(, R' í 17~ í 
8 ') ~.; 1 R ~- í 

1Z 11 ~ ~ 1 R ~~ 

" 15 IR~ í 

(, ~~~- ~ 1'11.-í 
8 9•":; 2\l 

12 12 20 1.; 
IR 15 1.~ 21 

6 8' -·' 21~, 

1Z !)•,; 21: ~ 
IR "' 22•' 
6 9 1 í 22~ í 

' 10 1A 21 1, í 
12 121 ~ 2.\ '· 1 
IR '" 7·1 1 ~ 

No1 r.· J)imrno;ion'\ A ami fl :trc• npprnxim:\lc only. Ditncno;iono; nnl ~hown are !he ~n1HC :\~ fnr 

~tmight ptpc. 
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about 100ft. Figure 19 show.s typical dct: .. ils ofa "drCJp manhnlc." al a.point whcrc 
a scwcr lakc.s :-an abrupt 'drop i!l grndc. · 

Storm-water lnlets. Storrn~~vatcr mlct.s which carry storm water from thc 
sltects lo thc storm .scwci.S ;u~ ~ocntcd upstrcnm nf thc CJosswalks al slrcct intcr
scctions and al low points .. : Th~; .dcsigns v:uy considcr<~hly. alHI most citic.s ha ve 
adoptcd thcir own stand:Hd dcsign dctads. Thcrc are thrcc general typcs of inlcts· 
(1) curh inlcts, which ha ve a vcr.tical opcning in thc curh; (2) gullcr inlcts, in which a 
horizontal opcning in thc gutlcr is covc1cd by a c;-tsl-iron grating; :wd (J) comhina
tion inlcts, which ~ombinc both thc ahovc fcaturcs. Many typcs ;-~nd si7.CS nf 
slandaHI Cól.slings ólfC avail01hlc for thc construclion of inlcts Figu•c 20 shows 
typical inlct dctólils. 

Scw.agc Pumping. In m;-¡ny scwc¡;-¡gc-syslcm f:¡youts it ¡,_ nccessary lo proVidc 
for purnping al one <)f more points. The ret¡ni•cd pumping capacity will v;u y from 
01 few gallons pcr minute for st;-¡linns scrving only a fcw late1:1ls lo many millions nf 
gallons per day fnr sl:¡lions serving l;1rge districls. Thc smallct stations are 
frecJHcnlly !mili underground, cilher :1s huilr-in-placc or as cornplctc factnry
asscmblcd units. Pumping is usually done w1th nonclog centrifuga! Jllllllps. 
nlthough pncumatic cjcctors are smnetimes used for thc srn:1ller install;-~tions. Thc 
dcsign of scwngc pumping slations rcquircs c:1rcfnl altention lo thc specialrc'luirc
menl.c; which óliC impm;ed hy thc funclion heing pc1 formecl Fo1 dclailed discus.c;ion 
ofthcse •cc¡uilcrnents, thc rcadcr i.c; rcfclrccl lo thc 1\SCF.-WPCF Manual.:' 

STRUCTURAL REQUIREMENTS 

Scwcrs mus! be installed so as lo he ahle lo \'•'Íihsl;uld lhe loads imposed upon 
them by thc weight of thc earlh ami any supcrimposed IClads. The supporling 
strenglh of a buricd pipe depends upon thc installation eondilions ns wcll as thc 
structural propcrties of lhe pipe itself. Sewcr pipes r.rc classcd as rigid pipes. 
which cannot deform mnlcr ially without cracking For rigid pipes rn l!enches. !he 

load can be reprcsented by lhc e<pration 

JV ,_ Cwnz 

where lf' ~-"' lottd, lb pcr foot of lcngth 
w ,.. . ., weight of thc soi/, lh/cu fl 
lJ = width of trcnch, n 
C :- cocmcicnl whOSC V<L]Uc dcpencls upon type of soi/ <1/ld r<LIÍO of dcp!h 

of eovcr lo trench width 
Tahlc 13 givcs vnlues for C and Tnblc t'4 gives vnlucs of lt'IO be used in the cqu<~tion. 

lf.a pipe is placcd on umli'\turhed ground and covered with a fill, thc load can he 
cslimatcd from !he equntion 

W-=- Cw!J 2 

where lJ is the pipe dinmclcr. T;~ble 15 givcs values of C r{lr !he !alter condilion, 
which is known as thc "projection condition." Thc load on a pipe placed in :1 
trcnch will incrcnsc with thc trcnch \\'idth until it cqunls the load for !he projeetion 
condilion. lf therc is douht as lo whethcr !he "ditch condition" or !he ''projcction 
condit ion" con! rol<;, !he load should he e:Jiculalcd by bol h formul:1s r.nd 1 he minirmrm 
value uscd. 

In addition lo the load of thc hackfill, some allowancc should be nwdc for !he 
superimposed load." cal;!'cd hy vchiclcs. 11 is usually "nfc lo ns<;ume that 11-20 whecl 
loads will be thc greal('sl livc loads lo he supported. 11-20 lnads rcfcr lo lrucks 
hnving n gr(lsS weight of 20 tons. RO per .ccnt of which is on the rcar axle~ each rear 
whccl c<Jrrying R tons. Tahlc lll givcs the pcrccnlage of whccl load." lha.t can he 
aS5lllllC~ lo he tran"!nitted lo huricd pipc. 21 

18 

·. 
Structurol R~qulr~tn~ntl 

...... 1. Table. IJ. Values of C for U,e In Formula W ,;, Cw8' • 

lt;,Cio ni 1lcpch 
::iouul and Satur:1tcd Damp lo I!CilCh 

widlh (bmp cnr~<Hl lnp~nil el:. y 

-----·-·-- ···-· ·--·------- - --- --- ····---·-- -·· ----
05 o 46 0.46 0.47 

'" O.R5 0.86 0.118 
1.5 1 IR 1.21 1.2<1 
2 o 1.<16 l. 50 1.56 

" 1.70 l. u. 1.114 

Jo 1 90 1 ?8 2 08 
) 5 2 08 2.11 2.JO 
4.0 222 

2 '·' 
2.49 

4 5 2H 247 2 (•5 
5.0 l. 4.~ 2 5'1 2 11n 

5 5 254 2 (¡9 2.9.1 

"" l.(.t 278 3.04 
65 l.C.R 2.fl(¡ )14 

7.0 2 73 2.93 322 
7. 5 ) 78 7. QR J ,10 

R n 2.R 1 3.01 )]7 
!U 2.R5 J (17 J.42 
90 2.R8 J 11 J.48 
9 5 2.90 3.14 J. 52 

10 o 292 3.17 J . .'i6 

110 295 3.21 3.6.1 
12.0 297 3.24 J 68 
1 J.O 2 99 3.27 3.72 
14.0 J.OO .1.28 3.75 
15.0 3.01 3.30 3.77 

Vcry r,rl"al ,,OJ J.H J.R5 

~ lo un Srnrr Vnll' rllf!. T.•pt Strt. R11fl. 41. 

Table 14. Welghts of Dltch-filllng. 
Materialo; 

M:~tcrial Lhfcu fl 

Dry 'i:wd 
Ordin;1ry (dnmr) "nml 
\Vct 'ir~n<l . 
IJamp clny 
Saturnrcd clay 
~:lluratcd IOJl'iOI( . 
S;md nrnl d:unp lnp~nil 

Table 15. Votlu~s of C for Proj~dion Conditlon 

100 
115 
120 
120 
IJO 
115 
lOO 

Salurnlcd 
'clll y 

-----
0.47 
0.90 
1.28 

',1 62 
192 

2.20, 
244 
2.66 
287 
J OJ 

3.19 
J_JJ 
3.46 
3 57 
J.fi7 

J. 76 
·-· J.RS 

3.92 
3.98 
4 04 

4.14 
4.22 
4.29 
4.34 
4JR 
-1.55 

IB-JS 

Ralio, dC'rch or 
cnvcr/pipc di<trll "' 1.0 J.:'i 4.0 

- ·- - --··-··- ·--··--·-- -----· 
0.6 1 2 

I]J;-2 n :_;-'_5~ .1.0 
2.0 Jo 4 2 :'1.6 1.5 10.0 

______ _, ___ L _ __J __ __!_____ ----'------ ----
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.Table 1&. P.ercentage, of Whee/ loads Transmltted to Underground Pipeo; 
for Unpaved Roadway or Berm Are<lS t 

( rahui.JICd fig11rc~ ~how pcn:cnla¡::c of whcc:l load nppbcd lo 1 lm ft of pipe.) 

Dcpth of Trcnch width al top of pipe, hacklill fl 

o ver lop of --------
pip(', ft 1 ---' _¡ J 4 5 

·---- -------- ---- -·------

-------r.----,----,--
----------· ------

1 17.0 2(,,0 2R.() 29 7 2?.? ]0.2 ]0.1 

2 R J 10 '" 20.7 21 ' 22.7 21 o 

J 4.J ~u IU 11.5 14' l.'i.R 1 IÍ. 7 

4 2.5 5.2 7.2 ').0 IO.J 11.5 12.] 

5 1.7 :u 5.0 lí.J 7J R.] 9.0 

(, lO 2..1 J. 7 4.7 .'i .'i (,,2 7 o 

--
Uve load'> tran~millcd :He pr;¡cllc:dly ncgllgiblc hclow 61L 
• Thc~c pcrccnlagc'> 111cludc both livc lo;nl aiHI Ílllp<H..t lr:•no:;rmllcd lo lhc pipC'. 

Pipe Bedding Conditions. Thc suppotling sltcngth of a 
u'on thc typc of hcdding uscd in thc installation of !he pipe. 
of bcdding conditions ha ve bccn dcfincd for ditch conduits: 

rigid pipe dcpcnds 
Four general lypcs 

7)'/N' 1, lm¡l('rmis;;ihlr llf'ddu~r;. Liltlc 01 no cuc is takcn lo shape thc foundation 
lo fit !he lowcr par! of !he pipe orlo fifl and tamp nround !he pipe. 

TJ'fN' 2, Ordinm~)' /Jrddins. Thc :mil al thc hottom of !he l1ench is shnped lo fit 
1 he lowc1 part of 1 he pipe wit h 1 casona hlc closcncss for a widt h of :J 1 leas! 50 pcr ccnt 
of thc pipe diamclcr: aJHI thc 1cmainder of !he pipe is covc1cd toa l1cight of al Jc;¡sl 
6 in. ;_¡hove 1ls top by granular material which is hand placcd ami tnmpcd. 

Typr J, Fil.rt-cla.H flrdding. Thc pipe is cn1cfully hcddcd on fine granular 
material in an carth foundation carcfully slwpcd l<l fit thc hottom par! ofthc p1pc for 
a width al lc;Jsl 60 pc1 ccnl of thc dinmctcr; thc rcmaindcr of !he pipe is cntircly 
surroundcd toa hcight nt lcnst l. O ft a hove thc lop hy granular mate• ials placcd by 
hancl in lnycrs no! cxcccding ll in. ;111d thoroughly tnmpcd 

1)·¡)(' 4, Crmortc Crodfc !Jrdrling. Thc lowcr pa1 t of thc pipe is cmhcddcd in 
concrete. 

Thc lo;~d f;¡clors. or thc ratios of thc o;;uppn~ ting strcngth lo !he crushing lo;~d as 
dclcrmincd hy the thrcc-cdgc hcaring mcthod. for thc v;¡rious ty¡ics of hcclding are 
gcncrally takcn ns follows: 

lrnpcrmi~:>iblc bcdding .. 
Or<lin:ny hcddmg 
rir~t-d:l"S bcdding 

.Concrete cradk bcdding 

1 1 
1.5 
1 9 
2 2 -1 4 

Thc fnctor!' for thc concrete c1ndlc hcdding dcpcnd u pon !he nrnount and qnality 
of thc concrete thnt i.s 11scd Thc v;¡luc of 2 2 will gcncrally apply whcn thc cnnctclc 
cxlends from ;~hout onc-qunrtcr of thc pipe di:Jmctcr (with nlmumun of (i in.) bclmv 
thc pipe lo !he height whcrc thc lower 120 dcg sector radii intc1 scct thc outsid~ of thc 
pipe. Jf thc conc•ctc is cnrricd up lo covcr thc cntirc bottom half of !he rupc, the 
load factor may he ;¡s high as J.'l. lf thc cnti1c pipe i.s cncased in conclclc with a 
mininnnn of0.25{} (or ~~in.) hnth ;¡hove and hclnw, thc lo:HI fnctor 111ay he as high 

ns 4.5. 
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Safety Factor. Thc .spccificd minimum strcngth by lhc thrcc-cdgc bc:uing 
method for n 1 igid pipe should he divided by an appropliatc safcty factor in mdcr 
lo obtain thc wo1k1ng .sl1ength Sn111c cnginec1s use safcty factors ;~s low no;; 1.0 
lo 1.2 for rcinfOiccd-conCictc pipe culvc•ts Fnr sl•eet scwcr.s n safcty fCJclor of 1.5 
io;; ICconuncndcd hy thc ASCE-WPCF Manual 

DISPOSAL OF SEWAGE ANO STORM WATER 

Storm watc1 can ordina1ily he disposcd of hy discharge into any rwt111al drainagc 
ch:mncl. Sanit;ny SC\\agc aiHI indnst1ial w;¡<;;IC water~ containing ohjcclionahlc 
constitucnts must he disposcd of in accordancc with the rcqui•cmcnts (lf thc local 
hcalth ;wthmitics. Thc mosl satisfactory mcthod of disposal of sanil;~ry scwagc 
is lo cnnvcy it In :111 adcquatc puhlic seweragc o;;y..-tem. In arca~ which do not IJ;¡.vc 
public scv.:cragc syo;;tcms. individual disposal s)·stcms n11rsl he provided. Thcsc 
will v;•ry in si1c frnm o;;eptic-tank systcms fnr P' ivatc rcsidenccs lo l:ugc IH·almcnl 
planls handling !he waslc.s fwml:ugc institulinn.c;; antl indn<>llics. lhc dcsign of 
such systt·ms should usu;11ly he done only hy thoc;;c who o11e ex pe• icnccd in this wnrk 
and who ;u e famili:u· with !he cnndilinn.c;; peculiar to thc loen! :u en. · 
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FLOW OF SLUDGES ANO SLURIUES 
.... 

William H. Kapfet* 

Thc lc11m: .rlur(t;r a1HI.1/uuy nre u.o:;cd more or lc,c;o; intc-rclwngcnhly in thic; chapter 
lo describe thosc nuid systems \vhich gencrnlly consi.o:;t of more than one phnsc, 
such a,<; a snlid suspended in nliquid or two inuniscihlc liquid,c;ofdiiTcrcnt demdtic,c;, 
or a rnalcrinl of pnslclike consistency which behavcs undcr snmc conditions csscn
tially as a nuid. Through cnnunon u.o:;agc "slurry·· refers lo a rclativcly thin or 
w:tlcry. ami hcnce dilute. ,c;w:pensinn, whcrca.o; "sludgc" denotes a mud. or hcavy 
)1hase. or conccnlratcd suspension, or simply n ver y viscou.o:; nuid. No allcmpt is 
m;rdc hcrc lo ddine eithcr tcrm arhrtr;uily: cithcr word implics the existencc of a 
suh,c;tance which can be m;Hic lo Oow through a piping systcm hut which is nol a 
,c;implc, homogcncou.o:; Ncwtormrn Ouid such as water. 

11 is noled pcnticularly that n sludge i.o:; not ncccso:;arily rcstrictcd lo a ,c;nspcnsinn 
of ,c;olids in a liquid httl 111:1)' includc certain other systcms such as a ver y viscou,c; 
li<]llid dispcrsed in ;~nnthcr liquid or in a gclntinoll.'i mass. Thc lransporlnlion of 
such sludgcs or ,c;lurrics in prpclines gcncrnlly poses n more difficult design problcm 
!han tha! fnr 01 di na 1 Y .c;ÍmpJc hnmogcne011S Ouids bCC;tU<;e of Se\ICI (1 J eompJicating 
factnrs. Many nf !he prnhkms ar·isc frnm thc high visco.c;ity, from the non
Ncwtoni;~n dwractcr. nr f10n1 !he nnnhnmnf!cncity of a Ouid system a11<lthc tcnd
ency (1f su,c;pendcd m;~tcrialtn segrcgntc and scttlc. 

Thc tcndcncy lo sclllc will var y. nnt only fnr diiTcrcnt systcms, h 
parlicul;~t Oow COtltlitions. ParticJc dcnsity. shape, nnd SÍIC, ns' 
tr.ihution, C{lnccnlration, aJHI cornposilinn, innm·ncc- the .o:;cttlinr 
Thus. difrcrc-nccs can he expectcd in bchavior for rihe11ikc par lides< 
gl:llltrlar rarticlcs or_ hetwc-c11 sphcricnl-shapcd ;~mi rPdlikc nr n 

-< 
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, ··· givcn ·!n Tn.l~lc. 6 .. ,-:\n.nllow;-¡ncc .for ovcrhr:td :md contractors· p10fit should he 
mndc.t,n arnving al thc prolwblc lotql cost of n complete piping installation crcctcd 
in place. 

Build~ng Heating .. Thc cost of a two-pipc slcíllll-hc;lllllg systcm f01 thc boilcr 
and turhmc houscs of a largc powcr plan! is dc!nilcd in '1 ah le 7. Thc cosl includc-. 
blcc.dcr conncct ions. from. housc-scrvicc tu• bines wit h :1 livc-•\lc;tm p1 cssttr c-1 cd11Cing 
stnt1on f01 .sl;¡_ndhy, élll Stipply nnd rcl11111 hcadcr.c:; nnd ht-allch ci•cuils, vncuun1 
pumps, cte., as wcll as thc líHii<ltion it<;clf. Thc co<;ls nf material a11<l l:llw1 are 
dircct costs which do not indudc cngmccring, dr~fling. conlractor's p10fit, or othcr 
ovcrhead. 

Plumbing. Thc cost or plumhing and <llains such :1s noor ami I(Hlr drains is 
given in Tahlc 8. 

Table 8. Cost of. Power~plant Plumbing, Floor Ora in~, and Roof OT·ain~ 

APrrflgr COt/ prr 
1..-iloH ntt of cnrorily 

so 36. 
•'-~-

l'rrt"f"llto¡:r nf" 
111t1/f'lll11 

50 

r('T,,·nto¡,;,• of 
lohor 

50 

r:or thc ~ndcrground·:pipes outsid~ buildings, including city water linc.". scwcrs, 
<hnms, s~rvrcc water, etc., thcrcshould be all<nvcd app10ximatcly $0.25 pcr kilow.-.tt 
nr capac1ty. 

Tbc labor costs on which .11! thc <~b<wc figures .1rc lnscd nre .1s follo\vs: 

Forcmcn 
l'ipc fiUcr:>. 
llangcr mcn 
Pipe covcrcr<:. 
llclpcr.<:. 
Conunon lahor .. 

S5.25 pcr hour 
4.25 pcr hour 
J.90 pcr hour 
4.25 pcr hour 
J.20 pcr hcmr 
2 7,C, pt'r honr 

Thc cnml~ined cosl ror plwnhing, hcating, nnd ventilaling will he nppmxima!cly 
$1.70 p<'r krlowatt for a 200- lo 1100-mw powcl' station C()n!nining scvcrnl units. 

Thc co"t nfcnsl-iwn fillinp ro• 125- ;md 2.')0-lh prcSS\lle was hctwecn 22 ;lnd :\0 
cents per pound. 

The division or !he material :md 1:-rbor ro<;;\<; among thc pipe nnd filling<;, !he 
h;1_ngcrs, nnd thc insltl;ltion is or Y:llue in making e<;tim;"ttes. This suhdivisinn i" 
gl\'en in Tnblc 9. 
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Table 9. Division of Matedal ami labor Coste; for 
Piping-Average for· Entire Stf'am Power Plant 

llcm 

l'rpc ami rilling~ 
llnnf:!cr:c; , .... 
ln~nla1io11 

F:dlfkarron . 
liandlruf! and mi~¡-cl!ancon<: 

Toral. 

M:l!crinl, 7-:: 

90 ,, 
• 

100 

l.ahnr, ~-~ 

(,1 
11 
? 

' 5 

100 
----------·-----·-- - -----
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WATER-SUPPL Y PIPING 
'•-' 

Franl< M. Kamarck* 

\V;¡tcr-disNihutinn sy.,.lcm" which serve pnpulatcd :ucas nrc clas~ified hroadly n.'t 
herng 11r the loop, gri,!rt<lll, 01 trec types. Withrnthe hrond conccpt, thcrc nmy be 
<1 COillbrning or ;¡]] threC type.<; USCd él.<; !he building hloeks for !he OVC!ílll sySICill. 

In lhe loo!' .q•str·m, lar¡.;c feeder mnins thal surloond :ucas nmny city hlncks squarc 
scr,·c .smallcr crlr~s-rce!llinc<; errnnrclc1l al cacl1 crHI int11 thc nmin loop. 

In thc,~•tidiloll (<'' gr id) systelll, thc piping is la11l oul in chcckedwa1d rnt;.hion wilh 
piping ll.'ii10llly dCCIC;l<;;ing in S/7C a<; the ¡jj<;[;rnce iHCI"C';l<;('S rrolll !he SOUreC nr supply. 

In thc tu·r s_rxtrm, thcTc is a sin!;lc lrunk rnain, rcducing in si7c wilh incrcasing 
di<;;I:111CC frnlll j¡,_ SnliiCC or supply; hr:tnch"lines :li"C suppticd frolll lhc 1!1111k. 

Tllc !!rid nnd loop systcms p10vide bctle• rcliahiliry bccnmc or thcir rnultiplc 
¡mths. (lr,id all<l loop systcms are nrten hacked up with rccdcr pipes lending 
direclly fl<llll the pumping st:1lion to remole di,.tribution ccnlcrs scrving to hnlstcr 
thc supply lo mcct incre;-rscd denwrul<;; with growth of popubtion. 

Thc rcqnircmcnls or dislributinn systcrns íl!C subjccl (O !he rcquircmcnts or local 
o1dinancrs ami si ale laws. 'J'hc rollowin~ is nn average sarnpling of lhcsc prcssurc 
and Oow rcquircmcnl<;;: 

In rc,.idcntial arcas. norm:d nperalin~ conditinns: .15 psig 
In rc<;idenli:ll arc;'IS, penk conditinns: 20 Jl"ig 
Minimum pipe size ror llrc sctvice: (r in. ip" 
Minirmrrn capaeity al cnch fire hydrant: ríOO gpm 
Minin11m1 stor:1gc c;Tpat·ity: .1 days nr ma'<inmm use 
M~xirmrm line vc:lonty: 10 rps (pressurc requi1C'IllC!liS will govcrn) 
Firc-hydTnnl spacing: 500 n nr lcss 

• SI:1IT rn¡!inccr. Hurn<: and Hoc, lnc. O•:ukll, N J. 
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S:11isfactory prcss111c; for distr.i\1.u.tron systcllls rangcs fr0111 10 In lOO psi. Prc-;
surcs l),clow JO psi cn~mot .strpply w;rtcr succcssfully In thrcc- :1nd fntrr-story 
huildings without hoo<otcr purnps. Prcs<:urcs ovcr 100 psi rcquirc llc;rvicr clis
tribution prpcc;;. produce mcHc lt:akagc, and <llc loo IHgh for rrsc irr plumhing 
fixt~11cs. Prcss111cs in !he r:mgc nf 50 lo 75 psi ;ue most gcncr;tlly s:rti<;faci(H)' 
In citics '.vhcrc thcrc <He dtffcrcnccs in :-;urf;rcc clcvation in cxccss of lOO ft, it rs 
ortcn advisnblc lo zonc !he systcm according In clcvation in ordcr lo avoid cxccssivc 
prcssurc ;-.( thc lowcr clcvations . .Thc dilfcrcnt 70ncs lravc irHicpcrrdcnt rcscrvoirs 
or supplics from !he purnping s!;1tion ;-,nd ;u e tr<;u;dly dc.<.ig11;11cd a.<: "high <:crvicc" 
and "low St.:lvicc." 

The w:-rter dcrnand f01 cxtingui::;:hing fi1es v:u ics anH11rg dilfc1e1rl <hst1ict<: of a clry. 
Thc rcquirc:lncnts for c:rch ciry <lS a whole can he predica red on popr1latinr1, which is 
!he H<:n:rl h:1sio:; fnresli1n:11ing water rcquiiCllll'IIIS (l!IH'I rl1,111 fnr lite lighting. In :rn 
cstirnatc of thc quantity of water rc<¡uilcd fnr cxtinguishing fircs, an :dlowance 
should he made for .. prohahle lmses from hrok.cn conncctiorrs and hydrant<: which 
may he lcfl opcn Experience with !he largcst fire<; tlr:rt tlrccorrntry h:1sc,pcricnccd 
irrdrc;rtcs that 20,000 gpnr usrrally slrould ::;:ullicc, cven irr hrg crlies, fnr firc fighting 

Thc sclcctrnn of pipe si7cs in dio:;trrhrrtinrr nl't\\'orb is i1rnr1cncerl llltHc lry !he 
ncccssity of m;rint<lining :rde<¡uatc water prcso:;wc th:rn hy !he ct·nnomics nf purnping 
costs. 

Thc prime Phjcctivc of thc distrihutiorr nclwork is lhat it <:r1pply :r s1rnicient 
'luantity of water lo nll parts of !he systcm :rt [liCSSUics :Hkqualc ftll !he IC(¡uirc
ments of tire consumcrs, ni ;rll times :HHI undcr all conditiorrs nf thcir demando:;. 
In onle1 to :1ccompli"h this. reserve ca¡mcity is ncccss:uy in thc form nf stor:rgc: 
pumping. ami dist1 ihution facili!ics. 

N etwork A nalysis of Oís tribu tion Systcrns. Tire ó\n1plcxit y of t he a nalysis 
rcquircd for :1 wc/1-dcsigned systcm is in lll;lll)' w;rys cnmp;nahlc In th:11 of utility 
powcr nct wor ks. The imporl:rncc or de te• 111ining 1 he ha<;ic condit ions :rs ;rccur atcly 
;md ílS complctcly ;-~s poso:;ihle cannot he mTrcnlpha.-;;in·d. indudirrg thc t:rngc nf 
variation f(1r ;-~JI ccmditions. Thc FC,<;rr11 nf thc c:Jicul;lliPn<; l"o1 the netwnrk c;rrHHll 
he any hcttcr th;-~n the dalíl uscd. 

The d:-rt;r v.·jiJ CO\cr llre prcsswc íllld now •cquircmcnl<; rinde! thc v;uyirrg J:llcs 
{o be cxpeetcd in lhe ICSpeclive p;uts of thc !")'Sicm; !he topogFaphy of tire SCFVÍCC 
arcas: t he p•rmping a r-r;-~ngcrncnts ;rnd pump char;rclcl ist ic<;: tire local ic11r. qu:rnt i 1 y. 
and clcv;rt ion of .-;;tnragc: and t he cnndition of 1 he pipe systt.·nr wit Ir rcga r d In p1 c.<:SIII e 
d1op and c;urying char:lclcristics. 

Thcrc ;¡¡e ::;:cve•al prncedtl!es that may he nscd for the :rnalys1" nf now 11r cnrnplcx 
nctworks: 

111(! F.lrrrrir. Nr:twmk Analy:rr kf,•r!tod (Scc "llyd1:111lic Analysic; or \Valer 
Oistrihution Systcms hy t\-leans (lr an Elcct1 ic Nctwork Analy7ct '' hy T R C1mp 
;md 11 L. ll:l7.cn, J. Nrw r:,!~·l. lflaft'r Work.1 A.1.1or:., ncccrnheF, 19.H) 

71/(' lfmr~r-Cro.rs Afr•tfwr! (Scc "Analysio:; nf Flow in Nctwn¡ ks or Cnnd111ts nr 
Conductors" hy 1·1 :11 dy Cro"s, Uni1•. 11/moi:r: r:;,~~·. F: r¡'r. S la. lit~ I/ 2Rr1, Novcmhcr. 1 J, 
19]fi) 

Thr (,"¡aplti<·nf Afrrlwrl (Scc "Snl11tion nf Trano:;mis<;inn l'rnhkmc; of \V:llcr 
Systems'" hy r. 11. Aldrrclr, 7imtl ASC!:'., JIJ.1R) 

l:!r·cr' onh· Coot¡'tlft'l A lla/y.\1.1 o( ll1·dullllir· Nl'fwod, .1 (S('{; "l'i pcl ine Nct 1\'llf k 

An;rlysis by Electrorric Digit:rl Comptllcr'" hy L. N. llo;1!~ :rnd (i. Wr·irrhcsg, 
J. A111 /V(Ifr'' Wolks A.l,\r!(',, rvl:ry, 19.'\7) 

Tire snltllinn nf tire now p•nlllcln in ;trHI Jw:rtl lnsscs nr ;1 Clllllplcx tli,<;lfihiiiHlll 
nclwork of \\ntcr cond1iils i" :111 c:-.t~t·rncly tcdl(lrr<; ;rnd trme-cono:;unrirrg l:rsk. 
Howevc1. for simple1 nctworl(,o:;, n 11'1:11-;-rnd-crTpr mcthod is pl:trlic:lhle. In using 
lht<; lll!:~thod. tire JliC'\'\UI'C <l1op (;thlcs frC'ICÍil :lfld tire rnfiOWIIlg ¡cJ:tlitlllShips wj![ 
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War~r-rupp., dplng 11-J 

slrnrtcn thc wotk cnno:;idcrahly In tire tu!htllcnt Trgion (nlnwst nll n~\vs will be_in ·:·.-
lhis highc1 now region. Reynnlds nurnheT :rhovc 2.000), thc p1cssuTc (hop ft V<HTes 
as !he 1 R5 powc¡ or thc now !ale Q, that IS 

"·'"' -- (Q,/Q,l"" 

In !he viscnus-now region (low now, Rcynnlds nt~mhcr_ hclow 2,000), tire prec:sure 
dn1p varics dirct·tly a" thc Oow, or h1/h 2 -- Q,/{! 2 .• ~·or t.hc snrnc Oow, p1csc:urc 
drop vnrics :1pp•oxrmatcly ao:; the lirth powcr of the ¡nc;nlc dmm~ter D, so lh;-rt 

t.,/h, - ( n,¡ n,J' 

In ,-1!; 1, pte<;<;UIC al A 1', and P'.C<;'\111C :ll 11 1'2 
/1 :rnd /J 1'1 /'2 in e;rl'h ofthc prpclrnc ht:rnche<; hctwccn 

"1 he n(l\\' <pranlity 111 c:rch lllanch will 
v:1ry in accor dance wit h t l1ech:rr actcr ist ics 
of thc hranch (lnlernal diatllctcr, lcngrh, 
tou~hnes". nnd numhc1 nf rittings) in 
ord~r (OIC'>trl! ill !he <;a!llC r!CS<;tlf(' dtop, 
1'1 1\. A p•occdure for II)C dctcrnrin.: 
:11 ion nf llow 'ates in !he individual 
hJ:lnchc" ¡._ givcn hd(l\\'. . 

t'.:l;~kc an initi;-J[sct ofOmv nssurnpt1nllo:; 
hy dividing up thc flow cntc1rng pnint A, 

i'FC'><;Il!C drop bctwccn 
A :rml 11. 

5 

:1ntl ohtain !he f1 ictinn he;tds f(lF cach . . . 
h1anch bclwccn A ;-rnd 11 Sincc all rhe f1iction hc:H\<; hctwccn two JllllCI~on pnmts 
A nnd n must he cqu:tl, adjtr."l thc llows ha:o:;c~l on lhc si1e of !he frictron !lc:\lls 
fro111 th1s llr::;:l 11ial. ()ht:un a ncw sct of fFFCIIon heads h.1scd on lhese ntljustcd 
llnws Aftcr a fcw 11 ials. ;-rtljusting thc flows c:Kh time. thc frictinn hc~ds .for .nll 
thc hranclrcc; hdwccn A :rn<i /l c:rn l~c m:~t!e cqual, or ve¡ y llearly so, I:Hirc:tlrng 
th:rt thc proprr flows h:wc hccn ohtamcd ~~~ evc•y lll~neh hctwccn A arH /1. 

¡\ dctnilcd discu<;,<;Í<ln nf a!HI mcthnds lnr calculalmg prcc;<;wc lirop in. pipir_1g 
;rrc l!,iven in ("hap. :\. Apptoximatc fltction lo::;:c;e.s for cohl water :11c grvcn m 

Tahlc 1. ¡ 
In cmnplcx di<;t1ihutinn "YSicms, thc numhcr nf variables is sn grcat nn< crcat~s 

so many ..-imultancouo:; cqu;;¡,ons thal dirccl .snlntin~l nlgelll;-ric;-rlly ~~f :1 nct_work .'·e; 
impr:rctic:tJ hy Jr;rnd c;rJcul:!tion. ·¡ Jre cqtr:rl!ono:; :JII,<;C ftolll thc lhiCC rund.uncnt.li 
Tcl:ltinno:;hip". 

1. Thc al~ch 1 aic s11111 nf tire Jaleo:; nf dic;chargc towanl nny ju1rction poi ni is 7CTo; 
th;rt is, the ~11m of llnws intn ;1 junctinn pnint rnmt cqual sum of nows oul of lhc 
junctinn pnint . , , 

2. Tire algchr:ric <;u m of thc head .h~""CS :Hound any clo,o:;ed crrctll.l ~s-7Crn. 
J. Thc Jrcad loss ¡._ dirrctlv p10pnrt•onalto somc pnwcr .or thc dr.~ch.ngc: 
Tire JI'\C pf :rn clcclrnnic "cnmpntcl prn¡.:ramrncd fnr !Ju.-;; analysr~ r•nvulcs thc 

higlw<;! :rccur:rcy in thc <;nlution nf thio:; ptohlcm in thc o;hortL·st Irme :lJHI lcno:;t 
~e! al ivc en<;! 

11{111 ¡/(/fiJr' f." 1 m 111 ,¡(' ¡·01 ex;1mplc, thc typic:d <nlllpllt('r .~erv~cc ch:,rgc al .thi<; lime Í.<; 
;rhPul <;.JOO tnr ;111 :nT1agc 7.0-!tH•p prnhkm ('P11lf111.1t'F <;CJ\'1CC 1~ nvatl:rhh~ WFih ¡Hngr_;-r-~11 
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Fr<o 2 rr(; 1 

l. Mal-.c a skclctnn drawing llf !he nch\lllk. Indica le by apprnpriate ;nwwo; !he por ni<; 
pf cnn-.rant nnw input or outpur. CPno;;t;mt lwad input or Pnlptrt ('>ce Fig. 2). 

:!. Numhcr nlllnop<; in 1 he -.yslcm in ;u hit r a1 y <;c<¡ncnce. Do rwt includc "lnops nround 
loop<;." FPr cxílmpk, in Fig.) thcrc are twn l<1npc::, not !luce. "Thc lugc loop (ahrdr[r:) 
is not tllln,rbcrcd. ·¡he l\\10 ha<;rc lnnps (ah[t; and hrdl'f) nrc numhcrcd. 

Y. Numhcr ctrch linc t\ fine hr.<; twn cnd<; An cml rnay h<' a pnint al which wnter ¡., 
<h<twn fwm 01 <~ddcd In !he sy<;tcm, onc al which pipe clmractcric;tico;; changc, nr a lec joint. 
Pnr cxamplc, in rig. 4, thc pnint x j<; !he mcclin~ ofthrcc lmc<>, nn!IW<l; p0int y¡._ !he meet
ing nf twn lineo:: whcrc ;m R-in. pipe j<lÍil<; a 10-in pipe: pnint .- ¡., <;imply a hend in !he ~ingle 
pipe all(l i~ nnt !he end 0f <~ny line. althnugh 11 conld ha ve hccn <;pce~ficd a<; one, if dc.,ircd. 
r-ig111c 4 shows thc complete numhc1 in~ <1f thc "Y"Icm <;hown in ng. 2. Note lh<~l cach fine 
¡., nurnhc1ed once and only 0nce, cventhough itm<~y he inmnrc th:1n Pnc loop. Al<;o note 
thatthc mJmhcJing ¡., <;Ciial: th;ll i<;, if thc1c :11c 11 hranchc<;, cnch of thc mrmhcr~ from 1 
lo 11 mu<;t he U<;cd in !he numheling. 

4. 1\<;sign n h<l<;C direcliPn: Pul an :1rrow on C':lCh lmc 1 n lonp l. mdicnt ing t he dock wisc 
di1eetion {ao:; <;hOWil in F-Tg. 5) f hen rut 1111 ;u¡nw PTl C11Ch !me in k•np 2, indicntil1g cJock
WÍ<;C dircctiflll, cxccpt whcrc a linc which prcvinuc;ly hac; hccn ac;o:;igncd a tlircclion t<; cn
countc•ed. ·r hen thc originnl Ol<;<;ignmcn!J<; not changcd. In Fig. 5, hnc 4 ¡., n mcmhcr of 
lo(lp 1 nnd al<;n nf lonr 2 hui ha e; hccn givcn :1 ha<:c r\¡rection of lnop 1. 'f he linc 4 :lso:;ign
mcnt ic; nnt changcd. ·1 his procc<;;<; t<; ('Pillinucd for cvcry loop in thc network, an arrnw 
hcing ao;;c;igrrcd in :1 clockwic;c dircctinn whcnevcr it h:1c; no! hecn ¡¡c;c;igncd prcviOil<;ly. 

5. 1 n W:llcr -dio:;! r ihution o:;yo:;tern<;, !he o:;itu:JI ion nften ¡,. cnce~unlcl cd whcrc "Y"Icm pre<:<;tTrc 
111\1<;( he l:li<;ed hy !he ti<;C nr hnm!CI pump<; lli.<;CIIC<; Wi!h !he o:;upply !'ipelinc lrthc highcr 

. prco;;"tlrc are;¡ ic; C<lllncctcd lo thc rcnmindcr orthc syo;;tcm_;¡t onc point only.the two prcc;o;;urc
zone nctworks arc hydraulrcally indcpcndent prohlcmo;;. rr the prcso;;ure 7one<; are con
ncctcd :1ttwo or more points, thc homler pumpo;; tnu<;t he includcd in the apprnpi'iate loops. 

Foral! hl<lps conl:1rning booster purnpc;, nn unh;¡lnnced nr resirlnal hcad 11
0 

must he 
dctcrmincd Thic; jo;; done hy algchr:~ically c;ununing lhc ;¡o:;<;rrmcd con<;l<~nl hcad changc'> 
al lhe ho<l<;lcr<; in a clockwi<;e direclion · 

Note thnt hcad lonr~ nrc cnmidcred ac; poc;ilive in sign, so pH,cceding from lhc suction 
side of n pump to thc dischargc sidc givcs ;¡ ncgativc head l<l""· 

Following the hydmulic an;¡lyo;;rc;, a check shnuld he nmdc lo nc;c;urc that lhe pnmping 
head nc;<;umpliflm ¡¡re c;nniciently accurate. The re<;;ultrng Onw-r<~lc valucc; should allow 
optimum h.vdraulic dcsign 0f !he homtcr-station inc;lall:ltiom 

2 

2 

Woto.-sup~ly Plplnt 11-11 

150 

6. Additional "pseudP-lo<'P"" nmo;;t nnw he addcrl .to t~1e lic;t !f there is more !han o~e 
const;¡nt hc:1d input (see r:ig. ll). rr the numhcr of such mput<; re; m, tr~ce (m --

1
1) pat ~ 

bctw. cctl input'> in the c;ame nmnner in which thc loop<; were traced, mnkmg surde. 1 ln~ caer 
f 1 "1 ·· lf the nectron o cOmt:lnl hcad input is U'>ed al the cnd of ~1 le;¡<;~ fllle ll llese oors. 1 . . . nr _-

roccdurc is rrom !he lower to thc highcr rnpnt m c<~ch path, 11., wdl he l1e postltvc l' cr 
~nce ¡11 thc hend los<; hctween the lwo inputs. lf hoosler pumps are C~lCotmlered, the he~d 
changc across such pumpc; mmt be algchTaically addcd .'.o the hc:1d rlr!Terencc hctween 1 e 
¡'n Ul<; in ordc1 lo <lhlain thc 1/ 11 for !he "po;;eudo-ln<1f'"· . . . , f 

\vhcn !he lic;ting of all the loopo; ]l;¡,<; hcen cornplck<l (mchuhn~ thc conc;rdernho~ o 
bonstcr pump") the wo 1k should be carefully chccked, prcrembly hy n sccnnd per~on, !;;nce 
an ·crrors wili ~omplctcly upo:;cl the c:1kulation". Note that p~cudo-.loop<; do notbnlro< uce 
-;u.Y new Jinc<;. Note al<;n tlwt e:1ch p'>cudo-lnop rnuc;l he :w;~gnc~ 11'> own nu~ ~r. , l 
' ~ Thc only remainin~ tac;k Í<; to supply initial Onw valuec; and p1pc eharac.te~T<;t\cc; whrc' 
thc ~0111 ulcr can use ao;; c;tarting valuc<; fnr !he cnlculatiom. -~he n~1ly re~trrch<~n on thec;e 
valuco;; irthnl thcy satic;fy thc maso;; balance cnnditinn ni cach JUnctiOn. l~mt •~: the o;;um 
of lhc rlow "''" n junction must cqual thc o:;run nf !he now'> n11t of th~ J~~nct~on. d ~~~ 
cxample. ng. 7 '>hnwo;; t!1c junetinn ~f.lincs 3.' 4, nnd 6; Oow<; or :'iO gpm m me an 
gpm in linc 6 would satrc;fy !he condrtu'll. 

35 
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Procccding in this m:umcr, bnlnncc cvcry junclion in thc nel"l'rk, working lnward !he 
variablc-nnw (comlanl-hc:-ul) input<: \\hich can lakc up !he slnck. Whcn :1ll nnwc; <~re 
spccillcd, check !he :lCCnr<~cy of thc work hy <:urnming thc inpul<; and PUl pule:. lf thc<:.c 
sumo; nrc uncc¡ual, sorne computalion:d c11nr ]HJ<; hccn llladc r~nd lllll<:l he corrcctcd The 
complete ~chcrn<Jtic fnr thi<:syo;lcm ic; shown in Fi~ fl rhi<; o;ehcmatic includco;; !he :1<;<;Urncd 
<:l<lrting vnluc<: of !he nnwc;. 

CIRCULATING COOLING-WATER SYSTEMS. 
FOR POWER PLANTS OR INDUSTRIAL PLANTS 

General Requirements. Thc complclc prnhlcn1 fcu supplying thc cnnling 
wntcr lo an induc;tr ial plan! c:nr hes! be illn<:lt;llcd in thc cnt~lplcxity of thc main 
cooling- or circulnting-\v;-,lcr syslcm for n slcam-clcctric o;talion A <>lc:1n1 pnwcr 
plnnt with n nn.mc-pl;,tc rnting or 750.000 kw •cqui•cs ns much cooling water n.s thc 
domc<>tic wnlcr rcquircn•cnls of n city with fol/1 In fivc mi Ilion popul<tlinn. 

Thc cir culal ing cnoling-w;,tcr systcm ror;, stcam power pla nt 1:1 kco:; water r, o m o:;omc 
sour ce, such'as a rivcr, 1<~ k e, {lr conling-1 owcr hasin, aTHI p• ovidcs continuom coolmg 
lo thc condcnscr. Tl1c circulating w:1tcr cnndcnr;;cs thc ltllhinc exhaust slearn, 
thc1chy lowcring thc lnrhinc cxhau<>l JliC"i'>tllc so that additional cncrgy C:lll he 
c:<tr.-.ctcd frnlll thc stc;.m. Thc irnpcH'I;mcc nr n conlinucd cooling-w:rlcr supply 
is such llmt. if thc conling-w<~tcr surply should f:HI, thc rcsulting risc in exhaust 
slcn.m bn.ck prcs<>ure will cau<>c <tn aulnmatic shutdown of !he turhinc-gcncralnr 
u ni t. Rcliahility, clllcicncy, r~nd cconnmy are !he p1 imc dcsign cnnsidcrations for a 
stcam powct-pl:llll circulating cnoling-water system. Thc nvailr~hility of thi<; 
cooling w;,ter pbys nn impot t:tnl role in the sclection of the steam power:plant 
site. · 

A fundamental decision lws lo he m:Hle ;,<;lo whcthcr !he citcnlnting-waler system 
will he dc.c;igncd on a single gcncrating unit ha<;ts or lo supply wntcr fnr multiplc 
unit'i with onc dtculating-watcr systen\. This hasic dcci<>intl can he m;Hic Clnly nfler 
conc;idet ing nll thc .r;;pccial condition.r;; fnr !he pr~rticular plan t. Thc ohviour;; 
cconnmie appC'al of supplying thc multiplc unit hy mcanc; of a single citculnting 
syc;lcm hn.s lo he hnlanccd ngainst thc llain nr p•nhlcm.c; !ha! fnllow in its \\.':lke. 
Thc large v:uiation of now and its 1elatcd pre<>swe dtnp. hctwccn full opctalton of 
all unit<> aml !he opcrntion of n single unit. may e~ cale such c;y<;tem CC1mpl<'xity, 
for ex;unplc. al !he in!:lke sltuctutc, ,!ha! it wifl Gmccl out rnn<;l of the ccnnornic 
;,dvantagc. The vari<Jtion in thc pum'ping hcad may he heynnd thc operating I<Jnge 
of thc circulaling-w<~ter pumps. Also, !he provistons nccclcd for.tcliahility of thc 
system in order lo minimi7e or avoid total shutdown in cvent of failurc of some par! 
may mld suhst<Jnti:1lly lo th~ m·crall cosl of !he systerll. 

Types of Systems. M:1ny types ofsystcm nnangcmcnts are in conm1on usnge. 
Thosc encounlcred most ftcqucntly me dclincd all(\ discuc;scd h1 icny bclnw. 

A {lncc-thrnugh or ditcd-condcnsing "Y"Icrn is one in which~\\alcr is dt:~wn frorn 
a t ivcr, In k<', or nther l;11ge hndy of water ;uHI. aftcr pa<>sin¡; tluough the cnnden<>cr, 

· is retmnctltnthe samc nr a di ITeren! bndy or water. 
A tccircnl:tliÍ•g systcm i<> onc in which !he s:m1e w:1ICI is II<>Cd tepcatcdly nnd is 

it<>clf cnolccl hetwecn pa<><>c<> through thc condcmcr f\.fcan-; of cnoling !he W:l!cr 
hns lo he pr<H'idcd in thc form of cooling towc1 "· spt ay ponds, or co(llin¡; ponds. 
Mn.ke-up water hns lo he providcd lo takc c:uc of w;llcr losse<; <fue to evnporation, 
leakn¡;e. n.nd nther cau<>es. 

A siphon systern j<; onc in which !he siphnn principie is cmplnycd lo carry !he 
walcr through clevated p:11ts of thc system, such as thc condcno:;er, in onlcr lo reduce 
thc pumping ¡w\vcr requircd. Thc"c clcvr~ted portions or !he water systcm opcrntc 
umler ;, p:rtti:d \'acuunl. 

27 

C/rculotlng cOollnl-'woh"r Sytif!.;,;J for Pow.t~or PlantJ or lndurtrlol . 11-ll 

A prcs<;urc systein is 011~ ¡11 whiéh thc.watcr nm:s undcr a positivc he~d thrm~gh
otit. This systctil i$ gencfillly u~cd with !ccirculatrng systcms, sl_ICh as wtth coolmg-

tnwcr instnllalions. . . o· d. . 1 
Frequcntly. rei1 ttiú!~' or iwo ?r mOre of th~ a hove ~yslems are com me m <1 s•~g d 

installatioil. F~l· c·~ample,' thc onc.c-through n~Hl s.'rhon sy~tcrn~ m:ly hecomhtfe 
to uoducC thc onCC-~hrough siphon systcm wh1ch 1s shown 111 F1g 9. i.he coo mg 
wn~cr cnters' thc SystCm tluOugh the intake stn1cture. (tras!~ r<Jcks, travch~g screen, 
fine screcns) into' lhc suction chamhcr and into !he c1rculatmg PUT.np suct1.on. The 
wafCI is di~cllargc.d hy fhc c!'rcttlí!.fing pump iniO the {ll~llcJ or p~pe leadtn~ (O thd 
condensef. Thc w:itcr passcs thrnugh thc condenser atded hy ~tphon actmn an 

0111 
t\uough t1ic 'rtischarge tnnncl or piping to the scal we\1 and drscharge structure. 

Water 
o! 

Hydrnu1t('; grodif'nt 

Syphon 
StattC 

11rt rr----__ <O<oss) 

Fin. 9. Oncc-through siphon c;y<>tcm. lntakc ;tructurc· trac;h. racb, travcling scr.cc~~o;, 
fine scrcen<>, circulating wr~tcr pump<>. valvcc;, <>crv!CC ~ater ami <>creen wac;h pump'l, hot<;lr g 
dcviccr;; for p1tmp<> and <>creen<>, watcr-lrcalmcnt.ec¡lltpmcnl. 

\Vhcntopog•aphy of the plant atea permit.s n.nd !he nu~tuation o! the v:ater leve~ 
is not excc<;sive. consideration should he gtvcn lo loc:atmg ~he crrculahng wa~er 
pumps ncar thc cnndcnser. Water then en!crs thc pump sud ton through a grav1ty 

canal or tunncl. 
Figure 10. il\uo:;tralcs the rcciré:ulating prc~suic system \¡ith cooli~g tower. The 

cooling water stnrto:; its circuit from the cooltng-t~wcr bas1~ by P?ssmg thro.ugh,the 
fine sCJcens in! o thc suction chamhcr <tml then 111!0 !he c¡rculrthng, Jl,tlrnt SU~fiOil. 
The wnlcr is disch:uged hy the circulnting.pwnp in lo the lttnt1el or p1pmg e~dmg ~O 
the condenr;;er. Thc water pnso;cs through thc condenser an.d out through the ~~s
char ge tunnel or piping and di<;chargC.S: i.nto lhe top nr tl.lC cooltng lnwer. Depct:~dmg 
011 plant ;uea condition"i, !he circulatr.ng pump S~lcltOil chnrnhcr ~l;J)' he locnl~d 
ncnr thc cnnden<>cr with the water nowmg hy grnv•ty from lhe coolt.ng-tO\~cr hnsm. 

Fundamentills of Oesign. In the dP~ig,n ami lnyout of Clretlln.tm~-V:~ter 
sy<;tcms, ccrtain ptcc~utions musl l~c ohserved in ordcr to as<;ure systcm rcltnh1hty. 
Thc more importan! of these ~re <llscusc;cd bclow. . . 

In oncc-through syslems_ propcr rclativc local ion of intakc all(l ~1scharg7 pmnts 
has tn he dctermined so thnl wn.tm discha1ge w:ltcr dncs not find 1ls wny !lllo.lhe 
system intake Current's, edclico:;, or tidcs m;~ y cnrry thc wn.rm water upstren.m tnto 
lhe int;,ke. Spccinl mean" nwy he m•ccs'lnry lo preven! this in somc o:;uch fnrm ac; a 
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low <lrun. piping, cnnal, lcvcc, etc In nulct to ohtain thc coldcc;t water ftolll !he 
lowcc;t sltalum, thc inlct may he lmvcr thíln !he c;nccn ;-¡mi pump Stlclion of thc 
intakc structurc F;~ch cac;c ha<> In he '\ludicd for-itc; ,<;pc1.:inl cnnditionc;. 

In rccirculnting c;ystcm<; with cooling towcts, thc location of thc conling towcr 
has lo he c:ucfully <:tudicd "n tlmt !he !(lwCt vap(H clnud will dtspctsc hcfnrc tcaching 
thc powcr-pbnt atc;l propct 01 crcating a nuisancc ov<'t adjnining facilities or 
propel·tics. 

Thc lcngth nf thc systcm shottld he :ts siHltl a<; prru·ticahlc for !he lnwcst ptc<;sttre 
drnp nml pnmping ami installntinn coste; :llld lo dccrt·asc walct hnnuncr. 

Syphon 

/
Stotic 

1 itt 
Oossl 

f'7tn. 10. Rccirculating prco:;c;urc ~yo:;tcm uc;in!! cn<lling tmvcr. 

Systcm clevations and profilc shnuld he se! so as to ohtain nmximum siphon 
hcnclit and to climinatc or reduce thc prohlcrn~ of nir hinding. 

ltcms such as hcnds, Ices, valvc~. rcduccts. ami oh~ttnctions to smooth Oow. nll 
of which cau~c largc prc~<>urc thopc;, should be. U<;cd sparingly. Whcrc thcsc are 
m~cc.o:;sary p;1rLc; of thc systcm. thcy ,c;hould be dcsigned for mininHml presc;ure d~np. 

Preliminary Design, Flow Quantities. Thc following rcptcsent requirc~ 

mcnts avcr~gcd f10m Clctual inst;1llations for purposcc; nf prchminnry \o,·ater~rc(ptire~ 
mcnt·cstinmtcs. Thcre <~re m:1ny faclots such a" seasonaltcmpctai!Tre of thc water 
sntll ce, dcsign of !he actua 1 condcnscr, and stca m cnndit ions of 1 he 1 herma! cyclc 1 ha t 
will etc;¡ le shnrp devintions f10m lhec;e :lVcragcs. 

Oncr~tllroll.r;ll sirf11"' !i)'Sfrm u·itl! a .~i,~r;lc~pnss ('OII{h'll\('1' 
For 6fl,OOO kw and hclow: 850 gpm per 1.000 kw 
For ll6,000 lo 100.000 kw: ROO gpm per 1,000 kw 
f'or 125,000 kw anda hove: 750 gpm pcr 1,000 kw • · 

Oncc·tftrrH~f[¡, sil'hmt .~y~tf•m u·ith a llt'o~pn~.l condt'IIJ('I' 
F0r 100.000 l..w ~ntl hclnw: 7RO !!Jllll pcr 1.000 kw 
Fn 000 kw ami nhove: (•50 gpm pcr 1,000 kw .. 
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/?,·¡·;,' ,/nfii~~J ¡n c.uw r .1ystnu. roolnw f¡Ju't'l. sinsl1'·f10H rmtdt•II.W't 
Fm IOO,(lOO kw nnd ah(lvc· 7.:'í0 gp111 pcr 1,000 kw 

l?cn'tndatii~!J ¡11 ''s.t/fl e .{yH,•m. roo/in/: fmt cr, fii'O·f'OSS rmtdt•tt{t'l 
Fn1 61í,OOO kw <1nd hclow: RSO gpm pct 1,000 kw 
Fn1 100,000 kw an<l ahnvc: rl50 gpm per 1,000 kw 
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Preliminary Design, Pipe Sizing. lor preliminary sizir1g nf the circulating 
piping, a velocity of ;rhnnl () fps in !he suction cnnduit to thc pump anda velocity 
ol' ahoul R lo lO fps in thc dic;chatge piping: may he u~cd. ., he final si1-e selection 
muc;t he madc hascd (111 pteso;ure dtop. ., hic; final si7e seleclion cnt<1ils an economic 
nnalyc;i~. fnr lhe p:-rrticnlar plan!, nf !he cml nf pumping thc qunntily requircd with 
varionc; prcssure dt(lJlS. pumps, nnd pipe si?e<> Smnctimc" !he prohlem of future 
planl cxpa1rsi<u1 entere; into lhi~ c;i7.ing. 

lhc CIHHiitill!l,<; that dctctnrine thc piping wall thicknes~ frnm pump discharge 
tluough thc shutofT valvc aftc1 thé condcnser f01 siphon systcms, are thc norrnnl 
opctnting pH.:c;~ure, the pnmp o;;hulnff head. thc waler~hammer surge pre"sure, and 
thc externa! pressUTe nn pipe duc lo hurying conditions. 

Al pump :1nd condenser dic;chmges, thc vclncity should be lowcred gradually by 
mc:1nc; nf an cxpanding tuhc or difTmcr with 14-<lcg 01 less total nare. At changes in 
sizc from pipe to turmcl nr from tunncl tn pipe. the use nf gtadu:1l si1.e clmngc is 
advisahlc. 

The pressurc d10p llunugh hcnds c;m he rcduccd hy ptopcr spacing and spcci
ficntion. Fnr cxamplc. one 90~dc~ hend hns a lowct prcssure drop than lh:tl of 
two 45-deg hende;. Spacing hende; fat crrough crpart rnay s~ve pressure <lrop. For 
c:-<arnple. thc tnt,1l hcnd ln~s in ck,c;cly locntcd hends may he lwicc thnt of the samc 
hcnds spnced farther apnrt. Turning vnnes propcrly uscd may cut hend losscs 
considera hly. 

lntake§. lntnkcs from tivcrs nrc dcc;igned lo llling water frnm the river with n~ 
c;m;rll :tn enlr nnce lo<; e; and di'>lltl h:r ncc as poc;.;;ihle. Ordinnr ily, 1 he clcaning screens 
:rnd lhc ciH.:ubrting pum pe; :nc hou'>cd al llrc r ivcr ·., cdge. Sotnctimcc; thc pwnp<J an· 
al !he pl:rnl a1HI thc w;ltcr ic; hrorr~hl ftonr the cleaning screcns hy mccu1s of a gmvity 
cannl or conduit lo thc pumpc; '1 hi<: design <>avcc; pumping powcr ami should he 
considcred when the contour clcvatinn jc; fcrvornhle from lhe river to the plan! 
Allowance slwuhl be madc for !he head drop in thc gravity canal and the rivcr~level 
nuclualinn. Also, cnnsideration has In he givcn to possible contamin:ttion by 
!cave<>, hranchcc; :r.nd nthcr dehtis hctwcen lhc sctcenc; and the pumps, and tlw 
neccsc;ity for nuxilin•y sc1eening: 

1 he intakc structtlle usual! y con~ists of coarse sctcens (or trash racks), a stop log 
dalll, havcling "CI'CCilS, SCICCil wac;h J'HIIll)l<;, [wd circulnting-watcr pnmps. lherc Ís 

frequcnlly a gnntry or htidgc ctnnc. Whc1c l;uge quantitie.c; of debris may hr 
cxpectcd lhal will not he washcd away by thc river, powc1~opern1ed raking may bf' 
nccessary with rnenno;; for <lispo<>ing of !he dehris. 

The sm:r.llcr lrash or forcign rnaller lhtrt pa,.c;cs through the coarse scrccns i· 
picked up on thc rcvolving SCIC'C'Il. ., he usual spced of this scrcen jc; 10 fpm btrt 
may he nf higlrcr vclocity ror umrc;ual trnc;h conditions. Thcse sctccn openings an· 
made lo <:ilt out fnrC'ign rnaltcl from !he walcT of si7c ahnut one-hnlf the diametct 
of thc Condenc;e¡ luhcs. The w:rle1 \'clncity tlunugh thc screcn is kept hclow 2~.;, 

fp<:. since lhc rafe nf sctecn clogging 1isc~ tapidly with velocity. Thc arnount ol 
sc•ccn clogging is indicalcd hy thc difTcrcncc of leve! on lhc two sides of the ~creen 
Thic; can he mcasured with nn air-huhhler syslcm or with flmrt gagcs. Gcnerally. 
thc scrcen wac;h pumps :u e c;tarted aulnnratic:llly when thi~ difTerence is ahout 6 irr 
Whcn thc scteen-w:lc;h pnrnp dischargc prcc;<>ure renchc" a prcdelermined vahrc. 
thc screcnc; are starlcd ntrlornalicnl.ty. Thc snecn~waslr pump requircmcnt ma\ 
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run from 25 gpm al 40 psig lo .15 gpm al RO p.c;ig, dcpcnding on thct1nc;;h ch;nactc•
istics of !he rivcr in volved 

Normally slu~cc.g;~tcs or s1~1p lng" :u e prP\'J<Icd bcfnrc and aftcr c;~ch IFavcling 
SCICCtl 1? pC'rmrt liS scg~t::g:lltnn and dcwalc1111g fnr rcp:1irs. Somclimcs guidcs 
are provulccl fo1 two sct<; of hackup (o¡ fine) scrccn<; :lftcr !he trnvrling scrccns for 
thc purpo<;c ofscTccning thc w;-~lc• in cvrnt nf hrc:1kdown and rcp;ri1 of thc l!avcling 
SCIC'Cil.<;. Dt~ring such rcp:1ir Jll'tinds thc fine c;;c•ccns :11c 1aio:;C'd and clc:rncd 
allcTmltcly. 

Conc;iclcrnlion should he givcn In nthc1 p•ohlcm<; th:rt :lll<;c :11 thc int:~kc. Ice 
formal ion rJJl !he <;clccns in wintc1 mn.y rcquirc •cci•nilarion of snmc of !he warm 
dic;ch:-ar g~ w:.l<'r. Va¡ iotl'> n1ean.;; m ay ha ve In he Cí'nsidcJc<llo p1cvcnt silting, st1ch 
as i1 SCI!Irng ri!C:J .. ·¡he p~oblcm. O~ ohl:tining !he coldc.;;l Jayc1 of walc1 tcquiJcS :t 
study of thc rci:III\'C lncaltnn of mlakc and dischmge. 

The i11tak(• .HI/ICfwr d('·"~l[" involvcs !he tlcs1gn nf the suction chnmhcr, ami this in 
lurn is govcmed hy !he selcction of !he pum p. which may he nf cithcr the hOJi7onlal 
or vcrlicaltypc. 

The l1111_(mllfal {NIIIIf' may 11~)1 he p1nclical whc•c thc1c i,.;; a l:1rgc diffcrcntinl 
between h1gh- nml lnw-watcr IIVCI leve!. Thc !JOJi7nntal pump mus! he sct in n 
<lry compa!lmcnl, and its ccnte1 linc slJotJld be no! more th:~n IJ ft nhnvc thc Jnw
wnter _lcvcl. Thc hmi?ontnl pump rc(¡uirc.;; more spncc th;•n ;~ vcJiical pump nntl is 
sometuncs lllfHe costly. A shutofT valvc is frcquently nccdcd on thc inlet sidc to 
cut on: !he water sourcc in mdcr In scrvice the pump. llnwcvcr, the horizontnl 
pump re; more casily seTviccd ;md it is lesc;; <:cn'>ilivc lo poor intake conditions. The 
h_orizontal purnp hns ~ low.cr sta11ing IHusep0wer :1nd '>hu! off hcad nnd is usually a 
smglc- or douhlc-sucllon smglc-stagc, ccnlrifugal-typc pump . 
. '1 he rrrrir·a~ f'~!mp, s~t. in !he wate1 intakc chamhc1, .is mnrc <;;uitnhlc fnr lnrge 

nvc•~levcl v;~n.atron'>. 1 he vctllc:d pump adart" lo a \\'Hic! l;~nge of pump heads, 
IC(J~IIIC'> n tlHillllltllll of flnm :Hca, and ¡._ somclimc<; les.;; cnstly !han !he comp;u;Jblc 
hDIIIO!llal purnp llnwcvcr. thc n~rlical pump is .;;en,itivc lo inlct cnndition._, 
gen~rally ~1:1'> a hi~hcr shuto_IT hcnd !han a hmi:mnlal pnmp. and is.mn•c diflicullto 
scrv1cc: lhc verl1cal centnfugnl pump gcm;•ally uscd is a I:Hiial-flow, axial-flnw, 
or n nw<ed-flow type. The Jadi:1l-flow \'ellic:JI ptnnp h:•.;; ,1 hnttom suction, nnd thc 
disch:ugc is on thc hori7ontal ccniC'r line nf the hollmv impcller: The axial-flnw 
(or propellcr) typc of vcrticnl pump ha<;; a hollom sud ton, and the wntcr is rnised 
ve11ically hy the propcllcr nnd disch:•rgc'> al somc spccificd ekvatinn ::~hove thc 
propeller. Thc mix~d-now vcrtkal ptnnp utili7cs a hollnw itnpcller or thc rndial 
typ~. hui !he \~alcr rises _vcrticnlly in !he. pump casing hcfmc it is <llscharged. 

. 1hc ~mnplcx¡ty of thc ml<tkc stJu_ctUTc ~" n<1lnrally nn·ectcd by thc numbcr of 
Clrculalmg pumps neces<;;ary for thc CJrculatmg-wateJ system. Reliahility points to 
!he use of ni .lenst two pw.nps: Thc )larticular conditinns fnr tl1c.plant will dictnte 
lhc fin~l c~lOtCC, whe'hcr 11 wlll he lwo pump'> al two-third'> cap:1city cach, al onc
half c.npnc¡ty cach, or som~ othcr more favorable pcrcent:Jgc e:tch. Thc cnpacity 
selectron ha e; lo he thc '>llhJCCI of a c:ncful an11lysi~. taking intn accounl such llcms 
:1'> '!le cnndcn'>cr w{llcr requitcmenl, !he vnriatiPn nf p11111]'ÍJJ_g hcad, ;md thc hes! 
effic•cncy rnngc of thc punlp'> 

·111~ wntc~·Jcvcls should he dctermmed ;11 hnth thc .c;;m:linn nnd dt<;ch;ugc cnd.;; nf 
!he cnculatmg-wnlcr '>ystem. The lcvcl<;; of significance n1c thosc ni h1gh watc•, 
mcnn W{llcr, low water and al extreme low \va ter. In addition, thc coincidcncc of 
water leve! with thc lemperature of water ami gcncrating unit lnads, especially al 
pe? k londs, shm1ld he analy7ed. ~·he calculntion of !he p11111p dc'>ign operating 
potnt. would he hnsed on the lllí\XIIlllllll requirement of 1 he condenc;ing unit for 
Sll'>ln~ncd f~¡JI lo<1d with the coinciden! wíllcr lcvcl nnd tcm)wr;Jturc 

It IS dc'>nnhle lo know !he nppro.xim:1te opcrnting poinl'> for Sevc•nl condition'> 
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0thcr thnn thc de'>ign poinl in order to estahlish thc capncity ami head limits at 
which thc pump will be expcctcd lo npc•ntc. 1'1climinary opcrating points can be 
cstnhlishe<l flo!n ílS'>tlllled pump curves. Thcrc may possihly he <:'perating con
ditinn<; which cnn!JOI he pc1111itted hecnuse thc npcrating point fa lis oulsidc !he safe 
opcrati1ig rangc of thc pump selectcci. Thc condition for starting the syslem siphon 
mus! he pa1t pf thi" ;m<~lysis 

Thc int:1ke piping lo thc suction,rf hori7<lnlal JH11llp'> should he dcsigncd so asto 
:Jv(lid ni1 pockcl<; AI'>P, thc watc1-flow vclncity should be made unifnrm over the 
suctilm inlel nrea hy plncing hends as fcu as pos'>ihle f10111 thc pump inlet. 

The inl<~ke chamhcrs fm vertical pumps Tcquire ctucful dcsign for good pump 
0pe1:11ion. lhc dc<;;ign lll\ISI hling about a unifmm aiHillndisturhcd fl0W or water 
In thc pump without whid. Mo'>l pump mnnufachners hnvc design suggestions for 
intnkc chamhc1 s for 1 he ir pa1l icular pumps Ea eh vc1 tical-pump installation should 

. he sludicd imlividuatty. The1c are no stnndmd solution<; to vcrtical-pump intake 
prohlctm. 

Discharge Structure .. On !he dischmge CIHI of the circulating-water sy~tem, 
an underw:Jtcr (or scaled) dischtuge must be provided lo preven! entry of air into 
!he piping, which wouhl othcrwisc hrcnk !he siphon action al !he condenser. One 
mean<;; of p1oviding this scnl ic;; through !he U'>C nf n sea! well, thnt is, n hasin with a 
watc1 lcvcl controlled hy :111 nvc1 flpw wcir. The scal-wcll water lcvcl regula le!\ lhc 
hcight of thc siphon rccovcry, nnd it is !he final clclv:lfion to which lhc circul~ting 
pump delivcrs !he water. 

ncyond the sen! we\1, the dischnrge into thc 1 ivcr Or other body of wnter nmst be 
done in such a way thal the discharge velocity is dissipated withoul wttshing away 
hanks, tcaring up the hottom, undcimining !he dischargc piping, or pertnitting 
ltncnnt•olled recirculation lo lhc intakc 

Air Blnding. Air which :tccumulates in water piping can reduce the effective 
<ti Ca fnr water flow nnd thm incre<t'>e pumping cost through the resulting cxtrn head 
lo"" 

A ir cnlct<; thc piping systelll frnm '>cve•nl ~ou•ce<; ~uch ns rclen~c of air from the 
~ ... ~ter, nir c<trried in tlunugh vorlices in lo suction of pump, nir lcnking in through 
JOIIliS !ha! mny he under ncg;Jtivc pre'>'>Ule, nnd thc rtir originally present in the 
piping systcm bcfnrc filling. · ' 

The water from the wnler snurcc mny' he nca•ly complctely satumted with air. 
lf lhc tempc•afurc of this wntcr is 1aised, for cxílmple, after passing through a 
cnndcnser, nn<l !he p!es<;;ure is loweJcd hy _the '>iphon action, the wnter will relca~e 
most of it<;; nir. 1 lnwevcr, this ni1 rclcase is not in'>lantaneous but procceds on a 
time-rnte rclense and is thcrcfore dependen! upon the length of time lhe water 
rcmains in the piping. F.xpcricnce ind•cnlc<; thnt thc nctual air release in a circu
lnting sy'>tcm of a convcntinnnl gc1.1crnting plan! ¡,. prohahly in the order of lO per 
ccnt of cnltul<ltcd thcoretical Tclcase . 

Thc prohlcm :t'>socií1ted with !he fonnntion of nir pockcts in !he piping is de
penden! on thc velocity 0f thc water nnd on thc conflgmation of thc piping. · Thc 
highc1 thc water vclocity, lhe les<;; ni1 hinding wi\1 occur for the snrne piping eon
flg•Jralinn. 'Thc wntcr witl1 higher vclority ]¡;¡<;; ¡pcatcr tendcncy to scruh fHit thc 
air pockets. and itc:. highcr turhulcnrc h1cak'> up 1111gc air tmbhlcs ami enlrninc; the 
1 c.;;t!ll i ng <;;ma llcr huhhlc'>. 

On gcnllc dov .. ·nwnnl slnpc'>,.n conlinnnuc;; nir pockct mny form nlong lhe top of 
the pipe for the cntire '>lopc In a sharpcr downwnrd slope, scvernl nir pockcts nmy 
~mm, ench n1r pocket terminating in n hydrn'ulic jump.· Slopcs mny requirc a 
W<tlcr vclocity in excec;;s of 10 fpc;; lo ns<;;ure lhat !he piping remnins free of air. In a 
90-dcg downwnrcl d1op, an a ir pncket may form inlhc uppcr porlion of the hend and 
a vclocity in excc.;;c; of 7 fpc;; may he requi1ed for a ir eliminntion Connectionc; for 
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t\ir vcnts, nc; shown in rige; 11 nnd 12, should he cnnsidc1cd al thc hcginning of thc 
slnpc and dnw_n along !he -.Jope. 

Air lnlet Valves. In tolling nr mount:lini-ltl<; counlty, air and v;-~ctttllll vahcs 
should he placcll <1! the c;ummits nf watc1-snpply lincc; IP rdlnw a ir to escape whcn 
they are hcing rillcd as wcll as lo admit ni1 lo ptcvcnt fmming a w1cuum whcn thcy 
nre hcing <llnincd. lt is good pr;u:ticc to install c;uch vnlvc . .;:; al ahrupt hrcak"> in 
g•adc. wliCTC thcy <>CTvc alsnln pe• mil !he csc;1pc of ait whilc thc ltnc jc; npctaling 
undcr p!CSSUIC, thnc; prcvcnting thc aCCllllllllalion of :lit lhat is rck•;Jscd ft(llll 
solution in thc w01lcr. 

Concct si7cc:; nf v<tcuum valvcs can he dctcltnincd only hy cnmpul:tlinn nf thc 
prohahlc ratc or \\<llcr dr:linagc r!Oill !he linc, which dcpcnds in 111111 011 its profilc 

II.H ff'ffiOVOI 

A ir pock.~t 

Ptp! wifh 90°drop 

Fi~. 11 

fllr removol 
connPrt•nn 

flor pncket 

Hyrtroullc Jump 

An pock.rl'/ 

Fi~ 1?. 

on slnpP 

antl on thc •ale al which ail ¡._ :ulmillccllo lnc.ak !he V;\CIIIIIll. Thc railure nr !he 
pipeline al a low point, rnr C'iillllplc, may cmpty par! nr !he fine arHI CICa le a V:lCIHllll 

condition in thc scction or pipu1¡; whc1c thc1c is a scpa1:1tion in the wntc1 column. 
The si7c ur !he vacuum val ve shnuld be cnmputcd on the suppnc;rtion !lwt a ir must 
cntcr ni thc snmc volurnctric r;~tc <ts that al which water lc:wcc;. 

The strcngth or thc pipe shcll un<lc1 thic; drlfcrcnll:ll prcsc;¡nc will dcpend nn thc 
lcngth~IQ~di:unctcr rntio, lhe thicknc::;c;-to-diamctcr ratin, arHI the modulus or 
elasticity or thc pipe mnterial. The prescncc or st•fTcncr ringc; rnay exert a consider
able innuence 011 the strength or the pipe shcll. 1 lowcver, ir the distance hetwcen 
stifTcner ringc; is grc;1t, thcy will htwc no appreciablc cfTcct on thc section or the 
pipe shcll midway hctwcen thcm, and thc coll;'lpc;ing prco;c;urc will he the S;'!lllC <lS 
that ora pipe ::;hcll or infinitc length. P~rrn;~ki;1nr.n g•vcc; thc rnllowing proccdurc 
for thio;; cnlcul;1tion: 

For cylindric<ll shdlc; withoul c;tifTcner ringc;: 

/'' -- (50.2)(10°)(1/IJ)'' 

For cylindric;:¡l shclls with sliffencr ringc;: 

/'' -- (73.4)(10')(1/IJf'(IJ/i,) 

whcrc /'' -· collap~ing pre~~l!le ror pipe shcll, pc;i 
f - thickness, in. 

D ··- inside diamctcr, in. 
/., ._.., SJlélCÍil{! or stiff<'llCI ringo;, in. 

·'. ·;.' 

wh('lf:' r~ 

. Prcsc;me hc;'ld ;~1 ;lir inlct V;'llve- 2 ~ru·; ; .. r,) 
imum nllrnvnhle internnl prcso:;ure <lf a ir inlet !val ve, pc;i 

/' 1 - . 11111\CIIIt.' f'lt'<:qiiC,J'~j i; 1,¡ 1 r 

("uhic rcct a ir pcr sccoml th<lt must he supplicd: 

Q - 11'"- "IJ'V/(~)(1~4) 

whcre Q -- air !ha! 11111~1 be Supplicd ;'!! prco;o;niC P2. cfs 
IV ·- weight ora ir nowing, lb/scc 
'¡. ~- specific voJumc or air al JliC~SUIC f\. CU rt/lh 
V - 1'1 V2 nr V ·.:o· V

1 
-! V2 
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wherc 111 - wnlcr vclocit.Y lenving location or air inlet vnlvc computed for con
di! ion by ncrnonlli encrgy equntion. rps 

1'2 -o water velocity <~ppronching lnc<llion or <~ir inlet v<llve, rr~ 

H V1 i'\ lnrgcr thnn V2, or ir V1 and V2 a•e in oppo"itc directions, <tn nir inlet v~tlve 
is requi1cd lo supply enough nir lo thc pipe interior lo oceupy the ~p<~ce cre:tted by 
h•eaking or thc water column 

The nir now through the vnlve 111;'1)' he cnnsidercd ns nn isentropic expansion, and 
!he vnlve si7ed íiCCnHiingly. 

WATER HAMMER 

An trndersl:!l1ding or !he physical piclllle nr the v.:alcr-h:unmer phenomenon c:tn 
he hclprul in dealing with !he particul;1r piping "Y"Icmundcr dcsign. 

The prohlcrn or wntcr lwmrncr in a pipeline cono;ists or contnining the pressure 
and dissip.1ting the wntcr now encrgy ror example, in a pipeline with a supply 
pump, encrgy ncceo;;sary In move the wntcr through the piping is supplied by the 
pump. Ir a valve is suddcnly closcd al thc cml or the disch;1rgc line, the moving 
column or water is hrought lo a stop nt !he vnlve. The kinetic cnergy contained in 
the column of watCr, originally given 10 the water hy the pump, is still present and 
mll'il he dr<;c;ipntcd. The column or water (Omprc<;c;es, the presc;ure rises, and sorne 
or lhe kinclic cncrgy is l•nnc;rnnncd tn interna! cncrgy. The highcr water pressure 
;'lciS upnn !he pipe wnll and docs work in <;lrctching it, hui only a srnall perccnhtge 
or enc•gy will he lnc;t in thic;. Thc pipe will ohey !he laws or vihrntion and return 
mosl ni thc cnergy In thc water. 

When thc watcr-h:1mmer prcssure wavc londs !he pipe wall, thc strain in the wall 
increac;es slightly r:~st'cr than in strict propnrtion to stres<; within the el<tslic r~tnge, 
nnrl nn rcleac;c or the loncling. the rever se occurs. This rcsults in a small area that is 
encloscd by thc strcs~~c;frain cu.rve in hoth dircclion<;, cnllcd the clnstic hysteresis, 
ami corrcsponds lo a transrormntion or cncrgy dming the strcsc;-strnin eycle. Ir the 
prcssure risc in thc pipe is sufficient, the w<~lls nwy he stresscd into the plastic region 
:tnd expcricnce <1 pcnnanent set. In this case thc wntcr givcs up a l~trge amount of 
cnergy with no recovcry. 

The cncrgy or presc;urc wave which startc<l ni the closect val ve stretches thc di~tm
etcr p•ogreo;c;ivcly lo its SOIIICe, the pump The encrgy-wavc front lll;'IY 111eet a 
check valvc at thc pump and he rcnectcd hnck toward its origin, continuing its 
(\jc;<;1pation or cneq;y within !he water and the pipe wall. Thic; will continue until 
!he kinctic cncrgy is rully convcrted In in!CIIl;ll encrgy. 

\Vhcn there is suddcn railurc or power al !he pump motor, the only remnining 
encrgy jc; the kinetic encrgy nr !he rot;1ting parto; (lr-pump ami motor plu<; th:tt or the 
ent1aincd water. Sincc this jo; srnnll whcn cornparcd with that rcquired lo nmintain 
now agaimt thc dic;chargc hc;'ld, thc rc(.hrctinn in pump o;pced ic: quite rnpid. A e: the 
P"lllP.·"JlCCd rednccs, !he now or water' in.the dTc.,chnrgc linc al pump outlet is <tlc;o 
reduccd. SnlCC thi~ water has low encrgy. its presc;ure hc;'ld jc; lower th<ln thnt or 
water \vhich wac; pre\'iously encrgi1ed. by thc pump nnd dclivercd into the pipe 
wnter coltnnn. A depresc;urin~ ;'!Ciión thcn occurc;, starting at !he pump :~nd 1 

lr:tvding up thc pipeline . 
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Soon lhc pump ~pccd i~ rcduced lo a poinl ;11 which nn w:1tcr can he dclivcTcd 
against thc cxisling dischnrgc piping hcad. lf lhcrc is no conl~nl valvc JliC'Scnt 
al thc pump. !he flnw through thc pump rcvc1Scs, altlwugh !he pump nmy he <;lill 
rotating in a forw:-~rd dircctinn. Thc spccd (1( !he pump lhen drops IIHlle rapidly, 
stops, nnd rc,·crscs 10!~tinn A shmt time lntcr !he pump. ncling as a turhinc 
driven hy the highcr hc;~d in lhc di.o:chargc fine, rcachcs run;-¡way spccd in rever se. 
As thc pump nppronchcs runnwny spccd, thc rcvc1sc Onw thwugh thc pump reduces 
rapidly. S(l thnl thc rcrnaining cncrgy in thc water produces a prcssu1c lisc at !he 
pump <111d rcflccts b:1ck a long thc lcngth of thc disdwrgc linc. 

In ordcr to analy7C this prohlem. !he iterns wlrirh ha veto he considered ::ne thc 
pump and molnr incrtia, thc pump characten-.tics, ;~mlthc w;~tcr-hamrncr wave in 
!he di-.clwrgc linc. Thc k inct ic cncr gy nf 1 he 1 nt;~t ing systcm c:'f 1 he prunp and motor 
is (lhfaincd fro111 thc inertia cquation. Thc cnmplctc pnmp charactcristic curve-. 
shoulrl he spccificd nnd ohtnincd from thc pnmp rnanufacturcr. Thcsc curves 
should define thc manncr in which pump torquc and spccd vary with head :-~nd 
disch:-~r ge now thr oughorlt the r;~nge of oper al ion ;lS a ptllllJl, C'llCI gy ¡¡¡._._ipntor, nnd 
hu hinc. · 

Table 2. Watel"-hammel" Velocity in Piping Systems 

(n, WaVC Vclilcily Íll rl'Cf pcr ~CCCllld) 

Slccl ('a-;t iron Tran~ilc 
fl/t (1: . ...., 2R V 1 o~ "~~~ u; 1(, X tor. r~~~ (f;- J •1 ·-: IOR p~i) 

- ------~----- ----- --------· --------- ----·. ------·-
20 lf,JOO lf.IOO J,OOO 
40 lf,OOO 3,600 2.JOO 
60 J,800 J.J50 2,000 
RO J,CíOO J. roo 1,750 

tOO J.lftiO 2.')1)0 r.r.oo 
!50 .1.1110 2,500 I,JOO 
200 VIOO 2.250 1,150 
250 2,(,(}0 2,0)0 
JOO 2,1ftl0 

Thc water-h~lllllllcr dfects me nhl;-rined frorn equ;-rtions that define rclatinns 
betwcen he;-rd and now in thc discharge linc dming thc transicnt now cnnditinn 
which rcc;ulls from w;-rter-hammer wave actron. 1 

W;-rter-column sep:.ration lllight occur al hrgh points ne;-rr thc hydraulic gradicnt 
on long discll;llgc lincs. Thi-. condition can cre<l!C high-prcssurc conditionc; at the 
moment of rejoining of !he -"Cpamtcd water colunms. 1 • 

When ;-r check valve is lo he u-.ed on thc disch;uge sidc of.thc pump, its dc<;ign 
ami closing chcuacteristics shnulcl he carcfully considered. Thc discharge now fr0m 
the pump kcep<; thc check v;-rlvc open. llut if pump powcr, f;-rilure nccur-., thc check 
valve cl(lscs ns rcverse Oow dcvclops_ in the dic;charge linc. Thc watcr-h;-rmmcr 
an:1lysic; h;-rs lo considcr the p:uti;-rl reversc Oow conditinn until thc check vnlvc 
closes eomplctcly and, :1fter that po111l, !he cfTcct of thc closcd val ve. 

Tablc 2 givc<; thc w;-rter-hamrner w;~vc vclncity ;¡<; a fnnction nf di;¡mclcr-lo
thiekncc;-. r;-rti0c; for tluec difTctent piping materia le; encnuntcrcd frequently in water
supply or -distrihution sy-.tcrn<>. In this t;-rhulation, a ic; thr w;rve velocity in feet 
per sccond, n¡t is thc dimensionle::;c; ratio of diametcr lo thickness. and F. is thc 
clastic moduhrs 

lf a vfllve ¡_.. clnsed in the time of (lnc w;l\'e cycle, (in thc time ;-r pres-.urc wavc 
goes to other cnd ofpipcline amlreturns !Cllhe clnc;ing v;-rlve) nr less, thenthe water 
hnmmer shnuJd be Calcul<Jted 011 hasic; nf Ínc;tant V<Tivc closurC. 

To rletrnnrne time for '"'ave cyclc. use 

T , .. 21,/a 

31 

1 

1 

(. 

To dclcr mine water hammcr f'nr in!'l:lntaneou_..-; v;-rlve cln_..-;ing. u_o;;c 

. !1 - n Vf.r: 
v.·hcrc T ·,time for one wave cyclc. sec 

L ·- pipeline length, ft 
Ir --: w;-rtcr-h;-rnuner hca<i a hove slatic hc;-rd, ft 
a -~ velncity of p1essure \o.::lve, fps 
V_--. water velocity al in.:;t;-rnl heforc vc¡Jvc closure, fps 
X -- )2.2 ft/sec' 

To cictcrminc w;-rtcr hammer for slower vnlve closing. use 

h2 - lr 1 -, a( V 1 --- V2)/,r: 

whcrc h2 

lt, ,2 ~-Ir, 

V 
' 1' 2 

rreS<;UIC aftcr partial cl(lSÍng nf \'al ve, ft 
prc-.-.ure bcfmc slart of v;-¡h-c closing. ft 

-:..- p1e,.sure rise duc lo wc¡ter hanuncr, ft 
w;-rtcr velocity hcfore slart of Vfllvc closing. fpo; 

--water velocity aftcr p:ntial closing nf valve, fps 
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¡\JI water coming from wells. livc!'>, lakes, aiHI occnn is nn extlcmely dilute water 
snlution o~ mineral salls :md g:r-.cs. The salls <~re mineral maller dissolved by 
water nowrng over and through the carth laycrs. fhe Sfllts are mainly !;Uifates, 
hicarbonatcs, chloridd of calcium, sodium, ancl magnesium. These mineral~ give 
water it-. har dness (des~roying smrp and prevcnting l;-rthcr) and prccipit<~te as a white 
limc~typc sea le. Thc dissolved g;-rses nre atmosphcric oxygen ami carbon dioxide, 
picked up hy water-atmosphcrc cont;-rct, e.g., sprny. raindrops, and amrnonia from 
dec;-rying vcgetahle malter. 

The dis-.nlved ga.:;e" are thc prime ;-rgenls of chcmical corro,.ion which aet on the 
metals of piping systc:.:m.__ Thc oxygcn :rll;rck-. lhe iron or ~lee!, ami the proee~s 1~ 
accclcmtetl hy thc carhon dioxidc. The rale nnd extent of the chcmical corrosion 
a1c innuenced hy the mineral salts di.:;!'olved in the wfltcr. 

The water ¡,. corroc;ive when !he t.nngclicr indcx (calcium carbonate saturation 
indcx) is minu-. ( -). Thc water ;-rnaly ... is will generally, but not nlways, show a plt 
valuc below 7 (acidic). · 

Thc water is sc:rling whcn !he Langelier index is plus ( -1- ). The water analysis 
will gencrally show a pll vnlue nhovc 7 (h:rsic). 

Thc Langclier indcx is ohtained hy suhtr;-rcting the pi 1 that the water must ha ve 
at a particular tempcraturc in n~·dcr. for cnlcium carhonnte precipitation to 5lart 
from !he actual pll of thc water. Fm cxarnplc: 

(pll nctunl) (pll s;-rtru;-rtion) ·-- l.angclier indcx 
(6 5) · (7.7) -- -· 1.2 ;-rnd !he water ic; corrosÍ\e 
(R 1) ~ (7.2) -- 1 0.9 ;-rnd the wnler is scaling 

T~re rr ecipita t ion of c;-rlciulll C:ll hnn;rtc ;1<; :l c;c:r le 01' film thick nes!' m;-ry he desira hle 
<lS ;J me;HJS of prnteclion flg;tinst CIIIIO<;iOil if !he ralc of b11ifd-11p WÍ\1 he SllffiCÍcntfy 
low :rntl :1lhnvancc is m:rdc in di:1mcter pf !he piping. Out this calciurn carbonate 
film would he IIIHiesirahle on heflt-tr:rnsfcr surf;~ces. Since tempcrature lower5 the 
S(llubility of calcium carhon;lte ancl calcium sulfate, the Langelier inde'l( worrld he 
difTercnt for colder water coming lo the C(lndcnscr, for the water pa,.c;ing through 
condcnser tuhcc;. and for !he wrum water Oowing ;-rwny fromthe condcnser. Thcre
forc, thc sc;-rling tendency of thc <;Clme wnter would he higher in !he condenser and 
in thc clischnrge piping from !he cnndenc;er. 
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Thc rxtrrior oft/1(' h11rird pipr wlll he SllhJCC! lo sinrilar hut aggrav;rtcd chcmicnl 
nclion duc to water. In addition, thc pipe cxlcrior will hr ~t1Sct'ptihlc lo attack by 
:1crohic :111<1 nn;¡crobic hactcrin. gnlv;-~nJC nct¡on, nnd stray clcctric Clllrcnts. The 
chcmicnl nclion on thc pipe cxtcrio1 m<1y he mnrc inlen"c hcc;nrsc nf conccnllation 
nf oxygen, sn lto;, :-.mi ol hcr chrmicnls lcachcd out of 1 he srr1 r ntlrrding c:r1 t h by grouml 
wnter. 

Somc forms of nnnerohic hactc1ia that th1 Í\C nnly in !he ah"cncc of free oxygcn 
ohtain thcir oxygcn by thc chclllical htc;1kdo\vn ol (lxygrn cn111pounds 111 thc c~uth 
with thc rcstlllclnl prnduction of suhstnncc<;, <;uch a<; hychogcn ~adfidc, tlwt will 
corrodc thc huricd pipeline. Thc1c ruc nlso mnny typc~ of acrohic hactcrin that 
produce sulfuric ncid, sulfntc. fcnic hydT{l:<idc, etc, nll cnTTnsivc to ~tccl or iron. 
Orgnnic ~nil should he kept away from thc vicinity nf the_ pipeline lo minimi7c 
pnc;c;ihility of this c0rroc;ion :tction 

Alsn, whcn iron or stccl ¡._in contnct with :1 moTe c:llhodic nmtclinl, for exnmplc 
coppcr or b1asc;, a g:1lvnnic crll is c;el up, clcctrolysis TcqrJtc;, íliHI!hc corrnsion Jale 
nf stccl or i10n riscs. lf irnn or c;tccl is in cnntact wi!h a more anodic maten:-~!, for 
exnmple 7Ínc, thc 7.inc is the aiTcctcd matc-ri<~l :1nd thc cotrmion rntc of !he stecl or 
i1on drnps. 

Thcre ic; some natural rcsi,.lancc l<l chcmical COIIO'iHlll of the pipe lll<llcrials in an 
uncoatcd si ate. Thc chcmic:-tl·co!lo"ion product, fnr exnmplc <m oxide film, rnny 
huild up sullicicntly lo slow down or preven! furthrr co11osinn. 

The matcrials most commonly uscd for pipclill('S are stccl, wrought iron, en"! 
iron, concTelc, :1nd f!Shcstos cemcnl (lran'iitc). "Thc n:1tural co:Jting clwr:JcleTistics 
of thcsc materinls are mcnlioncd hrieny hclow. 

In mff imn, the ru~l (an iron oxide) huilds up in lo a c;trong adhc~ivc coaling that 
finnlly forms a h<1nicr suflieienl lo slop or :-:low dnwn fu1ther cor•o,.ion. Thc 
highcr silicon c:tsl iron has thc hest chm:-~ctcristics in lhis respect. 

In ll'ltlf{r;ht (m HUif) ilon, thc "tll fncc rus! Íc; not "o <1dhcsivc hui thc silicalc fihcr 
intcrlacing hns <1 rcinfmcing dTcct. and artcr snn1c pcnc!Jatinn tiTe h:l11icr agnin"t 
furthcr COJI osion will tcnd lo ec;tnhJíc;h itsclf. 

In .tire/, lhc rus! powdcrs nncl 001kc" off casily ;111d will nnt hniltl up ínto ;-¡n 
ndhcsi,·e ;-¡nd sufficicntly prntcctivc coating. 

In rnnrrctr nnd nshc.~to:r·rrmrul l'il'i'~r;. thc cnrrosion is of n diffcrent fonn. 
Thesc malerials are suhjcct lo lcaching or thc free lime fTOill lhc cemcnt, deteiÍOifl· 
tinn in alkali soils. nnd nttnck hy organic growth. 

Cathodlc Prote:ction. lfno prnkcfivc coating i.c:; IIScd. 01 ifa lnw-cnst,lílnilcd
lifc co<Tting has hecn sclected, c:1thodic protection shonld be conc;idercd as a mcans 
of limiting thc main agent of corro~ion, which jc; thc clcctrochemical proecss. In 
this procese;, lhc moist earth is thc clcctrolytc, two dis<;imila'r mate1inls are the 
flnodc and the cathode, and the pipe wall hctween completes the clcctric cilcllil. 
This proccss may he set in mol ion in a numher of din:-ercnt ways. among which are 
dissimilar mctnls, galvanic action of a single metal duelo diS'illllilar soils, variation 
in mnistme and chcmical content of soil, nonuniformity of metal caused by mili 
~cale, smfílcc scaning, welding, nnd cvcn tempc1att1te dirTercntinls. 

Thc curren! nows from the :11wdc In lile cathode :tnd produccc; cn11osinn al a 
ratc grcatcr thnn th;¡l which wouhl occur hy normal chemic:d mc;Hl'i. Cor rosion 
is incrca,.ed al thc <Jnode end atHI decrca,.ed al the cnthndc cnd. Thc :1node is the 
point or arca ni which the curren( !cave~ thc metal, <1nd thc cathode is the point 
at which thc curren! cnters !he metal. The loss of mct:1l :-~t' !he nnode eml is in thc 
range of 20 lh/t~mp pcr ycar. 

The electrochemic-al g-alvanic serie~ (Tahlc 3) gives thc rcE1tion hctween any two 
mctals Thc metallisted nenrcr the lop Clf t he tahlc will he the anodc that will wastc 
away. .,.. •netnl nearer the hnltom of thc t;~f,Je will he thc c::tthndc nnd will he 

'' 
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¡Holcclc<l The fmthet apart thc mctals nrc in the lahle, thc grcater the potential 
dilkrcncc will he hctwccn them <IIH~ thc g1catcr lhc corrosion rate of th(' anode end. 

A typtcnl c"<.arnplc of thc gnlv:1nic nction of dis'iimihu ,.melals is rcprcscnted hy the 
condcnscr with its stccl shell, stccl tube shcets, nnd its coppcr·nlloy tubes. The 
stecl is ncnter thc <Jnode cnd thnn is !he coppct nlloy. anda<; a con,.cquence thecor· 
rosion of thc stccl tu he sheet<; nnd shcll is nccclcmtcd Always. that metal which is 
higher in the galvanic setie" will wnstc r~way. 

C:tthodic prntcction is a menns nf divcrting the elcctrochcmicnl corrosion from 
!he pipeline to wastin~ anodcs. 

The1e are two Ways of providing cathndic ptotcction. The least costly installa
tion is thc galvnnic mcthod hascd 011 the nahllfll hattcry action hctwccn position or 
met:-~ls in thc clcctrochemicaltahle. An anocle or wnsting piece is delihcrately used. 
This app10<1Ch Je<l'tircc; vc1y cnteful nnaJy,.is of nll the varying conditions involved. 

T;~ble 3. Gatnnlc Serie§ 

Anode CIHI O!.'r.~l nohlc, thc wa~ling end) 

Mngne~ium 

Mngne~ll!lll nlloy~ 
Zinc 
Afunmmlll 
AluminUTil allnys 
Cadmltlm 
Carhon stccl 
Cn~l iron 
Slninlcsc:; :'llecl (active) 
Soft <;oldcr 
'J in 
Lead 

Nickcl (nctive) 
Brasor;c<; 
Coprer 
J)romcor; 
Nickcl-coppcr alloyo: 
Nickcl {paor;o:ivc) 
Staiule<;c; c;!ccl (pac;c;ivc) 
"lilanium 
Sdvcr c;oldcr 
Sdvec 
Grarhcle 
Gold 
Plnlinun1 

Cnlhode encl (moc;t nnhle. lhe prolccted e11d) 

Thc lllOJC cnc;tly c:.lhodic rr.nlccli_on ¡~ thc implcSc:;cd curren! mcthoc~ '!laf rcquir~s 
f\11 externa! '\OIIICC nf cleclnCIIy. f he 1111prc.c:;c;cd C!llrcnl rendet'i !he p1p1ng Cathod!C 
lo !he surrounding soil by a conl!ollcd dirTc1encc of potcnlinl. 

In addiÚon, in locations whc1c thcrc mny he sil ay currcnts, lhc installation or 
rcmoval Wires ::11 dcsignaled points so th:1t thc current may !cave the pipeline 
should he considere<!. Or in other wordc;, sll:-~y currents :-~re utili7cd to provide 
cnthodic prolectinn for the pipeline. 

Prote:ctive: Coatlng5:. Sincc cnrrnsion of metal is ::1 surfncc renction. it i.-; 
obvinu~ that. ir a p!Oicctivc conting which Í'> con!ÍIHJoll", impcrvious, chemic<1lly 
inetl, and clcctricnlly inq¡lating can he bondcd lo thc interior and exterior of the 
piping. cono,.ion cannot take place in the pipe wall ""'long as !he prolective toaling 
rcmains in place undarnaged and wilhoul crflcks or pinholes. 

Thc ha"i" of sclcction for !he hest cor~ting diiTers somewhat for !he interior and 
exterior of the pipe. ! 

The coating on !he interiOr of !he pipe lo pcrfmm its function propcrly would he 
sclcctcd for ils chcmic;¡J inetfncss. impcrvimrsncc:;s. adhe-;ivcneso;. adjustment lo 
pipe <kfonn:l!ÍOil, <111d JeSÍ'il<lllCC fO Cln"inn of lhe nowing water. 

The coating on thc exterior of thc pipe wonld he sclectcd for it~ chcmical inertncss, 
clecll ical rcsislnncc. irnpcrviousnc<;"· adhcc;ivcne""· ndjustment to pipe deformt~lion, 
an<ltcsic;tance to shc:tr nncl comprc""ion due In varying earth conditions. 

r,nh•tmizi,~r;. The 7.inc u"ed for ga'ly~ni7ing pipe i-; on the anndic (wasting) or 
clcctrochemicnl protcctivc Sidc of lhe' stccl. <llld it is wastecl or chnngcd lo zinc 
compound" hcfore the stcel pipe will he attackcd Lc~d conting on r!re exteri~rs 
is no! desirnhlc for undcrground use hecfluse lcrtd chetmcally eorrodcs 111 most s01ls 
ami is cnthodic in relation lo iron and stec,l. 
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Coa/-fm Enrmwl. Spccific;"~tinn AW\VA C20J cm·crs thc <'nal-tar cnamcl pHl

tcct ivc cnatingc:: fm steel water p•pe. This stnn<br d seis up 1 l1c sl~ccilicat inns fnr t he 
mntcr ials involvcd, mcthod of app11G1tinn tot he in'ii<lc :rrul outsi<lc of tllc ptping. 1 he 
thickncss rcquirecl, protcction of thc contings, tcsting. cte. 

Thc typc of cn<tmcl i') spccificd nc:: A WW A Coal-la¡ Enamcl niHI is tlcscr ihcd i11 

this stnndnrd with full chaJnctcristics nnd thc 1\STM tests IC<JIIÍTcd. 

Thc 1961 "Paint Manual" of U.S. DeJKllllllcnt of Interior .. t<ltcs'· 

Co<~l-tnr Cll<llllCl ic; cc;pcci;tlly nrrrnpriatc fnr \IC::C 011 !he ininint Slllfnccc; nf rcnstoclo; 
and nullct r•pcc; A long-hfc coating in pcn<ilnck'> ic:: ncccc:;<;;~r)' hccnu<ic dcwntcrmg in
volvec; l1lSS of rcvcnuc from clcctric rowcr prf)(luctron In 111tllct pirec; whcrc water Oows 
al high vclocitics, thcre ic; spccral rcquircmcnt for stahility "ithin thc film, which is char
actcric;tic of C(ml-tar cnarncl. llowevcr, hand-npplicd cnal-t:1r cnamcl cnnlingc; cxhihiting 
dripc; nru\ uruluc rour:lmcsc; ·rrom cnrclcc:c; or ine:'lpcricnlcd applrc:ltion, mny he darnilgcrl 
by !he high vclocities. Thcrcfnrc, for such expnsur e, cxcc11enl wtll kman<;hir ic; lllandatnry. 
Thc glao;;.;likc c;urfncc ohtnincd hy !he c:rinning proccc;s is cspccinlly suilnhlc lm thic: scrvice. 
Exccrt ac; limitcd hy ccrtnin cnnc:idcrntions dic;cuc;c;ed in !he fnllowing rnrngrnphc;, coal-tnr 
cnamcl is c-nnc;illcrcd nn cxccllcnt cnatrng for thc mtcrior smfaccc: of" 11 c;tccl¡'~pc ami fnr thc 
exterior surf;'lCC<: of hnrictf c;lccJ rrpc. . 

Thc me nf cníll-tar en<1tncl ic; limited hy itc; c;u.;certihility In dnmagc frnm cold weathcr. 
Thc mntCrialc; mnrketcd are nol exrcctcd In withc;tand tcmperatures rrndcr ( -) 20 F 
withont dangcr nf crncking nnd dic:hPll<ling. Altlwngh cao;;r.~ can he citcd whcrc they h:rvc 
slood up tmder such comlitinnc:, enamcl ic; n0t munlly rnnc:ide1ed ,1 gnnd 1 ío;;k whcrc it will he 
suhjected hÍ :c;uch extreme cold bdore or afler inc:!.-di:Hlnll nf thc cn:lll'd p:r1\<: Enamcl 
coatin~s :trc advcro;;cly :rrTccled hy pmlonged plc-inc:tallatinn cxposurc in tire npen. Con
tinued hent dcvclnrc<l when conted 01 lincd pipe ic: cxpnc:cd In .warm weathc1 :uul srmlight 
without the moderating ciTcct nf water within thc pire induce<: hardcning ami In<><: of pla-;~ 
ticity in thc cnamcl. ·1 hic; ernbrittlcmcntmny he thc cnuc:c of la ter dnmage whcn thc pire is 
handlcd. A heat-reOcctivecnnting nfwhite-w;~c;h. red lc:1d nraluminum r:rintrc: hclpful on 
!he outside of lhc pipe; but evcn so, prolongcd cxpmurc hcfmc in<;t:dlatinn ic: IHHk<;ll<rhle. 

Althc,ngh more cxpcnc:ivc lhnn c:hPr npphc;¡tinn, coal-la! cnamcl i.; u.;n<llly applied lo the 
intcri~n of lnrge diamcler rirc aftcr iJr:<>tallatinn fnr c:cver:rl reao.;nn<; 1\lnc;t c:hnp lining 
cquirmcnt will no! hamlle ripc<: mucl~ over !O fcel in diamctc1. l'icld arphc_:~llon avoitl<; 
p1e~mc:tnllalinn expoc;ure mu~ m.;trdlatrnn d:tm:rge IP !he cnntmg. lf cnamrlr.; In he uc;ed 
f0r lining pipe that io;; ton o;;m1ll tn Wlll k in. !he cnnrnelm:ry he applied in the fiel el hy pn1tahlc 
ccntrifugnl lining egrrirrncnl ju<>l prinr In rnc;t;-di;J\Íon. In p~<lclice, thic; ic: rnrcly done, 
hriwevc1. T:sprcially where !he <llll0lllll of pipe lo he lined ic: c;mall, thc expense of setting 
llJl !he ficld equipmenl i.; no! warrantcd nnd c;hop cnat ing ic: ~rrK'r<llly clnployC'II if prnl0ngcd 
rrc-in,c;l:tll:rtinn expnc:urc can he nvoidcd. rn:1111el :<>lrt11dd lltl! he ll<;t·d fnr !he intrrinr of 
ripe undcr 27 inchc.; in diarnctcr whc1c pire scct_icmc: mnc;t hc'j(,incd _hy wclding., hec:lllc:c 
(lf thc clrniculty or impm;sihility of contrng m terror JPllll<> aftc1 n<;o;;cmhly. This is nnl <r 
considcr:rtinn whcrc scctions are j01ned hy mcchanicnl cnurling<>.". 

Fnr huried stecl pipe, AWyY A c;pccinc<ltion:c; :c;uggc<;l a varlcty'nf'cxtcrior cnating c:yc;tems 
employing enamel, !he choice Clf syc;tcrn dcpending nn c:oil cnnditinnc:. Snil forces whiclr 
nrc dcshuctr\_'e In con tinge: <rre cnn.;cd hy wctting nnd drying nf the c:nil, roc.kc; inthc hacktlll, 
ami chcmical comtituents. Earth oftcn adhercs 1 ightly In CO<J ting nmteri<llc; and, on dr ying, 
cxertc: pnwcrful strc.;c:cs which c:hcm and tcat tire co:~ting frnm <1 ripe .;mfacc. Thc <>nil 
prorerliec; nf liquid limil nnd rlnsiÍCII)' indC)I; rcnccl !he <:nil C'<Jr;H.:ily lo eren le SHCh <:lrc<:<:C<>. 

Cilac;c; mal hac; art nprn slruclme which permite: thc lmt cn:lnlcl In pcncll:llc ami pac:<; 
thrnugh !he 111:11 c;n :1<; In emhed it, rroducing ;l TCÍilf111CÍrlg rtkct IIHlt.:h Jikc lh:11 nfc;tcd in 
ccmcretc. Thic: makec: it <rn cxcellent CIT\enng for ripc utuler sevctc sPil CPnditrPnc;, When 
a<>hc,c;lns fclt ic: eovered hy hol cnamcl. thcre ic; a lendcncy In \'Piatili7e lhe fclt saturan! 
and crea te v:tpor pockct,c; in !he ennting. ami thuc; wcaken thc coating. Ac:llcc:fllc; fclt ic: thcre
fnre nnt <>uitahle ;re; an inner wrnpping. llowcvcr,tt ic: dec;irahle a<: an nutc1 wr:rrping for 
buricd rire. llccrauc;e (1f itc; valuc ac; n <>hicld agninst c:oil c;trec:c; :llld mnder<tlc defnrmnlil,ll 
force<> fwm rnc.k<> or clod.; in hnckfill matcriíll Fvcn in !he rarc in<:l<~ncec; whcn S<lndy, 
well-drnined _.:oil wmrld pcrmit climination of ot!lcr wrapc:. rrc:e of no;;hcc;tnc; felt can be 
juc:tificd c:incc it 1educcc: hnndling dnmage. Fnr largc diamcter pire. whcrc the h<~ckfill 
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containc; much n1ck nr whcte highly ·cnr1mive conditinnc; C'<i<:t. pncumatically placed 
tnOJf(lr is oftcn uc:cd {1<; a .c:hicld over thc cnnmcl cnnting. 

1\leehanic<rl cnuplings <rre cnated with en01l-tilr enanrcl <~mi usually c;urroundcd with a 
sand shicld u:c;ing No. lflnm'<imurn si1c snnd; m <r doublc wr<~r of a gl<l:c;c;-reinforced coal-tar 
enamcltape ic; son1clinies uc;ed in lien nf !he <:<1nd c:hicld. , 

Suprlcmcntal rrotectinn cnn he rrnvided fn1 exterior c;urfacec: of hmied steel pipe by 
instrilling ent1Hl~lic prntection. '1 his i~ notusu_ally csc:cl~lial ni the time the pipe is installed, 
becatr<>? potcnt_t~l mca:c;urements _h~twcen snrl ?nd. prpe can he mncle suhsequently to 
determrne hnw nmch, rf any, addttronal rrotcciHlll re; needed. llowcver, it h; tmportant 
thnt !he pipe'scctinns he wnnccted m "bondcd" clcetrically at thc time nf imtallation if 
cnthodíc prntcctinn ic; cnnlclllrlated al a In ter date. 

1/or-applir•d Coaf-tar tapr~-~GI<l<:<;-rcinfDrced co<~l-tar !apee; <rre uscd by the Bureau of 
Rcclam:l.tinn for thc exterior wating nf wclded ncld jointc: and alsn for small quilnlilieo; of 
smnll dinmeler c:teel pire. Thi.; t:rpc ic: :1.pplied with the ah\ of n wide-flamc heating torch 
nver prnrc1ly pr imcd c;tccl c:urf<lcec;. 

Cold-app/i('d Plmt_ir 7~/'t'f-~Spirnlly wound.vinyl, pnlycthylene and pol)-vinyl chloride
hutyl_ ruhher tnpc<t, 111 th_tckne,c;c; ?f 10 lo 20 mrl<>, have heen used for the protcctio~ of !he 
ex tenor c;urfaccc; nf c;tra1ght scciJPns pf stcel ripc nnd fnr thc coating of wclded joints of 
c;!1op-cnntcd pipe scctionc: in the fiel d. Diniculty ha<> hcen experienced in ohtaining water
tr~ht sea le: al the lap whcn thesc tnpe<: are applicd ovcr pire fittings. The use of erTective 
pnmcrc; nncl <1 dnnhle wrap nf !he tnpc hac; bren fnund lo niTord m<rximum rrolection. A 
fclt wt:rp hcld in p!:rcc hy c:trd h:mdc; i.; dcc:ir;rhlc whcn punchtte of thc tapec; mny he 
<rnlicipatcd, a~ indict~tc<l hy thc p•cc:cncc of sharp-cdgrd wck~ in the hacklill 

Ccm~11t ~1m t_m---.C~mcnl 11101 tnr _ic: n¡cct cxtcnc:ivcly h,r thc Rurcau of Recl<trnation a~ a 
proleclrvc mtcrrnr lmrng for c;tecl prpe tn ncw con<>lrnclron, and it hac; alc;o bccn uc;ed in 
rchahilitnting nld pipe lince; in pince 

A.1phafr Coot,~r:~.- An <r~phalt hot-dir enating ic; .;omctirnec; uc;cd in Rurcau of Rcdam
a~inr~ ,..,~rk fnt small diamelet (~uHicT 24 inchrc:) c;tccl pire and corrugated metal pipe,c; in 
drc:trrhu!Hm :<>yctterm. Ac;ph;~lt r<> not gcnernlly cnmide1ed lo be nc; effective ac; eoal-tar 
Cn:lling fnr rrntcction nf stecl pipe ag.ainc:l COirn~inn, hui Íf jc¡ <111 Íncxpeno;;Íve shop lreat
lllelp 1101 as c:uo;;ccptihle In d:uuage rrnm exp11SIIre ac; coa l-lar cnamcl. 

. Thc rold~:rppli~d plaslic ~apcs :rtc c:~<>ily in<>t:dlecl am_l havc.tnttghnes<;, flcxihility, 
1ncrtncss, dtclcclrlc propcrltcct, and IC<;tstancc lo hnctcnal act1on. llowcver, thcse 
tapes ln<>c thcit adhcsivcnesc; al tcmpcratmcs hclow 34 F. 

Cold-nppliC'd co:tlings c;uch n<; asphalt 'cmulc:ions, nc;phcrlt, or coa! tnr in volntile 
snlvcnts ha ve no! lo date given long ennugh nr strllicicnt protection when applied to 
undcrg1otrnd piping. 

MATERIALS 

The f<lll~lv:-'ing puhlicatrrmc; ami c;tandanls nf thc A WW A (American Water Wnrks 
A,.c;nciation) conl:1in ll1c complde nwlc1inl specilication requircmentc; for wnter 
piping: 

E'<cavntirm. No. R612. T1cnch Fxcavation arHI Backfilling 
Gwunding. No. 270, Gtotuuling of Flectric Circuits on Water Pircc;, Stray 

Cwtcnt P1nhkmc; 

llydr_:tuli:·· N(l. RR05. W:llcr llanllnc1 Allnw:ttlCes in Pipe Dcsign. 
Pla<>lrc l'1pc, Nn<>. R2RI ntHI RIOI5. lk"clop1ncnl<> in Plac;tic Pipe 
Stccl Pipe. No. Rr10I, Ncw llcvclflprncnt<> in Tec;ts of Contingc; and Wrappingc; 
Vahcs, Nn .172. Selcclinn of Valvcs f(lt Wntcr Works Scrvice 
Amctic:trt Standard fnr Vertical Ttrthinc Pwnp<>. /\101-tlO (ASA J15R.I) 
A\VWA Sland:ud fot Cac;t-iron Pte<><;UTC riutngct. CI00-55 
American 'St:tndrud Ptncticc f\1anual for thc Computntion nf Strcngth nnd 

Thickncs<> <'1 C:t,c;l-ir nn Pipe. 111 ( t\S¡\ A 21.1 ). 

Amcric:lll Stand:ud for Cnc;t-iron Pit Cnc;t Pipe for Wntrr or Other Uquicfs, 
CI02-5J lASA A21.2) 
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Amc1ican Stnndard fnr Ccmcnt-mmt:u l.ining fnr Cnst Ir cm l'ipc and r,uingc;, 
CI04-SJ (ASA A21 4) 

American St:nulcud rdr Casi l~em Pipe Ccntnfugally Cnst in Metal Mold.s, fnr 
Water or Othcr l.iquids, CIOC1-5J (ASA A21.(l) 

Amcricnn Standard for Cnst !ron Pipe Ccnt1 ifu¡;nlly Casi 111 Sand-lincd Molds, 
for Wnter or Othcr l.iquids, CJOR-5J (ASA /\21 R) 

Amcric.-.n SlétrHhud for Sh01t-hody Cnc:;l lron Fittings. J lnch lo 12 lnch for 
250-p'\i Wntcr P1cso;urc Pluc:; Wntc1 llnrnmcr. CIJ0-52 (AS1\ /\21 10) 

Americnn Stnmhud fm n Mcch;lllicnl Jnint f01 Cnst llnn Plc,c:;•auc Pipe and 
Fill111g'. Clll-53 (ASA A21 11) 

AWWA Standard fnr rahric;¡tcd Elcctricnlly Weldccl Stccl Pipe. C20I-60r 
1\WW/\ Standrml for Mill-typc Stccl Water Pipe, C202-h0T 
AWWA Standrnd f01 Coal-t:1r Ennmcl PIOtccllvc Cnatingc; fn1 Slccl Wntcr Prpc, 

C20J-57 i 
1\.WW/\. Slt1.1Hi<11d for Ccmcnt-mortm P101cctrve Cn:¡tings fo1 Stecl Water Pipe 

of Si.~cs JO lnchcc; and Ovcr, C205-41 
1\. WWA Standard for Ficld Wclcling of Stcc' Water Pipe .foints, C20(i-57 
1\.\VW/\. Stnndard for Stccl Pipe rlnngcs. C207-55 
AWW/\ St:mdnrd for Dimcnsions for Stccl Water Pipe F11tings. C20R-59 
AW\VA Staml:lrd fm Rcinfn~ccd Concrete \V;1ter Pipe --Stccl Cylindcr Typc. 

Not Prcstlcs!'ed, CJ30-57 
A\V\VA Sl<liHI;1rd fnr Rcinforccd CorlCielc \V;1tcr Pipe --Stccl Cylindcr Typc. 

Prcstrcsscd, CJ01-5R 
A \V \V A S!;liHlnrd for Rcinforced Concrete Wntcr Pipe-- Noncylindcr Typc, Not 

Prcstrcssccf, CJ02-57 
A WWA Slnnd:ud fpr /\o;;bcstos-ccmcnt Water Pipe, Ct100-5JT 
A W\V A Standard for Gatc Yalvc.'i f01 01 din~u y Water \Vor ks Sc1 vice, C:500-ñl 
AWWA Stnndnrd for Ruhher Scatcd Ruttcrny Yalvc.:;, C504-5R 
AWWA Stnnd:ml fnr Mctal-sc:Jtcd llutlerny Valvcs. Ct.;05-5R 
AWWA Standnrd f01 lnstnll;Jtion nfCn<;l-rron Water Ma1~1<;, CúOO-.:'HT 
AWWA Standard fm Disinfccting Wntcr rvfains, (YlOI-5-1 
A WWA Slandnnl fnr Ccrncnt-morl:1r 1 ,ining of \Vn!C'I Prpclinco:; i11 Pince~ Si7C.'i 

16Jnchc.:; ;md Ovcr, CC)02-5) 
AWWA Standard for Stccl Tanko;, Standpipc<;, Rc.:;crvoirs and l:lcvalcd Tanks 

for \Vfltcr Storagc, DI00-59, 1>5.2-59, DI02-55T 

Table 4. List of Mat~rial Speciricatiom 

Material Spccifkation 

C(1ppcr pipe 
Rctl hra~~ pipe 
Ca~! iron, hcll nnd spigot 
C;~~l iron, pil Ca<;! .... 
Cn~l irnn. centrifugally ca~! in mct:d moldo; 
Ca o;! iron, ccntrifu¡!ally cao;t in "<11HIIincd moldo;. 
\\'cltkd wtnught-iron ¡npe 
Wddctl ami ~camlc~o; o;lcd ptpl'. _ 
Se;unle"" c:nhon-"tccl pipe . 
Black :uulf!<d\•;tni7cd wcldcd and "C<~mlco;~. 

"tcct pipe . 
Electrk-fu"inn-wC'Idcd ~tccl pipl' 00 in ;md ovC"r) . 
Elcctric-rco;i~tmtcc-wcldcd o;tccl r•rc . 
rtcctrw-fu~ion-v.cldc(l '\Ice! pipC' {4 lo JO in.) . 
Sc;nnko;o; llnd wclded au"tcmltc o;lainleo;o; o;tccl ptpc 
Sptral-v.cld('tl ~tccl or iron pipe 

pipe 

AS I'M 1142 
AS I'M 11·1.\ 
rsn ww-1'-421 
AS/\ A2t 2 
ASA A21.6 
ASA A]l R 
AS!f\1 A72 
¡\S 1 r-.1 A .'i.l 
A.'~\ t i\1 A IOf, 

ASI'i\1 Al20 
•ASti\1 Al.\4 
ASIM/\IJ.'i 
'ASI'M /\11? 
1\STM /\312 

'AS 1M. /\211 
A t•t .'iL 

'' 1-

Matt!!rlob· :il-i7 

Table 5. Propertie~~: of Large-diarneter Water-~upply Plplng 

Prpe 
\\Ctght 

pcr lont 
h;ne, \Valer 

11), l'hick nc~o;. hao;cd cnnlcnl<; 
in. in on :'i/~ pcr foot• 

ovcr-
wci~hr 

lb 

~ í~ 65 
'' ·' 87 

10 ·~ í" 108 30fl 1i) 
~. !JO 16 n gal 
~ Íft 152 
'.f tn 

;,í~ 78 
1,~ 104 
·~ í" 1JO 

](, ~. 156 441 1h 
~in 182 52 RR gnl 
\! 208 
~h 233 
\' 259 

~ í~ 90 
'' ·' 120 
~ í~ 150 

42 ~. 180 (i()Oih 
Yl~ 210 71 97 ~al 
'A 240 
'!- í~ 270 
·: ~ 100 

-----~-~-- ~~--- -- --~-·~---~~ 

'' " 1.14 ,, 
,Ir. 1(,7 
~,, 201 
',í. 2:14 

48 !-~ 268 784 lh 

"' ,Ir. 302 ?4 g<~l 

\' )]5 
1 •, í~ J69 
~ í 4Cl2 

-------- ~~~-~ ------ -- ---
'' ·' 15] 
~ Ío 191 

~' 230 
'A• 267 

54 'A JO(, 9921b .. ... 344 11? ~al 

~' JRJ 
11.ío 420 
'i 4Yl 

1cnl Mon 
of in e 

aho 
pip~ a 

rlia 

"' xio;, 
m ' 

-----

-~~ 

25 
17 

"' 
2.0 
2.7 
),< 

4. 
4.8 
5,5 

127 
45 
72 

-------
R9 

,76 
3.4 
4.6 
5.8 
7.< 
8.3 
9.5 

10,7 
12,0 

76 
188 
12 
49 
99 

" -~--

2R 
04 
% 
06 

5.5 
7.4 
9.2 

tl.2 
1 l. 
t5.C 
17,( 
1?,1 

132 

'" 114 

'" -·-
2R 
)8 

'" 
11 ,O 
IJ,R 
l6,(Í 
19,5 
22.4 
25.3 
28,2 
JI. 
]4, 

20 
02 
01 
22 

165 
!JO 
--~ 

'75 15,(, 
t?.li 
2J,li 
27,7 
31.7 
J5.R 
40,( 
44, 
4R,J 

·61 
·76 

" R7 
R4 

l09 
16.1 
·15 

-

• 1 IJ S gallon ;~t 60 F -, R 1_:\7 lb '\ '" '' 

' Maximum 
safe span . 
unstiffened 

pipe, 
Scction srrnply 

moduht<;, Radiuo; of <;upported 
in.~ gyr_ation, 120 deg 

'"· bearing, 
streso; = 
5,000 p~i. 

ft 
-----~ -----~-------

IJJ \0 67J 34 
178 10 69!) 38 
223 lO 718 41 
268 10 740 44 
3 1 3 10.762 47 
J5? 10 7R5 50 

---~--~--- --------- -----
191 12 794 34 
256 12 817 39 
320 12 83? 42 
J8!i 12 861 45 
450 12.884 48 
516 12.906 5I 
5Rt 12.928 53 
M7 12.Q5t 54 

----- -~ -------- ----
260 14.916 35 
HB 14.938 40 
436 14 960 43 
524 14 982 46 
612 15 005 50 
701 1.5 027 52 
790 15 049 54 
R79 15 072 55 

----------· -~ -~-----~-----
454 17 0!)9 40 
569 17 081 43 
683 17.104 46 
799 17 126 50 
914 17 t48 52 

I,OlO 17 171 55 
1.146 17 193 57 
1.262 17~215 59 
l,J7Q 17.2J8 62 

----- --·~------
575 19~ 180 40 
719 19.203 44 
864 19~225 47 

1,010 19.247 51 
1.155 19.269 5l 
1.301 19 292 56 
1,448 19 314 5R 
t ,5?.5 1? JJ(j 60 
1,742 19 J.'i9 (,] 
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Table S. (Contlnm•d) 
- --

l'ipc 
wci¡;ht 

rcr foot M0111CI1\ 

ha re, W<Jtcr of mntir~ ScciiPn 
trJ, '1 h1cknc<:<:, hao:.rd ron ten lo; ahout mml11luo:., lt~Hliu<: nf 
in. in. 011 3 ;~ pcr roo\. pipe"''"· in. 1 ,r:yr~\1011. 

ovcr- "' ' '" Wci[!hl 
lh 

----- ---- -·- -- --------- - ·- --- ·-· -· ----- .. --- - ---- --- -

'. ·' 170 21,.172 709 21 .102 
~ ÍR 212 2(>,923 "" 21 .124 

~· 255 J2,<1()() 1,(1(,(, 21 ]•16 
~ ¡~ 297 37 ,'129 1.2M> 21 _\f,R 

.o \¡ 340 1,225 lh 4],48] 1.425 21 .191 
',·Í« JRJ IM> RR J!•d 49.(171 1.fl05 21 41) 
~~ 425 54,(,1)J l. 7R.'i 21AJS 
l 1• ÍR 4flR GO.JSO 1 • <J(,(i 21 45R 
' . . ' 510 (,(,,012 2.147 21 4RO 

--- -- ------- --------- ---------- ..... - ---- -------------- -- ·- ·--------
'. ·' IR7 2!1,.'i4 7 R5R 2J42J 
~ ÍR 2.14 '5.7Hfl r .n7-t 2.\.445 ,, 
·" 2RO ·11.(1(,,¡ 1.21JO 21A(,R 

. '" J27 50, H14 1 ,5(1(, 21.4•!0 
\¡ 374 57. 7·15 1.72' 21 .~ 1 2 

" ... 420 (,5,\47 1,941 2J .'iJ·I 
(,(i ,. 

·" 4tí6 1 ,4R2 lh 72 . .'i1JI 2.1.'iR 2' 55 7 
1 ~. r~ 51 J 177 72gnl 80.077 2.377 2J.579 ,, _, 560 R7.tí04 2.595 2.1.(,() 1 
1 .,_ ¡, (,07 95,174 2.R 1 ·1 2J.r,z.¡ 
: ¡ 654 102. 1R5 3.0 ,,¡ 2.1 (,.1(, 

': r~ 701 \10.4.19 .1.2.54 21.r.r,R 
1 74R 11 R.l.l.'i l.·rl·l 21.t,<l2 

----·-- ·- ·------- ---------- --- -- ---- ----- - - -- - - --- . - -- ... -- ·-
'' . ' 2tJ.I J 7,027 1.021· 25.)·14 .. ... 255 4(,.105 1.277 2:'\. <;(,7 

'' ]06 5S.RJ 1 U.H 25 .'iR!) 
7/f~ 357 (i.'i,J04 1.792 25 611 
\¡ 409 74.R2R 2.fl.'i0 25.(> 1.1 
~-í~ 459 R4AOO 2.10H 25 (,.'i5 

72 '' 510 1,7M lh ')4,022 2.5(,7. 2.5 (, 7R 
1 '. í~ 5()1 21 l..'i g;'ll ¡n l.(,'}' vnr. 25 700 
~ í 612 11 .1,414 J,()Rf, 25 722 ,.,_,, 6()3 12J.I RJ J,J•Ití 2.'i 744 

'·' 715 1 .1.1.004 J,(i(l(, 25.767 
1 \ ;~ 1(j() 142.R74 J.Rc.R 25.7R<> 

1 RIR l.'i2,7Q·I ·1.12<> 2~.RI2 

---·- ------ --------- ---·-·- -· ---------·-- ---------- ..-- ·--- ----- ----,, 
,Ir. 216 5R.IJ40 1,4'}!) 27 f,RR 

'' J:t2 70JI<JR \.ROO 27 710 , . 
"" JR7 R2.9 12 2.107. 27.7.'2 

\' "2 '1·1. 9X(, 2.·10·1 2 7 7<;) 
",. í~· 497 1 !17,11 (i 2 7fn 27 777 

" ~' 552 2,07011> 11'1.101 J.O 1 O 27 ROO 
11.ÍA (,01 24R.2 ~al 1.11,547 J.J 1 ,¡ 27 1121 
' . . ' ()63 14.'.R50 J,(ll R 27.1144 
1 1,¡1 71R 15(1.111 .1.92J 27.XMi 
•,¡ 774 IM1,6JI 4,22R 27 RRR 
1 ~ ¡, 8JO IRI,IIO 4.5.14 27.911 

1 RR5 1'1.1,(,45 4.R•11 
; 

27.9JJ 

35 

·---
~lw~~;imum 

~;-¡le ">jl:lll 

ll!l"11[fcll('l 

pipe. 
<nmply 

<;upportcd 
120 deg 
hcanng, 
si re"" 
.'iJlO{I pq, 

n 
-- --
'o 
" " 5I 
54 
57 
59 
61 
(,4 

-- ------
40 
44 
4R 

" 
" 57 
59 
62 
(>4 

tí(, 
(, 7 
{,') 

71 
-- ---

" " 49 
52 
55 
SR 
(,() 

62 
65 
67 
69 
70 
72 

--- ----- -
45 
·19 
52 
55 
5R 
(i() 

(,J 

65 ,,, 
69 
71 
7.1 

11-29 

Tahle 5. (Continu*!d) 

Ma'Ximum 
l'tpc s;1fe span 

wcrght umlifTcncd 
rn root f'.h>mrnl pipe. 

h:uc, \Valer ofinntia Scction · simply 
ID, Thicknco;;o;;, hao;;ed conlcn\<; abo u\ nmd11hro;;, Raditi<; of <;upportcd 
in. 111. 011 5 ~~ pc'r rr>nt• pipe axio;;, in.~ gyr_ation, 120 dcg 

nvcr- • in 1 11\. bc;1ring, 
wrighl o;;trcs<; =-= 

lh 5.ono r~i,'' 
fl 

-------·-- --- . -· --·-- ----- ... ·-- ------------·-- ------ ·--- ·-- -···----· -· ---------- --------
·~ í ~ 300 7J.552 1.738 29.809 4S 
" . " 'tíO 8R,ol59 2,flR7 29 831 49 
' . -'" 420 1 OJ.4J 1 2,4.1 7 29 854 Sl 
'' ,, 4RO 118,471 2. 787 29.876 56 
~ Ír. 540 11.'.517 ),138 29 898 59 

R4 \' 600 2,401 lh 1<18.749 ),489 29 920 61 
11,¡ .. 6()0 2R7 9 gal 1 (,],91!') ),841 29.943 64 
' . ·' 720 179,2'18 4,194 29.9fi5 66 
11,-í .. 780 194.(·70 4.547 29.987 68 
',¡ 840 210.111 4,900 JO 009 70 
l':ír. 1)00 225.r.21 5,254 JO OJ2 72 
1 ' 9(,(1 Hf.I!)R .'i,(llll) JO 054 7J 

~----- ------ ·- ---- ..... ------------ ---- --- -·· 

1 

-. -------.. ------------- --------
~ í. JI(, 90,.1')5 1,994 31 9.W 45 

'' .179 10X,702 2.395 J 1 9'i3 49 
7,í .. HO r 27,084 2,79(, J 1 975 5J 
\' 504 145.540 

·'·' '18 
] 1 997 56 

~,¡ n 5(, 7 1(¡4.(174 .1,601 32 019 59 
90 " 6]0 2,7% lh 182,fiR l 4,004 )2.042 61 

ll,ír. 69J ]10 5 gal 20I.J71 4,407 32.064 64 
' ; 75(, 220.IJJ 4.811 32 086 66 
1 ..,_ Ír. RlfJ 2J8.'HS 5,21 (, 32 108 68 
1,' RR2 257.R1J1 5,(,11 32 131 70 
' .. r~ '1·15 2U,,RR7 (,,{)21 J2.15J 72 

1 l.OOR 2'J."i.'I<;R (,,41J J2 175 " --. -- . - -· -- .. -- -- - ------------- -------
•. ~~ l.H 1 ()l),(iJ(¡ 2.26') 34.052 46 

'' 402 1 J l,fll '1 2. 724 34.074 50 
' ¡, t\(•R 154.0'12 .1,\fll 34 096 51 
1 f 5J6 176.44 1) J,6 \R J4 1 IR 56 .. 604 198.R91 4,095 34 141 59 

qr, '' 670 \,IJf• lb • •221.42.1 4.553 J4.1fl3 62 
1 1/ín 7JR .176 ~::" . 244.0<10 5,012 34.1 RS 64 
' ; 804 266, 7·16 5.471 . 34 207 67 
1 ~ í ~ R71 2R9.5 15 5,9.1 1 34 230 69 
: ~ 9.\R .112.•117 6.3?2 J4 252 71 
1: í~ 1,005 335.JR(i 6,85J 34 2 74 73 

1 l,fl72 J.SR.HI 7, liS 34.297 75 

r or c.xamplc, Spccilictllinn ¡\ W\V ¡\ C20 1-50 COVCIS Elcc!J ic ru<;ion Wcldcd 
S!ccl \V;1!Cr l'ipc nf Si7c<; 30 lnchC'" nnd.f)vcr rtiHI rcquircs that <;lccl pinte shal1 
C(lnfnrm In "l'ccificalions for low- ami intcrmcdiatc-tcnsilc-"trcngth C:lrhnn-<;lccl 
pl;l(C<; n_f SltltCitrr;ll qrrality. t\S'Jl\1 lk"ign:tli(Jll t\2R3, (;radc B. nf la!C<;I rcvision 
or "" nthctwi"c spccilicd hy thc p111clwscr 

DESIGN FOR STRUCTURAL STRENGTH 

Pipe-watl Thickneo;s. The Cmle for Pres"tllc l'iping. ¡\S¡\ RJ 1.1 specifics the 
folrowing fmnml:1 for dC!cnnining thc thickneo;.;; of piping for water sc1vice of 
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nmtcrial!" nthcr thnn c:1~t iwn: 1-

1.., !' IJ/(2S 1 2¡-/') e 
whcrc fm rninimurn pipe w:1ll thidncss. in. 

r lllílXÍillUtn interna! SCTVÍCC p!CSS\IIC, p.sig 

D outsidc diarnclcr nf pipe, in. 
S~- nllowí!blc strcss·in material duc lo infernal p~<.'S''Illt', :11 thc npcrating 

tcmpcrnltuc, psi (c;cc matcr ial lisling in C'ndc) 
C allownncc for thrcading, grooving. rncchanical strcngth. and/or 

corroc;inn, ir'r. 

}' -· 0.4 fm fcrritic stcclc; and anstcnilic stcclc; for tcmpcraturcc; lo 900 F 

Thc Pipe l'ahricatinn ln.stitutc puhlishcc; a Tcchnical llullctin 'llll, "Prcsc;wc 
Tcmpcrnturc R:-.tings-of Plain I:nd Pipe llscd in Pnwcr l'bnt Piping Sy.c;tcms," 
This covcrs si7cs J..f lh10ugh 24 in. fnr prpc of c:n hon stccl :nu\ nlloys. Thc tahlcs 
givc thicknc<:scs with thcir prcs<;.tllc ratings that ;Jrc h:l';cd on thc Codc f01 Prcssiuc 
Piping. 

Rcg:mling C:l<;l ilon, !he C{ldc for l'rcs<;,urc Piping slalcs: 

The lhicknc~~ nr en~! ir01l pipe C011\'Cying lit]trid-. may he dctc•mined h,>: ~clectinn f¡nm 
Amcric<111 Stand<11d~ ASA A21 2, A21.6, or J\21.R, or frnrn 1 cdcral Spccrfic;rtinn \VW-1'-
421, u~ing !he e la~~ of pipe fnr !he prc~"trl e ncxl hi¡..:hcr !han !lw maximurn m terna! ser vice 
prcsc;;urc in pmrndc; pcr o::qurnc inch Thco::c rhicknc<;<;c<: incli•dc :JIIownncc<: for f{lundry 
lolcmncc<: :111d walcr hnrnmcr. \Vhcrc !he rhid.m·o::o:: fnr lrquid .<:crvrcc is cakul:rh·d, rhe 
rnci1Hld<; or ASA A21 1 o::h;¡ff hl' fnll(mcd 

In sclccling !he prnpcr cast-iron pipe. it io:: c~o::cnlial th:rl llrc lrcnch-l:rying con
ditions he knmvn ::Jncl srccificd. Thc AW\V A givcs four. trcnch-laying conditions 
in 1\WW/\ Standmd ("101 (ASA A21.1) f(lr W;Jter piping: 

1 f:l:rl-h<lllnm trcnch, witll<ltll hlclcko;, tllll:rrnpc<l hacJ..fill 
2 l'l:rt-hollorn lrcnch, without hldck._, l:rmpctl h;rdfill 
3 Jlipc l:rid on hlncko;, trnl:rmpcd h:rekfill 
4. Pipe l:rid Pn hlocks. tamped hackrill 
Thc piping lhickncs<;,cs givcn in thc 1\W\V/\ Ca<:l lron StarHI:rrd<: are fnr dcpths 

(lf covcr J! 2. S, ami R fl, nnd for working prt'<:<;t!Jcs of 50, lOO, 150, 200, 250. 100, 
nml 350 Jl"i. Thc thickncsscs includc :rllowarKc for foumlry prncticc, corrosion, 
and cithc1 wntcr lmnu11cr or lluck l{l;ul. Thc 1\ \V \V 1\ St:111da r d C 1 O 1 (ASA A21. 1) 
should he cnno;ultcd for watcr-hamrncr and truck-lnílding :lllowanccs. 

Loading on Pipe Dueto Depth of Cover and Uve loads. Tahlcs 6 and 7 
prnvidc a guidc lo thc londing !lral m:ry he cxpcctcd for v:nious dcpths of bury nnd 
livc lnnds nn thc "rrrfacc ovcr thc pipe 'Thc AWWA Standar1l" prnvidc tablc<: of 
nllowahlc lnads fllt casl-irnn nnd ~nncrclc piping. Thc ;lllmv;rhle lnads on huricd 
slccl pipe" up lo :rhnut 24 in. in diamctcr can he cnmputcd hascd Pn thc ahilrty of 
!he pipe lo """taina vcrticaiiPad hy rin¡; actinn alnnc. Pipes nvcr 24 111. diamctcr. 
dcpcnding nn w:rll thickncs'\, will nnt c:r11y hcavy 1Pads with ring :1ctinn alonc 
withnut unduc dcOccllnn Sitie supp0rl frPm c;uth ¡._ rcquircd. llut thc carlh on 
thc c;;idc<;, nf thc pipe mu-.t he cnmpaclcd In ;r high dcn.srty, :rpprn;rching lhc dcnsity 
dclincd in Spccilication AS rM IJ(l9R. in ordcr lo providc :r p•cdict;rhlc nmnunt 
of side surport. Note lhal riping with more thnn R f! nf C0\'~1 is not :rpprcciahly 
nfTcctcd by surfnce livc lo;r(k Tahlc R ¡._ h;r<;,cd pn ring c;;lrenglh alor1c 

Tahle 7 ¡., convcnient for n dclcrmin:rtion nf !he anlolrnl nf pipe loading \vhich 
mighl he rcccived nn n huricd linc nwmg lo the load tr:rnsn~itlcd lo rl from nn 
nvcrhcnd mnvin~ vchiclc. To illuo::lr:11c !he uo::c nf thio; 1:-rhle, thc rnllnwin¡; cxamplc 
i<: given. 
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Oetign for Structural . .gth 11-JJ 

Tahle 8. Allowable Load§ for Steel Pipr. 

Nocntu,tl Wall 
pipe 1ham. thteknco;~. in 

in nr ~chcdulc 

AllmVahk 
load, 

lh/hn ft 

1 Nmnina 
ptpc di:u 

in "· 
-

\\'all Alltm·ahlc 
lhicknco;~. in. load. 
nr "chc<hrlc lh}lin ft 

... -- ·- ------ .. _, ___ .. ________ 
4 O V1 Sch 40 
5 O 25fl Sch <10 
(, O 280 Sch 4d 

' O 250 Sch 20 

' O J22 Sch 40 
10 O 250 Sch 20 
10 O 307 Std. 
10 (l.J(oS Sch <10 

" O 250 Sdt 20 

" O ).10 Std 

" O .l75 Sch <10 
14 0.250 Sch 10 
14 O 312 Sch 20 
14 O .175 Sch .lO 
IC. O 250 Sch 10 

"' 0.312 Sch 20 

"' O.l75Sch JO 
IR O 250 Sch 10 
IR o .175 
IR n 4.17 Sch .10 

10,000 
10.{)()0 
10.000 

B.:HJO 
9,900 
7.300 

14,600 
18.700 
5.100 

1 J.700 
11 .son 
3.800 
7.500 

IJ.IOO 
.l.{JOO 
S,ROO 

10.000 
2.4<10 
7.700 

12.700 

20 
20 
20 
2-1 
2-1 
2-1 
JO 
JO 
JO 
)(o 

J(, 
J(t 

42 
42 
•IR 
4R 
5·1 
5·1 
(,() 

(il) 

0.250 Sch 10 1,900 
0.375 Sch 20 6,250 
n.5oo sch 30 14.600 

1 
O 250 Sch 10 1.250 
0.375 Sch 20 4.250 
o 500 10,000 
o 250 930 
o 375 3.000 
O 500 Sch 20 r..5oo 
o 250 R50 
o 375 2.250 
o 500 4,900 
o 375 '· 750 
0.500 ),900 
0.500 3,000 
0.625 5.500 
o 500 2,800 
0.625 4,500 
0.500 2,500 
O.ft25 4,1100 

1-.'.-mmpl.~. l"ind lh~ 11\lalload pe• rool 1m a 10-in. prpc wilh (, ft nf covcr nml n 20,000-lh 
whcclload (i e, Plle-half ora 40.000-lh axlc lnad). 

Derul h,.,d (frorn Tnblc (,) 
Uve load (rrnm 'bhlc 7) ¡., 7.0 rcr cenl nr 20.000 

2,950 lh/rt 
1,400 lh/fl 
4,.150 lh/fl 

Thc-.c value<; :11c ha-.1·d nn n;l :•ppro'<illl:lle 2 pct cGnl dcncction. D;tta a• e tnkcn 
l'tom"lksign ;!IHII>efkl'linn ( onlrnl ni llrninl Stccll'ipc Suppotlillg l:atth l.o:td~ 
and Livc l.(lad._, .. R11<>c;cll E lt:una1d. /'ul('. ASTM. vol. 57, 1957. Thc tahlc 
applics In a JI 1ypcs of stccl pipc---wcldcd, "camlc""· .c;piml weldcd ---nnd to' ~tninlcss 
nr othcr c;tccls which lwvc ;¡ mm\ulus of e\ac;tícity nf nhnut 30 / 1011 psi, regnrcllcss 
of yicld ot ullim:1lc sllcngth, sincc dcncclion within lhc clastic limit is dcpcndcnt on 
mndulus nf clélslicity, nol S!Jcngth.· 

Anchors. l'nr piping with jPinlc; suc,h as hcll and spigot nn cnst-iron pipe, hell 
and spigot wilh 0-ring gaskct, D•c-.<:Cl m Smilh-1\1;-~ir lypc on "tccl pipe, and rt11y 
olhrt 1ypc of pipe jnint dcpcnding on friclinn 01 packing, anchmage has lo be 
p1ovidcd lo preven! jnint p1111-(HII d11C lo iniC!!Wl p•cc;s¡JtC. 

1\.WW/\ C(,()ll, St:~nd:ud SpcciriC:~tion-. fo1 lnstallation of Cn~t~iron \V:1tcr 
M.,in-., ,<;!:IIc-. in Scction<; 12.2 nnd 12 J · 

/\11 plug-.. r:1pc;, lcc~·and hcnd~ dcllccting 22-'i dq;rrc~ nr more nn nminc; R inchcc; in 
di:~rnclc1 n1 largrr ~h:1ll be prnvided :silh <1 rcnclinn hacking, nr movcmcnl shnll he prc
vrnlcd hy :lllachlllg ~uitahlc mclal rnd" '" clamp-;. 

Rc:1dinn h:H.:king ~h:dl he CIHH.:n:·tc . of 11111 kc;~ lhan 2,000 p~i ni ZR dayc; ll:1cking 
~h:dl he pl:1ccd hctwccn <;nlid ~round and lhf' fillinl! In he ;mchntrd. 

/\nchcHs -.hnuld he considc!cd at all dircctinn ch:111gcs nnd al dcnd cnds nf !he 
piping '(he nnchn1<> ~hm¡\d hca• 011 nnd ngain"l 1mdi"lurhed ~oil. lf hackrill is 
~ve¡ uscd ng<~in-.1 lhc fncc nf thc anchor, il ~hnuld he wc\1 cnmpaclecl hy \"'clling 
and t:llllpin~ 111 thin lnycrs. Any <;nil w("akencd hy 1nin or -.ruHv nr nvcrcxcavalion 
henc:llh !he ;111Chot -.hnuld he l("plnccd hy COilCteiC. 'J he le<;ÍSiílllCC or !he sojf 
lo rnovrrncnl nf lhc anc!Hlt jc; :1 n11nhinnlipn nr p;¡c;c;ivc rcsi-.tancc :1gninst thc face 

-~ 
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of thc anchor ami !he rc,.istnncc In "liding nln1íg thc hn<>c. AccnHiingly. \'alncs of 
c(lhcsinn :•mi fdr:tion nnglc nf thc ~oil in-vol\'cd should he kn~J\vn n1 :11 lc:!sl 'c~ti-
lll:llcd intclligcnlly. · · 

For lnrgc rnul Clilicnl :-~nchnr.s. thc snil p~npcrtics sll(luld he dctcrmincd hy 
pcncll:ttion :1mllaho•atory tes!<;; on un\lisl~lrhc\1 samplc"-. Thc me (lf pi les <;hntlhl 
he considcrcd whcn thC' si1c ancl co<:t nf thc aÍKho1 ;nc :•pprcciablc. 

Ir thcrc is thc pns'\ihility nf "hock prco;<;u!c<; duc In \\'atcr hanuHcr. thc :mcho1s. 
o;hotrld he dcsigncd In with-.t;md thcsc 

An('hor /ood11~r:-f nmy he (ktcrmine'd íl'> folhn\'<;" •csult:Jnt prc<;'\urc th1u<.l on :1nchnr 
,-- (jfl(Crll:ll p!CS<;UfC)" (btgC<;(_Íil(Crllrtl pipe ('J(l<;<;-<;('C!iO!l aiC<I) v (fitting f;¡c(Pt). 

. r:n:tor 

~m-~ k~~ t'll 1.41 
( ··'P"· pltr¡::". IC'C'" 1 oo 
<15-dc¡; cll O 77 
22~i-dcge11. OYJ 
11 1 í-dc¡:: c-11 Cl 20 

In addi"trnn, (('trltifi~~·oltflltnl jo; prcscnl, hut will ht• lnw fnr !he usual watcr-lmc 
vclocil ies 

Ccnlrifuga111umt --- {2:-1 WV 2f.~·) sin (0/2) 

whcre A ino;idc :ll'cn of pipe, sq fl 
11' . dcnc;ity of nuid, lhfcu n 
V · vclocity. fps 
O --- chnngc in dircclion 

. ~· - .U.2 fl{scc2 gravitv accclcralion 

/\nothcr importnnl case whcrc anchors lllU<;I he cnnsidcrcd for rcasons nthrr 
th.-.n jninl dcsign is 111<11 in which thc lcmpcraturc nr !he water nnwing in thc pipeline 
is appr('l:i:rhly highcr !han !he lcmpcralure prcvailing during construdinn <lf ,thc 
prpclinc. 

lf !he lcmpcrature or !he walcr is700 F, for cxarnplc. :rnd !he !Cilllwrature oL!hc 
wntcr lllll<il he nwinlaincd, llrcn tire dcc;ign or llrc piping would follnw tlr;rt or 
undergrmrnd stcam lincs and would invni\'C inc;rrl:rli<ln, w:1tertight protcctivc 
condtrilc; or tunn'cls. ele. 

Rut if !he requiremcnts (lf design ;¡re such thal !he loc;c; nf lrcal from the water is 
not irnporlnnl, fnr cxamplc. wastc drains from prnccc;c;, cnolrng wntcr arter 'hcat 
pickup, :llornic-pl:rnt wn<;IC, etc, il is ccnnornically dec;ir<Jhlc In lrc:rl !he pipirrg :rs 
cold-\vatcr piping. When this ic; done. the thcrrnal exp:rnsinn in the piprng rnust 
he COII{IOI!Cd 01 it.c; en·ecls disc;ipatcd. 

Expanc;inn joint" of bcllnws or slip typc. hall jnintc;, or g:rskctcd friction joinls 
m;¡y he utili7ed lo takc up cxpanc;ion. providcd lcakagc and failure pnso;ihi'liiy nre 
cvalualct! antl fountl acccpt;rhlc. 

In bclwccn the nnehnred pomtc;, the expansion of snlidly j0rned piping (wdded) 
llltr<;l he abc;nrhed thro11gh cithcr bcnding t1nd lnrc;ion nf c;nrtilever lcgc; nr thrrllrgh 
howi11g nf !he linc. The pnc;sihilily nf c;upprcc;c;rng thc cxp:rnc;ion nnd cont:rining 
it in 1 he pipeline 1 hr orrgh compr cc;c;i\·c sir es" is nnl \'er y ft':rc;ihle Thc fc1r re ;rv;t il:r hlc 
for lhic; jc; !he Sl;llting ftÍCIÍOil hCIWCCil !he C;llth :111d !he pipe. ;rnd lhis !S SO!llC per
Ccntagc nf !he lnading on !he pipe 1\ portinn nf thc np.tmmn c.rn he SllfliHcc;c;cd 
in thi<; wny thro11{!h fricli0n hui the remtlrnmg force can he ver y l:uge ami will 
appear :11 the anchor points , 

The magnilude <lf !he thcrntal !hru<;f rnay he scen fr<lm _ihc fnllowing example:· 
The !llfldtrht<; nf C'lnsticit y is t he tnngcnt 0f 1 he.c;tr ese;-sir a in curve in 1 he el as! ie r <1 n ge 
anll ic; tkfinc{f nc; 

E ( F/a) " (r/1) :• 

'' 

f::orthquolcl! 

ami frnm lhio; 

where P ·- force, lh 
E -- moduhr" of clasticity (fnr the pipe m;¡tcri11l al lcmperntme), psi 
n ce- lllclnl Ctnso;-scelion ntcn. sq in. 
r -- total expnn~iPn. in. 
1 .,-- lcnglh, in 

rfl . .,.... e'lpansion. in /in. 

[.'tp;m~ron of carhon slcd 
for lc!llpcralurc ri~c from 

7Cl r lo 

100 F 
150 F 
200 F 

E"pan~ion 
In /111 . 

OOOOIR 
o 00050 
O OOOR1 

11-JS 

For a pipe 24 in. on hy ~-fin lhick witlt a thernral growth of O.OOOfD in)in. for a 
lcrnpet:llli!C Change ftOill 7() ¡: íll instafl:tiÍotl lo 200 r opet;J(Íng, 

F: -~ 27.7 x 1011 nt 200 F Metal nrcn - Jll.91 sq in. 
1' ·· (27,7 x lll") (!f>.?l) (OOOOR)) R~.1.501l lb thcomnl [orce th""' 

E ven ir it wete pnsc;ihle lo ~trpprcsc; this !hc11n:ll force. !he cornprec:sive stress in 
·!he pipe w;¡ll wnuld he exceso;ive, as can he seen by dividing !he force by lhe cross
seclional nrca. ·Jn nddition, thc poc;c;ihilily nf huckling dueto cnlumn action would 
requi1e investigation . 

/\ feasihlc approach is lo tnke cate of the expansion hy some form of hcnding 
of !he pipe. The piping would ha veto he run in a manner to provide bending lcgs 
al right nnglc<;. r0r smnJicr tcmpcrature differential<;, pipe lcngths la id al a small

.nngle 7.ig-7ag might be c;I!Oicicnt. 
In addition, screcncd snnd ~hould he nsed :rrotmcl the pipe In lower the sliding 

friction ami providc adjnc;tmcnt arca for the pipe. /\ polyvinyl chloride lype of 
shecting rnay he advisnhle lo contain the sand arca nnd prevcnl wao;hnuL 

Expa~sion dul"lng Constructlon. Water piping is normally not designcd for 
cxpansion, so !ha t exp:r n~ion of piping dm ing construction m ay he easily overlookcd. 

The pipeline is joincd together in a confumou~ slring in a trcnch. The piping 
expanih undcr the direct henl ami radiation of the sun and conlracls during the 
cooling of thc nighl. The length dirTercnti;rl hetwcen night and high sun al noon 
may he severa! inchcs, drpcnding on thc cxpo<;ed lcngth of !he riping "tring. ror 
ex;Hnplc, ror 150 F surfacc metallempcraturc, the growlh coul< he 3 in. ro_r 500 h. 
As long n" !he final clmure wcld is not madc, the piping frecly grows, resi~tcd only 
hy !he sliding friction althe hollorn of !he trench. Rut once the fuml closure weld 
is rn;¡de, lhcrmal thruo;t will occur and nwy cnuc;e danmge eithcr to a¡ortion or 
the pipeline orlo the r igid end conneclions. The ideal approach woul he lo test 
the lmc atHI hury it hcforC the finnl closure weld is made. 

In addition, on very lnrgc dinmeter lines, lhe difTererltinl hetween !he top of the 
pipe cxp(l.c;cd lo dirccl sun radintion nnd thc- lwthllll hidden in the cooler enrth may 
crCate c;omc hmving or !he linc 

EAIÜHQUAKE 
" 

Thc damagc cnused directly hy an cnrthquake may he only a sm;¡JI rcrccntage 
of thc total rcsulting dc~lluction. The mnjor loss will result from thc fires slarted 
by !he enrtlu¡uake clamagc if the water scrvices for fire fighting are 11adly disnrpted .. 
In thc 190() San J:"rnncisco cnrthqnnke, ·lhe hroker~ water-service rnains prevcnted 
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any cffcclivc flrc llghring ;¡nd thc 111;1jor ,d:nnagc c;Hnc f11HH !he unchedcd ftrcs 
lhat ~wcpt thc city ((lr d:rys 

Thc phy.src:d pichnc of !he C':uthquakc will v:uy wirh !he inlcnsity of thc .:;cio;;mic 
dislurh;tncc. !he dislnncc from irs cpiccntcr. !he srrrl char:rclcristrco;;, thc contour 
of 1 he n r Cíl, aJHI 1 he 1 y pe nf 1 cndjuslmcnt 1 a k ing pl;~ec dccp 111 1 he ca r 1 h. -, he piping 
cn~incrr will havc In form snmc sort of a pit-turc rrf !he typc {lf scismic acrion 
po~<;ihlc in !he arca 1111dcr conc;idcrafÍOil, C<;!ahli"ih !he <;('Í<;IllÍC dc<>ign Condi!Í(lll._, 

and decide nn !he dcgrcc of sci.smic protcction jrrsliflcd hy !he dcmnrHis of rclinhility 
ami ccnnnmics fm !he pipeline nnd ils hranch C<lmponcnts. Thc following i.:; 
quotcd f10m "E:uiiHIIIake llanwgc ;md Ea TI hqua k e 1 nc;111 ;-~ nce.. hy .Ioim R 
Frccm;~n, Mc<irnw-1 lill llook Company. 1932: 

Thc carllH[!IOikC ~hnck al !he c;ilc ofa slllLCILrLc ic; cauc;cd hy !he impa~l frP1ll !he pa<;c;:tgc 
nf :111 cl:l<;lic wavc which has.Prigin:llcd dccp in !he c:ulh fwm an c:11lh-~lip. pr nhahly alnng 
a "f:wlt-linc .. ¡11 linc of clcavagc hctwccn v;¡c;l f:wlt-hlock <;, cnrnllHlllly m:my rnilc<; in dcpt h, 
hrc<1dth ami thickncc;<;, in lo which !he nutcr foim:1tinn of lhc.c:uth In a dcpth nf pcrhnps 
40 miles. hac; hccn·cJackcd hy ,c;hrink:1gc c;t¡cc;c; and nnknown l·auc;cc; th1ring m_illionc; nf 
ycarc; p:1c;l . . 

fhic; cla<:l!c cnl!hquakc wnvc procccd-. nnlward in all dircctinnc; frnm itc; tnigm; ami 
rcachc<; lhc si te nf_thc sl!uclmc untlér con~idcralion, fi¡c;{ a-. a longitudmnl P~c!llation Qf 
altcrnillc cnmprcc;c;jc,n <111(1 cxpan~inn in !he dircction nf tranc;nllc;c;¡on, fnllowcd quickly 
hy n supplcmcni:11Y lran•;vcrc;c <lSCillaliPil ni ri~hl ;1nglc<: In tl1e di1cction nf tranc;mi-.-.ion. 

Thi" wa,·c syo;tcm whilc p;l':c;ing thrnugh !he cnrth •~ suhjcct In rencctinn. nr lo p;uti;d 
ahc;orptinn. al tlbc:taclc<: ~uch a<: an nh1 upt changc 111 gcnlngic;¡J ln1 mal1nn, nnt far bencnth 
!he carth swrnCc. :'lml thcrcftliC may 1each !he h11ilding c;ilc in a much cnnfuc:cd f111111. 

Althou!!h deep in !he hctl-wck thc<:c w;¡vc<: ~cldom e.xcccd a -.rn:dl fr:1ction oran mch 
in :lmplitudc pf mntion, they rnay hce<1mc magnifkd in mnhilc e:11th (c:uch nc; alluvial 
depoc;itc:) ncar !he C:l!lh surface. <;¡1 thnl thc vinlence of the wmc mntinn near the earth's 
surfacc mny vary largcly :1!locnhtre" les e; than a mi le aprul. · Mnrcovcr, the chnraclc! of thc 
wnve mntion may hccmne changctl from !he harmnnic form ennunonly a<;c:urned ami in lo 
!he fo1rn <'f mcillnlinn an clac:tic hndy Í'> mdinarily lhrnwn hy a c:h:1rp hlnw. 

The.c:lrthqunke acts as a ginnt vihr;tl(n-¡¡pon !he snil nc;~r the "''' facc ofthe ca1th. 
Wherc 1 he soil is h:u d CClhcc;ivc, t he Slll fncc movcmcnl w!ll he les" 1 h:1 n whc1 e 1 he 
soil is soft cnhc,ivc or CClhcsinnlcc;s ·rhis vihr:1tory actinn will:cnmpact nnd cause 
settlcmcnl of c:uth lllls. Whc1c lhcre are wntcr-s:!ltnatcd .'\ndS; thc w:1tcr forccd 
hy con,olidalion of the S(lil thnt lwd prcviously hccn ICI:JiiH'·il'in spaccc; hctwccn 
soil patliclcc; will providc tcmp01a1y nntation nf surfncc :11Cas; ;~nd cnmprcssion 
zoncc; n1c crc;-¡lcd that act ¡(, hcavc snme Slllf;¡cc :ncas. -. 

Scpnr al ion nf sm fa ce arca m ay occut at sh:u p dema• cnt inn nf,soll clw r actcri"l ics, 
sincc ll10vcrncnt of thc adjac<'nt sorl nrcac; couhl havc beenidilfcrcnl. On hillsidC 
slopes, shear t1f thc soil layer can oecur, sincc thc low cln~licity.or lhc soil cannot 
rcstorc thc soillo its fo"rmcr position during thc hack-and-f01th surfacc oscill;~tinn. 

Bnihlings will p0s"css movcmenls that míly vnry con'>idcr:¡hly f10m tll0<;C of !he 
soil arens surrounding thcm, nnd thc lill arcns ncxt lo thc wnlls may scttle undcr !he 
vihr:ltn•y action. Tanks with thcir wnler loado:: may shifLdcnd lo !Oiatc. a!Hl thcir 
shcll<: ovnli7e in <l(h\ition lo !he pp"c;ihle differcntinl mm-cl,llenl.nf the tank a'> a 
wholc a" coni('<IJCd with thc sunounding c;oil. 

Enrthqu:~kc codc provi'>ionc; that spcak of n pcn:ent:~gc tlf g¡avity accclcration 
dcsign rcqui•cmcnt, fn,r cxamplc, 0.2,!,' for Znnc :ltype <"!f c:uiiHJUal-.c, tnlakc ca re or 
sci"rnic cffccf.;; cnrHHlf rcalisticillly he npplicd lo h111)~d piping h<'C:III~c 1 he under
ground piping ridcc; with thc g10und. 'lnstcnd: provisinns fnr sci~mic prolcctinn 
hnvc !Cl he considcrcd on a diffcrcntinl movcmcnl hasi" in !he follnwing r¡rcas: at 
pipeline clmngcs in dircction, ni pipeline crnc; .. ing" of shat r dcrnarcations of soil 
ch~uaetcr_islicc;. ·;~t pipeline cnllnnccs lo fill nrnund buddings ;~rHI al building wall", 
at points tlf nrtachmcnt In lanks or other ahovcground cquipmcnt. 
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¡\ snmpling nf ,o;ome of thc c:nthquakc damagc e:<pcricnced hy pipeline~ mny he 

hdpful: 

l.inc pullcd <lfliHI. 

l.inc pullcd aparl, thcn tclescopcd. 
l.inc e~inklcd nnd rupturcd. 
Line wchl h1nkcn. 
ll1c:lks in cnc;t.-i1011 piping :1nd littings. 

AdJoirling :l1cns of dirTcring soils displnccd and pullcd ap;-~¡1 piping main~. 
Suhsidci1ec nf lilled grotmd duelo cmthqunke can'\cd hreakage of water, sewer, 

ami nthcr hutied linc.__ . 
Pipeline hrcaknge nt tanks hfl" hcc~1 !1~tcd .w!1~re lnwcr courscs hnd failcd <tnd 

al so i11 )a J gc-diameter tan k" whc1e nC'•Oh!lrfy ni p1pmg <lT rangement W<IS 1101 pre .. ent. 
FaihJJC'\ wc1c prcdnminnnl in cac;t-iron fitting~. 

Passing through Fill and into Buildings. ¡\ slecve should_ he U'\Cd tl~rough 
thc wall :111d shnuld he nf sufllciently h11gcr diarncler lo provHle thc estm1?tcd 
scismic mnvcmcnt ror the pipeline. In nd<lition, consideration should be g1~en 
In the use nf n cn11ugntcd cnlvcrt (split type is av;¡ilahlc) nround !he pipe extendmg 
from the building wall to undisturhed carth. Tl~c wnl~ :nd or !he c~nug<tted cul
vc1t should he S11pported indcpcn<J~ntly of !he prpc. fhc CU!vert Wlll pr~ICC( the 
pipe from thc ca•thquakc-co.n~pactmg se~tlemcn.t, nnd ll~c wnll slccv~ w1ll .n1.1<?w 
hori 7ontnl movemcnl in add1tron lo vert1cal ad¡ustmcnt. llowevcr, 1r flex1h1hty 
inside the building is Jimited, it may he nccec;c;;H)' In considcr horizontal flex_ib~lity 
outsidc thc building so thnt th~ piping cnn move tm~<l~(~ or away from ~h~ burldmg. 
This 111<1)' takc !he folln ora nght-anglc leg .ror nextb!ltty or mo~ahl_e JOIIlfS. 

Connection of Tanks.' In lnnks fillcd W!lh WfliCI, f1 wave aetlnn IS set ur by the 
carthqunkc tliht may cauc;e apprcciahlc disto

1
rtion in th~ tank. The shcll c~n

liguration at !he top hccomcs ovnl ns.the rcc;ult of.wnve aclton, h~1t the tan k rema.ms 
csc;cntially circula!: :lt the hottom owmg lo rcstr:unt of thc noormg and roundat1on 
11ictiilll. Thi<: difTcrcncc in conligmntion cnu.c:es thc hase nf thc shcll lo deprcss 

011 thc majcll axi~. or dircctinn nf !he wnvc, :wd lift on lhc minor axi~. ·this action 
c:nrscs shC11 noulc circular movcmcnt, including n lifling ancl lowering. 

In t~ddition, :1 diffe1cntial may <lcvclnp hctwecn thc di~torting of the tank shel1 
and lhc movemcnt of the adjaccnl ctulh Flcxihility in the piping attachcd to 
thc tnnk mus! be allowcd in all dircctions lo dcal with thcsc complcx movements 
hctwcen thc tank cnnncctions nnd the poinl al which !he piping entcrs the carth. 
Cn,t-i•nn rittings ami valvcs ::;hnuld not·hc uo::ed. Cn1mgnt_cd cul.v:rt arou~{~ ~he 
piping. as if gocS UlldC!ground, might ~fOVC H"cful '? ?hf:llll ._llfli~IC\.1( flcx!~d~ty. 
Somc fornf riT Oc.xihlc joint, such as· n Barco-type JOIIll, mny ~1!{1 m ohtammg 

sufllcient nc'<ihility. . . . . 
In eroo;'\ing ovcr from onc type ~~f sm! tn.nnothcr ~vherc. 1~1~rk~d d1ff~ren~e m 

scic;mic hchnvior· is suspccted. thc mam ohJCCII" lo nhl:un Ocxli11!''Y rn all d1rccttons. 
¡\ 11 n!Hplc loop cncloc;cd in nn overc;i?e<l cnrr ugntcd culvert IS nne approach In 

ohtaining ncxihility. . . . 
Whc1c therc is n chnngc in c\iJcction of thc 11mlc•grou!HI p1p1ng. !he '\011 may move 

axially ;1lnng onc le~ of thc pi~e ami h10ndc:ide aga_'nst !he othcr lcg nc; movcmcnt 
difTc!Cillial" dcvclop H '\and "'li'\Cd :110UIH1thc r•re fnr ni leas! 50 n nlong hoth 
lcg~. thc pipe ht1._ a hcltcr chancc rnr adjnc;trncnt f_'he Sílnd shouJc\ ~e prolc~ted 
¡¡ gainsl dispc• sal and wn,.hout wit h smnc 1 mm nf '>11eet•ng. ~uch a" polyvtnyl chlomle. 

IRRIGATION PIPING 

fn scmiarid 1cgionS wherc the natm.nl rninfall is _insufficicnt ror gro;'ing ~rops 
to he~! ndvnnt;1gc. irrigatiCln frcquently"' rec;ortcd lolf a supply of w:1tcr '" ~v~Jiahle 



21-JB Wntcr-wpply Plpln~ 

from n rivcr nr la k c. Thi.c; can he accnmplic:hcd hy g,r;rvity flow fHllll ditchcs or 
furrnwc; or hy prc<>'>UIC' spririkling ITnm pipcs. ., 

Ltrgc amnunts of lightwcight stcd pipe nre uscd fm irrig:tlion purpnsc'> in thc 
wcslcrn Unitcd Stnlc<: nr~d cb:r\'{h<¡JC. Sincc thc advcnt of fusinn \\clding. most of 
this pipe i<> fahricatcd from sir ifl or s[tcct .stcclu<>ing ,c;!r;righl- (lf .spiral-wcldcd scams. 

. Whcr e H<;ccl nhOvCg10und, .su eh pipe u-.ually jo;; JOÍncd wit_h dr ivc joinl.s or wit h 
comprcsc;inn cnnplings of onc sor!_ or nnnlhcr .such ns Drcs,cr or Yictualic (ll !hose 
1wving lcvcr-clamping dcvicc~ instc:1d of h(llts to f;rcilll;llc brcaking joints for 
moving !he pipe ahoul. Twcnty-fnol lcngth . .;; nrc u<;u;d. P01t:rhlc llghtwcight pipe 
for inigntion purposcs riC<JUCntly j.;; g;¡Jvnni7cd ó!S ól p~nlcctinn ;tg;tin.;;t lll<;ling. 

Overhead SprinklinR Systems. Sprinkling. 01 O\Trhcad i1rigatrnn, may he 
c;~nicd on hy the u.;;c or pcrmancnl systcm.;; with undcrgrmrnd supply pipc.c; and 
pcrm:tncntJy Joc;¡tcd SfliÍnkJcrs nr hy !he II",C orpmlah\c pipe. 0\Cihca¡lfiiÍgatÍon 
h)' srr.mklcrs hccnmc practicable 011 ;¡ llargc ;md cconomic:d sc:de with,thc dcvehlp
mcnt or portahlc systcms u.;;ing pipe light enmrgh lo he moved aronnd rea<lily. 
yct strong erwugh lo withstnnd rough llcld c;crvrce aiHI ccprippcd with couplings !lwt 
work enc;rly aiHI quickly withmr! tite use Pr l~wJ.;; or :ti mnsl w1th jusi a w1~~tch. 
Port:thlc syc;lems a1c said to h;¡vc many advantagcc; nvcr pcrrnancntly, in~t.nlled 
ovcrhcad systcms. Thc initi:1l invcstmcnt is conc;idct:thly lcsc;, !Itere .. ¡.; nnth!ng 
in thc fich\to interrcrc with cnltivating nnd planting. r~nd tite ontfits c;~ri he moVed 
quickJy rronl OllC flcld lo nnnlhcr :tS !he necd nric;cs. The rollowing leCn!lllllC!ld:\
tions ror installing a1HI o pe• at ing ahovcgr ound pn'Tt:thlc sp1 in k ling systCms :ti e takcn 
rrom !he "llandbook or Water C{lllllol'":r.n 

E'O(pcricncc in the ficld ha~ <:lwwn th;~t gcncrally, with two n1cn. a 1000-fl line can be 
mnvcd lo its ncxt poc;itio'ri r,oualkl lo lhe fnrmcr poc;ition and 60 fl frorn it in frorn JOto 
35 min, ready for anothci ílp'plication 

Oflcn in thc ricld, spcciíll ritling'i 'illCh fl<; cll<:. wyc<:, Ices, etc, JllflY he ~u"cd lo, <JdV<JITI<~gc 
lo mee! spccinl operating conditinns. .·: '.. . 
·; Whcn onc c;inglc line ic:: lf<;c<\ il ic; ncccsc;;ny tn c;lpp Íl rigatin~ Ion~ Cllollgh In mñve !he linc 

lo a:n.cw sct-up. lf ""alterna le linc i-" providcd. nn time ic; lo<:t m mnving. 
Rcv,nl~ing <;prinklcr<; givc hrc;t rcc;ult<: "hcn opcr:Jting al minirnum prc<:'itrrcc; of flflfl1 20 

lo J.O pc::i. dcpcnding upon lhcir <:i1c, !he smallcr <:prinklcrc; rcqui1ing Ice;<: prcs"ure thanthC 
largc once; T~c dFamctcr of covC'r<~ge 11f <:pr~nklcrc;'v:nic<: with the si7e (lf thc sprinkcr 
and !he opcrating prcs~urc cmplnycd. 

11 h<1s hC'cn f(lllnd, in nrdcr lo nhtnin nnd in<>urc salic;factmy covcragc. th;¡f whcn small 
sprinklcrc; dic;charging les<: lh<1n 7 gpm :He ti"C'd lhcy .;;houltl he <>paced cvcry 20 fl a long thc 
linc. Sprinklcr<: dic::chnrging 7 gpm m more givc ntic<¡ualc cnvcr;Jgc :JIHI d1"lnhutinn when 
spaccd evcry 40ft (al cvery secnnd pipe jnint) alnng !he linc. 

Unes carrying snmll sprmklcrs opcmling 11ndcr mini,nuun prrc;smc.c; of 20 P"i ~hould he 
moved :t maximum distancc of 40 fl hctwccn o;ct-ups. 

Lincs cr1rrying c;prinklcrs npcrating undcr a minirnnrn presc;UTC nr 2~ psi should not he 
moved more than 50ft hc!wccn ~ci-IIJ'<: 

Linc~ c:1rrying c:prinklcrs opemting under a mínimum prcsc;urc nf 30 pc;i c;hnulrl no! he 
moved rnnre thcm fíO fl hclwccn sct-upc;. 

M:mufr~clurcrs of ~prinkler<: dcsigned fnr agriculturnl c;crvicc <~djuc;t their sprinklcrs 
lo 111111 <:lnwly--nhout 1 rpm. lf they turn lnn fac;l, !he dfcclive di01mclcr of tite cnvcrr~gc 
cirdc i<: mate• ially rcduccd. .. 

'J he THlnlc SÍ7CS of !he c;prinklcrc; cnn he vnricd, 1kpcnding on !he amnunt nf water ami 
!he prcs<:ure :t.\:ailnhle Thc m.te of ;~pplicatinn nf water dcpend<: on thc chr~racler nf !he 
soil. Snme typcs nf soil will l<~kc water fac;tcr !han n!hc1~, <~rHI on c;uch snil~ water can he 
applicc~ al a higher nrle · , .. 

Unlts ofWater Measurement. In irrigalion and hy(l10cleclric w01k as wcll 
as in hydraulic mining, the units ror wfr of now me thc cuhic foot pcr sccond 
(or sccond foot) for larger quantitiec; ami the miner's inch ror'smallcr quanlitics. 
The cuhir ,....,ot pcr minute alc;o is U!'Cd lo c;ome cxtcnl in• hy{lraulic mining. 1 he 

. ·' ,, 
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minn:s inch wns dcvclflped in thc endy rnining d:tys and is still uscd cxtensively 
for othc1 pr11poc;cs nc; '•.:cll. lt ¡._ an :-~wkwanlleTm, hui its use often is nec~ssary 
on nccount or cu.;;tom amllaw. 1\. minc1's inch is thc wtc al which water discharges 
lhrough 1 SCJ Íll or opcning Ullder :t plCSCrÍhcd hc:td (approximatcly 6 in.), and the 
IHIIllhcr or mine•·~ inches is cqual lo thc are;¡ or tite opcning in squarc inches. The 
valucorthc mine1 's inch vmics in diiTercntloc:tliticc;, ranging rrmn J~o lo. l/38.4 cfs 
(scc T;~hle 9). 

Thc ttllitc; rOl /'0/11111(' nr w:t!CI clclivcrcd nre !he cuhic roo!, the :tcrc-root, amlthe 
actc-inch, which is onc-twclfth thc acre-roo!. For large volurnes the acre-foot 
is the unit rccommcndcd. This is !he vol u me Tcquited to covcr 1 ncre toa depth of 
1 rt. which cquals 43,560 Ctl rt. Onc cuhic roo! pcr c;econd nowing steadily ror 24 hr 
:-~ppro'O(irn;rlcly cquals 2 ac1e-rcct. 

Table 9. Converslon of Units of Flow Used in Mf':asurlng Water 

(f.rorn "llandhook of Watc1 Control""") 

Mmrr'R inrh<', 

-
fl~tllnn11 P.h\Hon 1<1ufu,, AfTI'- Arrr· 

Cubidcrt 
i"' f!:JI.lloM /uittmJI., Kno~Jt.•, inrhrR fcd fl('r 

""'"""""" mmulr rrr dny Cnhfmnu\, Nrhr11~kJt, prrhnnr 14 hourw 
Mnnlnun, Nrw Mrtito, f"n1nrn•lf'l 
Nrvn<l:o, N"rlh l>nkntR, 
Orr~!'ln Snnth Jlnj,nh, 

1/hh 

·- -·---· -·--- -·--- ·---·--- - --·----·- ---- --- ---
1 H8 8, "" .. 50 '" 0_992 1 98} 
o 00211 1 0 OOtHO o 0891 o 1114 o 08~1í o 0022 O OOHl 
1 547 (,94 4 1 (,] 1'1? 71 )6 ~9 44 1 SJS 307 
o 025 ti 2S o 0161 1 125 0960 o 02~8 o 04% 
o 010 900 o 012?(, 060 1 O. 1M o 0198 o om 
o ou. 11 69 o 01611 1 042 1 301 1 O OHI'I o 0516 
101 4S2 42 o 651 ~o n 50 40 38 71 1 lOO 
O 5M 711,) o 1251'1 20 17 nH 11),3(, o 1 1 

Thc inlelrclalinn nr tite v:triou.c; unils or lllC;t~UICillCill ror rate of Oow and volume 
nr wate1 dclivcrcd is shmvn in Tahlc 9. 

Measuring Devices. Thc mincr's inch ic; me:tc;urcd through a minn's ;,.¡, hnx 
which jc; a ~recia! rol tll nr rrcc-nowing 01 ifice cnnsic;ting of rtn opcning in a pl:lnk 
undcr :t lte:td nr rlolll) lo 9 in 'lite arrnngemcnl or tite opening. which rnay he 
r~nm 1 lo 4 in high: the thicknec;s or tite plnnk, which may be rrom 1 lo) in.: 
and tite poinl r10rn which thc dTcetivc head is mc;¡surcd, as wcll as thc hcctd ilsclf, 
<tiC l;ugcly lll:tltCIS or locnl cnstcun nnd or c;talc l;tw. Owing lo the uncertaintics 
or this mcthod or mca.c;ulcnTcnt, thc miner's inch usual! y is conc;trued now ns somc 
r,action or 1 ds as shown in Tahlc Q. 

1\. llllnther nr COilllllCICialmcft'I'J :tiC on !he lllaTkct which are dcsignerl ror lllCftS
III'lllg i11 ig:tlinn ,.,.;,ter. t lc;u:11fy lhcy •cgulntc thc now or ~valer and mayor nmy not 
he :urangcd lo rcgic;tcr !he totnl qu:~ntity p:~c;c;ccl Tite measming clcmcnl can he a 
wcir. flumc, n1ifice, vcnltlli mcte1, nr cimcnl mete• uscd in connection with a 
registcring dcvice or somc c;orl. 01 !he 1cgistc1ing dcvice may he omitlcd nmllhe 
mcte1ing clcmenl n<;cd rncrely lo limit !he 1ate :ti which water c:tn he takcn A 
typieal inst:1llatinn ora nll'fr'i'~f{ mi(irr .f,;;x'is shnwn in Fig. 1:'. 

A spccinl fnrm or suhme•gcd millc.e cnlbl :t lllf'ff'l'l{afr is uc;cd cxlensively for 
rnea<;uring wntcr for i1rigntion pmp6scs., A meter gatc consio;ts ora sluice gnte 
lo which are fitted two mcn-:uring ,~CIIs in which !he elcvation or water on !he 
upslrcnm and d0wnc;tre;¡m sidec; ofthe deviCf" cnn he rC'acl in inchec; v · · "rule The 
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diiTcrcncc hch.,.·ccn thc two rc;-~ding" givc~ !he a~·;~ilahlc hcad acrÓ<;s thc meter gntc 
from which thc rnte (¡f Onw can he computcd or tahn r10111 ;r tahlc In cmrcspond 
with !he amntrnl ofnpcning. A typicalmctcr gatc install:rticm is shown in Fig.'14. 

.\Yhcn thc in-.!nlt:rlrnn or a meter g:rtc IS contclllpl:lll'd. <!nd thc -.itc ~clc~tcd, 
sufli~icnl cxco1vation is madc lo pince the outlct prpc lc\'cl with a cknr opcnmg rnlct 
anct oullct nnd sct Jow cnough lo cn"ure thc pr(1pcr suhmcrgcnce of thc outlet. 
Suhmergencc should nol he lc<;S than ~in. undcr lowcst cnndrtifln<; lf full <;~rh
mcr gen ce is not m a intaincd, no re;-¡ding<; c;r n he la k en in 1 he dowr.lo;;;lr carn mca~arr r ng 
wcll hccause of the surging'of !he Wíller sur face. Al so. cxc;rvalron should he made 
to give ft•ll con! rae! ii"lr1 ·nt '1 he en! rnncc if ro.o;;;sihlc. Thc clc:tl ance hctwccn 1 he inside 
of tl~c gatC nnd the sidC waJI., and h?~lnnt nf !he can:rl on !he up<;lrc:l111 sidc (lr thc 
mete• galc -.hnuld he no! leo;;;<;; thnn 6 m. ··. 

After thc gatc has hccn inslallcd !he lll<.'<l"l"in.g \~'Clls :ne pl:lccd in ¡~oo;ition and 
conncctcd hy J ,í·tn. pipes, nnc In the upsltc<llll srdc of thc g:tlc ;rnd th,c_ ~.lthcr tnthc 
main pipe 12 in.· hclow the gate. A notch is malle with a h:u:k saw in tl~c stcr.n .<~f 
thc gntc al n pnint ~ush with thc top of !he h:rndwh<;cl ~vhcn the hand~·~rccl !S 

without slack on thc stem ami the hnttom or !he gatc <;lrdc '" cxaclly lc~·cl \'-rlh.!hs 
bottom of the in"idc of.the gatc sea t. This ¡., eallcd thc pnint nf"¡cr o gaic opcnirlg." 
This mcans thnl !he gnte is not tighlli closcd Thc stcm .wil! he !he width of thc 
gntc sea! highcr .tl~nn it is in tl~eJ~.•lly closcd post! ion. ·q1c nmnunt of any gnte 
ppcning is ohtaincd hy meast~ring the distancc from thc ha~k saw ·~?W.~ lo !he top 
or the handwhccl:· . -

~ : ' ·".'. 
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Amounl of o ale op('nmg ú shorvn 
hydt.rlunce belween nok!Jon rvd 
p!Jr/ IDp of hrmdwhr:rl !111h 

Ofri~J';Ifj nrlls · .. : 
for m~osurmq 
hend "f!f!E..9.ole 

-: .. .. .' 

Th~:ltwnflhf'!t){f•r. 
mus f no! hr /c,f,l ll11~n 
fi: hclow ha/Iom 
of oullel d/ltJ.?__ 
~----¡------

ru-.. 14. Typical meter gatc ino;lnllatinn. 
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l"r<i. 15. Dio;chnrgc c<lpncilic<; or rully npcncd mclcr galc!i. 

Whcn tite ltl!lln\11 is in U<;c, !he W<llcr slandc; in one stilling wcll al the lcvel or 
the w<tter inthc:trp<;ltenrn canal and in !he c1ther wcll at thc slatic level of the water 
in the ltrr~~oul pipe <ti :-r point 12 in. dnwnsltenm fro111 thc fé1CC of !he gate seaL 
Thc diiTeFcnce inlhc"c two level<;; rcpresenls thc static r•cssure on thc gatc opening 
ami is dcnolcd in lhcse considemtioi1s ·as thC "hcad nn thc gatc." 

Meter g:1te<; Cíln be fé1~lcncd to cor'mgatcd or srnooth pipe nf any lcnglh, as the 
only frie! ion involvcd is in !he rirc;t fnol of pipe which is furnished as part or the 
meter gatc Thc discharge cnpacity al di!Tcrent hcads or fully opened meter gates 
ns rnanufaclurcd hy the Californin Cornrgated Culvert Co. are given in Fig. 15. 
Charts a1c availahle in their "lfandhook of Water Control" for reduced flow~ with 
le~<;Cr gatc nrcningo;;; . 
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