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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 min imum 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 usual 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,  regu lation ,  or code of any governmental  authori ty.  AWWA standards 
are intended  to represent a  consensus of the water industry that the product described  wi l l  provide satisfactory ser-
vice.  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 ourna l  – 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  wi th  i ts scope and  provisions.  
An  American  National  Standard  is  intended  as a  gu ide to a id  the manufacturer,  the consumer,  and  the general  publ ic.  
The existence of an  American  National  Standard  does not in  any respect preclude anyone,  whether that person  has 
approved  the standard  or not,  from manufacturing,  marketing,  purchasing,  or using products,  processes,  or proce -

dures not conforming to the standard.  American  National  Standards are subject to period ic review,  and  users are cau -

tioned  to obta in  the latest ed i tions.  Producers of goods made in  conformity wi th  an  American  National  Standard  are 
encouraged  to state on  their own responsibi l i ty in  advertising and  promotional  materia ls or on  tags or labels that the 
goods are produced  in  conformity wi th  particu lar American  National  Standards.

Caution  notiCe :  The American  National  Standards I nsti tute (ANSI ) approval  date on  the front cover of th is standard  
ind icates completion  of the ANSI  approval  process.  Th is American  National  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.

hours of work by your fellow water professionals.

Revenue from the sales of this AWWA material supports

ongoing product development.  Unauthorized distribution,

either electronic or photocopied,  is illegal and hinders

AWWA’s mission to support the water community.  

This AWWA content is the product of thousands of
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ix

Foreword

Tis foreword is for information only and is not a part of ANSI*/AWWA C604.

I. Introduction.

I.A.  History.  Tis standard pertains to the in-ground installation of steel

pipelines for use in the distribution and transmission of water,  air,  and other products 

in water system facilities.  It has been prepared by the AWWA Standards Committee on 

Steel Pipe,  initially formed as Committee A7A in 1939.  At that time,  the Steel Water 

Pipe Manufacturers Technical Advisory Committee was organized as a subsidiary 

group to function as a source of technical information for the parent committee.  

Committee A7A and its successors,  Committee 8310D and the AWWA Standards 

Committee on Steel Pipe,  have assumed responsibility for all AWWA standards and 

manuals pertaining to steel pipe,  fttings,  linings and coatings,  feld installations,  and 

related items.

In 1996 the AWWA Standards Council directed the Standards Committee on 

Steel Pipe to develop a standard for the installation of steel pipelines and their appur-

tenances used in water treatment or conveying facilities.  Te frst edition of AWWA 

C604 was approved by the AWWA Board of Directors on Feb.  12,  2006.  Te second 

edition was approved on Jan.  23,  2011.  Te present edition of C604 was approved on 

Jan.  14.  2017.

I.B.  Discussion.  ANSI/AWWA C604 addresses the installation of steel pipe

4 in.  (100 mm)  in diameter and larger typically used in the water industry.  ANSI/

AWWA C604 anticipates the use of pipe produced in a fabricator’s shop or pipe mill 

that meets the stringent design,  quality control,  and testing requirements of AWWA 

Manual M11,  ANSI/AWWA C200,  and the applicable AWWA steel pipe lining and 

coating standards.

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

† NSF International,  789 North Dixboro Road,  Ann Arbor,  MI 48105.
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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. Specifc policies of the state or local agency.

2. 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.

3. 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.

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 C604 does not address additives requirements.  Tus,  users of this 

standard 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.

* Persons outside the United States should contact the appropriate authority having jurisdiction.

† Both publications available from National Academy of Sciences,  500 Fifth Street,  NW, Washington,
DC 20001.
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II. Special Issues.

II.A.  Application.  ANSI/AWWA C604,  Installation of Buried Steel Water

Pipe—4 In.  (100 mm)  and Larger,  can be used as a reference when making extensions 

to existing distribution or transmission systems or when constructing new distribution 

or transmission systems using steel pipe.  It is not the intent for this standard to be used 

as a contract document,  but it may be used as a reference in contract documents.  It 

is based on a consensus of the committee on the minimum practice consistent with 

sound,  economical service under normal conditions,  and its applicability under any 

circumstances must be reviewed by a responsible engineer.  Te standard is not intended 

to preclude the manufacture,  marketing,  purchase,  or use of any product,  process,  or 

procedure.

II.B.  Chlorine and Chloramine Degradation of Elastomers.  Te selection

of materials is critical for water service and distribution piping in locations where 

there is a possibility that elastomers will be in contact with chlorine or chloramines.  

Documented research has shown that elastomers such as gaskets,  seals,  valve seats,  and 

encapsulations may be degraded when exposed to chlorine or chloramines.  Te impact 

of degradation is a function of the type of elastomeric material,  chemical concentration,  

contact surface area,  elastomer cross section,  and environmental conditions as well as 

temperature.  Careful selection of and specifcations for elastomeric materials and the 

specifcs of their application for each water system component should be considered to 

provide long-term usefulness and minimum degradation (swelling,  loss of elasticity,  or 

softening)  of the elastomer specifed.

II.B.1  Gasket Degradation Study.  A pipe gasket,  having the hardness of a

compressed elastomer with a large mass relative to the small exposed surface area,  thus 

experiences minimal degradation.  Tis was validated in a research paper reported in 

the Journal AWWA,* where the pipe gasket degradation in a 110 mg/L chloramine 

solution was found to degrade just the exposed surface.

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.

III.A.  Purchaser Options and Alternatives.  Considerable supplemental

information is required in conjunction with the use of this standard,  including,  but not 

limited to,  purchaser’s documents consisting of detailed plans and specifcations.  Te 

* R.W.  Bonds.  2004.  Efect of Chloramines on Ductile-Iron Pipe Gaskets of Various Elastomer
Compounds.  Jour.  AWWA, 96(4):153–160.
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purchaser’s documents should cover,  as a minimum, detailed instructions pertaining to 

all references in this standard to “as specifed” and “in accordance with the purchaser’s 

documents.”  In addition,  the purchaser shall provide specifc supplementary information 

to the purchaser’s documents regarding the following:

1. Standard used—that is,  ANSI/AWWA C604,  Installation of Buried Steel

Water Pipe–4 In.  (100 mm)  and Larger,  of latest revision.

2. Whether compliance with NSF/ANSI 61,  Drinking Water System

Components—Health Efects,  is required.

3. Pipe design criteria and type of pipe ends.

4. Pipeline plan and profle drawings including appurtenances,  vaults,  valves,

and existing utilities.

5. Pipe bedding specifcation and drawing details.

6. Inspection for pipe joints,  protective coatings and linings,  and pipe zone

compaction.

7. Surface restoration.

8. Special handling requirements.

9. Details of other federal,  state or provincial,  and local requirements (Sec.  4.2).

10. Whether proof testing of the weld-after-backfll method is required for the

project-specifc conditions,  including testing protocols (Sec.  6.2.2).  Note:  Te exterior 

protective joint coating,  backfll material,  pipe wall thickness,  and welding procedures 

should be considered when using this process.

III.B.  Modifcation to Standard.  Any modifcation of the provisions,  defnitions,

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

IV. Major Revisions.  Major revisions made to the standard in this edition

include the following:

1. Sec.  I.B in the foreword,  which provides a discussion on ANSI/AWWA

C604,  was updated.

2. An advisory statement was added in the foreword (Sec.  II.B)  regarding chlo-

rine and chloramine degradation of elastomers per the AWWA Standards Council 

directive.

3. Section 2,  References,  has been updated.

4. Weld-after-backfll was added to Section 3,  Defnitions.

5. Te section numbering and subtitles were revised to streamline the

document.

6.  Additional information on pipe ends was added to Sec.  6.2.2,  Pipe Placement 

for welded lap joints.
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7. Sec.  6.2.4,  Bolted Flange Joints,  was signifcantly updated and expanded.

8. New Figure 5,  Flat-Face Slip-on Ring Flange With Fillet Weld Detail,  and

Figure 6,  Gasket Types,  were added.

9. Old Figure 5,  Bolt Torque Sequence,  was deleted and is now covered in

appendix A.

10. Sec.  6.2.10.4,  Welded Joint Testing,  was updated.

11. Sec.  6.2.12,  Termal Stress Control Joints,  was revised.

12. Sec.  6.2.14.1,  Tape Wrapping of Field Joints,  was revised for clarity.

13. Sec.  6.2.14.3,  Heat-Shrink Sleeves on Field Joints,  was revised.

14. Additional information was added to Sec.  8.1 .3,  Internal Bracing.

15. A new appendix A was added to include fange assembly detail information.

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

please call AWWA 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  C604-17
(Revision  of ANSI/AWWA C604-1 1 )

Installation of Buried Steel Water  

Pipe—4 In.  (100 mm) and Larger

SECTION  1 :  GENERAL

Sec. 1.1  Scope

Tis standard provides the feld installation guidelines for buried steel water 

pipe,  4 in.  (100 mm)* and larger.

Te information contained in this standard is intended to be used as a guide 

to assist in the installation of steel water pipe.

1.1.1  Conditions that may require additional considerations.  Installations 

that require special attention,  techniques,  and materials are not covered by this 

standard.  Some of these installations are

1. Piping through rigid walls or structures.

2. Connections to appurtenances.

3. Piping on supports or on piles aboveground or belowground.

4. Piping subject to signifcant thermal stresses.

5. Treatment plant or pump-station piping.

6. Industrial piping.

7. Piping in seismic areas.

* Metric conversions given in this standard are direct conversions of US customary units and are not those specifed
in the International Organization for Standardization (ISO)  standards.
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8. Piping in high-density,  stray-current environments.

9. Piping through unstable soils or soils subject to sliding or soil drag.

10. Piping subject to excessive live loads.

11. Piping with cover less than 3  ft (900 mm).

12. Piping installed by horizontal directional drilling (HDD).

Sec. 1.2 Purpose

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

the installation of buried steel water pipelines,  including inspection,  unloading,  

handling,  storage,  and testing.

Sec. 1.3 Application

Tis standard is intended to cover typical pipeline construction practices 

that are deemed adequate for the satisfactory installation of steel water pipelines.  

Individual project requirements may vary substantially and should always be thor-

oughly reviewed before bidding or construction startup.  For this reason,  some 

practices discussed in this standard may not be suitable for all project conditions,  

and in some cases,  specialized installation techniques may be required that are 

beyond the scope of this standard.

SECTION  2:  REFERENCES

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

referenced documents form a part of this standard to the extent specifed herein.  In 

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

AASHTO* M145—Standard Specifcation for Classifcation of Soils and 

Soil-Aggregate Mixtures for Highway Construction Purposes.

ANSI†/AWWA C200—Steel Water Pipe—6 In.  (150 mm)  and Larger.

ANSI/AWWA C203—Coal-Tar Protective Coatings and Linings for Steel 

Water Pipe.

ANSI/AWWA C205—Cement–Mortar Protective Lining and Coating for 

Steel Water Pipe—4 In.  (100 mm)  and Larger—Shop Applied.

ANSI/AWWA C206—Field Welding of Steel Water Pipe.

* American Association of State Highway and Transportation Ofcials,  444 North Capitol Street,  NW, Suite 249,
Washington,  DC 20001.

† American National Standards Institute,  25  West 43rd Street,  Fourth Floor,  New York,  NY 10036.
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ANSI/AWWA C207—Steel Pipe Flanges for Waterworks Service,  Sizes 4 In.  

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

ANSI/AWWA C209—Cold-Applied Tape Coatings for Steel Water Pipe,  

Special Sections,  Connections,  and Fittings.

ANSI/AWWA C210—Liquid-Epoxy Coatings and Linings for Steel Water 

Pipe and Fittings.

ANSI/AWWA C214—Tape Coatings for Steel Water Pipe.

ANSI/AWWA C216—Heat-Shrinkable Cross-Linked Polyolefn Coatings 

for Steel Water Pipe and Fittings.

ANSI/AWWA C217—Microcrystalline Wax and Petrolatum Tape Coating 

Systems for Steel Water Pipe and Fittings.

ANSI/AWWA C219—Bolted Sleeve-Type Couplings for Plain-End Pipe.

ANSI/AWWA C222—Polyurethane Coatings for the Interior and Exterior 

of Steel Water Pipe and Fittings.

ANSI/AWWA C223 – Fabricated Steel and Stainless-Steel Tapping Sleeves.

ANSI/AWWA C227—Bolted,  Split-Sleeve Restrained and Nonrestrained 

Couplings for Plain-End Pipe.

ANSI/AWWA C602—Cement–Mortar Linings of Water Pipelines in 

Place—4 In.  (100 mm)  and Larger.

ANSI/AWWA C606—Grooved and Shouldered Joints.

ANSI/AWWA C651—Disinfecting Water Mains.

ASTM D2487—Standard Practice for Classifcation of Soils for Engineering 

Purposes (Unifed Soil Classifcation System).

AWS* D1.1/D1.1M—Structural Welding Code—Steel.

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

SECTION  3:  DEFINITIONS

Te following defnitions shall apply in this standard:

1. Bell-and-spigot (or lap) joint:  A circumferential joint in which one of the

members joined overlaps the other.

2. Bevel:  Te angle formed between the prepared edge of a pipe end and a

plane perpendicular to the longitudinal axis of the pipe.  Bevels are generally used 

for butt-joint welding of pipe ends.

* American Welding Society,  550 Northwest LeJeune Road,  Miami,  FL 33126.
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3. Butt joint:  A pipe joint in which the two pipe ends are aligned approxi-

mately in the same plane and do not overlap.  Tis joint confguration is commonly 

beveled and may include a backup ring on the side opposite of which feld joint 

welding is to be performed.

4. Constructor:  Te party that provides the work and materials for place-

ment or installation.

5. Dewatering:  Te removal of water in and around construction opera-

tions.  Tis usually pertains to underground water within construction zones,  

which can adversely afect the construction activities.

6. Fillet weld:  A weld of approximately triangular cross section the throat

of which lies in a plane disposed approximately 45  degrees with regard to the sur-

face of the parts joined.  Te size of the fllet weld is expressed in terms of the width,  

in inches,  of one of its adjacent fused legs (the shorter leg,  if unequal).

7. Final backfll:  Final backfll begins at top of initial backfll and contin-

ues to the top of trench or fnished grade.

8. Grade:  Te elevation of a specifc point of a structure or pipeline (i.e.,

invert,  centerline [springline] ,  or top of pipe).  Tis elevation is usually measured 

relative to established survey points at the project.

9. Haunch:  Te area of the trench that begins at the bottom of the pipe

and generally extends up to one-third of the pipe diameter.

10. Initial backfll:  Initial backfll begins at the top of the bedding or

haunch area and continues to the top of pipe.

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

materials or products.

12. Mechanical cutting:  Te severing of materials using a power cut-of 

saw with a thin fat blade having a continuous line of teeth on its edge or high-

speed abrasive disk.

13. Miter:  Te angle between the cut of a pipe end and a line drawn per-

pendicular to the longitudinal axis of the pipe.  Miters are used on bells,  butt joints,  

or to fabricate elbows and are used to facilitate pipe laying at changes in horizontal 

or vertical alignment.

14. Nominal diameter or size:  Te commercial designation or dimension

by which pipe is designated for simplicity.  Commonly,  it is the fnished inside 

diameter after lining.

15. Nominal weight per foot (for pipe):  Te theoretical weight,  per foot,

calculated from the wall thickness,  as distinguished from the actual and measured 
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weight per foot of the fnished pipe.  A steel unit weight of 0.284 lb/in.3  (or 490 lb/

ft3)  shall be used when calculating weight per foot.  Unit weights of 0.087 lb/in.3,  

or 150 lb/ft3,  for cement mortar shall be used when calculating weight per foot.

16. Pipe bedding:  Te material immediately under the pipeline and by

which the pipeline is supported.  Tis material is usually of a specifc description 

and may simply be the reuse of the originally excavated material.

17. Pipe embedment:  Te area comprising the pipe bedding plus the initial

backfll.

18. Plain-end pipe:  Pipe that is not threaded,  beveled,  belled,  or otherwise

given a special end confguration.

19. Plans:  Drawings normally prepared by an engineer employed or

retained by the purchaser or system-operator showing the location and details for 

the construction of the pipeline and appurtenances.

20. Purchaser:  Te person,  company,  or organization that purchases any

materials or work to be performed.

21. Purchaser’s documents:  Requirements established by the purchaser,

outlining minimum acceptable design,  manufacture,  quality of installation,  or any 

other criteria the purchaser deems necessary for the procurement of the product 

required.  Installation specifcations may incorporate this standard by reference 

but should also include specifcation requirements for matters not covered by the 

standard.

22. Random lengths:  Pipe lengths as produced in a pipe mill to which no

special treatment is given to make the lengths uniform.

23. Special section:  Any piece of pipe other than a normal full-length

straight section.  Tis includes but is not limited to elbows,  pipe with outlets,  short 

pieces,  reducers,  adapter sections with special ends,  and other nonstandard sections.

24. Specifed lengths:  Sections of fnished pipe the length dimensions of

which do not vary from a fxed fgure specifed by the purchaser by more than the 

tolerance set forth.

25. Supplier:  Te party that supplies material or services.  A supplier may

or may not be the manufacturer.

26. Underground utilities:  Previously installed utilities that are located

within the right-of-way of a pipeline or structure.  Tese utilities commonly include 

gas,  power,  water,  cable TV, sewer,  fber-optic cable,  steam lines,  and telephone 

lines.
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27. Utility location service:  Te cooperative organization of major utilities

to provide services for the location and safe construction practices surrounding 

their respective utilities.  Tese utilities often provide a site representative during 

construction when deemed necessary by the utility.

28. Weld-after-backfll:  Weld-after-backfll is the sequence of assembling

a welded lap joint,  applying the exterior coating(s),  backflling the pipe,  then weld-

ing the inside joint at a later time.

SECTION  4:  PRELIMINARY INFORMATION

Sec. 4.1  Permeation

Te selection of materials is critical for potable water,  wastewater,  and 

reclaimed water service,  and for distribution piping in locations where there is 

likelihood the pipe will be exposed to signifcant concentrations of pollutants 

composed of low-molecular-weight petroleum products,  organic solvents,  or their 

vapors.  Documented research has shown that pipe materials (such as polyethylene,  

and polyvinyl chloride)  and elastomers,  such as those used in jointing gaskets and 

packing glands,  are subject to permeation by low-molecular-weight organic sol-

vents or petroleum products.  If a potable water,  wastewater,  or reclaimed water pipe 

must pass through such a contaminated area or an area subject to contamination,  

consult with the manufacturer regarding permeation of pipe walls,  jointing materi-

als,  and so on before selecting materials for use in that area.

Sec. 4.2 Materials

Materials shall comply with the requirements of the Safe Drinking Water Act 

and other federal regulations for potable water,  wastewater,  and reclaimed water 

systems as applicable.

Sec. 4.3 Preconstruction Planning

Te installation of steel pipelines usually involves multiple suppliers and sub-

contractors that have varying preparation requirements.  For this reason,  a precon-

struction meeting is strongly recommended to confrm and coordinate the criti-

cal path aspects of all involved parties.  In particular,  pipe and valve materials are 

usually manufactured to ft specifc locations of the project and often require an 

extended lead time for the purchase of raw material,  drawing preparation,  and 

drawing approvals that must precede construction activities.  Any preconstruction 

planning meeting initiated by the purchaser should include all essential suppliers 
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