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AWWA Standard-

This document is an American Water Works Association (AWWA) standard. It is not a specification. AWWA standards
describe minimum requirements and de not contain aif of the engineering and administrative information normally
contained in specifications. The AWWA standards usually contain options that must be evaluated by the user of the
standard. Until each optional feature is specified by the user, the product or service is not fully defined. AWWA pub-
lication of a standard does not constitute endorsement of any product or product type, nor does AWWA, test, certify,
or approve any product. The use of AWWA standards is entirely voluntary. This standard does not supersede or take
precedence over or displace any applicable law, regulation, or code of any governmental authority. AWWA standards
are intended to represent a consensus of the water industry that the product described will provide satisfactory ser
vice. When AWWA revises or withdraws this standard, an official notice of action wiil be placed on the first page of the
Official Nottce section of journal - American Water Works Association. The action becomes effective on the first day of
the month following the month of fournal - American Water Works Association publication of the official notice.

American National Standard

An American National Standard implies a consensus of those substantially concerned with its scope and provisions,
An American National Standard is intended as a guide to aid the manufacturer, the consumer, and the general public.
The existence of an American National Standard does not in any respect preciude 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 pericdic review, and users are cau-
tioned to obiain the latest editions. Producers of goods made in conformity with an American National Standard are
encouraged to state on their own responsibility in adverusing and promoticnal materials or on tags or iabels that the
goods are produced in conformity with particular American National Standards.

Caunion NOTICE: The American National Standards tnstitute {ANS!) approval date on the front cover of this standard
indicates completion of the ANSE approvai process. This American MNational Standard may be revised or withdrawn at
any time. ANS| procedures require that action be taken ta reaffirm, revise, or withdraw this standard no later than five
years from the daie of publication. Purchasers of American National Standards may receive current infoermation on
all standards by calling or writing the American National Standards Institute, 25 West 43rd Street, Fourth Floor, New
York, NY 10036; 212.642 4900; or emailing info@ansi.org.

This AWWA content is the product of thousands of

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.
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Foreword

This foreword is for information only and is not a part of ANSIYAWWA C604.

I. Introduction.

LA, History.  'This standard pertains to the in-ground installation of stecl
pipelines for use in the distribution and transmission of water, air, and other products
in water system facilicies. It has been prepared by the AW WA Standards Commiiteee on
Steel Pipe. initially formed as Committee A7A in 1939. At thar time, the Steel Warer
Pipe Manufacturers Technical Advisory Committee was organized as a subsidiary
group to function as a source of rechnical informartion for the parent commirree.
Commitree A7A and its successors, Committee 83100 and che AWWA Scandards
Committee on Steel Pipe, have assumed cesponsibiliry for all AWWA scandards and
manuals pertaining to steel pipe, fittings, linings and coatings, feld installadons, and
related irems,

In 1996 the AWWA Standards Council directed the Standards Committee on
Steel Pipe to develop a standard for the installation of steel pipelines and cheir appur-
tenances wsed in warter treatment or conveving facilities. The firse edition of AWWA
C604 was approved by the AWWA Board of Directors on Feb. 12, 2006. The second
edition was approved on fan. 23, 2011, The present edition of C604 was approved on
Jan. 14, 2017.

LB, Discussion.  ANSIJAWNWA CO604 addresses the insullation of steel pipe
4 in. (100 mm) in diameter and larger typically used in the water industry. ANSI/
AWWA C0604 anticipates the use of pipe produced in a fabricator’s shop or pipe mill
that meers the stringenc design, quality control, and testing requirements of AW WA
Manual M11, ANSVAWWA C200, and the applicable AW WA steel pipe lining and
coating standards.

LC.  Acceptance.  In May 1985, the US Environmental Protection Agency
(USEPA) entered into a cooperative agreement with a consortium led by NSF
International (NSF) o develop voluntary chird-party consensus standards and a
cerritication program for divectand indirect drinking water additives. Other members of
the original consortiwm included the Warter Research Foundation (formerly AwwaRF)

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

= American National Standards Institure, 25 Weat 43rd Sereer, Fourth Floor, New York, NY 10036,
TNSE heernacional, 789 North Dixboro Road. Aun Arbor, M1 48105,

iX
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American Water Works Associarion (AW WA) and the Association of State Drinking
Water Administrators (ASDWA) joined larer.

In the United States, authority to regulate products for use in, or in contact with,
drinking warer rests with individual srates.” Local agencies may choose to impose
requirements more stringent than those required by the state. To evaluate the healch
effects of products and drinking water additives from such products, stare and local
agencies may use various references, including

I.  Specific policies of the state or local ageney.

2. Two standmds developed under the direction ot NSF: NSKFANSI 60,
Drinking Water Trearment Chemicals—Healeh Effects, and NSF/ANSI 61, Drinking
Water System Components—Health Effects.

3. Other references. including AWWA seandards, Food Chemicals Codex.
Witer Chemicals Codex)” and other standards considered appropriate by the state or
local agency.

Various certification organizations may be involved in certitying products in accor-
dance with NSF/ANSI 61 Individual states or focal agencies have authority to accepr
ot accredit certification organizations within cheir jurisdictions. Accreditation of certi-
frcation organizadons may vary from jurisdicdon to jurisdicrion.

Annex A, “Toxicology Review and Evaluadion Procedures,” 1o NSF/ANSI 61 does
not stipulate a maximum allowable level (MAL) of 4 contaminant for substances not
regulated by a USEPA final maximum contminant level (MCL). The MALs of an
unspecified lise of “unregulated contaminants™ are based on roxicity testing guidelines
(noncarcinogens) and risk characterization methodology (carcinogens). Use of Annex A
procedures may not always be idencical, depending on the certitier,

ANSI/AW WA C604 doces nor address additives requirements. Thus, users of this
standard should consult the appropriate state or local agency having jurisdiction in
order o

1. Determine additives requirements. including applicable standards.

2. Determine the status of certifications by parties ottering to cerdfy products
for contact with, or trearment of, drinking warer.

3. Determine current informarion on product certification.

* Persons ourside the United Staces should conrace the appropriawe authoricy laving jurisdiction,
+ Both publications aviilable from National Academy of Scivnces, S00 Filth Sereer, NW, Washingoon,
DC 20061,

X
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II.  Special Issues.

WA, Application.  ANSHUAWWA C604, lnswallation 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 rransmission 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 contracr documents. T
is based on a consensus of the committee on the minimum practice consistent with
sound, economical service under normal condirions, and its applicability under any
circumstances must be reviewed by a responsible engineer. The standard is not intended
to preclude the manufacture, marketing, purchase, or use of any product, process, or
procedure.

IWWB.  Chiorine and Chloramine Degradation of Elastomers.  The selection
of materials is critical for water service and distribution piping in locations where
there is a possibility thac elastomers will be in contacr with chlorine or chloramines.
Documented research has shown chat elastomers such as gaskets, seals, valve seats, and
encapsulations may be degraded when exposed to chlorine or chloramines. The impace
of degradation is a function of the type of elastomeric material, chemical concentrarion,
contact surface area, elastomer cross section, and environmental conditions as well as
temperature. Careful selection of and specifications for clastomeric materials and che
specifics of their application for each water system component should be considered o
provide long-term usefulness and minimum degradation (swelling, loss of elasticiry, or
softening) of the elastomer specified.

IL.B.1  Gasker Degradation Study. A pipe gasker, having the hardness of a
compressed elastomer with a large mass relative 1o the small exposed surface area. thus
experiences minimal degradation. This 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 surtace.

III. Use of This Standard. It is the responsibility of the user of an AW WA
standard to determine that the products described in char standard are suitable for use
in the particular application being considered.

LA, Purchaser  Options  and  Alternatives.  Considerable  supplemental
information is required in conjunction wich the use of this standard. including, but not

limited to, purchaser’s documents consisting of detailed plans and specifications. The

“RW. Bonds. 2004, Effecr of Chloramines on Ducrile-Iron Pipe Gaskers of Vartous Elastomer
Compounds. Jour. AW WAL 96(4):153-160.

xi
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purchaser’s documents should cover, as a minimum, detailed instructions pertining
all references in this standard ro “as specified” and “in accordance with cthe purchaser’s
documents.” Inaddition, the purchaser shall provide specific supplemencary information
t0 the purchaser's documents regarding che following:

. Standard used—rchat is. ANSHAW WA C604, Installation of Buried Steel
Warer Pipe—4 In. (100 mm) and Larger, of latest revision.

2. Whether compliance with NSF/ANSE 61, Drinking Warer  System
Components—Health Efecrs, is required.

3. Pipe design criteria and tvpe of pipe ends.

4. Pipeline plan and profile drawings including appurtenances, vaults, valves,
and existing utilities.

5. Pipe bedding specibication and drawing derails.

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

7. Surface restoration.

8. Special handling requirements.

9. Derails of other federal, state or provincial, and local requirements (See. 4.2).

10, Whether proot testing of the weld-afrer-backhll method is required for the
project-specific conditions, including testing protocols (See. 6.2.2). Nore: The exterior
protective joine coating, back Al material, pipe wall thickness, and welding procedures
should be considered when using this process.

HLB.  Modifrcation ro Standard.  Any modification of the provisions, definitions,
or terminology in this standard must be provided by the purchaser.
IV.  Major Revisions. Major revisions made o the standard in this edition

include the following:

I, Sec. LB in the foreword, which provides a discussion on ANSI/AWWA
C604, was updarced.

2. Anadvisory statement was added in the toreword (Sec. ILB) regarding chlo-

rine and chloramine degradation of elastomers per the AWWA Standards Council

directive,

3. Secdon 2, References, has been updared.

4. Weld-after-backfill was added o Section 3, Detinitions.

5. The section numbering and " subritles were revised ro streamline the
document.

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

for welded lap joints.

xii
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7. Sec. 6.2.4, Bolted Flange Joints, was significantly updared and expanded.

8. New Figure 3, Flar-Face Slip-on Ring Flange With Filler Weld Derail, and
Figure 6, Gasker 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 updared.

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

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

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

4. Additional information was added to Sec. 8.1.3, Internal Bracing,
15, A new appendix A was added to include Hange assembly deril informarion.

V. Comments. [fyou have any comments or questions about this standard,

please call AWWA Enginecring and Technical Services at 303.794.7711. FAX ac
303.795.7603: write to the deparmment at 6666 West Quincy Avenue, Denver, CO

80235-3098; or email ar standards@awwa.org,

xiii
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ANSI/AWWA C604-17

‘ (Revision of ANSI/AWWA C604-11)
[

American Water Works

Association

Dedicated to the World's Most Important Resource™ AWWA Standard

Installation of Buried Steel Water
Pipe—4 In. (100 mm) and Larger

SECTION 1: GENERAL

Sec. 1.1 Scope

This srandard provides the field installation guidelines for buried seeel water
pipe, 4 in. (100 mum)~ and larger.

The intormarion contained in this standard is intended ro be used as a guide
to assist in the installation of steel water pipe.

L10 Cendirions thar may vequire additional considerations.  Installacions
thar require special arrention, techniques, and materials are nor covered by this
standard. Some of these installations are

I. Piping through rigid walls or structures.

2. Connections to appurtenances.

3. Piping on supports or on piles aboveground or belowground.
4. Piping subject to significant thermal stresses.

5. Trearment plant or pump-station piping.

6. Industrial piping.

7. Piping in seismic areas.

= Metric conversions given in this standard are direer conversions of US customary uaits and are not those specified
in che Incernational Organizcion for Standardization (13O standards.

1
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2 AWWA Ce04-17

Sec. 1.2

Sec. 1.3

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 wich cover less than 3 fr (900 mm).

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

Purpose

The purpose of chis standard is to provide the minimum requirements for
the installation of buried steel warter pipelines, including inspection, unloading,

handling, storage, and testing.

Application

This standard is intended to cover typical pipeline consrruction practices
that are deemed adequate for the sarisfactory installation of stee] warter pipelines.
Individual project requirements may vary substantially and should always be thor-
oughly reviewed before bidding or construction starcup. 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 thar are

bevond the scope of this standacd.

SECTION 2: REFERENCES

This standard references the following documents. In their latest editions. the
referenced documents form a pare of chis standard to the extent specitied herein. In
case of conflict, the requirements of chis standard shall prevail.

AASHTO® MI145—Sundard Specification for Classification of Soils and
Soil-Aggregate Mixtures for Highway Construction Purposes.

ANSIH/AW WA C200—Steel Water Pipe—6 In. (150 mm) and Larger.

ANSI/AWWA C203—Coal-Tar Protecrive Coatings and Linings for Steel
Water Pipe.

ANSI/AWWA C205—Cement—Morrar Protective Lining and Coating for
Steel Warer Pipe—4 In. (100 mm) and Larger—Shop Applied.

ANSIAW WA C206—-Field Welding of Steel Warter Dipe.

* American Association of Stare Highway and Transportaton Officials, 444 Norch Capieol Streers NW. Suite 249,
Washingron, DC 20001,
FAmerican National Standards [nstiture, 25 West 430d Strcer, Fourth Floor New York, NY 10036,

Copyright € 2017 American 'Water Works Association. All Rights Reserved.



INSTALLATION OF BURIED STEEL WATER PIPE-—4 IN. (100 MM) AND LARGER 3

ANSI/AW WA C207—Steel Pipe Flanges tor Waterworks Service, Sizes 4 In.
‘Through 144 In. (100 mm Through 3,600 mm). /

ANSH/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 Fictings.

ANSI/AW WA C214—Tape Coatings for Steel Water Pipe.

ANSI/AWWA C216—Hear-Shrinkable Cross-Linked Polyolefin Coatings
tor Steel Water Pipe and Fictings.

ANSI/AW WA C217—Microcrystalline Wax and Petrolacum Tape Coating
Systems for Steel Warter Pipe and Firtings.

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

ANSI/AW WA C222—Polyurethane Coatings tor the Interior and Exrerior
of Steel Water Pipe and Fittings.

ANSI/AWWA (223 — Fabricated Steel and Stainless-Steel Tapping Sleeves.

ANSI/AWWA (C227—Bolted, Splic-Sleeve Restrained and Nonrestrained
Couplings for Plain-Eind Pipe.

ANSI/AWWA - Co02—Cement—Mortar Linings of Water Pipelines in
Place—4 In. (100 mm} and Larger.

ANSI/AW WA (606 —Grooved and Shouldered Joings.

ANSI/AW WA Co51—Disintecting Water Mains.

ASTM D2487—Srtandard Pracrice for Classification of Soils for Engineering
Purposes (Unihed Soil Classification System).

AWS*® DLI/DLIM—Structural Welding Code—Steel.

AWWA MU1—Steel Pipe—A Guide for Design and Installation.

SECTION 3: DEFINITIONS

Ihe tollowing definitions shall apply in this standard:
1. Bell-and-spigor (or lap) joine: A circumiferential joint in which one of the
members joined overlaps the other.
2. Bevel: The angle tormed between the prepared edge of a pipe end and a
plane perpendicular to the longitudinal axis of the pipe. Bevels are generally used

for burr-joint welding of pipe ends.

* American Welding Socteev. 530 Norehwese Lefenne Rowd, Miami. FL 33126

Copyright & 2017 American Water Works Association. All Rights Reserved.



4 AWWA Co04-17

3. Butz joinr: A pipe joint in which the ewo pipe ends are aligned approxi-
mately in the same plane and do not overlap, This joint conhguration is commonly
beveled and may include a backup ring on the side opposite of which field joine
welding is to be performed.

4, Constructoi: "The party that provides the work and materials for place-
ment or installacion.

5. Dewarering:  the removal of water in and around construction opera-
tions. This usually perrains to underground water within construction zones,
which can adversely affect the construction activities.

6. Filler weld: A weld of approximately triangular cross section the chroat
of which lies in a plane disposed approximartely 45 degrees with regard to the sur-
face of the parts joined. The size of the fillet weld is expressed in terms of the widch,
in inches, of one of its adjacent tused legs (che shorrer leg, it unequal).

7. Final backfill:  Final backfll begins at top of inidal backhll and contin-
ues to the rop of trench or finished grade.

8. Grade: “the elevation of a specific point of a structure or pipeline (i.c..
invere, centerline [springling], or wop of pipe). This elevation is usually measured
relative to established survey points at the projece.

9. Haunch: "The area of the trench char begins ar the borrom of the pipe
and generally extends up o one-third of the pipe diamerer.

10, fuitiad backfill:  Inidial backfill begins at the top of the bedding or
haunch area and continues to the top of pipe.

1. Manufacturer: “The party char manufactures. fabricates, or produces
materials or products.

12, Mechanical cutting:  “the severing of materials using a power cut-oft
saw with a thin Hat blade having a continuous line of teech on its edge or high-
speed abrasive disk.

13. Miter: The 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, buce joings,
or wo fabricate elbows and are used to facilitate pipe laying ae changes in horizoneal
or vertical alignment.

V4. Nominal diameter or size:  The commercial designation or dimension
by which pipe is designated tor simplicity. Commonly, it is the finished inside
diameter after lining.

Nominal weight per foor (for pipel:  The theorerical weight. per foor,

calculated trom che wall thickness, as distinguished from the acrual and measured
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weight per foort of che finished pipe. A steel unit weight of 0.284 ib/in.3 (or 490 It/
ft?) shall be used when caleulating weight per foot. Unit weights of 0.087 {bfin.?,
or 130 Ib/fe?, for cement mortar shall be used when calculating weight per foor.

16, Pipe bedding:  “The material immediately under the pipeline and by
which the pipeline is supported. This material is usually of a specific description
and may simply be the reuse of the originally excavated matcrial.

17. Pipe embedment:  'The avea comprising the pipe bedding plus the initial
backhil.

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

19. Plans: Drawings normally prepared by an engineer employed or
reained by the purchaser or system-operator showing the location and details for
the construction of the pipeline and appurtenances.

20. Purchaser: The person, company, or organization that purchases any
materials or work to be performed.

21. Purchaser’s documents:  Requirements established by the purchaser,
outlining minimum acceprable design. manutacrure, quality of installation, or any
other criteria the purchaser deems necessary for the procurement of the produce
required. Installation specifications may incorporate this standard by reference
but should also include specification requirements for matters not covered by the
standard.

22. Random lengths:  Pipe lengths as produced in a pipe mill o which no
special treatment is given to make the lengths uniform.

23. Special section:  Any piece of pipe other than a normal full-length
straighe seceion. This includes but is noe limited to etbows, pipe with outlets, shore
pieces, reducers, adapter sections with special ends, and other nonstandard sections.

24, Specified lengths:  Sectons of Anished pipe the lengeh dimensions of
which do not vary tfrom a fixed hgure specifiecd by the purchaser by more than the
tolerance set forth.,

25. Supplier: The party that supplies macerial or services. A supplier may
or may not be the manutacturer.

20. Underground wntilities:  Previously installed utilicies thar are located
within the righe-of-way of a pipeline or structure. These utilities commonly include
gas. power, water, cable TV, sewer, fiber-optic cable, steam lines. and telephone

lines.
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27. Utility locarion service:  The cooperative organization of major utilities
to provide services for the location and safe construction pracrices surrounding
their respective utilities. These utdilities often provide a site representative during
construction when deemed necessary by the uriliry.

28. Weld-after-backfill:  Weld-atier-backhill is the sequence of assembling,
a welded lap joint, applying the exterior coating(s), backfilling the pipe, then weld-

ing the inside joint at a later time.

SECTION 4: PRELIMINARY INFORMATION

Sec. 4.1  Permeation

The selection of materials is critical for porable water, wastewater, and
reclaimed water service, and for distribution piping in locations where there is
likelihood the pipe will be exposed 1o significant concencrations of pollutants
composed of low-molecular-weight petrolenm products, organic solvents, or cheir
vapors. Documented research has shown that pipe materials (such as polverhylene,
and polyvinyl chloride) and clastomers, such as those used in jointing gaskets and
packing glands, are subject to permeation by low-molecular-weight organic sol-
vents or peeroleum produces. Ia potable water, wastewater, or recliimed warter pipe
must pass through such a contaminared area or an area subject o contaminarion,
consult with the manufacturer rega rding permearion of pipe walls, jointing mareri-

als, and so on before sclecting marerials for use in thae area.

Sec. 4.2  Materials
Materials shall comply with the requiremens of the Safe Drinking Warer Act
and other federal regulations tor potable water, wastewater, and reclaimed water

systems as applicable.

Sec. 4.3  Preconstruction Planning

The installation of steel pipelines usually involves multiple supplicrs and sub-
contracrors that have varving preparacion requirements. For this reason, a precon-
struction meeting is strongly recommended to confirm and coordinate the cric-
cal path aspects ot all involved parties. lu particular, pipe and valve marterials are
ustally manufacrured o fic specific 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 inidiated by che purchaser should include all essendial supplicrs
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and subcontractors. During the meeting, a schedule should be confirmed that is
agreeable to all parties. The meeting also affords all parties the opportunity to
elaborate on their respective preparations, such as procurement of materials, prep-
aration of drawings, and submitrals. The constructor shall provide the searting
location and direction of construction. Care should be raken when preparing the
construction schedule as lacer changes in construction plans may affece shop draw-

ings. laying schedules, delivery dates, and other parties.

SECTION 5: TRENCH CONSTRUCTION

Sec. 5.1  Alignment and Grade

Pipelines shall be laid and alignment mainwined to the required horizon-
tal line and vertical grade established in the purchaser- and constructor-approved
layour drawings for the project subject 1o allowable tolerances. Valves and special
sections shall be installed at the required locations unless feld conditions warrant
otherwise and such changes are agreed to by the purchaser and constructor. Valve-
operating stems shall be oriented in a manner to allow proper operation.

5.1.1  Prior investigation.  Prior to excavation. investigation shall be made
to the extent necessary to determine the precise location of existing underground
utilicies, strucrures, and conflicts, This will require the construcror to contact the
utility location service tor proper coordination and location of utilities and then
perform excavations to verity the elevation ar the poinc of intersection with the
proposed pipe excavation. In addition. care shall be exercised during excavation to
avold damage o existing structures, which may not be identified by the utilicy loca-
tion service. Special precautions shall be raken when the pipeline being installed
crosses or is adjacent to a facility that is cathodically protected. When obstruc-
tions that are not shown on the purchaser's documents are encountered during the
progress of work and interfere so that an alteration is required, such aleerations or
deviations in line and grade or the removal, relocation, or reconstruction of the
obstructions shall be performed in accordance with the purchaser’s documents.

51.2  Clearance. When crossing existing pipelines or other structures,
alignmencand grade shall be in accordance with the project requirements. Insealled
pipe and structures shall provide clearance as required by tederal, state or provin-

cial, and local regulations. Wherever possible, pipe and structures shall have a
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minimum clearance of 12 in. (300 mm) from existing pipelines or structures to

allow for proper compaction.

Sec. 5.2  Trench Construction

The trench shall be excavated to the required alignment, depth, and widch
specified or shown on the purchaser’s documernts and shall be in conformance with
all federal, seate or provincial, and local regulations for the protection of workers.

5.2.1  Trench preparation.  Trench preparation shall proceed in advance of
the pipe installation. The amount of open trench lengeh allowed may be limited by
the amount of nonbackfilled pipe, the purchaser’s documents, safery, and public
impact considerations (such as trathe, slope, erc.).

5.2.2  Dewatering discharges.  Discharges from wench dewatering pumps
shall be directed away from the trench in order not to affecr trench stability, and
shall be in accordance with tederal, state, and local poinedischarge requiremens.

523 Excavated matevial.  Lxcavated marterial shall be placed in a manner
thar will not obstruce the work. endanger workers or the public, or obstruct side-
walks, driveways, roadways, and other scructures. 1F obstruction of such structures
becomes necessary, the conscructor shatl plan for alternative means to accomme-
date the public. Placement of excavated material shall be done in compliance with
federal, state or provincial, and local regulations.

5.2.4  Pavement removal.  Removal of pavement and road surfaces shall be
a part of the trench excavation. The amount removed shall depend on the width of
wrench required tor installation of the pipe. including satery requirements and the
dimensions of the area into which valves, specials, manways, or other strucrures
will be installed. Methods such as sawing, drilling, or chipping shall be used 1o
ensure the breakage of pavement along straighe lines.

525  Trench width.  The widdh of the trench ar the wop of the pipe shall
be as dictated by the purchaser’s documents or as necessitated by safery require-
ments. In any case, the tench widch shall provide ample dearance to permir the
pipe to be installed and joined properly, and o allow the backhll to be placed in
accordance with the purchaser’s documents and ensure elimination of voids in the
haunch area and ensure proper placement and compaciion of initial backhll mate-
vials. If mechanical compaction is required of the inidal backfll marterials, wench
width shall provide clearance on each side of the pipe to allow room for compac-
tion equipment. The trench wideh ar the borrom of the pipe will be governed by the
space required for compaction or consolidation equipment. [n addition, tenches

shall be of such exrra widch, when required, ro permic the placement of sheering,
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bracing, and appurtenances as required by the safety requirements of the agency
having jurisdiction.

5.2.6  Trench bedding. 'The trench shall be excavated and bedding
installed. The bedding shall provide uniform suppore tor the full length of the pipe
barrel, excepr thar a slight depression may be provided to facilitate the removal of
pipe slings or other lifting devices withour damaging the pipe coating. Pipe bed-
ding and backhll material shall be installed so as to avoid abrasion or other damage
to the coating on the pipe.

5.2.7  Bell hwoles.  Holes for the pipe joints shall be provided at each pipe
end. Holes shall be adequately sized tor completing welding or coupled joints when
required and any external coatings, but shall be no larger than necessary to allow
joint assembly, inspection activities, or as required for safety considerations.

5.2.8  Rock conditions. 1f excavation of rock is necessary. all rock shall be
removed to provide a clearance below and on each side of all pipe. valves, and fir-
tings. The minimum clearance shall be 6 in. (150 mm) for pipe with an ourside
diameter (OD) up w 24 in. (600 mm) and 10 in. (250 mm) for pipe with an
OD greater than 24 in. (600 mm). When the excavation is completed, a layer of
appropriate subgrade material (sec Sec. 6.4.1) shall be placed on the bortom of the
erench, graded, and compacted to provide uniform supporr for the entire length of
pipe. Loose bedding marerial shall be placed on the compacted subgrade material
up to the bottom of the pipe. These clearances and bedding procedures shall also
be observed ftor pieces of concrete or masonry and other debris or subterranean
structures, such as masoncy walls, piers, or foundations, that may be encountered
during excavation,

529  Previous excavations.  Should the rench pass over a sewer or other
previous excavation, the trench shall be sufhiciently compacted to provide support
equal to that of cthe native soil or conform o other regulatory requirements in a
manner thar will prevent damage to the existing installation.

5.2.10  Blasting. Blasting for excavatdon shall be permited only afrer
securing approvalls) and establishing the hours of blasting as required by the
purchaser’s documents. The blasting procedure, including protection of existing
ucilities, persons, and property, shall be in strict accordance with federal. stare or
provincial, and local regulations.

520V Protection of existing structures.  Temporary support. adequate pro-

tection, and maintenance ot all underground and surface structures, drains, sewers,
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and other obstructions encountered in the progress of the work shall be provided in
accordance with the purchaser’s documents and applicable reguladions.

5212 Unsuitablesubgrade naterial.  When the subgrade is found to include
ashes, cinders, refuse, organic marterial, or other unsuirable material, such material
shall be removed to at least 6 in. (150 mm) below the bottom of the pipe for pipe
with an outside diameter (OD) vp o 24 in. (600 mn1) and 10 in. (250 mm) for pipe
wich an OD greater chan 24 in. (600 mm). The removed material shall be replaced
with clean, suitable subgrade material in accordance with the purchaser’s documents
or as directed by the purchaser. Once unsuitable material is removed or replaced, the
bedding marterial shall be placed and graded so that it will provide uniform support
for the entire length of the pipe.

5.2.13  Unstable subgrade.  When the bottom of the trench or the subgrade
consists of marterial that is unstable to such a degree that it cannot be removed, a
foundation for the pipe and/or appurtenance shall be constructed in accordance

with the purchaset’s documents or as direcred by the purchaser,

SECTION 6: PIPE INSTALLATION

Sec. 6.1  General Pipe Installation

Proper implements, tools, and facilities shall be provided and used tor the sate
and convenient performance of the work. Alk pipe, fittings, and valves shall be low-
ered carefully into the rench by means of a backhoe or crane, using nvion slings,
guide ropes, or other suirable twols or equipment, in such a manuner as to prevent
damage to the pipe. protective coatings, and linings. Pipe shall nor be dropped
or dumped into the trench. The trench shall be dewatered prior to installation of
the pipe and maintained until the pipeline is substandally covered as necessary to
prevent pipe from {loating.

At all times during construction of the pipeline, precautions shall be raken
to prevent damage to the protective coating, Coating damaged during installation
shall be repaired in accordance with this and other applicable AW WA standards
and the coating manufacturer recommendations.

6.1.1  Examination of marerial.  All pipe. fittings, coatings, and appur-
tenances shall be examined carefully for damage and other defects upon arrival

ar the instatlation site and immediately betore assembly in the trench. Defective

Copyright © 2017 American Waler Works Assoctation, All Rights Reserved.



INSTALLATION OF BURIED STEEL WATER PIPE—4 IN. (100 MM) AND LARGER 11

materials shall be marked and held for final disposition as required by the pur-
chaser’s documents.

6.1.2  Pipe ends.  All deleterious materials shall be removed from the ends
of each pipe. For bell-and-spigot pipe, the outside of the spigot end and the inside
of the bell shall be wiped clean and dry so that they are free from dirr, sand. grit,
and other foreign matter before the pipe is installed.

6.1.3  Pipe cleanliness.  As installation progresses, no debris, tols, cloth-
ing, or other materials shall be allowed to accumulate in the pipe during construc-
tion and shall be prevented from entering the pipe while it is being placed in the
trench.

6.1.4  Direction of bells. It is common practice to lay lap-welded pipe
joints with the spigot facing the direction in which work is progressing. For rubber-
gasketed pipe, common pracrice is to lay the pipe joincs wich the bell facing the
dircerion in which work is progressing to prevent debris from being scooped into
the bell. The direction of the bells is not functionally related w the direction of
How wichin the system.

6.1.5  Pipe end caps.  When pipe laying is not in progress, cover, cap, or
secure the open ends of pipe where required. If end caps are used. they shall remain
in place undl the trench work proceeds. When pipe end caps are in place, care
must be taken te prevent pipe Hotadion should che rench fill wich water.

0.1.6  Pipe onsteep grades.  On grades exceeding 10 percent, depending on
joint type and wrenching and backfll practices, the pipe may need to be faid uphill
or otherwise held in place by approved methods. Pipe may be laid downhill
prevent material trom being dislodged during excavation potentially damaging che
pipe or causing injury ro personnel working on the pipe. Pipe with unrestrained
joints laid downhill may need to be restrained to prevent pipe segments from slid-

ing downhill during backfilling.
Sec. 6.2 Joint Assembly and Testing

Proper implements, tools, and tacilities shall be provided and used for the
safe and convenient performance of the work. The types of joints covered in this
standard include gasketed, flanged, coupled, expansion, and welded, all of which
have specific applications. The joint types required for a project will be dicrared by
the purchaser’s documents,

6.2.1  Rubber-gasketed joints.  The most common gasketed joint consiscs of
a bell-and-spigot end configuration formed directly into the steel pipe cvlinder or

atrached ro the steel pipe cylinder. The spigot end includes a groove chat retains a
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gasket. The gasket groove and the bell end of the mating pipe shall be cleaned thor-
oughly. When the spigot is inserted into the bell, the gasker compresses berween
the steel surfaces to form a watertight seal. Rubber-gasketed joints shall be assem-
bled as described in Sec. 6.2.1.1 and illustrared in Figures 1 and 2.

6.2.1.1  Pipe placement for O-ring rubber-gasketed joints.  Mark the out-
side of the pipe ar the quarter points for the minimum stab depeh. This dimension
is provided on the shop joint detail drawings. Lift the pipe using the appropriate
method. On steep slopes. it may be advisable o use slings as chokers. Visually
inspect the O-ring gasker for any visible defects. cuts, tears, or excessive stretch-
ing. Sererch the O-ring gasket over the pipe spigot cnd by hand or by using a dull
pry bar (to avoid cuts or tears), and then carefully sear the gasker into the O-ring
groove on the spigot (see Figure 1). After placement, relieve rension in the gasker
by running a dull objecr, such as a wooden dowel, between the gasker and the
spigot groove around the pipe circumference several times. Just prior to stabbing,
apply a light coar of vegerable-based pipe lubricane to the spigot-end exterior and
the bell-end interior, being sure 1o keep the joine clean. The spigot end shall be

stabbed approximartely 1 in. (25 mm) inco the bell end, with the two maring picces

Figure 1 lypical O-ring gasker assembly
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Figure 2 Typical installation of pipe with gasketed bell-and-spigot joints

in reasonably straighe alignment (see Figure 2) ensuring chat che gasker has been
caprured within the bell. "The spigot shall then be engaged to the manufacturer’s
recommended distance. Rubber-gaskered pipe may be joined using a choker sling
arrached to the excavaror bucket and drawing the pipe joine o full engagement.

Small-diameter pipe spigots may be pushed inro the bell with a long pry bar. Large-
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0 = deflection angle
S = joint deflection oftset
L = laying length
R = radius of curve
A= —-
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Figure 3

Joinc deflection

diamerer pipe may be pushed into the bell using the bucket of che excavaror and
appropriately sized timber, which is used o equalize the assembly loads and reduce
the risk of damage to the bell, or pulled together using a winch or come-a-long. As
each length of pipe is placed in the trench, the pipe shall be brought ro the correct
line and grade. After che joint is properly engaged, deflect the joint. it required,
within the prescribed limits in Sec. 6.2.3 (see Figure 3) or the purchaser’s docu-
ments. The pipe shall be secured in place with approved backhll material.

6.2.1.2  Rubber-gasketed joinr testing.  After the pipe has been laid w
final grade, the rubber-gasketed joint shall be tested using a feeler gauge. This test
ensures thac the gasket has nor rolled out of the groove, or “fish-mouthed.” Per-
formy chis test by inserting a feeler gauge from the outside of the joint berween the
bell and spigot until reaching metal-to-meral contact between the spigot and bell.
or the gasker. Continue completely around the pipe circumference to ensure the
gasker is properly seated. Do not force the fecler gauge past the gasker. The only
purpose of the feeler gauge test is to determine whether the gasket has rolled our
of the groove during installation: it is not to determine the amouns of clearance, i

any, between the spigoc and the bell.
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It the gasket has disengaged at any point around che joing, the joinr shall be
pulled aparc and the gasker shall be removed and discarded. Install a new gasker in
accordance with procedures stated in Sec. 6.2.1.1. Alternatively, if a pipe segment
cannot be removed, seal-weld the interior of the joint, or insert a rolled steel round
bar into the flare of the bell and seal-weld the round bar to che bell and spigot.

6.2.2  Pipe placement for welded lap joinrs.  Mark the outside of the pipe at
the quarter points for the required stab depth range. This dimension is provided on
the joint detail drawings. It should be noted thar interior lap-welded pipe should
never be engaged to the point where the weld would be within 1 in. (25 mm) of the
rangency of the bell formation radius. See Sec. 6.2.10.1 for more denail. Standard
lap-welded joints consist of a single filler weld made on either the interior or exterior
of the pipe. On steep slopes, tr may be advisable to use slings as chokers. Pipe ends
that have coatings or primers on the hold-back arca that will be welded will require
removal of these magerials prior to engaging the two pipe ends because the engage-
ment of the bell and spigot will not allow cleaning after engagement. Coatings or
primers even when advertised as “weldable™ are not allowed to remain on the pipe
ends. Lower the pipe segment, bell end firse, at an approximate 5-degree to 10-degree
angle relative o the previously laid pipe segment. "This will allow the bell edge to
overlap the mating spigor (of the previously laid pipe) to the proper stab depth mark,
On large-diamerer pipe, a small tack weld may be placed onto the exterior of the
bell and spigor ar the “field top.” This tack will acr as a hinge thar will guide the
rentainder of the bell insertion as the pipe is lowered (see Figure 4). The tack welds
may remain as part of the permanent weld if the welder is properly qualified and che
weldment meets che requitements of ANSI/AW WA C206 and the purchaser’s docu-
menes. Under certain circumstances, some constructors may choose w insert the
spigot straight into the bell by methods described in Sec. 6.2.1.1. As cach length of
pipe is placed in the trench, the joint shall be assembled and checked for stab deprh,
and the pipe shall be brought to correct line and grade. After the joint is properly
engaged, deflect the joine, if required, within the prescribed limics in See. 6.2.3 or
the purchaser’s documents. The clearance between faying surfaces shall be within
the prescribed gap limits between the bell and spigot. As required by the purchaser’s
documents, proceed with the welding of the joint in accordance wich ANSIAW WA
C206. 1f required by the purchaser’s documents, perform nondestructive testing
of the weld. Upon completion of the welding and/or weld testing, apply field joint

coating per the appropriate standard. The pipe shall then be secured in place with
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Figure 4 “Tvpical installation of pipe wich welded bell-and-spigot joints
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approved inirial backfill material. After backhlling the pipe, the interior lining ac the
joint shall be completed.

Weld-after-backhll is also an acceprable method for welding the pipe. This
method involves assembling the pipe join as described above, detlecting the joint
if required, applying the appropriate exterior protective coating to the joint, and
backfilling the pipe prior 1o welding the interior joint. The interior joinc weld is
completed after backhll is placed around the pipe and joint. With inside single-
welded joints, this method can reduce or eliminate thermal seress issues associated
with welding pipe exposed to the sun or atmesphere, which can eliminate the need
for thermal stress control joints, Once interior welding and/ov weld testing is com-
pleee, the interior lining at the joint may be completed. Project-specific conditions
and marerials can vary, such as the exterior protective joint coating, backhll mare-
rials, pipe wall chickness, the requirement for an exterior joint weld, and welding
procedures. These variations may warrant testing to verity the method at the start
of construction.

0.2.3  Joint deflection.  When it is necessary to deflect rubber-gasketed or
lap-welded pipe joints from a stwaight line, the amount of joint deflection shall not
exceed the amount that would atfect the waterdght seal for rubber-gaskered joints
or the amount that resules in a field weld closer than 1in. (25 mm) to the nearest
point of rangency to a bell radius or less than che minimum insertion for lap-
welded pipe as defined in ANSI/AW WA C206 (sce Figure 3). The pull is furcher
described as the dimension in which the pipe joint insertion varies when measured
from opposite sides (180 degrees apart). This pull shall not diminish the minimum
required insertion dimension or include gaps beyond the limits in ANSI/AW WA
C206 berween rhe bell and spigot. By using this joinc pull, pipe can be aligned
with long-radius curves as well as minor offsets during pipeline construction.

6.2.4  Bolted flange joints.  Flange joints are made up of the flange, the
fasteners. and the gasker. Obtaining a leak-tree bolted flange joint requires fol-
lowing correce assembly procedures. These assembly guidelines reflect AW WA
Manual M11 and ANSI/AWWA C207 combined with additional “best practices”
recommendartions. The guidelines provide general information tor installers on the
important poines of joint components, bolting patterns. and bolt tightening. More
derailed supplemental informadion is provided in appendix A.

6.2.4.1 Flanges. Flanged ends compliant with ANSI/AW WA C207 have
a widened far ring that slips over the end of the pipe and is atrached with external

and internal filler welds (sce Figure 5).
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Figure 5 Flat-face slip-on ring H.mge with filler weld derail

Bolts fir chrough the Hange into a mating flange or somerimes directly into
a pump, valve, or other component. Because the Hanges form the foundacional
struceure of the joint, some important considerations thar che installer must verity
are described in the following sections.

6.2.4.1.1  Classandsize.  Flanges are manufacrured according to the stan-
dards in ANSIVAWWA (2207, C207 Hanges are “flar faced™ (meaning cheir sealing
surtace is unitormly flat) and “slip on™ {meaning thac che Hange slips over the end
of the pipe as opposed to being bure welded to its end). “The most common tvpe
is the “ring” Hange {which is symmerrical and Hac on both sides).  Flanges are
grouped into classes according to cheir pressure ratings ac atmospheric rempera-
tures. Nominal sizes are specified by their internal diameter, which corresponds to
and is slightly larger than the outside diameter of the corresponding pipe. Flange
information should be impression stamped on the outside edge of the flange as
specified in ANSHAW WA C207.

6.2.4.1.2  Sealing surface condition.  Check for scrarches or damage o the
sealing surfaces that may cause leaks. Special ateention should be given to scratches
that cross the sealing surtace and damage the serrations.

6.2.4.2  Alignment.  Flange faces must be parallel and in line with cach
other before bolting begins and without the need w apply external force to bring
them or hold them in proper position. To ensure a successtul leak-tight Hange con-
neceion, the following general guidelines should be tollowed:

1. Pipe centertine alignment:  Should be wichin % in. (3 mm) up or down,

right or left as measured by a straight edge across the joint, or the boles will nor fir

2. Parallelism:  “The gap bersween the Hanges must be uniform ro wichin

Y% in. (3 mmy} betore tightening wichin any 30-degree arc around the Hange.
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3. Hlange gap clearance:  Minimum gap must allow the gasker to be inserted
without interference. In general, the gap hefore tightening should not exceed three
times the gasker thickness at any point around the circumference.

4. Bolt hole alignment:  Bolr holes must not be out of rotational alignment
by more than % in. (3 mm), or the bolts will not fir.

NoTtE: To meet these conditions it may be necessary to adjuse the pipe posi-
tion, pipe supports, or Hange placement on the pipe. Given the relatively low lateral
stiffness of ring flanges, especially in large diameters, and the inevitable bending
moments caused by handling, pipe sag, and residual welding stresses, it is permis-
sible to apply no more than 20 percent of the final bolt torque o selected bolts to
adjust Hange gap and uniformiry spacing before pacterned tightening begins. See
appendix A for additional information on Hanges.

6.2.4.3  Fasteners.  The term fasteners refers 1o the bolts, nuts, and wash-
ers used to join the pipe sections or other components through the Hanges. Their
purpose is to create and maintain a clamping torce suthcient o seal the joine as well
as to provide the needed structural strength to the pipe system, These components
are made of high-strengch carbon steel and must comply with the specifications in
ANSIAW WA C207 wich respect to grade and dimensions. Flange boles may also
be “studs” wich nuts on both sides of the joint. It takes the proper tols to load
these fasteners to seal pressure joints such as those in water service. See appendix A
for additional information on fasteners.

6.244 Gaskets. Bolred Hange joints depend on a gasket to seal the gap
between the mating Hanges. As bolts are tightened, the gasker is compressed to fll
voids and minor imperfections in the flange faces resulting in a watereight seal. Wich
too little compression, the gasker will not contorm to fll the spaces and the gas-
ket may be forced out of the joint when the system is pressurized. With too much
compression, the gasker may be crushed, pinched, or cur, which could also result in
leakage. Full-face gaskets contact the entire mating surtace of the Hanges; while ring
gaskers hc inside the bolr circle (see Figure 6). Gaskers for water service are typically
made of some tvpe of compressed fiber sheet or one of several elastomeric (rubberlike)
compounds. These soft vet resistant materials are ideal for the moderare temperarures
and pressures encountered in water service. See appendix A tor important consider-
ations for the installation contractor concerning gaskers.

6.2.45  Assembly lubrication.  Fricdon is subsrandally reduced by the
application of a lubricant. Nut and bolr assemblies have two major points of fric-

tion: (1} within the maring chreads. and (2) under the face of the nut or bolt head
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Figare 6

Flat or Full-Face Gasket Ring Gasket
\buolis pass through the gasket) (aaskel fils Inside and is centered by the bolt ciccle)

Gasket types

where it coneacts the Hange or washer. Therefore, lubricant must be applied to both
the threads and under the nur to be eftecrive. Differenc lubricants have different
friction coetlicients represented as a K value or "nut facror.” The K value must be
known in order to accurately convere the turning force of torque into the clamiping
force of bolt load. (See AW WA Manual M11 for more details on torque.)

6.2.4.6  Fastener condition and washers.  As noted above, damaged or cor
roded tasteners inhibit the efficient and accurace conversion of torque to bole load.
Ensure chacall nus are free-running by hand before torquing. It is recommended
that hardened washers be used under all nuts not only because they protect the
Hange face from erosion bur also because of their significant effect on required
rorque. {(See AW WA Manual M1 for more details.)

6.2.47 TTools. Only calibrared wools can produce the measured torque
appropriate for pressure Hange boliing. These may include manual. electvic, bareery,
and hydraulic-powered torque wrenches, impace wols or hammers, and slugging
wrenches. Hydraulic wrenches can be used together in interconnected sets, which
allow for simultancous tightening around rhe Hange. Powered rools, especially
multiple hydraulic wrenches, should be Favored for tightening all joines wich boles
over | in. (253 mm) in diameter or where la rge quantities or karge pipe diamerers are
involved. (See appendix A for suggestions.)

0.24.8 Training.  Pressure joint bolting is highly technical work where
the success of an entire installation project may depend on rthe skills of che bolting

assemblers. Work by qualified and experienced bolters is paramount o the safery,
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quality, and schedule of cthe job. Information on bolted-joint training programs is
available online.

6.24.9 Bolting patterns.  Bolt loading or tensioning compresses the gas-
ket and seals Hanged joints. Bolts must be tensioned eveniy to ensure a proper seal,
which is the purpose of a bolt tensioning pattern and bolting plan. A complica-
tion to achieving uniform tightness is that boles act like interactive springs, where
tightening one bolt will tend to loosen the effective load in its neighbors. This
interdependence among bolts in a Aange is called bofr interaction or cross-talk. Bolts
should be tightened according to an approved pattern and in gradually increasing
seeps to final rorque. The primary goals for this sequential and incremental tighten-
ing are w

* Apply sufficienc bolt load to maintain a leak-free connection

* Achieve uniform bolt load and therefore unitorm gasker stress around
the Hange

* Mainrain parallel closure of the Hanges during tightening

 Minimize excessive loading or unloading of the gasker during tightening

* Avoid localized over compression or crushing of the gasker

* Reduce tool movement to improve efhciency

See appendix A for more detailed information and examples.

6.24.10 Torque. ‘Torque is the product of a force multiplied by the per-
pendicular distance over which the force is applied. In bolting rerms, torque is
usually expressed in units of foor-pounds. Bur torque is not the same as bolt load or
tension. It is bolt load that compresses the gasker and creates a seal. How efficiently
rorque is converted to bolr load depends on a number of factors, the most impor-
tant of which is lubrication. A “dry” bolt and nur may require up to three times the
amount of torque to generate the same load on the gaskee, due ro the differences
in friction. Fastener tightness requirements may vary according to joinr design,
the gasker material, and operating pressure inside the pipe. Reliable gasker seal-
ing is generated by tightening the fasteners in a controlled and uniform manner.
In addition to scating the gasker, tension in rthe fasteners allows the connection to
resist movement and keep the pipe connection stable. Since the amount of tension
in the fastener is ditheule to measure direcely, torque is used as a convenient way to
approximare the desired load. Most pressure joinrts are tightened o approximately
50 percent of bolt yield, depending on che gasker material, and the corresponding
lubrication instructions. Refer to AWWA Manual M1 or the gasker supplier for

rorque vatues and additional information on torque.
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6.2.5  Transition couplings. Transition couplings may be required for join-
ing different types or sizes of pipe. Such fransition devices are typically available.
When ordering, the outside diameter of the pipe ends shall be given.

6.2.6  Tapping slecves.  Tapping sleeves are a means of making branch con-
nections to existing pipelines. The procedures for proper installation of rapping
sleeves shall follow the manufacrurer’s recommendacions and ANSI/AW WA C223,

6.2.7  Sleeve couplings.  Follow the manufacturer’s recommendations and
ANSHAW WA C219 for cheir installadion.

6.2.8  Split=slecve couplings.  Follow the manufacturer’s recommendations
and ANSUAW WA C227 for their installation.

6.2.9  Grooved and shouldered joinrs. Follow the manutacturer’s recom-
mendations and ANSI/AW WA CG06 for cheir installation.

6.2.10  Welded joinrs.  Welding shall mect the requirements of ANSI/
AWWA C206 and the purchaser’s documents tor the project. 'The need for welded
joints will vary by project and will be identified in the purchaser’s documents. The
single lap-weld joint is the most commonly used configuration.

WPSs (welding procedure specifications), welders, and welding operators
shall be qualified under the requirements in ANSIAWWA C206. Preheat and
interpass temperature maintenance is often required prior to welding and during
welding to prevent cracking, “The specific prehear and interpass temperature main-
tenance requirements will vary depending on the welding process, steel specifica-
tion, steel thickness, and meral remperature and should be derermined by using
AWS DLI/D M.

A protective nonflammable cover shall be draped over the pipe near che vicin-
ity of welding if protection of the lining or coating is required. Field welding in
the interior of steel pipe is ordinarily limited to 30-in. (750-mm) or larger pipe o
provide for safe access and egress. When personnel are working inside, ventilation
shall be provided in strict accordance wich federal, state or provincial. and local
regulations.

Wire brushing is usually sutficient to remove any dire or light ruse ro prepare
the surface for welding, Small rack welds can be used ro hold che pipe in position
for welding, provided the tacks are sound and meet the requirements of ANSH/
AWWA C206. The number of weld passes needed to complete the joint is a fune-
tion of the steel wall chickness. type of joint, and type of welding. [nterior welding
using the weld-after-backfill method may require more chan one weld pass o limit

temperature at the joint and damage o the exeerior coating.
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6.2.10.1  Welded lap joints.  There are several welding configurations for
the lap joint, The single lap-weld joint is completed using a single weld that can
be accomplished on cither the inside or ourside of the pipe joint. The nominal
engagement of a lap-welded joint is 2- to 3-in. (50- t 75-mm) deep with a mini-
mum required final overlap between the bell and che spigor after pullout of 1 in.
(25 mm) or three times che thickness of the belled pipe, whichever is greater. The
typical pullout is 1 in. {25 mm), but in all cases the minimum required overlap
must be maintained. No part of any field weld shall be closer than 1 in. (25 mm)
to the nearest point of tangency to a bell radius. The allowable angle of deflection
is provided in Sec. 6.2.3.

6.2.10.2  Butt joint.  Butt joints are sometimes specified for special design
conditions. Butt joints are usually single-V-groove ends with a backup ring, If a
backup ring is used, it will be located on the pipe intetior for smaller-diameter pipe
and on the exterior or interior for targer pipe (over 30 in. {750 mm] in diamerer).
Field joints shall be assembled so that longitudinal seams in adjacent pipes are offset
from each other by ar least five rimes the thickness of the thicker of the pipes being
joined. Single—V-groove butt joines may be welded from the outside of the pipe or
from the inside of the pipe if the diamerer is large enough. The backing rings may
be letr in place afrer welding. Line-up clamps can assist in the pipe installarion. The
installation procedure of open butt joints is basically idenrical to bucr joints wich a
backup ring excepr that when the two ends have touched, caution should be exercised
to ensure that the proper root opening is achieved and the pipe is firmly secured in
position prior to installing subsequent pipe segmens.

6.2.10.3  Welded butestrap joints.  Where welded butestrap joints are used,
the bute scraps shall have a minimum place chickness equal to the thinnest member
being joined, shall be tabricated from steel listed in ANSI/AW WA C200, and shall
meet the purchaser’s pipe design requirements. In accordance with ANSI/AW WA
C206. the strap shall have a minimum width of 4 in. (100 mm) for pipe less than
24 in. (600 mm) in diameter and 6 in. {150 mm) for pipe 24 in. (600 mm) in nomi-
nal diameter and larger. The minimum lap berween pipe ends and the edge of the
buet steap shall be 1 in. (25 mm) for pipe less than 36 in. (900 mm) in nominal diam-
eter and 2 in. (50 mm) for pipe 36 in. (900 mm) in nominal diamerter and larger.
Bute straps are generally provided in two 180-degree sections that require a complete
joint penetracion (CJP) weld at the splice atter installation to create a full circumter-

ence band over the two adjoining pipe ends.
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For butt-strap joints, the longitudinal seams of adjacent pipe sections may be
in alignment provided that the burt-strap seams are offset from the pipe seams by
at least five times dhe thickness of che thicker member involved in the joine. The
butt strap may be welded on the pipe exterior, interior, or both.

6.2.10.4 Welded joint testing.  Weld joint testing and repair methods
shall be as defined in ANSI/AWWA C2006. Vacuum look box testing has been used
on a limited basis as an alternative method for fillet welds and buer welds. Radio-
graphic testing and ultrasonic testing have been used on a limited basis as aleerna-
tive methods for testing burr joints, Radiographic testing is not recommended for
butt joines with backing nor for lap joints.

G200 Dipe curting. Prior to cutting, pipe shall be checked to ensure it is
within the necessary tolerance for proper assembly with the adjoining pipe. If the
adjoining pipes are not wichin the needed longitudinal rolerance. either replace
the segment or use an alrernarive field joint such as a bute strap. Cutting pipe for
insertion of valves, ﬁrtings, or closure picces shall be done in conformance with all
safety requirements. Cutring may be performed by a power abrasive saw, oxygen-
acervlene torch, plasma are, air-are, or other suitable means. The resulting cue end
will require corrective preparation betore assembly with the adjoining pipe. Cue
ends and rough edges shall be ground smooth.

6.212  Thermal stress control joints.  Provisions shall be made for the
expansion and contraction of welded pipelines exposed to extreme temperature dif-
ferencial during installation. Failure to provide for this expansion and contraction
can result in undesirable levels of thermal stress in cthe steel. The most common
control method for thermal expansion is by the use of a lengrhened bell to increase
the joinr engagement range ar specified locations. This method will avoid the accu-
mulation of pipeline expansion or conrraction during installation for crench-laid
welded pipelines. This joint should be welded during the coolest pare of the day
and only afrer all adjacent pipe has been welded and buried. An alternate means for
thermal scress control is cthe weld-afrer-backhill method as described in Sec. 6.2.2.

6.2.13  Bowuding of joints.  When vequired by the purchaser’s documents,
nonwelded joints shall be bonded ro make the line electrically continuous. Elecrri-
cal continuity allows for monitoring of the pipeline. Electrical bonding jumpers
may be welded in the field w provide electrical continuity between adjoining pipes.
The bond welds should be kepr close to the ends of the pipe to allow joinc end coar-

ings to cover the bonding jumpers.
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6.2.14  Protective linings and coatings at freld joints.  Generally, pipe lengths
are lined and coated in the shop, excluding only the pipe ends that are completed
in the field. The assembled joint assembly shall be lined and coated with a compar-
ible marerial according ro the field applied lining or coating manufacturer’s recom-
mendations and the applicable AW WA standard. Various pipe joint coatings and
linings are available, which are furcther described in ANSI/AW WA C203, ANSU/
AWWA C205, ANSI/AW WA C209, ANS/AWWA C210, ANSI/AW WA C216,
ANSI/AWWA C217, ANS/AWWA C222, and ANSI/AW WA C602. For appli-
cation and repair ot these materials, follow the appropriate AW WA standard and
the manufacturer’s recommendations. Three commonly used materials for pipe-
end held coatings are hear-shrink sleeves (ANSI/AW WA (216}, hand-applied tape
(ANSIZAWNWA C209). and hand-applied cement mortar (ANSI/AWA C205).
Field joint and repair applications for these materials are briefly described by this
standard.

6.2.14.1  Tape wrapping tield joints. Taping can be completed ar any
temperature as long as the roll body remperarure of the tape is mainrained in
accordance with the recommendations of ANSI/AWWA C209. 'The procedure for
proper rape wrapping of field joints is fully described in ANSI/AW WA C209 and
is summarized as follows:

1. Make sure the joinr to be mped is complete. the gasket is checked. the
weld is inspected, and the meral is cool to a temperature in accordance with the
recommendations of ANSHAW WA C209.

2. Clean the area to be taped w0 make sure all moisture has been removed.

3. When required by the rape manufacturer, prime all around the joine,
including several inches on both sides beyond the arca where the acrual joint tape
will be applied.

4. When required by the tape manufacturer or purchaser, place filler mate-
rial at pipe joints. irregularities, and abrupt step downs to create a smooth surface.

5. Apply the tape in a spiral or straighe circumferencial mechod, starting
approximately 10 o 15 degrees from the top centerline of the pipe, proceeding in
a downhill direction and continuing circumferentially while maintaining tension.
The rape should overlap itself by a minimum of 1 in. {25 mm) and the existing
coating by a minimum of 3 in. (76 mm) making sure to encapsulate any bonding
jumpers, if applicable.

6. Make sure the tape around the joint is wrinkle-frec and strerched tauc.
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7. Make sure that tape is terminated in a downward orientation.

8. Inspect the completed wrap using a holiday detector in accordance with
the recommendarion of ANSI/AW WA (209,

6.2.14.2  Taped pipe repairs.  Many taped pipelines include a three-tayer
system. The first layer that actually bonds o che pipe is typically a black tape. The
second laver is a higher-density tape o give durable protection during handling
and service. The third layer is a tape thar provides mechanical protection w the
inner layers of tape. In most cases, this outer laver is white. The three layers are
generally supplied in three different colors so that in the event of damage, the col-
ors will assist in determining the extent of damage to the twtal tape system. ‘The
procedure for properly taped pipe repairs is fully described in ANSHANW WA C214
and is summarized as follows:

1. Minor wrinkles, scuffs. or any rears located on the edge ot the tape thar
do nort go past the overlap area are generally acceprable. These conditions listed still
give the tape a full flm chickness, and it is not pracrical to remove the high-density
machine-applied tape and replace it with a softer patch-tvpe matertal.

2. IFa tear occurs in only the outer laver, repair the damaged area with one
layer of tape with a minimum overlap of 4 in. (100 mm) onro the existing coating
systeu,

3. It the damaged coating area shows evidence of going further into the
coating system, use the repair inerthod outlined below.

a. Cutaway the damaged tape ar an angle tangent to the surface of the
pipe so that cthe tape system is not cut or damaged any turther.

b.  Wipe clean the area to be taped and make sure it is dry and free from
dire.

¢ Prime the area to be repaired and ler the primer dry to a rackiness
betore applying the repair tape. The primed area shall be of suthcienc size to
extend beyond all applied patch rape.

d.  Cut the tape ro such a size that it extends beyond the damaged area
for a minimum of 4 in. (100 mm} in all directions around the area ro be
repaired. Apply the tape starting at the center and working toward the edge,
muaking sure to smooth ouc all wrinkles. Make sure the primed area extends
past the tape edges.

e.  When a second laver of tape is required to complete the patch, place

the second laver of patch material over the hrst extending a minimum of 1 in.
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(25 mm) in all directions past the first layer patch. Tt will always require two

pieces of tape to accomplish this overlap process.

f.  Pertorm a holiday test on the repair area in accordance with the re-
quirements of ANSI/AW WA C214.

6.2.14.3 Heat-shrink sleeves on field joints. The procedure for proper
application of hearshrink sleeves is fully described in ANSI/AW WA C216 and is
summarized as follows:

1. Clean the application area of the heat-shrink sleeve to remove all mois-
ture, soil, and foreign materials.

2. Prepare che steel and abrade the existing coatings in accordance with the
shrink-sleeve manufacturer’s instructions.

3. Prehear che joint when required by the manufacourer.

4. When required by the hearshrink sleeve manutacturer or purchaser,
place filler material at pipe joints, irregularicies. and abruprt step downs to create a
smooth surface.

5. Fic the sleeve around rhe joint.

6. Secure the sleeve with a closure tab.

Heat the sleeve to shrink and seal the sleeve to the joint.

8. Using rollers as recommended by the sleeve manufacturer, remeove all
wrinkles to ensure that the slecve has intimate contace with che pipe.

6.2.14.4  Cement mortar for ficld joints and repairs.  Pipe ends and areas
needing repairs shall be clean of deleterious materials and the surface prepared tor
the cement mortar in accordance with ANSIAW WA C2035. When feasible, interior
cement mortar for field joings and repairs shall be applied after the trench has been
backhilled. Typically for 24-in. (600-mm) and larger diameters, the inside recess is
poinred wirth mortar. On smaller diameters, the shoulder of the bell is "buttered”
with a stiff mortar, and a swabbing device, such as an inHlated rubber ball wrapped
with wetted burlap, is placed in the previously laid section of the pipe. The ball has a
wire attached to it, and the wire is threaded through the nexr pipe section to be laid.
When the sections are joined, the spigot squeezes the mortar into position against the
shoulder of the bell. Then the swabbing device is pulled past the joint by means of the
wire, and the excess mortar is wiped away. leaving a smooth, flush inside joine. For
exterior joints, cement mortar shall be poured in the joint space through a grout band
that has been wrapped around the joint and firmly strapped onto boch sides afier
hield joint assembly. Repairs to the exterior mortar coating of the pipe shall be made

during pipe installation and betore backfilling. Pipe bedding shall not be installed in
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the haunch zone or initial backhll uneil the mortar has cured sufhiciently to prevent
displacing rhe morrar.

Cracks in steel pipe lined with cement mortar are a common occurrence.
These cracks are most commonly shrinkage cracks, which are caused when the
mortar dries our. Contributing factors may be unprotected pipe ends, rough han-
dling, or thermal stresses caused by weather. It is important to keep the pipe ends
capped; small amounts of water can be added 1o the inside when the pipe is sub-
jected to hor, dry climates. Cracks of Y6 in. (1.6 mm) or less are acceprable by
ANSHAW WA C205. 1f cracks exceed Yo in. (1.6 mm), a cement shurry mixture
can be brushed over the cracked area prior to hlling che pipeline. The material
requirements and application procedures of cement mortar for feld joints and gen-
cral repairs are described in ANS/AWWA C205. Do not ill pipe tor 72 hours

after che lasc concrete repair,

Sec. 6.3  Thrust Restraint
The need for thruse restraine is a design consideration that is not covered by

this seandard. Such restraine typically is provided by welded joines.

Sec. 6.4  Backhlling

It is important w identify components of the trench and recognize how they
relate to the overall backfilling process and material requirements. Pipe bedding,
haunch zone, inidial backfll, and final backhll materials are project specific and
can be composed of ditferent materials wich varying compaction levels. Subgrade
improvement is typically only required when unacceprable material causes an
unstable rench bortom. The subgrade improvement depth (if required) is gener-
ally specified or directed by the purchaser. Pipe bedding is typically 2 in. o 6 in.
(30 mm w0 150 mm) in depth directly under che pipe and is loosely consolidated
to provide unitorm supporrt for the pipe. The haunch zone rypically excends from
the borrom of che pipe up to as much as one-third the pipe dinmeter. Haunch area
materials are typically the same marterial as che inidial backfill. Proper installation
of the haunch zone material provides uniform supporc of the pipe and has the
greatest impact on limiting deflection of the pipe. Voids in the haunch zone of the
pipe are unacceptable. Initial backfill typically begins ar the top of the bedding ar
haunch zone and continues ro the top of the pipe. Final backhll begins ar the top
of the initial backhll and proceeds to finished grade. The purchaser should specify
it the inittal backfill is o be placed above che top of the pipe. Placing initial back-

fill over the op of the pipe may provide a consistent environment encapsulating
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the pipe, which may aid in the corrosion protection of the pipe. For this case, the
initial backfill is typically placed 6 in. (150 mm) over the top of the pipe for pipe
smaller in diameeer than 24 in. (600 mm) and 12 in, (300 mm) over the top of the
pipe for pipe 24 in. (600 mm) in diameter and larger. Typically. acceprable final
backhll material and compaction requirements are detailed in purchaser’s docu-
ments, but in all cases, stones or rocks larger than 3 in. (75 mm) in diameter for
mortar-coated pipe and ¥ in. (19 nun) in diameter for dielectric-coated pipe may
damage the coating and shall not be placed in direct contact with the pipe. From
6 in. to 12 in. (150 to 300 mm) above the wp of the pipe w finish grade, material
containing stones up to 8 in. (200 mm) in their greatest dimension may be used.

6.4.1  Pipe embedment and subgrade material. When the type of backfill
material is not specified by the purchaser, the excavared material may be used pro-
vided chat the material meets the requirements of chis standard. All pipe embed-
ment and subgrade marterial shall be free from cinders, ashes. refuse, vegetable or
organic material, frozen soil, boulders, rocks or stones larger chan 3 in. (75 mm)
in diameter for mortar-coated pipe and 34 in. (19 mmy} in diameter for dielectric
coated pipe, or other unsuitable materials.

6.4.1.1  Inidal backfill may be class SC1, SC2, and SC3 (see Table 1), and
shall be densified around the pipe in accordance with Figure 7. Minimum density
levels of the backhll are important in preventing over deflection of the pipe. The
density shall be specified by the purchaser or shall be as determined in AWWA
Manual M11 by the soil class used and the recommended pipe deflection limits.
Regardless of the method of densification used, materials shall be brought up at
substantially the same rate on both sides of the pipe. When installing pipe 20 in.
(500 mm) and larger, confirm that the backfill properly supports the pipe haunch
area. Always ensure that the pipe is not floated or displaced before backhlling is
complete.

Pipe defiection should be monitored to verify chat the proper installacion
rechniques are being used.

6.4.1.2  Cohesive soils shall be compacted wich mechanical equipment or
hand ramping. Care shall be raken not ro damage coatings during compaction.
Proper equipment and care in placement will ensure the required compaction
under the haunch of the pipe. Initial backhll for pipe up to 48 in. (1.200 mum} in
diamerer shall be placed in lavers of not more than 12 in. (300 mm) in thickness.

Initial backhll for pipe larger than 48 in. (1,200 mm) in diamecer shall be placed
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Table 1  Soil stiffness categories
Soil Stiffness
Category Soil Type® AASHTO Soil Groups®

SCiH Clean. coarse-grained soils: SW, 8% G\ GP, A-LLA-3
or any soil beginning with one of these svimbols
with 1290 or fess passing a No. 200 sieve.

SC2 Coarse-grained sotls wich fines: GM, GC. SM,  A-2-4, A-2-5. A-2-6, or A4 or
SC. or any soil beginning with one of these A-G soils with more than 25%
symbots more than 12% fines. Sands retained on a No. 200 sieve
or gravelly fine-grained soils: CL. ML (or
CL-ML, CL/MIL, ML/CL) with more than
25" rerained on a No. 200) sieve.

SC3 Fine-grained soils: CLo ML (or CL-ML, A-2-7. or A-4 or A-G soils with

CH/ML, ML/CLY wirh 2380 or less rerained
on a No. 200 steve,

25% or less remined on a No.
200 sieve

TASTM 22487, Standard Classification of Seils for Engineering Purposes (Unifted Soil Classification System),
TAASHTO MI43, Standand Specihcation for Classification of Soils and Soil Aggregare Mixeares for Highway

Construction Punposes.,
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Motes:
— Pipe embedment materials may be SC1, 8C2, SC3 or as specified. Materials shall be placed evenly on both sides of pipe and
compacted to the density specified by the purchaser
— Subgrade may need to be replaced or modified if trench bottom material is unacceptable or unstable.
— Trench width shall be adequate to ensure elimination of voids in the haunch area andfor proper ptacement and compaction of
initial backfill matenals.

Figure 7

[rench cross section
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in layers not exceeding 24 in. (600 mm) in thickness and subject to meeting the
compaction fequirements.

6.4.1.3 Free-draining soils may be densified by mechanical equipment, hand
tamping or tamping with water-using devices, or through methods such as water jets,
immersion-type vibrators, or flooding. These soils are usually placed in 4 minimum
of two layers, with the first layer placed loose to no higher than the spring line of the
pipe. The thickness of the layers shalt not exceed the penetrating depth of the vibra-
tors if consolidation is perfarmed by jetting and internal vibration.

6.4.14  Final backhll above the pipe embedment shall not be placed unril
the compacrion of the pipe embedment backfill is satisfactorily complete. To pre-
vent damage to the pipe, suthcient compacted backfill shall be placed over the pipe
before allowing any type of vehicle over it.

Note: Loosely placed final backhll above che pipe may promote unwanted
surface settlement, which could be detrimental to improvements subsequently
placed over the trench.

6.4.2  Compaction.  Care shall be taken to ensure compaction equipment
does not damage the pipe coating, Ensure proper compaction of backfll to avoid
ovalling of the pipe bevond che allowable limies.

6.4.3  Dartial backfilling during testing.  Newly installed pipelines are nor-
mally tested after backfilling. When unusual conditions require that pressure and
leakage testing be accomplished before completion of backfilling or with pipe
joints accessible for examination, sufhcient backhll marerial shall be placed over
the pipe barrel between the joints o prevent movement, and due consideration

shall be given to restraining thruse forces during testing,

Sec. 6.5  Flushing
Foreign material lefv in pipelines during installation can resule in valve or
hydrant seat leakage during pressure tests. Every effort shall be made to keep lines
clean during installation. ‘Thorough Hushing is recommended prior to a pressure
test; fushing shall be accomplished by partially opening and closing valves several
times under expecred line pressure, with low velocities adequate w flush foreign

marterial our of the valves.

Sec. 6.6  Disinfection
Newly installed mains carrying potable water shall be disinfected in accor-
dance with ANSIJAW WA C651. Provisions shall be made to avoid contamination
of existing mains by cross connection during testing/disinfection/Hushing of newly

installed mains.
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Sec. 6.7

Sec. 6.8

Note: Discharge from flushing or disinfection shall be directed away from
the pipe alignment so that trench stabiliey is not affected and shall be in accordance

with federal, state, and local point-discharge requirements.

Highway and Railroad Crossings

6.7.1  Casing pipe.  When casing pipe is specified tor highways or railroad
crossings. the project shall be completed in accordance wirh applicable federal,
state or provincial, and local regulations. In the case of railroad crossings, the proj-
ect shall also comply with regulations established by che railroad.

6.7.2  Carrier pipe.  The casing pipe and other pipe appurtenances shall be
a minimum of 8 in. (200 mm) larger than the oueside diameter of the steel pipe
bells to prevent damage during installation and ro prevent pipe-to-casing coneact.
Carrier pipe may be pushed or pulled through the completed casing pipe. Spacers
and/or insularor skids shall be placed around the carrier pipe to ensure approxi-
mate cenrering within che casing pipe and to prevent damage during installation
or Hotation. Care shall be exercised to avoid metal-to-metal coneact. If the casing
annulus is grouted, grout pressures and lifts must be maintained to avoid deflecting
or collapsing the steet carrier pipe. Carefully monitor the carrier pipe during the

grouting operation to \'crify the proper grouting, tech niques are bcing used.

Subaqueous Crossings

68.1  Subaqueous installations.  When it is necessary to cross a body of
water, the preferable practice is to dewater the area and proceed according to the
conventional pipeline construction practices described in rthis standard. In the
event the purchaser’s documents allow subaqueous construction, the construcror
is scrongly advised to use an engineered system specifically developed tor the pipe,
crossing depth, intended cover, and means planned for such a crossing. The use of a
restrained-type joint (welded. mechanical, or grooved) is recommended. However,
che additional details necessary for subaqueous construction are not covered in this

standard.

SECTION 7: VERIFICATION

Sec. 7.1

Inspection

740 Inspection on delivery.  All pipe and appurtenances are subject to
inspection at the point of delivery. Marerial found o be defective because of manu-

tacrure or damage in shipment shall be recorded on the bill of lading and may be
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rejected. There shall be agreement between the purchaser and constructor regard-
ing any necessary repairs. 'the purchaser shall be aliowed ro monitor the repairs

prior to installation.

Sec. 7.2 Hydrostatic Field Testing

Warning: The testing methods described in this section are specific for water-pressure
testing. These procedures shall not be applied for air-pressure resting because of the serious
safety hazards involved.

The main objective of a field hydrostatic pressure test (hydro test) is to check
the water tightness of joints, because cach length of pipe is shop tested per the pur-
chaser’s documents, The hydre test can be performed after backhilling is complete
and at a purchaser-specified pressure above the design working pressure of the line.
Where possible, bolted Hexible joints should be left uncovered until the hydro test
is complete.

7.2.1  Aest restrictions.  Test pressure shall not exceed 1235 percent of work-
ing pressure unless taken into consideration in the design, and shall never exceed
pipe or thruserestraint design pressures. ‘The line shall be vented and care shall be
taken to ensure that all air in the line escapes during the hlling operation. The line
shall be filled slowly o prevent water hammer.

Upon completion of filling with water, the hydrostaric vest shall last at lease
2 hours. Pipe with cement—mortar linings should be filled for a minimum of
24 hours prior to testing to allow for water absorption into the lining. Water
absorption into linings and ocher factors may extend the duration required for a
successful hydro rest.

7.2.2 Airremorval.  Betore applying the specified test pressure, air shall be
expelled from all air vents along the section of piping being tested.

7.2.3  Examination.  Any exposed pipe, firtings, valves, and joints shall be
examined carefully during the test. In addition, the entire length of the pipeline
shall be examined for movement, defects, and leaks that may appear at the surface.
Any revealed damage or defective pipe, hetings, valves, or joints shall be repaired
or replaced with sound material, and the test shall be repeated undl satistactory
results are obrained.

7.24  Allowable makeup water.  Makeup warter shall be defined as the
quantity ot water that must be supplied into the newly laid pipe or any valved
section thereof to maintain pressure within 3 psi (34.5 kPa) of the specified test

pressure after the pipe has been filled with water and che air has been expelled.

Copyright © 2017 American Water Works Association, All Rights Reserved



34 AWWA C604-17

Malkeup warer shall not be measured by a drop in pressure in a test section over a
period of time.

The allowable makeup water shall not exceed 10 gal per in. diamerer per mile
of pipe per 24 hr (0.93 L per mm diameter per km of pipe per 24 hr) as measured
by the water required to maintain the specified test pressure.

Note: The air removal and test procedure above will expel most bur noe all
air from the pipeline. This section assumes some air will remain in the pipeline
during testing and provides for chis condition.

7.2.5  Valve sear leakage.  When testing againsc closed valves, makeup
water per closed valve of 0.0078 gal/lu/in. (1.2 mL/h/mm) of nominal valve size
shall be allowed. This is in addition to the makeup water in Sec. 7.2.4. When test-
ing against existing valves is necessary, some leakage can be expected and should
not be the sole basis for rejecrion.

7.2.6 Acceptance of installation.  Acceprance shall be determined on the
basis of the hydro est. If any tesc of laid pipe requires makeup warer greater than
thae specitied, repairs or replacements shall be accomplished and che pipe retested.

7.2.6.  All visible leaks shall be repaired regardless of the amount of leakage.

SECTION 8: DELIVERY

Sec. 8.1  Unloading, Handling, and Storage

Care shall be exercised when unloading, handling. and storing pipe. Nylon
or protected slings at least 4-in. (100-mm) wide or padded forks shall be used ro
handle coated pipe. Cables. chains, ropes. or other equipment chat is likely ro dam-
age pipe coatings shall not be used.

Coated pipe shall be handled. stored, and shipped in a manner thar will pre-
vent damage to che coating. If the coating is damaged during handling, srorage,
or shipping, it shall be repaired with the original or a compatible repair coating as
recommended by the coating manutacturer and in accordance with the applicable
AWWA standard.

All pipe. hetings, and accessories shall be loaded and unloaded caretully o
avoid impact or damage. Under no circumstances shall such material be dropped.

8.1.1  Secure pipe.  Before release of tie-downs around the pipe, the loads

shall be checked to ensure the pipe is secure and seable.
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8.1.2  Puaddding.  Slings. hooks, and pipe tongs shall be padded and used in
sich a mananer to prevent damage to the exterior surface or inrernal lining of the
pipe. fitrings, or related product.

8.1.3 [Internal bracing.  Pipe manufacturers provide internal bracing for
handling and shipping purposes if required. The constructor should maintain the
bracing and ensure its adequacy during unloading and joining of the pipe. Bracing
can help support the pipe shape uncil sufficient side soil support is in place to hold
the shape of the pipe. Manufacturer-supplied bracing is not designed or intended
to support construction acrivity above the pipe. Flexible pipe relies on adequare
side soil support and adequate soil cover o distribute cthe load from construction
equipment and other loading above the pipe. Damage to the pipe lining. coating,
and cylinder can occur from artempting to support excessive conseruction loads
with the bracing in the pipe. The purchaser should specify the requirements for
bracing it its use is desired to limit pipe deflection during backfilling,

8.1.4  Jfobsite storage.  Stored materials shall be kepr safe from damage. ‘The
interior of all pipe. frtings, and other appurtenances shall be kepe reasonably free
from dirt or forcign marter ar all times.

Coated pipe shall be protected trom uleravioler and weathering damage as
recommended by rhe coating manufaceurer. Coated pipe should never be placed.
dragged, or rolled dircctly on the ground. Padded skids, earthen berms, burlap
sacks filled with sand, and old car tires are some of the means to adequately bunk
the pipe at the jobsite. Pipe shall not be bunked on the pipe ends to prevent dam-
age to the ends. Pipe shall not be stacked without proper padding. Plastic caps on
the pipe ends for pipe that is cement—morrar lined shall be left in place until just

prior to installation.

Sec. 8.2  Afhidavit of Compliance

"The purchaser may require an athdavic of compliance or test reports from the
constructor stating that the marterial installed and work or tests performed comply

with all applicable requirements of this scandard.
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APPENDIX A

Flange Joint Assembly

This appendix is for information only and is not a part of ANSHAWWA C604.

Sec. A.1.1

SECTION A.1: GENERAL FLANGE JOINT
ASSEMBLY PROCEDURES AND
CHECKLISTS

Prejob Preparation and Inspection of Joint Components

Factors to consider during rhe prejob preparation and inspection of joint
components are as follows:

1. Verify the delivered materials are as specified and complete in advance of
the intended assembly

2. Identify any special safety issues associated with the assembly including
complying with any lock-out/tag-out or other work procedures

3. Select all necessary tools and parts including pipe or valve joints, bolts,
nuts, washers, gaskets, lubricants, wrenches, pumps, sockets. backup rools, microm-
crers, alignment rools, lifting equipment, and so on.

4. Verify the flange details regarding pressure rating, size. face configura-
rion, and compartibiliry with mating flanges (see Sec. A.2.1, Flanges).

5. Inspect the Hange surfaces to ensure that they are free from cracks, warp-
ing., gouges, paint, coatings, damage, or conditions thart could jeopardize achieving
a proper seal.

6. Confirm thart che gaskers meet the requirements of the purchaser’s docu-
ments and specifications including type, material, thickness. OD, and 1D, and
inspect the gasket condition (see Sec. A.2.6, Gaskers).

7. Always use a new gasker and verify it is undamaged. Gaskets should not
be reused irrespective of their apparent condition.

8. Verity thar the bolts, nuts, and washers meet the specifications for size.
grade, thread pitch, and so on. If Hange joints are being reassembled, the boles and
nuts may be reused as long as the nut can be easily run down the bolt threads by

hand wicthour interference {see Sec. A.2.2, Fasteners).

37
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9. Examine. clean, dress, and lubricate all bolt and nut turning surfaces
including in the threads and under the nur where it contaces che top of the washer.
It is not necessary to lubricate under the washer and is generally only necessary to
lubricate che nuts on the side of the Aange thar will be dighrened.

10. Align che pipe and ensure that Hanges are in line and will mate properly
with one another and with the gasker. Make sure thac both sides of the joint are
parallel by measuring the gap or the distance between the outside faces of both
Hanges on 90-degree centers betore beginning the tightening procedure. “The gap
should allow insertion ot a ring gasker without interference. Bolts are nor Hange
alignment tools and should not be used in this manner excepr that minor adjust-
ments to large-diameter Hanges may be made by selective tightening of boles as
long as no more than 20 percent of the final torque is used before patterned tight-

ening begins,

Sec. A.1.2  Bolting Plan
A bolting plan should include che tollowing items:
I. Determine the required final target torque and ocher eriteria to be mea-
sured (see AWWA Manual ML for additional informartion).
2. Derermine whether a single wrench will be used or mutleiple wrenches
will be used simultancously.
3. Provide a writren bolting sequence and progressive tightening steps thac
will be followed.
4. Provide a recording sheet to document each step ot che bolting plan as ic
is performed.
5. Provide instructions for numbering the bolts and fanges according to

vour bolting plan (sce Sec. A.3 for examples).

Sec. A.1.3  Selection of Tools
Guidance on selection of tools is provided below:

1. Select and assemble the hydraulic. pneumaric, or manual tools ro be used
in the bolting plan ensuring that the selected tools have the desired torque capactey
and accuracy.

2. Verify rhat all torque wrenches have a current calibration certificate and
sticker.

3. Verity thar all assembly personnel are wained and qualified to use the

rools.
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4. Ensure that appropriate torque charts, pressure-to-torque conversion
charts, or other guidance documents specific to the tools to be used are on hand

and available to operators and inspectors.

Sec. A.1.4 Tightening

Guidance on tightening of bolts is provided below:

1. Assemble the joint, gasker, and fasteners to a snug-tight condition prior to
applying measured torque (see Sec. 6.2.4.10, Torque).

2. Adjust stud nut locations to allow space on one stud end for use of a
torquing tool or socket. Recheck alignment and ensure thae the mating Ranges are
parallel.

3. Torque according to the first pass of your bolting plan.

4. Recheck alignment and inspect for any problems.

5. Torque according to your plan.

6. Recheck tor alignment and problems after each step.

7. DPerform a final check pass to ensure chat all rightened bolts are equally
torqued.

8. Rerorque after 4 to 6 hours to compensate for gasket creep or relaxation
(see Sec. A.2.6, Gaskets).

9. Stud chreads should procrude beyond the nut a minimum of 2 threads
after tightening to ensure char full nur engagement has been achieved.

10. Record all steps including the plan and actual activities, as well as any

problems or concerns.

Sec. A.1.5 Testing
Guidance on testing is provided below:
1. Perform torque, bolr elongarion, or other measurements as necessary to
verify assembly specifications have been met.
2. Tests should only be performed after all retorque has been completed and
gasket creep or relaxation has occurred (see See. A.2.6. Gaskers).
3. Pressure test the joint according to the job specifications.
4. 1f leaks are encountered, rerighten in progressive steps as necessary to
address anv leaks.
a.  First, reverify that the torque is uniform by making a circular pass at
the specified torque until no nuts turn. If the leak is excreme or from multi-

ple locations, chis pass should be performed with the pressure ofl. However,
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small leaks can generally be addressed while the system is pressurized as long
as the gasket is not displaced.

b. Repressurize (if required) and if the leak has stopped, then the pro-
cess is complere.

¢. Ifleakage continues, begin at the leak location and tigheen che bole
by rotating 1-2 Hars of the nut. Perform this added tensioning to the boles
adjacent to the starting bolt alternating from side to side unril involving an
approximaie 43-degree region of tensioning,

d. [Fche leak has stopped, then che process is complete.

¢.  If the leak does not stop, repeat the above procedure by rightening
1 more far of the nur,

f.  Ifthe leak does not stop following chese procedures. it may be neces-
sary 1o disassemble, assess che conditions, and repeat the process. The use
of a thicker gaskert is often the remedy of choice when this is allowed by the
specifications. Consult with the gasket manufacturer or joint designer for

alternarive solutions.

Sec. A.1.6 Disassembly (When Necessary)
‘The following steps should be followed if disassembly of the Hange joine
assembly is necessary:

1. Ensure the system is out of service. empty, and properly secured.

[S]

Check records for any concerns or problems noted from the assembly.

3. Examine for corrosion or damagge.

4. Apply penetrating oil 1o the nues and bolts it corroded and allow time o
penetrate.

5. Utilize tools with sufficient capacity to break loose corroded fasteners.
Breakout rorque may exceed twice the torque required ac the tme of original
assembly ro overcome friction due o corrosion.

6. Set the hydraulic tool power at or near the maximum setting,

7. Bolts on larger systems should be disassembled using a star pattern to
avoid causing misalignment of the fanges or excessive load on the remaining bolrs,

8. Break all nues loose rotating only 1-2 flats on the firse pass, then continue
loosening on successive passes.

9. Leave the loose nues loosely connected uniil confirming the Hanges are

properly supported and secure.
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SECTION A.2: FLANGES, FASTENERS, AND
GASKETS (ADDITIONAL DETAILS)

Sec. A2.1

Flanges
ANSI/AWWA C207 specities four classes of Hanges based on the internal
working pressure at atmospheric temperature o which they will be subjected in
service. For purposes of bolting informasion, Class B (86 psi (593 kPal) and Class
D (150175 psi [1,034 kPa 1,207 kPa]) are usually grouped together and wreated
the same. as are Classes L2 (275 psi [1.896 kPa]) and I (300 psi [2,068 kPa]). All
of these Hanges are generally available in nominal sizes from 4 in. to 144 in. (100

mm to 3,600 mm).

Sec. A.2.2 Fasteners

Fasteners are typically “stud bolws™ (fully or partially threaded) vsed in con-
junction with nuts and washers on boch ends, or in some applications studs are

inserted directly into a threaded opening on one connecting end such as a valve

body.

Sec. A.2.3 Bolts

Some of che important factors that must be considered are listed in the fol-
lowing sections:

A2.3.1  Streength grade.  Bolts including stud bolts must be marked with
their grades, which indicate such properdes as tensile strength and vield point.

A23.2  Giade marking.  ASTM studs must have the grade mark stamped
into one end along with a second mark identifying che manufacturer. Care should
be taken to ensure that the marked end of the stud is visible from the ensioning
side of the joint for inspection purposes.

A.2.33  Dimensions.  Bolr diamerer should be '8 in. (3 mm) less than the
Hange bolt hole diameter and bolt length should be suthcient to allow 1-3 chreads
to extend beyond the nut for inspection purposes on both sides of the joint after
tighrening, A greater length is acceprable as long as the longer bolts do not cause in-
terference problems. It should also be noted that if the lengthened bolt is subjected
to corrosive elements, this may make future removal difficule.

A234 Condirion.  All fasteners should be free of dire. rust, paine. and
corrosion especially in the threads and on bearing surfaces. Bolts and nuts should

be inspecred tor thread condicion.
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A.2.35  Length.  Studs or bolts should be of suthcient length to protrude
beyond the nut at least 2 threads atter tensioning,

A.2.3.6  Diameter and thread pitch.  Nominal bolt diameter is the distance
across the bolt measured to the ourside of the cthread crest. All B7 scuds of 1-in.
(25-mm) diameter or grearer have 8 threads per inch of length, which is referred
to as thread pitch. Smaller-diameter studs (less than 1 ia. [25 mm]) may have more

threads per inch.

Sec. A.2.4 Nuts

Nuts used for these applications are designed to have greater oad-carrying
capacity than rhe bolts they engage. As a result, the bolt should vield before the
internal threads of che nur vield.

A240  Grade marking.  ASTM nuts must have the grade marking
stamped onto one face of the nut while the opposite face has a smooth flac surface.
The marks should always be visible after rightening while the smooth side should
face the flange.

A242  Size acrow flars. Nuts and sockets used o engage the nuts are
measured across the Hats, Forall boles 1T in. (3 mm) or greater in nominal diamerer.
the across Hars (AL distance = {([bolt diamerer x 1.3] + U5 in) and is referred 1o
as a “heavy hex.” For boles smaller than T-in. (3-mum) nominal diameter, the A/F
distance equals the bole diameter x 1.5 and in both cases the height of the nue is

.lpproximurcly equdl to the bolr diamerter.

Sec. A.2.5 Washers

Washers are important for effective bolting and should be “through-hard-
ened” in accordance with ASTM [F436. Hardened washers may or may nort be
clearly marked, but their properties must nevertheless meet hardness specificarions
as indicared by cheir manufacturer.

A.25.1  Flange protection.  The hardened washer keeps the turning nuc
from embedding or damaging the Hange.

A25.2  Fqual fricrion.  The washers provide a smooth turning surtace for
all nuts in che joine so che nur torque will rranster an equal load under all the nuts
on the flange irrespecrive of lange damage or condition.

A.253  Distribured load.  Because the washer diameter is larger than the

nur, this will discribute the bole foad more equally over the Hange body.
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Sec. A.2.6 Gaskets

Important gasket considerations for the assembly are outlined in che follow-
ing sections:

A2.6.0  Newgaskers.  Gaskets muscalways be new and never reused. Once
a gasker has been compressed, it is no longer pliable enough to seal flange gaps and
imperfections. The gasker should fir the Hange and be centered by the bolts as they
pass through che flange or gasket. Gaskets should be stored in accordance with the
manufacturer’s recommendations.

A2.6.2  Gasket dimensions.  Full-face gaskets should conform to the nom-
inal flange size and march che bolt pattern. Ring gaskets should match the nomi-
nal flange size and just fit inside the bolr circle. Srandard gaskets used in warter
line Hanges are typically Yi6-in. (1.5-mm) or ‘z-in. (3-mim) thicknesses. Thinner
gaskers are generally preferred; however, Hanges chat are warped, bowed, or piteed
may require thicker gaskets to seal such impertections. Installers should bring any
Hange condition concerns to the attention of the project engineer. Never use more
than a single gasker on the same joint.

A.2.6.3  Uniformity of compression.  Achieving equal gasket compression
around the Hange is very important to the success of the seal. Applying equal
torque to all the bolts is generally the best method for ensuring consistent gas-
ket compression, but considerations such as lubrication can drastically atfece the
achieved bolt load even when torque is equal. (See Sec. 6.2.4.10, Torque, for more
information.) Fiber gaskers will typically compress from 10 to 25 percent, and
rubber-type gaskets may compress from 20 tw 30 percent during assembly. Consult
the gasker manutacturer for deails if there is a concern or if leakage occurs.

A2.64  Gasket crecp or relaxation. A phenomenon that occurs ro gaskered
connections is referred to as gusker creep, relaxation, or cold How, which warrants
special attention by the installer. Gasket creep can resule in bolt load loss and leaks.
When soft gasket materials are first put under toad. they inidally resisc compres-
sion; however, within a tew minutes o a few hours they tend ro How away from the
locations of higher pressure by permanently thinning and causing a corresponding
drop in the bolt load. Most creep occurs wichin the firse 4 to 6 hours after assembly
and is nor repeated as the gasker material reaches a stable density, although a small
percentage of creep may continue for 12 to 24 hours after assembly. To compensate
for gasket creep, after 4 to 6 hours {12 to 24 hours if time allows), retighten the joint
to the prescribed torque value with a circular “check pass™ as outlined in Sec. A3,

Bolting Parterns and Sequence.
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A2.65  Gasket installation.

a.  Wich full-face gaskets, place ac least two bolts or studs in the top half
of one Hange, then hang the gasker on these bolts through the bolt holes
before mating the flanges. Insert the remaining bolts or studs, nuts, and
washers and snug them to a hand-tight condition through the flange and
gasket. (See Sec. A.1.4 and Sec. A.3 for additional tightening instructions.)

b.  With ring gaskets. place ar least rwo bolts or studs through the bor-
tom half of one or both Hanges then rest the outer edge of the gasker on
these bolts for support while che joint is assembled. Inserc the remaining
bolts and snug them while taking care to keep the gasker centered in the
joint. Install the remaining boles or studs and nuts o a hand-tight condition
through the Hange while centering, the gasker. (See Sec. A4 and Sec. A3
tor additional rightening instructions.)

Consult the gasker manufacturer wich questions on your specific gaskets.

SECTION A.3: BOLTING PATTERNS AND
SEQUENCES

Figures A1, A2, A3 and A4 illuscrate typical bolting pattern methods.
Recommended bolting parterns are provided below and can be found in ASME
PCC-1, Guidelines for Pressure Boundary Bolted Flange Joint Assembly. appen-
dix F. Water pipe systems often involve large-diameter Hanges with a consider-
able quantity of fasteners, in which case bolts may be grouped rogether and those
groups tightened as if they were single bolts in a pattern. This reduces the move-
ment required of the tightening tools and generally reduces confusion and assem-
bly rime. Bolis within a 30-degree arc segment of the Hange can be included for
this purpose. Figure A.1 shows an example of the numbering and tensioning on
a 48-bolr flange. In this case a 12-group sequence is treated the same as a 12-bole
sequence by using the same pattern. This grouping rule for flanges of 48 or more

bolts may be used in any of the following example tightening patcerns.
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SGrowp  _ Boits
1 1-2-3-4
5-6-7-8
3 810-11-12
4 13-14-15-18
5 17-18-19-20
3 21-22-23-24
7 25-26.27-28
8 29-30-31-32
g 33-34-35-36
10 37-38-39-40
11 41424344
12 45-45-47-38
Tightening saquence lor
12 groups:
1-7-4-10 4
2-8-5-11 .J
3-9-6-12

(The 12-group sequenca
15 e same as a 12-bolt
sequence; see Fig. 3.}

Group
7

GENERAL NOTE: This figuze ts an illustration of how bolts may be grouped for tightening. Boils maybe grouped and tightened treating
these groups as ong boll in the tightening sequance. A suggesied number of bolts for a group is the nember contained within a 30 deg. arc.
However, potential gaske; damage or flange misalignment should be considered when bolis are grouped.

Reprinted from ASME PCC- 12048, by permission of 'The American Soctery of Mechanical Engineers. All rights
reserved.

Figure A.l - Legacy Pattern—48-bolt Hange bole grouping example

Pass 1-—30% of Target Torque
1.137.19-4,16,10,22 - 2,14,8.20
517.11,.23-3,15,921-6,18,12 24

Pass 2—50% of Target Torque
Same pattern as Pass 1.

Pass 3—100% of Target Torque
Same pattern as Pass 1.

Pass 4—100% of Target Torque, in

rotational paltern, until nuts do not turn
1.23.45678,910,11,12,13,14,15,16,
17,18,19.20,21,22,23,24 - 1,23, etc....

Pass 5—100% of Targel Torque
{performed a minimum of 4 hours after
Pass 4). in rolational paltern, until nuts
do not turn—to account for gasket creep

Reprinred from ASME PCC-1-2010. by permission of The American Socicty of Mechanical Engincers. All righes
reserved.
Figure A2 Quadrant/Circular Parrern Example—reduces ol movement and time vs Legacy

Pacrern
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Example is suitable only for >16 boll flanges:

Pass 1

First--30% of Target Torque: 1,7,13.19
Second—70% of Target Terque: 2,8,14,20
Third—100% of Target Torque: 3.9,15.21 -
4,10,16,22 - 5,11,17,23-6,12,18.24

Pass 2—100% of Target Torque
1,7,13,12 - 2,814,200 - 3.9,15,21 - 4,10,16,22 -
511,17,23 - 6.12,18,24

Pass 3 & subsequent—100% of Targel Torque
(until nuts do not turn)
1.2,3.4,56,7,8,9,10,11,12,13,14,15,16,
17,18.19,20,21,22,23,24 - 1,2.3, elc....

Pass 4—100% of Target Torque
(performed a minimum of 4 hours after
Pass 3)

Reprinted from ASME PCC-1-2018, by permission of The American Sociery of Mechanical Engineers. All rights

reserved,
Figure A3 Simultancous Pattern Example—maintains parallel Hanges and reduces passes and

bolt inreraction
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Group Numbering

Number the flange with the bolt sequence groups
corresponding to the number of bolts in the flange and lhe
number of tools empioyed (for this example assume a
24-bolt flange, with 4 tools being used to tighten).

« Mark the bolis at the 12,3,6, and 9 o'clock positions with
— the number 1.

CRONOP=
® 3
@ EXAI‘EAPLE @

(- —| 24-BOLT FLANGE |— = — {4

4 TOOLS AT ONCE

« Moving clockwise, split the 90° angles between the
marked bolts and number the next group as number 2.

- Split the remaining large angles as evenly as you can and
candinue numbering the groups until afl bolts are numbered
All bolts are now numbered in groups at 90 degrees from
each other.

Pass #1: Tighten approximately % of the bolts to 50% of the
target lorque. In this example, tighten all of the 1's and then
alt of the 4's to 50% of the targel torgue, It is not necessary
to do the remaining bolts because the purpose of this initial
pass is lo seat the gasket and square up the flange. Flange
alignment and gap should be checked. The remaining nuts
will have loosened, so valuable time can be saved at this
peint by snugging them again.

Pass #2: Tighten all of the bolts to 100% of the iargel
lorque beginning with the 2's, then 3's, then 4's, then 5's,
then 6's, then returning to the 1's.

Pass #3 (check pass): Beginning from the end of the
previous pass and with the torque value slill set at 100% of
the larget, move the tools clockwise one bolt at a tima untit
no movement can be gotlen out of any nut. This is the
check pass that compensates for bolt interaction and brings
all bolts into parity.

Pass #4: 100% of Target Torque (performed a minimum of

4 hours after Pass 3), in rotational paltern, untit nuls do not
turn—to account for gasket creep).

Figure A4 Simultancous pattern with multiple tools exaniple

The simultancous use of multiple tools spaced evenly around u Hlange has
been shown o give equal and predictable tightening parity with parallel closure in
less eime than using a single ol in a cross-pattern (see Figure A4). This method
has been successtully applied across the full range of gasker and joint configura-
tions. As a practical matter, multitool tightening works best on larger fanges (bole
diameters ¥ in. (19 mm) or larger, wich hvdraulic tools connecred to a common
pressure source. One tool per every 4 t 8 bolts in the Hange should be used in even

numbered groups of tools equally distributed around the Hange.
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