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i i

AWWA Standard

This document is  an  American  Water Works Association  (AWWA) standard .  I t i s  not a  specifcation.  AWWA standards 
describe minimum requirements and  do not conta in  a l l  of the engineering and  administrative information  normal l y 
conta ined  in  specifcations.  The AWWA standards usua l l y conta in  options that must be eva luated  by the user of the 
standard .  Unti l  each  optiona l  feature is specifed  by the user,  the product or service is not ful l y defned.  AWWA pub -

l i cation  of a  standard  does not consti tute endorsement of any product or product type,  nor does AWWA test,  certify,  
or approve any product.  The use of AWWA standards is entirely voluntary.  Th is standard  does not supersede or take 
precedence over or d isplace any appl icable law,  regulation ,  or code of any governmenta l  authori ty.  AWWA standards 
are intended  to represent a  consensus of the water supply industry that the product described  wi l l  provide satisfactory 
service.  When  AWWA revises or wi thdraws th is standard ,  an  ofcia l  notice of action  wi l l  be placed  on  the frst page of 
the Ofcia l  Notice section  of J ournal  – American  Water Works Association .  The action  becomes efective on  the frst 
day of the month  fol lowing the month  of J ournal  – American  Water Works Association  publ ication  of the ofcia l  notice.

American  National  Standard

An American  National  Standard  impl ies a  consensus of those substantia l l y concerned  with  i ts scope and  provisions.  
An  American  National  Standard  is intended  as a  gu ide to a id  the manufacturer,  the consumer,  and  the genera l  publ ic.  
The existence of an  American  Nationa l  Standard  does not in  any respect preclude anyone,  whether that person  has ap -

proved  the standard  or not,  from manu facturing,  marketing,  purchasing,  or using products,  processes,  or procedures 
not conforming to the standard.  American  Nationa l  Standards are subject to period ic review,  and  users are cautioned  
to obta in  the l atest ed i tions.  Producers of goods made in  conformity wi th  an  American  National  Standard  are encour-
aged  to state on  their own responsibi l i ty in  advertising and  promotional  materia ls or on  tags or l abels that the goods 
are produced  in  conformity wi th  particu lar American  National  Standards.

Caution  notiCe :  The American  Nationa l  Standards I nsti tute (ANSI ) approval  date on  the front cover of th is standard  
ind icates completion  of the ANSI  approva l  process.  This American  Nationa l  Standard  may be revised  or wi thdrawn at 
any time.  ANSI  procedures require that action  be taken  to reafrm,  revise,  or wi thdraw th is standard  no later than  fve 
years from the date of publ ication.  Purchasers of American  National  Standards may receive current information  on  
a l l  standards by ca l l ing or wri ting the American  Nationa l  Standards I nsti tu te,  25  West 43rd  Street,  Fourth  Floor,  New 
York,  NY 1 0036;  21 2.642.4900;  or emai l ing info@ansi .org.

I SBN -1 3,  print:  978-1 -62576-1 38-5 eISBN-1 3,  electronic:  978-1 -61 300-364-0

  DOI :  http: //dx.doi .org/1 0.1 2999/AWWA.E1 03.1 5

Al l  rights reserved.  No part of th is publ ication  may be reproduced  or transmitted  in  any form or by any means,  
electronic or mechanica l ,  includ ing photocopy,  recording,  or any information  or retrieval  system,  except in  the form of 

brief excerpts or quotations for review purposes,  wi thout the wri tten  permission  of the publ isher.
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vi i

Foreword

Tis foreword is for information only and is not a part of ANSI*/AWWA E103.

I.  Introduction.

I.A.  Background.  Tis standard describes the minimum requirements for 

horizontal centrifugal pumps and for vertical line-shaft pumps for installation in wells,  

water treatment plants,  water transmission systems,  and water distribution systems.  

Pumps described in this standard are intended for pumping freshwater at fow rates (at 

best efciency point)  ranging from 100 gpm to 40,000 gpm (23 m3/hr to 9,100 m3/hr)  

at discharge pressures dictated by pump type and discharge conditions.  Tis standard is 

applicable for driver power range from 10 hp to 1,500 hp (7 kW to 1,100 kW);  however,  

this standard does not include requirements for drivers.

I.B.  History.  Te original standard for vertical line-shaft turbine pumps 

presented the composite fndings from studies conducted from 1949 to 1986 by 

committees consisting of manufacturers,  consumers,  and engineers.  Te frst standard 

was published in 1955.  In 1961,  the standard was revised to include standards for 

submersible vertical turbine pumps.  Additional technical changes were added in the 

1971  revision.  Solid shaft motors were added in the 1977 revision,  together with 

numerous editorial changes and conversions to the international system of units.  Te 

1977 standard was reafrmed in 1982 without revision.  Additional revisions were 

made in 1988.

In 1994,  AWWA’s Standards Council approved development of a new standard for 

horizontal centrifugal pumps.  Te new standard was assigned to AWWA Standards 

Committee 276 for Horizontal Centrifugal Pumps.  Upon review of pump standards 

development in 1996,  AWWA’s Standards Council modifed the development pro-

cess to include two new pump standards to replace ANSI/AWWA E101-88,  Vertical 

Turbine Pumps—Line Shaft and Submersible Types.  As part of this action,  two com-

mittees were renamed.  AWWA Standards Committee 276 for Horizontal Centrifugal 

Pumps was changed to AWWA Standards Committee 276 for Horizontal and Vertical 

Line-Shaft Pumps.  Committee 276 was charged with development of ANSI/AWWA 

E103,  Horizontal and Vertical Line-Shaft Pumps.  AWWA Standards Committee 375  

for Vertical Turbine Pumps was changed to AWWA Standards Committee 375  for 

Submersible Vertical Turbine Pumps.  Committee 375  was charged with development 

* American National Standards Institute,  25  West 43rd Street,  Fourth Floor,  New York,  NY 10036.
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vi i i

of ANSI/AWWA E102,  Submersible Vertical Turbine Pumps.  During development of 

these two replacement standards,  ANSI/AWWA E101-88 was withdrawn efective June 

2000.  Te frst edition of ANSI/AWWA E103 was approved by the AWWA Board of 

Directors on June 24,  2007.  Tis edition was approved on June 7,  2015.

I.C.  Acceptance.  In May 1985,  the US Environmental Protection Agency 

(USEPA)  entered into a cooperative agreement with a consortium led by NSF 

International (NSF)  to develop voluntary third-party consensus standards and a 

certifcation program for direct and indirect drinking water additives.  Other members of 

the original consortium included the Water Research Foundation* (formerly AwwaRF)  

and the Conference of State Health and Environmental Managers (COSHEM).  Te 

American Water Works Association (AWWA)  and the Association of State Drinking 

Water Administrators (ASDWA)  joined later.

In the United States,  authority to regulate products for use in,  or in contact with,  

drinking water rests with individual states.†  Local agencies may choose to impose 

requirements more stringent than those required by the state.  To evaluate the health 

efects of products and drinking water additives from such products,  state and local 

agencies may use various references,  including

1.  An advisory program formerly administered by USEPA,  Ofce of Drinking 

Water,  discontinued on Apr.  7,  1990.

2.  Specifc policies of the state or local agency.

3.  Two standards developed under the direction of NSF‡:  NSF/ANSI 60,  

Drinking Water Treatment Chemicals—Health Efects,  and NSF/ANSI 61,  Drinking 

Water System Components—Health Efects,  and NSF/ANSI 372 Drinking Water 

System Components—Lead Content.

4.  Other references,  including AWWA standards,  Food Chemicals Codex,  

Water Chemicals Codex,§  and other standards considered appropriate by the state or 

local agency.

Various certifcation organizations may be involved in certifying products in accor-

dance with NSF/ANSI 61.  Individual states or local agencies have authority to accept 

or accredit certifcation organizations within their jurisdictions.  Accreditation of certi-

fcation organizations may vary from jurisdiction to jurisdiction.

* Water Research Foundation,  6666 West Quincy Avenue,  Denver,  CO 80235.
† Persons outside the United States should contact the appropriate authority having jurisdiction.
‡ NSF International,  789 North Dixboro Road,  Ann Arbor,  MI 48105.
§  Both publications available from National Academy of Sciences,  500 Fifth Street,  NW, Washington,  

DC 20001.
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Annex A,  “Toxicology Review and Evaluation Procedures,” to NSF/ANSI 61  does 

not stipulate a maximum allowable level (MAL)  of a contaminant for substances not 

regulated by a USEPA fnal maximum contaminant level (MCL).  Te MALs of an 

unspecifed list of “unregulated contaminants” are based on toxicity testing guidelines 

(noncarcinogens)  and risk characterization methodology (carcinogens).  Use of Annex A 

procedures may not always be identical,  depending on the certifer.

ANSI/AWWA E103 does not address additives requirements.  Users of this stan-

dard should consult the appropriate state or local agency having jurisdiction in order to

1.  Determine additives requirements,  including applicable standards.

2.  Determine the status of certifcations by parties ofering to certify products 

for contact with,  or treatment of,  drinking water.

3.  Determine current information on product certifcation.

NSF/ANSI 372,  Drinking Water System Components—Lead Content,  specifes 

restrictions for maximum lead content of materials in contact with drinking water.  

Te user shall specify NSF/ANSI 372 when applicable in the purchase documents.  

Currently compliance with NSF/ANSI 372 is mandatory in some states and meets the 

new low lead requirements of the U.S.  Safe Drinking Water Act,  which went into efect 

January 2014.

II.  Special Issues.

II. A.  General.  A pumping system consists of several components:  the pump,  

the driver,  the controls,  the baseplate or mounting plate,  the foundation,  suction and 

discharge piping,  and in many cases auxiliary equipment such as cooling water and 

lubrication systems.  Tis AWWA E 103 standard discusses only the pump unit.  Users 

of this standard should review other publications such as the American Petroleum 

Institute (API)  Recommended Practice 686,  Recommended Practices for Machinery 

Installation and Installation Design;  Hydraulic Institute (HI)  Standard 1.3,  Standard 

for Centrifugal Pumps for Design and Application;  and HI 2.3,  Standard for 

Vertical Pumps for Design and Application.  Users should especially review these 

and other publications for information on baseplates,  mounting plates,  foundation 

design,  connection into suction,  discharge piping systems,  and component alignment 

recommendations.  Conditions under which a pump will operate must be carefully 

evaluated by the purchaser and described by the purchase documents.

II. A.1  Operating range.  Evaluations should include the determination of the 

hydraulic characteristics of the pumping system and the extremes (maximum and 

minimum)  of heads and fows under which the pump will be required to operate.
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II.A.2 Inlet conditions.  Pump feld performance and service life can be signif-

cantly reduced if pump inlet conditions,  including net pump suction head (NPSH),  

are not appropriate.  Anticipated pump performance curves,  including net pump suc-

tion head required (NPSHR)  curves provided by manufacturers,  are based on a fow 

pattern at the pump inlet being uniform,  steady,  and free from swirls and vortices.  

Inadequate pump inlet conditions can result in damaging vibrations,  excessive com-

ponent stresses,  and reduced performance.  Hydraulic Institute (HI)  Standard ANSI/

HI 9.8,  Rotodynamic Pumps for Pump Intake Design,  provides recommendations for 

both suction pipe arrangements and wet pits (sumps).

II.A.3 Operating region.  Tis standard does not require pumps to be furnished 

that will operate within a preferred operating region (POR)  or within an allowable 

operating region (AOR)  as defned by ANSI/HI 9.6.3,  Rotodynamic (Centrifugal and 

Vertical)  Pumps—Guidelines for Allowable Operating Region.  Operation outside 

these regions will have an adverse efect on the life of the pump.  Purchasers should be 

aware of the operating limits when specifying pumps and should,  as a minimum, defne 

the maximum and minimum anticipated operating heads and fow rates.  Purchasers 

may require submittal of data by manufacturers defning the operating regions and 

advising anticipated bearing life and vibrations when operating within these regions.  

Refer to Section III of this foreword.

II.A.4 Drivers.  Tis standard does not include requirements for drivers (motors,  

engines,  gear drives,  etc.).  Driver torque characteristics must be suitable for the pump 

torque requirements and the pump starting and stopping method.  Driver requirements 

should be provided by the purchase documents.  Refer to NEMA (National Electrical 

Manufacturers Association)  MG 1,  Motors and Generators,  for guidance in the proper 

selection and application of motors and generators.

II.A.5  Driver mounting and compatibility.  Drivers are an integral part of a 

pumping unit.  Drivers afect pump-to-driver coupling requirements,  motor stands 

(vertical turbine pumps),  base plates (horizontal pumps),  shaft seals,  and vibra-

tion levels.  Bearings in drivers that support rotating elements of the pump must 

be designed for static and dynamic thrust loads.  Tis standard does not require the 

pump manufacturer to furnish the driver nor to mount the driver to the pump.  If 

this is  a concern,  requirements for furnishing or mounting the driver should be pro-

vided by the purchaser.

II.A.6 Can pumps.  Pump barrels or cans,  while not an integral part of a vertical 

pumping unit,  can signifcantly afect pump performance,  as can any sump arrange-

ment that afects the fow pattern at the pump inlet.  Pump barrels may be fabricated 
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from many materials,  including concrete and steel pipe.  Barrel inlet piping inlet velo-

city and barrel dimensions will afect pump performance.  Barrel inlets located too 

close to the pump suction inlet may produce turbulence afecting performance or caus-

ing vibration.  Flow vanes and/or suction inlet devices may be required.  Tis standard 

does not include pump barrel requirements.  Requirements for pump cans,  including 

installation,  can be found in ANSI/HI 9.8,  Rotodynamic Pumps for Pump Intake 

Design.  Tis standard does not require the pump manufacturer to furnish the barrel 

nor to mount the barrel to the pump.  If there is a requirement for furnishing the barrel 

or mounting the pump in the barrel,  this should be noted by the purchase documents.

II.B.  Advisory Information on Product Application.  Tis standard does not cover 

applications or manufacturing technologies.  Some waters may have high conductivity 

levels well in excess of 200 µhm/cm, where it may be advisable to consult with a 

metallurgist or corrosion expert to determine whether special materials or techniques 

to deal with galvanic corrosion are required.  Te purchaser should identify special 

requirements and deviations from this standard and include appropriate language in 

the purchase documents.  (For example,  Sec.  4.4.3.2.3  of this standard requires vertical 

pump suction cases and bells to have grease-packed CA [bronze]  bearings.  If other 

types of bearings are required,  this should be stated in the purchase documents.)

II.B.1  Materials.  Materials required by this standard are selected based on suit-

ability for operation with water as described in the scope.  Selection is based on success-

ful experience in the waterworks industry and local code and regulation requirements 

for suitable materials.

II.B.1.1  Treatment chemicals.  Te potential for corrosion because of chemicals 

added to the water should be considered.  Materials,  including some bronzes and rub-

ber compounds exposed to water containing chlorine,  chloramines,  or other chemicals,  

may not be suitable.  If such problems are anticipated,  the purchase documents should 

identify the maximum expected concentrations of these chemicals and other factors,  

such as pH and temperature ranges,  that may afect the corrosivity of these chemicals.  

Te purchaser and manufacturer should be aware that at times the pump may be used 

to disperse chemicals into the system,  which may result in local concentrations much 

higher than normal concentration intended for the system.  Te purchaser should con-

sult with the manufacturer and,  if appropriate,  specify special requirements for these 

materials in the purchase documents.

II.B.1.2 Disinfection chemicals.  Pumps are often disinfected prior to being 

placed in service initially or after a repair.  During the disinfection process,  wetted 

surfaces are exposed to liquids far more corrosive than that allowed by the scope of 

Copyright © 201 6 American Water Works Association.  Al l  Rights Reserved.

Full document details: ANSI AWWA E103-15

http://www.avadocuments.com/doc/ansi-awwa-e103-15
http://www.avadocuments.com/doc/ansi-awwa-e103-15


xi i

this standard.  Materials required by this standard may not be suitable for prolonged 

exposure to corrosive chemicals,  including chlorine and sodium hypochlorite.  Tere-

fore,  these chemicals should be removed and surfaces fushed with water meeting scope 

requirements immediately after disinfection.

II.B.1.3  Dealloying.  Some waters promote dealloying corrosion of some copper 

alloys in the form of dezincifcation or dealuminization,  particularly when the material 

is exposed to water at high velocity.  If this is a concern,  the purchaser should consult 

with the manufacturer and,  if appropriate,  require alternate materials in the purchase 

documents.

II.B.2 Coatings.  Tis standard requires that ferrous (except for stainless)  sur-

faces of pumps exposed to water be coated.  Te purchase documents should delete this 

requirement if coatings are not required.

II.C.  Pump Tests.

II.C.1  Factory tests.

II.C.1.1  Procedures.  Tis standard requires factory tests to be performed 

in accordance with the current version of ANSI/HI 14.6,  Rotodynamic Pumps for 

Hydraulic Performance Acceptance Tests.

II.C.1.2 Extent.  Tis standard requires nonwitnessed hydrostatic testing only.

1.  For horizontal pumps:  the assembled pump.

2.  For vertical pumps:  the bowl assembly and discharge head.

II.C.1.3 Additional factory tests.  Additional factory tests,  including hydro-

static tests of an assembled vertical pump, vertical pump column section, performance,  

NPSHR, mechanical,  and witnessed tests,  may be included by the purchase documents.

II.C.2 Field tests.  Tis standard does not include feld performance testing 

requirements.  Te following can be used to defne feld-test requirements.

1.  ANSI/HI 1.6 and 2.6 test standards,  as described above for factory tests,  

may be used for feld testing at the discretion of the purchaser.  ANSI/HI test standards 

require minimum pipe lengths,  internal straightening vanes,  and other criteria that,  

while practical in a controlled test loop,  may not be available in the feld.  Application 

of these standards for feld testing requires parties to agree on the scope and protocol 

of the test prior to the test.

2.  ASME-PTC 8.2,  Centrifugal Pumps,  relies on the parties’  agreement 

beforehand on the scope and protocol of the test.  Te code does not include acceptable 

performance tolerances and does not address how test results shall be used to compare 

with guarantees.

3.  Appendix B included with this standard.
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II.D Vibration Limits.  Te vibration characteristics of a pumping system 

depend on a combination of pump and driver design and construction,  baseplate or 

mounting plate design and construction,  support foundation design and construction,  

balancing requirements,  the pump installation,  component alignment requirements,  

and the operating fow rate relative to the pump’s operating best efciency point.  Users 

of this standard should review various HI standards and other standards regarding 

these subjects and provide requirements within the purchase documents regarding 

vibration limits and vibration limit verifcation.

III.  Use of Tis Standard. It is the responsibility of the user of an AWWA 

standard to determine that the products described in that standard are suitable for 

use in the particular application being considered.  Users of horizontal centrifugal 

and vertical line-shaft pumps should not expect long-lasting or reliable service unless 

all aspects of the pump application are defned:  operating conditions,  environmental 

conditions,  and local ambient conditions.  Additionally,  the pump and driver unit,  

baseplate or mounting plate,  foundation system,  and connecting suction and discharge 

piping must be designed,  installed,  and aligned as an integrated system.

III.A.  Information for Manufacturers.  When placing orders for pumps,  

purchasers should provide basic data to manufacturers so that pumps will meet 

purchase document’s requirements.  Suggested forms that can be used to order pumps 

are located in appendixes C and D.  Users of this standard should review HI standards 

Rotodynamic Centrifugal Pumps for Design and Application (ANSI/HI 1.3),  and 

Rotodynamic Vertical Pumps of Radial,  Mixed,  and Axial Flow Types for Design and 

Application (ANSI/HI 2.3),  which provide requirements for proper pump applications,  

principal pump features,  and recommended precautions for pumps.

III.A.1  Basic data for vertical and horizontal pumps.

III.A.1.1  Standard used—that is,  ANSI/AWWA E103,  Horizontal and Vertical 

Line-Shaft Pumps,  of latest revision.

III.A.1.2 Installation location (country,  state,  or province).

III.A.1.3  Water data.

III.A.1.3.a Temperature range.

III.A.1.3.b pH range.

III.A.1.3.c Vapor pressure range (function of altitude and temperature).

III.A.1.3.d Maximum concentration of corrosive chemicals,  including but not 

limited to

1.  Free chlorine.

2.  Chloramine.
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3.  Chlorides.

4.  Ozone.

5.  Other (include other oxidants and corrosive chemicals).

III.A.1.3.e Solids.

1.  Maximum sand concentration after a 15-minute pumping interval.

2.  Maximum size of solids allowed to pass through the pump.

III.A.1.4 Operating conditions.

III.A.1.4.a Altitude at impeller shaft (for vertical pumps,  use the eye of the lowest 

impeller).

III.A.1.4.b Maximum suction pressure or maximum static suction lift.

III.A.1.4.c Pump startup and shutdown conditions:

1 .  Describe in detail if discharge valve is  other than a mechanical gravity-

actuated type of check valve.

2.  If the driver is variable speed and the discharge valve is other than a mechan-

ical nonactuated type of check valve,  describe the timing and coordination of valve 

opening and closure with pump speed ramp-up and ramp-down times.

III.A.1.4.d Reverse rotation.

1.  Indicate if the pump system will or will not be equipped with means to pre-

vent reverse shaft rotation.  Nonreverse ratchets are required for motors that drive open 

line-shaft vertical turbine pumps having a minimum water level that is 50 ft (15  m)  or 

more below the elevation of the shaft seal in the discharge head.

2.  For pump systems without means to prevent reverse rotation,  indicate the 

maximum diferential pressure across the pump during fow reversal.

III.A.1.4.e Speed.  Specify speed for constant-speed pumps (usually maximum 

speed based on a review of pump curves and discussions with manufacturers).  If variable-

speed pumps are required, specify an operating speed range.

III.A.1.4.f Sanitary codes.  Provide information necessary for the pump to be 

constructed to meet applicable code requirements.

III.A.1.5  Performance requirements.  Refer to Section 3  of this standard for 

defnition of terms.

III.A.1.5.a At rated condition point.

1.  Rate of fow.

2.  Total head or bowl assembly total head.

Note:  Total head must be used for horizontal pumps.  Either total head or bowl 

assembly total head can be used for vertical pumps.  Te latter is used when the purchaser 
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accounts for and is responsible for head losses in the strainer,  suction pipe (if used),  suc-

tion vessel (can pumps),  column, and discharge head.

3.  Minimum efciency:

a.  Pump efciency,  or

b.  Bowl assembly efciency,  if bowl assembly total head is specifed,  or

c.  Overall (wire-to-water)  efciency.  Note:  Tis can be specifed only if 

the drive is supplied by the pump manufacturer.

4.  Net positive suction head available (NPSHA)  range.

III.A.1.5.b At other condition points.  Pumps are usually required to provide 

a minimum rate of fow under high head conditions,  which may exist when multiple 

pumps operate,  when the discharge gradient is at a maximum, or when the suction gra-

dient is at a minimum.  Pumps are also required to operate under minimum head con-

ditions,  which may exist when only one pump operates in a station that has multiple 

pumps,  when the discharge gradient is at a minimum, or when the suction gradient is 

at a maximum.  Including a system head curve,  especially on multiple-pump installa-

tions and variable-speed systems,  will allow the pump supplier to select the most suit-

able pump curve shape for the application.

1.  Maximum head condition.  Include data listed above for the rated condition 

point except:

a.  Instead of rate of fow,  specify minimum rate of fow.

b.  Instead of total head or bowl assembly total head,  specify maximum 

total head or maximum bowl assembly total head.

2.  Minimum head condition.  Include data listed above for the rated condition 

point except:

a.  Instead of rate of fow,  specify maximum rate of fow.

b.  Instead of total head or bowl assembly total head,  specify minimum 

total head or minimum bowl assembly total head.

c.  Instead of NPSHA, specify a maximum NPSHR.

III. A.1.5.c Allowable suction specifc speed (maximum or range).

III. A.1.5.d Pump input power (brake horsepower).  Specify the maximum 

input power required for the pump assembly over the required pump operating range.

Note  1 :  Trust-bearing power requirements must be considered by the purchaser 

and added to the pump input horsepower when pump thrust bearings are provided in 

the driver and the driver is not part of the pump assembly.  Gear drive power require-

ments must also be considered if the gear drive is not part of the pump assembly.
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Note  2:  Vertical turbine pump line-shaft bearing losses must also be considered by 

the purchaser and added to pump input horsepower when bowl assembly performance 

has been specifed.

III.A.1.5.e Best efciency point (BEP).

1.  Specify the minimum efciency required at the BEP.

2.  Flow at BEP.  Pumps should be selected for maximum efciency at the nor-

mal condition point.  Constant-speed pumps in a multiple-pump system normally 

operate at a higher fow rate when not operating in parallel with other pumps.  Variable-

speed pumps normally operate at a lower fow rate than the fow at the rated condition 

point,  when the rated condition point is based on the maximum speed.  Specify a range 

of fows or heads that the BEP must fall within.

III.A.1.6 Construction requirements.

III.A.1.6.a Impeller type:  open,  semi-open,  or enclosed.

III.A.1.6.b Impeller wear rings.  Wear rings can be specifed for enclosed impel-

lers.  Trust-balance–type rings can be specifed for both semi-open,  and enclosed 

impellers.

III. A.1.7 Stufng box arrangement.  Specify the type of sealing required.  Select 

packing,  single mechanical seal,  or double mechanical seal.

III.A.1.8  Packing or mechanical seal cooling and lubricating water requirements.

III.A.1.8.a Water must be supplied to the packing or seal when the shaft is rotat-

ing.  Water suitable for this purpose may be available from the fuid being pumped.

It may also be desirable to provide water to packing when the shaft is not rotating,  

to prevent loss of prime (pumps with suction lifts)  or prevent packing from drying out.

III.A.1.8.b If the water contains materials that can cause rapid packing wear 

or seal wear,  suitable clean water at the appropriate pressure from an external source 

should be applied to the lantern ring of the packing.  If a mechanical seal is used,  it 

should be a double seal with clean water applied between the seal elements.

III.A.1.8.c If the pressure of the pumped fuid at the upstream face of the pack-

ing or seal is less than 10 psig (69 kPa),  which may be the case with horizontal double-

suction and end-suction pumps,  clean water should be supplied from a connection to 

the pump volute.

III. A.1.8.d If water at a pressure of 10 psig (69 kPa)  or greater is not available for 

a period exceeding the pump manufacturer’s recommendations during startup (as may 

be the case with vertical pumps having deep settings or slowly rising water columns),  

clean water should be supplied from an external source during the startup period.

III.A.1.8.e Specify cooling and lubricating water arrangement and requirements.
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III.A.1.9 Column piping for vertical turbine pumps.  Sizing of the column pipe 

and minimum column pipe wall thickness shall be the responsibility of the pump manu-

facturer.  Te column pipe serves as a pressurized discharge pipe between the pump bowl 

assembly and the discharge head and is subject to the efects of internal pressure,  com-

bined weight of the bowl assembly and column piping including the pumped liquid,  

hydraulic thrust loads developed during pump operation,  and vibration.  When required 

by the purchaser,  the pump manufacturer should provide information on the fow velo-

city and friction loss in the column pipe.

III.A.1.10 Shaft critical speed.  Tis standard provides requirements for operat-

ing speed locations of the shaft lateral and shaft torsional critical speeds for horizontal 

centrifugal and vertical line-shaft pumps.  Te shaft critical speeds have a signifcant 

relationship to potential vibration and shaft stress issues with a pump,  especially with 

pumps having adjustable speed drives.  It is recommended that users of this standard 

review the operating speed range of the pump and identify additional critical speed 

criteria in the purchase documents.

III.A.2 Materials.

III.A.2.1  Drinking water requirements.  Refer to Sec.  4.1.  Te purchaser should 

state whether compliance with NSF/ANSI 61,  Drinking Water System Components—

Health Efects,  and/or NSF/ANSI 372, Drinking Water System Components—Lead 

Content,  is required.  If compliance is required, the purchase documents should note,  

“Tis product shall be certifed as suitable for contact with drinking water by an accred-

ited certifcation organization in accordance with NSF/ANSI 61,  Drinking Water Sys-

tem Components—Health Efects,  and/or NSF/ANSI 372,  Drinking Water System 

Components—Lead Content.”

Purchasers should be aware that the availability of NSF/ANSI 61–certifed pumps 

may be very limited,  and this requirement may limit competition and add to the cost 

and delivery time of the pumps.  Purchasers should also be aware that some states may 

allow installation of noncertifed pumps,  based on submittal and acceptance of materi-

als used to construct the pump,  especially if suitable certifed pumps are not available.

Compliance with NSF/ANSI 372 meets the new low lead requirements of the US 

Safe Drinking Water Act,  which went into efect January 2014.  Most pump manufac-

turers are able to certify compliance with NSF/ANSI 372.

III.A.2.2 Alternative materials.  Purchase documents may require alternative 

materials or limit manufacturer’s choices of materials listed in this standard.  For example,  

this standard lists silicon bronze,  aluminum bronze,  and stainless steel as impeller materi-

als.  Silicon bronze may not be suitable if the water contains a signifcant concentration of 
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chlorine or chloramine.  Aluminum bronze and stainless-steel components may be more 

costly and difcult to fabricate than silicon bronze components.  Purchasers should be 

aware that alternatives to or limitations on manufacturer’s selections may increase costs 

and delivery time.

III.A.3 Flanges.  Tis standard requires fat-faced fanges.  If other facing is 

required,  it must be specifed by the purchaser.

III.A.4 Factory tests.

III.A.4.1  Tests other than the hydrostatic tests described in Section 5  may be 

desired.  Purchasers can specify the following additional tests in accordance with current 

ANSI/HI standards:

1.  Performance.

2.  NPSHR.

3.  Mechanical.

4.  Prime time for self-priming pumps.

5.  Airborne sound.

III. A.4.2 Witnessed testing.  Purchase documents may specify optional wit-

nessed testing for all or some of the factory tests.

III. A.4.3 Special testing.  Purchase documents may specify variations from the 

ANSI/HI standard tests.  Tese variations may include duplication of feld conditions.

III.A.4.4 Other testing.  Purchase documents may specify testing a sample 

pump selected at random for any test other than the prescribed hydrostatic tests.

III.A.5  Submittals.  Tis standard includes minimum requirements for submit-

tals.  If additional submittals (including afdavits of compliance)  are required,  they 

should be provided by the purchase documents.  Additional submittal data that may be 

required include:  welding procedures and welder qualifcation requirements associated 

with column piping and discharge head assemblies,  repair procedures for castings,  tor-

sional shaft stress analysis,  lateral and torsional shaft vibration analysis,  and structural 

dynamic analysis.  Te purchase documents should describe the desired submittals and 

analyses including the acceptance criteria.

III.A.6 Shop inspections.  Tis standard does not provide for inspections at the 

manufacturer’s facility either during or after the pumps are constructed.  If inspections 

are required,  the extent should be defned by the purchase documents.

III.A.7 Installation and alignment.  Tis standard does not contain requirements 

or recommendations regarding pump and driver installation or alignment of components 

and piping.  Further,  this standard does not contain requirements or recommendations 

regarding suction and discharge piping stifness requirements for maintaining pump and 
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driver alignment.  It is not possible for pump manufacturers to make more than general 

recommendations regarding installation and alignment.  Tis is due to many factors that 

can afect installation,  some of which are beyond the control of the pump manufac-

turer.  Additionally,  the degree of installation and alignment precision desired on the part 

of purchasers may vary signifcantly.  Users of this standard should review the various 

Hydraulic Institute standards and other standards regarding these subjects and provide 

additional requirements in the purchase documents regarding installation and alignment 

of the pump and driver system.

III.B.  Basic Data for Vertical Pumps.

III.B.1  Construction requirements.

III.B.1.1  Specify type.  Refer to ANSI/HI 2.1-2.2,  Rotodynamic Vertical 

Pumps or Radial,  Mixed,  and Axial Flow Types for Nomenclature and Defnitions,  for 

a description of types.  Select:

1.  Barrel (can)  pump with suction nozzle in discharge head or in barrel.

2.  Deep well.

3.  Wet pit with above-foor or below-foor discharge.

III.B.1.2 Specify line-shaft details and bearing details.

1.  Open or enclosed line shaft.

2.  For open line shaft specify bearing material (bronze or rubber).

3.  For enclosed line shaft specify lubrication (water or oil).

III.B.1.3  Specify column pipe details.

1.  Refer to appendix E for recommendations.

2.  Specify nominal size,  wall thickness,  and material.

III.B.2  Driver details.  Although drivers are not included in this standard, they are 

an important component of a vertical pump.  Refer to appendix E for recommendations.

III.C.  Basic Data for Horizontal Pumps.

III.C.1  Construction requirements.

III.C.1.1  Specify type.  Refer to ANSI/HI 1.1-1.2,  Rotodynamic Centrifugal 

Pumps for Nomenclature and Defnitions,  for a description of types.  Select:

1.  Separately coupled,  single-stage,  inline,  fexible coupling.

2.  Separately coupled,  single-stage,  inline,  rigid coupling.

3.  Separately coupled,  single-stage,  end suction.

4.  Separately coupled,  single-stage,  horizontal,  axial,  or mixed fow.

5.  Single-stage,  horizontal,  double- or single-suction split case.

6.  Vertically mounted,  horizontal,  double- or single-suction split case.
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IV. Modifcation to Standard. Any modifcation of the provisions,  

defnitions,  or terminology in this standard must be provided by the purchaser.

V. Major Revisions.  Major changes made to the standard in this revision 

include the following:

1.  Most sections of the standard underwent extensive revision.

2.  Purchaser defned options are to be called out in the purchase documents.

3.  A fow range requirement was added (Sec.  4.2.2).

4.  New requirements were added for:  castings (Sec.  4.2.1.6),  impellers 

(Sec.   4.2.1.8),  shafts (Sec.  4.2.3),  vibration limits (Sec.  4.6 and Sec.  II.D),  casings and 

wear rings (Sec.  4.3.1.7),  bowls (Sec.  4.4.3.1),  and coatings (Sec.  4.5.5).

VI. Comments.  If you have any comments or questions about this standard,  

please contact Engineering and Technical Services at 303.794.7711,  FAX at 

303.795.7603;  write to the department at 6666 West Quincy Avenue,  Denver,  CO 

80235-3098;  or email at standards@awwa.org.
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1

AWWA Standard®

ANSI/AWWA  E1 03-15
(Revision  of ANSI/AWWA  E1 03-07)

Horizontal and Vertical  

Line-Shaft Pumps

SECTION  1 :  GENERAL

Sec. 1.1  Scope

Tis standard provides minimum requirements for horizontal centrifugal 

pumps and for vertical line-shaft pumps for installation in wells,  water treatment 

plants,  water transmission systems,  and water distribution systems.

1.1.1  Service.  Pumps described in this standard are intended for pump-

ing freshwater having a pH range between 5.5  and 10.0,  a temperature range from 

33°F to 1 25°F (14°C to 37°C),  a maximum chloride content of 250 mg/L,  and a 

maximum suspended solids content of 1,000 mg/L,  and that is either potable or 

will be treated to become potable.

1.1.2 Pumps covered by this standard.

1.1.2.1  Driver power range:  10 hp to 1,500 hp (7 kW to 1,100 kW).

1.1 .2.2 Rate of fow (at BEP):  100 gpm to 40,000 gpm (23  m3/hr to 

9,100 m3/hr).

1 .1.2.3  Maximum discharge pressure ratings.  Te maximum steady-state 

pressure at the pump discharge (which considers the suction pressure,  possible 

operation for short periods at shutof head,  and the elevation of the discharge)  is 

limited to the pressure rating for the ANSI/AWWA C207 class of fange shown for 

the pump types described below.
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1.  For horizontal pumps:

•  Discharge 42 in.  (1,067 mm)  and larger:  Class E (275  psig,  1,900 kPa).

•  Discharge smaller than 42 in.:  Class F (300 psig,  2,100 kPa).

2.  For vertical line-shaft pumps:  Class F (300 psig,  2,100 kPa).

1.1.2.4 Maximum steady-state suction pressure ratings.

1.  For horizontal pumps:  50 psig (340 kPa).

2.  For vertical line-shaft pumps:  100 psig (700 kPa).

1.1.3  Pump types included in this standard.

1.1.3.1  Horizontal pumps.  Refer to Hydraulic Institute (HI)  Standard 

ANSI/HI 1.1-1.2 for a description of types:

1.  Separately coupled,  single-stage,  inline,  fexible coupling.

2.  Separately coupled,  single-stage,  inline,  rigid coupling.

3.  Separately coupled,  single-stage,  end suction.

4.  Separately coupled,  single-stage,  horizontal,  axial,  or mixed fow.

5.  Single-stage,  horizontal,  double- or single-suction split case.

6.  Vertically mounted,  horizontal,  double- or single-suction split case.

1.1.3.2 Vertical pumps.  Refer to ANSI/HI 2.1-2.2 for a description of 

types:

1.  Barrel (can)  pump with suction nozzle in discharge head or in barrel.

2.  Deep well.

3.  Wet pit with above-foor or below-foor discharge.

1.1.4 Drivers.  Tis standard does not include drivers.

1.1.5  Conditions not covered by this standard.

1.  Conditions resulting from water hammer,  cavitation,  and hydraulic 

pulsations.

2.  Excessive installed operating noise and vibrations,  which may require 

special design,  construction,  and installation.

Sec. 1.2 Purpose

Te purpose of this standard is to provide minimum requirements for water 

system pumps of the types identifed in Sec.  1 .1.

Sec. 1.3 Application

Tis standard can be referenced by the purchaser for pumps described in 

Sec.  1 .1 .
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SECTION  2:  REFERENCES

Tis standard references the following documents.  In their latest editions,  

they form a part of this standard to the extent specifed within the standard.  In any 

case of confict,  the requirements of this standard shall prevail.

ANSI*/AWWA C207—Steel Pipe Flanges for Waterworks Service—Sizes 4 

In.  Trough 144 In.  (100 mm Trough 3,600 mm).

ANSI/AWWA C210 —Liquid-Epoxy Coating Systems for the Interior and 

Exterior of Steel Water Pipelines.

ANSI/AWWA C550 —Protective Interior Coatings for Valves and Hydrants.

ANSI/HI†  1 .1-1.2—Rotodynamic Centrifugal Pumps for Nomenclature and 

Defnitions.

ANSI HI 1 .4—Rotodynamic Centrifugal Pumps for Manuals Describing 

Installation,  Operation,  and Maintenance.

ANSI/HI 2.1-2.2—Rotodynamic Vertical Pumps or Radial,  Mixed,  and 

Axial Flow Types for Nomenclature and Defnitions.

ANSI/HI 9.6.3 —Rotodynamic (Centrifugal and Vertical)  Pumps—Guide-

line for Allowable Operating Region.

ANSI/HI 9.6.4—Rotodynamic Pumps for Vibration Measurements and 

Allowable Values.

ANSI/HI 9.8 —Rotodynamic Pumps for Pump Intake Design.

ANSI/HI 14.6—Rotodynamic Pumps for Hydraulic Performance Accep-

tance Tests.

ASME Boiler and Pressure Vessel Code,  Sections VIII and IX.

ASME‡  B1.20.1 —Pipe Treads,  General Purpose,  Inch.

ASME B4.1—Preferred Limits and Fits for Cylindrical Parts.

ASME B16.1—Gray Iron Pipe Flanges and Flanged Fittings:  Classes 25,  125,  

and 250.

ASME B46.1 —Surface Texture (Surface Roughness,  Waviness,  and Lay).

ASTM A27/A27M-13 —Standard Specifcation for Steel Castings,  Carbon 

for General Application.

* American National Standards Institute,  25  West 43rd Street,  Fourth Floor,  New York,  NY 10036.
† Hydraulic Institute,  9  Sylvan Way,  Parsippany,  NJ 07054.
‡ ASME International,  3  Park Avenue,  New York,  NY 10016.
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ASTM* A36/A36M-14—Standard Specifcation for Carbon Structural Steel.

ASTM A47/A47M-99—Standard Specifcation for Ferritic Malleable Iron 

Castings.

ASTM A48/A48M-03—Standard Specifcation for Gray Iron Castings.

ASTM A53/A53M-12—Standard Specifcation for Pipe,  Steel,  Black and 

Hot-Dipped,  Zinc-Coated,  Welded and Seamless.

ASTM A108-13—Standard Specifcation for Steel Bar,  Carbon and Alloy,  

Cold-Finished.

ASTM A193/A193M-15—Standard Specifcation for Alloy-Steel and Stain-

less Steel Bolting for High Temperature or High Pressure Service and Other Spe-

cial Purpose Applications.

ASTM A194/A194M-15—Standard Specifcation for Carbon Steel,  Alloy 

Steel,  and Stainless Steel Nuts for Bolts for High Pressure or High Temperature 

Service,  or Both.

ASTM A276/A276M-15—Standard Specifcation for Stainless Steel Bars 

and Shapes.

ASTM A307-14—Standard Specifcation for Carbon Steel Bolts,  Studs,  and 

Treaded Rod 60,000 PSI Tensile Strength.

ASTM A351/A351M-15—Standard Specifcation for Castings,  Austenitic,  

for Pressure Containing Parts.

ASTM A439-83—Standard Specifcation for Austenitic Ductile Iron Castings.

ASTM A536-84—Standard Specifcation for Ductile Iron Castings.

ASTM A582/A582M-12e1—Standard Specifcation for Free-Machining 

Stainless Steel Bolts.

ASTM A743/A743M-13ae1—Standard Specifcation for Castings,  Iron-

Chromium, Iron-Chromium-Nickel,  Corrosion Resistant,  for General Application.

ASTM B16/B16M-10—Standard Specifcation for Free-Cutting Brass Rod,  

Bar,  and Shapes for Use in Screw Machines.

ASTM B148-14—Standard Specifcation for Aluminum-Bronze Sand 

Castings.

ASTM B505/B505M-14—Standard Specifcation for Copper Alloy Continu-

ous Castings.

ASTM B584-14—Standard Specifcation for Copper Alloy Sand Castings for 

General Applications.

* ASTM International,  100 Barr Harbor Drive,  West Conshohocken,  PA 19428.
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ASTM F593-13a—Standard Specifcation for Stainless Steel Bolts,  Hex Cap 

Screws,  and Studs.

AWWA Manual M11 —Steel Pipe—A Guide for Design and Installation.

ISO 1940-1 —Mechanical Vibration—Balance Quality Requirements for 

Rotors in a Constant (Rigid)  State—Part 1:  Specifcation and Verifcation of Bal-

ance Tolerances.

MSS* SP-55 —Quality Standard for Steel Castings for Valves,  Flanges,  Fit-

tings,  and Other Piping Components—Visual Method for Evaluation of Surface 

Irregularities.

NEMA†  MG 1—Motors and Generators.

NSF/ANSI 61 —Drinking Water System Components—Health Efects.

NSF/ANSI 372—Drinking Water System Components—Lead Content.

SSPC‡-SP6—Commercial Blast Cleaning.

SSPC-SP10 —Near-White Metal Blast Cleaning.

SECTION  3:  DEFINITIONS

Te following defnitions shall apply in this standard.  Defnitions of pump 

components are included in Sec.  4.3.

1.  Allowable operating range:  Flow range at specifed speeds with the impel-

ler supplied,  as limited by cavitation,  heating, vibration,  noise,  shaft defection,  

fatigue,  and other similar criteria.  Tis range is to be specifed by the manufacturer.

2.  Atmospheric head (hatm):  Local atmospheric pressure expressed in ft (m).

3.  Best efciency point (BEP):  Te rate of fow and corresponding head 

condition at which maximum pump efciency is achieved.

4.  Bowl assembly efciency (hba):  Tis is the efciency obtained from the 

bowl assembly,  excluding hydraulic and mechanical losses within other pump 

components.

5.  Bowl assembly input power (Pba):  Te power delivered to the bowl assem-

bly shaft,  expressed in hp (kW).

* Manufacturers Standardization Society,  1 27 Park Street,  NE,  Vienna,  VA 22180.
† National Electrical Manufacturers Association,  1 300 North 17th Street,  Suite 900,  Arlington,  VA 22209.
‡ SSPC:  Te Society for Protective Coatings,  40 24th Street,  6th Floor,  Pittsburgh,  PA 15222.
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6.  Condition point,  normal:  Te point at which the pump will normally 

operate.  It may be the same as the rated condition point.

7.  Condition point,  rated:  Te rate of fow, head, net positive suction head 

required (NPSHR),  and speed of the pump, as required in the purchase documents.

8.  Condition point,  specifed:  Synonymous with rated condition point.

9.  Cosmetic defect:  A blemish that has no efect on the ability of the com-

ponent to meet the structural design and test requirements of this standard.  Should 

the blemish or the activity of plugging,  welding,  grinding,  or repairing of the blem-

ish cause the component to fail these requirements,  the blemish shall be considered 

a structural defect.

10.  Datum:  A horizontal plane that serves as the reference for head mea-

surements taken during test.  Vertical pumps are usually tested in an open pit with 

the suction fooded.  Te datum is then the eye of the frst-stage impeller.  Optional 

tests can be performed with the pump mounted in a suction can.  Irrespective of 

pump mounting,  the pump’s datum is maintained at the eye of the frst stage 

impeller.

For horizontal pump units,  the pump’s datum shall be referenced from the 

centerline of the shaft.  For vertical double-suction pumps,  the pump’s datum shall 

be referenced from the center of the frst/lowest impeller.

11.  Electric motor input power (Pmot):  Te electrical input power to the 

motor,  expressed in hp (kW).

1 2.  Elevation head (Z):  Te potential energy of the liquid because of its 

elevation relative to datum level,  measured to the center of the pressure gauge or 

liquid level.

13.  Field test pressure:  Te maximum static test pressure used for leak test-

ing a closed pumping system in the feld if the pumps are not isolated.  Gener-

ally,  it is 125  percent of the maximum allowable casing working pressure.  Where 

mechanical seals are used,  this pressure may be limited by the pressure-containing 

capabilities of the seal.

Note:  See defnition for maximum allowable casing working pressure.  Con-

sideration may limit the feld-test pressure of the pump to 125  percent of the 

maximum allowable casing working pressure on the suction side of double-casing 

can-type pumps and certain other pump types.

14.  Friction head (hf):  Te hydraulic energy required to overcome fric-

tional resistance of a piping system to liquid fow,  expressed in ft (m).
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15.  Gauge head (hg):  Te energy of the liquid because of its pressure rela-

tive to atmospheric pressure,  as determined by a pressure gauge or other pressure-

measuring device.  Gauge head is positive when the reading is above atmospheric 

pressure and negative when below.  Gauge head is measured in ft (m).

16.  Head (h):  Te expression of the energy content of the liquid referred 

to any arbitrary datum.  It is expressed in units of energy per unit weight of liquid.  

Te measuring unit for head is ft (m)  of liquid.

17.  Manufacturer:  Te party that manufactures,  fabricates,  or produces 

materials or products.

18.  Maximum allowable casing working pressure:  Te highest pressure at 

the specifed pumping temperature for which the pump casing is designed.  Tis 

pressure shall be equal to or greater than the maximum discharge pressure.  In the 

case of double-casing can pumps,  the maximum allowable casing working pressure 

on the suction side may be diferent from that on the discharge side.  Maximum 

allowable casing working pressure is expressed in psi (kPa).

19.  Maximum discharge pressure:  Te highest discharge pressure to which 

the pump will be subjected during operation,  which is expressed in psi (kPa).

20.  Maximum suction pressure:  Te highest suction pressure to which the 

pump will be subjected during operation.

21.  Net positive suction head available (NPSHA):  Te total suction head 

in ft (m)  of water absolute,  determined at the frst-stage impeller datum, less the 

absolute vapor pressure of the water in ft (m):

NPSHA = hsa – hvp (Eq 1)

Where:

hsa = total suction head absolute =  hatm  +  hs (Eq 2)

or

NPSHA = hatm  +  hs – hvp (Eq 3)

In can pumps,  NPSHA is often determined at the suction fange.  Since 

NPSHR is determined at the frst-stage impeller,  the NPSHA value must be 

adjusted to the frst-stage impeller by adding the diference in elevation and sub-

tracting the losses in the can.

22.  Net positive suction head required (NPSHR):  A minimum net positive 

suction head given by the manufacturer/supplier for a pump achieving a specifed 

performance at the specifed rate of fow,  speed,  and pumped liquid (occurrence 

of visible cavitation,  increase of noise and vibration due to cavitation,  beginning 
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of head or efciency drop,  head or efciency drop of a given amount,  limitation 

of cavitation erosion).  Unless otherwise required in the purchase documents,  a 3  

percent drop in head (the accepted industry practice)  will be used to determine 

NPSHR and is defned as NPSH3.

23.  Overall efciency (hOA):  Also referred to as wire-to-water efciency,  

this is the ratio of the power imparted to the liquid (Pw)  by the pump to the power 

supplied to the motor (Pmot);  that is,  the ratio of the water horsepower to the power 

input to the motor,  expressed in percent.

24.  Pump efciency (hp):  Te ratio of the pump output power (Pw)  to the 

pump input power (Pp);  that is,  the ratio of the water horsepower to the brake 

horsepower,  expressed in percent.

25.  Pump input power (Pp):  Te power needed to drive the complete pump 

assembly,  including bowl assembly input power,  line-shaft power loss,  stufng box 

loss,  and thrust-bearing loss.  With pumps that have built-in thrust bearing,  the 

power delivered to the pump shaft coupling is equal to the pump input power.  

With pumps that rely on the driver thrust-bearing,  the thrust-bearing loss shall be 

added to the power delivered to the pump shaft.  It is also called brake horsepower 

(bhp).  Pump input power is expressed in hp (kW).

26.  Pump output power (Pw):  Te power imparted to the liquid by the 

pump.  It is also called water horsepower,  and is expressed in hp (kW).

27.  Pump total discharge head (hd):  Te sum of the discharge gauge head 

(hg)  measured after the discharge elbow,  plus the velocity head (hv)  at the point of 

gauge attachment,  plus the elevation (Zd)  from the discharge gauge centerline to 

the pump datum.  Pump total discharge head is measured in ft (m).

hd = hg +  hv +  Zd (Eq 4)

28.  Pump total head (H):  Te measure of energy increase per unit weight 

of the liquid,  imparted to the liquid by the pump,  expressed as the diference 

between the total discharge head and the total suction head.

Total head is normally specifed for pumping applications,  since the complete 

characteristics of a system determine the total head required.  Total head is some-

times called total dynamic head (TDH).

29.  Purchaser:  Te person,  company,  or organization that purchases prod-

ucts,  materials,  or work to be performed.

30.  Rate of fow (capacity) (Q):  Te total volume throughput per unit of 

time at the suction inlet.  It includes both water and any dissolved or entrained gases 

existing at the stated operating conditions.  Rate of fow is measured in gpm (m3/hr).
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