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AWWA Standard

This document is an American Water Works Association (AWWA) standard. It is nat a specification. AWWA standards
describe minimum requirements and do not contan all 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 opticnal 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 ar 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 will be placed on the first page of the
Official Notice section of journal - American Water Works Association, The action becomes aeffective on the first day of
the month following the month of Journal - American Water Works Association publication of the official notice,

American National Standard

An American National Standard implies a8 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 preclude anyone, whether that person has
approved the standard or not, from manufacturing, marketing, purchasing, or using products, processes, or proce-
dures not conforming to the standard. American National Standards are subject to periodic review, and users are cau-
tioned to obtain the latest editions. Producers of goods made in conformity with an American National Standard are
encouraged to state on their own responsibility in advertising and promotional materials or on tags or labels that the
goods are produced in conformity with partrcular American National Standards.

CAuT:oN NoTice: The American National Standards Institute (ANSI) approval date en the front cover of this standard
indicates ¢completion of the ANSI approval process. This American National Standard may be revised or withdrawn
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five years from the date of publication. Purchasers of American Nationat Standards may receive current information
on all standards by calling or writing the American National Standards Institute, 25 West 43rd Street, Fourth Floor,
MNew York, NY 10036; 212.642.4900; or emailing info@ansi.org.
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Foreword

This foreword is for information only and is not a part of ANSI'TAW WA D104

I Introduction.

LA, Background. Thisstandard describes automatically conerolled, impressed-
current cathodic protecrion systems for the interior submerged surfaces of steel warter
storage tanks. This standard does not cover sacrificial (galvanic) anode-type cathodic
protection systems (see ANSI/AWWA D106) or manually controlled rectifiers.

LB, History. Before the development of ANSI/AWWA D104, cathodic
protection equipment was covered in ANSI/AWWA D102, Painting and Repainting Steel
Tanks, Standpipes. Rescrvoirs, and Elevared Tanks for Water Storage. ANSI/AW WA
D102-64 addressed cathodic protection equipment in Section 4. In the 1978 edition of
that standard, however, the provisions for cathodic protection equipment were removed,
and the development of a new AW WA standard on cathodic protection was needed.
This standard became ANSIV/AWWA D104, Automatically Controlled, Impressed-
Current Cachodic Protection for the Interior of Steel Water Tanks, The Arst edition of
ANSI/AWWA D104 was approved by the AWWA Board of Directors on Jan. 27, 1991,
Subsequent editions were approved on feb. 2, 1997 June 17, 2001; June 13, 2004; and
Jan. 23, 2011. "this edition of the standard was approved on June 11, 2017.

LC.  Acceptance.  1In May 1985, the US Environmental Protection Agency
(USEPA) entered into a cooperative agreement with a consortium led by NSIF
International (NSF) w develop voluntary chird-party consensus standards and a
certification program for direct and indirect drinking water addirives. Other members of
the original consortium included che Water Research Foundation (formerly AwwaRF)
and the Conference of State Health and Environmental Managers (COSHEM). The
American Water Works Association (AW WA) and the Association of State Drinking
Water Administrators (ASDWA) joined later.

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

agencies nay use various reterences, including

* American National Standards Tnstiture, 25 West«i3nd Streer, Fourth Floor, New Yok, NY 10036,
T Persons ourside the United States should contace the appropriate authority having jurisdicrion,
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1. Specific policies of the state or local agency.

2. Two standards developed under the direction of NSIF™: NSF/ANSI 60
Drinking Water Treacment Chemicals—Healch Efteces, and NSF/ANSI 61 Drinking
Water System Components—Health Effects.

3. Orther references. including AWWA standards, Food Chemicals Codex,
Water Chemicals Codex.' and other standards considered appropriate by the state or
local agency.

Various certification organizations may be involved in cerdifying products in accor-
dance wich NSF/ANSI 61. Individual seates or local agencies have authority to accepr
or aceredit certification organizations within cheir jurisdictions. Accrediration of certi-
fication organizations may vary trom jurisdiction to jurisdiction.

Annex A. “lToxicology Review and Evaluation Procedures,” to NSF/ANSI 61 does
not stipulate a maximum allowable level (MAL) of a contaminant for substances nor
regulated by a USEPA final maximum contaminant level (MCL). The MALs of an
unspecified list of “unregulated contaminants™ are based on toxicity testing guidelines
(noncarcinogens) and risk characterization methodology {carcinogens). Use of Annex A
procedures may not always be identical, depending on che certifier.

ANSI/AW WA 1104 does noc address additives requirements. Thus, users of this
standard should consule the appropriate state or local agency having jurisdiction in
order to

1. Determine additives requirements, including applicable standards.

2. Determine the status of certifications by parties offering to certify products
tor contact with, or treatment of, drinking warer,

3. Determine currenc information on product certification.

II.  Special Issues.

LA, Protective Coatings.  Protective coatings are commonly used in stecl
water storage tanks. They are an effective merchod of corrosion control except where
holidays exist in the coating caused by poor surface preparation, improper application,
defecrive materials, unanticipated conditions, deterioration over rime, or damage.
When properly designed and maintained, cathodic protection systems will mitigare
corroston at the submerged locations where there are coaring holidays or other coaring
defects. A properly applied coating reduces the surtace area of bare steel in contact

with the drinking warer that requires cathodic protection, and reduces the amount of

* NSF International. 789 North Disboro Road. Ano Arbor, MT 48103,
1 Both publications available from rthe Navionul Academy of Sciences, 500 Fitth Streer. NW,
Washingron, DC 20001,
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current required ro cathodically protect the rank interior submerged surface. Use and
maintenance of protective coatings extend the life of the carhodic protection system
and reduce operating costs. For submerged areas of a tank, cathodic protection can
also reduce the frequency of coaring maintenance. Cathodic protection or coatings
can independently reduce corrosion on the interior submerged surfaces; however, the
combination of coatings and cathodic protection may be more economical and effecrive
than using coatings or cathodic protecrion alone.

ILB.  Cuthodic Protecrion.  The rwo major components of an automarically
controlled, impressed-current carhodic protection system are the direct current (DC)
power supply controller (rectifier) and the anode system. The range of output current
capacity required for an automatically controlied rectifier in a specific application is
determined by assuming the area of submerged bare steel to be protected when che
interior tank coating is new and when the interior coating has deteriorated to the poine
at which recoating is necessary. In potable water, current density requirements can
range from 0.5 to 5.0 mA/ft? (5.4 1 53.8 mA/m?) of bare steel surface. Applications
involving turbulence, high temperature, or a combination of rthese may require higher
current densities. For newly coated ranks, the total current requirement may be as
livele as | percent of the current required to protect an uncoated surface. As a rule,
rectifiers for newly coated tanks should have sutficiene current capacity to protect the
anticipated bare submerged surface area before coating repair or replacement. The
required operating volrage of a rectifier for a specific tank depends on the current
required to provide adequare protection and the total circuit resistance of the system.

Automatically controlled rectifier systems should be used for cathodic protection of
water storage tanks when AC power is available to the rank site. Automatically controlled
systems use one or more long-life reterence electrodes to monitor the protection levels
maintained on the submerged surfaces. The rectifier controller continuously monirors the
potential difference berween the reference electrode and the tank’s submerged surface,
referred to as the tank-to-water potential, which will be free of IR {current x resistance, or
volrage} drop error. IR drop must be eliminated or minimized to accurately determine if
the voltage difterence berween the submerged surface of the tank and the reference elec-
trode meets the criteria for cachodic protection. The controller instantancously incerruprs
the How of cathodic protection current, providing an [R drop-free measurement, which
closely approximates the polarized potential. The controller compares the measured tank-
to-water potential to a preset value and auromatically adjusts the volrage outpuc of the
rectifier, to either increase or decrease current accordingly. Automaric unics include a

tank-to-water potential monitoring meter, which can be easily checked by the purchaser.

ix
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Nore: Manually controlled rectifiers are not recommended for use in water stor-
age tanks and are nor covered by chis standard. "The reason tor this is thac they require
frequent monitoring, testing, and manual adjustment of the rectifier current ourpur
whent‘\'t‘r f]'lf." current l'eqilircmcnts Chﬂl]ge I.)CC;HISC ()f Chﬂnges in warer le\'(‘i. CO:ll’ing
condition, temperature, water chemistry, water turbulence, or accumulation of polar-
ization Alms. Failure to adjust the current output for manual rectitiers can resulr in
corrosion caused by underprotection or coating damage caused by overprotecrion.

The second major component of an automatically controlled system is the anode
system. The anode system includes the anode macerial and the method of suspending
the anode within the tank. The type of anode material and suspension system used is
typically based on the tank’s susceptibility to icing conditions.

For tanks subject to icing condirtions, a seasonal or 2 long-life anode system may be
used. A seasonal (or temporary) arrangement consists of vertically suspended anodes.
Lhis type of suspension system is susceptible to ice damage. Ice will adhere ro some por-
rion of the anode string and tear the anodes loose, causing the system ro fail. Because
it is anticipated that the anodes will be damaged annually, low-cost aluminum rod
anodes are used. While the anode system is intact, the system will operate properly
during the more corrosive summer season. In locations subject ro freezing tempera-
tures, there is usually a 2- to 5-month period during the winter when the system may
not operate properly because of ice damage. This type of anode system will usually
require annual replacement of the anodes and vertical anode suspension system. Anode
remnants should be removed from the rank whenever the interior is accessible.

A long-life anode system includes suspension systems that are designed to be more
resistant to ice damage and permit the use of long-life anode materials thar have a
design lite of at least 10 yvears. The potential for ice damage is reduced by ateaching
the anode material to a buoyant or horizontally submerged radial rope system that
is actached to the walls of the tank and prevents the anode system from coming in
conract wich ice formations. Another type of system compensates for ice damage by
attaching the anode material to an extendable clement suspended from the rank root.
The extendable element stretches with the movement of ice and allows the anode o
eventually return to its original posicion.

For tanks not subject to icing conditions, anodes may be suspended from the rank
roof withour an extendable element or may be horizontally supported from a sub-

merged radial rope system.

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

Contractual responsibilities for items such as design, material, fabrication, con
struction, inspection, testing, and operation have been removed from che standard and
must be addressed in the contract documents.

Many tanks using automatically concrolled, impressed-current cathodic protection
systems for interior submerged surfaces™ have been in service for more than 30 years.
Proper design and maintenance of impressed-current cachodic protection systems can
help steel water storage tanks achieve an almost unlimired service life.

This standard does not cover systems where the purchaser specifies criteria for pro-
tection other than those listed in this standard. This standard does nor cover systems
to be installed in areas subject to regulations or requirements that are more strin
gent than the requirements contained herein, Where local, municipal, county, or state
government requirements apply to the installation of the impressed-current cathodic
protection system, such requirements govern, and this standard should be interpreted
to supplement them. It is the purchaser’s responsibility to supplement or modify chis
standard for compliance with these local requirements.

At a minimum, it is important thac all of che requirements in chis standard be met.
An impressed-current cathodic protection system cannot be represented as an ANSH
AVWWA DD104—compliant system if it does not meer the minimum requirements of
this standard.

Annual inspection and maintenance of the system are important o ensuring maxi-
mum tank life.

Chapter 6 of AWWA Manual M27, External Corrosion Control Jfor Infrastruc-
ture Sustainability, addresses corrosion and corrosion protection for water tanks; and
ANWWA Manual M42, Steel Warer-Storage Tanks, provides guidance on inspection and
maingenance of welded steel tanks for water storage.

This standard does not cover tank disinfection procedures or cleaning and paint-
ing. ANSI/AW WA C652. Disinfection of Water-Storage Facilities, should be consulted
for recommended procedures for disinfection of water storage facilities.

HLA.  Purchaser Options and Alternatives.  Proper use of this standard requires

that the purchaser specity cerrain requirements. The purchaser may desire o modify,

“The word “system” and che phrase “carhedic prorection system™ are used herein broadly in place
of the lengrhy phrase “automarically controlled. tmpressed-currene cathodic protection syseem for
inrerior submerged surfaces of seeel warer storage tnks.”

XI
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delete, or amplify sections of this standard to suit special conditions. It is strongly
recommended that such modifications, deletions, or amplifications be made by
suppleimenting this standard.

IEAT Oprions and Alternatives.  The following list identifies aspects of the
system that have more than one accepeable style, configuration, or value. The purchaser
must specify the desired option for each of these items or specify that the system
designer may selece any appropriate option.

1. Whether compliance with NSE/ANSI o6, Drinking Water System
Components—Health Eftects, is required.

2. The type of anode.

3. The type of anode suspension system.

4. Required design life of the anode system.

HLA2 lems w Be Provided by Purchaser or Installer. The following
recommendations represent good practice but are not requirements of ANSI/AW WA
12104. "The contrace documents should specify which party is w provide cach of the
following irems:

1. When an impressed-current cathodic protecrion system is to be purchased
under this standard, the purchaser should provide the following;

a. Access to the site on which the rank is located, including sufhcient
space to permic access 1o install, inspect, and rest the syseem by customary
methods.

b. Location from which alternating current (AC) power is to be pro
vided to the rectifier unir.

¢. A sufficient volume of water in the tank at the time of svstem insral-
lation to allow full system testing.

d. Safe access to the tank roof for installation and inspection of system
components.

e, Certification that the rank roof is safe to access.

f. Any materials to be Furnished by the purchaser for installation in the
system by the svstem inswller.

2. The system designer should submit design calculations, specifications, and
construction drawings.
3. The svstem installer should turnish the following items:

a. All labor and marterials, except macerials provided by the purchaser.

necessary to complete the installation ot the svseem, including inspecrion

and testing required by this standard.

it
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b. Any additional work specified separately by the purchaser in the con-
tract documents, such as disinfection of the tank.
¢. Operation and maintenance manual.

IILA.3  Information to Be Specified by Purchaser. This standard provides
minimum requirements for the design, construction, inspection, and testing of
impressed-current cathodic protection systems for tanks without any designacion
of which party must perform these tasks or selecr the options. For this reason, the
following information should be specified by the purchaser when contracting for an
impressed-current cathodic protection system for interior submerged surfaces of a steel
warer storage tank:

I Standard used. thae is, ANSVAWWA D104, Automartically Controtled,
Impressed-Current Cachodic Protection for the Interior Submerged Surfaces of Steel
Water Storage Tanks, of latest revision.

2. Compliance requirement for NSF/ANSI 61, Drinking Water System
Components—Health Effects (see Sec. 4.1.2{ltem 1]).

3. Gross capacity of the tank, che rank diameter, and the type of roof.

4. For elevated tanks, the style or shape of tank. the botrom capacity level

(BCL), the head range, and the diamerer and type of riser.

5. Tor ground-supported flac-bottom tanks, the wop capacity level (TCL).
6. Chemical analysis of the water 10 be stored.

7. Water resistivity (for all sources of supply).

8. Water turbulence.

9. (—)I)Cl'ilting tf:‘.lTlPCl'ill'l] re .'ll'ld HO\V rare.

10. Type and age of protective coatings.

1. Maximum anticipated coating deterioration expressed as a percentage of the
total interior submerged coating surface area that is allowed to become bare before the
coaring is repaired or replaced (for design purposes).

12, Presence and approximate quantity of stainless steel, copper, brass, and other
materials in the submerged portions of the reservoir.

13. Source of AC power.

14.  Required design life of the anode system.

15.  Location of the site.
6. Desired time for completion.
ITLA4 Information to Be Provided by the Bidder for an Impressed-Current

Cathodic Protection System for Interior Submerged Surfaces of a Steel Water Storage

Tank:

Xiti
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. A description and requirements of the anode material, size, configuration,
and suspension system,

2. A description of the quantity and location of the anodes.

3. A sratement of the design basis of the system including tank size and con
figuration, all water propertics. type of coatings, design percentage of bare steel surtace
protected, design life of the anodes, and cathodic polarization characteristics.

4, Outline of the reccommended service and maintenance plan.

HLB.  Modification ro Standard.  Any modihcation to the provisions, definitions,
or terminology in this standard must be provided by the purchaser.

IV.  Major Revisions. ‘The major revisions to this edition of the standard
include che following:

b, Language on dissimilar metals inside the tank below the top capacity level
(T'CL) has been added to Sec. 4.1.1. Related commentary has also been added ro
Sec. A4.

2. Requirements for roof hand hole conhguration have been added to Sec. 4.1.2.4.

V.  Comments. It you have any comments or questions about chis standard,
please call AWWA Lngincering and lechnical Services ar 303.794.7711, VAX
303.795.7603: write to the deparrment at 6666 West Quincy Avenue, Denver, CO

80235-3098: or email at standardsgeawwa.org,

X
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ANSI/AWWA D104-17
‘ (Revision of ANSIJAWWA D104-11)

American Water Works
Association

Dedicated ta the World's Most Important Resource® AWW A St an d ar d

— T

Automatically Controlled, Impressed-
Current Cathodic Protection for the
Interior Submerged Surfaces of Steel
Water Storage Tanks

SECTION 1. GENERAL

Sec. 1.1 Scope
This standard describes automatically controlled, impressed-current cathodic
protection systems intended to minimize corrosion of interior submerged surfaces
of steel water storage tanks and 30-in. (750-mm) diameter and larger wet risers of
elevated tanks.
This standard does not describe sacrificial (galvanic) anede-type cathodic

protection systems or manually concrolled, impressed-current systems.

Sec. .2 Purpose
The purpose of this standard is to provide the minimum requirements for
automarically conrrolled, impressed-current cathodic protection for the incerior
submerged surtaces of steel water storage tanks, including design, system compo-
nents, quality of work, and installarion. Refer to appendix B for operation, moni-

toring, and maintenance considerations.

1
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2 AWWA D104-17

Sec. 1.3 Application
This srandard can be referenced in specifications for designing and install-
ing automarically controlled, impressed-current cathodic protection tor the interior
submerged surfaces of sweel water storage tanks. The stipulations of this standard
apply when referenced and then only to automatically conrrolled, impressed-current

cathodic protection for the interior submerged surfaces of steel water storage tanks.

SECTION 2: REFERENCES

This standard references the following documents. Tn their latest editions,
they form a part of this standard to the extenc specified within this standard. In
any case of conflict. the requirements of chis standard shall prevail.

ANST/AW WA C652—Disinfection of Water-Storage Facilities.

ANSI/AW WA D100—Welded Carbon Steel Tanks for Water Storage.

ANSI/AW WA D102—Coating Steel Warter-Storage Tanks.

ANSIVAW WA D103 —Tactory-Coared Bolred Carbon Steel Tanks tor Warer
Storage.

NEPA" 70—Nartional Electrical Code.

NSFH/ANSI 61—Drinking Water System Components—Health Effects.

SECTION 3: DEFINITIONS

"The following definitions shall apply in chis standard:

L. Anode:  The electrode of an electrochemical cell ar which oxidation
occurs. {Elecrrons How away from the anode in the external circuic. Tuis usually at
the clectrode where corrosion vccurs and metal ions enter solution.)

2. Anode life: "The anricipated number of vears of service betore anode
replacement is required. In this standard. the two types of anodes considered are
(1) seasonal or temporary and (2) long life. The seasonal or wemporary type of
anode is considered to be a nominal l-year life, and che long-life type ot anode is

considered to be a nominal 10-year minimuam lite.

* American National Standards Institute. 25 West 43ed Street, Fourth Floor. New York, NY 10036,
$ Nuational Fire Protection Associarion, | Barrervimarch Park, Quiney, MA 02269
£ NSF huernacional, 789 Norch Dixboro Road. Ann Arbor, M1 48113,
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3. Cathode: The elecrrode of an electrochemical cell ar which reduction is
the principal reaction. {(Electrons How toward the cathode in the external circuit.)

4. Cathodic polarization: The change in clectrode potential in the negative
(active) direction caused by current across the electrode/electrolyte interface.

5. Cathodic protection: A method of corrosion control thar reduces the
corrosion of a submerged metal surface by making that surface the cathode of an
electrochemical cell,

6. Coating:  All components of the protective coating system, the sum of
which substantially isolates (electrically) the underlying meral from the electrolyte
(water).

7. Conductivity: A measure of the ability of a material to carry an electric
current, expressed in micromhos or Siemens per centimeter. In warter, this depends
on the total concentration ot ionic species and temperature. Conductivity is the
reciprocal of resistivity.

8. Construcror: "The party thar provides the work and marerials for place-
ment or installation.

9. Corrosion:  The deterioration of a material, usually a meral, caused by a
reaction with its environment.

10. Corrosion potential:  The potential of a corroding surface in an electro-
lyte relative to a reterence elecrrode under open-circuir conditions.

1. Coupon:  An objecr of similar merallurgy to the structure.

12. CSE: Copperlcopper sulfate reference electrode.

13. Current density:  The current flowing 1o or from a unit area of an elec-
rrode surface.

14. Driving voltage:  The potential ditference between the anodes and the
rank wall when the cathodic protection system is in operation.

15. Electrode: A conductive material through which an electric current
enters or leaves an electrolyte.

16. Electrode potential:  The potential of an electrode in an elecrrolyte as
measured against a reference electrode. {The electrode potential does not include
any resistance losses in potential in eicher the electrolyre or the external circuir. Ic
represents the reversible work to move a unic of charge from the electrode surface
through the electrolve to the reference electrode.)

7. Electrolyte: A chemical substance or mixture containing ions that

migrare in an elecuric field. For the purpose of this standard, efectrolyre refers o
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the water, including the chemicals contained therein, in contact with a submerged
metal surface.

18. Elevated tank: A storage tank supported on a tower.

19. Energized:  State of the cathodic protection system where the anodes
are operating and protective current is ﬂowing.

20. Fresh water:  Warer thac is not saline; used for drinking, fire prorec-
tion, or irrigation.

2V, Half-cell:  An clecrrode contacting an electrolyte; in common usage.
any reference electrode.

22. Half-cell potential:  "The potential in a given electrolvte of one elecrrode
of a pair. Potentials can only be measured and expressed as the difference between
halt-cell potentials of two electrodes.

23. Holiday: A void in the coating thae will allow the passage of electrical
CUrrei.

24, Impressed curvent:  Direcr current {DC) elecerical current supplied by a
power sottree external to the anode system,

25. Impressed-currenr anode:  The positive elecrrode from which current is
discharged and where oxidarion (corrosion) oceurs.

26, fustant-off measurement:  Porential measurement taken with the cur-
rent interrupted to determine the polarized potential that is free of IR drop.

27. IR drop:  “the voltage across a resistance in accordance with Ohms faw,

28, Muanufactwrer: "The party thatr manufactures, fabricares, or produces
materials or products.

29, Obmislaw:  E = IR, where £ = voltage in volts, { = current in amperes,
and R = resistance in ohms.

30. Polarization: “The change in open-circuit potential of an electrode
resulting from the passage of current.

31. Polurized potential:  The potential across the seructure/electrolyre inter-
Face chac is the sum of the corrosion potential and the cathodic polarization.

32. Durchaser:  The person, company, or organization that purchases any
materials or work o be performed.

33. Recrifier: A device that converts alternating current (AC) to direct
current (DC) required by a cathodic protection system.

34. Reference electrode:  An electrode the open-circuit potential of which
is constant under similar conditions of measurement, which is used for measuring

the relative porentials of other electrodes.
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35. Reservoir: A flae-bottom cylindrical tank having a shell height equal to
or less cthan its diameter,

36. Resistivity: A measure of the resistance of a material to the passage of
electric current, as a function of its geometry, expressed in ohm-cm. Resistivity is
the reciprocal of conductivity.

37. Standpipe: A far-bottom cylindrical tank having a shell height greater
than irs diameter.

38. Tank-to-water potential:  "The voltage ditference between a submerged
metallic structure and the elecrrolyte {warter), which is measured with a reference
clectrode in contact with the elecerolyte.

39. Voltage:  An electromotive force or a difference in electrode potentials.

40. Water tank:  An clevated warer storage rank, a standpipe, or a reservoir

of welded, bolted. or rivered steel construction.

SECTION 4: REQUIREMENTS

Sec. 4.1  Design

411 Crireria for protection.  The cachodic protection system shall main-
tain the polarized tank-ro-water potential at least as negative as —0.850 V o a CSE
in contact with rhe stored water and submerged tank surface, or at least 100 mV of
cathodic polarization. The formation or decay of polarization can be measured to
satisfy this criterion.

CaurtioNary NoTes:

1. 'the 100-mV polarization criterion is only applicable to steel warter storage
ranks not having corrosion cells caused by connection to more noble metals, such
as copper, brass, or passive stainless steel {nonisolated dissimilar metals).

2. Dissimilar merals (e.g.. stainless steel, copper, brass, etc.) more noble than
carbon steel and installed inside the tank below the top capacity level (TCL) shall
be electrically isolated from the carbon steel tank components to which they are
artached. This isolation is required even if the attachment poine of the dissimilar
metals to the tank is above the maximum water level (MWL),

3. Cathodic protection current causes the pH on the submerged tank sur-
faces to increase due o the reduction reactions. Depending on the type of wnk
coating, this may cause blistering of the submerged coating. Tank-to-water poten-

rials should not be more negative than —1.100 volt CSE.
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4. The CSE potentials are at 25°C and should be adjusted for actual warer
temperacure [£at temperature 7= £atr 23°C + £ (7= 25°C) where £ = 0.9 mV/°C].
For CSE potentials ar 77°F, the temperature adjustment is £ at temperature 1= £
at 77°F + £ (= 77°F) where £ = 0.5 mV/°F

4.1.1.1  Potential measurement.  ‘The potentials shall be measured free of
the effect of volrage gradients (IR drops). The reference electrode may be positioned
anywhere in the tank warter.

4.1.2  System design.  “The cathodic protection system provided, according
to this standard. shall achieve and maintain the criteria for protection (Sec. 4.1.1).
In addidion, the design of an impressed-currene syscem shall include the evaluation
of the tank informarion listed below:

1. Compliance requirement for NSF/ANSI 61, Drinking Water System
Componenes—Health Effects.

2. Toral interior submerged coating surface area to be protecred.

3. Chemical analysis of the warter to be stored.
4. Water resistivity (for all sources of supply).
5. Warter turbulence.

6. Operating temperature and flow rate.

7. Type and age of prowective coatings.

8. Maximum allowable coating deterioration (for design purposes) expressed
as a percentage of the total interior submerged coaring surface area thar is allowed
to become bare before the coarting is repaired or replaced.

9. Specified design life of the anode system.

4.1.2.1  System capacity.  Nominal current capacity of the rectibier shall
be determined based on the estimated current density required for cathodic pro-
tection. The required current density is expressed in amps per unit area of total
submerged bare surface. The required current density shall be determined for cach
specific tank and depends on the conductivity of the water, condition of the coar-
ing. temperature, agration, and flow rate.

4.1.2.2  Design life.  The design life of the cathodic protection system
shall be caleulared from the current discharge and consumption race of the anodes.
The magnitude of current shall be char necessary to prorect the tank in accordance
with che criteria listed under Sec. 4.1.1, considering tuture coaring deterioration.
The design of the impressed-current cathodic protection system shall be capable
of providing sufficient current to protect the rank for the full design life of the

cathodic protection system.
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4.1.2.3  Ourpur voltage capacity.  The outpur voltage capacity is a func-
tion of the protective current requirement and the total circuir resistance, in accor-
dance with Ohm’s law. The circuit resistance is composed of the anode-to-water
resistance, the wiring resistance, and the coating resistance.

4.1.2.4  Anode configuration.  The anode array shall provide and naintain
a uniform distribution of protective current withour exceeding the potential limits
established in Sec. 4.1.1. 'The anode array shall provide and maintain low-circuit
resistance consistent with the design life of the anode system and be designed to pre-
vent electrical shorting to the tank.

Where hand holes are w0 be cut in the top of the tank for anode installation
and future access, the hand hole design shall provide a watertight seal between the
roof and hand hole cap plate to prevent rain water and other contaminants from
entering the tank.

4.1.2.5 Risercircuit. For an elevated tank riser 30 in. {730 mm} in diam-
cter of larger, additional system capacity shall be provided. A separately controlled

circuit shall be provided for cathodically protecting the riser.

Sec. 4.2 System Components

421 Awromatic rectifier. Rectifier unics shall provide full-wave recrifi-
cation using cither silicon or selenium rectifying elements. The recrifier shall be
capable of varying the current output from 1 to 100 percent of its rated capaciry.

The rectifier shall be capable of automatically adjusting the current outpur
s0 as to maintain the tank-to-water potential within £25 mV of the crirerion for
protection (Sec. 4.1.1).

Protection and monitoring devices shall be provided, including disconnect
switches; circuit breakers; outpur volumerter; ammerers; potencial meter: and surge,
tightning, and overload protection.

The rank-to-water potential used to control the current outpue shall be derived
from a long-life electrode positioned in the tank electrolyte.

Note: An additional control circuit may be used to limit the maximum cur-
renc output of the rectifier to restrice the rank-to-water potential values for a speci-
fied protective coaring.

4.2.2  Reference electrodes.  Copperfcopper sulfate reference electrodes shall
be used for freshwater applications. For other types of water, the type of reference
clectrode shall be compatible with the warter chemistry. The permanent reference
electrode used to measure the rank-to-water potential for controlling the current

outpur of the rectifier shall be designed to maintain a stable potencial in continuous
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immersion in the water for a minimum of 10 years. The reference clecrrode(s) shall
have a potential drift of less than 10 mV. The reference electrode lead wire shail be
insulated with no bare metallic components in contact with the water.

4.2.3  Anode materials.

4.2.3.1  Scasonal or temporary anodes.  Seasonal or temporary anodes
shall be aluminum alloy and shall be of an alloy cthar corrodes uniformly.

4.2.3.2 Longlife anode systems.  Long-ife anode systems shall have an
anode design life of at least 10 years. Long-life anodes shall be high-silicon cast
iron, platinized niobium, platinized titanivm, or mixed meral oxide coated tita-
nium. unless otherwise specified by the purchaser. The number and size of the
anode(s) shall be selected based on the consumption rate of the anode material and
the current output of the system.

4.2.3.3  Cable insulation,  The anode lead wire shall be insulated.

4.2.4  Anode suspension systems.  Suspension marerials shall be designed for
a minimum 10-year life for the conditions inside the tank, unless orherwise speci-
fied by the purchaser.

4.24.1  Anode suspension systems for ranks subject to icing.  Anode sus-
pension systems for tanks subject w icing shall be designed 1o be resistant o ice
damage. There are three types of suspension systems: type A, horizonral system;
rype B, extendable vertical system: and wwpe C, suspended vertical system. The
method of suspension for each of these systems shall be as tollows:

4.2.4.1.1 lype A, horizontal system.  The horizontal system shall be posi-
tioned to prevent contact with ice formations at the high-warer level maintained
during winter operations. The submerged radial rope system shall be atrached o
anchors welded or bolted o the side wall of the tank. The vope system may also
include Hotation buoys to help position the system within the rank.

4.2.4.1.2 Type B, extendable vertical system.  The extendable assembly
shall be designed to stretch with the movement of ice formations and return o the
vertical position when there are no ice formarions. The exrendable assembly shall
be atrached to clevises that are welded or bolted to the roof of the tank.

4.2.4.1.3  Tvpe C, suspended vertical system.  For the suspended verrical
anode system, a radial rope system is Hoated on buoys. Wire anodes are suspended
from cthe Hoating support and are weighted or anchored to the tank floor.

4.2.4.2  Anode suspension systems For tanks not subjecr to icing,  Anode

suspension systems for tanks not subject to icing include the following tvpes of
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systems: horizontal and vertical. The mechod of suspension for each of these sys-
tems shall be as follows:

4.2.42.1 Horizonral system. A submerged circular rope system shall be
attached to anchors welded or bolted to the side wall of the tank. The rope system
may also include Horation buoys to help position the horizontal system wichin the
rank.

4.2.4.2.2  Vertical system. The anode lead wire for vertical suspended
anode systems shall be attached to clevises welded or bolted to the roof of the tank.

425 Exterual wiring.  Wiring on the ourside of the tank shall be installed
in rigid steel conduit and shall be in accordance with the Narional Electrical Code,

NIPA 70, and all applicable local codes.

Sec. 4.3  Installation

4.3.1  General.  Llectrical work shall be in accordance with the National
Electrical Code, NFPA 70, and applicable local codes.

All welding, cutting, and coating work required in conjunction with the
installation of the cathodic protection systent shall conform to applicable require-
ments of AW WA standards ANSI/AW WA D100, ANSIJAW WA D102, and ANSI/
AWWA D103, This work usuatly includes che installation of fitdngs, anchors, and
brackers and the repair of any damaged coating. Coating material used for repair
of existing field-applied coatings shall be of the same generic type and should have
the same regulatory approval as the existing coating svstems. Surface preparation
shall be as recommended by the coatings manufaceurer. Damaged areas shall be
feathered, and coatings shall be applied in the same order and number of coars as
the original systems. Repair of factory-applied coartings shall be as recommended
by the tank manufacturer.

Work wichin the tank shall be evaluated by the purchaser 10 deterimine the
need for disinfection. Disinfection work shall be in accordance with ANSI/AW WA
Co32.

An exrernal disconnect switch shall be provided in the AC primary wiring,
and the rectifier case shall be properly grounded.

The rectifier shall be installed at a convenient height above the ground so thac
it may be readily serviced unless otherwise specified by the purchaser.

Anodes shall be installed ar the locations and by the methods specified by the
system designer.

Lead wires and connecrions shall be warterproof. The system shall be tested to

ensure that there are no short circuits between the positive lead wire and the rank
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structure. The positive lead wire shall be connected to the anodes, and the negative
conductor shall be properly connecred to the protected strucrure,

Underwarter splices to the positive lead wire shall not be used. Connecrions
berween the positive lead wire and conductors from anodes shall be mechanically
secure, shall be electrically conductive, and shall be sealed to prevent moisture
penerration.

There shall be only one electrical splice wichin the tank, above the MWL, tor
cach reference elecrrode.

Nore: Elecerical continuity between sections of the tank is necessary. Welded
ranks ensure elecrrical continuity, but tanks thar are bolted or riveted may require
clectrical bonding of tank sections.

4.3.2  Cleanup. On completion of the insrallation, rubbish and other
unsighcly material caused by the cathodic protection construction operations shall
be removed, and che premises shall be left in as goed a condition as found at the
start of the project.

4.33  Marerials.  Materials shall comply with che requirements of the Safe

Drinking Water Act and other federal, state or provincial, and local requirements.

SECTION 5: VERIFICATION

Sec. 5.1 Inspection and Handling

The rectifier shall be factory tested for efficiency and defects in marerial or
workmanship. The rectifier shall be inspected at the site to ensure char internal
connections are mechanically secure and that no damage occurred during ship-
ping. Only new, undamaged rectifiers shall be installed. Handle the receifier care-
fully during installacion to avoid damage and ensure proper operation.

Anodes shall be inspected for damage and to ensure compliance with the
design for material, size, length, lead wire connection, and lead wire insulation.
Avoid cracking, loosening of lead wire connecrion, or otherwise damaging anodes

or wiring during handling and installacion.

Sec. 5.2 Testing
Afrer the installation is complered, the system shall be energized. rested. and
adjusted. Final resting shall not be conducted unril the system has had dme w
polarize. A representative potential profile shall be conducted to verity thar the

tank-to-water potential satishes the criteria for protecrion as described in Sec, 4.1.1,
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The system shall be field tested by conducting IR drop-free potential mea-
surements. The instant-oft measurement is the most commonly used measurement
for this test.

If the system is not to be commissioned until after the internal coating war-
ranty inspection, the transformer-rectifier disconnect switch shall be locked in the

off position.

Sec. 5.3  Operation and Maintenance Manual
An operation and maintenance manual for the cathodic protection system
shall be provided and shall include the results of the westing required by Sec. 5.2.
in addition, the following information shall be included:
1. Name and address of system installer.
System design criteria {Sec. 4.1.2).

Dare chat cathodic protection installation was completed and tested.

G G

As-built drawings showing anode composition, anode conhguration,
anode suspension, and support system.

5. Operation and maintenance inseructions.
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APPENDIX A

Commentary and Additional Information

This appendix is for information enly and is not a part of ANSIIAWWA D104.

SECTION A.1: SCOPE

The purpose of this appendix is to provide additional information regarding
corrosion protection for the interior submerged surface of steel water storage tanks.

Steel surfaces submerged in water are subject to galvanic corrosion. Galvanic
corrosion is a natural, continuous electrochemical process that generates direct
elecrrical current, resulting from differences in potential between two metal sur-
faces, and removes metal from unprotected surfaces in coneact with water. The
methods used to control corrosion should be governed by the rate of corrosion and
the cost of maintaining the tank over its service life. Cathodic protection wilt only

control corrosion on the interior tank surfaces char are submerged.

SECTION A.2: DETERMINATION OF NEED FOR
CATHODIC PROTECTION

For internally coared steel ranks, there may be holidays in proteciive coatings.
Where mitigation of corrosion on the rank interior is found to be either necessary
or beneficial for protection of the tank’s interior surfaces (either in licu of or supple-
mental to protective coatings). cathodic protection is recommended. For bare steel
tanks where waters are corrosive, cathodic protection is also recommended o be

used for corrosion control of the interior submerged surfaces.

SECTION A.3: PRINCIPLES OF CATHODIC
PROTECTION

Cathodic protection uses direct current o control the corrosion process
and reduce corrosion of submerged surfaces. Cathodic protection systems can be

installed on new or existing tanks and on coated or uncoated tanks.

13
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Carthodic protection current requirements for control of corrosion vary with
changes in water level. coating detertoration, temperature, water chemistry, and
water turbulence. The effectiveness of a cathodic protection system is determined
by measuring the voltage difference berween the submerged surface of the rank
and a copperfcopper sulfate reference electrode submerged in the rank contents.
This measurement is commonly called the tank-to-water potential. When the rank-
to-water potentials measured ac several locations representing the entire submerged
surface area of the rank meet the criteria for protection, corrosion prorection is
considered effective (Sec. 4.1.1 of ANSI/AW WA D104).

Cathodic protection is generally used in conjuncrion with protective coarings.
Organic coatings are permeable to some degree. Coartings used with cachodic pro-
tection should be resistant to an alkaline environment, should nocabsorb water, and
should be well bonded o the steel substrate. For internally coated tanks, cathodic

protection will extend che time interval berween recoating of submerged surfaces.

SECTION A.4: DESIGN

The current required for cathodic protection of a well-coared tank is much
fower than for a bare or poorly coated rank. The combination of coatings and
cathodic protection is often the most effecrive and most economical method of
corrosion control for the interior submerged surfaces of sceel warer storage tanks.

Cathodic protection can also be used for corrosion control of the interior sub-
merged surfaces of bare steel tanks. For bare steel tanks, the cost of cathodic protec-
tion should be compared with the cost of meral loss, repairs, leakage, service dis-
ruption, reduction in tank life, and water degradarion. For coated steel canks, also
consider the cost of recoating interior submerged surfaces and the savings creared by
extending the recoating interval.

A4t Dissinilar metals.  For tank components exposed 1o the stored
water, construction wich dissimilar merals more noble (stainless steel. copper, brass)
than the carbon steel tank components to which they are attached is currently
prohibited by AW WA carbon steel rank standards (ANSFAW WA D100, ANSI/
AWWA D103, and ANSVAW WA D107) unless chose dissimilar metal compo-
nents are elecerically isolated from the carbon steel tank ac all points of connection.

When dissimilar meral internal components are not electrically isolated and
thev are in contact with the water or condensation, corrosion of the carbon steel tank

will occur. Experience has also shown that even exposure of nonisolated dissimilar
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metals above the liquid level on open top tanks can be subject to accelerated dissimi-
lar metals corrosion. Also, nonisolated stainless-steel components will interfere wich
the eftectiveness of any cathodic protection systems that may be in place.

In most cases, stainless-steel components can be isolared from the carbon
steel tank using alternative connection dewils. [n cases where it is believed chat
they cannor be isolated from the rank, check with tank manufacrurers and consul-
tants for alternative details thar can provide isolation.

[n cases where electrical isolation of stainless-steel internal components below
the overflow level has been determined ro not be possible, it is recommended that
the stainless-steel components be lined and coated with a suitable dielectric coar-
ing. It is che responsibility of the owner or specification writer, and not the respon-
sibility of the painting contractor, to determine whether any dissimilar merals exist
and, if so, how the dissimilar merals are ro be treated with respect to the coating
system. In such case where coarings are used to reduce the exposed cathodic sur-
face of nonisolated dissimilar metals, the coaring system recommendations should
be provided by the selected coating manutacturer, including validation that the
recommended coating system has sufhcient dielectric strength to provide a suirable
barrier and chat the coating can be properly applied and maintained to the com-
ponents being considered.

It should be noted that the solutions to dissimilar metals corresion generally
are contained in the derails and configuration of the construction and the tank and
its components. The coating specification cannot change those derails, but it can
address how and where to apply diclectric coarings to reduce the exposed cathodic

surface, thereby reducing the effects of dissimilar metals corrosion.

SECTION A.5: INSTALLATION

"The cathodic protection system is typically installed by a design—install con-
structor. Regardless of who installs the cathodic protection system, the installation

should be completed in accordance with the project specifications.

SECTION A.6: ENERGIZING SYSTEM

‘The energizing, testing, and adjusting of the system shall be in accordance o
Sec. 5.2 of ANSI/AWNA D104. As norted in Sec. 5.2, for new tanks, the cathodic

Copyright © 2017 Amencan Water Works Association. Al Rights Reserved



16 AWWA D104-17

system might not be encrgized and made tully operational undl the performance
of the internal coaring system has been assessed after the coating svstem warranty
inspecrion and, it necessary. repaired. Sufhicient time is necessary for the system to
polarize, which may vary from several hours to several weeks or more, depending
on the rank configuration, coating system, and water chemistry. Testing should not

commence until the system has been polarized.

SECTION A.7:  AFFIDAVIT OF COMPLIANCE

An affidavic of compliance with all applicable provisions of this standard may
be requested. The afhidavie should be signed by a corrosion specialisc and the system
installer. As used here, a corrosion specialist is a person who is accredited by NACE
International as a senior corrosion technologist, corrosion specialist, or cachodic

protection specialist.

SECTION A.8: CATHODIC PROTECTION AND
TANK-MOUNTAIN ANTENNAS

Tank-mounred anrennas have nor been found o cause interference with
the performance of the cachodic protection system, and the cathodic protection
systems have not been found to cause interference with the performance of the

antenna signals.
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Operation Guidelines for Cathodic Protection Systems

This appendix is for information only and is not a part of ANSHAWWA D104,

SECTION B.1: GENERAL

‘The owner should refer to reports and manuals provided by the constructor

(Sec. 3.3 of ANSI/AW WA D104).

SECTION B.2: MONITORING

Monitor the impressed-current cathodic protection system at least bimonthly
to ensure continuous operation by checking the volts, amps, and potential mea-
surements as indicated on the meters in the rectifier unit. Annually perform a
tank-to-water porential survey using a calibrated porrable reference elecrrode in
accordance with Sec. 5.2, If any system component is damaged or a malfunction is

discovered, the svstem should be tested and repaired.

SECTION B.3: RECORDS

Records of the current and potential testing should be retained for the last
three years to verity that the system is performing consistently.

In addition to the reports and manuals provided by the constructor (Sec. 5.3
of ANSI/AWWA D104}, the tollowing informarion should be maintained to help
the owner monitor and operate the systen:

1. Tank information, including name and address of the tank construcror.
date of erection, dimensions, including high and low water levels, and capacity of
the ank.

2. Chemical analysis of water and history of ice conditions.

3. Type of coatings applied and when applied.

4. Service reports by constructor. corrosion specialist, or service com-

pany. As used here, a corrosion specialist is a person who is accredired by NACE

17
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International as a senior corrosion technologist, corrosion specialist, or cathodic
protection specialist.
5. If the tank is emptied, the condition of the coating, evidence of corro-
sion, or any calcareous buildup on the surface of the tank should be recorded.
Nore: Severe ice formation in tanks should be prevented using operating
procedures such as water circulation or other acceptable methods. If the interior of
the tank is entirely frozen or if the tank is drained when heavy accumulations of ice

exist, the anode system should be inspecred and repaired as required.
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APPENDIX C

Service and Maintenance of Impressed-Current Cathodic Protection Systems

This appendix is for information only and is not a part of ANSIAW WA D104

SECTION C.1: SCOPE

A carhodic protection system should be tested and maintained to ensure the
system continues to control corrosion on the interior submerged surface of the rank.
[t is recommended char the periodic esting and maintenance of the cathodic protec-
tion system be performed by the system construcror or a corrosion specialist. As used
here, a corrosion specialist is a person accredited by NACE International as a senior

corrosion technologist, corrosion specialise, or cathodic protection specialist.

SECTION C.2: ANNUAL INSPECTION AND
POTENTIAL TESTING

Tnspection of the system should be performed at least annually and should
include tank-to-water potential measurements to monitor the effectiveness of the
system for the submerged surfaces of the tank. When a tank-to-water potential sur-
vey is conducted, the measurements should be taken ar five separate locations. The
method of conducting the measurements should be in accordance with Sec. 5.2 of
ANSI/AWWA D104 using a calibrated. portable reference eleccrode. A report of
the inspection and testing should include observed measurements, an evaluation
and interpretation of the measurements, and recommendarions for continued per-

formance of the system,

SECTION C.3: SEASONAL ANODE SERVICE

Seasonal anode systems usually require annual replacement. This work can be
part of an annual service agreement. For tanks subject to freezing. anode replace-

ment should be performed in the spring. After the anodes are replaced. the system

19
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should be energized, tested, and adjusted in accordance with merhods used o
verify the criteria for cathodic protection (Sec. 5.2 of ANSI/ AWWA D104).

SECTION C.4: REPAIRS AND REPLACEMENTS

System components, such as the recrifier, anodes, and stationary reference
electrodes, do not require annual replacement but should be inspected annually for
maintenance and repair. For parts and installation services for these components
of the cathodic protection system. the system coustructor or corrosion specialist
should be consulted. As used here, a corrosion specialist is a person accredired
by NACE International as a senior cotrosion technologist, corrosion specialise, or

cathodic protection specialist.
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