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FACUL.TAD DE INGENIERIA U . N.A.M.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del jefe de Ia
Division de Educacion Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curso.

El control de asistencia se llevara a cabo a través de la persona que le entregé
las notas. Las inasistencias seran computadas por las autoridades de la
Division, con el fin de entregarle constancia solamente a los alumnos que

tengan un minimo de 80% de asistencias.
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Pedimos a los’ amstentes recoger su constancia el dia de la clausura. Estas se

\

retendran por el perlodo de un’-afio pasado este tiempo la DECFI no se hara
S

responsable de aste documentg\
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Se recomienda a !os amstentes;xpﬂ wic}p ‘)r\;;:;a_atgf\i‘\.lra;nan't\e1 con sus ideas y
L O RGP A AR
experiencias, pues los cursos’ que of ece’ JD-t‘; jén ‘e:tiamslaneados para que
- JL_ I i

los profesores expongan una..tasls,,pero ~sobre . todo, par;? uecoordinen las
T B
opiniones de todos Ios mteresados monstntuyendo verdaderos semmgnos.
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Es muy importante que” todos Ios as:stentes 3lla??q v* {antragu?n-su hoja de
Vs 4\ ‘ i N i

inscripcién al inicio del curso, |nformac|o'r|1(‘|{le servura para{m Vintegrar un
T
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directorio de aslstentes, que se entregara oportunamente.
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Con el objeto de mejorar los servicios que la Divisién de Educacién Continua
ofrece, al final del curso "deberan entregar la evaluacion a través de un

cuestionario disefiado para emitir juicios anénimos.

Se recomienda llenar dicha evaluacién conforme los profesores impartan sus
clases, a efecto de no llenar en la dltima sesion las evaluaciones y con esto

sean mas fehacientes sus apreciaciones.

Atentamente
Division de Educacion Continua.

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285

Teléfonos:  512-8955  512-5121  521-7335  521-1987 Fax  510-0573  521-4020 AL 26



CALLE FILOMENO MATA

LAB. DE COMPUTO

GUIA DE LOCALIZACION
1. ACCESO
2. BIBLIOTECA HISTORICA
S 3. LIBRERIA UNAM
u'%.l 4. CENTRO DE INFORMACION Y DOCUMENTACION
3 "ING. BRUNO MASCANZONI"
§ 5. PROGRAMA DE APOYO A LA TITULACION
_zc,; 6. OFICINAS GENERALES
g 7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA
8. SALA DE DESCANSO
L \ SANITARIOS
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FACULTAD DE INGENIERIA U N.A_M.
DIVISION DE EDUCACION CONTINUA

CURSOS INSTITUCIONA'LE:S
"COMISION DEL AGUA DEL ESTADO DE MEXICO

EQUIPAMIENTO DE LINEAS DE CONDUCCION
Del 18 al 22 de octubre de 1999.

Apuntes Generales.

Ing. Alfonso Rodriguez Navidad
Palacio de Mineria
1999.

Palacio de Mineria Caille de Tacuba 5 Pnmer piso Deleg. Cuauhtémoc 06000 México, D .F. APDO. Posta) M-2285
Telefonos 55128955 55125121 5521-7335 5521-1987  Fax 55100573 55214021 AL 25



CURSO DE EQUIPAMIENTO EN SISTEMAS DE BOMBEO

- TEMARIO,

. AREAS QUE SE INVOLUCRA_N_EN>EL EQUIPAMIENTO DE UN SISTEMA, BASE
PROGRAMA INTEGRAL. '

1.- INGENIERIA : PROCESO
EQUIPO
CONSTRUCGION
2.- ABASTECIMIENTOS : LICITACIONES
COSTOS Y PRECIOS UNITARIOS.
INSPECCION Y EXPEDITACION
3.- FINANZAS : PROGRAMA DE INVERSIONES
RECURSOS FINANCIEROS

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

Il.- SECUENCIA DEL EQUIPAMIENTO.
1.- INGENIERIA : GENERA LA DE DOCUMENTACION DE :
1.0.- CRITERIOS DE DISENO DE LOS EQUPOS Y SISTEMAS, CRITERIOS DE
SELECCION, TIPOS DE BOMBAS Y ARREGLOS.
1.1.- DIAGRAMAS DE TUBERIA E INSTRUMENTACION.
1.2- PARAMETROS DE DISENO DE LOS EQUIPOS. -
1.3.- DESCRIPCION DE LOS SISTEMAS.

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

1.5.- PLANOS DE ARREGLO ; DE PLANtTA Y DE EQUIPOS.
16.- 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.

COAST
L1 REEQUIP das ypmg



2.- ABASTECIMIENTOS TRAMITA :
21- CONVOCATORIA PARA LICITACION.
22- LICITACION O CONCURSO.
23- RECIBE OFERTAS DE CONCURSANTES.
24-  EVALUA OFERTAS COMERCIALES Y FINANCIERAS CON APOYO DE FINANZAS.
2.5- ENVIA OFERTAS A INGENIERIA PARA EVALUACION TECNICA.

26.- ELABORA DICTAMEN UNA VEZ QUE LE RETORNAN RECOMENDACION DE
EVALUACION TECNICA Y FINANCIERA.

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

28- ESTABLECE PROCEDIMIENTO DE COMUNICACION ENTRE PROVEEDOR Y
AREAS DE INGENIERIA Y ABASTECIMIENTOS.

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

210- 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.
lll.- 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 COMENTARA. |
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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 DISENO, 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, PROBADQ Y PUESTO EN OPERACION.

POR LO TANTO, ES NECESARIO ESTABLECER :

. 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 DE CONDICIONES
CONTRACTUALES.

b.- ESTABLECIMIENTO DE CONDICIONES
COMERCIALES.

. 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 DISENO APROBADO DE LOS EQUIPOS, TRAMITES DE ADQUISICION,
COMPRA DE EQUIPO Y FINALMENTE INSTALACION DEL MISMO (AUNQUE EN ESTE
CURSO SOLO SE ENUNCIA ESTA ACTIVIDAD).
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GENERALMENTE LA MAYORIA DE EMPRESAS DE INGENIERIA SE ORGANIZA DE FORMA
TAL QUE DENTRO DE LA ORGANIZACION DE LAS MISMAS, SE ESTABLECEN AREAS DE
TRABAJO QUE LLEVAN A CABO LAS FUNCIONES DE DISENO, ABASTECIMIENTO O
PROCURACION, CONSTRUCCICN, PRUEBAS Y PUESTA EN MARCHA DE LOS EQUIPOS
PARA PROYECTOS ESPECIFICOS.

CADA EMPRESA PARTICULAR O DEL SECTOR PRIVADO, ASI COMO LAS ENTIDADES DEL
SECTOR FUBLICO 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 SISTEMAS DE BOMBEQ 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 DE FLUJO
DEL PROCESO, DIAGRAMAS DE TUBERIA E INSTRUMENTACION.

DEFINE LOS CRITERIOS DE DISENO.

CALCULO DE PARAMETROS DE DISENO DE EQUIPO Y ACCESORIOS.
CRITERIOS DE SELECCION : BOMBAS, RECIPIENTES, DISPOSITIVOS, ETC.
MODOS DE OPERACION. ' -

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

TIPOS DE BOMBAS APROPIADQOS 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 DISENO. DEBERAN CUBRIR LOS ASPECTOS
FUNCIONALES, EFICIENCIAS ADECUADAS, FACILIDADES DE OPERACION,
MANTENIMIENTO, SEGURIDAD DEL EQUIPO Y DEL PERSONAL DE
OPERACION, 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 APLICACION

NORMAS

DATOS DE PARAMETROS DE DISENO BASICOS

ALCANCE DEL SUMINISTRO

CONDICIONES DE OPERACION

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 TODA LA
DOCUMENTACION QUE COMPRENDE, Al. AREA DE ABASTECIMIENTO. '

ESTA REQUIRICION ES ACOMPANADA DE UNA SOLICITUD DE COMPRA DE

LOS BIENES 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 ORGANIZACION 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
DEFINIR 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

c.-INSPECCION Y
EXPEDITACION :

3. FINANZAS

a.- PROGRAMA DE
INVERSIONES ;

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.

POR LO QUE RESPECTA A ESTA AREA ES AUXILIAR AL
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 SEGUN SE
ESTABLEZCA EN EL CONTRATO DE SUMINISTRO.

A SU VEZ VIGILARA LA EXPEDITACION O AVANCE DE FABRICACION
PARA ASEGURAR EL CUMPLIMIENTO DE FECHA F’ACTADOS DE
ENTREGA DE LOS EQUIPQS.

CABE MENCIONAR QUE DURANTE LA ETAPA DE FABRICACION EL
PROVEEDOR SE COMPRGMETE AL ‘ENVIO DE INFORMACION DE
INGENIERIA PARA QUE LAS PARTICULARIDADES DE SU EQUIPO SE
INCLUYAN EN LA INFORMACION DE INGENIERIA DEL USUARIO COMO
PARTE DE LA INFORMACION QUE DEBE SER APROBADA PARA
CONSTRUCCION.

ESTA AREA TIENE COMO FINALIDAD LA EMISION DEL PROGRAMA DE
INVERSIONES A CORTQ, 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 SEGUN 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
RECURSOS FINANCIEROS 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

ab: 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 AQUI SE CONSIDERA LA DESCRIPCION DETALLADA DE LAS ETAPAS
PRIMORDIALES DEL EQUIPAMIENTO.

POR LO QUE RESPECTA A Il 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.
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ROGRAMA DE EJECUCION DEL CURSO
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LUNES INGENIERIA
ABASTECIMIENTOS
MARTES INGENIERIA
ABASTECIMIENTOS
MIERCOLES SISTEMAS BASICOS
-] DISCUSION .
JUEVES EJEMPLOS
FINANZAS
VIERNES DEPARTAMENTO JURIDICO O LEGAL. - ]
EVALUACION, RESUMEN, OBSERVACIONES Y COMENTARIOS :
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Anexos.

Ing. Alfonso Rodriguez Navidad
Palacio de Mineria
1999.
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17-48 Refrigeration-systems Piping

. +,..The.Pressure Piping Code alse calls altention to the following weight clTecls
which should be taken into account in the design of piping:

. 1. Live loads such as_the weight of the fluid transported and snow and 1ce loads
if the latter will be encounteicd, | 1T low-lemperature piping is not insulated, there
can be  build-up of ice on the pipe even in high ambient temperatures

2. Dead loads, consisting of the weight ol the piping compaonenis and insulation
and other superimposed londs, )
3, Test loads which consist of the weight of the test Muid in the pipe.
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SEWERAGE-SYSTEMS PIPING

William E. Dobbins*

This chapter deals with the dexipn of sewerape systems which perform the
fanctions of cotlecting water-borne wasles aof domestic, connnercial, and industiial
origin and of storm-water ranoff and conveying them lo points of disposal.

The design of sewetage systems which enny domestic or industrial wastes must
comply with the minimum standards of the city, county, and state regulatory
agencies.  Plins must ordinanily be approved, and peintits must be obtained for
the disposal of domestic and industiial wastes into natural water cowrses. When
industrial wasies are Lo be disposcd of hy conveyance to a public sewerage system,
the quantity and quality af the waste must erdinarily be in compliance with the local
sewel ardinance. ’

DEFINITIONS

Teims commonly used in relation to sewerage systems have been defined as
I'nllnws:"?l{,rm,x(ﬁm/a

Sewer. A pipe or conduil. generally closed but narmally not Nowing full, Tor
cialrying scx&g{i;‘c :m]( | (3!{!(;1[(\:/:|<l rl)'('l '},If,r f S ] .

Sewage. "4 .':ﬂ’tcl) tht e s Wiy fy ol a eommunity afier it has been fouled by
vartous uses.  Prom the simdpoimt of sownee, it may be a combination of the liquid
or wider-canicd  wasles fiom aesidences, business buildings. and institutions,

* Piolesson of Saniliny Vinginceting, New Yaik Umivessity, New York, N.Y : Pariner,
Tectan-Dobbins, Coasalting Lopgineers, West Islip, N.Y

| Superseript members efer to conesponding entiies in a list of references included at
the end of 1his chapter.
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18-2 sewerage-systems Plping

together with those'Trom indusirial establishments, and with such ground waler,
surface water, and storm’water as may bhe present, '

Sanitary Sewer.. A scwer which carrics sewage and to which storm, surface,

and ground walers:are nol intentionally admitted: also 1efeired to as “separate
sanitary sewer’’ or scparale scwer,” .

Storm Sewer. ' A scwer which carrics storm waler, swilace waler, sticel wash,
and other wash wateis or drainage but excludes sewage and industriaf wasics; also
called “'siorm drain ™ .

Combined Sewer. A scwer 1ccciving both swiface nmelf ard sewage.

Building Sewer. The extension fiom a building chain to the public sewer or
other place of disposal; also called the “housc sewer " or “house conncetion.”

Lateral Sewer. A sewcr which discharges into a branch or other sewer and
has only building sewers tributary Lo il

Branch Sewer. A scwer which reccives sewage fron a relalively smn!l arca and
discharges into a main sewer, .

Main Sewer. A scwer (o which one or more ianch sewers aze tubutary and
which serves a large tervitory: also called “trunk sewer.”

Intercepting Sewer. A sewcer which receives dry-weather Row from a number
of transverse scwers or ontlets and frequently additional predeterntined guantities
ol storm water (if lom a comhined system) and conducts such waters to a point for
treatment ov disposal.

Outfall Sewer. A scwer which receives sewage lron a collecting system and
carries il to a paint of final discharge.

Separate System. A sewer sysient comprised exclusively of sanitiny sewers
which carry only sewage and to which stonmn water, susface waler, and gmnnd waler
are not intentionally admitled; also referied 1o as Hsanitary syslem’™ o1 Usepariic
sanitary sysiem.”

Storm-sewer System. A systemi composcd only of sewels.cariying slonn
water, surfce water, street wash, and other wash waters ar dininage and from which
scwage andl industrial wastes mie exeluded.

Combined-sewer System. A system of sewers receiving both suiface ranedl
and scwage.

QUANTITY OF SANITARY SEWAGE

General Considerations. Sanitary scwers must be desipned fo provide
cnpaci:y for the present and cstimated lutuie qu:mlili_cs.or domestic scwage,
commeicial and indusirial wastes, and pground-wates infiliraiion. Laterai and
branch sewers should be dcsigncd for the ultimate popn]ntinn density to be cxpcc‘cd
in the arca served.  Larger sewers arc commonly designed to handle the flows (0 be
expected ltom 25 to 50 years in the future.  “The estimation nl’l'uu_n‘c Mows shiould he
arrived at nn[y after a detailed sludy of the land usage, population grnw:h trends,
\valer-conm:mption rates, commercial and industrial grnw:h, cle. )

The prediction of futuic populations is macde with much mote certainty T larpe
areas and dense populations than for small aicas and low population densities
Figure | shows capacity factars given by S. A Giceley o \’\{_ /\.. Stanley? .Fm.usc
in making allowances lor the uncertamties of populnlinn (1;5!11ht|}mn«; Aw'lhm a
sewer distiicl.  The possible fuluic population density Toe a portion of a lmpe
distiict may be estimated by nilliplying the estimated fuluie average density for the
catire distiict by the appropriate factor. .

The most important single index 1o (he flow of ‘;:milnly}L‘\v:lgc iz the ate of
cansumption of water.  The total consumption of water within s fown o sewer
distticlt as a whaole i< gcncmli_y considerably higher than the purcly domestic

2
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cnns:u'_mp:mn_, the difTerence hbing atiributable to the usein public inﬁtihilinns:bmcc
buildings, commeicial and industrial estabhshiments, cte., and to the Jeakage iom
the wnlcr-disl:ihulima}sys!cm. When estimales ol sanitary sey age Now from small
arcas are bemg prepared, the most accurate procedure is o make scparale estimaies
of the various classifications of low which make up the total. The classifications
which arc commonly uscd e damestic, commetcial, and industiial sewage fows
and ground-waler infiltration,
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e, |, Capacity factors Tor unequal popaladion developmient,

Quantity of Domestic Sewage. ‘The puicly domeslic sewape Mow will
genetally be about 80 10 90 per cent of the domestic water consnmption. The
average per capita domestic water consumplion varics from about 40 10 120 gpd,
depeading upon the chaacter of the area and the cconomic stalus of the population,
I water is supphied thlmlgh meters, accate estimates of averape per capita con-
sumphion ean be made, 1T waler is supplicd unmetered, estimates have to be based
on the consumption rates which aie known (o prevail in other arens of similar
character,

Quantity of Commercial Sewage. The quantily of sewage flow from
comiercial areas varies widely depending upon the natuie of the commercial
activilty  Allowances made for the quantity of sewage from commercial areas in
large sewer districts are commonly in terms of gatlons per day per acre or galions
pur capita per day. Table [ pives the allowances which were made for flow Niom
commeicial areas in seme Amcrican cities.?  Allowances varied from 2,000 to
60,500 gpd per acre and frony 5 (o 500 ppud per capita. Tt is evident thal, for any
arca it which commercial :ucli\'ity is an important factor, the eslimate of sewape
Now should be hased ona specd study of the area,

Industrial Sewage Flow. 1he How of sewape lom industrial establishinents
may be poiely sandary sewage, of it may also inchude water-hoime mchustrial
wastes  stimates of the samitary sewape are imade by the procedures already
considered  The quaniity of industrial wastes can be detenmined anly Ty special
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_Table I. Sewer Capacity Allowances for Commercial and Industrial Arcas*

City :’;:;: Commaercinl Indusirial
P35 pped] (range 6,750 (o R
. 7500 gl pet acre
Baltimore, Md,] . .. | 1949 13,500 gpd per acte). B DL
. s,
. tesuident popudation .
Rerkeley, Calil. ... .. B R 50,000 gpud per acte

LR
Roston. Mass .. ...p 1949 specially studsed !

Commercial arcas nol servedy
hy sanitary scwers !
, 40,000 ppd per acie: exeess
Columbus. Okiot . ... 1946 nthlchlt() rlc:idcnli:li :mmunl}
Cranston, R I}, .. .. [941 25,000 gpd ey acie
L0000 ppd per acre: downiown
arca rate mbded 1o domestic:
ontlying arca rate added to
domeshic

[40—50 gped;t office baildings

{
Cincinnati, Ohjot ... | 1949 {
{

Dallas, Tex | ..., .| 1949

400-500 gpd per toom, holels < ol
200 ppd per bed; haspitals 250,000 gy
200-300 zpd per room; schoals
180 -250 gpel per 10am; hatels }

Grand Rapids, Mich. ..

150 gpd per bed, hospitats
120-150 gpd per room, schools
310-525 gpd per room: resort
hotels
15 ppadi} sehools
BO-100 pped ;1 oflice buildinps
450.500 pped:f hotels 002§ ¢fs per acie: hght
800-1.000 gpd per bed s hospitals imiuql:i'ul - imlivid?ml
los Angeles, Calil. .. .. 19481 35 gpaddif schoonls stanics fr majoc
0.015 cfs per acre; light bciness ‘|m|ur.=| ral distiels
distgict (== 2,700 el per wcie:
all commercial areas)§
2.000 gpd per acre . 2,000 gpud per acre
00936 cls per acie — 60,500 gpd
per acre
rAllowances determined by,
U special gagings !
{0 015 cls por acie; commercial G021 efe per sere
(.01 2 ¢fs per acre: hotcls !

Hagerstown, Md. .. ..

Las Vegas, Nev, .. ..

Memphis, Fenn N P
Milwaukee, Wis 1..... 1945

New York, NoY.t..... 1949

Santa Manica, Cahf

Shreveport, La. ... ... 1,000 ppd per acre; commercial
15,000 10 30,000 gpd per acic,
Toledo, Ohot .. .. .| 196 averape o masimom allow-

ances
Washington, 1.C .

L N cept in special cases
subhurban district}. . .| 1949 ane exeen i

* ASCE (WPCE)Y Manuad, “Design and Construelion of Sanitary and Storm Sewers ™

t “"Sewer Capacity Desipgn Practice.” by Willigam I° Stanley and Wanen 1 Kaatman f fosion
Soc. Croit Fagrs,, October, 1953, p 320, Table 3

3 Gallons per capita per day.

studies of the individual industiial activities  When larpe industrial waste Nows are
involved, the problem of eollection and disposal ol these wastes usually 1equires
special cnginccring studies, ' .
Quantity of Infiltration. The rate ol infilteation of ground water mto sewers
is influcneed by the size, age, and condition of the seweas; the position of the sewers
with sespect 1o the pround-waler table. the character of the soil; and the amount of
pl‘ccipilnlinn. The infiltration raie for any one system will vary from scason (o
season. _ 1 is comimaen prachice to allow foc infiltration of abonl 30,000 ppd per nle

R : Quantity of Sonitary Sewage 18-5

of sewer. and house connection.  Specifications or ‘new wmk'commonly':\"ow
miiltation rales of 3,500 to 5,000 gpd per mile for 8-in. pipe. 4,500‘ln 6,000 for
12-m. pipe, and 10,000 (o 12,000 for 24-in, pipc,'

Flow Variations. Scwers must he designed 1o handle the peak Row 1ales to be
expected al the end of the design period. {Uis also desiiable to design them so asto
mininuze the problem of sodids deposition during the carly yeus of use when the
Mtows nay be much lower than the Tuture flows 1 he Aows vary from dayto dayand
Grom houe ta hour within cach day.  The ratio of the absoiute mn\(i:nnm Miture
flow vate to the initial minimunt rate may vary fiom about 3o | for I:ll‘gc SCWCIS
serving highly developed aieas to more than 20 to | for small sewers seiving areas
stll under development. Figuie 2, which was used Tor the desipn of sewerage lor
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e 20 Vaniations in Now of demeste sewape,

the Marrimack River Vilfey Sewerage District i Massachuselts (Massachuselts
Senate DYocument 550 of 1947y, 18 1 gnml cx:lmplc of the m;\gniludc‘; ol Muctuations
i low winch aic commonly allowed for in design,

Examples of Sewage Flows Used for Design. Tablc 2 pives dala on the
sewape flows which have been used for The design of sanilary sewers in a number of
United States citics.”  The valuces reported ranpe frioa 92 (o 600 gnd per capita
amel this widevange in flow rafes cmphasizes the (Ic&:imhilily of making an individual
study 1o determine the proper design flow rates for any palicalin aea,

Requirements of Regulatory Agencies. Somc stale regulitory apencies
have established definite per capita ow rates to be used when detailed studies and
estimates of espected flows have not been made  The recommended siandards
of the Gheat 1 akes Upper Mississippi River Boawnd of State Sanitmy Engincers in
regand 1o the design of sanitary sewars are as follomvs
DNesipn Perind

B peneeel sewer systems shonld e desipned for The estimated ultimate lribmtary popula-
lllf‘ll, exeepl i consilenng parts o the systems that can be !c:ullly increasced o capacity
Sinulaaly, consideration should be given te the nsromm adicipated capacity ol instititions
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Sewage Flaws Used for Design*
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Wasangton, D C..

1verage

Loc

§ .

district

unpuraan

= o
B 5
= 3 b
c 2w =B 2
-] (== = o
= -8 5 a 5
g Yo - Pl —_ .
= U W 2 = i
-- G d a. £ g 2
= 5 © S T ¥
o 0. ¢ z o e fry
°u 5] n e K - <) o
v i C o - c o c
[ T ~ o
b I o S g = S
E = 22= o 3 =
T [ S0~ LT c °
o 3 Y 2 m 3
5 G e T v = ] =]
£l £ w25 A 8 5 -
. o o C;Oo l = o a
A e o | = & g
2 B n D an £ [ i N
;= an seE L - fF %
‘* an -S UEE - A >_ o
5 5 3 L5 = % 5
= 3 = h 2 > = = =
¥ o o - eod o o » =4
W W &= th AT E 7, i
2~
=] L :
.20 2 .
3-“%4" ‘:*', : =3 . [a N la Nl orMooo
5 ) L. =) N
T2Y | TRE B hneS LB DHEDF oA DD
A VAR RS nee -2 2¢3C a+n23e
H b : :
20 % | . :
u. m . :
v - .
ggqn
AT U A— wy : to
T8 28 |coooe comen ano o o on— o . .
Uﬁﬂf‘—“ﬁ, SO O~ VDM OO0V oo . MOt o o)
wdp G| RTIED ZZZE=Z=Z RO ne-ns e :
O X >
o.p
)
S Nl e wa e = e e ok memee mdm e r
g3
e —_ . DM nwno o (= o
E-Es 820 ‘8"\0 -+ D o . e -~ D
v o> e o el al —— D -+ —
283 : : : ~f D
a9 bt . -
o Vo
a =
¢ ¢
T
:Ea"— cwn - - BON SO0 W - S t~a -
mdsg O - . =] — D D - - el M
axsg =" o . —os FE = =z -
;z...mun
>°8
< 3
- I O e T R o oD
rJﬂ...S T N B ) -+ -+ F - -1 <t
v oo [ N - ER Y =3 g (=] ?_2
o Q e . - — . —
R : . Lo . R C
Lo o . L, : Do =T
.. . P =t - . L2 e e, s S
Dl 32wR L oodog G leD ACR
: . 2=z s it 4 -
> - U =T ‘Sv,z‘,ﬂ uo =] i = - ‘ﬁj......m
= SAREL TeSed g 58 FEa0” FES%0
v oS Te Z8ag0 L2k 83 gFu g8 TedgE
PR Yo RN T v, L2D 598520
= c FZewoco -9 o £ a2 aimG Mg 2
oz‘égo -] -0 BMedw & 5 £33 nr‘-g-l:—no
=2 2 - » S : n e
f¥ev? H°%g5 vBe T g SESIT fo5cy
ZEZ305 Eud¥Ps s2T 5 R Z5IS8 HEii
amaly O003T2 933 3 7 ZFcde edtmane

2.

{ Engrs., Octooer, 1933, p. 317, Table

wr

. J Boston Soe. C

iman

v and Stoem Sewers.

Sanutar

ansireciion of

“Design and C

n Pracuce.’” by William E. Stanlevand Warrea J. Kau

g

51

o Measured or esumated comestic sewiyge.

= ASCE(WPCF)Y Manual,
- Gallons per capua per day
§ "Sewer Capacuy De
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' Design Faclors
In determining the requised eapacities of sanita ry sewers the following factors should be
congidered:
a. Maxinum bowly quantity of sewage,
I, Additienal maxinwm sewage or waste llom indusirial plants.
. Groumd water infilirndion.
Iesign Basis
I'er Capita Flone. Now sewer systems should he desipned on the basis of an n(rcr:\gc daily
per capita Nlow of sewage of not less than 100 gatlons per day.  This figure is assumed to
cover normal infiltiation, bat an additionad allowance should be made where canditions
ae unlavorahle. Cienctally the sewers shonld be desipned to carry, when running full,
nod less than the I'ullmving daily per capita contributions of sewage, exclusive of sewage
or olher wasie ltom industr izl plants,
Laterals mind sub-miain sewers-- 400 patlons,
Mam, trunk and outfll sewers -.250 paltons.
Infeicoptors: Inlc:ccpliug scwers, in the ease of cambined sewer s stems, should Ml
the above requiements for trunk sewers and have suflicient additional capacity to care
Tor the necessary increment of stonm waler Narmally no interceptor should be
designed Tor less than 35057 of the gauped or estimitied diy weather flow,
Alternate Method. When deviations from the I'u:cgning per capita tales aic demonsirated,
a breel description u‘!' the procedme used Tor sewer Mesipn must be inclded.

Table 3. Discharge Welghts of Plumbing Fixtures *

Weight
per fixture
or group
in hivture

FFixture or group tnits

Dathroom proup: '

Flush valve waler eloset , .., 8

Fank waiter claset P coee 6
Bathiub thot and cold) .. . X
Bonkmg fountain |, . F L ¥ 1
Dyishwasher domestic .. . N |
Kitchen sink -

Domestic L . e ceen 2

Pyamestic with Tood waste priwler A |
Lavatory (hotand eold) ..., - .. .. ... 2
I_:mn([ry Irn:,- {one or twa compurbmenis) | P 2
Shower stall, domestic ... . L. 2
Showers (proupy, per head |, .. . . 3
Sink.

Scrvice (teap standard) ..., e 3

Service (Meap). .o T .2
Hunal

Pedestal, siphon jet, hlowout {fush vilve), ... . 8

Stall or wall type .. ..
Water closey;

Tank opernted L.

Flush valve operated L,

=

* From American Standand Plumbing Code, ASA A40.8-
1955

I Consisting of water claset, lavatory, and hathiub or
shower stall,

1A shower head aver o bathtub daes not increase the
lixtuie value

Far a continunus ar semicontinuous flow into a drainage
system, sich as teme a pump, pumi ejcetor, an-conilibioning
cqupment, ar semfar device, twa lidure units shall he
allowed Tor cach gallon per mimete of Now,
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Fixture-unit Basis of Design. ot small tributary populations and l'.m'
institutions such as schools, hov.[‘;ilnls, hotels, Tactoiics, ele., the ]C(]‘l‘lilC‘(! capacitics
of sanitary seweis imay be estimaled from the “fixtirc-unit flow |:alc_s. :lcfmcc_l by the
American Standard Nationat Plumbing Code, ASA A40.8-1955. !:lh'lt.j. R} gwcsllhc
relative discharge weights in fixtuic units for various types of fixtuies, !_hc relation-
ship between the probable peak discharge rate and .thc.lulnl nun_alhc: c:f lixtute unils,
based on the probability studies of R. B Hunder, s given hy Fig. 3

Summary. The following summary of the C(')I'ISI(‘C“\'.I(“IHS necessaty 1'0.1 the
determinalion of sanitary sewer capacity is given in the ASCI;.M:numl af I-,ngmclcr-
ing Mactice, No. 37 (WPCI Manuat of Practice No. 3, “Desipn and Constiuction
of Sanitary and Storm Scwers™-

500 T
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1000 1500 2000 2500 3000
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Fri. 3. Discharge llom plumbing fixtuies

The determination of the flow guandilies for which o design & separate saniny sewer
requires consideration and detarmination of the following - ] R

t. The design period during which the peak or masunum design flow i not expected 1o
be exceedad—usually 25 (o 40 or 50 yrin the [uure. - -1 o

2. Domestic sewage contributions hased upon prebable futue population ~1mll prohab tlr_
future per capita water consumpiion. (,‘.'pgl'ul considerlion is piven 1o (Iljlnw’ulmnuln‘
pnpu!:\linn and relationship of peak and minimam Mow tikes to average pet capita S-C“‘FE
fiows. The fixturc-imit melhod of developing peak vales should he employed for sma

lations. : )
po.%p.“(;:'-:nmmcrcinl arga contiibutions from stares, hotels, oflices, mul other lumncs‘:,('s
which arc sometimes assumed {0 be amply cared for in the peak Mlowance for per Cz;]\lli\
sewnge flinws in spall conumunitics. Per-ncre allowances based upon ;u‘lulnl Il.‘([:()f( 5 ::l'
successiul design quantities of 1econd r(lu: comptrable conupercial mieas e the nw
sonable approach for karger communitics. )

"C?:: Induilrg'lrl‘ waslcs whicl‘? include estimated domestic sewage lom hnown populnitons
per shift, estimated or g:\i:c(l allowances per acie for m(hm.h‘y A% \\'Imlz:: and :sc'| unl' Or
estisnated low rades [rom plants with Larpe process wasles which can he permtted wsanitny
sewels,

5
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S Institutional wastes, usually almest entirely domestic sewage.  Peak and minimum”
design flow rales from persons i the institution sie muliplicd by te same basic per capita
tales as e used by SOA, Chrecley and W, A, Stanley,®

6. /\ihcnm[ilinlnng aih andustiinl conling wilers i permitted (o he discharped 1o the
sanifary sewers - asstme g (o 2 gal pa ton of non-walct-conserving rnn]ing units,
'.I']u:r(' should be an cenlmced ondinance probihiting the thselinge of spent conling walers
inle scparate saniary scwers,

7. Stoam-waler contributions 1o sandary sewers  Phese should be prabibited, but the
designer must rccognize that some such stom amd surface water does pel into sepan e
sanHary sewers ad a Judgment allowanee therefore must be inade.

R Tnfilteation theough defective joints.  1his needs a< catclul an cvaluation as can be
made Nom thought given fo the several factors involved, Design allowanees should be
tnper (under somie encuisianees very much larper) than those stipulated in construction
speafications where acceplanee tests aae made very sean alter constivction,  Under-
evaluation of mblitation is often the principal yeason why some sewers hive hecome
overtoaded

The relattve anphasis given o each of the lorcpoing Nictors vaties among designers,
Some hive set up single values of peak desipn flow rates for (he variaus classifications of
tributary area, thereby integrating all these items,  11is recommended, however, that actual
maximny and minimum peak design Mows he developed step by step, giving as thorongh
as possible consideration 1o each of the component items which infllucnce desipn values,

QUANTITY OF STORM WATER

The Rational Methad. The rational method is (he most commonly useid
Procedine fin the computanion of the 1ales of storm-water 1unoell for stonm-sewer
design = The rale of tinoll () s given hy the couadion

Q@ - CiA

m which A is the sive of the deninagpe nren, 4 s the averape inicmily of tainfafl for o
hiration cqual fo the time of concentiation of the area, and Clisa rinoll cocllicient
whose value depends principally upon the chartacter of the ntea.  or g steady
rainfabl vate of 1.0 in./hr the total precipitation deposited aver an area of | acre
would be at the rate of 100K efs o, for piactical purposes, 1.0 cfs. Therefote, il A
is expressed in acres, 7 in inches per hout, and @ in cubic feet per second, Cminy be
interprcted as a dimensionless coeflicient which cxpiesses lhe alio of the rmoll
iate to the rainfall rate,

The assumption behind the rational methad is that the runoff ale for a given
rainfall intensity will inciease and teach its maxinum when the duration of the
tainfall reaches the time of concentiation of (he atea (the time tequited Tor the
tunodf ta flow frem the remotest point of the aiea to the point wheie Q is being
measuted). By this assumption, the maximum runoff rate Q@ which can be expected
to occur with any given hiequeney will he produced by a storm having the maximum
average tnfall mlensity co lcspnn(ling to the given ﬁcqucncy and duration.  The
apphcation of the mcthod 1cquires klmwlcdgc of the rainfall intepsity-duralion-
Mequency characteristics for the foeality. Although the assumplions are not
stictly i accord with the mechanics of the runoif process, the tintional method has
proved {o e a practical procedme for storp-diain desipn beeause the acarmulated
expetience has iesalted Prachicable values for the runaf cocllicient €.

Time of Concentration. The {inic of concentialion is (he time required for
the tunofl 4o Now from the remoteslt paint of the drainage aren lo the poit under
design.  Thisis the mininumm time neeessary to permit the entire acea Lo contribmie
to the Oow al the point. The time of concentintion consists of the inlet lime, o
time tcquired ot the vunofl at the upper cnd of the uea Lo jeach the nearest
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inlet, plus the, time of flpw in the sewer from this inlel' to the point being
considered. . .

Indet time will-vary with the nature of the surface, the slopes, the natwie of the
established drainage channels such as shicet gutters, and the antecedent canditions.
Because the inlet time is small, it 15 commonly chosen on the basis of expeiience.
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Fig. 4. Rainfall imtensity-duralion-frequency corves, New York, N.Y. 1903- 1951, Nogg:
Frequency analysis by method of cxtreme values, after Gumbel.

Tn denscly developed areas with a high pereentage of paved suifaces and closely
spaced inlets, an inlel time as low as § min way be assumed.  In maodics :nl_c]y de-
veloped urban arcas with Mat slopes the inlet time may be fram 10 o 1S min. o
flat residential areas having a relatively low petcentage of paved surf:!cc. lh'c mlet
time may be as high as 30 min. Nis possible fo make estimies of the inlet ||.mc by
calculating the time of flaw over the vatious types of surfaces, but such estimates
can rarcly he made with a high degree of accuracy.

6

-~

Quantity of Storm Water 1811

The time of flow in the sewer is compuied Nom the hydianlic properlics of the'
seweir, the common praclice heing to use the average flowing-full velocity computed

- Tor the prevailing slope.

Rainfall Frequency. [t is usually prohibitive, on the basis of cost, to construct
slorm seweis capable of handiing the largest conceivable stooms,  Cutrent praclice
is to usc storm rainfalls h:wing an average expecled fiequency ol once every dto 10
years for the design of stonm sewers in 1esidential meas and storms of 10 Ho 30 years
for conmmercial and high‘\'uluc districts,

Rainfall Intensity-Duration-Frequency Relationships. Therainfallcharac-
teristies which must be known for storm-sewer design are presented in a very concise
manner by the mtensity-duration-fiequency cuives, which can be prepared fiom a
long recond of precipitation al o given station. Figine 4 shows such a set of curves
prepased by the LS. Weather Hureau Niom the precipitation recorded al New Yok
City from 1903 1o 19587 This ligure shows, Tor oxample, that an average intensity
of 2.2 in.fln for a dutation of | lu will be equaled o1 exceeded, on the average,
ance every [0 years  Similar data for many other localities have been compiled and
published by the U'S Weather Bureau? ® Figures §-8 show the geographical
distoabition of certain ainlall characteristics for the area of the United Stales
cast of the 105th moendian®  or the tegion west of the 105th meridian,
the local viniations in aginfall chaacteristics mnke il ilnpmclicnhlc lo pie-
sent theny in the Torm of Figs. 5 (o & For data covering the western portion:
of the United States, the reader 1s eferred (o Weather Bureau Technical Paper
28"

Runoff Coefficient. Thc runolf cocflicient ¢ in the rational ‘method is the
variable which is least susceplible to precise determination. Whereas the nse of the
tanoll coefMicient imphes that there is a constant ratio of tunofM Lo rainfall, the actuat
tatio for a given area will depend upon the condition of Ihe area at the time of
occurience of the storm and will increase wilh the duration of the storm, A more
fopieal procodure than the sational method Tor storm-diain desipn would be to
subtiact the sninfall Yosses due ta infilteation and retention in suiface depressionsangd
to distiibute the remainder as an actual hydrograph of runofl*"  However, beeause
al the gicat vaniahility in the time distiibution of the rinfall itsell as well as the
dilficully in estimating the guantities of infiltiation and surface depression storage,
mosl enginects stdl prefer to estimate a value of the vunofl coeflicient ¢ A
commaon praclice is the use of aveiage cocflicients for vartous types of distiicts, the
coclhicients heing asswned to be constant roughout the storm dutadion. The
range of values u:]mlicd to be in conunon use is as follows

Type of arca Runofl coelicient

Bsiness:

Downtown areas, .., . . .. . 070-095

Neighborhood areas.. ... 0.50.070
Resudential:

Smgle-fanuly areas ... ... 0.30-0 50

Multivmits, detached o000 oL 0,40 0 60 -

Multeseensts, attached .. ... ... 0.60 075
Residential {sumburban). .. ... ... 25 040
Apartment dwelbng arcas .. .. DLS0-L70
[ndustoal;

Lapght arens cee e .. 050 0RO

Heavy areas e e 0.60-0.90
Parks, cemeteries F N 0.1~ 25
Playgroumls .. .o (200015
Ratkroad yanl areas .. . L0020 0,40
Uhhimiproved arcas . . Lo DD
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)

Fiei. 7. Rainfall intensities in mches Tor 10-year I'lc||1|cncy amd  1S5-min duration,

/5

]
\‘\

Prez, 8. Rainfall inlensities in inches for )-yea frequency and 60-min duration.
19

K alion.
Fre. 6. Rainfall inlensitics in inches for 2-year frequency and 60-mm duratic
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For specific small meas it is moie logical {a ielate the value of C Lo the actual type
: et - -F
of surface.  Coeflicients commonly used are:

Character of suifuace Ruaolf cocliviens
Sirects:

Asphaltic ... .- e e DI0-095

Conerele ... oo -0 - .. ORO-0I5

BBrick . . .. . ... 070085
Drives and watkhs ... .. e (+75-0 85
Roofs ..... I £ b B P
Lawns, sandy soil:

1;:1:11.2'}.’,.?‘. e e ee nes-010

Average, 2 to 10 L - .- QI0-0I5

Steep. 750 L. n 0,15-020
Lawns, heavy soil

lr\?llm.r;{. A Y AR A b

ape, 21070 SRR { I £ | I
Avc””"’ ( R 1 VL

Steep, 170

When an area is made up of diffarent types of siifaces, a common procedure is lo

H i _avetape cocfliciend.
m?r;:cw;?élr]]!.gi.~.‘l:ingmc plcvi(ms tabulabions :nc'dcslp‘:)cd an HsC ﬁ.” :'QI(:I]I!‘IS :f
5- to 10-year ficquencies 1 or less I':c.qu_cn!, ‘Iughcr m]cam-ly s_h"".“" ‘.L”Lh,_.
ellicicnts should be l\igllcr, heenuse the infiltinbion :}I\(l q'ml‘n?n: 1(,1(::1l{m;|;\ |“c”[
simalle 'pmpmiinns af (he totad precipilation i.ikewise, IU'I'lI‘HI(T.Hl n tl-mk;
lower inlensity slotms, the cocflicients should be lower than mdcated n s 5.

HYDRAULICS OF SEWERS

plnccd nndc:gnmnd, mosi sewers aic dc_mgncd o
Mow with a free water surface. An advantage ol the free-flow C(m(hllmn is that ;};L
depth will vary with the rate of fow in such away as Lo keep the velocity :c.nsn}:a b )|('
‘ M M " . old P 3’
high even al Mlow tales which are small in compaison with the full capacity 01‘
the pipc This helps lo maintain velocitics suflicient la prevent the dcpnsnl:flm o
solids over n wide prnpo:linn of the Nows which aic likely to he cneotttercd.
' i - i 1d be sullicient 1o caury the peak flow rale fo
The capacily of a sewer pipe should he st ¥ peek rote 1o
be 'mlicipntcd at the end of the design pa ind, and the 'ilopcrs 1wl “15: sulfic :
Srovi ansi i ing atly yemrs of usc, s ConunM
lo provide for sell-cleansing vclocm(,tq during the catly y TR
pr'!clicc to design sanitary sewers with slopes suflicicnt to provude ¢
| y : H ~ ~
2 Ips when flowing full, |,:.XpCli(_‘llCC shaws (hat with such slopes ttouble foont

o b
denosits is seldom encountered. ) . . I
‘ i is seldom slcady o uniform, it s llﬂpl.l(,“l_‘lhl(. in

Allthough the fow in sewcers 1 - " : o i
mosl c;nc%!o take this into account, and each scclion of the sewer is nsnally designe o

with the assumption that the Now is slca(!y ansd umfm m. 0 S
Elow Formulas. Dcspite ils cnmpicxll)l'. I(ull_ca s formutla has lacfcl:n wide ) “;er
in the past for the selution of ]1roh!cm< m_vn!vmg :)pcn—ch:nlf:s | ‘nfrqlgﬂ.rlc”i(m_
hecause of {he availability of charls ::!1(1 digrams which facs :.|.]1<n,1|l. ‘[ ! m”h.
The Manning cquation is now bheing widcely used i place ol the Kalter bt ;

The Kuller cqu:ninn is
[1 Rifn 1 4167 1 0002818 7 I~
: I

Although they arc usually

= A
1A A (41,67 1 B 0028[S)

in which 17— mean velocity. s,
r — hydiaulic tading, 1 )
&5 - slope ol ena1py gr;uhcnl
n - cocflicient ol roughness

3
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Manning’s equation is
Vo (1L ARG I 158

in which the nomenciature is the same as fon the Kulter cquation,

The muglmcss cocllicient # varies from 0 610 Tor smooth surfces (o as high as
010 for rongh natal channels and has the sime numerical value in cach of the
alrove equations. It is common practice to use values of Kulter's or Manning's
nool 03 Tor sewer design, This value makes some allowance for the fulure

- condition of the pipe as well as disturhances in the low resulting from 1ough joints,

intettor coatings of greasc or other natter, and eddying duc to changes in pipe size,
junctions, cle. Figure 9 is a diagiam Tor the solution of the Manning cquation
;\ppficd to citcular pipes flowing Mll, with o cqual to 0013, Expcrimcnls have
indicated that the value of #15 not the simne at all depths and that maximuam value
15 found 1o occin at a l.lcplh cqquad to abont tuee-tenths of the dinmeter.

Pipes Flowing Partly Full.  Tigure 10, which is taken fiam the ASCE (WIPCT?)
Manual previously refersed (o, gives the hydranlic clements of circular pipC‘: ﬂn\\'illg
paatly full. “This figuee shows the 1atios of the values of the varions clements (o the
values for the Aowing-Tfoll condition. The cross-sectional area and the hydeanlic
vadius are pmcely peometric Tinctions amd henee inlependent of . The velocily
and discharge Tor any particalar ratio of depth to dinmeter depend upon whether
nis assumed (o be constand or vindable with the depth. Velocity and discharge
cinves computed fiom botlvassumptions are shown The viuiation in the viadue of »
is based on oxtensive experiments by Wilcox and by Yaraell and Woodward P12

The use of Fig 10 s illustaated by the followmg example

Funple A 3G sewer pipe (0 - 0.013Y is Iaid on a slope of 2208 10 per 1,000 1t Find
the depth of Mow and the velocity when the flow rale is 2000 ¢fs. Assime that # varies
witlt the depth of flow

Solutron. rom Uig 9, the capacity of the pipe when flowing fullis 30.0 ¢fs and the veloc-
ity is 4.2V fps. Then gf¢0 200/30.0 0677, From Vip, 10, d08 067 anmd of b -~
02 Thendepth 067 - V0 2000 amd veloeity -- 091 < 423 - 123 Ips,

Figie 10 also shows the rclative velocities lcquilcd to ablain cqllal clc:msing
of the pipe at all depths of Qow, This is based on T, R, Camp’s analyses of the
theoretical wonk done by Shickls on the moventent of pranular materinds in open
channels."™ " The diagram indicates that, if a sewer has self-cleansing velocities
e ﬂnwingfl'nll conditions, the velocity will also be sefl-cleansing Tor all Now
condilions at depths greater than one-halfl the dinmeter. As previonsly staled, this
is an important icason T designing sewers (o Now as open channels,

Alternate Stages of Flow.  T'hc specific energy of the flow at any section in an
open channel is defined as the encigy of the Aow expressed in fect (fool-pounds
per pound) measwied above the bottom of the channcl. Figure || repicsents the
flow profife at a section ol a channel {lowing with a lice sumlace.  The specific
cncigy for a point in a stecam line al a distance y above the bottam of the channel is
givcn by the expression

Ho-p v by ®2p - d L Y2 - d 1 Q¥ 2e A2

where 77 is the specific encipy head, & is the pressure head abhove the stieam Tine,
n is the velncity at the poant. @ 15 the llow rate, and A is the cross-sectional area.
Since the velocily is a hmction of y. the specific encigy is also a function of p.
However, the above cquation can he considered, with very little enien, as being
representative of (he flow as a whole provided that v is Inken as the average velocity
fot the cross seclion.
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i, 9. Discharge of circular pipcs (running fufl) based on the Manning formula
Q = ALLARGHY " 15

whete @ - flow rate, A == cross-seclional area, r = hydraglic tadius, § — slope of encrpy
peadient, v coelicicnt af jonghness. .
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Fic 10 Hydraubic clements of cucnlar sewers.

In Fig. 1. the slope of the chaunel bottom is desipnated as Sy and the slope of
the encigy gradicnt as 8 Uor the peneral case of nonuniform Mow {wheie the
depth is increasing o1 decreasing in the direction of flow) the values of § and S,
will be different; for uniform flow they will have the same value.  The Manning
cquadion can he apphed to the conditions at any seclion provided that S in the
cquation is laken (o he the slope of the cncrgy gradient al the scction.

It is evident that the cross-sectional niea of 1he flow in the specific-cner gy equation
is a function of the shape of the scction and the depth. 1Fon a citeular pipe, A is a
complicated function of the depth o
and the diameter B2, Figuie 12, whach

WIS plcpmcd hy Thomnas K. C:lm]". s "‘*’—-—_____ \
a gl:nphicnl solution” of the Qpccilic- — _,;"_"'_Uy Qradipny h,;:;:_‘g“"'—t—.__,_____
encrpy cquation for citenb pipes.!® Watmy o —
o - Surface —_—
It 1s noted fiom IFig. 12 that, fo piven e S

values of (0, D, and /. there juce two
possible valnes of o which will satisfy
the cquattion,  The larger of the two
values is designated as “upper stage
Now,” “tranquil Mow ™ or “suberitical
flow™; the lower value is designated
as “lower =lage Mow.” “shooting

I, 1L Open-channel Now,
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flow,” or “supercritical flow.”™ The “critical depth™ is the depth at which the
valuc of the function Q¥2p/{ D is a maximum or at which the valuc of /s a
minimum for piven values of Q and D, Itis impoitant to note that the iclation-
ships given in Fig. 12 arc purcly algebraic and arc in no way related to the basic
relationship between Q and S as given by the Kuller or Manning cquations

02
Values of for criticol depth
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Fig. i2a. Energy relationships for fice sueface Bow in pipes.  Q7fZgH/ /Y Trom O o 0.02.

If a channe! is long enough, or if the downstieam condilions are just right, the
flow in a channel may be vniform.  Under these conditions, the depth will be
constant along the channel and the values of 5,5, and the slope of the water s face
will he equal. The depth of flow for uniform flow conditions may be designated as
the normal deptly o, This is the depth of Now which makes the sale of less of
energy S equal to (he battom slope 8, Perfectly amiform ffow rately oceurs

10 r
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hecause the depth at any ciross section is de
the distance of the section from the ch
or upsticam channel junction
which are independent of 5,

pendent not only upon S, bul also upon
annel outlel or from the nearest downstream
abwhich pomt the depth may be cantrolled by faclors

A valuc ol o, can he computed for any chanunel by the

o2
Values of — for critical depth !
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Fie. 126, Eergy relationships Tor fice sut face flow in pipes.  @Y2gH D' from 0.0 (0 0.50.

Manning equation by assuming that §is cqualto S, Tloawever, whether or not the
Now will ever accin at the depth o, in any sticich of a channel will depend upon
the hydraulic conditinns downsticam ar upsticam of the sticich. A value ol! S,
which mnkes o, greater than the critical depth o, may he désignnlcd as a "mil(?
slope,™ and a value which produces a o, dess than the critical depth may be
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designated as a “'steep stope.” The slope S which makes #, equal to the critical
depth may be designated as the critical slope .S',... co s

The significance of the aiitical depth may be tlustrated by lcrcrcncg to Tig. f
The Mow conditions for each af the cases shown aic cxpluned bricfly bclow

1. A channcl with a mild slope dischaiges frcFIy inte the :1lnmsphuc_ _(,rillcnl
depth will occir at the outlel.  The depth will increasc al successive SCC[IOI.]S I.Ip-
stream until the normal depth is reached, beyond which the flow will he uniform.

dy >d; M

W@«/mwj,

-

files. (@) Free discharge from a mild slope.,
() Discharge from one muid slope to another,
(¢) Tree dischaige Mom a stecp slopc.

Fig. 13 Examples of nonunifoim flow pro
(5} Pischarge from a mild to a steep slope.
(e} Dhischm ge Trom a steep slope 1o a mmuld slope.

anncl will he much less than the distance rcqm.rctl
ance of thig is that for ashont shicich of pipe,
harpe may he mnch greater than woukl

In many cascs the lenpth 0f_t1hc cl] I
{o develop normal depth. The s:gnlhc
its aclual capacily o carry ﬂn\.v witliout stinchar) : .
be caleulated by assuming uniform ﬂ(jw with & C([[I"'I.! o S, " e of the
2. A channel changes slope from mild i steep- _I_hc cotlitions 'u] [ ofthe
junclion will be the same as for paragraph L Fhe deptih downsticam «
i ian will decrense and approach . ‘
J“';‘f' I;:nchann(cl changes sln&*} fram a mild slopc to another nAuIcl <lo[l}.c. ll(?:;l(l{c;(::\
of the junction there will be a pradual decrease the depth f:f'nn v.clf m{;n“ ¢ r,(,,,;
4. A channel changes slope framy steep o wild. In 1|_llfi.l.]|9{;.‘. \II\CWL“ }-,Ec ce
the upsticam superctitical flow 1o the downsticam suberitical {iov ake

11
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suddenly in a “hydranlic jump.? The position of the jump may be either upstream
ar downsticam of the juncuion, depending upon the relative values of ‘the various
paramceters which control the flow pattern, ’ :

5. A steep slope dischaiges into the atmosphere.  1n this ease the Row will be at
the novinal supereriticd flow, provided that the upsticam control has permitted
noimal depth to he developed (see case 2).

The forcgoing discussion on ponuniform flow is presenled to show ihe reader
the importance of undeistanding these principles, particularly when dealing with
siall systems wihere few pipes may be involved.  TFor delailed presentation of
nonumform flow, the ieader is referted fo texthooks on the subject.'®-17

Hydraulics of Sewer Transitions. In cxicnsive scwer systems, most of the
pipes will have mild slopes and the Mows will be suberitical.  Extra eneigy losses

o —ome— Manhplp —— e

. 14, Flow profile at junction.

occur at afl transitions where changes occur in size, slope, ot direction of the pipe
and at junctions where several pupes come logether, 1T the transitions are properly
designed 1o allow foi these eneigy losses, the condition of uniform low may be
approxtmated in the individual lines and the Mows will never be at depths grealer
than the depihs computed on the assumption of uniform Mow, However, if the
transitions are not properly designed, pipes may at times Now at depths greater than
the computed depths and surcharge may occur under peak flow conditions, The
hydraulic principles involved in transition design are illustrated in Fig, 14, which
shows a transitton where a pipe flows into a larger pipe laid on a flatter grade.
ue (o the turbulence crcated by the flow expansion there will be a head loss 1. In
order to prevent the upstieam pipe from flowing at a depth greater than its normal
depth oy, the relative clevations of the pipes must be such that the energy gradient
of the downsticam pipe is lower than thal of the upsticam pipe by the amount of /i,
This requires that the inverl of the downsticam be placed below that of the upsticam
pipe by the amount &, . The relationship between the v:lrim!s vertical dimensions
is piven: by the equation

fygy = My = 0 Ly

The equation assumes thal the loss is concentrated at the center of the transition.
As actually constructed, the transiion will take place within a manhale, and the
channel scetion within the manhele is made to provide Tor a praduoad tiansition
hetween the (wo pipes. 1T the computed invert diop By, is negative, il is usually
taken as vero and the pipe inverts are placed at the same clevation.

The energy loss &, is usually small, bat it can assame Tairly high values when high
velocities are invalved.  Data on (he mapniludes of &, are scarce, but such dala as
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are available indicate that /, ean be represenled as a Niaclion of . the change in
velocily heads in accordance with the equation

he — KA(0}2g)

Based on studics of open-chnnncl transitions for subcritical flow by Jufianr 1linds,
the values of KX for smooth lransitions might be tnken as fow as 010 for increasmg
velocily fransitions and 0.20 for decreasing velocily transitions.'®  Increascd
transition Tosses occur when a sewer line changes direction and ab junctions where
onc or more branch sewers join a main sewer.  Reliable information on the
transition head losses in such cascs is almaost cnlitely lacking. The hydmuiic
design of junctions may be considered as the design of two or more Lransitions, one
for cach path of Mow. The exit sewer is eomman to all paths, and its invert must
be placed at the lnwest computed elevation.  Beeause of the lack of information on
the transition losses, allowances are usually marc in nccordance with the judpgment
of the designer. An arbitrary plnccclmc which is commonly aclopted is 1o allow
aboul twice as much loss along Row paths in junctions as compaied with the
allowances for simple transilions involving ihe saime velocilies.

SEWER PIPE

Pipe Materials. The materials, listed alphabetically, of which sticel scwer
pipcs n1re mosi commnnly construcied a1e ashestos cement, cast i1on, concrele, and
vitrifiedd clay.  Casl iron may be used far pressire sewers, far piping in and around
buildings, and where its use may be indicated by structural requirtements, The other
materinls are the most conumonly uscd for sewers flowing under the usual fice-
curface conditions.  Bituminized-fiber pipes arc commonly used in collecting storm
water from building downspouls, for foundation drains, and in lenching systems
for 1esidential sewage disposal. Plastic pipe may be used Tor the conveyance of
highly acidic industrial wastes, :

Asbestos-cement Sewer Pipe.  Asbestos-cemenl sewer pipe is available in
the sizes and classes given in the following table:

Class ) MNeominal size, chamcier, n

1500 6 8 ] 10 12 14 16

2400 6 8 10 12 14 16 18 20 24

3300 6 ] i0 12 14 16 18 20 24 ki)

4000 . .. 1Q 12 14 16 IR 0 24 30 RIS
5000 .. o 10 12 14 16 18 20 24 1n an

Standard lengths arc 10 and 13 [ for the 6- and 8-in -diameter prpe and 13 ft fm
the larger diameter pipe. The class desipnalions refer to the crushing strengths as
determined hy the three-cdge hearing meilod of {esting Joints are made with
rubber rings or gnskcls and cnup[ings of the same material as the pipe. Advaniages
claimed for asbestos-cement pipe aic case of handling duc to light weight, light
jninls which resist infiltration and cxfiltrafion as well as rool penelration, nt1(|
resistance to corrosion in most soil canditions.  Corrosion may 1esull from acid
sewapce and in highly acidic or highly sulfate-alkaline soils.

Standard spcciﬁcmions covering, ashestos-cenenl scwer pipe et

|. Eederal Specification §5-1-3316, Pipe, Ashesios-coment, Scwer, Nonpressuie

2 Tentative Spcc‘iﬁcnlinns and Methods of Test for Asheslos-cement Noan-
pressiic Sewer Pipe, ASTM Designation 428

12
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. Table 4. Concrete Sewer Pipe (ASTM C-14.59)

Standard pipe Ixtra-strength pipe
Ilnlcmal Min laying |7 :I\‘l_ o
diam, o, lengily, 1 Min batrrel W strength i Mia strength
thickness, gn_ (samd hﬁcnring). 11:1&:'::12::"5:1 {sand bcnrigng).
N S thftine 1t o Ib/lin
4 21 v _“7"1- "(T——_‘ T T e
6 204 " 1030 iy To00
8 214 ot 1.950 i 3'3.?3
19 3 o 2,100 v .
2 3 | 2,250 1 359
5 3 i 2.620 144 1A
IR 3 Ieg 3.0 ' 195
- 3 13 3'1((])3 2 ST
B . vl ¢
24 3 204 1,600 3 5000
t R . 5,000

c . . .
oncrete Sewer Pipe. lincinforced concicle scwer pipe is available in

51:\11@(511([ si2¢s from 4 to 24 in. in diamcter and in two strength classes.  Standard
specifications covering unreinforced cor e i
wreie pipe - - ,

shecthientions cose gl_ rein pipeintended f'm use in the conveyance
'|‘ |.| '(1{‘ . ustrial wastes, and storm waler are ASTM Designation CI4

able pives t(he principal dimensional 1H '

. ' i al and strength reqiiitements of these

specifications & 9 ‘
A‘!‘llf:rclfmccd_ f:nn'cuclc sewer pipe, in sizes ltom 12 to 108 in 1D, are covered by

|'If' 1 Spccnhc:mnns' (_76_. Pipe manulactured under these specifications are
of five strenglh classifications. Table § gives the available sizes and strength
tequiremenls., -

A n}nlnhcr ol (I|[T'e:cnl joint lypes are available depending upon the dcgrcc of
;valcimg itness 1equited  The conctele pipe indusiry fuinishes all the necessary
rends, wyces, tees, and specials necessary for any sanitary sewerage project, the
usun! pracedure being ta make each such picce of pipe in accordance with the
requitements of the ]nnjccl_z"

Advantages n_f coharete pipe e the wide ranges in sizes, Inying lengths, and
sl:cngl.hs_ A (Ils.'u.lv:mlngc of conerete pipe for sewers is that it is subjeet 1o
carrasion under acid conditions. 7 flow velocities nre insuflicient to prevent the
deposition of o1ganic solids, seplic conditions may result.  Hydrogen sullide pas
produced by the anactohic decomposition of organic malter becomes oxidized 1o

produce sulfutic acid, which damages the pipe This condition can usually be

prevented by designing the sewers so thal sell-cicansing velocilies will occur ost
. Lo

ol the (hme. [1(31cct|\'c linings can be used to prevent carrosion wheie the sewape

may be excessively acid, ’

Table 5. Reinforced-concrete Pipe (ASTM C76-59T)

Sand-hearmg strenpth,
Clace Si?lc rnge, B NI per It diam
dinm, mn, i 'r' - _"__ R
o produce ;
001-in. ceack Uttimate
! 40~ 108 a0 | s
, 1 12-508 L5 - 2,250
1 12.10R 2,025 1000
AY 12— B4 1,000 4.500
v 12. 72 4,500 5,625
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Vitrified-clay Sewer Pipe. Vitrificd-clay pipe is manufactured in standard
sizes from 4 (o 36 in. in dinmeler and in fwo strength classifications.  ASTM
Specifications C13 and C200 cover “standard-stiength™ and “eatia-sticngih™ clay
pipe.  The crushing strengths and dimensions are given in Tabics 6 to &

A wide varicty of vitrified clay fitlings is available as shown by Fig 15 Detailed
dimensions of 1ee branches arc given in Tables 3 to 12 Dimensions of the other
types of fittings are given in the “Clay Pipe Enginceting Mamiral.”2!

rergge-systems Piping

IF1ci. 15, Clay sewer pipe speeial ﬁltingﬁ.

Vitrificd-clay pipe is resistant to corrosion from most acids, making it advan-
tageous when handling scptic sewage or wasles with high acid confent. Joinis are
commonly made up with bitiminous compaunds, of which there arc many dilfeient
types available.  Recent developmental work by c!a)f-pipc manulactiners has
resulted in the marketing of joints employing resilient plastic materials which homit
joint leakage under dellection and high grovind-wale conditions  Thiee 1ypes of
these joints are covered under ASTM Specification €425, Vitiified Clay Tipe
loints Using Materials Maving Resilient Propertics.

-

APPURTENANCES AND SPECIAL STRUCTURES

Essential to all sewerage sysiems are the appailenant stracfures such as scrvice
canncctions, manholes, iunclinn chambers, storm-water inlets, diversion chambess,
cte. Thedesipn of such structures is not covered in defaibin this chapler, but typieal
designs for the mosl commaonly used appuriemnces will he presented hricfly.

13

Table 6. Crushing Strengths for Clay Sewer Pipe
Crustung streagth, aun, Ibflin 1
Size.in. Standard-stienpth I«iea-steength
Tinee-cdpe Sand Fhree-cdge Sand
heating hearing hearing bearing
4 1.000 1. 500
G 1100 1.650 2.000 e 3000
8 1.306) 1.950 2.000 © 000
16 1.400 2,100 2,000 J.000
12 1,500 2,250 2250 1175
15 1,750 2,625 2,750 T 4025
18 2,000 J.o00 ).300- 4950
24 2.200 3,300 3850 5.775
24 2.400 3,600 4400 6,600
27 2,750 4,125 4,700 7.050
30 1,200 4,800 5,000 7,500
33 3,500 5.250 5,500 8,250
g 3,900 5,850 #,000 9,000

Table 7. Standard-strength Vitrified-clay Pipe Conforming to ASTM
Specifications Ci3 A\

La

Size,m. | T

Min*
4 2
[ 2
8 2
10 2
12 2
15 3
18 3
2l 3
24 3
27 a
kit 3
RX} i
a6 1

ying lenpth
f.

it of nunus
vatiation, in.
per fi of lenpth

-

]
1
1
1

-

-

FENE

Max dillerence
in lenpth of
fwn apposice

sides, in

5.7

Outsidde ¢
hart

M

4%
7 1a
91y
[RER1

135
1740
2004
Mg

2704
kY|

Mg
AT AN
A0 4

tsps 1
ST T T
BN f >
- Ll
. L
1
L TD—ieT
) Ioside dinmeter
hnn‘lclcr ol ol socket at L4 in,
cl, in. ahove base, in.
hs
Max Min
514 5
T4n B3 s
o4 10§
12 1213
145 {a 1516
171114 i85¢
2171, 2219
25 1544
2814 29
a2vg i1
155¢ J6Lg
AR1Rg, 3974
4204 4313
125
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Table 7. {Continued)

. . . . ; Thickness of socket at
Depth of sockel, in. 1 hickness n'f harrel, o, 14 in. from ouler end, i,
Size, in, LS I Iy
UV (RN —— RS R
Nominal Min Nominal Min MNominal hin
4 1 14 L4 7ia Tiin 14
6 2L 2 ik Tin 14 1
8 214 2 i Tin *in 111
1 2%% 2% A 17 {a i i
12 2 PAR | AT b ttia
15 275 g [ [ B i £
IR 3 23q 114 [ 1tg 11
21 My 3 (41 154 1% (MR
24 A1 g 2 174 Ie 15
1 dig 3 2 2k (LR 19
10 avg g PN 274 154 19
M3 RN Jvg 254 21y b4 11754
A1 4q g 2 274 204 173

¢ Fhere shall be no maximam length  Shorter lenpths may he wsed for closures and specials
[ "I here is na bmil for plus variatron

Building Service Connections. Figure 16 shows typical details of service
connections (o a sanitary sewer Taid inoa relatively shallow teneh, Fig. 17 shows a
typical connection to acdeep sewer. Ttis noted that the connection shown in g, 16
makes use of cither a wye branch or a tee branch in the main sewer line.

Junction Chambers and Manholes. Figine [8 shows a typical design for a
junction chamber and manhole for relatively small sewers. Faoy pmctions of large
sewers, a special nndergronnd structwre will c)l(lin:nily be requited, and the entrance
to it will be provided for by o manhole located at one side.  Such chambers and
manholes e lcquuc:l at every sewer junclion and at every point wheire the sewer

Table 8. Dimensions of Extra-strength Clay Pipell

" Inside thameler
Laying lchgth of socket at
Nominal l Mi::‘le(::g::l:c;‘:c Outside dinmeter of L¢ in, above
size, in, | 77 two opposile bacrel,in 1.§ hase, in
e I imit of minus ide ns
Min, | variation, in. Stes.an, e [ S
t* Aper it of length} Min Max Min
6 2 14 W Thia FIAT) BYin
8 P 1 AT 9L 911 101¢
10 2 ' Tin s 12 1214
k2 2 11 ? i 111 145 4a 1514
15 1 L3 Lé 17 17900 18%¢
IR 3 vq g 2044 2174 2214
21 3 v %in 2414 25 2574
24 3 M3 P 27 2R1g 294
27 1 e 4 31 g kKR!
0 2 K 3 A4g 1554 i6ig
n 3 " ; . 3734 RIS {4 g
6 L M4 1 1a 40§ 4211 4117

Appurtenances and Spec!ai‘ Structures 18-27

Table B. {Continued) . ' . LT e
Dcplh nl"mckct in. Thickness of harrel, in, l'l‘!tgc|kr|cs§ of socket “.l
Nonumal . TS \ 7 S L§ '"( frqm outer end, in,
s17¢C, in. . . NELES
Nominal [ Min Nominal . Min | Neminal, | Min
[ 24 2 "ie -1n 11 A
8 204 24 14 b " i 14
10 234 L2k N 1 M Yie
12 23 214 I e [RE 1 "4
RE 274 254 1tg 14 5qe ! 1%
I8 3 21 174 [ 24 1313 Ihie
21 Jig 3 2L Z §51n 13{a
24 34 g 28 S22 [g %
27 g AL FAN 214 T4, 1% s
30 Isi 3 3 PN 128 3]
13 Iy 3¢ 3 3 2 117
16 4 3ag REX R 244, W

* There shall e no maximum length - Shorter leagths may be used Tor closures and specinls
| there s no bimit tor plas variation,
1 The average achnl inside diameters of pipe having the nomioal thickness of harrel shown in
Fable 8 miy be spdler than the namimal sizes,
&The outside diameter of the barrel may be greater than the maximum figures stated in Table
& provided the olher dimensions are vared accordingly within the specification tolerances,
T Imensions £., S, LS, T, and 75 refer fo the sketeh of “Table 7

chanpes in sive, slope, direclion, or elevation. Itis general practice (o instail sewers
in straight lines between manholes, except that for the larger sizes (36 in. and above)
they may be kid on curves.  Manholes are usually installed at the upper end of
every lateral sewer and in straight-line sewers so that the spacing will not exceed

Cinbs fine 15" Rond

===

' 6 n
— Tor fnlgre connechion
plug a1 g peant

Wye brench

14

(a1 fon

Moin sewer

Tee bronch

't 16 Typical service eonnections in a shallow sewer.,
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~ Table Il. Extra-strength Clay-pipe Fittings Table 12, Extra-strength Clay-pipe Fittings

t ——-’“ﬁ" _—_

] 'l—

T bronches H “"v" hranches
\ A
are -mode with the spur iet on the l . are made with the spur sel on the
barrel ol an angle of 90° i St ' barrel at an gngle of 60°,
The spur is molded on the horrel ' The spur s molded an the harrel*

bhefore the fitting s dried, burned
or glared, making the whole an
ntegrol glazred unit

hetore the fitting s dned, burned
or glozed, making the whole an
integral glazed unit.

Nermimal Namunak . Rarrel Naminal St N Nominal
Baricl laying Spur " A Barrel taying Spur A, n, ) damerer, | tayme | 1 : A, n i arcel laying Spur A, n.
diameter, diameter, [ . dinmcter, dinmeter, [ - S tengeh, | U i drameler, drameter, b i
. lengil, . in. in . Tengih, . in. m - P Eth. in m. m. in lenpth, P A in in.
in. ) in, o " in. n . . f in,
a I 4 P R T T S TP T 4 4 R oen| o val e s
6 1.4 4 5Uq 5t 21 1,4 8 g1 1 141 G 11¢ 4 815 7i¢ 21 1,4 8 181 | 191¢
6 g 6 6Li | S5v¢ 21 34 12 H 15 ¢ I 6 RATH A 2! 24 1 2294 | 205
21 34 5 12%¢ ] 15'% 2 34 5 v | 22
8 2,3 4 svi | 6y -2 34 2 L | 15% 8 2.3 4 91y | &Y
8 2.3 6 6Lg | 64 8 2.3 6 M| 9 24 34 6 18L1 | 201¢
g 2.3 8 |7 24 3.4 6 8 6 H] 2.1 & 1204111 ‘;’3 3.4 8 20'/: 21y
2 3,4 R 9 |16 1o 23 A | " 3.4 12| 230 [ 22%
10 2.3 4 6|7 24 3.4 120 | e |16 . Lo 1! 24 N4 15 |23 24
10 2,3 6 | e | 1|l 24 3.4 TR MR LY e 2.3 O RS et
10 2,1 ] T3¢ | 81 24 .‘4 e 141 g 70 I{ 2.3 R 14 12 27 341 [ 21v¢ 221 ¢
10 2.3 10 9 | s : n 2.3 1o 15 13 g; :: 8 .| 22141 2304
kB 12 m 241
i )3 el wel @ 34 6 | osi| 12 2.3 P RTIPA NP 4] 20
12 73 6 61| 9 27 3.4 8 g1 1819 12 2.1 6 1205 1 123 Jo 3,4 6 20 | 24
12 2:3 B g o4 27 o4 12 [RRR1 ”‘}5' 12 2.3 8 141 [ 13vg ki) 34 R g | 2500
12 23 10 914 914 27 1,4 1R 15 18] :; ;:‘: :(7) :__’;1‘. :;'_f A 14 12 2504 | 261¢
12 2.3 12 1tg | 10 ) y ;i
0 3.4 6 Big | 190 : n 1.4 6 24vi | 260
5 3.4 4 6re ) 1004 10 1.4 8 9tg | 20 i5 1.4 4 120 | 130 i L4 12 2705 | 280¢
5 14 6 77 1 otg 30 1,4 2 |tz | 2004 ) 15 3,4 6 | 14vq | 141g
3 T . gl 11ng 0 1.4 18 150 | 21 [ 3,4 8 1607 [ 15 36 .4 6 25 287
0 14 0 org | 1108 15 1.4 10 181i | 152 36 3.4 g |26 |29'¢
is 3.4 12 10vg | 1114 33 3,4 6 81 ] 24%¢ 13 3.4 12 1907 | 16L4 a6 34 1 27 | 30ug
15 34 15 ORI, 33 3.4 12 F2eg | 2074
13 1.4 18 13 22¢ 18 34 [ 16 16t g
" 18 34 8 1R 17
18 34 6 Tvi| 1214 )
18 34 3 8ot | 13 16 3.4 6 g | 2214 18 14 12 |2 |18
18 3,4 2 toLg | BILT 16 4 8 tovg | 2319 -
18 34 Iig :il,i ::: i :? : /: :: :5‘ i %}‘,5 N_oll - Dimengions A and B are approxmate only.  Dimensions not shown are the same ns lor
3] 1.4 A LLES RIS 3. ¥ 41y straipht pipe.
No1r: Dimensions A and A are approximate only. Dimensions not shows are the same as for
straight prpe.
6
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= Table Il. Extra-strength Clay-pipe Fittings Table 12. Extra-strength Clay-pipe Fittings

, |
' "1" brenches “¥" hranches ’ l ‘
: . 1
are -made with the spur sel on the . are mode with the spur set on the .. de’-' A
barrel o} an angte of 90° o harrel at on angle ol 60°. oy i
B ' . -\\‘ A |'_
The spur is motded on the barrel ' The spur1s molded on the harrel* |
before the {itting is dried, burned 1 ' before the fitting is dried, burned .
or glazed, making the whole on ar glozed, moking the whote gn !
integral glazed unit. integral glared unit, '
1 L
. Nominal Nominal
al ' Mominal Barrel . Spur Nariel . Spur
.ﬂﬂ”d Nl(:;::“:; 'Sl""’ ¥ n, Ij]:\rrlcl laying li:;p::u A, n, dinmeter, !IH)“"I[: dinr]nrlcr. .’4‘ B diameler, !I:lymlg (Iial!-:ctcr. .A‘ .Il.
dl:u_uclcr, l(.‘llglil. (||:|1‘:|L‘Irr, . in [ |.|1:|Ic or, Icnglh. [{H r_n . in in i, cnrg v, in, 1., m in. cngth, in. . in.
in. fl in. n. ft n. 1 fl
s 1 a4 o I R RS P 4 ( 4 q 614 20 4 PR SO I
4 v 21 3.4 6 7 141 ] - 'i i
‘(‘ }'5 *; .’S;" ;'; 21 1.4 ?; R‘z; 147 0 (BN 4 [ R 7g 21 3,4 8 181 | 1944
(a I:g p 6;: 5; 5 14 12 It - 4 11¢ 6 913 LA 2t 3.4 12 5] 200
) ’ SN I Y X b5 | 12| 150 . . ) . 2 T4 s |2l
. 5 1 ! o1 ‘.
X 8 ani | 1514 . i i
8 23 . o i 2 A : v i 8 2.3 6 | 1nii| 9 24 3.4 6 {185 200¢
8 3 . HCH I 8 2.1 N FIFR ] 24 3.4 8 2005 | 21ug
8 2.3 RN 2 3.4 6 86 2 14 12 || 2y
0 2.3 4 6 7 33 ::: 12 ,?., :2,‘ :0 2,1 4 " 1074 2 3.4 15 2| 24
. : el " St 0 2.3 6 [R] 165
10 2.3 G 6% " { A 15 13 1714 :
10 2.3 8 7:!(% . gl‘; 341 ;: 4 1R PIPEREE 1o .3 L] 14 12 27 3,4 6 g | 2204
' o 9 /14 : - ] 2.3 1o 15 13 27 1.4 8 221¢ | 2305
10 2,3 \ g 27 14 12 Mrg | 2drg
. ) 27 34 6 B 17 12 2,3 4 fheg | 121 -
12 2.3 4 GLi| B 27 3.4 8 o | 1844 17 2.3 6 12 | 1234 30 3.4 6 |2215] 24
12 2.3 6 6% 9' 27 1.4 12 111 | 18L¢ 12 2,3 2 145 1M¢ it 3.4 & 2306 ] 254
12 2.3 & 8. . g;? 27 1.4 I8 rs S 12 2 10 1505 | 1415 0 1,4 12 2504 | 2609
12 23 . RS I 12 2.1 12 1716 |15 :
12 Uk 2 e kIt 14 6 BLg | 19y ! n 34 [ 2405 | 26'¢
0 4 8 915 1 20 3 A 4 12v5 4 1339 KR Y4 12 270y 281¢
15 :j f(l {;',5 :g:A 10 14 12 1 2004 s 3,4 6 14vi | 141¢
15 3, G Lo 0 14 P 150¢ | 21 . b 3.4 8 160 | 15 36 3.4 5 5 | 281,
IS5 3.4 & BLi L 15 3.4 o 18| 157¢ 36 3.4 8 26 {19y
15 V4 19 | rore [1ae )| 2 3.4 6 Bui | 2144 P 3.4 12 pamiged g e 1.4 I L et
p 3 > e 3 3 12 12v | 2174
1S 1,4 15 12v borrsg 1: ‘1: 13 i ? 22"; 18 1,4 6 T 161 ¢
R " - 8 3.4 8 IR | 1715
I8 34 6 Thi 12 . ) 18 34 12 pa | sy
18 3.4 8 guil 13 a6 3,4 6 917 | 22%; _
in 3,4 12 toig | 13ng 16 14 8 Mg | 21 .
18 14 15 1214 | 130 16 34 12 121¢ | 2315 Novr: Dimensions A and fare approximatc only  Dimensions nol shown are the same as for
I® 1,, 1R 1 img 16 1,4 18 I pRAN straipht pape.
Nopie Dimensions A and # are approximate only. Pimensions nat shown are the same as for
steaight pipe. .
1
16
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Fig. 17. Typical seivice connection o a deep sewer.
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Fig. 17. Tymcal service conneclion (o a deep sewer,
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about 30071, Fipure [9 shows {ypical details of a *drap manhele™ at apoint where
a sewer fakes an abrupd '(Imp in grade. '

Storm-water Inlets. Stovmwaler imlets which carry storm water from the
strecets to the storm sewers aig tocated upstream of the crosswalks at sticel inter-
sections and at low points.. The designs vary considerably, and most cities have
adopted their own standard design detarls. Theie are thice general types of inlets -
(1} curb inlels, which have a vertical opening in the curb; (2) guiler inlets, in which a
horizontal apening in the gutter is covered by a cast-tron grating: and (3} combina-
tion inlets, which combine both the above features. Many Iypes and sizes of
slandaid eastings are available Tor the construction of inlets  Figie 20 shows
typical inket details,

Sewage Pumping.  In many sewerage-system [ayouts it ic necessary (o pmi'iclc
for pumping at onc or imore points.  The required pumping capacity will vary from
a few gallons per minute for stations scrving only a Tew dateials (o many miflions of
g:]llons per day for stations scrving, largc districts.  The smaller stations arc
frequently built underground, either as built-in-place o1 as complele factory-
assembled uaits. I’umping is usually done with nonclog Ccnlril’ugnl prmps,
although pncumalic cjectors are sometimes used for the smaller installations. The
desipn of sewage pumping stations requires eareful attention to the special 1equire-
menls which are imposed by the Junction being petformed  For detailed discussion
of these requitements, the reader is 1efened to {he ASCE-WPCE Manual ?

STRUCTURAL REQUIREMENTS

Scwers must be installed so as to be able 1o withstand the foads imposed upen
them by the weight of the carth and any superimposed foads.  The supporting
strength of a buried pipe depends upon the installation conditions as well as the
structural propcrlics of the pipc Hsell.  Scwer pipcs ate classed as rigid pipcs‘
which cannot deform materially without cracking  For rigid pipes in treaches, the
load can be represented by the equation

o= wil?
where 1 = Joad, b per Toot of length

w == welght of the soil, Ibjcu {I
B == width of trench, f1
C ~ cocMMicient whaose value depends upon type of soil and ratio of depth

of cover {o trench width
Tabie 13 gives values for Cand Table H4 gives values of w to be uscd in the cquation,
1T a pipe is placed on undisturbed ground and covered with a fill, the load can be
cstimated from the equation
H = Cwi?

where D is the pipe diameter.  Table 15 gives values of € for the latter condition,
which is known as the “projection condition.™  The load on a pipe placed i a
trench will increase with the trench width until it equals the load Tor the projection
condition. 1T there is doubt as to whether the “*ditch condition™ or the “'projection
condition™ contrals, the load should be ealenlated by both formudas and the minimum
value used,

In addition 1o the load of the backiill, some allowance should be made Tar the
superimposed foads caused by vehicles. M is usually safe ta assumic that H-20 wheel
loads will be the greatest live loads te be supported.  11-20 loads refer 1o trucks
having a gross woight of 20 lons, 80 per cent of which is on the rear axle, each rear
wheel carrying R tons. Table 14 gives the percentage of wheel loads that can he
assumed (0 be transmitted to buried pipe.®!
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.t. Table.13. Values of C for Use in Formula W = (wh?*
Rm:z‘;:;:fﬂ';‘lh Sand amd | Saturated Damp Saturated
widlth damp topsoil Inpsoil clay ‘clay
05 046 0.46 0.47 0.47
io0 085 0.86 0.8% 0.90
1.5 118 .21 1.24 1.28
20 1.46 1.50 1.56 )62
25 1.70 1.70 1.R4 192
10 190 198 208 2,20
X5 208 217 2.10 244
4.0 222 23 2.49 2.66
15 2 M 247 2065 187
5.0 245 2350 2 RO 102
53 254 169 19 319
60 2.01 278 3.04 133
63 2.68 2.86 Ji4 146
‘ 7.0 273 2.93 }22 357
7.5 7R 2.98 1w .67
80 281 m IR 176
RS 2.R5 jo7 342 385
EaY 2.8 111 3.48 in
95 290 314 3.52 1.98
no 292 A7 1.56 404
1o 2095 12 .6l 4.14
12.0 297 3.24 3 aB 4,22
13.0 299 3.27 72 4.29
14.0 100 328 315 4.34
150 o1 230 an 4 )8
Very great 1.03 13 18% 4.55
*Joun Stare Unie Tag. Dvpr S, Buldl 471,
Table 4. Weights of Ditch-filling .
Materials
Maltcrial Lhfcu N
Drysand ... ..o oo 100
Ordinary (damp}sand .. . ..., 115
Weteand ..., ... 120
Dampclay . ..., ... 120
Saturated clay .. ..., . 130
Saturated topsenl ... L. 15
Sand and damp topenil ton
Table I15. Values of € for Projection Condition
Ratio, :Frplh of 05 10 K 70 2.5 1.0 1.5 4.0
coverf{pipe diam .
" 0.6 12 .0 a0 12 5.6 1.5 10.0
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. .Table 14, Percentage, of Yheel Loads Transmitted to Underground Pipes
for Unpaved Roadway or Berm Areas?

{Tabulated figures show pereentage of wheel toad apphicd (o | Bn It of pipc.)

I;:E:}lﬂr Trench width at top af pipe, It
overlop of R

pipe, ft ! 2 k] 4 5 6 7
{ 17.0 26.0 B 26 ‘-—29 7 2‘?.‘)7%‘ m;ﬂ_;-— B —RT'!—_
2 81 142 - IR 0.7 218 22.7 210
1 4.3 By .3 - 13.5 14 R 15.8 16.7
4 2.5 52 32 2.0 .3 il.5 123
5 1.7 1 5.0 6.3 T3 R.3 9.0
6 10 23 1.7 4.7 55 6.2 70

Live loads transmiticd are practically nephgible helow 61t
* These percentages include both hive foad and impact transnutled 1o the pipe.

Pipe Bedding Conditions. The suppotting stiength of a rigid pipe depends
upon the type of bedding uscd in the installation of the pipe.  Four general types
of bedding conditions have been defined for ditch conduits:

Type b, bnpermissible Beddimg.  Little or no careis taken Lo shape the foundation
to fit the fower part of the pipe or to filt and tamp around the pipe.

Type 2, Ordinary Bedding.  The soii at the hotlom of the tiench is shaped to fit
the lowes part of {he pipe with reasonable closeness for a width of af least 50 per cent
ol the pipc diameler: and the remaider of the pipc 1s covered foa hcighi ol al least
6 in. above 1ts top by granular material which is hand placed and tamped.

Type 3, First-clasy Bedding. The pipe is carefuily hedded on finc granular
material in an earth foundation carcfully shaped to it the bottom part of the prpe for
a width at least 60 per cend of the diamecter; the remainder of the pipe is enlircly
surrounded to a height at least 1.0 Tt above the top by granukar malerials placed by
hand in tayers not exceeding 6 in, and thoroughly tamped

Type 4, Concicte Cradie Bedding. The lower part of the pipe is embedded in
concrele. -

The load lactors, or the ratios of the suppoiting strength to the crushing load as
determined by the lhrcc-cdgc hearing method, for the various tyjfes of bedding arc
generally taken as follows:

Impermissible bedding ... i
Ordinary hedding ... . b5
First-class bedding ... .. .19
Concrete codle bedding L, .0 22-34

The factors for the cancrete cradle bedding depend upon the amount and qualily
of the concrete thatis used  The valuc of 2 2 will generally apply when the concrete
extends from about onc-quarter of the pipe dinmeter (wilth nunmum of 6 ili].) below
the pipe to the height whete the lower 120 deg scctor rachi inteisect the OlliSIdF of the
pipe. If the conciele is careied up to cover Ihe entire bottom half of the pipe, the
load factor may he as high as 3.4, If the cntite pipe is encased in concicic with a
minimum of 0.251 (or 4 in.) hath abave and below, the load factor may e as high
as 4.5,
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Safety Factor. The specified minimum sirength by Ihe three-edge bearing

method for a vigid pipe should be divided by an appropriate salely factor in order
to obtain the workimg shiength Some engineess use safety factors as low as 1.0
to 1.2 far reinforced-conciete pipe culverls  For sticet sewers a safety Mfactor of 1.5
is reconumended by the ASCE-WIPCE Manual

DISPOSAL OF SEWAGE AND STORM WATER

'l

Storm water can ordinaily be disposed of by discharge into any natural dlninngc
channel.  Sanitary sewage and industrial waste waters canlaining objectionable
canstituents must be disposed of in accordance with the tequitements of the focal
health authorities.  The most satisfaclory miethod of disposal of sanitary scwage
is to canvey it fo an adequate public sewerage system, | areas which do not have
public sCwWCerige sysicms, individual (Iispusnl S)}'slcms nust be provided.  These
will vary in size from septic-tank sysiems for private residences to latge tiealment
plants handling the wastes from large institutions and industties.  The <design of
such systems should usually be done only by those whoare cxpericnced in this work
and who mie Tamiliar with (he conditions peculinr to the loeal area, o
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- FLOW OF SLUDGES AND SLURRIES
Wt

William H. Kapfer*

The tetms shidpe and shurry arc used more o dess inlerchangeably in this chapler
to describe those Muid systems which gencrally consist of mote than one phase,
such as a solid suspended in a liquid o1 two immiscible liquids of different densilics,
o amalerial of pastelike consisteney which behaves under some conditions essen-
tially as a flui. Thiough common usage “sluiry™ 1efers (o a lcl;nichy thin or
wilery. amd hence dilule, suspension, whereas “studge™ denoles a mud, or heavy
Thase, or concentraded suspension, or simply a very viscous flrid. No altempt is
made here to define cither term arbdranily: either word implies the existence of a
substance which can be made to lMlow lhmugh a piping system but which is not a
simple, homogencous Newtoman fluid such as water,

It is noted paticularly that a sludge is not necessarily restricted to a suspension
of solids in a liquid but may include certain other systems such as a very viscous
liquid dispersed in another liquid or in a gelatinous mass.  The transportalion of
such sludges or sherries in pupelines generally poses a more difficalt design problem
than that for otdinary simple bomogencous fluids hecause of several complicaling
facters. Many of the problems arise from the high viscosity, ftom the non-
Newtonian chaaeter, ot from the nonhameageneity of o Muid system and the tend-
ency of suspended matedial to segrepate and settle,

The lcndcncy to scitle will valy, not nn!_y for different systems, Iy
particutar flow conditions.  Particle densily, shape, and sire, as
tjbution, concentration, and camposition, influence the scllling
Thus, differences can be cxpecled in behavior for fibeddike pmiiélcs:
pranular particles or between spherical-shaped and rodlike or fl

* Assaciate Proflessor of Chemical Foginecring, New Youk Universit
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given.in Table 6. An.allowance for overhead and contraclors’ profil should be
made.in arriving at the prohable total cost af a complete piping installation erccted
in place.

Building Heating. . The cost of a two-pipe steam-heating system lor the boiler
and (urhine houses of a large power plant is detailed in Table 7. The cost includes
bleeder conncetions [rom. house-service tu bines with a live-steam pressure-ieducing
station ol standby, afl supply and return headers and branch citeuils, vacuum
pumps, etc., as well as the radiation itscll. Fhe costs of material and labm are
direct costs which do not inclide engincering, draflting, contractor’s profit, or other
overhead.

Plumbing. The cost of plumhing and diains such as floor and 1ol diains is
given in Table 8.

Table 8. Cost of. Power-plant Plumbing, Floor Drains, and Roof Drains

Avcrage cost per Peecentagr of Percentage of
kilowatt of capacity marer el lahor
30130, 50 50
a0

For the underground:pipes outside buildings, including city watci lines. sewers,
diains, service water, ctc., thete should be allowed approximalicely $0.25 per kidowatt
ol capacity.

The labor casts on which ali the above figures are based are as follows:

Foromess .. .. $5.25 per hour
Pipe fitlers . ... 4.25 per hour
Hanger men .. .. 3.90 per hour
Pipe coverers.. ... 4.25 per hour
Helpers. . .. 120 per hour
Comnmon Inbar .., 2 7% per honr

v

The combined cost for plumbing, heating, and ventilating will he approximately
$1.70 per kilowatl for a 200- to 400-mw power slation containing scveral units.

The cost of cast-iion ﬁ[lings for 125- and 250-1b pressure was belween 22 and 30
cenls per pound,

The division of the material and [abor costs among the pipe and fittings, the
hn‘ngcrs, and the insulation is of value in naking estimates. This subdivision is
given in Table 9,

Table 9. Division of Material and Labor Costs for
Piping—Average for Entire Steam Power Plant .

Hem Materinl, 74 Lahor, 74
Pipe and fttings . ... ... e 90 67
Hangers ..o N [ R
tnsulation ... .. e e 4 -9
Fahrication ... ,.... ..... . R
Handhing and miscellancans 5
Total, ....... e e e Fon 100
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R WATER-SUPPLY PIPING

ot
Frank M. Kamarck*

Waler-dist ibution systems which serve populated arens are classificd broadly as
hemg of the loop, gridnon, or tree Lypes. Within the hroad concepl, there may be
a combming of all thiee types uscd as the building blocks for the overali system.

I ihe foapr sysrent, Jarpe feeden mains that stround meas many cily blocks square
serve simabler crass-feed lines connected at each end into the main loop.

In the g iddiron (on guid) system, the piping is Tard out in checkerhoard fashion with
piping nsually decreasing in size as the distance increases Nom th source ‘nl' supply.

I ihe tree systen, there is a single trunk nuin, rctlucing in size with increasing
distance fram its sowce of supply: branch lines are supplied from the l:-nnk, .

The grid and loop systems pmvi:lc hetter reliahility becausc of th.cn’ mulhplc
paths.  Guid and laop systems are often hacked up with feeder pipes leading
directly from the pumping station (o remolce distribution cenlers serving lo bolster
the supply Lo meel increased demands with growth of pnpul:\[mn..

« The reguirements of distribution systems are subject to the requircments of tocal
ordinances and siate laws,  The lfollowing is an average sampling of these pressure
and fow rcquinements:

1n scsidential arcas, notmal operating conditions: 35 psig

In aesidential micas, peak condilions: 20 psig

Minimum pipe size for fire sci vice: Gin. ips

Minimum capacity at each fire hydiant: 600 gpm

Minimum stenape capacily: 3 days of MU use

Maximum line velocily: 10 fps (jressure 1equirements will gnvcrn)

Fite-hydrant spacing: S00 Tt or less

* Stall Fogineer. Purns and Roe, tng, Oiadell, NUE
21-1
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Satisfaclory pressuic for distribution sysiems ranges from 30 (o 100 psi.  Pres-
sures. helow 30 psi cannot _snpply witlel succcssﬁllly to thice- and l’n;nu‘;[nrf
bl.n](h‘ngs withoul hoosier pumps. Pressuies aver 100 psi tequite hc;wiclk (qu)-
tribution pipes, produce moie leakape, and are too hagh Tor use in plumbing
ﬁxl}l_a?s. Pressuies in the range of 50 (o 75 Psi are most gencially satisfactory
In cities where there me diferences in suifnce elevation in excess of 100 T it 15
often advisablc 1o zonc the systeim according Lo clevation in order to avoid cx(:(‘:s.‘:i\';:

Water-supp., ~iplng 11-1

shorten the work considerably — In the turholent region (almost all Mows will be in
this higher Now region, Reynolds number above 2.000), the pressurd drop fr varies
as the 1 85 power of the Mow 1ate @, that s

frylhy = (O Q""" '

In the viscous-Mlow region (low flow, Reynolds number helow 2,000}, the pressure
drop varies dircctly as the flow, or fyfhy — @@, Vor the same Now, pressure

prcssmc.nl the lower clevations.  The different 7oncs have independent reservoirs |
or supplics from the pumping station and are usually desipnated as “high service™ i drop varics approximately as the fifth power of the inside diamgter D, so that

and “low seiviee,”
] The \\'-'l.tCl' demand for cxlinguishing fites varics among different disticts of o (‘I‘Iy'.
The requitements for cach city as a whole can be predicated on populatian, which is
lh(z usual hasis for cstiln:l!ing wiHer tequitements other than fer fire liglllin‘u In .'n.a
cstimale of the quantity of water tequired for cxiinguishing ltres, an .-1'fllnw:u|cc
should be made for.probabic losses from bioken conncelions and hydrants which
may be lelt open  Experience with the lai pest fires that the country has evperienced
1r1(.1|.cntcs that 20,000 gpm ustally should sullice, even i g citics, for fire fighting
Fhe selection of pipe sizes i distrbution nclworks is Lrﬂ:lcnccd mosc by (he

Ifhy - (D ]D)

In Uig |, presswie at A = Ppand pressine at /1 -- Py Pressure drop between
Aand £y Pyineach of the pipeline branches between A and 8.

The flow quantity i cach biancle will :
vary in accordance with thechaacteristics 5
af the branch tinternal diameter, length, P
roughness, and number of ﬁltin;__:s) in

arder o resultin the same pressune diop, -

necessity 1 mnil‘llmmng :ldcqunlc waler prressuie than hy the economics of pumping
costs. i \ Py A procedute for the delermin P, Py
The prime objective of the distiibution nelwork is (hat it supply a suflicicnd ' ation of flow aates in the individual
{ hianches is given helow. —
1

quantity of water to all parts of (he systen al puessuses :\:lc(lunlc o the lcquilc-
ments of the consumers, al all Umes and under afl conditions of their demands.
In m(}cu to accompli<h this, reserve capacily is necessary in the form of slolage,”
pumping, and disttibution facilities. ’ ‘

N'etwork Analysis of Distribution Systems. The C‘(\rnplcxily ol the analysis
required Tor a well-designed syslem is in many ways compitable (o that of utility
power networks,  The importance of detes mining the basic conditions ns accurately
?Illd- as comiplelely as pessible cannnot he overemphasized, iuclmlin;_r the range of
variation for all conditions,  The 1esult of (he caleulations lew the nélwmk cannod
he any hetter than the data used. i

The data will cover the pressine and flow reguirements mdes the vatying 1ales
to be expected in the respeclive paits of the system; the topogiaphy of the seivice
areas: the pumping arrangemenls il pump characteristics; the loeation, quantily
and clevation ol storage: and the condition of the pipe system with regard (o pucwué
d:op and carrying characteristics, B

Theie are several procedures that may be used Fon the analysis of flow i complex
nclworks: ’

-Tlrc Flectric: Netwan [ Analvzer Methad (Sce “Ilydmu!ic Analysis of Waier
Distribution Systems by Means of an Electiic Network Analyzer™ by T R Canp
and 1L, Nazen, J, New Eneld. Water Works Assoc., Decomber, 1934) -

The Hendy-Cross Method (See “Analysis of Flow in Networks of Condunts or
Conductors™ hy l-]:uc!yCrms, Unie. Himens e !’:\"rr.f_ Ster. Hulf 286, Novembher, 13
1936) Y

The Graphical Method (Sce “SoluGon of Triansmission Moblems of Waler
Systems" by E, 1, Akdrich, Trom ASCE., 1938)

Fleet onice Computer Analyses of Hedraulic Nepvorks (Sce “Pipeline Netwark
Anaiysis by Llectionic Dipital Computer™ by L. N. Hoag and ;. Weinherp
JoAm Warer Works Assoe. May, 1957) h T

The solttion of 1he Mow pml{lcm in and head losses of g compiex distribution
netwark of water conduils is an exticimely tedious aned bime-consuming task,
However, for simpler nefworks, a triml-and-crror method is pricticable. n using
thrs mcthod, (he pessure diop tahles herein and the following tebationships will

Make an initial set of fow assumptions
by dividing up the Mow cuterng point o,

and abtain the fiiction heads for each
branch between A and # Since all the friction heads between (wo junction points

A and B must be equal, adjust the Nows Dased on the size of the Riction heads
ftom thas fiest tial. Obtam a new set of Niction heads based on these adjusted
ows  Afler a few hiinls, adjusting the flows cach time, the friction heads for alt
the branchies between A and # can be made equal, or very neatly so, indicating
that the proper flows have heen obtained in every branch belween A and A

A delailed discussion of and methods Tor calculating pressuie drop in piping
Approximale Mction losses for cold waler aic piven in

IFiei 1

are piven in Chap, 3.
i ‘Table 1.
In complex distribution systems, the number of variables is so great and creales
5o nuny simultancoos equations that direct solution atgehiaically of a network is
impractical by hand caleulation. The cquations atise [rom the three fundamental
1elationships.

L The algebaaic sum of the rates of discharge toward any junction point is zero;
that is, the sum of flows into a junction point must equal sum of Nows oul of the
juaction point

2. The algebiaic sum of the head losses around any closed eircuit is zero,

X The head loss is diteetly proportional to some pawer of the discharge,

The use of an clectronic compuler programmed for this :nmlysis provides he
highest accuracy in the solution of this problem in the shortest time and least
relitive cosl

Hhesrative vample Tor example, the typicat computer service charpe al this time is
ahouwt $100 for an average 20-loop problens Computer service is available with program
capacity ol SO0 deaps amd 1,000 Lines hased oo modified Hardy-Cross methed, A Iy|1ic.’||
ethogd t* of seltmg up the problem Tor an clectionic compuler is as follows:

* Superscript nanncralds refer fa billiognaphicnl refetences which are listed at the encd of

s chapter
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{Continued}
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Table 1. (Continued)
' oA2em 1D Seced AR-In, 11D Steel
I¥ischarge. Veloory, I'rcrion, THschaige, Velacity, Iedetlon,
Epm fp A per 100 [t of pipe gpm T U per t00 N of pipe
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Table I. (Continued)
2l
72-in 11 Steel 84-in, 11 Sizel l
Nischarge Velocity fricrion, Dischasge. Velogity, Friction,
gpin fp= It per 100 ft of pipe EPtE Tps fe per 100 f1 of pipe
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I. Make a skeleton diawing of the netwmik.  Indicale by appapriate anows the points
ol constant flow inpul or outpat, constant head inpm or puiput {see Fig_ 23,

2. Number alb toops in the systemvin mbhihiaty sequence. Do not inclide “loops around
loops.™  Lor example, in Fig. 3 there are twa lonps, not thvee.  The large loop (ahedefe)
is not numbered.  The two basic loops (abfe and hedef Yare numbercd.

1 Number cach line A line has two ends An end may he a point at which water is
diawn from or added 1o the gystem, one at which pipe characteristics chﬂngc, or a tee joint,
For example, in Fig. 4, the print x is the meeling of three Iimes, sl two point yis the meet-
ing of two fines where an &-in. pipe joins a 10-in pipe; peint 7 i< simply a bend in the single
pipe and is not the ensl of any line, although 11 conld have heen specificd as one, if desired.
Figuie 4 shows the complete numbering of the system shown in Flig. 2. Note that each line
is numbercd onee and anly ance, even though it may he in more than one foap.  Also note
that {he mnnhcring is <crial; thal is, i there are o hianches, cach of the numbers from 1
Lo must be used in the numbering,

4. Assipn a base direction:  Put an arrow oneach Iing i loop |, indicating (he clockwise
direction (ns shown in Fig. 5} Then put an arrenw on each line in h:mp 2, indicating clock-
wise direction, except where a line which previously has been assigned a direclion 15 en-
countercd.  Then Lhe otiginal assignment 1s not changed. In Fig. 5. hne 4 is a member of
loop 1 and akso of loop 2 but has heen piven a base direction of foop b, The line 4 assign-
mentis nol changed.  This process s continued for cvery loop inthe network, an arrow
being assigned in a clockwise ditection wheaever it has not heen assigned previously,

S. Inowate-distribation systems, the situalion often is encountered wherg sysiem pressure
must be raised by the use of boosier pumps m series with the supply pipeline - 1 the higher

.Pressure aiea is connected to the remainder of the system at one paint on ly. thetwo pressure-
zome networks are hydr:mhcnlly independent problenrs. 1 the pressure zones are con-
necicd at 1w or more points, the booster pumps must be included in the appropriale loops,

For all foops containing booster pumps, an unbalanced or residual head Hq must be
determined  ‘This is done by nlgchrnicnlly sunwming the assemed constant head changes
al the hoosters in a clockwise direction '

Note that head losies are considered as positive in sign, so proceeding from 1he suction
side of a pump (o the discharge sicle gives n negative head foss,

I"'OHnwing the hydraulic an:\lyt:m, a check should be made to assure that the pomping
head assumplions are sufliciently accurate,  The resulting fow-rate values should allow
optimum hydraulic design of the booster-station instaHations

Water-supply Plping H-1
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6. Additional “*pseudo-loops™ must now be added 1o the list 'if there is 1?(“(1”]“” 1(:;112
constant head inpul (see Fig. 6). 17 the u_mmhc:r of such inputs is m, t‘r(:?cc m - 1|,«‘).1p$1cﬁ
belween inputs in the same manner in which the loops were Ir.::\ced, ma lll}%ls:?irec.“m.‘ "
constant head input is used at the end of :l.l lca‘:l. onc of these Ir'mps.1 | ) Jirection of
proccdurc is Trom the lower to the higher inputin cach path, H, will be the pnsd \ﬁltl g
ence in the head loss between the two inpuls, I boosler pumps are c-ncnunlcri’ ‘t e wl;:l
change across such pumps must l;e anchraucnllly :;ddcd ‘l.n the head difference between the
i i y obtain the 1, Tor the ' psetdo-loops, . )
mr:::l’::c::‘ I(;:l‘-l:;s:i(n;‘: n‘f all the ltmpq has Eecn compleled (im;llu(ling the c:n;v;lrcrr:\l:l(;?ng:
booster pumps), the work should be carcfully‘chcckctl, prefernbly lhy |a‘s‘ccqn(|‘\(: ,Fm ?“",n.d"cc
any errors will completely upset the calculations. Note that pg‘mg-.t op ool
any new lines, MNote also that each pqcmlp-.h?np musl he assigne Lits (l“vn umbe . which

7. The nnly remaining task is 1o supply initial flow v:"nlucs a:_ld pipe charac clrlus ics rhich
the computer can use as starting values for the cnfcplntmm. r.hc m.ﬂy rcs';rlm t";:l (:‘r:c Lo
values is that they satisfy the mass halance condition al each junction, ‘ ha 1 o
of the Mow o o junclion must equal the sum of the Mows out of the J}l'm; lsn:r.‘d s
example, Fig. 7 shows the junction oll‘.hncs 3.4, and 6; flows of 50 gpm in lin
gpm in line 6 wonld satisfy the condition.

6
Pseudo - loop

A Ewm— e m —mm == - ——— m————1
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Proceedding in this manner, balance every junction in the network, working toward the
variable-Mow (constant-head) mpuds which ean take wp the slack.  When all Nows are
specified, check the accuracy of the work by summing the inputs and ouiputs. [T these
SLINS AT uncqnml, some computational crror has heen made and must be corrected  The
complefe schematic for thissystem is shown in Fig & This schemitic includes the assumed
starting vahies of the flows,

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

General Requirements. The complete problem for supplying the cooling
waler lo an industiial plant ean best be illushated in the complexily of the main
cnnling- or circulating-water system for a steam-clecttic station A steam power
plant with a name-plate 1ating of 750,000 kw yequires as much conling waler as the
domestic waler requitements of a city with four to five million population.

Thecirculatingcooling-water system for a steam power plant (akes water ltom some
source, stch™as a river, Jake, or cooling-towet hasin, and provides continuouscooling
to the condenser.  The citculating waler condenses the turbine exhaust steam,
thereby Inwering the turbine exhaunst pressore so that addilional energy can be
cxtracted Nom the steam. The importance ol a continucd cooling-water supply
is such that, il the cnnling-wnlcr supply should fl, the rcsulling rise in exhaust
steam back Messure will cause an automatic shutdown of the turbine-generator
unit.  Reliability, efficiency, and economy are the piime (lcsign considetations lor a
steam power-plant circulaling cooling-witer system. The availability of this
cooling waler plays an fmpoctant role in the selection of the sleam power:plant
site.

A Tundamental decision has to be made as to whether the circulating-water system
will be (1csigncd on a single generating vnil basis or to supply waticr for mulHiple
units with onc circulating-waler systent,  This basic decision can be made only after
considering all the special conditions Tor the particular plant,  The obvious
ceononlic appeat of supplying the multiple unit by means of a single Citcul:![ing
system has 1o be balanced against the train of problems that Tollow in its wake.
The Targe vatiation of Row and its 1elated pressure drop, between full operalion of
all units and the operation of a single unit, may acale such system complexity,
for example. at the intake structuie, that it wilt cancel out most of the economic
advantage.  The vatiation in the pumiping head may be heyond the operating 1ange
of the circutaling-water pumps.  Also, Ihe provisions necded for acliability of the
system in arder to minimize or avoid total shutdown in event of failure of seme part
may add substantially to the averall cost of the system, -

Types of Systems, Mnny lypes nfsystcm artangements arc in conimon usage.
Thase encotuntered most fiequently are defined and discussed hiielly helow,

A once-thiough or ditcct-condensing system is one in whiclh:waler is drawn rom
adiver, lake, or other large Imdy of waler and, after passing thiough the condenser,
“is returned 1o the same or a different body of water.

A :ccirculnti'ng system is one in which the saame water is used repeatedly and is
ttscll cooled hetween passes through (he condenser  Means of cooling the waler
has to be prm'idc(l in the Torm of cnnling towers, spray ponds, or cooling pends,
Make-up water has te be provided to take crre of water losses due to evaporation,
leakage, and other causes.

A siphon sysiem is one in which the siphon principle is eployed 1o carry the
waler through clevated paits of the system, such as the condenser, in order 1o reduce
the pumping pn(vcr tequited. These elevaled portions of the water system operate
under a pattial vacuum,

27

Circulating Cooling-water Sys.lét"r;s for Power Plants or Industrial . 21-13

ows under a positive head through-

A pressure syslciu iz one in which the water 1 \ !
ating systems, such as with cooling-

ott.  This systent is gencrally used with recireul
tower installations. | .

IFrequently featuies of two or mote of the above systems are comhmet:}d ina ?:.nglg
i ioh.. Tar ox " the oy ¢ i s combine
installation.  17or example, the once-through and siphon systems may be

e-through siphon system which is shown in Tig 9. The cooling

(o produce the onc .
wnlter enters the ."aysl'em thr('mgh the intake structure (trash racks, travchpg screen,
pump suction. The

fine screens) into {he suctien chamber and into the circulating : : o
water is discharged by the circulating pump into the tupnc! or pipe !eadmg o g
condenser.  The water passes through the condenser aided by ﬁlphon ncllonlan

oul through the discharge tunnel or piping to the scal well and discharge structure.

T Statc
hif Syphon
{loss) recovery Static
* ¢ldoin} Lft
g i Hydrouhe grodient
=
o 1 Exhaust
b steom [ram
- turhine Condenser
. g‘ ’
EE .
a = Pressure
r belaw 01™0 | ¢ ogl wetl
—_— | .
! 'p - . due to syphon and discharge
l s i
Water surfoce I ensate 1
;, intet M ‘M—:— Pipe of tunnel J‘ diseharge ipe or funne
from condenser Wer 75
Woter surfoce
at dischorge
P A

Fui. 9, Once-through siphon system. [ntake structure: trash racks, traveling screens,
fine screens, circulating water pumps, valves, service water and screen wash pumps, hoisting
devices for pumps and screens, water-irealment. equipment,

When topog aphy of the plant arca permits and the ﬂuc_tua!inn 0]' the xwfnler Icvc'l
is not excessive, consideration showld he given to locating !he circulating wat.er
pumps near the condenser.  Waler then en!crs the pump suction lhrough a gravity
canal or tunnel. ) _ - . ) ™

Figure §0 illusirates the recirculating pressuic sysfem \.wlh cnolu:lg tower. ‘e
cooling water starls ils circuit from the cooling-tower basin by passing through the
finc screcns into the suction chamber and then into the c1rcu|nlmg_ numr SUFilnn.
The water is discharged by the circulating.pump into the {unnel or piping e:_ldm%.td
the condenser,  The water passes through the comdenser an'(l out lhrough the i.1si-
charge tunnel or piping and discharges into thelop of ll‘m cooling tower. Dep‘cn( ;llg
on plant area conditions, the circulating pumyp s_uchon chamber may be ocate
near the condenser with the waler Nowing by geavily from the cooh_ng-tou_rcr basin.

Fundamentals of Destgn. 1In the design and layout of c1rculn(m.g-\a:'n_ter
systems, cerlain ptecautions must be observed in order to assure system refiability.
The more important of these are discussed hclnu;n . ) -

In ance-through syslems, proper relative location of intake and (?mchargt': points
has (o he determined so that warm dischape water does not find its way mto.!hc
syslem intake Currents, eddies, or tides may cairy the warm waler upstream into

the intake.  Special means may be necessary to prevent this in some such form as a
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fow dam, piping, canal, levee, etc In ander to obtain the coldest wiler fiom the
lowest stiatum, the mlcl may be lower than the screen and pump suction of the
intake stiucture  Fach case has (o be studied lor-its special conditions.

In recirculating systems with cooling towers, the location of the cooling Lower
has to he carefully studied so that the tower vapor clond will dispersc before lC'lChlllg
the power-plant area proper or crealing a nuisance ovet adjnining lacilitics or
pmpcltrcs.

The length of the system should be as short as practicable for the lowest pressuie
drop and pumping and installation costs and 1o decrease water hammer.

Static
L

hi
(logsy 2YPno"

Ir'ecovery

Q"{n)

Stotic
lift
{loss)
Turbine
exhaust
steam

J 4 [z /Condvnwr
Y
= I

i '
T : .
) e (L) | o

~

Sceeens

Fiei. 10. Recircilating pressure system using cooling tower.

System elevations and profile should be set so as to obtain maximum siphon
benefit and to eliminate or reduce the problems of air binding.

llems such as bends, {ecs, valves, reducers, and obstructions (o smeoth flow, ail
of which cause large pressure drops, should be used sparingly.  Where these are
necessary parts of the system, they should be designed Tor minimum pressure diop.

Preliminary Design, Flow Quantities. The [loflowing repicsent recuire-
ments averaged from actual installations lfor purposes of prehminary water-recuire-
ment-estimates.  There are many faclors such as seasonal lempeiature af the water
sonice, (lcsign of the actual condenser, and steam conditions of the thermal cycle that
will create sharp deviations from these avernges.

Once-throught siphon system with @ single-pass condenser
For 66,000 kw and below: 856 gpm per 1,000 kw
For 66,000 to 100.000 kw: 800 gpm per 1,000 kw o .
For 125000 kw and above: 750 gpm per 1,000 kw ;.

One r'-rhmrrgh siphon systent w ith a two-pass condenser
For 100,000 kw and below: 780 ppm per §000 kw
I'o 000 kw and above: 650 ppm per (000 kw

Circuloting Cooling-water Systems for Power Plants or Industrial Plonts 21-I5

Reciverdating presstue system, r‘rlr!hrrg tonet .virr(s;h'-,rmn candeniser
T-on 100,600 kw and above: 750 gpm per [,000 kw

Recirealating pressine system, cooling fower, fwa-pass condenser
Fou 66,000 kw and below: 850 gpm per 1,000 kw
For 100,000 kw and above: 650 gpim per 1.000 kw

Preliminary Design, Pipe Sizing. Vor preliminary sizing of the circulating
piping, a velocity of abont 6 fps in the suction conduit to the pump and a vclocily
of ahout 8 Lo 10 fps in the discharge piping may be used.  The final size selection
must be made based on pressure diop. This [inal size selection entails an economic
analysis, for the particulie plant, of the cost of pumping the quantity required with
various pressure diops, pumps, and pipc sizes  Sometimes the prnhlem of future
plant expansion enters into this sizing,

The conditions that determine the piping wal! thickness ltom pump (1ischnrgc
through the shutofl valve alter the condenser for siphon syslems, are the normal
operating presste, the pump shutoff head, the waler-hammer surge pressure, and
the exlernal pressure on pqpe due to huuymg conditions.

At pump and condenses dischaiges, the velocity should be lowered gradually by
means of an expanding lube or diffuser with 14-deg or fess tntal fare. At changes in
size from pipe to tunnel or from tunnel 1o pipe, the use of gradual size change is
advisable,

The presswe drop tough bends can be reduced by proper spacing and speci-
fiction.  Fer example, one 90-deg bend has a tower pressure drop than that of
two 45-deg bends. Spacing hends far enough apart may save pressure drop.  Fo
cxample, the total hewd loss in closely located bends may be twice that of the same
bends spaced lavther apart.  Tuining vanes properly used may cut hend losses
considerabty,

Intakes. [Iniakes from rivers are dcmgllcd to hlmg water from the river with as
soalban entrance loss amd disturbance as possible.  Ordinaiily, the cleaning screens
and the cireulating pumps are housed at the siver's edpe. Sumetimes the pumps are
al the plant and the water is hrought from the cleaning sereens by means of a gravity

canal o1 conduit Lo the pumps  Vhis (|C§IEII saves papping pnwcr and shonld he
considered when the contour elevation is favorahle from the river to the plant
Allowance should be made for the head drop in the gravity canaf and the river-level
Muctuation.  Also, consideration has to be given to possible contamination by
leaves, hranches and other debris hetween the screens and the pumps, and the
necessity Tor auxiliany screening,

The intake structute usually consisis of coarse screens (or trash racks), a stop log
dam, travcling screens, sereen wash pumps, and circulating-water pumps.  There is
Mrequently a gantry or bridge crane. Where laige quantities of debris may he
expected that will not be washed away by the river, pnwcr-opcrmed raking may be
necessary with means for disposing of the debris.

The smaller trash or foreign matter that passes through the coarse screens i
picked up on the 1evolving screen. The usual speed of (s screen is 10 fpm b
may he of higher velocity for unusual trash condilions,  These screen openings are
made to sift out forcign mattes from the water of size about one-half the diameter
of the condenser (uhes,  The water velocity thiough the screen is kept helow 214
fps. since the rate of screen clogging rises mpidly with velocity.  The amount of
screen clogging ts indicated by the diffcrence of level on the two sides of the screen
This can be measured with an air-hubbler system or with float gapes. ?cnerally,
the screcn wash pumps mre siatled antomatically when this difference is about 6 in
When the scrcen-wash pumip discharge pressure reaches a predetermined valuc,
the screcns are starfed nutnnm!icnlly. The scieen-wash pump requircmcnl may
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run from 23 gpm at 40 psig to 35 gpmiat 80 psig, (Icpcnding on the trash characicr-
istics of the river invobved

Narmally sluice gates or stop logs ae provided before and afler each traveling
screen (e permit its segregation and dewatering Tor repaits.  Somelimes guides
are provided for two sets of backup (m finc) scicens after the traveling screens for
the purposc of screening the water in event of breakdown and repair of the traveling
scicens.  During such repait periods the fine scieens are raised and elenned
alternately.

Constderation should be given to other prablems that anse at the intake,  lce
formation on the scicens in winte may 1equire 1ecitculition of some of (he warm
discharge witer,  Vinjous means may have to he considercd to prevent silting, such
as a scttling arca. The problem of obtaining the coldest fayer of water tequiies a
study of the relative Incation of infake and discharge.

The intake styucim e design involves the design of the suction chamber, and (his in
turn is governed hy the selection of the pump, which may be of cither the horizontal
or vertical type.

The e izontal frernp may nol be practical where theie is a large dilferential
between high- and low-water 1iver level.  The hotizontal uip must be sel in a
dry compattiment, and its center line should be not meie than 13 [t above the low-
water level.  The horizontal pump requires more space than a verlical pump and is
somelimes more costly. A shutofl valve is frequently needed on the inlet side to
cul ofT the water source in onder 1o service the pump.  However, the horizontal
pump is more easily serviced and il is less sensitive to poor intake conditions.  The
horizontal pump has a lower starting horsepower and shutolT head and is usually a
sinple- or double-suction singlc-si:lgc. centrifugal-type pump.

The rertical pump, set in the water intake chamber, is more suitable for large
river-leve! variations.  The veitienl pump adapts to a wider tange of pump heads,
requires a minimum of floor area, and is sometimes less costly than the compaable
honzonial pump  Tlowever, the vertical pump is sensifive (o infet conditions,
generally has o higher shutoll head than a horizenial pup, atnd is more diflicu!t (o
service.  The vertical ccnlriﬁrgnl pump gencrally used is o radial-flow, axial-flow,
or a mixed-Now type. The radial-flow vertical pump has a hottom suction, and the
discharge is on the horizontal center line of the Tolow impeller: The axial-Mlow
(or propeller} type of vertical pumyp has a hottom suction, and the waler is raised
vettically by the propeller and xlischnrgcq at some specificd elevation ahove the
propefler. The mixed-fow vertical pump utilizes a hollow impeller of the radial
type, hut the water rises vertically in the pump casing beloie it s discharged.

The cmnplcxi{y of the intake structure is natorally allected by the number of
circufating pumps necessary for the circulating-walcl system,  Reliability poinls to
the use of at least two pumps.  The particular conditions for the.plant will dictate
the final choice, whether it will he two pumps at two-thirds capacity each, at one-
half capacity cach, or some other moie favarable pereentage cach. The capacity
selection has to be the subject of @ careful analysis, taking info account such tHems
as the condenser water requitement, the variation of pmnping head, and the best
efliciency range of the pumps

The water levels should be deternined at bath the suction and discharge ends of
the circulating-water system.  The levels of significance are those al high water,
mean water, low water and at extreme low water, 1o addition, the coincidence of
waler [evel with the temperature of water and gencraling unit loads, especially at
peak loads, should be analyzed.  The caleulation of the pump design operating
point would be hased on the maximum requirenment of the condensing unit for
sustnined Full Toad with the coincident water level and lcm‘pornmrc

It is desiiable 10 know the approxinte operating points [or several conditions
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other than the design point in order to establish the capacity and head linvits at
which the pump will be expected to operate. MPreliminary nperating points can be
cstablished Trom assumed pump curves. There may possibly be Qlacraling con-
ditions which cannol be permitted because the opetating point falls outside the safe
opetitivg range of the pump selected.  The condition Tor starting the system siphon
must be part of this analysis

The intake piping o the suction oI horizontal pumps should be (1esigncd soasto
avoid ait pockets  Also, the water-flow velocity should be miade uniform over the
suction inlet area by placing hends as far as possible lrom the pump inlet.

The intake chambers Tor vertical pamps 1equire careful design lor gnnd pump
opetation.  The design must lwing about a uniform and undisturbed fAlow of water
1o the pumip without whitl,  Most pump manufacturers have dcsign suggcslions for
intake chambets for their particular pumps  Each vestical-pump installation should
he studied individually.  There are no standard solutions to vertical-pump intake

"problems,

Discharge Structure. On the dischatge end of the circulating-water system,
an underwater (or scaled) discharge must be provided to prevent entry of air into
the piping, which would otherwise break the siphon action at the condenser,  One
means of praviding this seal is through the use of a seal well, that is, a basin with a
wiler level contrafled hy an averMow weir.  The scal-well waler level regulates the
height of the siphon recovery, and it is the final clevation to which the circulating
pump delivers the water. |

Heyond the seal well, the discharge into the river or other body of water must be
done in such a way that the dischaige velocity is dissipated without wz\shing away
banks, teating up the hottom, undeimining the discharge piping, or permitting
uncontiolled recirculition to the intake

Air Binding. Air which accumulates in water piping can reduce the effective
aren Tor water flow and thus increase pumping cost through the resulting extra head
lovss

Air enlers the piping system from several soutces such as relense of qir from the
waler, air carried in through vorlices into suction of pump, air leaking in through
Joints that may be under negative pressure, and the air originally present in the
piping system before filling. '

The water from the waler source may be nenly completely saturated with air.
IT the temperature of this water is raised, for example, after passing through a
cotdenser, and the pressure is lowered by Ihe siphon action, the water will release
mest of its air. However, this air refease is not instantaneous but proceeds on a
time-rale release and is therefoe dependent upon the length of lime the waler
remains in the piping.  Experience indicates that the actual air release in a circu-
fating system of a conventinnal generating plant is probably in the order of 10 per
cenl of calcalated theoretical 1elease

The problem associated with the formation of air pockets in the piping is de-
pendent on the velocity of the waler and on the configuration of the piping.: The
higher the water vclncily. the less ain hinding will oceur for the same piping con-
fignration. ‘The water with higher velocity has greater tendency to scrub out the
aiv pockets, and its igher turbulence breaks up large air bubbles and enlrains the
resulting smaller bubbles,

On gentle downward slopes, & continuous air pocket may form along the top of
the pipe for the entire slope T a sharper downward slope, several air pockets may
fnrm. each air pocket terminming in a |1y([m'u|ic jump.- Slopcs may require a
walter velocity in excess of 10 fps to assure that the piping remains free of air. Ina
90-cleg downward diop, an air pocket may form in the upper portion of the bend and
a velocity in excess of 7 fps may be requited for air elimination  Connections For
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air vents, as shown in Figs 11 and 12, should he consideied at the beginning ol the
qinpc and down along the slope.

Air Infet Valves. In lnllmg ar mounlainous cauntiy, aii and vacuum valves
should he placed at the summits of wiler - -supply fines to allow air 1o escape when
they arc being filled as well as (o admit ain to prevent fovming a vacuum when 1Iu_y
are heing dinined. N is goad pr.wluce {o install sych valves ai .lhrupl hreaks in
grade, where lllcy serve also toe pet it (he escape of air while (he line is npuatmé
under pressuie, thus preventing the accomulation of air ihat s released from
solution in the waler. '

Concet sizes of vacuum valves can be delevmined onfy by compuiation of the
probahle rafe of water drainage from the line, which depends in turp on its profile

Air removal

Aor removal conneethinn

connec tion

Air pocket

Pipe wsth connegions
an sinpe

Mor pocket

Hyitraulic Jump

-~
far pocket”

, Pipe with 90°drop Hydraulic |ump/

Fig. 1 Fig 12
v
amd on the vale at which air is admitted to break the vacuum.  ‘The faitme of the
pipeline al a low point, Tor cx,lmplc may emply p.ui of the linc and create a vacoom
condition in the section of |‘np|nL wheie theic is a ';cp'lmllun in the water column,
The size of the vacuum valve should be computcd on the supposition that air must
cnter at the same volumelric rate as thal at which water leaves,

The strength of the pipe shetl under this diTerential pressine will depend an the
length-to-diameter ratio, the thickness-to-diameter 1atio, and the modulus of
elnshcﬂy of the pipe material.  The presence of stiffener ringt; may exert a consider-
able influence on the strength of the pipe shell.  Towever, if the distance between
stiffener rings is great, they will have no appreciable effect on the section of 1he
pipe shell midway between them, and the collapsing pressure will be the same as
that of a pipe shell of infinite length.  Parmakian® gives the following procedure
for this ealculation:

For cylindricat shells without stiffencr rings:
- (S0.200M (] )
For eylindrical shells with stiffener vings:
P = (73900 D) (DY
where P ~ collapsing pressure lor pipe shell, psi AR
f — thickness, in. .
D - inside diamcter, in. o
L o= ‘:pacmg of slifTenct rlngc in. .
Presswie head at air infet valve — 2 ?I(lz 2P

wheie P, imum aflowable internal pressure at air inletwalve, psi
- Somelne pressiee, pai I
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Cubic leet air per second that must be supplied:
Q — Vp — o IP(A(144)

wlrere Q — air that must be supplied at pressime Py, cfs
W - weight of air Mlowing, Ih/sec
‘i = specific volume of air at pressute I, cu fiflh
V=1 - Fyor V=174 I4
where V, - waler velocn_y Icnwng Iocalmn ol air inlet valve compuled for con-
dition by Bernoulli eneigy equalion, fps

i7, -= water velocily approaching location of air inlet valve, fps

I ¥y is larger than Vy, or if 7 and Vyarein oppmlle ditections, an air inlet valve
is rcqmrccl o <:upp|_y cnmlgh air to the plpc interior to occupy the space created by
3] c:\kmg ofl the waler column

The air flow through the valve may be considered as an isentropic exp'nmon and
the valve sized accordingly.

WATER HAMMER

An understa mlinf; of the physical pictuic of the waler-hammer phenomenon can
be helpful in dealing with the particular piping system under design.

The problem of water hammer in a pipeline consists of containing the pressure
and dissipating the water Now energy  T'or example, in a plpcime with a supply
pump, encrgy necessary to move the water thiough the piping is supplied by the
pump. 1T a valve is suddenly closed at the end of the discharge line, the movmg
column of water is brought 1o a stop at the valve.  The kinetic energy contained in
the column of water, originally given to the waler by the pumyp, is still present and
must be chssipated. The columin of water compresses, the pressure rises, and some
of the kinclic encrgy is transformed (0 indernal energy. The higher water pressure
acts upan the pipe wall and does wark in stretching it but anly a small percentage
ol encipy will he lnst in this.  The pipe will obey the laws of vibration and return
maosl ol the encigy lo the water,

When the waler-hammer pressure wave loads the pipe wall, the strain in the wall
incieases slightly faster than in stiict proportion to stress within the elastic range,
and on release of the In'uling the reverse occurs.  This results in a small area that is
enclosed by the stress-stiain curve in both ditections, called the elastic hysteresis,
and mrrcspondq to a transformation of encrpy during the stress-strain cycle.  If the
pressuie tise in the pipe is sufficient, the walls may be stressed into the plastic region
and experience a permanent set. I this case the water gives up a large amount of
energy wilth no recovery,

The energy or pressure wave which started at the closed valve stretches the diam-
cter progressively to ils source, the pump  The cenergy-wave front may meet a
check valve at the pumip and be reflected back toward its origin, cnnlinuing its
dissipition of energy within the water and the pipe wall.  This will continue until
the kinctic enerpy is Tully converted to internal energy.

When there is sudden latlure of power at the pump motor, the only remaining
cnergy is the kinelic encigy of the rotating parts of-pump and motor plus that of the
entizined water.  Since this is small when cnmp'ucd with that required to maintain
flow against the discharge head, the rccluclmn in pump speed is quite rapid. As the
pump speed reduces, the flow nf waler' in the discharge line at pump outlet is also
reduced.  Since this water has low cncrgy its pressure head is lower than that of
waler which was previously cncrgnc(l by the pump and delivered into the plpc
water column. A dcpret:t:urlng actibm 1||(‘n occurs, ':lartlng at the pump and ,
traveling up the pipeline.
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Soon the puip speed is reduced to a point at which no water can be detivered
against the existing discharge piping head. 1T there is no contiol valve present
at the pump. the flow lhrough the pump reverses, although the pump may be still
rotating in a Torward direction.  The speed of ihe pump then diops more rapidly,
stops, and revearses 1otation A short time later the pump, acting as a turbine
driven by the highct head in the discharge line, reaches runaway speed in reveise.
As the pump approaches runaway spce(l, the reverse Now thiough the pump reduces
rapidly, so that the remaining cnergy in the water produces a pressine rise at the
pump and reflects back along the length of the discharge Tine.

In order (0 analyze this problem, the items which have to be considered are the
pump amd mator inertia, the pump characienistics, and the water-hammer wave in
the dischargeline.  The kinctic energy of the rotating sysiem of the pump and motor
is obtained from the incitia cquation.  The complele pump characteistic curves
should be specificd and obtained lrom the pump manufactioer.  These curves
should define the manner in which pump loique and speed vy with head and
discharge Mlow thioughouat the range of opeiation as a pup, energy dissipator, and
tuthine, -

Table 2. Water-hammer Velocity in Piping Systems

fa, wive velocily in feet per sceond)

Steel Cast iron Transite
N (F = 28 ~ 10 psi) | (F == 16 5 105 pi)y | (55— 34~ 108 ,w.)
20 4,100
40 1,600
60 3.150
80 3. 100
100 2.900
150 2,500
200 2.250
250 2,050
anon )

The water-hannner effects nie obtained from cqunli(ms that dehne relations
between head and flow in the discharge line duing the transicnt flow condilion
which results from walet-hammer wave action. T

Water-cohnnn separation might occur at lugh points near the hydiaulic gradient
on |nng (Imch:ugc lines.  "Fhis candition can ereate high-pressute conditions at the
moment of rejoining of the separated waler cohnns, P .

When a check valve is to be used on the dischaige side of.the pump, its design
and closing characteristics should be carcfully considered.  The discharge flow from
the pump keeps the check valve open. But if pump powen failure occurs, the check
valve closes as reverse flow develops in the discharge line.  The water-hammer
analysis has to consider the pattial reverse fMlow condition uniil the check valve
closes completely and, afier that pomt, the cfTect of the closed valve,

Table 2 gives the water-hammer wave velocity as a function of diameter-to-
thickness ratios for tuee dilferent piping materials encotnrtered frequently in water-
supply or -distribution systems, In (his tabalation, 2 is (he wave velocily in feet
per second, Dfr is the dimensianless ratio of diamcter to thickness, and s the
elastic modulus

IT a valve is closed in the lime of one wave cycle, (in the time a pressure wave
goes to other cnd Ofpipclinc and returns to the closing valtve) or less, then the water
hammer should be ealculated on hasis of instant valve closure.

To determine time for wave cycle, use |

T = 2Lfa
31

C won 321

To determine water hammer lar instantancous valve clnsing_ use
h—alfg
where - time for one wave cycle, see
L - pipeline length, Mt
I == water-hammer head above static head, 1
a — velocity of [ressure wave, Mps

17 - water velocily at instant belore valve closure, Ips
# == 32.2 Nfsec®

To delermine water hammer lor slower valve closing, use
2 = My —allVy — Volfg

wheie fy - presswie alter partial closing of valve, It
fr, — pressure hefore start of valve closing, Tt
Iy ==l = pressure rise duc to water hammer, It :
V, - water velocity befme start of valve closing, fps .
1y - waler velocity after partial closing of valve, fps

CORROSION

All water coming lrony wells, rivers, lakes, and ocean is an extremely dilute water
solution of mineral salts and gases.  The sals are mineral matter dissolved by
water flowing over and through the earth layers. The salts are mainly sulfates,
hicarbonates, chlotides of calcium, sodium, and magnesium. These minerals give
water its hardness (destroying soap and preventing lather) and precipitate as a white
lime-type scale.  The dissolved gases are atmospheric oxygen and carbon dioxide,
picked up by water-atmosphere contact, e.g., spray, mmdrops, and ammonia I'rom
decaying vegetable matter,

The dissalved gases are the prime agents of ChcmlC'l' corrosion which act on the
melals of piping systems.  The oxypen atlacks the iron or steel, and the process is
accelerated by the carbon dioxide.  The rate and extent of the chemical corrosion
are influenced by the mincral salts di'i!'iolvcd in the water,

The water is corrasive when the Langelier index (calcium carbonate saturation
index) is minus { -). The water analysis will generally, but not always, show a pi
value below 7 (acidic). '

The water is scaling when the Langetier index is plus (-I').  The water analysis
will generally show a pll vatue above 7 (hasic).

The Langelier index is obtained by subtracting the pil that the water must have
at a particular temperature in order for ealeiom carbonate precipitation to start
from the actual pll of the waler.  For example:

(pIT actualy - {pTl satwration) — Langetier index
(65 -(7.7) - - 1.2 and the water is corrosive
(8 1) -(7.2) -- 109 and the water is scaling

The precipitation of caletum carbonate asa seale or film thickness may he desirahle
as a menns of plut('clmn '\g'\lmt corrosion il the rate of build-up will he sufficiently
low and aftowance is madce in diameter of the piping.  But this calcium carhonate
film would be undesirable on heat-tiansfer surfaces.  Since temperature lowers 1he
solubility of calcium carbonate and calciim sulfate, the Langelier index would be
dilfercnt Tor colder water cnming to the condenser, for the water pacﬁﬂg lhrough
condenser tubes, and for the warny water flowing away from the condenser.  There-
lore, the scaling tendency of the same water would be higher in the condenser and
in the discharge piping from the condenser,
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The exterior of the buried pipe will be sitbject 1o similar but aggravated chemical
action duc to water,  In addition, the pipe exierior will be susceptible lo attack by
aerobic and anaerobic bacteria, gulvnmc action, and sttay electric cuwrents,  The
chemical action an the pipe exterior may be moie intense beeause of concentiation
of oxygen, salts, and other chemicals leached aut of the sunrenmding carth by ground
waler.

Some forims of anaerobic bacteria that thiive only in the absence of free oxypen
obiain their oxygen by the chemical hreakdown ol axypen componnds in the earth
with the resultant production of subslances, such w5 hydrogen sulfide, that wil]
corrode the buried pipeline. There aie also many types of aecrobic hacleria that
produce sulfuric acid, sulfate, fervic hydioxide, cte . all cotrosive to steel or ion.
Organic soil should be kept away from the vieinity of the pipeline to minimize
possibility of this corrosion acfion

Alzo, when iron or steel is in contact with a mare cathodic material, for example
copper or biass, a galvanic cell is sct up, electiolysis 1esults, and the corrosion rate
of stech or iton rises. 1T iron or steel is in contact wilh a more anodic materal, for
example ring, the zine is the alTected material and the cotrosion rate of the steel or
iron drops.

Theic is some natural resistance ta chemical corrosion of the pipe materials in an
uncoated stale.  The chemical-corresion product, for example an oxide film, may
build up sufficiently to slow down o1 prevent further conosion.

The mateiials most commonly used for pipelines are steel, wrought fron, cast
iron, conciete, and ashestos cement {(ransite).  The natural coaling characteristics
of these materials are mentioned biieflly below.

In cast iron, the rust (an iron oxide) butlds up into a steong adhesive coating that
finally forms a barier suflicient to stop or slow down Tuither connsion.  The
higher silicon cast iron has the hest characteristics in this respect.

In wronght (o wiat}iron, the stsface rust is not <o adhesive but the silicate fiber
interlacing has a reinforcing cfect, and alter some penchiation the barvier apgainst
further conrosion wilt tend 1o establish itselr.

In steef, the rust pnwdcrs and fiakes ofT casily and will net build up into an
adhesive amd sufficiently protective coating.

In concrete and ashestos-coment piping, the corrosion is of a diffoent Torm.
These materials are subject o leaching of the frec lime fiom the cemenl, deteriona-
tion in alkali soils, and attack by organic growth,

Cathodic Protection. 1fno prn!(‘(‘li\'c coating is used, or if a low-cost, limiled-
life coating has been sclected, cathodic protection should be considered as a means
of limiting the main agent of corrosion, which is the clectrachemical process. In
this process, the moist earth is the clectrolyte, two dissimilar maleiials are the
anode and the cathode, and the pipe wall hetween completes the eleetric circuit.
This process may be sct in motion in a number of different ways, among which are
dissimilar metals, galvanic action of a single metal due to dissimilar soils, variation
in moisture and chemical content of seil, nonuniformity of metal caused by mill
scale, surface scarring, welding, and even tempeiature differentials.

The current flows from the anode 1o the eathade and produces coroston at
rate preater than that wivich would occur by narmal chemical means. Corrosion
is incteased at the anode end and deereased at the cathode end.  The anode is the
point or area at which the current leaves the metal, and the eathoede is the point
at which the current enters the melal.  The Inss of melal at the anode end is in the
range ol 20 Ibjamp per year, ’

The electrachemical galvanic series (Tahle 3) gives the relation between any two
mctals  The metal listed nearer the top of the tabic witl be the anode that will wasic
away. T metal nearer the bottom of the table will he the ?alhﬂdc and will be

- 1

prolected  The farther apart the mctals are in the table, the greater the potential
difference will he between them and the greater 1he corrosion rate of the anode end.

A typcal example of the galvanic action of (Iisqimi!:u’mclals is rcprcsenled by the
condenser with its stee! shell, steel tube sheets, and its copper-alioy tubes.
steel is nearer the anode end than is the copper alloy, and as a consequence the cor-
1osion of the steel tube sheets and shell is nccelerated

higher in the galvanic series will waste away.

Catirodic protection is a means of diverting the electrochemical corrosion from

the pipeline to wasting anodes.

Thete are two ways ol providing cathodic protection. The least costly installa-
tion is the galvnnic method based on the natural battery action between position of
An anode or wasting piece is deliberately used.
“This approach requites very careful analysis of all the varying conditions involved.

mietals in the electrochemical table.

Table 3. Galvanic Serles

Anade end (least nobie, the wasting end)

Magnesium

Nickel (active)

Always, that metal which is

Magnesizm alloys Brasscs
. Zinc Copper
' Adumunum Bronzes
: Ahminum alloys Nickel-copper alfoys
Cadmium Nickel {passive)
Carbon steel Stuainless steel {passive)
Casl iron Tianinm
Stainless steel {actlive) Silver solder
Soft solder Silver
Tin Graphile
Lead Gold
Platinum

Cathode end (most noble. the protected end)

The more costly enthodic protection is the impressed current method that requires
an external soutee of electricity. ‘The impressed current renders the piping cathadic
to the s:urqmncling soil by a controlled dilference ol potential.

In addition, in locations wheie there may be sttay currents, the installation of
removal wires at designated points so that the current may leave the pipeline
should ke considercd.  Or in other words, stiay currents are wlilized to provide
cathadic protection for the pipeline,

Protective Coatings. Since corrosion of melal is a surface reaction, it is
obvious that, if a ™ oteclive conling which is conliuous, impcrvinus, chcmicnlly
inctl, and clectrically insulating can he bonded to the interior and exterior of !he
piping, corrosion cannot take place in the pipe wall as long as the protective toaling
remains in place undamaged and without cracks or pinholes. ‘

The basis of sclection for the best coating differs somewhat for the interior and
exterior of the pipe, !

The coating on the interior of the pipe to perform its function properly would be
sclected for its chemical inertness, impcrvinusnﬂs, adhesiveness, adjustment to
pipc deformation, and resistance to erosion of the flowing water.

The coating on the exterior of (he pipe would he selected lar its chemical inertness,
clectiical resistance, impervinusness, adhesiveness, ndjuslmcnt to pipc deformation,
aml resistance to shear and cnmplcqcim;l due to varying earth conditions. )

Cralvanizing. The zinc used for gdlgnr1i7illg pipe is on the anndic (wasting) or
elcctrachemical protective Side of the steel, and it is wasted or changed fo zinc
compounds belore the steel pipe will he attacked  Lead coating on pipe exteriors
is not desirable for underground use hecause lead chemically corrodes in most soils
and is cathodic in relation 1o iron and slee]. .
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Coal-ten Enamel. Specification AWWA 203 covers the coal-tar enamel pro-
tective caatings lo1 steel water pipe. 'This standard sets up the specificatinns fen the
maletials involved, method of application to the inside and oultside of the puping. the
thickness required, protection of the coatings, lesting. cle. :

The type of enamel is specificd as AWWA Coal-tar Enamel and is desaribed in
this standard with full characteristics and the ASTM tests 1cquired. ‘

The 1961 *Paint Manual™ of U.S. Departient of Interior siates:

Coal-ar enamel is especially appropriate for use on the inferior surfaces of penstacks
and outlet pipes. A long-life coating in penstocks is necessary because dewatening in-
volves loss ol revenue from electric power production,  In outlet pipes wheie water flows
at high velocitics, there is special requitement for stability within the film, which is char-
acteristic of coal-lar enamel.  Tlowever, hand-applied conl-tar cnamel coalings cxl\ihiling
tlrip': and unilue muglmcss'frmn carcless or incxpcricucccl .'||1|\lur::liiun, ity he (!nmngcd
by the high velocities,  Therefore, for such exposwie, excellent workmanship is mandatory,
The glasslike surface obtained by the spinning process is especinlly suitable for this service,
Except as limited by certain consideralions discussed in the following parapraphs, coal-tar
enamel is considered an execllent coating Tor the mterior surfaces of all stecl pipe and for the
exterior surfaces of buried stecl pipe. :

The use of cnal-tar enamel is limited by its qmccplihiiily to damage from cold weather,
The materials marketed are nol expecled 1o withstand femperatures wnder (-} 20 F
without danger of cracking and disbonding.  Although cases can be cited whete they have
stood up under such conditions, enamel is not usually consideied a good risk where it will be
suhjcclcd to such extremie cold belore or after instaliatron of the coated parts Bnamel
coatings arc adversely affecied by prolonged pre-installation exposwe in the open. Con-
tinucd heat developed when coated or lined pipe is exposed 0 wam weather and sunlight
without the moderating effect of water within the pipe induces hardening and loss of plas-
ticily in the enamel.  This embrittlement may he the cause of kater damage when the pipe is
handled. A heat-refiective coating of while-wash, red Teasd or aluminum paint i< helpful on
the outside of the pipe: but even so, prolonged cxpasure befrue installation is undesnable,

Although more (:xpcntu'vc than <hop apphication, coal-1as enamel is nsually applied to the
interior of large diameter pipe after installation for several reasons Most shop lining
cquipment will not handle pipes much over 1@ feet in diameter. Ficld application avoids
pre-instaliation exposure andwnstallation damage 1o the coatmg. 1T enamel is to be used
for lining pipe thatis foo small to wonk in, the enamel may be applicdin the fickl hy poriable
centrifugal lining equipment just priev to mstallation. In pwactice, this is rarcly dene,
however, Espccinlly where the amount of pipc to be lined is small, the expense of seiting
up the ficld cquipment is not warranted and shop eonting is penerally eiployed if prolonged
pre-installation expasure can be avoided,  Foamel should not be vsed for the mierior of
pipe under 27 inches in diameter where pipe sections mast bejoined by webding, beeanse
of the difficulty or impossibility ef coating nterior jomts after nvs'cmhly. This is nol a
consideratinn where seclions are joned by mechanical couplings.e

For buried steel pipe, AWWA specifications suggest n vautety ‘ol'exterior coaling systems
employing enamel, the choice of system depending on soil conditions,  Soil forees which
are destructive Lo coatings are cansed by welting and iying of the sail, rocks in the backfilt,
and chemical constituents.  Earth often adheres tightly to coating materials and, on drying,
excris powerlul stresses which shear and lear the coating from a pipe surface. The sail
properlics of tiquid limit and plasticaity index refleet the soil capacily 1o create such siresses,

Cilass mizd has an open structure which pcnnik the hot cnamel 1o penetrate and pass
thraugh the mat so as 1o cmbed it producing a reinfincing ellect moch like that of steel in
concrele.  This makes it an excellent covermg for pipe under severe soil conditions,  When
asbestos felt is covered by hat enamel, there is a tendency (o volatilize the felt sataramt
andereate vapor pockelsin the coating, and thus weaken the coaling.  Ashestosfell is there-
fore net suitable as an inner wrapping.  However, it is desitable as an outer wrapping for
buried pipc, beeause of its vatue as a shicld against <oil stiess and moderate delormation
forces from rocks or clods in backfil material - Even in the rare instances when sandy,
well-drained =ril would permit climination of outer wraps, use of ashestos felt can be
justificd <ince it teduces handling damage.  For large dinmeter pipe, where (he backfill
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- contains much rock ov wheie highly ‘conosive condilions exist, pneumatically placed

malar is often used as a shicld over the conamel coating.

Mechanicat eouplings are coaled with coal-tar enamel and usually surrounded with a
sand shicld using No. 16 maximum size sand ; o1 a double wrap of a glass-reinforced coal-tar
enamel tape is sometimes used in licn of the sand shield. .

Supplemental protection can be provided for exterior surfaces of buried stcel pipe b
installing eathodic protection.  This fs not usually essential at the time the pipe is inslallecr,
because potetial measurements between soil and pipe can be made subse uently to
determine how' inuch, if any, additional protection is needed. However, it is important
that the pipe’scctions be connected or “bonded™ clectrically al the time of installation if
cathndic protection is cantemplaled at a later date,

[or-applied Coal-tar sapes-—Class-reinforced coal-tar tapes are used by the Bureau of
Reclamation for the exterior coating of welded field joinls and also for small quantities of
small diameter sleel pipe.  This tape is applicd with the aid of a wide-flame heating torch
over propetly primed steel surfaces,

Cold-applicd Plastie Tapes— Spitally wound vinyl, polyethylene and pollyvin_yl chloride-
bultyl rubber tapes. in thickness of 10 to 20 mils, have been used for the protection of the
exterior surfaces of straight sections of steed pipe and for the coating of welded joints of
shop-coated pipe sections in the field.  Dificulty has heen expericnced in obtaining water-
light seals at the fap when these 1apes are applicd over pipe fittings.  The use of effective
primers and a double wrap of the tape has been found te affard maximum protection. A
fell wiap hield in place by steel bands is desitable when punctuie of the tapes may be
anlicipated, as indicated by the presence of sharp-cdged rocks in the back il

Cement Mot rar -—-Cement o tar is used cntcneivciy hy the Burcau of Reclamation as a
protective interior lining Tor sicel pipe in new construclion, and it has also been vsed in
rch:!hililnling old pipe lines in place

Asphalt Coatings.— An asphall hot-dip coating is samelimes used in Bureau of Reclam-
ation work for small diameler (under 24 inchesy steel pipe and corrugaled metal pipes in
distribution systemis. Agphalt is not generally considered to be as effective as coal-tar
coaling for protection of steel pipe against corrosion, bul it is an inexpensive shop treat-
mc:r not as susceptible ta d:mmgc from exposure as coal-tar enamel,

The cald-applied plastic tapes are easily instatled and have touphness, flexihility,
incriness, diclectiic propettics, and resistance to baclerial action. However, these
tapes losc their adhesiveness at femperatuies below M F,

Cold-applied coatings such as asphalt ‘emulsions, asphali, or coat tar in volatile
sobvents have not to dalte given long enough or suflicient protection when applied to
underground piping, )

MATERIALS

The Tollowing publications and stmdards of the AWWA (American Water Works
Association) cantain the complete matesial specification requirements for water
piping: .-

Excavation, No. R612, Tiench Excavation and Backfilling

Grounding, No. 270, Grounding of Electric Circuits on Walter Pipes, Stray
Cunent Problems .

Hydriaualic, No, REOS, Water Hannner Allowances in Pipe Dcsign~

Plastic Pipe, Nos. R281 and RIOIS. Developments in Plastic Pipe

Steet Pipe. No. R601, New Developmenis in Tests of Coatings and Wrappings

Yalves, No 372, Sclection of Valves for Watler Works Service

American Standad Tor Verticat Tw hine Pumps, A101-60 (ASA B5R.1)

AWWA Standard fon Cast-inon Pressure l'illlng‘:, C100-55

American ‘Standard Piactice Manual Tor the Computation of Sircnglh and
Thickness of Cast-ivon Pipe, 1T1 (ASA A21.1),

American Standard Tor Cast-iron Pit Cast Pipe for Water or Other Liquids,
C102-53 (ASA AZLD)
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American Standard for Cement-mon Lining Tor Cast Iron Tipe and I'lllillg%.
C104-53 (ASA A2l 4)

American Standard for Cast [ron Pipe Cemtnifugally Cast in Meta! Molds, for
Water or Other Liquids, C106-53 (ASA A21.6)

American Standard for Cast tron Pipe Centiifupally Cast i Sand-lined Molds,
for Water or Other Liguids, CHO8-53 (ASA A2l 8}

American Standard for Short-body Cast Iron Ifiltings, 3 Inch 1o 12 nch Tor
250-psi Water Pressure Plus Water Hammer, CHO-52 (ASA AZ1 10)

American Standard for 2 Mechanical Joint for Cast [on Presswe Pipe and
Fittings. CHH-53 (ASA AZE D

AWWA Standard Tor Tabricated Electiically Welded Steel Pipe,

AWWA Standard Tor Mill-type Steel Water Pipe, C202-607

AWWA Standard Tor Coal-tar Enamel Protective Contings Tor Sleel Walter Pipe,
C203-57 !

AWWA Standard Tor Cement-mortar Protechive Coatings for Steel Water Pipe
of Sizes 30 Inches and Over, C205-41

AWWA Standard for Field Welding of Steel Wala Pipe foints, (°206-57

AWWA Standard lor Steel Pipe Vanges, C207-55

AWWA Siandard for Dimensions Tor Stee! Waler Pipe Tittings, C208-59

C2001-60T

AWWA Standard o1 Reinforced Concrele Walter Pipe --Sicel Cylinder Type,
Not Prestiessed, C130.57
AWWA Siandard for Reinforced Conciete Watel l‘ipc ~-Steel (‘ylindcr Type,

Prestressed, CI01-58

AWWA Siandard Tor Reinforced Concrele Water Pipe-—- Noncylinder Type, Not
Prestiessed, C302-57

AWWA Standard Tor Asbeslos-cement Water Pipe, CA400-53T

AWWA Standard for Gate Valves for Oidiniy Water Works Service, C500-61

AWWA Standard for Rubber Seated Butierfly Valves, (C504-58

AWWA Standard for Metal-seated Bulterlly Valves, (CS05-58

AWWA Standard for Installation of Cast-non Waler Mas, C600-547T

AWWA Standard for I)isinfccling Watcr Mains, €601-54

AWWA Standard for Cement-mortar Lining of Waler Pipelines in Place —Sizes
16 Tnches and Over, Co02.55

AWWA Siandard for Steed Tanks, Standpipes, Rescivoiis and Elevated Tanks
for Waler Storage, DIOD-59, 155.2-59, DII02-55T

Table 4. List of Material Specifications

Matcrial Specification

. ASTA 42
. ASTM D
PSR ww.pr.11

Copper pipe
Red brass pipe . ..., ...
Cast iron, bell and spipot

Castiron, piteast..... ...... . ASA A212
Casl iron, centrifugally cast in mr:l al nmlxl: ,,,,, . ASA AZL6
Cast iran, centrifugally cast in sandlined molkis. ASA A2IR
Welded winnght-iran pipe ASTM AT2
Welded and seamlcss steel pipe .. ASTM AR

Scamless carbon-sicel pipe . .. .. LIS ASTAL ANDA
Black and galvanized welded and scamless |
steel pipe ...

lilectric-fusinn-welded steel pipe UO in

ASTM AL20

Il.\;l over) |, TASTM ATM

Electtic-resistance-welded steel prpe . ASTN A115
[Mectrie-Tusion-welded steel pipe (4 1o 30 in, ) . CASTM A9
Seamless and welded avstenitic stainless steel pipe .. . ASTM A3I2
Spirabowclibed slech ordron pipe . ... CASTM AN
PHC oot e it veecieee an . OAPLSL

Moaterlals 1127
Table 5. Properties of Large-diameter Water-supply Piping
' Maximum
Pipe safe span .
weipht unstifened
per {oot Maoment pipe,
hate, Watcr of incrtia Section simply
1D, [ Fhickness.| bhased canients ahout maodulus, Radius of { supported
in. in on 550 | per foot* | pipe axis, in.? gyration, 120 deg
over- in ! in. bearing,
weight slress =
b 5,000 psi,
It
Yia 65 2,025 133 10673 14
1 ' 87 ' 2,717 178 10 695 38
0 At 108 JoR 1 3418 12} 10718 41
Tk 130 6 72 gal 4,127 2608 10 740 44
iin 152 4.845 313 10.762 - 47
1 173 5,572 159 11 785 50
Tia 78 3.489 191 12 794 M
4 104 4.676 256 12 817 19
“in 130 5.R76 320 12 839 42
6 1 156 441 b - 7.088 i8s 12 861 45
Lin 182 52 B8 gal 8.312 450 12.884 48
11 208 9,549 5t6 12.906 51
i 213 10,799 581 12.928 53
1 259 12,061 647 12.951 54
lis 90 5.528 260 14.916 35
vi 120 7.404 148 14.938 40
fia 150 9,296 416 14 960 43
42 1R 180 600 1h 11.206 524 14 982 46
’/q 210 71 97 gal 13,132 612 15005 50
121 240 15,074 101 15027 . 52
"ia 270 17,014 190 15 049 54
kX3 300 17,0101 B79 15072 55
Li 134 11,028 454 17 059 40
i 167 13838 569 17 081 43
4 201 16,671 681 17.104 46
[t 2M 19,526 799 17126 50
48 X4 268 784 b 22.402 914 17148 52
" e Jnz 94 pal 25.3M 1,030 1717 55
H KR 28,222 1.146 17193 57
" 169 365 1.262 17.215 59
b 4n32 M0 1,379 17.218 f2
Vi 153 15.675 575 19.180 40
AL 191 19.661 ° 719 19.201 44
14 230 21,676 864 19.225 47
4L 267 27,718 1.010 19.247 5
54 L Jos 992 th 31.787 1155 19.269 513
% in 344 119 gal 35.884 130 19 292 56
] 181 40,004 1.448 19314 58
i 420 44,163 1,595 19 314 60
1 450 AR 345 1.742 19 359 63
*TUSR pallon at 60F -- 8T .50 7
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Table 5. (Continued)
Maxierum
Pipc =pic span
weight wastifened
per oot Moment pipe.
bare, Waler of mertin Scctinn simply
1D, [ Thickness, [ hased cantents ahout modubes, | Radies of | sopported
in in. on 530 | perdoat® | pipe avs, in.? gyration, 120 deg
over- ! n hearing,
weight siress -
Ih 5,000 per,
It
Vi 170 20472 9 21,302 40
b ie 212 20,923 RRR 21 124 a4
14 255 32,409 L066 21 346 ar
1ia 97 31,029 1,246 21308 51
60 111 340 1,225 Ik 41,481 1.425 21 91 54
A JR3 146 8R gat 449 071 1.645 21 41) 57
LA 425 54,691 1,785 21.435 59
LT . 468 6(r,150 1.566 21 458 61
3i 510 66,042 2,147 21 4RO 64
' 187 28,547 R5R 23423 40
Tin FALS 15786 1.074 23.445 44
14 180 41,064 1.200 21408 48
Tin 127 50,184 1,506 2V.40) 51
51 374 57,145 [ 23512 54
s 420 65147 (LY FRIRRE] 57
66 L 466 1,482 11 72.591 2,158 23 557 59
'hia 513 197 72 pad 80077 2,377 23,579 62
i 560 R7.604 2.595 21601 6d
s 607 95,174 2.814 23624 06
f G54 102785 RRIERS 23 646 67
AT o1 110,439 1,254 21668 69
i 748 . {IH115 LRFR AR 71
T 204 A7.027 1.n2L 25,544 A1
s 255 46,405 1.277 25.567 a5
" oo 55.R31 1.534 25 589 49
AL 357 65,304 1,792 25601 52
14 409 74,828 2.050 25.61) 55
Yin 459 R4.400 2.30% 25655 58
72 4 510 364 1h 4,022 2.567 35678 60
i 561 2115 gal 103,693 2826 25 T 62
i 612 113414 10RA 257122 65
in 663 123,183 RN 25744 67
1 715 111,004 a.nin 25.7167 09
LA 166 142 874 AR6GR 25.789 T0
i RIR 152,794 4,529 25.812 12
Sin 276 58940 1400, 27 6RR 45
Tk LY H /90 1R800 27 70 A%
%in 187 R2.912 2,102 27102 52
14 442 94, 98K 2,100 27755 R
e 497 107,116 2 b7 27177 SR
TR 5 552 2,0701h 11,708 loln 27 Ron 60
Yiia 67 24R.2 pul 131,547 TR 27 821 63
i 663 141850 1618 27.844 65
s TIR 156,211 3923 27.800 67
18 774 168,631 4,228 27 RRR 69
e 830 181,110 4.534 A 7
I RR5 193,645 4 Rd 27933 73
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Table 5. (Continued)
MaZimum
PPipe , safe span
werght usnistilfened
per Foot Mement pipe.
hae, Waler of incrtia Scction *simply
1D, |Thickness. | based contents about modulus, | Radius of | supported
in. . on 5% | per font* | pipe axis, in.* gyration, 120 deg .
uver- . int in. bearing, |
weipht stress ==
i 5,000 psi, !
Mt
Mt 300 73,552 1.738 29.809 45
i 60 88,459 2,087 9 811 49
AL 420 103,43 2,437 29 854 53
vy 480 118,471 2.787 29.876 56
tie 540 £31.577 3138 29 898 59
84 Sk 600 2,401 Ik 148.749 1,489 29910 Gl
114, G660 287 9 gal 163,989 3,841 29.943 64
13 it 179,298 4,194 29.965 66
Min T80 194.670 4,547 29987 08
16 g40 210111 4,900 30009 10
iis 900 225.621 5,254 30012 72
| ! 960 PLY N R 5,600 30 054 7}
in RANS 90395 1,994 3t %30 45
YW i1 108,702 2.195 31 353 49
AT 440 127084 2,796 31978 53
11 S04 145,540 CLI9R 3997 56
Nin 567 164,074 1001 12019 59
90 %R 630 2,756 |h 181,681 4,004 32.042 6l
LA 693 3130 5 gat 200,371 4,407 32.064 64
i 756 2200123 4.811 12 086 66
'ia RI9 2318975 5216 32 108 68
i RRZ 257,871 5.621 12103 0
vt 945 270,887 6,027 32.15) 1
| 1008 295958 6,411 32175 74
L ARE] 1059610 2.26% 34.052 46
T4 402 131,811 2,724 14.074 50
Fin 468 154,092 LIRIL 34 096 53
L4 536 176,449 368 34 1t8 56
T 604 198 891 4,095 M 141 59
96 "k 67 VIdeIG |, 220,423 4,553 34.163 62
Vi 718 ¥ioopal . 244,040 5012 34185 64
i R4 : 266,746 5471 T 34207 67
1 &7 ' 2R9.515 5,911 34 230 &%
i 938 a7 6.392 34 252 71
i 1.005 335.380 6,853 34274 73
1 1.072 158 441 .05 34.297 75

Vor example, Specification AWWA C201-50 covers Electric Tusion Welded
Steel Water Pipe of Sizes 30 Inches and Over and requires that stect plate shall
conform to specilications for low- and intesmediate-tensite-strength carbon-sieel
plates n‘I' strnctoral quality, ASTRM Designation A283, Grade B, of Iatest revision
or as otherwise specificd by the purchascr

DESIGN FOR STRUCTURAL STRENGTH

Pipe-wall Thickness.

The Code for Pressuie Piping. ASA B31.1 specifies the
following foymula for détermining the thickness of piping for water service of
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materials other than cast jion: |
fw = PDIRS 1 2y 1 ©

where 1, - minimumn pipe wall thickness, in.
P - maxiimum internal service pressute, psig
D - outside diamcter of pipe, in.
S = allowable stiess'in material due 1o internal pressuic, al the operating
temperatie, psi (see material tisting in Code)
C - allowance for thicading, prooving, mechanical strength,  andfor
COrrosion, in, °

vy = 04 Tor ferritic steels amd anstenitic stecls Mo temperatures to 900 I°

The Pipe Pabrication Inslitute pudlishes ¢ Technical Bubletin T B!, “Pressure
Temperatute Ratings-of Plain Iind Pipe Used in Power Plant Piping Sysiems,”
This covers sizes L3 thiough 24 in. for prpe of canbon steel and alloys,  The tables
give thicknesses with their pressuie ratings that are hased on the Code for Pressiire
Piping, .

Reparding cast ivon, 1he code for Pressure Piping stalcs:

The thickness of casl iron pipe conveying ligeids may he defermined by sclection fiom
American Standards ASA AJL 2, A21.6, or A21LR, o1 Nom 1 ederal Specification WW-p.
421, using the class of pipe for the pressure niext higher than the maxinuim mternal sel vice
pressure i pouncs per square inch  These thicknesses include allawances for foundry
tolerances and waler hammer, Wheie the thickness for liquid service is ealeulated, the
methods of ASA A21 T shall be Tollowed

In sclccling the proper cast-iton pipe, it is essential that the ticnch-laying con-
ditions be known aml specificd. The AWWA gives four trench-laying conditions
in AWWA Standacd C101 (ASA A21.1) Tor waler Piping:

I Flat-bottom tiench, withoul blocks, wiamped back(ill

2 Dlat-bottom tiench, without blocks, tamped backiill

3 Pipe laid on blocks, untamped backfill

4. Pipe Taid on blocks, tamped backfll

The piping thicknesses given in the AWWA Cast hion Standards are o depths
of cover 315, 5, and 8 1, and o working pressiies of S0, 100, 150, 200, 250, ann,
and 350 psic The thicknesses include allowance for foundry practice, corrosion,
and either water hanmier or truck load.  The AWWA Standand CI01L {(ASA A2
should be consulted Tor water-hanumer and huck-lnmling illowances.

Loading on Pipe Due to Depth of Cover and Live Loads. Tables 6 and 7
provide a guide to the Inmh’ng that may be cxpected for various depths of bury and
live loads on the stface over the pipe The AWWA Standurds provide tables of
allowable loads Tor east-iron and concicle piping. The allowable toads on buried
steel pipes up 1o about 24 in. in dinmeter can be computed based on the ahility of
the pipe to <nstain a vertical load by ring action alone, Pipes aver 24 . dizneter,
dcpcnding on wall thickness, will new carry heavy loads with ring action alone
without unduc deflection  Side support from carth isyequired. But the earth on
the sides of the pipe must be compacted to o high (lcnsn)', approaching the density
deflined in Specilieation ASTM D698 in order to provide a predictable amount
of side support,  Note that piping with more than R 1 of cover is nol appreciably
affected by swiface live loads.  ‘Table B is based on ving strength alone

Table 7 is convenient for a determinalion of the amount of pipe Inn:ling which
migit be received an a huried line owing {o the Toad ttansmitted to o from an
overhead moving vehicle,  To illustiate the use of this 1able, the I"nllnwing example
15 glven.

+

Dead Load from Earth Cover on Underground Pipes

Table 6.

(Loads are shown in pounds per linear foot of pipe)

Nomunai pipe diameter, in.

Depth of
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930
6.380

250 | 1.380
570 | 2.080
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(See American Water Warks Association

They are based on maximum conditions of trench

i i o d by embankment.
se values apply to both rigid and dexible pipes buried n ditches or covered by
wgtr;: :n:jdll;) Ib?fu‘ e soil ma(tgnal. using the Marston formuia, and should be used cnly as approximations.

Standard AWWA HI tor charts and tables based on full-scale tests for various ¢conditions.)
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Percentage of Wheel Loads Transmitted to Underground Pipes

Tabile 7.

{Values show percentage of wheel load applied to one linear foot of pipe)

Nominal pipe diameter, 1n.
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G. Spangler,

The wieel load (as tn the examnple)

(See American Water Works Association Standard AWWA

“"Underground Conduitls—An Appraisal of Modern Research,” M.

The values apply to one vehicle with wheeis at teast 6 [t apart measured along the axle,

2.0 and are based on
The wheel load may:be on dual ures but 1s suil considered one wheel.

fagtor of

The values include an impact

ASCE Paper 2337, 1947

‘1 of the axle load,
H1i for charts and tables oased on tull-scale tests for vanous conditions.)

I>
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Table 8. Allowable Loads for Steel Pipe
Nommal Wall Allowalve Nemiaal Wall Allpwahle
pipe tham, | thickness, in load, pipe di | thickness, in. load,

in or schedule lh;‘lm ft in ot schedule Ibflin ft
4 G I¥ Sch 40 10, ()()0 0 0.250 Sch 10 1,900
5 . 0258 Sch 40 10,600 20 0.375 Sch 20 6,250
6 0 280 Sch 40 10,000 20 2500 Sch 30 14,600
8 0 250 Sch 20 8.300 24 0 250 Sch 10 1.250
8 (1322 Sch 40 9,900 24 0,375 Sch 20 4.250
10 0 250 Sch 20 7.200 24 0 500 10,000
10 0307 sid’ 14,600 30 250 - 930
10 0,365 Sch 40 18.7200 kL] 0375 3.000
12 250 S§¢h 20 5,1(0) in 0 500 Sch 20 7,500
i2 0330 Srd 13,7700 36 0 250 850
12 0 375 Sch 40 17.500 R Q175 2,250
14 0,250 Sch 10 3,800 16 0 500 4,900
14 0312 Sch 20 7.500 a2 0375 To1,150
14 0375 S¢h 30 F3 100 42 0.500 31,900
16 0250 Sch 19 2.000 48 0.500 3,000
16 0.312 Sch 20 5800 4R L6255 " 5,500
16 0175 Sch 30 1 (L0000 54 0 500 2.800
I8 0250 Sch 10 2,440 54 0.625 4,500
18 (1 A75 1.700 60 0.500 2,500
1R 0437 Sch 30 12,700 6 m62s 4,000

Example, Vind the I(glnl load per ool on a W-in, prpe wilh 6 ft of cover and a 20,000-1b
wheel load (i e, one-hall of a 40,000t axle toad).
Dead foad (from Table /)
Live load {(from Table 7) is 7.0 per cent of 20,000

Total loacd

2950 Ih/ft
1,400 b/t

2350 Ib/fy

These vitlues are hased an an approximate 2 per cent defection. Data aue taken
Irom “l)csign and Deflection Control ol Weicd Steel ipe Suppeiting Eartly Londs
and Live lLoads,” Russell & Bainand, Proc. ASTAM, vol. 57, 1957, The table
applies ta atl types of steel pipe-—welded, seamless, spiral welded --and (o' stainless
or other steels which have i madulus of elasticity of about 30~ 10% psi, regardless
of yicld o ultimale strength, since deflection within the elastic limit is dependent on
modulus of clasticity, not stiength..

Anchors. 1'or piping with jeints such as bell and spigot on cast-iron pipe, hell
and spigol with O-ring gasket, Diesser o1 Smith-Blair type on sicel pipe, and any
other type of pipe joint (Icpcndmg on Triction o p'lcklng. nnchm’lgc has to be
provided to prevent joint pull-out due to inteinal pressure,

AWWA  Co0n, Standard qlwcuhc itions  for Installation of Cast-iron Water
Mains, states in Sections 12,2 and I2 3

AL plugs, caps, tees and bends (|cl]cumL 22-1¢ deprees or more on mains R inches in
diamcter o l}rgor shall he pmvulcd with a rcaction hncklnL ot movemenl shall bhe pre-
vered Dy attaching siritable metal rods o chunps. ..,

Reaclien backing shall he concrete . of not fess than 2,000 p<| al 28 d.ly<

Dacking
shall be placed hetween solid provmd and the fitting to be :mcllm(‘:l

Anchors should be considered at all direction changes and at dead ends of the
piping ‘The anchiens should bear on and against undisturbed soil. IF backfill is
evey used '\bnn‘;l ihe face of the anchor, it should he well compacied hy wcllmg
and nmplnL in thin fayers,  Any seil wenkened by rain o1 snow or overexcavation
heneath the anchor should be repiaced hy concrete,  The resistance of the soif
to movement of The anchor is a combination of passive resistance :lgninsl the Mce
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of the anchor and the resistance to sliding along the base,  Accordingly, values of
cohesion and Triclion angle of 1hc soif involved qlmul(l be known o at least ‘esli-
mated intciligently. '

Ior Ialé.c and critical anchors, the soil properties should he determined by
penctiation and Ilhm.ltmy Icsts on lmtlmmhcd samples, Fhe use of piles should
he considercd when the size and cost of the ancher mie a ppreciable,

IT there is the possibility of shock pressuies due to water hammar, the anchoss,
should be designed Lo withstand these

Anchar loadings may be determined as Tollows - yesultant pressure thiust on anchor
= {imternal pressure) ~ (fargest internal pipe cioss-section arca) ~ (fiting facton),

Fuing Factor
A TN ell . 14l
Caps, plugs. fees . . Fop '
A5-dep el .. o7
22V 3-dep el . 0219
1 iedeg ell 020

In addition, centr ifugal thoest is present, botwill e Tow for the useal waler - line

locitics
velocitics Centrilugal theust — (ijili’l"‘z,l:.r'r)sun {(1f2) o,

wheie 4 inside arca of pipe, sq 1t :
N7 - density of Muid, Ihfcu It
- velocity, fps
ft - change in direclion ’ .

¢ - 32.2 Nifsec? pravity acecleration

Another ilnpnrl'ml case wheie anchars must be considered for 1easons other
lhnnJmm (Icqlgn is thatin which the femperatuse of the wate ﬂnwmb in the prpchnc
is aappreciably higher than the temperatuie prevailing duing construction of the
pipeline.

1M the temperatue of the waler is200 15, Tor example, mnd the tempeiatore of ihe
waler must be maintained, (hen the design of (he piping would follow that of
undetgronmnd  sleam lines and would involve insulation, waltertight protective
concuits or tunnels, cle.

But il the requirements of design are such that the loss of heal from the water is
not impmlnnl for example, waste diains Trom process, cooling water aftes “heat
PI(_kll]\, atomic-plant waste, ctc, it is cconomically desitahle to heat the |'up|ng as
cold-water p1|\lni_’ When this is done, the thermal expansion in (he pipimg must
he contralled or its elects dissipated.

Expansion joints of bellows or ship type. ball joints, or gasketed Triction joints
may be utilized to take up expansion, provided leakage and failure possibility aie
cvaluated and Tound acceptable.

In between the anchared pomis, the expansion of solidly Jouned piping (welded)
must he absotbed through cither bending and torsion of cantilever legs or through
hnwmg of the line.  The pn:ﬂlnllly of qupplcwng the ("qmnqmn .mcl (‘nnt'unlng:
itin the pnp(‘hnc ”llllllbl‘l compressive sless is nol very feasibde . Fhe force available
for this js the st ting friction hetween the earth and the pup(‘. and this s some per-
centage of the loading on the pipe. A pnltlon of the expansion can be suppressed
in this way thiough friction. but the remaining foree can be very laige and will
appear at the anchor points .

The magnitude of 1he thevmal thrust m'w be seen from Ihc rnlluwmg_‘ (“("Iil'llﬂc -

The modulus of claslicity is the tangent of the.stiess-stiain conve in the clastic 1ange

and is defined as )
E (Fla) = {efi) "

s
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and lrom this
I - Falell)

where |7~ lorce, Ih

I — modulus of elasticity (for the pipe material at tempesature), psi
a = mclal cross-scclion atea, sq in.

e — total expansion, in.

I~ lenglh, in

eff — expansion, in fin,

Lxpansion of carbon steel

for temperature rise from Expansion

08 to in fin.
100 F 000018
150 F 0 00050
2001 0 OnNoR3

For a pipe 24 in. D hy b4 in thick with a thermal growth of 0.00083 in.,"in. fora
tempetature change from 70 1F atinstallation te 200 T operating,

E =277 < 10" at 200 V7 Metal arca — 36,91 sq in.
(217 » 10Y) (36,90 (0 0D0RY) -- 843,500 1b thermal force thiust

Fven il it weie possible to suppress this thermal force, the compressive stress in
- the pipe wall would he excessive, as can be seen by dlvrdmg the force by the cross-
sectional arca. “Tn addition, the possibility of buckling due to column action would
requite investigation.

A Teasiblic apprmch is {0 lake caie of the cwp'lmmn by some form of hcndmg
of the pipe.  The piping would have to be run in a manner to provide bending legs
atright angles.  For simaller temperature differentials, pipe lengths laid at a small-

angle zig-zag might be suflicient,

In addition, screened sand should he used araund the pipe to lower the ':Ildmg
friction and provide adjostment arca Tor the pipe. A polyvinyl chlotide type of
ﬂhccllng nmay be advisable to contain the sand area and prevent washout,

Expansuon during Construction. Walcr piping is normally not designed for
cxpzlrmoul sathat expansion of p:pmg during construction may be casily overlooked.

The pipeline is joined together in a continuous string in a trencir.  The piping
expands under (he direct heat and radiation of the son and coniracts during the

cooling of the night.  The lengtlr differential between night and hlgh sun at noon

may he several inches, depending on the exposed length of the rpmg string.  For
example, for 150 I suiface metal !cmpemtuw the growlh could be 3 in. Tor 500 It.
As long as the final closure weld is not made, the piping freely grows, resisted only
by the sliding friction at the bottom of the trench, But once the final closure weld
is made, thermal thrust will accur and may cause damage either Lo a portion of
the pipeline or to the ligid end conneclions.  The ideal approach wouldpl')e to test
the hinc and bwy it before the final closure weld is made.

In addition, on very large diameter lines, the differential between the lnp of the
pipe exposcd to diteet sun radiation and the bottom hidden in the cooler earth may
créate some howing of the line

EARTHQUAKE

"

The clamngc caused directly by an earthquake may be only a small percentage
ol the total resulling destruction,  The major loss will result Trom the fires started
by the enrlhqu:lke damage if the water services for fire fighling are hadly disrupled.
In the 1906 San Francisen earthquake, -the hrnkcq water-service mains prevented
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any effective fie fighting and the major damage cvme fiom the unchecked fires
that swept the cily lor days

The physieal piclure of the earthquake will vary with the intensity of the seismic
distwmbance, the distance fiony ils epicenter, the sod characteristies, the contour
of the area, and thetype of readjusiment taking place decp in the carth, - The piping
engineer will have to form some soit of a pictwe of the type of scismic action
possible in the arca under consideration, establish the seismic design conditions,
and decide on the degree of scisnic pratection justified by the demands ol reliability
and cconomics for the pipeline anc ils hanch components. The Tollowing is
quoted Nom “Euthquake Damage and Earthquake Insurance™ by tohn R
Freeman, McGraw-11l Book Company, 1932:

The cartheguake shock at the sile of a stouctie is cansed hy the inspact from the passage
of an efastic wave which has originated deep in the carth from an earth-slip, abably along
a “faull-fine™ or line of eleavage between vast fawll-blacks, contmonty many miles indepth,
breadih and thickness, inte which the awter foimation of the cnith to a depth of perhaps
40 miles, has been-cracked hy shuinkage stiess and unknown cavses during millions of
years past . . B

This clashic earthquake wave proceeds outward in all directions from s origin,; and
reaches the site of the structine under consideration, first as a tongitudinal osaitlation of
alternate campression and cxpansion in the direction of ransnysston, Tollowed quickly
[1y a Sl'l"["c”‘c'“"')' transverse oscillation at lighl ;mglcﬁ to the Juection of transmission,

This wave system while passing through the carth s subject 1o reflection, ot to pantial
absorplion, at obsiacles such as an alwupt change m geological formation, not far beneath
the carth sinface, and therclore nmay reach the building site in a much eonfused foim.

Although deep in the bed-rock these waves seldom exeeed a small fraction of an inch
in amplitude of motion, thcy niy become magnificd in mobile carth (such as alluvial
deposits) near the carth surface, so that the violence of the wave mntion near the earth’s
surface may vary largely at localities less than a mile apart. - Morcover, the charactes of the
wave molion may hecome changed from the harmonic form commonly assumed and into
the form of oscillation an elastic by is ovdinarily thrown by o shaip blow,

The earthquake acts as a ginnt vibiator upon the soil near the sinface of the earth,
Where the soil is hind cohesive, the swiface movement will he less than where the
soil is soft coliesive or cohesionless  This vibratory action will,compact and causce
settlement of carth fills.  Wheie there are water-satanated sonls) the water foreed
by consolidalion of the soil that had previously been tetaineiltin spaces between
soil particles will provide temporary fotation of surface micas; and compression
zones arce crealed that act to heave some suiface areas.

Separation of suiface arca may occut at shaip demaication of soil characteristics,

since movement of ihe adjacent soul arcas could have beenidilferent.  On hiflsidé
slopes, shear of the seil layer can occur, since the low elasticity.ol the seil cannot
restore the soil to its former position during the back-and-forth surface ascillation.

Buildings will possess movements that may vary considerably fiom those of the
soil areas surrounding them, and the fifl areas next to the walls may setilfe under the
vibratory action.  Tanks with their water loads may shiltitend (o ralate, and their
shells avalize in adidition 1o the possible differential movement.of the (ank as a
whaole as compared with the surtounding soil, .

Earthquake code ]wnvi'zinn'; that speak of a percentage of gravily acceferation
design requitement, Tor example, 0.2¢ for Zone 3 type of carthquake, (o take carc of
scismic cffects cannot realistically be applicd to bijed piping hecause the under-
ground piping rides with the ground. “Instead. provisions for seisimic prolection
have to he considered on a differential movement basis in the following arcas: at
pipeline changes in direction, at pipeline crmsingq of shmp demarcations of soil
characteristics. at pipeline entrances o fill around bulddings and at building walls,
at points of attachment (o tanks or other aboveground equipment,

39
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A sampling of some of the earthquake damape cxpcrienccti by pipelines may be
|u‘||\fl1| .

Line pulled apart,

Line pulled apart, then telescoped.

[ine crinkled and ruptured. .

LLinc weld roken,

Mieaks in cast-iton piping and fittings.

Adjoirting Areas of differing soils displaced and pulled apait piping mains,

Subsidenee of filled ground due to earthquake caused breakage of water, sewer,
and other butied lines. . _

Pipeline tieakage at tanks has been nnted where lower courses had lailed and
also in large-diameler tanks where flexibility of piping atrangement was not present.
Failures were predominant in cast-iron fittings,

Passing through Fill and into Buildings. A slceve should he used through
the wall and should be of sufliciently Targer diameler to provide the estimated
seismic movement (or the pipeline.  In addition, consideration should be gi\:'en
to the use of a corrugated enlvert (split type is available) around the pipe extending
from the building wall to undisturbed carth. The wall end of the C(?rlugnted cul-
vert should be supported independently of the pipe. The culvert will prr?lect the
pipe fom the cm1hquzlkc-cmnpacling seltlement, and thlc wall slccvt? witl _nl.k.)w
horizontal movement in addition to vertical adjustment.” However, if flexibility
inside the buikding is limited, it may he necessary to caonsider horizontal ﬂex'lbi_lily
outside the building so that the piping can move toward or away from the building.
This may take the form of a right-angle leg for flexibility or movable joints.

Connection of Tanks.” In tanks filled wilh water, a wave action is set up by the
carthquake that may cause appreciable distortion in the tank. The shell con-
ﬁgurnlion at the top hecomes oval as the result of wave action, but the tank rema.ms
essentinlly circular at the bottom owing 1o restraint of the flooring and foundation
friction, ~ This difference in conliguration causes e base of the shell to depress
on the major axis, or direction of the wave, and lift on the minor axis.  This action
cavses shiell nozzle circular movement, including a lifting and lowering.

tn addition, a differential may develop between the distorting of the tank shell
and (he movement of (he adjacent carth FFlexibility in the piping attached to
the tank must be aflowed in all ditections (o deal with these complex movements
between (he tank connections and the point at which the piping enters the earth.
Cast-iton Dilings and valves should noet-be nsed. (_’nlrugnl.cd cul‘v?rl arnur}d‘ ‘thc
piping, as it goes underground, might prove uschr! tc? 911|:un quﬂn.c:cr.ﬂ ﬂCXIb‘Illliy.
Some form’ ol MNexible Joint, such as’ a Barco-type joint, may aid in obfaining
sufTicient fleihility. ) .

In crossing over from one type of soil to another where marked dlfT.ercn(.:c in
scismic behavior is suspected, the main object is to obtain flexibility in atl dircctions.
An ample loop enclosed in an oversized cnnugntc(l culvert is nne apprnach to
obtaining fiexibility, o '

Where there is a change in divection of the underground piping, the soil may move
axinlly along one leg of the pipe and hraadsile F‘I[_’,:l‘iﬂﬁl the other leg as movement
dilferentials develop 1 sand is vsed avound the pipe for at least 50 ft along both
legs, the pipe has a hetier chance Tor adjustment l_hc sand should bc prnlcr.:lcd
apainst dispersal and washout with somie form of sheeting, such as pnlyvm)'!clﬂnnde.

IRRIGATION PIPING

In semiarid lcginn;-. where the natural rainfall is insufficient for growing crops
to hest advanlage, irrigation frequently is resarted 1o if a supply of water is available
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fiom aviver or lake.  This can he :1ccnmp!i<h(‘(| by gravity flow from ditches ot
furrows o by pressuie sprinkling from plpm

Lage amounis of hghtwmghl steel pipe are used rm Illlblll(‘m purposes in the
western United States and C|§(‘\V|’|(‘JC Since the advent of fusion welding, most of
this pipe is fabricaled ftom st ip o thcl stecl mmg straight- o1 spiral-welded seams.
Wheie used 'lhovcglmlnd, sueh pipe usually is jained with diive joinls or with
compicssion couplings of one st or another such as Dicsser o1 Vichualic o those
hwmg lever - cf’lmpmg devices instead of holts to faciliale breaking joints for
moving the pipe about. "Iw(:nl)' foot lengths arc usual,  Portable |Ig|1l\\’(‘l[||ll pipe
for irtpation purpases I'lcqucnﬂy is g']l\‘ﬂnI?C(l as a pmlccimn .lg.unsl rlmlm{)

Overhead Sprinkling Systems. Sprinkling, o1 overhead ||:r$.i!|nn, may be
cariicd on by the use of permanent systems with underground supply pipes and
permancently located sprinklers or by the use of portable pipe. Overhead indigation
by sprinkleis became practicable on aflarge and economical scale with the devetop-
ment of portable systems using pipe light enough 1o be moved around readily,
yet strong enough to withstand rough ficld scrvice and equipped with couplings that
work easily and quickly without the use ol tools o at most with just a wicnch,
Portable systems are said to have many Jd\«‘dnllg[“i ovet pcnmncnlly |nsl.1|lcd
overhead systems.  The initial investment is considerably less, there s nothing
in the ficld to interfere with cullivading and pls |nl|ng and (he outfits can be moved
quckly from one ficld e another as the need arises.  The following :ccnmmcnd"l-
tions lor installing and operating aboveground portable sprinkling systems are taken
from the “Handbook of Water Contiol ™:%0

Expericnce in the ficld has shown that generally, with two men, a 1000-1 line can be
moved (o its next pmilin’r‘l paialiel to the former position and 60 Tt from it in from 30 1o
35 min, ready for another application

Oficn in the ficld, :pccnl filtings such as clks, wyes, lces, elc, may hc used to advantage
to meet special npcr'\lmg conditions.

-+ When one single line iz used it is necessary to stap B 1L"lt|ng long, (‘n(mph to mave the line
toa new scl-up. [Fan alternate line is provided, no time is lost 1 moving.

Rcvnlvmg sprinklers give hest resulis when operating at minimim pressures af from 20
o 30 psi, depending upon their size, the smaller <prmk|cr: tequiring fess pressure than the
|1rgc ones  The dameter of coverage of <prlnklcm varies with the size of the sprinker
and the npcrqtmg pressure cmplayed,

It has been found, in order to oblain and insure satisfactony coverage. that when small
sprinklers discharging less than 7 gpm are used they should be spaced every 20 1t atong the
line.  Sprinklers discharging 7 gpm an mate give adequate covernpe and distribuition when
-‘-pﬂccd every 40 ft {at every second pipe jnnlﬂ .ll(\nL the line.

Lines carrying small sprinklers operaling under minimum pressures of 20 psi shoald be
maoved a maximum distance of 40 It between set-ups.

Lines carrying sprinklers operating under a minimum pressure of 25 [‘NI qhould nol be
moved more than 50 {1t between sel-nps

Lines carrying sprinklers operating under a minimum pressure of 30 psi should not be
moved more than G0 [t between set-ups.

Manulacturers of sprinklers desigied for agricoltural service adjust their sprinklers
{o ttnn s'lnw!y——'ﬂmul I rpov. T they turn too fast, the cffeclive diameter of the coverage
citcle is iz |lcuml1y reduced. v

The nozzlc sizes of the sprinkfers can be varied, depending on the amount of water ane
the pressure available  The rale of apphcatmn of water depends on the characler of the
snil.  Some types of soil will take water faster than others, and on such soils water can be
nppllcd at a higher rate .

Units of Water Measurement. In irrigation and hydicelectric work as well
as in hydraulic mining, the units Tor 1afe of Now are the cubic foot per second
(or secand loot) for larger qu:lnllhela and the miner’'s inch lor ‘smaller qu'mllllcq
The cubir ™ot per minute also is used to some extent in' hydr'nlllc mmmg The
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miner's inch was developed in the eatly mining days and is still used cxlensivcly
for other priposes as well. 1 is an awkward term, but s use often is necrssary
on account of custom and law, A miner’s inch is the 1ate at which water discharges
through 1 sq in of opening under a prescribed head (approximately 6 in.), and the
number of ntiner’s inches is equal to the area of the opening in square inches.  The
valuc of the minei s inch varies in different lacalities, ranging from L£, to, 1/38.4 cfs
(scc Table 9.

The units for rolume of water delivered are the cubic Toat, the acre-foot, and the
acte-inch, which is one-twelfth the acre-foot. TFor large volumeq the acre-foot
is the unit reconumended.  This is the volume requited to cover | acretoa deplh of
1 11, which equals 43,560 cu lt.  One cubic fool per second flowing steadily for 24 br
approxintately equals 2 acre-feet, .

Table 9. Conversion of Units of Flow Used in Measuring Water

{From “VHandhook of Wate: Control™ ")

Minee's inchies

e (altons | Mdlian . }!‘I"t"‘- Aere- | Acre-
Subinfect ] pee | altans | Ao, | Joe pehen [ Jeet per
mlm‘llm per dny Mnnlnnn.' New Mr-li(:n. Colorado per hour | 24 hours

Nevada,  [North Dakata,
Ohregon South Dakata,

{71+h

448 8 | 0 G646 40 50 84 0.992 | 983
0 00223 | LRLIELH) 1] UB‘)I 04 0 0856 | 0 0022 | O 00442
i 547 694 4 1 61 K 77 36 5% 44 1 535 o7
0025 125 | 0 el 1 135 0960 | 00248 | 0 0496
0020 900 |00 0 80 1 0,108 0 0198 1 0 0397
0 020 11 69 | 0 0168 1 042 1302 1 0 0258 | O 0516
10 451 42 | 0 651 10 32 50 40 3871 | im
0 504 7 % 0 3258 m 7 PR im,36 a5 1

The interrelation of the various units of measuientent for rate of flow and volume
of water delivered is shown m Table 9.

Measuring Devices. The miner’s inch is measured through a miner’s inch hox
which is o special form of free-flowing orifice consisting of an opening in a plank
under o head of liom 3 {o 9 in The arrangement of the opening, which may be
from | 1o 4 in high: the thickness of the plank, which may be from 1 to 3 in.;
and the point from which the effective head is measured, as well as the head itself,
me largely matters of local cnstom and of stale law.  Owing to the uncertaintics
of this method of measurcment, the miner’s inch usnally is construed now as some
fiaction of | cfs as shown in Tahle 9.

A nwinmber of commetrcial meters are on the maket which are designed for meas-
“””L inigation water, Usially they lcgnlnlo the Mlow nl'w'llcr and may or may not
he anranged to register the total quantity passed  The mc'ﬁmmg clement can be a
weir, Mume, onifice, ventini meter, o carrent neter used in connection with a
registering device of some sort.  Or the registering device may be omitted and the
metering clement vsed mcrcly to limit the rate at which water can be taken A
typical installation of a uretering orifice hextis shown in Fi ig. 3.

A qpccmi form of ﬁllhmclgctl orifice called a meter gate is used extensively for
mc.ﬁurmg water lor urng'ilmh pmpmcs A meter gate consisis of a sluice gate
to which are fitted two measuring wells in which the elevation of water on the
upstream and downstrenm sides of the device can be read ininches v ™~ ~rule  The
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difference between the two readings gives (the available head across the meter gate
from which the rate of Now can be computed or taken fiom a table to conespond
with the amount of opening, A typical meter pate installation is shown in Fig.' 14,

When the installation of & mcter gate 1s contemplated and the site selected,
sufficient excavation is made to place the outlet pipe level with a clear opening inlet
and outlet and set fow enough to ensmce the proper submergence of the outlet.
Submergence should not be less than 6 in. under lowest conditions 1T Tull sub-
mergence is not maintained, ne readings can be taken in the downstream measuting
well because of the surgiqg‘of Ihe water swface.  Also, excavation should be made
to giivc rulll contraction at the entrance if possible.  The clentance hetween the inside
of the gale and the side walls and bottom of the canal on the upsticam side of the
meter gate should be not less than 6 in,

After the gale has heen installed the measuring wells are placed in position and
connecled by 3 f-in. pipes, ane o the upstican side‘of (he gate and the 'nther to the
main pipe 12 in-below the gate. A noteh is made with a hack saw in the stem of
the gate at a point flush with the top of the handwheel when the handwheel is
without skack on the stem and the hottom of the pate slide is exactly tevel with the
bottom of the inside of the gate scat.  Thisis called the puint of “sero gaice opening.”
This means that the gate is not tightly closed  The stem will be the width of the
gate scat higher than it is in the fully closed position.  The amount of any gate
opening is obtained by measuring the distance from the hack saw mark to the top

of the handwheel.- . e i ) )
. V- )
Amount of aate opening is showr ’
by distance behveen nofeh or rod
e and fop of fandwhiart but o .
Garging nells ! The fop of the pre
. ' for mieasuring st ot he less than
; head 0trass gate 6 betow botiom
SR SRR of cutlef ditch
foRE L - Botbomof A M
supply difch i N 2

- Mot less Ty il 5T s fless A
“han 27, . Papel{ must be level | MthanZ 11
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Fic. 14, Typical meter pate installation,
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i 15, Discharge capacities of fully opencd meter gales.

When the tinnout is in use, the water stands in one stilling well at the level of
the water inthempstieam canal and in the other well at the static level of the water
in the twnoul pipe at a point 12 in. downsticam from the face of the gate seat.
The diference in these two levels represents the static pressure on the gate opening
and is denoted in these considerations as the “head on the gate.”

Meter gales can he fastened to cm’rugnicd or smooth pipe of any length, as the
only friction involved is in the first foot of pipe which is furnished as part of the
meter gate  "The discharge capacity at different heads of fully epened meter gates
as manmulaclured by the California Corrugated Culvert Co. are given in Fig._ 15,
Charts are available in their “1fandbook of Water Control™ for reduced flows with
lesser pate openings. '
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