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CATHODI C PROTECTI ON SYSTEM FOR THE | NTERI OR OF STEEL WATER TANKS
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NOTE: This guide specification covers the
requirenents for steel water tank cathodic
protection systens using either galvanic or

i mpressed current systens (inpressed current or
gal vani ¢ anodes).

Adhere to UFC 1-300-02 Unified Facilities Cuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate information.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and nust be
submtted as a Criteria Change Request (CCR)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: Each Service has a specialized facilities
engi neering activity: Naval Facilities Engi neering
and Expeditionary Warfare Center (NAVFAC EXWC) for

t he Navy and Marine Corps, Engineering Research and
Devel oprment Center (ERDC) for the Arnmy, and Air
Force Civil Engineering Corps (AFCEC) for the Air
Force, has significant experience and technica
expertise in the area of field testing and
conmi ssi oni ng of new systens. |f Reach-Back support
is required, the technical representative
(electrical engineer) editing this docunent for a
specific project nust contact the NAVFAC EXWC Desi gn
and Construction Departnent” and the rel evant ERDC
and AFCEC departments for consultation during the
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desi gn stage of the project and include the
bracketed option in the 'Subnmittals' section
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Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: One of the najor factors influencing

sel ection of the type of cathodic protection system
is the resistivity of the water involved. Wen the
water resistivity is higher than 10,000 ohm cm

i mpressed current systens are usually used. O her
consi derations include availability of electric
power and the costs of installation, operation and
mai nt enance. Were relatively large currents are
requi red and reasonabl e access to power is

avail abl e, the inpressed current systemwil|
generally be found to be nore economical. The

requi renents for the cathodic protection systens
shoul d be determnmined by a corrosion engi neer
following the criteria, design, and installation
reconmendations included in the National Association
of Corrosion Engi neers Standard; SP-0388, "Inpressed
Current Cathodic Protection of Internal Subnerged
Surfaces of Steel Water Tanks", and SPO-196,

"Gal vani ¢ Anode Cathodic Protection of Interna
Subrerged Surfaces of Steel Water Storage Tanks".

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The follow ng information nmust be shown on
t he draw ngs:

1. Dinensions of tank, including riser (if tank is
el evated), structural supports and overfl ow.

2. Locations of all equipnment, including anodes,
ref erence el ectrodes, junction boxes, test boxes,
rectifiers, power connections (with branch circuit
source), wire conduit, and renote nmonitoring

equi prent .

3. Install ation details for anodes, test stations
and rectifiers.

4. Electrical single-line diagrans, elevations,
limting dimensions, and equi prent ratings which are
not covered in the specification

4. Single-line diagrans elevations, limting

di mensi ons, and equi pnent ratings which are not
covered in the specification

5. Renote indicating or control requiremnents.

6. G ounding (riser diagramns).

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R
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PART 1 GENERAL

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The requirenents for the cathodic protection
systems nmust be determ ned by a corrosion engi neer
following the criteria, design, and installation
reconmendations included in the National Association
of Corrosion Engineers (NACE) Standard Practice NACE
SP0388(2018) I npressed Current Cathodic Protection
of Internal Subnerged Surfaces of Carbon Steel Water
St orage Tanks, NACE SP0196, (2015) Gal vani ¢ Anode

Cat hodi c Protection of Internal Subrerged Surfaces
of Steel Water Storage Tanks, and others listed in

t he specification.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I
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NOTE: The follow ng infornmati on nust be on the
dr awi ngs:

1. Install ation details for anodes and test
stations.

2. Location of equipnent.

3. Single-line diagranms elevations, limting
di mensi ons, and equi pent ratings which are not
covered in the specification

4. Renote indicating or control requirenents.

5.  Groundi ng.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1.1 REFERENCES

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

The publications listed below forma part of this specification to the
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1

Servi ce- Entrance Cabl es
2 DEFI NI TI ONS

It is convenient to classify corrosion by the forms in which it manifests
itself, the basis for this classification being the appearance of the
corroded netal. Each formcan be identified by visual observation

al t hough, in sone cases, nmagnification is required. Valuable infornmation
for the solution of a corrosion problemcan often be obtained through
careful observation of the corroded test specinens or failed equiprent.
Exam nati on before cleaning is particularly desirable. Cathodic
Protection is a nethod used to control corrosion.

2.1 Cat hodi ¢ Protection

Cat hodic Protection (CP) is an electrochenical (half electrical and half
chemical) nmethod used to control corrosion of buried or subnerged netallic
structures. It prevents corrosion by naking the protected structure a
cathode by installing a nore anodic netal (sacrificial or galvanic) anode
or a netallic (inmpressed current) anode connected to a Direct Current (DC)
power source. \Wen the proper anmount of current is applied to the
structure, it beconmes a cathode. Since all corrosion occurs at the anode,
the structure no | onger corrodes. The electrons nmove in the netallic path
(electrical). Reduction (chemcal) reactions occur at the surface of the
cat hode resulting in a hydrogen coating and nore al kali ne environnent.

Oxi dation (chemical) reactions occur at the surface of the anode resulting
in corrosion and a nore acidic environment. After a CP systemis
installed and adjusted to provide adequate protection, the hydrogen coats
the defects in the coating and polarizes in the negative direction (to a
copper/copper sulfate reference el ectrode) over tinme the current and
potentials remain relatively stable; changes in currents or potentials
indicate a problem An error-free neasurenent of negative 850 mllivolts
DC or nore negative to the copper/copper-sul fate reference el ectrode
proves the structure is a cathode and corrosion has been nitigated.

. 2.2 Cor r osi on

It is convenient to classify corrosion by the forms in which it manifests
itself, the basis for this classification being the appearance of the
corroded netal. FEach formcan be identified by visual observation

al t hough, in sone cases, magnification is required. Valuable information
for the solution of a corrosion problemcan often be obtained through
careful observation of the corroded test specinens or failed equiprent.
Exami nation before cleaning is particularly desirable. Sone of the eight
forms of corrosion are unique, but all of themare nore or |ess

i nterrel ated.

The eight forms of corrosion are: (1) Uniform Attack, (2) Glvanic or

Two- Metal Corrosion, (3) Crevice Corrosion, (4) Pitting Corrosion, (5)
Intergranul ar Corrosion, (6) Selective Leaching, (7) Erosion Corrosion

and (8) Stress Corrosion Cracking. This listing is arbitrary but covers
practically all corrosion failures and problenms. The forns are not listed
in any particular order of inportance. Below, the eight formnms of
corrosion are discussed in terns of their characteristics, nechanisns, and
preventive neasures. Hydrogen damage, although not a form of corrosion
often occurs indirectly as a result of corrosive attack and is, therefore,
included in this discussion
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1

. 2.3 Al ternating Current (AC) Corrosion

AC corrosion occurs when there is a source of AC current, typically froma
hi gh vol t age overhead AC (OHAC) power-line, when there is a | ow soi
resistivity - typically less than 5, 000 ohmcm and there is very smal
coating holidays. The AC corrosion pits typically have a tubercle of
corrosion product at the pit. AC interference study nodeling software can
determne the mtigation solution to solve this problem Typically, AC
Corrosion mtigation is done in conjunction with high AC potentials and
fault current nitigation

.2.4 AC Interference

AC interference occurs when a pipeline parallels a high-voltage overhead
AC (OHAC) power-line. An interference study is required when this
situation occurs as AC interference can cause high AC potentials along the
pi peline (safety), can cause a fault condition between the pipeline and
power-1line and could cause AC corrosion to occur. The pipeline coating
when exposed can have blisters/bubbl es caused by the excessive AC. The
interference study will use nodeling software to determ ne what

conbi nati on of interference may be occurring (if any) and provide the
mtigation solution to solve the problem

.2.5 Uni form Attack

Uniformattack is the nost common formof corrosion. It is normally
characterized by a chem cal or electrochenical reaction that proceeds
uniformy over the entire exposed surface or over a large area. The netal
becomes thinner and eventually fails. For exanple, a piece of steel or
zinc imersed in dilute sulfuric acid normally dissolves at a uniformrate
over its entire surface. A sheet iron roof shows essentially the sane
degree of rusting over its entire outside surface.

Uni form attack, or general overall corrosion, represents the greatest
destruction of netal on a tonnage basis. This formof corrosion, however,
is not of great concern froma technical standpoint, because the life of
equi pnment can be accurately estimted on the basis of conparatively sinple
tests. Merely immersing specinens in the fluid involved is often
sufficient. Uniformattack can be prevented or reduced by (1) materials,
such as coatings, that reduce contact between netal and el ectrolytes, (2)

i nhibitors, or (3) cathodic protection

.2.6 Gal vani ¢ or Two- Metal Corrosion

A potential difference usually exists between two dissinilar-nmetals when
they are imersed in a corrosive or conductive solution. |If these netals
are placed in contact (or otherw se electrically connected), this
potential difference produces electron flow between them Corrosion of
the | ess corrosion-resistant nmetal is usually increased, and attack of the
nore resistant material is decreased, conpared to the behavior of these
nmetal s when they are not in contact. The |ess resistant netal becones
anodi c and the nore resistant netal becones cathodic. Usually the cathode
or cathodic netal corrodes very little or not at all in this type of
couple. Because of the electric currents and dissimlar-netals involved,
this formof corrosion is called galvanic, bi-netallic or two-netal,
corrosion. Galvanic corrosion is restricted to el ectrocheni cal corrosion
caused by dissinmlar-nmetal effects. It is electrochem cal corrosion, but
this docunent nust restrict the termgalvanic to dissimlar-nmetal effects
for purposes of clarity.

SECTION 26 42 15 Page 12



1

2.7 Crevice Corrosion

Intense | ocalized corrosion frequently occurs within crevices and ot her
shi el ded areas on nmetal surfaces exposed to corrosives. This type of
attack is usually associated with snmall volunmes of stagnant sol ution
caused by hol es, gasket surfaces, lap joints, surface deposits, and
crevices under bolt and rivet heads. As a result, this formof corrosion
is called crevice corrosion or, sonetimes, deposit or gasket corrosion

.2.8 Pitting Corrosion

Pitting is a formof extrenely localized attack that results in holes in
the nmetal. These holes may be snall or large in dianmeter, but in nost
cases they are relatively small. Pits are sonetines isolated or so close
together that they look like a rough surface. GCenerally a pit may be
described as a cavity or hole with the surface diameter about the sanme as
or less than the depth. Pitting is one of the nost destructive and

i nsidious forns of corrosion. It causes equipnment to fail because of
perforation with only a small percent weight |oss of the entire
structure. It is often difficult to detect pits because of their smal
size and because the pits are often covered with corrosion products. In

addition, it is difficult to measure quantitatively and conpare the extent
of pitting because of the varying depths and nunbers of pits that my
occur under identical conditions. Pitting is also difficult to predict by
| aboratory tests. Sonetinmes the pits require a long tinme (several nonths
or a year) to show up in actual service. Pitting is particularly vicious
because it is a localized and intense form of corrosion, and failures
often occur with extrene suddenness.

. 2.9 I ntergranul ar Corrosion

Grain boundary effects are of little or no consequence in nost
applications or uses of metals. |If a netal corrodes, uniform attack
results since grain boundaries are usually only slightly nore reactive
than the nmatrix. However, under certain conditions, grain interfaces are
very reactive and intergranular corrosion results. Localized attack at
and adj acent to grain boundaries, with relatively little corrosion of the
grains, is intergranular corrosion. The alloy disintegrates (grains fal
out) or loses its strength. |Intergranular corrosion can be caused by
inmpurities at the grain boundaries, enrichnment of one of the alloying

el ements, or depletion of one of these elenents in the grain-boundary
areas. Small anounts of iron in alunm num wherein the solubility of iron
is |l ow, have been shown to segregate in the grain boundaries and cause

i ntergranul ar corrosion. It has been shown that, based on surface tension
consi derations, the zinc content of a brass is higher at the grain
boundari es. Depletion of chromumin the grain-boundary regions results
in intergranular corrosion of stainless steels.

.2.10 Sel ective Leaching

Sel ective leaching is the renpval of one element froma solid alloy by
corrosi on processes. The nost conmon exanple is the selective renoval of
zinc in brass alloys (dezincification). Simlar processes occur in other
all oy systems in which alum num iron, cobalt, chrom um and ot her

el ements are renoved. Selective |eaching is the general termto describe
t hese processes, and its use precludes the creation of terns such as

de-al um numi fication, de-cobaltification. Parting is a netallurgical term
that is sonmetines applied, but selective |leaching is preferred.
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1.2.11 Er osi on Corrosion

Erosion corrosion is the acceleration or increase in rate of deterioration
or attack on a netal because of relative novenment between a corrosive
fluid and the netal surface. Generally, this novenent is quite rapid, and
nmechani cal wear effects or abrasion are involved. Metal is renmoved from
the surface as dissolved ions, or it forns solid corrosion products, which
are nechanically swept fromthe metal surface. Sometines, noverment of the
envi ronnent decreases corrosion, particularly when |ocalized attack occurs
under stagnant conditions; this is not erosion corrosion because
deterioration is not increased. Erosion corrosion is characterized in
appear ance by grooves, gullies, waves, rounded holes, and valleys and
usual ly exhibits a directional pattern. In nany cases, failures because
of erosion corrosion occur in a relatively short tine, and they are
unexpected | argely because eval uati on corrosion tests were run under
static conditions or because the erosion effects were not considered.

1.2.12 Stress-Corrosi on Cracking

Stress-corrosion cracking refers to cracking caused by the sinultaneous
presence of tensile stress and a specific corrosive nedium Many

i nvestigators have classified all cracking failures occurring in corrosive
nedi a as stress-corrosion cracking, including failures due to hydrogen
enbrittlenent. However, these two types of cracking failures respond
differently to environnental variables. To illustrate, CP is an effective
nmet hod for preventing stress-corrosion cracking; however,
hydrogen-enbrittl enent nay be caused when excessive current is applied,
especially on stainless steel. Hence, the inportance of considering
stress-corrosion cracking and hydrogen enbrittl enent as separate phenonena
is obvious. During stress-corrosion cracking, the metal or alloy is
virtually unattacked over nobst of its surface, while fine cracks progress
through it. This cracki ng phenonenon has serious consequences, since it
can occur at stresses within the range of typical design stress.

1.2.13 Exot herm ¢ Wel di ng

Exothermc welding is used in CP to connect a copper wire to a netallic
structure, usually steel or cast-iron. It is a pyrotechnic conposition of
copper oxide, alum num powder and magnesi um powder. The nmagnesi um powder
isignited with a spark gun or electronic ignition equipnment. The

al um num powder serves as fuel, and nelts the copper oxide, which bonds
the wire to the structure. Although not explosive, it can create brief
bursts of heat and high tenperature in a small area

1.2.14 Error-Free

Potential neasurement error due to a voltage drop caused by current
flowi ng through a resistor (the el ectolyte) between the reference
el ectrode and the protected structure.

1.3 ADM NI STRATI VE REQUI REMENTS

After award of the contract, but prior to comencenent of any work at the
site, neet with the Contracting Oficer or the Contracting Oficer's
Representative, Technical Expert and Project Manager. Develop a nutual
understanding relative to the adm nistration of the value engineering, the
safety program preparation of the schedule of prices or the earned val ue
report. Review shop draw ngs, other submittals, scheduling programm ng,
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execution of the work, and clear expectations of the "Interim Depart nment
of Defense (DD) Form 1354" submittal. Major subcontractors who will
engage in the work nmust also attend.

1.4 SUBM TTALS

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submttal
items in the text, to reflect only the submttals
required for the project. The Guide Specification
technical editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a “G to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO for Area Ofice; "RO for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates submttals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

Submit all detail drawings at one tine, as a single
submittal, to denonstrate that the itens have been
properly coordinated and will function properly as a
unit. Mke a notation on each shop draw ng
submtted as to the item s specific use, either by a
particul ar nunber referenced on the drawings or in
the specifications, or by a description of its

specific location.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
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SD-01 Preconstruction Submttals
Preconstruction Survey
SD- 02 Shop Drawi ngs
Drawings; C[, [ ]]
Wring and Schematic Di agram
Anode junction boxes
Contractor's Modifications; ¢, [ 1]
SD- 03 Product Data

Qualifications

Equiprent; G, [ ]]

Conponents; G, [ 1]

Rectifiers; G, [ ]]

Renote Monitoring Equiprment; G, [ 1]
Anodes; C[, [ 1]

Per manent reference electrodes; G, [ 1]

Anode junction boxes

Cable and wire

Shunt s

Extra Materials; C[, [ 1]

Spare Parts
SD- 05 Design Data

Contractor's Modifications; ¢, [ 1]
SD-06 Test Reports

Anode Connecting Cabl es

Rectifier Testing

SD-10 Operation and Mai ntenance Data

Cathodic Protection System C[, [ 11
Training Course;; G, [ 11
Contractor's Modifications; G, [ 11

SD- 11, Closeout Submttals
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1

1

1

Initial Cathodic Protection System Testing; C[, [ 11

One Year Warranty Period Cathodic Protection System Field Test
Report; C[, [__ 1]

Fi nal Acceptance Field Testing; C[, [

4.1 Mat eri al and Equi prent Manuf acturer Data

DATE I SSUE NO. REQUEST DATE REQUESTED BY REQUEST REF. NO.

MANUFACTURER NAME

DESCRI PTI ON OF EQUI PMENT

5 MAI NTENANCE MATERI AL SUBM TTALS
5.1 Spare Parts

After approval of shop draw ngs, furnish spare parts data for each
different itemof material and equi prent specified. The data must include
a conplete list of parts, special tools, and supplies, with current unit
prices and source of supply.

After approval of shop drawi ngs, furnish revised spare parts for any
changes made fromoriginal submttal. One spare anode of each type nust
be furnished. In addition, supply information for material and equi prment
repl acenent for all other conponents of the conplete system including
anodes, cables, splice kits and connectors, corrosion test stations, and
any other conponents not |isted above. Furnish [one reference el ectrode
on a hand reel with 120 neters 350 feet of conductor], [one digita
voltmeter that can be used in the nmaintenance of this CP systen.
Denonstrate use of furnished equi pnent in actual tests during the training
course. Provide a description of equipment of the pipe-to-soil protected
structure and foreign structures at electrical isolation between the
utility supplier and the facility piping.

.5.2 Extra Material s

Furni sh [one submersible reference electrode on a reel with enough wire to
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reach the bottom of the tank, or the bottomof the riser as required] and
[one high input inmpedance nultineter that can be used in the nmintenance
of this CP systen]. Denpnstrate equipnent in actual tests during the
training course. |Include a description of the equi pment and neasuremnent
of the tank-to-water potentials, anode voltage, anode current and water

[ evel .

.6 QUALITY CONTROL
.6.1 Regul at ory Requi renents

otain the services of a corrosion expert to supervise, inspect, and test
the installation and perfornance of the CP system The term "corrosion
expert" refers to a person, who by thorough know edge of the physica

sci ences and the principles of engineering and mathematics, acquired by
pr of essi onal education and rel ated practical experience, is qualified to
engage in the practice of corrosion control of buried or submnerged

nmetal lic structures.

.6.2 Qualifications

The corrosion expert must be accredited or certified by NACE
International, as a CP-4 CP Specialist or be a NACE Internationa
certified Corrosion Specialist or a registered professional engi neer who
has certification or licensing that includes education and experience in
CP of the type of CP systembeing installed. The corrosion expert nust
have not less than [three] [five] [ ] years of experience in the type
of CP for buried or subnmerged netallic structures under this contract.
Submit evidence of qualifications of the corrosion expert including their
nane and qualifications certified in witing to the Contracting O ficer or
the Contracting Officer's Representative, Technical Expert and Project
Manager prior to the start of construction. Certification nust be
submtted giving the name of the firm the nunber of years of experience,
and a list of not less than five of the firmis installations, three or
nore years old, that have been tested and found satisfactory.

.6.3 Services of Corrosion Expert

The corrosion expert must make a mninmumof three visits to the project
site. The first of these visits will include obtaining water/electrolyte
resistivity data, acknow edging the type of tank coatings to be used and
reporting to the contractor the type of CP required (GACP or ICCP). Once
the submittals are approved and the nmaterials delivered, the corrosion
expert will revisit the site to verify the materials neet subnmitta

requi renents, ensure the contractor understands installation practices and
that the contractor is capable and qualified to conplete the installation

The "corrosion expert” will be available (but not necessarily be onsite
the entire time) during the installation of the CP systemto answer

guesti ons, approve any changes or additions required during construction
or to provide recomrendations as required. The third visit is to conplete
the training and denonstrations to applicable personnel on proper testing
and nmai nt enance techniques and to conplete testing the installed CP
systenms to ensure it has been installed properly and neets adequate CP
criteria. An additional visit is required if the

One- Year - Warranty- Peri od- Testing is required.
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1.7 DELI VERY, STORAGE AND HANDLI NG

Storage area for corrosion material will be designated by the Contracting
Oficer or the Contracting Officer's Representative, Technical Expert and
Project Manager. |If materials are not stored in a building, tarps or

simlar protection nust be used to protect materials fromincl enent
weat her .

1.8 PRQIECT/ SI TE CONDI TI ONS

1.8.1 Envi ronnent al Requi renents

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: The environnental requirenents with which the
contractor must conmply nust be devel oped during the
desi gn process, included in the bidding docunents,
and nade a part of the contract.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

1.8.2 Exi sting Conditions

Prior to start of any onsite construction activities, performa
Preconstruction Survey of the project site with the Contracting O ficer or
the Contracting Officer's Representative, Technical Expert and Project
Manager, and take phot ographs showi ng exi sting environnental conditions in
and adjacent to the site. Submt a report for the record. Include in the
report a plan describing the features requiring protection under the

provi sions of the Contract C auses, which are not specifically identified
on the drawi ngs as environmental features requiring protection along with
the condition of trees, shrubs and grassed areas i medi ately adjacent to
the site of work and adjacent to the contractor's assigned storage area
and access route(s), as applicable. The Contractor and the Contracting
Oficer or the Contracting Oficer's Representative, Technical Expert and
Project Manager will sign this survey report upon mutual agreenent
regarding its accuracy and conpl eteness. Protect those environnental
features included in the survey report and any indicated on the draw ngs,
regardl ess of interference that their preservation may cause to the work
under the Contract.

1.9 WARRANTY

Provi de equi pnent itens that are supported by service organi zati ons which
are reasonably convenient to the equipnent installation in order to render
sati sfactory service to the equi pment on a regul ar and energency basis
during the warranty period of the contract.

PART 2 PRODUCTS
2.1  SYSTEM DESCRI PTI ON
2.1.1 Corrosion Control System Description

Coating Systenms (CS) are a critical factor in performance of all CP
systenms. All coatings, including coatings in structure guide
specifications and Green Seal (GS) coatings, nust be conpatible with the
structure and the CP system and have hi gh di sbondnment capabilities. A
hi gh resi stance to cathodi c di sbondrment is critical for long term service
life of coatings on buried or subnerged netallic structures under CP. Due
to the linmted voltage and current of galvanic anodes, a highly dielectric
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bonded coating is required to attain adequate using gal vanic CP systens.
For paints and coatings refer to Section 09 90 00 PAI NTS AND COATI NGS,
steel coatings Section 09 97 13.00 40 STEEL COATINGS, interior coating of
wel ded steel water tanks Section 09 97 13.16 | NTERI OR COATI NG OF WELDED
STEEL WATER TANKS. For discontinuity (Holiday) testing of new protective
coatings on conductive substrates refer to NACE SP0188. Discontinuity
(Hol i day) Testing of New Protective Coatings on Conductive Substrates.

a. Construction Design Requirenments (CDR) for the interior of steel water
tanks are found in the UFGS. Section 33 16 15 WATER STORAGE STEEL
TANKS NACE SP0196 and NACE SP0388, External CP of On-G ade Carbon
St eel Tank Bottons NACE SP0193.

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

NOTE: Some state and | ocal health agenci es have
listings of acceptable paint materials to be used
for the interior of potable water tanks and to be
used on the exterior of structures. As an exanple,
the State of California will not allow vinyl paints
to be applied due to air emi ssion restrictions. The
desi gner nust contact the appropriate state and

| ocal authorities to deternmine if the paint systens
are acceptable. |If these systens are not
acceptabl e, the designer nust determ ne the best
acceptabl e systemand revise this specification
accordingly. However, any deviation fromthis
specification and Anerican Water Wrks Associ ation
(AWM} St andards must be submitted with
justification to Gvil Emergency Managenent Program
(CEMP-ET) for approval.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Any AC test voltage over 15 VAC nust be
mti gat ed.

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: This specification covers a CP systemfor
nmet al surfaces agai nst corrosion by producing a
continuous flow of direct current frominpressed
current or gal vanic anodes to the netal to be
protected. The anodes shoul d be of sufficient size
and quantity to protect the subnmerged netal itens

for a specified nunmber of years before repl acenment.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

NOTE: Provide inpressed current CP and protective
coatings for the interior submerged surfaces of

pot abl e wat er storage tanks, including bolted pane
tanks in accordance with NSF/ ANSI 61 and UFC
3-570-01. Galvanic Anodes are not allowed in potable
wat er tanks, Reference: NSF/ ANSI 61.

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Construction Design Requirenents (CDR) for
the interior of steel water tanks are found in the
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UFGS for water storage tanks Section 33 16 15 WATER
STORAGE STEEL TANKS and NACE SP0388, | npressed
Current CP of Internal submerged Surfaces of Stee
WAt er Storage Tanks or NACE SP0196 Gal vanic CP of

I nternal submerged Surfaces of Steel Water Storage
Tanks.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This UFGS is for internal CP of Subnersed
Surfaces of Steel Water Storage Tanks. For the
external CP of On-G ade Carbon Steel Tank Bottons
refer to UFGS for inpressed current or galvanic CP
for buried or subnmerged netallic structures and NACE
SP0193.

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

2.1.2 Desi gn Requi renents

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

NOTE: The follow ng information nmust be shown on

t he drawi ngs: Dinmensions of tank, including riser
(if tank is elevated), structural supports and
overflow Locations of all anodes, reference

el ectrodes, junction boxes, test boxes, rectifiers,

power connections, wire and conduit. Installation
details for anodes and rectifiers. Electrica
single-1ine diagranms, elevations, limting

di mensi ons, and equi prent ratings which are not
covered in the specification. Renbte indicating or
control requirenents.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

2.1.2.1 Dr awi ngs

Submit [six] | ] copies of detail draw ngs consisting of a conplete
list of equi pnent and material including nmanufacturer's descriptive and
technical literature, catalog cuts, contractor's nodifications, results of

system desi gn cal cul ations including water/electrol yte-resistivity,
installation instructions and certified test data show ng | ocation of
anodes and stating the maxi mumrecomended anode current output density.
Include in the detail draw ngs conplete wiring and schematic di agrans,
per manent reference el ectrodes and bondi ng and any ot her details required
to denmonstrate that the system has been coordinated and will function
properly as a unit. Reference locations to two permanent facilities or
mark points. Provide [one] | ] electronic [digital] [PDF] [ ]
copy and digital photos of the conpleted installation.

2.1.2.2 Sunmary of Services Required
Include the follow ng scope of services:
a. CP Installation Systemrequirenents,
b. Systemtesting,
c. Training,

d. Operating and mai ntenance nmanual
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e. Coating and holiday testing.

Take potential test measurenents on all permanent reference el ectrodes,
wi t nessed by the Contracting Oficer or the Contracting Oficer's
Representative, Technical Expert and Project Manager

Provide subnmittals identifying test |ocations on separate draw ng, show ng
all netal to be protected and all CP equipnment. Distinguish and identify
test points equi prent and protected netal

. 1.3 Per f or mance Requi renents
The design nust allow for synchronized interruption of all applied current.
.1.3.1 Criteria of Cathodic Protection

The design nust allow for synchronized interruption of all applied
current. Criteria for adequate CP nust be identified by the designer or
the contractor's corrosi on engi neer and approved by the Gover nnment
corrosion engi neer. The nethod of voltage drop consideration nmust al so be
identified by the contractor's corrosi on engi neer and approved by the
CGovernment. Use of the 100 nV shift criteria is not applicable to

bi -nmetallic structures.

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

NOTE: Refer to applicable current NACE
International Standard Practice NACE SP0388

| mpressed Current Cathodic Protection of Interna
Subnerged Surfaces of Steel Water Storage Tanks or
NACE | nternational Standard Practice NACE SP0196
Gal vani ¢ Anode Cathodic Protection of Interna
Subrer ged Surfaces of Steel Water Storage Tanks to
determ ne the appropriate criteria. Oher criteria
may not be applicable to this type of CP systen(s)
and structure being designed. The designer or the
contractor's corrosion engi neer may sel ect the

applicable criteria with approval of the Governnent.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

a. The measurenents for the native potential neasurement rmust be made
before the CP systemis energized. |If CP has previously been applied,
use the polarized potentials or the polarization decay potentials to
determ ne if adequate CP has been achi eved.

b. Determination of the on and polarized (instant off) potentials nust be
made with the protective current applied to the [structure] [tank] for
a mnimmof [2] [4] [7] [ ] [days].

c. The polarization decay (off) potentials nmust be made with the
protective current off for a mninumof [24] [48] | ] hours.

d. Polarized (instant off) potentials and pol ari zati on decay potentials
nust be nade with the reference el ectrode at the same | ocation

e. The polarization decay will be the difference between the polarized

potential and the polarization decay (off) potential nmade after the
interruption of protective current.
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2.

2

.1.3.1.1 Maxi mum Pot ent i al

The pol ari zed potential between a copper/copper sulfate reference

el ectrode and the tank [riser pipe] at any point must not be nore negative
than a negative 1.1 volts (with the protective current interrupted

i nstantaneously or nodul ated). Do not use on potentials to deternine

maxi mum al | owed potenti al s.

.1.3.1.2 Tanks Subject to Icing Conditions

Suspend anodes in a manner simlar to that in non-icing clinmtes, except
provi sions nust be nade to prevent the anodes and suspendi ng cables from
bei ng damaged by freezing or falling ice or by suspended floating flexible
anode rings fromthe tank walls.

.2 EQUI PVENT

2.1 Renot e Monitoring

Renot e nonitoring equi pnent nust be designed, nmanufactured and procured
specifically for CP use and must be provided as per design and draw ngs to
nmoni tor [potential (requires permanent reference el ectrode)] [bond(s)]
[interference bond] [test station(s) shunts] [ ] and nust match or be
conpatible with previously installed renpte nonitoring equi pnment in use at
the installation.

. 2.2 Corrosion Rate Mnitoring

Corrosi on probes nust be designed, manufactured and procured specifically
for the application and matched to the structure being protected.
Manuf act urer nust natch or be conpatible with previously installed rate
noni toring equi pnment in use at the installation

2.3 Rectifiers

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

NOTE: Bel ow about 500 volt-anperes of dc rating
out put, single phase seleniumrectifiers cost |ess
to acquire and operate than silicon rectifiers.
Above 1000 volt-anperes silicon rectifiers are nore
econom cal for both single phase and three phase.
Silicon rectifiers are nore econonical to repair

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

.2.3.1 Air Cool ed Encl osure

NEVA | CS 6 Type [3] [3R] [3X] [4X] Air Cool ed enclosure suitable for
[walI] [post] [pad] nounting. Enclosures nmust be of 3.1 nm (11 gauge)
steel or heavier. Enclosure nmust include front hinged door with [padl ock
hasp] [key | ock, provide [three] | ] keys.] [locks keyed alike.] [left
side door] [right side door] fit with screened openings to provide for
cooling by natural convection. Provide holes, conduit knockouts and

t hreaded hubs of sufficient size and |ocation. The cabinet and nounting
support must be [painted][hot-di pped gal vani zed] [al um num [stainless]
steel [according to the manufacturer's standards].

.2.3.2 G| Cool ed Encl osure

NEVA | CS 6 Type 11-QG | Inmersed Encl osure, suitable for pad nounting.
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Encl osure nust include top hinged door with [padl ock hasp] [key | ock
provide [three] [ ] keys.] [locks keyed alike.] Enclosures nmust be of
3.1 mr 11 gauge steel or heavier, with an accessible drain plug. The oi

| evel must be clearly marked. The lid nust be hinged and have quick

rel ease clanps to secure it in the closed position. A stop nmust limt the
swing of the lid when opened. A conpressible, oil resistant, positive
seal i ng gasket nust be provided. The gasket nust return to its origina
shape upon release of |id pressure. The gasket attached to the tank or
lid and joints nust be free of gaps. Base mounting using 102 nmr 4 inch
hi gh channel s provided. Conduits entering the enclosure nust be
internally sealed and enter or exit above the oil fill Iine.

2.2.3.3 Expl osi on Proof Encl osure

NEVA | CS 6 Type 7 Expl osion Proof Enclosure suitable for pad nounting.
Encl osure nust include top hinged Iid with [padl ock hasp] [key | ock
provide [three] [ ] keys.] [locks keyed alike.] Enclosures nust be of
3.1 mr 11 gauge steel or heavier, with an accessible drain plug. The oi

| evel nust be clearly marked. The lid nust have quick release clanps to
secure it in the closed position. A stop nmust limt the swing of the lid
when opened. A conpressible, oil resistant, positive sealing gasket mnust
be provided. The gasket must return to its original shape upon rel ease of
lid pressure. The gasket attached to the tank or Iid and joints nust be
free of gaps. Base nounting using 102 mr 4 inch high channels provided.
Conduits entering the enclosure nmust be internally sealed and enter or
exit above the oil fill Iine.

2.2.3.4 Cabi net Paint System

[ The cabi net and mounting support nust be [painted] [hot dipped

gal vani zed] [aluminun] [stainless steel] with the manufacturer's standard
pai nting system] [The nounting support for the fiberglass cabi net nust
be [painted] [hot dipped gal vanized] [al um num [stainless steel] with the
manuf acturer's standard painting system]

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

NOTE: Bel ow about 500 volt-anperes of dc rating
out put, single phase seleniumrectifiers cost |ess
to acquire and operate than silicon rectifiers.
Above 1000 volt-anperes silicon rectifiers are nore
econom cal for both single phase and three phase.
Silicon rectifiers are nore econonical to repair

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

2.2.3.5 Transforners
UL 506 and NEVA ST 1, as applicable.
2.2.3.6 El ectrical Ratings

Electrical ratings as follows: |Input voltage at 60 Hz: [[115] [208]
[ 230] volts single phase] [[208] [230] [460] volts three phase].

a. Qutput voltage, dc: [9] [12] [18] [24] | ] volts [as indicated].
b. CQutput current, dc: [8] [16] [24] [32] [ ] anperes [as indicated].

The rectifier nust be capable of supplying continuous full rated output at
an anbi ent tenperature of 44 degrees C 112 degrees F in full sunlight with
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expected life of 10 years m ni mum
2.2.3.7 Rectifying El ements

Provide silicon diode rectifying el enents, connected in such manner as to
provide full-wave rectification. [Protect silicon diodes with sel enium
cells or varistors agai nst overvoltage surges and by current limting
devi ces agai nst overcurrent surges.]

2.2.3.8 Wring and Schematic Di agram

Provide a conplete wiring and schematic diagram of the power unit show ng
both the ac and the dc connections to anodes on the inside of the cabinet
door. Show and | abel conponents.

2.2.3.9 Overl oad and Short Circuit Protection

Provi de UL 489, single-pole, flush-nmounted nol ded case circuit breaker
[ magnetic] [thermal -magnetic] type, in the primary circuit of the
rectifier supply transfornmer.

2.2.3.9.1 Circuit Breaker(s)

A [single] [double] [three]-pole, flush-nmounted, fully nagnetic, properly
rated non-terninal type circuit breaker nust be installed in the primary
circuit of the rectifier supply transfornmer.

2.2.3.9.2 Fuses

Cartridge-type fuses conformng to NEMA FU 1. Provide suitable fuse
hol ders in each leg of the D.C. circuit.

2.2.3.9.3 Surge Protection

Protect silicon diodes by use of AC and DC lightning arresters or neta
oxi de varistors agai nst overvoltage surges and by current-limting device
agai nst overcurrent surges.

2.2.3.10 DC Qut put Control

Provi de adj ustabl e DC out put voltage by [transforner taps] [automatic
control s].

2.2.3.10.1 Transformer Taps

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: A mininmum of five coarse and five fine taps
is reconmmended to provide sufficient voltage
adjustment. Variacs nust not be used where

subj ected to corrosive or marine air atnospheres.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

[ Transformer taps, [5] [ ] coarse, [5] [ ] fine.] [Variac.]

S
2.2.3.10.2 Automatic Controls

Provide a control system capable of naintaining a preselected
tank-to-water potential, within plus or mnus 0.025 volt regardl ess of
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changes in water chenistry, tenperature, or water level in the tank

[ Provide separate dc output circuits, nmeans of adjustnent, reference

el ectrodes, and netering for the tank bow and riser pipe.] Make
provisions for readily changing the range and limts of the operating
potential. Refer to AWM D104 Automatically Controlled | npressed-Current
Cat hodic Protection for the Interior Subnerged Surfaces of Steel Water

St orage Tanks.

.2.3.11 Meters

Provi de separate panel voltnmeter and ameter, not |less than 63.5 nr 2 1/2
inch [round] [rectangular] 2 percent full scale accuracy at 30 degrees C
80 degrees F, tenperature stability above and bel ow 30 degrees C 80
degrees F of at least 1 percent per 5 degrees C 10 degrees F. Provide
toggle switch for each neter.

.2.3.12 Groundi ng Provi sions

Groundi ng provisions nust [be as specified in Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM ] [conply with NFPA 70 and UL 467 including a ground
termnal in the cabinet.] The grounding conductor fromthe termnal to
the earth groundi ng system nust be solid or stranded copper not smaller
than No. 6 AWG.  Provide an earth groundi ng system consi sting of one or
nore rods. G ound rods nust be [copper-clad steel conformng to UL 467]
[zinc-coated steel conforming to | EEE C135.30] [solid stainless steel] not
less than [16] [19] mr [5/8] [3/4] inch in diameter by [2.4] [3.1] m [8]
[10] feet in length. Drive rods full length into the earth. Sectiona
type rods may be used.

.2.3.13 Resi stance to G ound

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

NOTE: Renove this paragraph if not required in the

proj ect .
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Measure the resistance to ground using the fall-of-potential nethod
described in | EEE 81. The maxi mum resi stance of driven ground nust not
exceed 25 ohns under normally dry conditions. |If this resistance cannot
be obtained with a single rod, [ ] additional rods not less than 1.8
6 feet on centers, or if sectional type rods are used, | ] additiona
coupl e sections and drive with the first rod. I|n high-ground-resistance,
use UL listed chemically charged ground rods. |If the resultant resistance
exceeds 25 ohns neasured not |ess than 48 hours after rainfall, notify the
Contracting O ficer or the Contracting Oficer's Representative, Technica
Expert and Project Manager imedi ately. Exothermically weld al
connections bel ow grade. Exothermically weld connections above grade or
use UL 467 approved connectors.

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: Exothermic welding is not recomended for
splicing since it is a higher resistance splice that
al so degrades the conductivity of the conductors.
The nost recent nechanical or hydraulic-crinp splice
results in no degradation of the conductivity of the
conductors and is not dependent on the anbient

condi tions.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I
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2.2.3.14 Ef fi ci ency

Overall efficiency of [65 percent] [90 percent] | ] m ni mrum when
operated at full output.

2.2.3.15 Optional Rectifier Special Required Features

[ 1. An efficiency filter (choke) (nay be required to inprove the
rectifiers efficiency). [capacitor] (A capacitor may al so be required
to be used in conjunction with the filter to further inprove the
efficiency and minim ze noise.)

][2. Convenience Qutlet nounted on Facepl ate

][3. Safety shield panel covering Taps or all energized conductors on
facepl ate

][4. Stainless Steel Perforated screens on Air Cooled Rectifiers

][5. Heavy duty Draw pull Stainless steel cabinet |atch

][6. Separate Slide-out equi pment racks for Transformer and Stack

][7. Additional [__ ]Jcoarse or [ ] fine voltage control |ink bar taps

][8. Quick-change, heavy-duty knobs for changing tap link bars M ninum
5/ 16" di anet er

1[9. Soldered tap changi ng studs 3/16" G ade XX

1[10. Phenolic front pane

][11. Nickel Plated and double-nutted or sol dered connections
][12. Terminal block for AC input wres

][13. Terminal block for Renmpte Monitoring Connections

1[14. Primary tap change panel for dual input voltages (Single Phase nodel s
onl y)

]
2.2.3.16 Pot abl e Water Storage Tanks

Provide CP and protective coatings for the interior submerged surfaces of
pot abl e wat er storage tanks, including bolted panel tanks in accordance
with NSF/ ANSI 61. Include requirenents in the contract specifying that
the contractor is responsible for providing an interior coating system and
ensuring that the coating systemis conpatible with an inpressed current
CP (I1CCP) system if specified, and NSF/ ANSI 61. For bolted panel storage
tanks, require the contractor to ensure all panels of a bolted pane
storage tank are electrically continuous.

2.2.3.17 Fire Protection Water Storage Tanks
Fire protection water storage tanks are mission critical facilities and

nmust be properly protected against corrosion. Provide an | CCP system for
the interior submerged surfaces of all fire protection water storage
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tanks, including bolted panel tanks. Wen the backfill beneath an
on-grade tank is corrosive, provide an | CCP systemfor the exterior bottom
of the on-grade tank. Refer to UFGS Section 26 42 17 | MPRESSED CURRENT
CATHODI C PROTECTI ON (I CCP) SYSTEM NACE I nternational SP0193 Externa

Cat hodi ¢ Protection of On-G ade Carbon Steel Storage Tank Bottonmns.

Include requirements in the contract specifying that the contractor is
responsi ble for providing an interior coating systemand ensuring that the
coating systemis conpatible with the | CCP system For bolted panel
storage tanks, require the contractor to ensure all panels of a bolted
panel storage tank are electrically continuous.

For Navy projects, allow | CCP or gal vanic anode (GCP) systens for fire
protection water storage tanks. See above references and UFGS Secti on
26 42 13 GALVANI C (SACRI FI Cl AL) ANODE CATHODI C PROTECTI ON ( GACP) SYSTEM
.3  COVWPONENTS

. 3.1 Junction Box Encl osures (Access and Physical Protection)

NENVA | CS 6, Type [3R] [4X] | ] enclosure with [clanped cover] [Type
[304] [316] stainless steel hinges and [cl anped] [l atched] cover] [and
padl ocked hasp]. Enclosure nust be of [gal vani zed steel] [painted steel]

[al uminun] [fiberglass] [non-netallic] construction with term nal board.
Knockout for conduit must be the size and | ocation as per design draw ngs.

.3.2 Shunts for Junction Boxes

[ML-1-1361.] [0.1] [0.01] [ ] ohm [2] [8] anpere, accuracy plus or
m nus one percent, polycarbonate circuit board type, col or coded for val ue
recognition [red for 0.1 ohmshunt] [yellow for 0.01 ohm shunt] with

Ni ckel plated brass posts and standard [64] 6.35 mr 0.25 inch holes on
2.54 cn 1 inch centers to fit test stations and terninal boards 0.01 ohnm 6
anpere, accuracy plus or m nus one percent, manganin (Trade Mark/all oy).

.3.2.1 Nanepl at es
Provi de naneplate in accordance with Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM and ASTM D709. Provide | am nated pl astic nanepl ates
for each enclosure as specified or as indicated on the drawi ngs. Each

nanepl ate inscription nmust identify the function. Nameplates will be
nmel am ne plastic, 3 mr 0.125 inch thick, white with [black] [ ] center
core. Surface will be matte finish. Corners will be square. Accurately

align lettering and engrave into the core. Mnimmsize of nanepl ates
nust be 635 mr 25 inch by 65 mr 2.5 inches. Lettering nust be a nmi ni mum of
6.35 mr 0.25 inch high normal bl ock style.

.3.3 Ter mi nal Boards

Provide term nal boards for anode junction boxes, bondi ng boxes, and test
stations nade of phenolic plastic [3] [6] | ] my [1/8] [1/4] | ]
inch thick with dinensions as indicated. Insulated term nal boards mnust
have the required nunber of terminals (one termnal required for each
conductor). Install solderless copper |ugs and copper buss bars, shunts,
and variable resistors on the termnal board as indicated. Test station
term nal connections will be pernmanently tagged to identify each

term nation of conductors (e.g. identify the conductors connected to the
protected structure, anodes, reference el ectrodes and coupons).
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2.4 VATERI ALS

2.4.1 Anodes

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The actual conpositions required nmust be
determ ned to provi de adequate and econom ca
service. The anode naterial conposition nust be
submitted for approval in accordance with
"Submttals Procedures."” Any deviation from chemni ca
conpositions |isted nust be approved by the

gover nnent .

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Choose from anodes |isted below. The

chemical conposition listed are exanples only. The
actual conpositions required nust be deternmined to
provi de adequate and econoni cal service, and conform
to the standards established by NACE

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

2.4.1.1 Di nensi ons and Wi ghts

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

NOTE: The follow ng di nensions and wei ghts of
anodes are not all inclusive, additional sizes not
included in the follow ng tables may be avail abl e
from vari ous manuf acturers.

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

Bare anode weight [4.1] [7.72] [9.7] [14.53] | ] kg [9] [17] [20]
[32] [ ] pounds not including core.

2.4.1.2 Hi gh-Silicon Chrom um Bearing Cast Iron

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

NOTE: High-silicon cast iron anodes are rugged,
long lasting, and comonly used in icing and
non-icing climtes. They are generally classified
as relatively non-sacrificial having a consunption
rate between 227 to 454 grans 0.5 to 1.0 pounds per
anpere-year in nost fresh waters.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

ASTM A518/ A518l. Provide cast iron anodes with the foll ow ng
characteristics:

a. Electrical resistivity: 72 mcro-ohmcentineter at mnus 6.6 degrees C
20 degrees F (maximuny.

b. Physical properties (nominal):

Tensil e strength 103.4 MPa 15,000 psi

Conpressive strength 689.4 MPa 100, 000 psi
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Bri nell hardness 520

Density 7.0 granms per cubic centineter

Mel ting point 1260 degrees C 2300 degrees F

c. Coefficient of expansion from zero to 100 degrees C 32 to 212 degrees F
0.132 microneters per degree C 0.733 microneters per degree F

2.4.1.2.1 Chemi cal Conposition (Nomi nal)

El ement Percent by Weight Grade 2
Silicon 14.20-14.75
Manganese 1.50 Max.
Car bon 0.75-1.15
Chr omi um 3.25-5.00
Iron Bal ance

2.4.1.2.2 El ectrical Resistivity
Seventy-two m crohmcentineter at mnus 7 degrees C 20 degrees F

2.4.1.2.3 Physi cal Properties (Nom nal)

Tensil e strength 103.4 MPa 15,000 psi
Conpressive strength 689.5 MPa 100, 000 psi
Brinel |l hardness 520
Density 7.0 granms per cubic centineter
Mel ting Point 1260 degrees C 2300 degrees F
Coefficient of expansion fromO to 100 132 nanoneter per degree C 0.733
degrees C 32 to 212 degrees F m crometer per degree F

2.4.1.2.4 Anode Connecting Cabl es
Anodes must have connecting cables installed at the factory.

2.4.1.3 Al um num Anodes

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R S R R

NOTE: Al umi num anodes are used in cases where
annual or frequent replacenment is required due to

i ce damage, and routine cleaning of the tank makes
it possible to renmove any expended or broken pieces
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of anode stock fromthe tank before they

accurmul ate. Al so, see the technical note for

"Preci ous Metal Anodes" regarding alternative anode
systens for icing conditions. The designer mnust
consi der system maintainability inpacts when

sel ecting the anode system

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Provi de al umi num anodes with conposition and size conformng to NACE
mandat ed requirenents.

2.4.1. 4 Preci ous Metal Anodes

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

NOTE: At installations where icing conditions exist
and the scaling index of water is |less than 20,000
(i.e., low hardness water), the designer nust

consi der using precious nmetal anodes, such as

pl atini zed niobium platinized titanium or m xed
netal oxide for CP systens. The consunption rate of
preci ous nmetal anodes is |less than that of other

rel atively non-sacrificial anodes. However,

preci ous nmetal anodes are nore vul nerabl e to danage
and | oss particularly during cleaning and
recondi ti oning of the tank

Sel ection of the configuration must be left to the
desi gner of the system Long, continuous wire from
| engt hs of precious netal anodes may have an
attenuating effect. This can be overconme by using
an anode header cable connected to | engths of

preci ous nmetal anodes at a common junction box.
Such precious netal anode assenblies nust be
assenbled with factory sealed and tested electrica
connections to the anodes.

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

Provi de [precious netal anodes] | ], [solid] [conposite] [wire] [rod]
[ expanded nesh] [ribbon] in form Anode core nust be [copper] [ niobiuni
[titaniun] with [platinun] [m xed netal oxide] [ ] coating with

t hi ckness of | ] [mllineters] [mils].[ Precious nmetal anode
assenbl i es nmust have factory seal ed and tested electrical connections to
the anodes.] Size and length as indicated by engi neering design draw ngs.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: mls is an abbrevi ated di mension in inches;
mllimeters is a netric di nension.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

2.4.1.5 M xed Metal Oxide (MMO Anodes
Titanium Wre anodes with a m xed nmetal oxide crystalline electrically

conductive coating with [1.5 mr 0.062 inches] [3.0 mr 0.118 inches]
di anmeter.

SECTION 26 42 15 Page 31



Nomi nal Di anet er Active Surface
Wre Size Tol erance Ti tani um Ar ea Wi ght
Percent | Percent | fd/mof | ft2/ft
mm i nches mm i nches by by Length of g/ m | bs/ft
Wi ght Vol ure Lengt h
1.5 0. 062 +0. 062 | +0.007 36.1 52.7 0. 0051 0. 017 13.7 0. 009
-0.00 -0.00
3.0 0.118 +0. 062 | +0.010 17.1 29.0 0. 010 0.033 0. 042 0. 042
-0.00 -0.00

Titani um Rod anodes with a nmixed netal oxide crystalline electrically
conductive coating with [3.175 mr 0.125 inches STC] [3.175 nm 0. 125 i nches
XL] [6.35 mr 0.25 inches STD] [13.97 mr 0.55 inches] [19.05 nmr 0.75 inches
STC] diameter and [60.96 mr 24 inches XL] [121.92 mm 48 inches XL] length
for use in [freshwater or brackish water] [seawater]. STD is standard MVO
coating thickness, XL is extended |life (greater MMO coating thickness).
Titani um tubul ar anodes with a nmixed netal oxide crystalline electrically
conductive coating with [___ ] dianeter, [___ ] length.

Anodes Di anet er Lengt h Surface Area Wei ght
mm cm i nches cm i nches nf ft2 kg | bs
1.6 x 100 1.6 0. 063 100 39.4 0. 050 0.78 0.21 0.47
2.5 x 50 2.5 1. 00 50 19.7 0. 039 0.42 0.18 0. 40
2.5 x 100 2.5 1. 00 100 39.4 0.079 0.84 0.35 0.77
3.1 x 76 3.1 1.22 76 30.0 0.076 0.82 0.32 0.70
3.1 x 122 3.1 1.22 122 48.0 0.121 1.30 0.50 1.10

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: Wre, rod or tubular MMO anodes nay be used

underground with sel ected backfill, in deep anode
beds, and are available in cannisters with sel ected
backfill for use underground.

EE R R R S I R R I R R I R S R R R O S R R R R R R R R R O

2.4.1.6 Pl atini zed N obium [Titanium Anode

St andard pl atini zed ni obi um anode nmust be [20 percent][40 percent] niobium
by cross-sectional area with a copper core and [single][double] platinum

t hi ckness. The followi ng table shows exanpl es of platinized niobium
anodes. Ot her platinized ni obi um anodes and platinized titani umnay be
speci fi ed.
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20 Percent N obium
Di anet er Ni obi um Thi ckness Resi st ance Pl ati num Thi ckness
i nches i nches m cro-ohnt ft u-in. u-in.
0.75 0. 038 22 300 600
0.5 0. 025 50 200 400
0. 375 0. 019 89 150 300
0. 25 0.013 201 100 200
0.188 0. 009 356 75 150
0.125 0. 006 806 50 100
40 Percent N obi um
0. 375 0. 038 113 150 300
0. 25 0. 025 256 100 200
0.188 0. 019 453 75 150
0.125 0.013 1025 50 100
0. 093 0.01 1822 38 75
0. 063 0. 007 4102 25 50

2.4.1. 7 Anode Life Test

The anode wire material nust sustain current densities of 100 anperes per
square nmeter 9.29 anperes per square feet in an oxygen-generating
electrolyte for 20 years. The manufacturer nust certify that a
representative sanple taken fromthe sane | ot used to construct the anode
has been tested and neets the following criteria. The test cell nust
sustain a current density of 10,000 anperes per square neter 9.29 anperes
per square feet in a 15-weight percent sulfuric acid electrolyte at 66
degrees C 150 degrees F without an increase in anode to cathode potentia
of nmore than 1 volt. The cell containing the anode is to be powered with
a constant current power supply for the 30-day test period. The
representative sanple nmust include a mninmmof 125 nr 5 inch in |l ength
taken fromthe lot of wire that is to be used for the anode.

2.4.2 Gal vani ¢ Anodes
2.4.2.1 Magnesi um
[ ASTM B843] Chem cal conposition as mandated by NACE

Bare anode weight: [7.71] [9.07] [14.51] [ ] kg [17] [20] [32]
[__ 1 pounds [not including core].

2.4.2.2 Zi nc

[ ASTM B418, Type [I] [II1].] [ASTM F1182.] [M L-A-18001] Bare anode
weight: [2.2] [2.27] [6.8] [13.61] | ] kg [5] [15] [30] [ ] pounds
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[ not

i ncludi ng core].

Typi cal Zinc Bare Anode Sizes and Packaged Wi ght
Bare Wi ght W dt h Hei ght Lengt h
kg pounds mm i nches mm i nches mm i nches
2.3 5 36 1.4 36 1.4 254 10
5.4 12 36 1.4 36 1.4 610 24
6.8 15 36 1.4 36 1.4 762 30
6.8 15 51 2.0 51 2.0 381 15
8.2 18 36 1.4 36 1.4 914 36
13.6 30 36 1.4 36 1.4 1524 60
13.6 30 51 2.0 51 2.0 762 30
20. 4 45 51 2.0 51 2.0 1143 45
27.2 60 51 2.0 51 2.0 1524 60
2.4.3 Anode Wres and Cable

2.4.3.1

Anode Connecting Wre

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

Any pi nhol g,

cut,

t he anode cabl e exposi ng bare copper to the
inearly failure of the CP

electrolyte will
For

system

anodic failure and | esser

this reason,
insulation is used on anode cabl e.

speci al

extra
Wi | e

heavy

scratch or other danmge to

it is
often expedient to use the sanme type wire for the
cat hodi c (negative) cable in order to avoid a m x-up
in the field,

the cathode cable is not subject to
i nsul ati on can be used.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Anode connecting w re mnust

be 0.003 ohms maxi num

2.4.3.2

Cabl e for

Anode Header

anode header

Cabl e

be No.
with type CP Hi gh Ml ecul ar Wi ght

7/ 64 inch thick, 600 volt rating.

(8] [

and di stribution nust

] AWG stranded copper wire

Pol yet hyl ene ( HWAP)
Cabl e-t 0- anode cont act

be No.

[

i nsul ation, 2.8 nmr

resi stance nust

] AWG stranded

copper wire with type [CP HWWP, 2.8 nmr 7/64 inch thick insulation] [HWPE

protective jacketed cable with a fluoropol yner
600-vol t

i nsul ation],

rating.
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2.4.3.3 Pol yet hyl ene | nsul ati on

Pol yet hyl ene insul ation must conply with the requirenents of ASTM D1248
and of the follow ng types, classes, and grades:

2.4.3.3.1 HWAP
HWAP nust be Type I, Class C, Gade E5.
2.4.3.3.2 Hi gh Density Pol yet hyl ene ( HDPE)
HDPE nust be Type Ill, Cass C, Grade ES.
2.4.3.4 Attachnment of Anode Lead Wre
Install anode lead wires at factory.
2.4.3.5 End- Connect ed Anode

[Drill] [Cast] a recess [150] | ] my [6] [ ] inches deep in one
end of the anode. Attach the lead wire to the anode with an anchor
device. Not nmore than 10 mr 1/2 inch of bare wire nust protrude fromthe
anchor device. Attachnent must withstand a 1446 Newton 325 pound pull

wi t hout | oosening the wire or anchor device. Fill the recess with an
epoxy sealing conmpound [, |eaving sufficient space for a plug]. [Provide
non-nmetallic plug flush with the anode end surface.] [Install a heat

shri nkabl e anode cap over the attachment. Cap must extend not |ess than 65
mr 2 1/2 inches on the lead wire and 75 mr 3 inches on the anode. ]

Cabl e-t 0- anode contact resistance nmust not exceed 0.02 ohns.

2.4.3.6 Cent er - Connect ed Anode
Attach the lead wire to the center of the anode with an anchor device

suitably fastened to the wire. Not nmore than 20 mr one inch of bare wire
nmust protrude fromthe anchor device. Encapsulate [each side of] the

connection point with [a m nimum of 152 mr 6 inches | ] of] high

vol tage insul ating conpound mastic and 102 nmm 4 inches [ ] of epoxy
resin. Attachnment nust withstand [4000] [6675] | ] N [900] [ 1500]

[ ] pounds pull without | oosening the wire or anchor device. Provide

a non-nmetallic [plug flush with the anode end] [end cap] to prevent
chaffing of the anode |lead wire. Cable-to-anode contact resistance mnust
not exceed 0. 02 ohns.

2.4.3.7 M xed- Met al - Oxi de- Anode Lead Wres

[[Solidly crinp] [and sol der] the connection between the anode rod or

ri bbon and the lead wire. Seal the connection [with two |ayers of half

| apped nastic tape covered with a heat shrinkable sleeve] [in cast

epoxy].] [Tin and anneal the copper wire and hydraulically swage the

t ubul ar anode onto copper bushings in contact with the wire. Place a 28 mm
1 1/8 inch copper sleeve, inner diameter slightly larger than the tubul ar
anode outer dianeter, over the tube prior to swaging.] Cable to anode
contact resistance rmust not exceed 0.02 ohns.

2.4. 4 Per manent Reference El ectrodes
Per manent reference el ectrodes nust be [copper/copper-sul fate] [silver

silver-chloride] [zinc] [Hydrocarbon-Proof Palladium (Pd/Pdd ,)]
specifically manufactured for submersible use, [32] [ ] my [1 1/4]
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[ ] inch dianmeter, by [203] [255] [ ] my [8] [10] [ ] inches
long, [plastic] | ] tube with a mninum surface sensing area of
[ 1 1 ] square centineters] ] square inches. Mist never need

rechargi ng, mai ntenance, or recalibration. Mist have inpregnated nmenbrane
whi ch keeps el ectrode el ectrolytes fromdrying out or getting the
reference el ectrode el ectrolyte contam nated. Mist have ion trap to
prevent reference el ectrode damage from hydrogen sul fi de or excess
chloride ions. Provide electrodes with No. [10] [12] [ ] AWG Rubber
Heat (resistant) Wre (RHW [RHW Thernopl astic Heat and Water-resistant
Nyl on-coated (THHN) [ THHN] [ ] cable of sufficient length to extend to
the [rectifier] [junction box] w thout splicing. No splices are all owed
bel ow t he hi gh-water | evel. Reference electrodes will have a m ni num
20-year life, stability of plus or minus 5 mllivolts under 3 nicroanp

| oad. The manufacturer nust calibrate the PRC to 316 nV plus or ninus
10nV referenced to a standard hydrogen el ectrode (SHE) and provide a
calibration certificate detailing the results of the calibration
Procedures for evaluating the accuracy annually rmust be included in the
Qperation and Mai nt enance Manual
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NOTE: Refer to NACE TMD113-2013 Standard Test Met hod
for Evaluating the Accuracy of Field-G ade Reference
El ectrodes and NACE TMD211-2011 Standard Test Met hod
for Durability Test for Copper/ Copper Sulfate

Per manent Reference El ectrodes for Direct Burial
Applications for information for evaluating the
accuracy or durability of the PRE

2.5 ACCESSORI ES
2.5.1 Shunt Resistors

[0.01] [ ] ohm [6] [ ] anp, with an accuracy of plus or mnus one
percent. [Shunts nust conformto ML-1-1361 [rating as shown]].

2.5.2 Condui t

[UL 6, rigid galvani zed steel.] [Qutlet boxes: UL 514A and Fitting:

UL 514B, threaded hubs.] [Metallic conduit and fittings to be

pol yvi nyl -chl ori de coated in accordance with [NEMA RN 1, Type A40] |

NEVA TC 2, Type EPC-40-PVC]]. Provide non-netallic conduit conformng to
NEVA TC 2. Provide conduit support in accordance with NFPA 70.

2.5.3 Wres and Cabl es (other than Anodes)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Refer to paragraph 2.4.3 Anode Wres and
Cabl e for anode |ead wires.
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Provi de copper wire confornming to ASTM B3 and ASTM B8. Wres terni nating
in arectifier, junction box or test station nmust have a cable
identification tag.

2.5.3.1 AC Power Supply Wring
[UL 83, Type [THW [THWN] [THHN]] [UL 44, Type RHW] [UL 854, Type USE],

stranded [solid] copper conductors, gauge (AW5 and col or coded as
i ndi cat ed.

SECTION 26 42 15 Page 36



2.5.3.2 Ref erence El ectrode Wre

[UL 83, Type [THWN [THWN] [THHN]] [UL 44, Type RHW] stranded [solid]
copper conductors, gauge (AW5 and col or coded as indicated

2.5.4 Wre Connectors
Safety Standard for Wre Connectors nmust conformto UL 486A-486B
2.5.5 Splices

[Splices are not permitted in subnerged sections of anode | ead wire or
anode header cable.] Provide splices with a conpression connector on the
conductor, and insul ation and waterproofing using one of the foll ow ng
nmet hods which are suitable for continuous submersion in water and conply
with ANSI C119. 1.

(1) Provide cast-type splice insulation by nmeans of nolded casting process
enpl oying a thernosetti ng epoxy-resin-insulating naterial applied by a
gravity-poured nethod or pressure-injected nethod. Provide conponent
materials of the resin insulation in a packaged formready for
conveni ent mxi ng without renoving fromthe package.

(2) Gravity poured nethod nust enploy materials and equi pnent contained in
and approved conmercial splicing kit which includes a nold suitable
for the cables to be spliced. Wen the nold is in place around the
joined conductors, prepare the resin mx and pour into the nold.

(3) Provide [heavy wall] heat-shrinkable splice insulation by neans of a
t her nopl asti c adhesive seal ant material which nmust be applied with a
cl ean burning propane gas torch per manufacturer's instructions.

2.5.6 I nsul ati ng Tape
Safety Standard for Insulating Tape nust conformto UL 510.
2.5.7 Bol ti ng

ASTM A307, Grade B for bolts; ASTM A194/ A194N, Grade 2 for nuts.

Di nensi ons: ASME B18.2.1 for bolts, ASME B18.2.2 for nuts. Threads:
ASVE Bl1.1, Cass 2A fit for bolts, Cass 2B fit for nuts. Bolts nust
extend conpletely through the nuts and may have reduced shanks of a
di ameter not | ess than the diameter at the roof of threads.

2.5.8 Cable and Wre ldentification Tags

[Lami nated plastic material with black letters on a yell ow background]
[[Brass] [Stainless steel] material with stanped or engraved letters.]
Print letters and nunbers a mininmur 5 mr 3/16 inch in size. Provide
identifier legend [in accordance with the draw ngs] [ ].

2.5.9 Clevis Assenblies

Provide clevis assenblies, 6.35 nr 1/4 inch flat steel with a spool
opening of 53.975 mr 2 1/8 inch, 114.3 mr 4 1/2 inch long to the
centerline of the spindle. Provide porcelain spools, with an outside

di ameter of 57.15 mr 2 1/4 inch and an overall height of 53.975 mr 2 1/8
i nch.
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2.5.10 Pin I nsul ators

Provide pin insul ator assenblies, 100 mr 4 inches |ong overall and 6.35 mr
1/4 inch dianmeter alum numbolt 19 mv 3/4 inch long attached to the flat
end with an al um num nut and | ock washer. Provide porcelain insulator of
non- conducting material with hard glazed finish. Provide insulator with a
hol e through the bottomat least 13 nm 1/2 inch dianeter.

2.5.11 Hand- hol e Assenbl i es

Provi de al um num hand-hol e covers, 175 my 7 inches in dianmeter and 1.588 nm
1/16 inch thick and connected to insul ating rubber gasket, 175 mr 7 inches
in dianmeter and 3.175 nmr 1/8 inch thick. Cut handhol es 150 nmm 6 i nches

in dianmeter. Provide hand-hole assenblies with 12.7 nr 1/2 inch bolts and

6.35 mr 1/4 inch plate clamping bars.
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NOTE: The interiors and exteriors of bolted tanks
are factory-coated. Electrical continuity nust be
verified and ensured across the bolted joints to

ensure proper CP system operation.
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2.5.12 Exothermic Wld Kits

Provi de exothermc weld kits specifically designed by the manufacturer for
wel ding the types of materials and shapes provided.

2.5.13 Manuf acturer's Nanepl ate

Each item of equi pnent nust have a nanepl ate bearing the nanufacturer's
nane, address, nodel nunber, and serial nunber securely affixed in a
conspi cuous pl ace; the naneplate of the distributing agent will not be
accept abl e.

2.5.14 Fi el d Fabricated Nanepl at es

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use the follow ng paragraph where namepl ates
are fabricated to identify specific equi pnment
desi gnated on the draw ngs.
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ASTM D709. Provide | anmi nated plastic naneplates for each equi pnent

encl osure, relay, switch, and device, as specified or as indicated on the
drawi ngs. Each nameplate inscription nust identify the function and, when
applicable, the position. Naneplates nust be nelamne plastic, 3 mr 0.125
inch thick, white with [black] [ ] center core. Surface nust be matte
finish. Corners nust be square. Accurately align lettering and engrave
into the core. Mninumsize of nanmepl ates must be 25 by 65 mr one by 2.5
inches. Lettering nmust be a m nimum of 6.35 mr 0.25 inch high norma

bl ock style.

2.5.15 Cat hodi ¢ Protection System Operation and Mi ntenance Manua
A Cathodic Protection System Operation and Mai ntenance Manual must outline

t he step-by-step procedures required for system startup, operation
adj ustment of current flow, and shutdown. The nmanual must include the
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manuf acturer's name, nodel nunber, service manual, parts list, and brief
description of all equiprment and their basic operating features. The
manual nust |ist routine maintenance procedures, recomendations for

mai nt enance testing, possible breakdowns and repairs, and troubl eshooting
gui des. The nmanual must include single |ine diagranms for the system as
installed, instructions in making tank-to-reference el ectrode potentia
neasurenents and frequency of nmonitoring. The instructions rmust include
precautions to ensure safe conditions during troubl eshooting and repair of
the CP system

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: Information nust neet or exceed applicable
sections in UFC 3-570-06, Operation and Mai ntenance:
Cat hodi c Protection Systens. Applicable sections

i nclude Chapter 3.2.6 for water tank calibration for
all tanks and chapter 3.2.1 for rectifier
operational inspection for tanks with rectifiers.
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PART 3 EXECUTI ON
3.1 SAFETY PRECAUTI ONS AND HAZARDOUS LOCATI ONS

Any operations that will generate heat, sparks, or flame include, but are
not limted to, grinding, soldering, welding, cutting, brazing and
exothernic welding. Ensure that hot work equipnment is in good repair and
used according to manufacturer's recomendations. A thorough safety

i nspection of the area nust be conducted. Renmpbve flammabl e gasses and
liquids fromthe area. Conbustibles in the work area nust be noved or
covered with fire-retardant blankets. One or nore 20-pound ABC-type fire
ext i ngui sher(s) must be inspected before each planned use, and be readily
available. A qualified fire watch nust be present and remain 30 m nutes
after conpletion of the task(s). |If work is being conducted in an area
wher e expl osi ve vapors coul d accumul ate, adequate ventil ation rust be
provided and air monitoring nust be conduct ed.

3.2 | NSTALLATI ON

3.2.1 Anode Install ation

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Proprietary systens of anode installations
are available for areas where icing is expected.

For such areas, paragraph 3.2.1.1 "lcing dinate
Requi renent s" shoul d be i ncl uded.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

[ 1 EEE C2] [NFPA 70].

3.2.1.1 Icing Cinmate Requirenents
Suspend anodes in a manner simlar to that in non-icing clinmtes, except
provi sions nmust be made to prevent the anodes and suspendi ng cables from
bei ng damaged by freezing or falling ice or by suspended floating flexible
anode rings fromthe tank walls.

3.2.1.2 Anode Pl acenent

Arrange anodes in the tank [and riser pipe] as shown in the draw ngs [so
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3.

3

that protection can be provided to surfaces w thout exceedi ng potentials
[in the vicinity of the anodes] that will be detrimental to coatings].
Suspend anodes from[roof] [wall] [plate] [structure] by neans of
factory-installed connecting wire designed to support the anodes in air

[ bef ore submergence] without failure of the electrical wire insulation or
the el ectrical conductors. Prevent contact between anode and tank
surfaces such as nan-access hatches, |adders, heater pipes, and stay rods.

.2.1.3 Anode Hangers

Anode hangers must electrically insulate the anode suspending wire from
the tank steel

.2.1. 4 Handhol es

Provi de a handhol e having a di aneter of 150 nm 6 inches in the tank roof
for each anode string to permt replacenment or inspection of anodes.

2.2 Anode Connection
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NOTE: A single split-bolt will work | oose when
wires it connects are moved. Mninumof two split
bolts will prevent this from happening. In water
tanks, split bolts are used (above water |ine only)
because working space is limted and hydraulic or
nmechani cal conpression tools may be cunbersone and
hazardous to use. At ground level or in trenches,
conpression tools can be used conveniently, and
swedged sl eeve connection produced by such tools is
nore reliable than split bolts.
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.2.2.1 Anode Lead Wres

El ectrically connect anodes to the positive D.C. header cable with
conpressi on connectors or split bolts, or the header cable nay termnate
in a junction box for connection with all anode cables. Use a m ni num of
two split bolts for each connection if split bolts are used. Mark each of
the wires termnating in the junction box.

.2.2.2 Anode Header Cabl e

Provi de header cable on the [underside of the roof] [wall] with
electrically insulating hangers which enter the tank near the roof I|ine
froman externally nounted junction box. External wiring nmust be in
conduit. Mark each of the wires ternminating in the junction box.

.2.2.3 Splices and Term nations
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NOTE: Splices are not allowed bel ow water |evel.
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Locate under-roof electric wire splices above the high water |line and sea
wat er-tight using cast-type splice, gravity-poured nethod or heat
shrinkabl e splice insulation as described in Section 2. Splices are not
permtted in submerged sections of the anode | ead wire or anode header
cabl e.
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3.2.3 Rectifiers

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For inpressed current systens only.
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3.2.3.1 Rectifier Installation

Location and nounting as indicated. Assenble and attach equi pnent
enclosures to [wall] [post] [pad] in accordance with the manufacturer's
instructions. Handle wires to prevent stretching or kinking the
conductors or dammging the insulation. Use |ubricants when pulling wires
into conduits. Bond the equi pment enclosures to a grounding el ectrode.

3.2.3.2 Rectifier G ounding

Locate ground rod(s) as indicated in drawings. Measure resistance to

earth. |If resistance to earth is nore than 25 ohnms, install additiona
ground rod(s) at a distance of 3.65 neters 12 feet or nore and retest.
Repeat if required. Lowresistance backfill, certified for use in

groundi ng systens, may be required in exceptionally high soi
resistivities using manufacturer's reconmendati ons.

3.2.3.3 W r e- To- Tank Connecti ons

Connect the structure wire to the tank | ] [by use of an exothermc
weld kit] [by brazing]. Cean the structure surface by scraping, filing,
or wire brushing to produce a clean, bright surface. [WIld connections
using the exothermc weld kits in accordance with the manufacturer's
instructions. Test the integrity of the weld, prior to coating, by
striking with a 908 gram 2 pound hanmmer.] [Cover connections and
surroundi ng cl eaned surface with an electrically insulating coating
conpatible with the existing coating.]

3.2. 4 Per manent Reference El ectrodes
3.2.4.1 Per manent Reference El ectrode Verification

Verify permanent reference el ectrodes against a portable electrode in the
presence of the Contracting Oficer or the Contracting Oficer's
Representative, Technical Expert and Project Manager before installation
Verify in a non-netallic container of water with the sane conposition as
the tank to be protected. Pernmanent el ectrode nmust nmeasure a reference
potential agreeing with that neasured by the portable el ectrode wthin
plus or mnus 0.010 volt when the sensing wi ndows of the two el ectrodes
bei ng conpared are not nore than 2 mm 0.07 inch apart but not touching.
Renove pernanent reference el ectrodes not within this potential range from
the construction site by the end of the day and repl ace at the
contractor's expense. The testing provision applies to replacenent

per manent reference el ectrodes as well.

3.2.4.2 Install ati on

Provi de pernmanent reference el ectrodes at points in the tank [and riser

pi pe] which nmonitor mnimum and nmaxi mum [tank] [/riser]-to-water
[potentials], regulate the automatic control system [ ], and maintain
conti nuous inmersion. Sensing wi ndows of reference el ectrodes nust be
equidistant to and located within 25 mr one inch of the steel tank/riser
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3.

3.

pi pe surface and be fixed in position, preventing contact with tank wal
or appurtenances.

.3 BCOLTED AND RI VETED TANKS

Ensure electrical continuity of joining conponents.

.4 GASEQUS EVOLUTI ON

Provi de for possible evolution of gases from anode reaction and
ventilation requirenents.

.5 FI ELD QUALI TY CONTRCL

Field tests must be witnessed by the Contracting Oficer or the
Contracting Officer's Representative, Technical Expert and Project Manager
or their designated representative. Advise the Contracting Oficer or
Contracting Oficer's Representative [5] [ ] days prior to perform ng
each field test. Quality control for the cathodic protection systen nust
consi st of the foll ow ng:

a. Initial field testing by the contractor upon construction

b. Governnent field testing after contractor has subnmitted initial field
test report.

c. Warranty period field testing by the contractor

d. Final field testing by the contractor after one year of service.
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NOTE: Additional testing nmay be required based upon
the specific project or design. Al tests listed
bel ow may not be required. Designer must consider
the project requirenents for selection of test
procedures. Specify 30-day notice for large systens
to allow the Governnent corrosion engi neer to be
on-site during the initial and final field testing
of the CP systens.
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6 TESTS AND MEASUREMENTS
6.1 Nati ve Potentials

Notify the Contracting Oficer or the Contracting Oficer's
Represent ati ve, Technical Expert and Project Manager a mini mum of five (5)
wor ki ng days prior to each test. Base potential tests: At |east [one
week] [24 hours] | ] after [installation of structure to be
protected] [initial operation of structures containing fluids] and
installation of the anodes, but before connection of anodes to the
structure, neasure base (native) structure-to-electrolyte potentials of
the [structure]. Perform measurenments at anode junction boxes, test
stations and other |ocations suitable for test purposes. The |ocations of
t hese neasurenments nust be identical to the |l ocations specified for
potential neasurements with anodes connected. Use the sane neasuring

equi prent that is specified for measuring protected potential neasurenents.
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3.

6.2 Protected Potentials

Systenms must be tested and inspected by the contractor's corrosion

engi neer in the presence of the Contracting Oficer or the Contracting
Oficer's Representative, Technical Expert and Project Manager corrosion
protection engi neer or an approved representative. Notify the Contracting
Oficer or the Contracting Officer's Representative, Technical Expert and
Proj ect Manager a ninimum of five working days prior to each test. At

| east [one week] [24 hours] | ] after native potential testing and
connection of anodes to the structure, mneasure protected
structure-to-electrolyte potentials. The |ocations of these neasurenents
nust be identical to the locations specified for native potentia
neasurenents. Use the sanme neasuring equi prent that is specified for
nmeasuring protected potential nmeasurenents. Record test data, including
date, time, and locations of testing and submt report to the Contracting
Oficer or the Contracting Oficer's Representative, Technical Expert and
Proj ect Manager. Contractor nust correct and retest, at the contractors
and Techni cal Experts expense, deficiencies in the materials and
installation observed by these tests and inspections.

.6.3 Ref erence El ectrode Potenti al Measurements

Upon conpletion of the installation and with the entire CP systemin
operation, electrode potential neasurenents nust be nade using a
copper/copper sulfate reference electrode and a potentioneter-voltneter,
or a direct-current voltmeter having an internal resistance (sensitivity)
of not less than 10 negohns per volt and a full scale of 10 volts. The

| ocations of these measurenents nmust be identical to the |ocations used
for baseline potentials. The values obtained and the date, tinme, and

| ocations of neasurenents nust be recorded. No |less than eight (8)
neasurenents will be made

.6.4 Hol i day Test

Any damage to the protective coating during installation rmust be repaired
before conpletion. After repair-coating has been applied, the entire
structure, tank, wall or pipe nust be inspected by an electric holiday
detector with inpressed current in accordance with NACE SP0188. The
hol i day detector will be equipped with a bell, buzzer, or other type of
audi bl e signal which sounds when a holiday is detected. Holidays in the
protective coating nmust be repaired upon detection. Cccasional checks of
hol i day detector potential will be made by the Contracting Oficer or the
Contracting Oficer's Representative, Technical Expert and Project Manager
to determine suitability of the detector. Labor, materials, and equi prent
necessary for conducting the inspection nmust be furnished by the
contractor. The coating system must be inspected for holes, voids,
cracks, and other danage during installation.

.6.5 Rectifier Testing (inpressed current systens only)

The purpose of the rectifier operational inspectionis to determ ne the
serviceability of all conponents required to inpress current to the anodes
of the inpressed current system The inspection must be thorough to
ensure dependabl e current until the next inspection

a. Before energizing the rectifier, visually check all rectifier

conponents, shunt box components, safety switches, circuit breakers,
and ot her system power conponents.
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b. Tighten all accessible connections and check tenmperature of all the
conponent s.

c. Ensure all permanent reference el ectrode caps are removed and pl aced
inside the rectifier cabinet for verification of removal and for use
during tank cl eaning.
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NOTE: Do not increase the anount of current by
requiring the S/E potential not to be nore negative
than -1150 nV with respect to a CSE of the tank
Excessive current nay dis-bond the coating.
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d. Startup testing of the rectifier nmust include voltage and current
testing at all tap settings up to the level of protection or maximm
of the rectifier rated current, whichever is the lowest. Do not apply
excessive current to the tank. For automatic rectifiers, record each
tap setting (if available) before switching to automatic potentia
control

e. Using a dependabl e hand-held neter, measure the output voltage and
current, and calibrate the rectifier nmeters, if present. For
rectifiers with nmore than one circuit, neasure the output voltage and
current for each circuit using a dependabl e hand-held neter, and
calibrate the rectifier nmeters, if present.

f. For systems with permanent reference el ectrodes, using a calibrated
reference el ectrode, neasure the potential difference to each
i nstall ed pernanent reference el ectrode by placing both el ectrodes
together in the electrolyte with CP current off (may be tested before
installation). |If the difference is nore than 10 nV, replace the
per manent reference electrode. For rectifiers with potentia
voltmeters, using a dependabl e hand-held meter, measure the potentials
for each voltmeter, and calibrate that rectifier meter

g. Calculate the CP systemcircuit resistance of each circuit by dividing
the rectifier DC voltage output of each circuit by the rectifier DC
anpere output for that circuit.

h. Calculate the rectifier efficiency.
.6.6 Initial Cathodic Protection System Testing

Initial field testing must be conpleted by the contractor upon conpletion
of construction. Field testing must be w tnessed by the Contracting
Oficer or the Contracting Officer's Representative, Technical Expert and
Proj ect Manager or their designated representative. Advise the
Contracting O ficer or Contracting Officer's Representative [5] [ ]
days prior to perforning each field test. Field testing nmust include
native and protected potentials, anode current testing and pernmnent
ref erence el ectrode testing.

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

NOTE: Additional testing nmay be required based upon

the specific project or design
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

The contractor must submit an initial field test report of the CP system
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3.

Tank-to-el ectrol yte nmeasurenents, including initial potentials, protected
potentials, anode outputs, rectifier and other required testing must be
recorded on applicable forns. |Identification of test |ocations, test
station and anode test stations will coordinate with the as-built draw ngs
and be provided on systemdraw ngs included in the report. The contractor
nmust | ocate, correct, and report to the Contracting Oficer or the
Contracting O ficer's Representative, Technical Expert and Project Manager
any short circuits encountered during the checkout of the installed CP
system

.6.7 CGovernment Field Testing

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: The requirenents of paragraph entitled
"CGovernnent Field Testing" are required for CP
projects in either the Arny, Navy, Air Force or

Mari nes area. The designer nust verify their
applicability to projects outside the area with the
appropriate Engineering Field Division (EFD)

corrosi on program nmanager.
R R R R R R R R X R R

The governnent corrosion [engineer] [program nmanager] must reviewthe
contractor's initial testing report. Approximtely four weeks after
recei pt of the contractor's initial test report, the systemw || be tested
and inspected in the contractor's presence by the governnent corrosion

[ engi neer] [program manager]. The contractor nust correct, at the
contractor's expense, materials and installations observed by these tests
and inspections to not be in confornmance with the plans and
specifications. The contractor will pay for all retesting done by the
gover nment engi neer nade necessary by the correction of deficiencies.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For CP projects in either the Arny, Navy, Air
Force or Marines area, select the appropriate
options for paragraphs entitled "One Year Warranty
Peri od Testing."

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

6.8 One- Year - Warr ant y- Peri od- Testi ng

The contractor nust inspect, test, and adjust the CP system[quarterly]

[sem -annual | y] [ ] for one year, [4] [2] [ ] interiminspections
total, to ensure its continued conformance with the criteria outlined
bel ow. The perfornmance period for these tests will comence upon the

conpletion of all CP work, including changes required to correct
deficiencies identified during initial testing, and prelimnary acceptance
of the CP systemby the Contracting Oficer or the Contracting Officer's
Representative, Technical Expert and Project Manager. Copies of the One
Year Warranty Period Cathodic Protection System Field Test Report,
including field data, and certified by the contractor's corrosion engi neer
nmust be submitted to the Contracting Oficer or Contracting Oficer's
Representative, the activity, and the geographi c EFD corrosi on [engi neer]

[ program manager] [Contracting O ficer] [Contracting Officer's
Representative] [Technical Expert] [Project Manager].
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3.6.9 Fi nal Acceptance Field Testing

Conduct final acceptance field testing of the CP systemutilizing the sane
procedures specified under the Initial Field Testing of the CP systens.
The contractor will inspect, test, and adjust the CP system after one year
of operation to ensure its continued confornmance with the criteria
outlined below. The performance period for these tests will comence upon
prelinm nary acceptance for the CP systemby the Contracting Oficer or the
Contracting Officer's Representative, Technical Expert and Project Manager
Copi es of the Final Cathodic Protection System Test Report, certified by
the contractor's corrosion engi neer nmust be submitted to the Contracting
Oficer or the Contracting Officer's Representative, Technical Expert and
Proj ect Manager and the geographi c EFD corrosi on [engi neer] [program
manager] for approval, and as an attachnent to the Operation and

Mai nt enance Manual in accordance with Section 01 78 23 OPERATI ON AND

MAI NTENANCE DATA. The governnent corrosion [engi neer] [program manager]
nmust review the contractor's final field testing report.

3.7 CLOSEQUT ACTI VI TI ES
3.7.1 Recondi ti oni ng of Surfaces
3.7.1.1 Concrete

Concrete nust be 20 MPa 3000 psi nminimumultimte 28-day conpressive
strength with 25 mr one inch m ni mum aggregate confornmng to [ ASTM C94/ C94M
] [Section 03 30 00 CAST-I N PLACE CONCRETE] .

3.7.1. 2 Restorati on of Sod

Rest ore unpaved surfaces disturbed during the installation to their
original elevation and condition. In areas where grass cover exists, it
is possible that sod can be carefully renoved, watered, and stored during
construction operations, and replaced after the operations are conpl et ed.
VWere the surface is disturbed in a newy seeded area, re-seed the area
with the sane quality and fornula of seed as that used in the origina
seedi ng. Seedi ng nust be done as directed, in all unsurfaced |ocations
where sod and topsoil could not be preserved and replaced. The use of sod
inlieu of seeding will require approval by the Contracting Oficer or the
Contracting Officer’s Representative, Technical Expert and Project Manager

3.7.1. 3 Rest orati on of Pavenent

Repai r pavenent, sidewal ks, curbs, and gutters where existing surfaces are
renoved or disturbed for construction. Saw cut pavenent edges. G aded

aggregat e base course nust have a maxi num aggregate size of 40 mllinmeters
1 1/2 inches. Prine base course with [liquid asphalt, ASTM D2028/ D2028,

Grade RC-70] | ] prior to paving. Match base course thickness to

exi sting but nmust be atleast 150 millineters 6 inches. Asphalt aggregate
size must be 15 mr 1/2 inch | ], asphalt cenent nust [conformto

ASTM D3381/ D3381lN, Grade AR-2000] | ]. Match asphalt concrete

t hi ckness to existing but rmust not be Iess than 50 mllineters 2 inches.

Repair Portland cenent concrete pavenent, sidewal ks, curbs, and gutters
using 20.67 MPa 3,000 psi concrete conform ng to [ ASTM C94/ C94N] [ Section
03 30 00 CAST-I N-PLACE CONCRETE.] WMatch existing pavenent, sidewalk,
curb, and gutter thicknesses. Final surface nust be the sane |level as the
exi sting surface.
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3.7.1.4 d eanup

The contractor is responsible for cleanup of the construction site. All
paper bags, wire clippings, nust be di sposed of as directed. Paper bags,
wire clippings and other waste will not be put in bell holes or anodes
excavati on.

3.7.2 Trai ni ng
3.7.2.1 Instruction to Gover nnent Personne

During the warranty testing or at a time designated by the Contracting
Oficer or the Contracting Officer's Representative, Technical Expert and
Proj ect Manager, make avail able the services of a technician regularly
enpl oyed or authorized by the nmanufacturer of the CP systemfor

i nstructing Governnent personnel in the proper operation, maintenance,
safety, and emergency procedures of the CP system The period of
instruction nmust be atleast [two] [four] | ] hour[s] and at nost [two]
[ ] 8-hour working day[s]. Conduct the training at the jobsite or at
another location nutually satisfactory to the governnment and the
contractor. The field instructions will cover all of the itens contained
in the Operation and Mintenance Mnual .

-- End of Section --
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