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NOTE: This gui de specification covers the
requi renents for a cathodi c protection system using
i mpressed current anodes.

Adhere to UFC 1-300-02 Unified Facilities Guide
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
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

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

*% *% *% *% *% *% *% *% *% *% *% *% *%%

PART 1 GENERAL

1.1 REFERENCES

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
thi s paragraph by organi zati on, 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
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to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWMA)

AWM D104 (2011) Automatically Controlled,
| mpressed- Current Cathodic Protection for
the Interior Subnerged Surfaces of Stee
Wat er Storage Tanks

ASTM | NTERNATI ONAL (ASTM

ASTM D1248 (2012) Standard Specification for
Pol yet hyl ene Pl astics Extrusion Materials
for Wre and Cabl e

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE 81 (2012) Cuide for Measuring Earth
Resistivity, G ound | npedance, and Earth
Surface Potentials of a Gound System

| EEE C135. 30 (1988) Standard for Zinc-Coated Ferrous
G ound Rods for Overhead or Underground
Li ne Construction

NACE | NTERNATI ONAL ( NACE)

NACE SP0388 (2018) Inpressed Current Cathodic
Protection of Internal Subnerged Surfaces
of Carbon Steel Water Storage Tanks - Item
No. 21040

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
NEMA FU 1 (2012) Low Voltage Cartridge Fuses

NEMA TC 2 (2013) Standard for Electrical Polyviny
Chl oride (PVC) Conduit

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14; TIA 17-15; TIA 17-16; TIA 17-17 )
Nati onal El ectrical Code
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1.

UNDERWRI TERS LABORATORI ES (UL)

UL 467 (2013; Reprint Jun 2017) UL Standard for
Saf ety Groundi ng and Bondi ng Equi pnent

UL 506 (2017) UL Standard for Safety Specialty
Transformers

UL 510 (2017) UL Standard for Safety Pol yvinyl

Chl ori de, Polyethyl ene and Rubber
I nsul ati ng Tape

UL 514A (2013; Reprint Aug 2017) UL Standard for

Safety Metallic Qutlet Boxes

UL 6 (2007; Reprint Nov 2014) Electrical
Met al Condui t - St eel

2 SUBMITTALS
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NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

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

The "S" following a submttal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandat ed sustai nabl e
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the
subnmittal item

Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Arnmy projects.
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CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submittal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Detail Drawings; ¢, [___ 11

Subnmit all detail drawings at one time, as a single subnmttal,
in order to denonstrate that the itens have been properly
coordi nated and will function properly as a unit. Mke a notation
on each shop drawi ng submitted as to the item s specific use,
either by a particular type nunber referenced on the draw ngs or
in the specifications, or by a description of its specific
location.

SD- 03 Product Data

M scel | aneous Materials; C[, [ 11
Equi prent; C[, [ 1]

Spare Parts

Renmpote Monitoring Equi prent; C[, | 1]

SD- 05 Design Data
Contractor's Modifications; ¢, | 11
SD-06 Test Reports

Anode Connecting Cabl es
Testing, Adjusting, and Placing in Service

SD-07 Certificates
Services of "Corrosion Expert"; C[, [ 1]
Renmpot e Monitoring Equi prent
Anode Installation

SD- 10 Operation and Mii ntenance Data

Cathodic Protection System ¢, [ 1]
[Six][ ] copies
Training; ¢, | 1]

1.3  QUALITY ASSURANCE
1.3.1 Services of "Corrosion Expert"

otain the services of a "corrosion expert" to supervise and inspect the
installation and perfornmance of the cathodic protection system "Corrosion
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expert" refers to a person, who, by reason of thorough know edge of the
physi cal sciences and the principles of engineering and mat hemati cs
acqui red by professional education and related practical experience, is
qualified to engage in the practice of corrosion control on steel water
tanks.

a. Such a person nust be accredited or certified by NACE I nternational
The Corrosion Society, (NACE) as a NACE certified Corrosion Speciali st
or a NACE certified Cathodic Protection (CP) Specialist or be a
regi stered professional engineer who has certification or |icensing
that includes educati on and experience in corrosion control on stee
wat er tanks, if such certification or licensing includes 5 years
experience in corrosion control on steel water tanks of the type under
this contract.

b. The "corrosion expert" shall ensure that the cathodic protection system
is installed, tested, and placed into service in accordance with the
requi renents specified; and shall also design, nake cal cul ations, and
assure quality control as required.

c. Subnit evidence of qualifications of the "corrosion expert”. Nanme and
qual i fications shall be certified in witing to the Contracting
Oficer's Representative prior to the start of construction. Submt
the certification giving the name of the firm the nunber of years of
experience, and a list of not less than five of the firms
installations three or nore years old that have been tested and found
satisfactory.

. 3.2 Detai | Drawi ngs

Submt [6] [__ ] copies of detail drawings, within 45 days after the date
of award of the contract, before comencenent of any work and in accordance
wi th SPECI AL CLAUSES, consisting of a conplete list of equiprment and

mat eri al s i ncluding manufacturer's descriptive and technical literature,
catalog cuts, and installation instructions. Provide on the draw ngs tank
di mensi ons, anode arrangenent for both el evated and sectional views of the
tank, anode size and nunber, anode material, anode-suspension details,
conduit size, wire size, rectifier size and | ocation, handhol e details,
wiring diagram and any other pertinent information considered necessary
for the proper installation and performance of the system Shop draw ngs
shal |l al so contain conplete wiring and schenmatic di agranms and any ot her
details required to denonstrate that the system has been coordi nated and

will function as a unit. The list of materials and equi prent shall include
catal og cuts, diagranms, and other descriptive data required by the
Contracting Oficer for the following list of material. Partial lists

submitted fromtinme to time will not be allowed.

a. Water resistivity and water anal ysis.

b. Conductors.

c. Anodes and anode nounting details.

d. Coating naterial in areas where welding and other work is acconplished.
e. Insulated resistance wre.

f. Layout of anodes in tanks, test stations and isolation points, and

grounding.
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g. Special details.
h. Certified experience data of installing firm

i. Exothermic weld equipnment and material; bonding requirenents and
details.

j. Test [station][ and ][cabinet].
k. Welding nethod for electrical connections and steel ring connections.
I. Calculations for:

(1) Total current required for system

(2) Life of the anodes

(3) Anode geonetry (showi ng areas of coverage)

.4 EXTRA MATERI ALS

Subnit spare parts data for each different itemof material and equi pnent
specified, after approval of the detail drawings and not later than [ ]
months prior to the date of beneficial occupancy. The data shall include a
complete list of parts, special tools, and supplies with current unit
prices and source of supply. One spare anode of each type shall be

furnished

PART 2 PRODUCTS

2.

1 SYSTEM DESCRI PTI ON

Provide and install a conplete [automatic] [manual] [__ ] cathodic
protection system to prevent corrosion on the interior subnerged surfaces
of the water tank, and all equipnent, wiring, and wi ring devices, necessary
to produce a continuous flow of direct current from annodess in the
electrolyte to the netal tank surfaces. Subnmit, within [30] [45] [
days after receipt of notice to proceed, an item zed |ist of equipnent and
mat eri als including itemnunber, quantity, and manufacturer of each item
The list shall be acconpanied by a description of procedures for each type
of testing and adjustnent, including testing of coating for thickness and
hol i days. Al so, subnmit proof that the materials and equi pnment furnished
under this section conformto the specified requirenments contained in the
referenced standards or publications. The label or listing by the

speci fied agency is acceptabl e evidence of such conpliance. Do not
commence installation of materials and equi pment until these submittals are
approved. The installation shall neet the criteria and protection outlined
in paragraph CRI TERIA OF PROTECTION for a 20 year life. Place the cathodic
protection systemin operable status.

a. The purpose of the systemis to adequately and efficiently protect the
surfaces of the netal against corrosion where the surfaces are in
contact with water; this is in addition to the protective coating on
the tank. The contract drawi ngs indicate the |ocation and size of the
tank. The design of this systemis based on an inpressed current
system.

b. Use this inpressed current system as described, with anodes as found
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necessary in calculations and submtted data to neet this
specification. Install anodes in sufficient nunber and of the required
type, size and spacing to obtain a uniformcurrent distribution of 3.5
mllianmperes per 0.09 square nmeters 1 square foot to all subnerged
surfaces in the tank when filled with water to the over-flow | evel.
Suspend the anodes as approved by the Contracting Officer's
Representative, which also shall be in accordance with the nethods

all omwed and specified in this specification. |If the anodes are
suspended fromthe tank roof, suspend the anodes fromthe roof stee

wi th hangers or supporting cables that are electrically isolated from
both the nmetal roof and the water electrolyte. Additionally, |ocate
and install anodes suspended fromthe tank roof so that the roof door
is mdway between two adjacent anodes. Hang all anodes, regardl ess of
t he suspension nmethod utilized, clear of contact with such itens as

| adders, heater pipes, and stay rods.

Contractor's Modifications. The cathodic protection system may be

nodi fied after review of the project, site verification and analysis if
t he proposed nodifications include inpressed current anodes and
rectifiers and will provide equal or better overall system

performance. Submit [6] | ] copies of detail draw ngs, show ng
proposed changes in | ocation and scope or performance, indicating any
variations from additions to, or clarifications of contract draw ngs.
The draw ngs shall show proposed changes in anode arrangenent, anode
size and nunber, anode materials and |ayout details, conduit size, wre
size, nounting details, wiring diagram nmethod for electrically

i sol ati ng where and as necessary, and any other pertinent information
to the proper installation and performance of the system This

nodi fication shall be fully described and submtted for approval to the
Contracting O ficer's Representative. Modifications or additiona
anodes shall be at no additional cost to the Governnent and i ncorporate
all requirenents of this specification

The proposed system shall achieve a mininum"Instant Of" potential of
mnus 850 nmillivolts with reference to a saturated copper-copper

sul fate reference cell on the tank conmponents. Take neasurenents and
adjust the current and voltage of the rectifier as required to produce
the required "Instant Of" potential between the structure being tested
and the reference cell. Obtain this potential over 95 percent of the
netallic area without the "Instant OFf" potential exceeding 1100
millivolts.

Al'l interior subnerged netallic surfaces and conmponents of the water
storage tank shall be electrically continuous or made by the contractor
to be electrically continuous by welding, installation of bonding
conductors, or in sone other acceptable manner as subnmitted to and
approved by the Contracting Oficer's Representative. |f any water
storage tank provided and installed under this contract is not of

wel ded steel construction but is of construction where the interior
subnerged steel surfaces are not inherently electrically continuous,
such as with bolted steel panel constructed tanks, then it shall be the
full responsibility of the contractor to ensure that all interior
subnmerged nmetallic surfaces and conponents of the water tank are nmde
electrically continuous and that the cathodic protection system
specified herein is provided and installed in order to performas
specified. Al panels of bolted steel tanks shall be bonded together
in such a fashion as to ensure that all interior subnerged surfaces of
the tank are electrically continuous.
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2.2 | MPRESSED CURRENT ANCDES
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NOTE: Only inpressed current anodes sel ected from
the types included in this specification shall be
utilized; the application of galvanic type anodes
for water storage tanks is not covered by this
specification. Seasonal or tenporary type inpressed
current anodes, such as alum num are not normally
desirable in nmilitary projects and, consequently,
are not included herein. Long-life anode systens,
such as those specified in this specification, are
defined, and additional selection criterion are
provided, in the NACE and AWM standards referenced
herein.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

[2.2.1 H gh Silicon Cast Iron Anodes
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NOTE: High silicon cast iron anodes are rugged,
long lasting, and conmonly used in icing and
non-icing clinmates. The anodes are | ess vul nerable
to damage and | oss than other anodes where ice is
heavy and the tank level fluctuates over a wide
range. They are generally classified as relatively
non-sacrificial having a consunption rate between
0.2 to 0.5 kg per anpere year 0.5 to 1.0 pounds per
anpere year in nost fresh waters.

Al t hough high silicon cast iron anodes are resistant
to damage fromice, experience has indicated that
their cabling and suspension systemis vulnerable to
damage fromice when installed inside tanks subject
to periodic ice formation. |In climtes subject to
icing, if it is not feasible or possible, during
freezing tenperatures, to operate the tank in a
manner to prevent ice accunul ation on the anodes
and/ or their suspension system then an inpressed
current anode installation should be specified that
is unaffected by ice accurmulation within the tank

as is suggested by NACE SP0388. In tanks subject to
ice formation and accumul ati on, a precious netal
type anode system wutilizing a suitable suspension
system as specified by this section, should be
considered for installation

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Cast iron anodes shall be of the size indicated and shall conformto the
foll owi ng requirenents:

2.2.1.1 Chemi cal Conposition (Nominal)

Element Percent by Wei ght

Silicon 14.20 - 14.75
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Element Percent by Wei ght
Manganese 1. 50 maxi mum
Carbon 0.75 - 1.15
Chromium 3.25 - 5.00
Iron Balance

2.2.1.2 El ectrical Resistivity

El ectrical Resistivity shall be 72 microhmcentineter at mnus 7 degrees C
20 degrees F (maxi nunj.

2.2.1.3 Physi cal Properties (Nom nal)

Tensil e strength 103. 4 MPal5, 000 psi

Conpressive strength 689.5 MPal00, 000 psi

Brinell hardness 520

Density 7.0 granms per cubic centineter

Mel ting point 1260 degrees C2300 degrees F
Coefficient of expansion fromO to 100 132 nanoneter per degree C 0.00000733
degrees C 32 to 212 degrees F centineter per degree F

2.2.1.4 Anode Connecting Cabl es

Anodes shall have connecting cables installed at the factory. Subnit a
certified test report showing that the connecting method has passed a
120-day |l aboratory test without failure at the place of connection wherein
the anode was subjected to nmaxi mumrecomended current output while
imersed in a 3 percent sodiumchloride solution

I 222 Preci ous Metal Anodes

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkk

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 should
consi der using precious nmetal anodes, such as

pl atini zed niobium platinized titanium or nixed
netal oxide for cathodic protection systens. The
consunption rate of precious netal anodes is |ess
than that of other relatively non-sacrificial
anodes. However, precious netal anodes are nore
vul nerabl e to danage and loss particularly during
cl eaning and reconditioning of the tank. Wen used
in tanks subject to icing conditions, anode
suspension shall conformto this specification
secti on and AWM D104.
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Sel ection of the configuration should 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 overcone by using
an anode header cable connected to | engths of

preci ous nmetal anodes at a common junction box. Such
preci ous metal anode assenblies nmust be assenbl ed
with factory sealed and tested el ectrical
connections to the anodes.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[2.2.2.1 M xed Metal Oxide (MVO) Coated

The electrically conductive coating shall contain a m xture consisting of
iridium tantalum and titanium oxides. The average conposition shall be
conposed of a 50/50 atomic percent mixture of iridiumand titanium oxides
with an acceptabl e anount of tantalum The anode nust be inert and the
electrically conductive m xed netal oxide coating dinensionally stable.
The ni xed nmetal oxide coating shall be applied to the wire anode by a
manufacturer that has a nmininmumb5 years experience in manufacturing and
appl ying m xed nmetal oxide coating to titanium anode substrates. Sinter
the m xed nmetal oxide to the titaniumsurface to remain tightly bound to
the surface when consi derabl e mechani cal stresses are applied to the anode
surface. The anodes shall have connecting cables installed at the factory.
Make the connection between the anode and lead wire with a solid crinp
coupling, or with solder. Seal the connection in cast epoxy.

I 2222 Pl ati num Pl at ed

Provi de precious netal anodes, [solid] [conposite] [wire] [rod] [expanded
mesh] [ribbon] in form Anode core shall be [niobiun] [titaniun] with

pl ati num coating with thickness of [__ ] millimeters nmils. Precious
met al anode assenblies shall have factory sealed and tested electrica
connections to the anodes.

12.2.2.3 Anode Life Test
The anode wire material shall sustain current densities of 100 anpere per
square neter 10.764 square feet in an oxygen generating electrolyte for a
20 year period. The manufacturer shall certify that a representative
sanpl e tested by an independent |aboratory neets this criterion

]12.3 RECTI FI ERS AND ASSOCI ATED EQUI PMENT

2.3.1 Rectifier Unit

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Air-cooled rectifiers will be used for nost
applications. Were highly corrosive atnospheres
exi st, the equiprment will be oil-imersed in a
tank-type housing. For hazardous area applications,
oi | -i mersed equi pnent will be provided with an

expl osi on- proof or dust-ignition-proof housing, as
appropriate. Transforner tap adjusters will be
provided in cases where an autonatic systemis not
provided.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

SECTION 26 42 15.00 10 Page 12



Rectifier unit shall consist of a transforner, rectifying el enents,
[transformer tap adjuster,] term nal block, [one dc output voltneter, one
dc output ammeter,] [one conbination volt-ameter,] one toggle switch for
each nmeter, appropriate circuit breakers or fuse holders with fuses for
each dc circuit, variable resistors, an ac power-supply circuit breaker,
lightning arresters for both input and output; all wired and assenbled in a
weat her proof cabinet. The overall efficiency of the rectifier shall be not
| ess than 65 percent when operated at nanmeplate rating and shall be capabl e
of supplying continuous full rated output at an ambient tenperature of 44
degrees C 112 degrees F in full sunlight with expected life in excess of 10
years.

.3.1.1 Transformer
Transfornmer shall conformto UL 506.

.3.1.2 Rectifying El enents

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Bel ow about 500 volt-anperes of dc rated

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.
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Rectifying elements shall be [silicon diodes] [seleniumcells] connected to
provide full-wave rectification. [Silicon diodes shall be protected by

sel enium surge cells or varistors agai nst over-voltage surges and by
current limting devices agai nst over-current surges.]

.3.1.3 Meters

Meters shall be accurate to within plus or minus 2 percent of full scale at
27 degrees C 80 degrees F, and shall possess tenperature stability above
and bel ow 27 degrees C 80 degrees F of at least 1 percent per 5 degrees C
10 degrees F. Separate nmeters shall be 63.5 mm 2-1/2 inch noninal size or
larger.

.3.1.4 Circuit Breaker(s)

Install a [single] [double] [three]-pole, flush-nounted, fully nmagnetic,
properly rated nonterminal type circuit breaker in the primary circuit of
the rectifier supply transforner.[ |Install a single-pole, flush-nounted,
properly rated nonterminal type circuit breaker in each dc circuit output
of the rectifier.]

.3.1.5 Fuses

In the event that fuses and fuse holders rather than circuit breakers are
used, provide cartridge-type fuses conformng to NEMA FU 1 with suitable
fuse holders in each leg of the dc circuit.

.3.1.6 Aut omat i ¢ Cat hodi c Protection Control

Provi de a system capable of maintaining a tank-to-water potential criterion

of protection within plus or minus 25 nmillivolts regardl ess of changes in
wat er chem stry, tenperature, or water level in the tank. Provision shall
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be made for readily changing the range and linmts of the criterion. The
controller shall be either housed integrally with the rectifier or in a
separ at e weat her proof cabinet with provisions for |ocking. The automatic
controller shall be a conpletely solid-state design, and shall be capable
of automatically maintaining the tank-to-water potential at mnus 900
mllivolts with respect to a copper-copper sulfate reference el ectrode
within an accuracy of 25 mllivolts. The tank-to-water potential neasured
and mai ntained by the controller shall be free of "IR' drop error

.3.1.7 Tank To Water Potential Meter

The controller shall be equipped with a calibrated voltnmeter having an

i nternal inpedance exceeding 1 megohm whi ch shall be so connected to read,
fromthe systemreference cell, the tank-to-water potential being

mai nt ai ned by the cathodic protection system This voltage reading shal
be free of "IR' drop error

.3.2 Cabinet

Construct cabinet of [not lighter than 1.56 mml6 gauge [steel] [hot dipped
gal vani zed steel] [stainless steel] [alum nunm] [nol ded fiberglass

rei nforced polyester], and provided with a full door. The enclosure shal
have oil -resistant gasket. The door shall be hinged and have a hasp that
will permt the use of a padlock. The cabinet shall be fitted with
screened openi ngs of the proper size to provide for adequate cooling.

Hol es, conduit knockouts, or threaded hubs of sufficient size and nunber
shal | be conveniently | ocat ed.

.3.2.1 Wring D agram

A conplete wiring diagram of the power unit showi ng both the ac supply and
the dc connections to anodes shall be on the inside of the cabinet door
Al'l components shall be shown and | abel ed.

.3.2.2 Grounding

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

DI STRI BUTI ON SYSTEM ] [conmply with NFPA 70 and UL 467 including a ground
termnal in the cabinet.] The grounding conductor fromthe termnal to the
earth groundi ng system shall be solid or stranded copper not smaller than
No. 6 AWG. The earth groundi ng system shall consist of one or nore rods
Ground rods shall be [copper-clad steel conform ng to UL 467] [zinc-coated
steel confornmng to | EEE C135.30] [solid stainless steel] not |ess than
[16] [19] mm [5/8] [3/4] inch in dianeter by [2.4] [3.1] m[8] [10] feet in
Il ength. Rods shall be driven full length into the earth. Sectional type
rods may be used.

.3.2.3 Resi stance to G ound
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NOTE: Renove this pagagraph if not required in the
project

*% *% *% *% *% *% *% *% *% *% *% *%%

Measure the resistance to ground using the fall-of-potential nethod
described in | EEE 81. The maxi mumresistance of driven ground shall 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 m#6
feet on centers, or if sectional type rods are used, | ] additiona
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sections may be coupled and driven with the first rod. In

hi gh- ground-resi stance, UL listed chenically charged ground rods may be
used. |If the resultant resistance exceeds 25 ohnms neasured not |ess than
48 hours after rainfall, inmediately notify the Contracting Officer's
Representative. Fusion weld connections bel ow grade. Fusion weld
connecti ons above grade or use UL 467 approved connectors.

2.3.2.4 Cabi net Paint System

[ The cabi net and nounting support shall be [painted] [hot dipped

gal vani zed] [aluminun] [stainless steel] with the manufacturer's standard
pai nt system] [The nounting support for the fiberglass cabinet shall be
[ pai nted] [hot dipped gal vani zed] [alum nun] [stainless steel] with the
manuf acturer's standard painting system]

2.3.3 Wiring

Wring shall be installed in accordance with NFPA 70 utilizing type TWor
RHW or pol yethyl ene insulation. Fittings for conduit and cabl e work shal
conformto UL 514A. CQutlets shall be of the threaded hub type with
gasketed covers. Conduit shall be securely fastened at 2.4 m 8 foot
intervals or less. Splices shall be made in outlet fittings only.
Conductors shall be color coded for identification. Cable for anode header
and distribution shall be No. [2] [__ ] AWG stranded copper wire with
type [cathodic protection high nol ecul ar wei ght pol yet hyl ene] [Dul ar/ Hal ar]
insulation.

2.3.4 G| I mrersed Encl osures

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The encl osure should not be used in areas
prone to flooding unless required for hazardous
| ocations. Provisions should be made for fl ooding.
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Encl osures shall be of 3.1 mm 11 gauge steel or heavier, with an accessible

drain plug. The oil level shall be clearly marked. The lid shall be
hi nged and have quick rel ease clanps to secure it in closed position. A
stop shall limit the swing of the Iid when opened. A conpressible, oi

resistant, positive sealing gasket shall be provided. The gasket shal
return to its original shape upon release of lid pressure. The gasket
shal |l be attached to the tank or Iid and joints shall be free of gaps.
Base nounting using 102 mm 4 inch high channels shall be provided.
Conduits entering the enclosure shall be internally sealed and shall enter
or exit above the oil fill line.

[2.3.5 Renmpt e Monitoring Equi prent

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Renpte nmonitoring of the cathodic protection
system may be considered in rempte and difficult to
reach locations. In such [ocations, renote

noni toring equi pnent can aid in data collection
reduce nonitoring costs, and provide data nore
frequently and over a variety of tank operations.
In these cases, the designer nay sel ect one of the
renote nonitoring systens provided under this
paragraph. A SCADA- based system shoul d be sel ected
only where an existing operable SCADA systemis
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avai | abl e; additional SCADA systens shoul d not be
installed. For |ocations where existing SCADA
systenms are not readily available or for very renote
areas, a cell phone-based systemor satellite down

I inked data system nmay be nore feasible. The choice
of whether to select a drive-by systemor a cel
phone-based system depends on the reliability of the
cell phone signal at the particul ar project

| ocation. Regardless of the system sel ected, the
desi gner nust carefully coordinate with designated
Install ati on operati on and nmi nt enance personnel in
order to interface with the existing SCADA system or
to provide another viable renpte nonitoring system
suitable for the particular maintenance program
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Provi de a conpl ete and operabl e [ SCADA- based] [drive-by] [cell phone-based]
[satellite down |inked data] type renote nonitoring systemwhich is fully
conpati ble, operable, and integratable with the tank cathodic protection
systemand, if existing, the installation-w de cathodic protection systens'
renote nonitoring system Al cathodic protection systemrenpte nonitoring
equi prent, wiring, and wiring devices necessary to accurately nonitor the
cathodic protection systemrectifier output voltage, rectifier output
anperage, and pernanent reference el ectrode potentials shall be provided in
order to have the capability of nonitoring froma location renote to the
tank as designated by the Contracting Oficer's Representative. Provide
all renote nonitoring unit (RMJ) transmitting equi pnent; systemreceiving
equi prent; ot her equi pnent and devices, including suitable | aptop conmputers
as necessary to conplete the system wiring; wiring devices; software; and
all other itens necessary to neet the requirenents specified herein. House
the RMJ either integrally with the rectifier or in a separate weat herproof
cabi net which neets the specifications of this section and has provisions
for locking.[ SCADA-based type renote nonitoring systens shall be

conmpl etely coordi nated, conpatible, and integrated with the existing
installation-wi de SCADA system All SCADA systemw ring, wring devices,
and ot her associ ated equi pnent shall be provided and installed as specified
in [Section 27 10 00 BU LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM [ and

][ Section 33 82 00 TELECOMMUNI CATI ONS QUTSI DE PLANT].] The RMUJ and

associ ated receiving devices shall be of conpletely solid-state design

Pl ace the renote nonitoring systemin operable status. The system provided
shall neet the follow ng functional requirenents:

a. The water tank cathodic protection systenis renpte nonitoring
i nterrogation/transmi ssion unit shall be capable of delivering system
DC vol tage, anperage, and instant-off (i.e., free of "IR' drop error)
potential neasurements and shall conme conplete with all rel ated
software for collection of the data for use in an Excel Spreadsheet
format. The Renpte Monitoring System shall be capable of nonitoring
and delivering the potential neasurenments of all pernmanent reference
el ectrodes required by this specification and shall identify al
reference el ectrodes that are currently being utilized for automatic
control of the rectifier.

b. Al data provided by the renbte nonitoring equi pnent shall be within 2
percent of the same neasurenents taken locally at the tank site when
utilizing the rectifier amreter, rectifier voltmeter, and the tank to
wat er potential neter, all of which are specified el sewhere in this
specification section. The "Corrosion Expert" shall verify, in the
presence of the Contracting Officer's Representative, the accuracy of
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the val ues provided by the renpte nonitoring systemas conpared to the
same readi ngs provided locally at the tank

12.4 M SCELLANEQUS MATERI ALS

2.4.1 Ref erence El ectrodes

The el ectrodes shall be copper-copper sul phate type provided with

nm cro-pore diffusion wi ndow for water contact and water-tight plug for
renewal of copper sul phate crystals and solution. A mninmm of four
reference el ectrodes shall be part of this system Electrodes shall be
designed for 15 year life.

. 4.2 El ectrical Wre and Associated Materials

.4.2.1 Anode Connecting Wre

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Any pinhole, cut, scratch or other damage to
t he anode cabl e exposi ng bare copper to the
electrolyte will result in early failure of the
cathodic protection system For this reason
special, extra heavy insulation is used on anode
cable. Wile it is often expedient to use the sane
type wire for the cathodic (negative) cable in order
to avoid a mix-up in the field, the cathode cable is
not subject to anodic failure and | esser insulation
can be used.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Anode connecting wire shall be No. [8] [__ ] AWG stranded copper wire

with type CP high nol ecul ar wei ght pol yethyl ene insulation, 2.8 mm 7/64 inch
thick, 600 volt rating. Cable-to-anode contact resistance shall be 0.003
ohms maxi mum

.4.2.2 Anode Header Cabl e

Cabl e for anode header and distribution shall be [ | ] AWG stranded

copper wire with type CP high nol ecul ar wei ght polyethylene, 2.8 nmm 7/ 64
inch thick insulation, 600-volt rating. Cable-to-anode contact resistance
shal | be 0.003 ohns maxi mum

.4.2.3 Ref erence El ectrode Wre

Ref erence el ectrode wire shall be stranded copper wire with NFPA 70 type
RHW USE or pol yet hyl ene i nsul ati on

.4.3 Conduit

Ri gi d gal vani zed steel conduit and accessories shall conformto UL 6.
Nonnmetal i c conduit shall conformto NEMA TC 2.

4.4 Test Boxes and Juncti on Boxes
Boxes shall be outdoor type conform ng to UL 514A.
.4.5 Pol yet hyl ene I nsul ati on

Pol yet hyl ene insulation shall conply with the requirenments of ASTM D1248
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and of the follow ng types, classes, and grades:
2.4.5.1 H gh Ml ecul ar Wi ght Pol yet hyl ene
Hi gh nol ecul ar wei ght pol yethyl ene shall be Type I, Cass C, Gade E5
2.4.5.2 H gh Density Pol yet hyl ene
H gh density pol yethyl ene shall be Type Ill, Cass C, G ade E3
2.4.6 Pressure-Sensitive Vinyl Tape
Tape shall conformto UL 510.
PART 3 EXECUTI ON
3.1 EXAMINATION

Coordinate and properly relate this work to the work of all trades. The
general locations of the structures to receive protection are shown. Visit
the prenises and after beconing familiar with all details of the work and
wor ki ng conditions, verify existing conditions in the field, determ ne the
exact |ocations of structures to be protected, and advise the Contracting
O ficer of any discrepancy before performng any work. Take resistivity
measur enent of the water and analysis of the water and provide this data
with detail draw ngs of the systemfor approval

3.2 CRI TERI A OF PROTECTI ON

Acceptance criteria for determ ning the adequacy of protection on the
i nternal subnerged surfaces of steel water tanks shall be in accordance
with  NACE SP0388 and as specified bel ow.

3.2.1 Minimum

The criterion of protection is a negative voltage of at |east m nus 850
mllivolts as nmeasured between the tank and a saturated

copper - copper - sul phate reference el ectrode. Determination of this voltage
shall be nade with the cathodic protection systemin operation and after
the system has been in operation for a mninmmperiod of 72 hours. Voltage
drops shall be considered for valid interpretation of this voltage
measurenent. A mininmumof mnus 850 millivolts "instant off" potentia

bet ween the tank surface being tested and the reference el ectrode shall be
achi eved over 95 percent of the area of the structure. Obtain adequate
number of measurenents over the entire tank surface to verify and record
achi evenment of minus 850 nmillivolts "instant off". This potential shall be
obt ai ned over 95 percent of the total netallic area without the "instant
of f" potential exceeding the maximumlinit indicated bel ow.

3.2.2 Maximum

In order to mitigate disbonding of the interior coating in the tank,
potential between a copper-copper-sul phate reference el ectrode and the tank
at any point shall not be nore negative than minus 1.1 volt neasured with
the el ectrode | ocated between 6 nm1/4 inch and 13 mm 1/2 inch away from
the steel surface but not touching it.
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3.3 ANODES

3.3.1 Anode Install ation

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: |In water tanks, split bolts are used (above
the waterline only) because working space is limted
and hydraulic or nechani cal conpression tools nay be
cunber some and hazardous to use; since a single
split-bolt will work | oose when the wires it
connects are noved, a mininmmof two split bolts
shoul d be used. At ground |level or in trenches,
conpression tools can be used conveniently, and the
swaged sl eeve connection produced by such tools is
nore reliable than split bolts.

For tanks subject to ice formation, select the
bracketed text (below) beginning with "For tank
interiors subject to icing," otherw se, select the
first bracketed text in this paragraph
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[For tank interiors not subject to icing, install anodes in accordance wth
NACE SP0388, AWM D104, this specification, and the indicated details.
Suspend anodes fromroof [plate] [structural nenbers] by nmeans of factory
installed connecting wire designed to support the anodes in air (before
subrmergence) without failure of the electrical wire insulation or the

el ectrical conductor. Suspend anodes in a nanner preventing contact with
tank surfaces and hang cl ear of nan-access roof hatches and such itens as

| adders, heater pipes, and stay rods. Anode hangers shall electrically

i nsul ate the anode suspending wire fromthe tank steel. Provide a handhol e
havi ng a mi ni mum di aneter of 150 mm 6 inches in the tank roof for each
anode to pernit replacenment or inspection of anodes. Certify that the

met hod chosen has been used successfully for simlar applications.][For
tank interiors subject to icing, install anodes in accordance with AWM D104,
this specification, and the indicated details. Install anodes in a manner
preventing contact with tank surfaces and clear of such itens as | adders,
heat er pipes, and stay rods. Certify that the nethod chosen has been used
successfully for simlar applications.]

3.3.2 Anode Connecti ons

Where this specification allows the use of header cables, anodes shall be
electrically connected to the positive dc header cable with conpression
connectors or split bolts, or the header cable may ternminate in a junction
box for connection with all anode cables. Use a mnimumof two split bolts
for each connection if split bolts are used. Were practical, such as
within tanks not subject to ice formation, install header cable on the
underside of the roof with electrically insulating hangers and enter the
tank near the roof line froman externally nmounted junction box. Externa
wiring shall be in conduit. Mke all under-roof electric wire splices
above the high water line and seal ed water tight using a mininum of two
1/2-1ap layers of butyl rubber tape followed by two 1/2-1ap | ayers of

pl astic tape.
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3.4 RECTIFIERS
3.4.1 Rectifier and Control/Mnitoring Installation

Mounting shall be [of the wall nounted type.] [of the cross-arm nounted
type.] [of the floor nounted on stand type.] [as shown.]

3.4.2 Rectifier G ounding

The grounding systemfor grounding rectifier cabinets shall have a
resistance to earth of not nore than 25 ohns as determ ned by an approved
method.

3.5 PERMANENT REFERENCE ELECTRCDES
3.5.1 Calibration

Cal i brate permanent reference el ectrodes agai nst a standard el ectrode

before installation. Performcalibration in a test tank containing water

with the sane conposition as the tank to be protected. The pernanent

el ectrodes shall neasure reference voltage agreeing with that neasured by

the standard el ectrode within plus or mnus 0.005 volt when the sensing

wi ndows of the two el ectrodes being conpared are not nore than 4 nm 1/6 inch
apart but not touching.

3.5.2 Installation
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NOTE: The requirenents for installation of

per manent reference electrods are simlar to those
for anode installation. See the NOTE in paragraph
Anode Installation.
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Ref erence el ectrodes shall be operable under the sane icing conditions as
the anode system Installation of permanent reference el ectrodes shall be
made at points in the tank which will nonitor m ni rumand nmaxi mum
tank-to-water potentials [and as ot herw se needed for automatic contro
systenm]. Sensing w ndows of reference el ectrodes shall be | ocated between
6 nm1/4 inch and 13 mm 1/2 inch away fromthe steel surface sensed and
shall be fixed in position preventing contact with tank steel

3.6 TESTI NG, ADJUSTI NG, AND PLACI NG I N SERVI CE

Submit test reports in booklet formtabulating all field tests and

measur enents performed, upon conpletion and testing of the installed system
and including potential survey, final systemtest verifying protection, and
hol i day coating test. Each test report shall indicate the final position
of controls. Additionally, submt a certified test report showing that the
anode connecting nethod has passed a 120-day | aboratory test wi thout
failure at the place of connection, wherein the anode is subjected to

maxi mum r ecomrended current output while imrersed in a 3 percent sodi um

chl oride sol ution.

If the cathodic protection systemhas been nodified fromthe origina
design, include the Contractor's Mdifications shall in the test reports.
Submit final report including neasurenments throughout the tank area,
indicating that the addition of any anodes (if it becane necessary to add
anodes as a result of nodifications subnmitted to and approved by the
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Contracting Oficer) corrected the conditions which nade the additiona

anodes necessary. The following are required: Installation and testing
procedures, anode nunber, life, and parameters to achi eve protective
potential.

.6.1 El ectrode Baseline, Instant-Off, and ON Potential Measurenents

Upon conpletion of the installation, fill the tank to maxi num worKki ng

| evel, and obtain baseline, instant-off, and ON potential mneasurenents as
descri bed herein. Obtain baseline potential neasurenents prior to

energi zing the cathodic protection system obtain instant-off and ON
potential neasurenents with the entire cathodic protection systemin
operation and after it has been in operation for a mnimum of 72 hours.
Make el ectrode baseline, instant-off, and ON potential neasurenents using a
copper - copper sul phate reference el ectrode and a potentioneter-voltneter,

or a direct current voltmeter having an input inpedance of not |less than 10
megohns per volt and a full scale of 10 volts. Locate these neasurenents
as described in this specification; take baseline, instant-off, and ON
potential neasurenents at each described |ocation. Record the val ues
obtained and the date, time, and |ocations of neasurenents.

.6.1.1 Tank-t o-Water Potential Measurements

The foll owi ng series of tank-to-water potential neasurenments with a
portabl e reference el ectrode placed not nore than 13 mMmm 1/ 2 i nch away from
but not touching the tank wall shall be perforned:

a. On a vertical line nmidway between two anode strings beginning at a point
300 nm 1 foot bel ow water |evel and continuing at points 900 mm 3 feet
apart until the bottomof the tank is reached. |I|f anodes are attached
to floatation assenblies rather than on strings hanging fromthe tank
roof, locate the vertical line of nmeasurements as far as possible from
any anode nmateri al

b. On a second vertical |line mdway between two anode strings on the
opposite side of the tank fromthe first vertical line beginning at a
point 300 nm 1 foot bel ow water |evel and continuing at points 900 mm 3
feet apart until the bottomof the tank is reached. |If anodes are
attached to floatation assenblies rather than on strings hanging from
the tank roof, locate the vertical |ine of neasurenments as far as

possi bl e from any anode nmteri al

c. Across the bottomof the tank in a |line between the two vertical |ines
at 900 mm 3 foot intervals.

d. In at least four places which are cl osest to anodes.

.6.1.2 Ref erence El ectrode Calibration

The portable reference el ectrode used for the test shall be calibrated
agai nst the standard el ectrode specified in paragraph PERVANENT REFERENCE
ELECTRODES.

.6.1.3 Test Measurenment Recordi ng

Al'l test neasurenments and their |ocations, as well as neasurenents made

with the permanent el ectrodes sinultaneously with the test measuremnents,
shal | be recorded
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3.

6.2 Adjusting

Fi nal adjustnent of the rectifier output current shall be nmade so that
repeat ed vol tage readi ngs taken as specified for testing neet the criteria
i n paragraph CRI TERI A OF PROTECTI ON

.7 Cat hodi ¢ Protection System Operation and Mi ntenance Manual s

Qperating manual outlining the step-by-step procedures required for system
startup, operation, adjustrment of current flow, and shutdown shall be
provided. The nanuals shall include the nanufacturer's nane, nodel nunber,
service manual, parts list, and brief description of all equipnent,

i ncluding any renote nonitoring equi pnent, and their basic operating
features.

Mai nt enance nmanual |isting routine mai ntenance procedures, recomendation
for mmintenance testing, possible breakdowns and repairs, and
troubl eshooti ng gui des shall be provided. Include single |ine diagrans for

the systemas installed, instructions in naking tank-to-reference el ectrode
potential neasurenents for both permanent and portable el ectrodes, and
describe the frequency of nonitoring. |If renote nonitoring equi prent was
installed under this contract, then the mai ntenance manual shall al so

i ncl ude mai ntenance instructions on this equipnent to the extent required
by this paragraph. The instructions shall include precautions to ensure
safe conditions during repair of system

. 8 TRAINING

Conduct a training course for the operating staff as designated by the
Contracting Oficer's Representative. The training period shall consist of
atotal of [__ ] hours of normal working tine and start after the system
is functionally conplete but prior to final acceptance tests. Subnmit the
proposed Traini ng Course Curriculum (including topics and dates of

di scussion) indicating that all of the itens contained in the operating and
mai nt enance instructions, as well as denonstrations of routine nmaintenance
operations, including testing procedures included in the maintenance
instructions, are to be covered. The field instructions shall cover all of
the itens contained in the operating and mai ntenance instructions, as well
as denonstrations of routine maintenance operations. Notify the
Contracting Officer's Representative at |east 14 days prior to date of
proposed starting of the training course.

.9 PLACI NG I N SERVI CE

After final adjustment, place the cathodic protection systemin service and
record the condition of the systemas left by the Contractor indicating
transformer tap settings; voltage readings fromreference electrode to
tank, readings both horizontal and vertical; automatic control differentia
setting; final status of any renote nonitoring equiprent; ac supply
vol t age; adjusted dc output voltage; and total protective current.

-- End of Section --
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