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SECTION 26 42 19.10

CATHODI C PROTECTI ON SYSTEMS (| MPRESSED CURRENT) FOR LOCK M TER GATES
11/08

NOTE: This gui de specification covers the

requi renents for cathodic protection systens for
lock miter gates. This section was originally
devel oped for USACE Civil Wrks projects.

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
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NOTE: Cathodic Protection should be installed on

t hose portions of the gates submerged at normal poo
| evels. The faces of the gates should be protected
to upper pool stages, except that the downstream
face of the I ower gates nust be protected to the

| ower pool |evel.

This gui de specification includes the technica
requirenents for the types of equipnent normally
provided in a cathodic protection system and is
based upon the prenise that the systemis designed
by a qualified engineering firmhired by the
Government to provide a conplete cathodic protection
system desi gn, including detail ed specifications
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(whi ch contain performance criteria) and draw ngs
whi ch the successful Contractor can then use to
construct the system The engineering firm nust
provi de the design services of a Corrosion Expert(s)
to design, supervise, and inspect system
installation and test, energize, and adjust the
conpl eted systeminstallation. The Corrosion Expert
is a person, who by reason of thorough know edge of
t he physical sciences and the principles of

engi neering and mat hematics, acquired by

prof essi onal education and related practica
experience, is qualified to engage in the practice
of corrosion control of Lock & Dam Mter and Tai nter
Gates and ot her subnerged netallic appurtenances.
Such person(s) nust be accredited or certified by
NACE International (formerly the Nationa

Associ ation of Corrosion Engi neers) as a Corrosion
or Cathodic Protection (CP) Specialist or be a

regi ster professional engi neer who has certification
or licensing that includes education and experience
in corrosion control of Lock & Dam Mter and Tainter
Gates and ot her subnerged netallic appurtenances.
The nanes and qualifications of the Corrosion
Expert(s) nmust be certified and submitted in witing
to the Contracting Oficer prior to the start of the
cat hodi c protection system design

It is the intent of these guide specification to
require the Contractor to design, furnish, install
test and place into service the conplete cathodic
protection systemfor the lock niter gates. The
systemis to consist of all equipnent, wiring, and
Wi ring devices necessary to produce a continuous
flow of direct current fromthe anodes in the water
electrolyte to the gate surfaces to adequately and
efficiently protect the surfaces of the netal
structures agai nst corrosion where the surfaces are
in contact with the water. The netallic surfaces of
the gates need only be protected to upper poo
stages, except that the downstream side of the |ower
gate shall be protected to | ower pool level. This
is in addition to the protective coating on the
gates. The Contractor will provide, prior to system
installation, detailed design cal culations, bill of
materials lists and drawi ngs of the cathodic
protection system The drawings will detail the
systeminstallation including arrangenent and

| ocations of all anodes, term nal boxes, conduit
routing and test facilities to be installed for
corrosion control on the subnerged surfaces of the
gates. The Contractor furnished materials |ist,
design cal cul ati ons and drawi ngs nust be approved by
the Contracting Oficer prior to purchasing,
delivering or installing any of the cathodic
protection system These specifications together
with the approved materials list, design

cal cul ati ons and draw ngs provide the m nimum

requi renents of this contract. The cathodic
protection systemw |l be furnished conplete and in
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operating condition as further defined later in this
specification.
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1.1 UNI T PRI CES

Measur enment and paynent requirenents will be specified for work subject to
extreme variation in estimated quantity when unit price bidding is required.

1.2 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 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 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.

If the Contractor desires, for any reason, to deviate fromor utilize
publications other than those designated bel ow, submt to the Contracting
Oficer, for review and approval, the requested deviation and/or the
publicati on proposed for use. This subnission shall clearly state the
requested deviation and the reasons for it, including a conplete conparison
and cross-reference in sufficient detail to prove conpliance to the
appl i cabl e portions of the publications referred to herein and |isted bel ow.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI C39.1 (1981; R 1992) Requirenents for Electrica
Anal og I ndicating Instrunents

ASTM | NTERNATI ONAL (ASTM

ASTM A518/ A518M (1999; R 2018) Standard Specification for
Corrosion-Resistant High-Silicon Iron
Castings

ASTM D1248 (2012) Standard Specification for

Pol yet hyl ene Pl astics Extrusion Materials
for Wre and Cabl e
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ASTM D789

(2015) Determ nation of Relative Viscosity
and Moi sture Content of Pol yam de (PA)

NACE | NTERNATI ONAL ( NACE)

NACE SP0169

(2015) Control of External Corrosion on
Under ground or Subnerged Metallic Piping
Systems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

ANSI C80. 1

NENVA 250

NEMA FB 1

NEVA FU 1

NEMA ST 1

NEMA ST 20

NEMA TC 2

(2005) Anmerican National Standard for
El ectrical Rigid Steel Conduit (ERSC)

(2018) Encl osures for Electrical Equiprent
(1000 Volts Maxi num

(2014) Standard for Fittings, Cast Metal
Boxes, and Conduit Bodies for Conduit,
El ectrical Metallic Tubing, and Cable
(2012) Low Voltage Cartridge Fuses

(1988; R 1994; R 1997) Specialty
Transfornmers (Except General Purpose Type)

(1992; R 1997) Standard for Dry-Type
Transformers for General Applications

(2013) Standard for Electrical Polyvinyl
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

U S. ARMY CORPS OF ENG NEERS ( USACE)

CERL Tech Rep FM 95/05

EM 1110-2-2704

(1994) Field Evaluation of Cathodic
Protection Systens Using Ceranic- Coat ed
Anodes for Lock and Dam Gates

(2004) Engineering and Design -- Cathodic
Protection Systens for Cvil Wrks
Structures

UNDERWRI TERS LABORATORI ES (UL)

UL 489

(2016) UL Standard for Safety Ml ded-Case
Circuit Breakers, Ml ded-Case Sw tches and
Circuit-Breaker Encl osures
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3  SYSTEM DESCRI PTI ON
3.1 CGeneral Description

Furnish, install, test and place in service a conplete cathodic protection
systemfor the lock mter gates consisting of all equipnent, wiring, and

Wi ring devices necessary to produce a continuous flow of direct current
fromthe anodes in the water electrolyte to the gate surfaces to,
adequately and efficiently, protect the surfaces of the netal structures
agai nst corrosion where the surfaces are in contact with the water. The
metallic surfaces of the gates need only be protected to upper pool stages,
except that the downstream side of the |lower gate shall be protected to

| ower pool level. This is in addition to the protective coating on the
gates.

a. Provide, prior to systeminstallation, detailed design cal cul ations,
bill of materials lists and drawi ngs of the cathodic protection
system The detail ed drawi ngs shall show the systeminstallation
i ncludi ng arrangenent and | ocations of all anodes, term nal boxes,
conduit routing and test facilities to be installed for corrosion
control on the submerged surfaces of the gates. Six copies each of
detail drawi ngs of the proposed cathodic protection system
installation, proposed bill of nmaterials, and Contractor design
calculations within [30] [45] [90] | ] days after receipt of notice
to proceed, and before commencenent of any work. The draw ngs shal
provi de di mensi ons and show anode arrangenment for both el evated and
sectional views of the gates, rectifier details and locations, termna
box details and locations, nounting details, wiring diagram conduit
| ayout | ocations, types and transitions and any other pertinent
i nformati on consi dered necessary for the proper installation and
performance of the system

b. The Contractor's furnished naterials list, design calculations and
drawi ngs shall be approved by the Contracting O ficer prior to
purchasing, delivering or installing any of the cathodic protection
system These specifications together with the approved materials
list, design calculations and draw ngs shall provide the m ni num
requi renents of this contract.

c. The cathodic protection systemshall be furnished conplete and in
operating condition as further defined later in this specification

. 3.2 Per f ormance Requi renents

Final test and adjust the system such that the cathodic protection system
is providing corrosion control for the subnmerged surfaces of the lock nmiter
gates in accordance with the follow ng paragraphs taken from Section 6 of
NACE SP0169.

.3.2.1 First Criterion

A negative (cathodic) voltage of at least a minus 850 millivolts
"instant-off" potential, as measured with respect to a calibrated,
saturated copper-copper sulfate reference electrode (CSE) over 90 percent
of each gate leaf face, and at least mnus 800 mllivolts "instant-of f" at
all other locations. These requirenents do not necessarily include those
areas within 0.61 m2 ft of the sill, quoin and nmiter of each gate (refer
to Paragraph 1.3.3.2 of NACE SP0169). The above criteria shall be achieved
without the "instant-off" potential exceeding mnus 1100 mllivolts at any
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| ocation. Determination of this voltage shall be nmade with the cathodic
protection systemin operation. Correction shall be made for IR drop using
"instant-off" potential measurenments (all operating cathodic protection
systens shall be sinultaneously interrupted). |If digital meters are used
to obtain these neasurenents, the second reading displayed on the digita
voltmeter after interruption of the rectifier current shall be interpreted
as the "instant-off" reading.

.3.2.2 Second Criterion

A second criterion nmay be used for those gate subnerged surfaces within
0.61 m2 ft of each gate sill, quoin, and mter to ensure that the
operating conditions are providing cathodic protection. This criterion is
a m ni num cat hodi ¢ pol ari zati on vol tage decay of 100 millivolts provided
that a potential of at least mnus 750 nmillivolts "instant-of f" potenti al
as nmeasured with respect to a calibrated, saturated copper-copper sulfate
reference electrode (CSE) is al so obtained. Polarization shift

measur enents shall be made within 0.305 m1 ft of the sill plate at the
quoin, at 0.61 m2 ft intervals along the gate bottom and at the mter on
each gate leaf face. This criterion cannot be used until the criterion in
paragraph 1.3.3.1 of NACE SP0169 for the remai ning gate subnerged surfaces
have been maintained for a mininum 1-week period. This allows tine for the
cathodic protection systemto polarize the gate netal. The "instant-off"
potential shall be nmeasured between the structure surface and a saturated
copper -copper sulfate reference cell inmersed in the electrolyte directly
adj acent to the structure. Interrupting the protective current and
measuring the polarization decay thereafter shall deternmine this

pol ari zation voltage shift. Wen the protective current is initially
interrupted, an i mmedi ate voltage shift will occur. The second voltage
readi ng observed after the i mmedi ate voltage shift shall be recorded and
used as the base reading fromwhich to nmeasure pol ari zati on decay.

Readi ngs shall then be taken each 10 nminutes thereafter and the voltage
readings and tine intervals recorded. The total tine for achieving this
decay shall be 4 hours or |ess.

.3.3 Contractor Quality Control
.3.3.1 General

Establish and maintain quality control for all operations to assure
conpliance with contract requirenents and maintain records of this quality
control for all construction operations, including, but not linmted to, the
following:

Desi gn

Materi al s

Assenbly and wor kmanshi p
Instal |l ation

Testi ng

Poaoop

.3.3.2 Reporting

The original and two copies of these records and tests, as well as
corrective action taken, shall be furnished [daily] |
Contracting Oficer.

.3.4 Modi fi cation of Design

No nodifications of the design of the cathodic protection system as
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speci fied and shown on the Contractor's approved draw ngs shall be nmade
except with the express witten approval of the Contracting O ficer.

Submit all Contractor identified discrepancies in the design or any change
proposals with sufficient details for conplete evaluation by the
Contracting Officer. The mninmum design requirenents specified herein
shall be net. Al such proposed nodifications shall be fully described and
submitted to the Contracting Officer for approval. The Contractor is
responsible for the satisfactory performance of the furnished conplete
systens. Modifications or changes proposed shall be identified as a

"MODI FI CATI ON' or "CHANGE" and shall be submitted to the Contracting
Oficer for approval within 15 days after the need for such nodification or
change i s detern ned.

1.4 SUBMITTALS

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Review subnmittal 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 Government
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 submittal 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 Office; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

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

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arnmy projects.

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

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 following the "G

SECTION 26 42 19.10 Page 10



1.

1.

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 followi ng in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Detailed Drawings; ¢, [___ 11
SD- 03 Product Data

Materials and Equipnent; ¢, [ 1]
Trai ning Course; C[, | 11
Protective Angle Irons; G, [___ 1]
Modi fication of Design; ¢, [___ 1]
SD-06 Test Reports

Factory Test Data
System Conmissioning; ¢, [___ 1]

SD-07 Certificates
Qalifications; ¢, [____ 1]
SD- 10 Operation and Mii ntenance Data
Qperation and Maintenance Instructions; G, [ 1]
5 QUALI TY ASSURANCE
5.1 Qualifications

The cathodic protection systeminstallation, including all testing,

energi zing and pl acing of systemin service, shall be perfornmed by an
organi zation that has had a m ninumof 5 years' experience in this type of
wor k. The Corrosion Expert whose credentials nmeet or exceed those provided
for below shall supervise the installation and testing of this system
Submit certified Corrosion Expert(s) qualifications for all personnel who
may be used to fulfill this position on the project. Installation of the
cathodic protection systemw |l also be witnessed by the Contracting
Oficer. Provide certified information with their submttals evidencing
their conpliance with this organi zati on experience requiremnent.

.5.2 Contractor's Responsibilities

Provide the services of a Corrosion Expert to design, supervise
installation, test and final adjust the mter gate cathodic protection
system for operation in accordance with these specifications. Inspect all
wor k associated with the systeminstallation, certify all work prior to
system energi zati on and be present and participate in all systemtesting
and final adjusting.

.5.3 Corrosi on Expert

"Corrosion expert," as used in this specification, is a person, who, by
reason of thorough know edge of the physical sciences and the principles of
engi neering and mat hemati cs, acquired by professional education and rel ated
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practical experience, is qualified to engage in the practice of corrosion
control of subnerged nmetal structures. Such a person shall be accredited
or certified by the National Association of Corrosion Engineers (NACE) as a
NACE Accredited Corrosion Specialist or a NACE certified Cathodic
Protection (CP) Specialist or be a registered professional engi neer who has
certification or licensing that includes education and experience in
corrosion control subnerged netallic structures, if such certification or
l'icensing includes 5 years' experience in corrosion control on netallic
structures of the type under this contract.

.5.4 Pre-Installation Meeting

A pre-installation neeting shall be conducted at the project site office
whi ch shall be attended by the Contractor's project superintendent and
corrosion expert. This nmeeting shall be held after all pre-construction
submittal s have been made and approved by the Contracting Officer prior to
the start of any work on this project. The neeting shall include

di scussi ons of Safety, Conmunication and Work Plans, as well as any other

i ssues which may have risen as a result of the submttal review

.6 DELI VERY, STORAGE, AND HANDLI NG

The Contracting Officer will arrange to provide an unsecured area onsite
for the Contractor to store the systemmaterials and installation
equi pnent. The area's size will be linmted to approximately [
meters square feet. Provide storage neans to secure the equi pnent agai nst
| oss due to theft and/or weather, fire or floods.

LT PROJECT/ SI TE CONDI Tl ONS

Coordi nate and properly relate the work to the site and to all trades. The
| ocati on and di nensions of the gate structures to receive protection are
avail able fromthe Contracting Officer. The cathodic protection system
design is based on a water resistivity of [__ ], atotal area, in square
meters feet, of [ ], a mininmmcoating efficiency of 50 percent, a

m nimum current density requirenment for effective cathodic protection of
[ ] anperes/bare square neter foot of subnerged steel and a 20-year

i fe expectancy.

. 8 WARRANTY

The materials, equipnment, and workmanshi p furni shed under this section of
the specifications shall be guaranteed for a period of 1 year fromthe date
of acceptance. Prior to expiration of the warranty period, the Governnent
wi Il conduct a System voltage and current output test of the cathodic
protection systemincluding each anode output installed on the | ock gate
structure as well as detailed "On" and "Instant-Of" structure to

el ectrolyte potential neasurenents to deternine if the system and equi pnent
are performng in accordance with the plans and specifications and that no
significant deterioration of the system or conponents therein has occurred
during the first year of operation. Acknow edge responsibility under these
guarantee provisions by letter, stating that the equi pment, materials, and
wor kmanship referred to herein are guaranteed to continue to perform as
installed and to continue to provide effective corrosion control in
accordance with the criteria el sewhere in these specifications and
specifically indicating the inclusive dates of the guarantee period
starting at the date of final acceptance of the correctly working system
approved by the governnent and for a period of 1 year thereafter.
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1.9 SYSTEM COVM SSI ONI NG
1.9.1 General

The Contractor's Corrosi on Expert shall performthe follow ng system
energi zing and conmi ssioning tests. Performall energizing and

conmi ssioning tests in the presence of the Project Corrosion Engineer,
recorded and submitted to the Contracting Officer within [__
follow ng conpletion of the test. Submit all installation and energization
measurenents and test data in tabulated form Notify the Contracting

O ficer 30 days in advance of the date of the test so that a representative
can be present. Al instrunents used in conducting the tests shall have
been calibrated by an accredited testing |aboratory within 1 year prior to
the test. Certification shall be provided to the Contracting Oficer for
approval.

1.9.2 I nsul ation Testing

After installation of the button anode on the gate, but prior to connection
to the rectifier and subnergence, an insulation test shall be nmade to
denonstrate that no netallic contact or short circuit exists between the
anode and the structure. These tests shall be made using a Megger
apparatus or other device specifically designed for this purpose. Any

i nsulation found to be shorted shall be replaced. Each button anode shal
have a m ni mum resi stance of 500,000 ohns isolation fromthe gate. If the
button anode fails to indicate 500,000 ohns isolation, nake the necessary
corrections and/or nodifications to the anode installation to achieve the
ni ni mum r eadi ng.

1.10 EXTRA MATERI ALS

a. Furnish spare rod, sausage and button-type anodes (the type used in the
original installation) to the Contracting Officer with a mi ni num of
five of each type installation conmponent required for the origina
installation of the sausage and button anodes. Sufficient neoprene
gaskets, nounting hardware, and epoxy cenent shall be furnished for
installation of the silicon button anodes. Supply a mninumof two of
each type of anode rod or string assenblies each for the upstream and
downstream gat es (anode assenbly conplete with factory attached 30.48 m
100 ft anode | ead cable and a mninumof five disk or button anodes with

30.48 m 100 ft of factory attached cable). Cenent, epoxy,

pol ychl or oprene gaskets, etc. and any other naterial needed for
installation shall be supplied in sufficient quantity to install these
spare conponents.

b. Furnish a conplete set of special tools, provided in a steel or plastic
tool box, for use in installing all types of anodes used in the
installation. Tools used in making the original installation, provided
they are in good working condition, will be acceptable. One tool shal
be a torque wench device capable of 275.79 kPa 40 psi.

PART 2 PRODUCTS

2.1 MATERI ALS AND EQUI PMENT
Al'l cathodic protection systemmaterials and equi pnent furni shed shall be
designed for a mininmum 20-year service |ife when operating at the system

maxi mum rated output. The conmponents to be used shall be based on the
Contractor's Cathodic Protection System Specialist's design which shall be
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in accordance with these specifications. Submt a conplete list in
triplicate of materials and equi pment to be incorporated in the work,
within [30] [45] [90] [__ ] days after date of receipt of notice to
proceed, and before comencenent of installation of any materials or
equi pnent. The list shall include cuts, diagrans, and such other
descriptive data as may be required by the Contracting Officer. Partia
lists submitted fromtine to tine will not be considered. Subnmit, as a
m ni mum the foll ow ng:

a. Water resistivity as nmeasured on site.

b. Conpl ete system design cal cul ati ons which, as a mninmum shall be as
provided in Appendix "K' of CERL Tech Rep FM 95/05 i ncl uding
calculations for total current required for each gate side, each anode
circuit resistance, rectifier current and vol tage output requirenents
and life of each anode type and location within the system

c. Conplete list of naterials for all cathodic protection system conponents
i ncluding all replaceable conponents in the rectifier units, termna
boxes and anodes materials with nmounting equi pnent including part
nunmbers and source name, address and phone nunber for each conponent.

d. Conductor types and sizes including copper grade, nunber of strands,
i nsul ation, and resistance for each wire type and size to be used.

e. Anodes, layout of anodes, and detailed description of anode installation
procedure.

f. Layout of rectifiers and anode term nal boxes, rectifier and term na
box details including method of control including wiring di agram and
schemati c, output neasurenent neans, cabinet materials and
construction, anmeters and voltneters, shunt resistors, variable
resistors, and AC & DC |ightning and surge protection

g. Al connections, supports, and seals for conductors, conduit, and
pl astic and steel protector pipes, pipe caps, angle iron, | ].

h. All watertight connections and connecti on protection nmeans.

i. Resistor and anode term nal cabinet details and nmounting | ocations.
I dentified connections and conductors in the term nal cabinet shall be
shown on a drawi ng.

j. Certified experience and qualification data of installing firm as
speci fied in paragraph QUALI FI CATI ONS

1.1 Direct Current Cables

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

NOTE: Low density, high-nolecul ar-wei ght,

pol yet hyl ene (HWPE) insulation conformng to ASTM
D1248, Type |, Cass C, G-ade 5, Grades E-5 and J-1,
shoul d be specified for all exposed cable or cable
to be installed in conjunction with rod or string
anode protective conduit. High-density polyethyl ene
is not recommended because it is subject to stress
cracking. Polyvinyl chloride (PVC) insulationis
not reconmended because it is a relatively soft and
easi |y damaged insul ati on and does not have the
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required tight fit on the wire, which can provide a
path for noisture ingress and corrosion attack on
the wire

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhhkhhkhkkkkkkkkkk

2.1.1.1 Anode Lead Cabl es

Direct current cable fromthe term nal cabinet to each anode di sk, ribbon
button or rod assenbly shall consist of 7-strand No. 8 AWG stranded copper
wire with type CP high nol ecul ar wei ght pol yethyl ene insul ation (HVWPE)

2.78 mm 7/ 64 inch thick, 600-volt rating, in accordance with ASTM D1248,
Type |, Cass C, Gades E-5 and J-1. Each anode |ead shall be continuous
wi thout splices fromits point of connection in the termnal cabinet to the
anode di sk, ribbon, button, or rod assenbly. The cabl e-to-anode connection
shal | be assenbl ed by the manufacturer and the area shall be sealed with a
wat er pr oof epoxy. Cabl e-to-anode contact resistance shall be 0.003 ohm
maxi mum  HSCl string anode assenblies (assenbled in |link sausage manner to
the anode cable | ead) shall also be assenbled by the manufacturer. The
conductor for the HSCI sausage strings only shall be 7-strand, No. 4 AWG
copper wire with CP high nol ecul ar wei ght pol yet hyl ene insul ati on (HWE)
2.78 mm 7/ 64 inch thick, 600-volt rating, in accordance with ASTM D1248,
Type |, Cass C, Gades E-5 and J-1, and shall not be cut or spliced within
the anode or assenbly and shall be routed without splicing to the anode
term nal box. The cable HWPE insul ati on does not adhere well to sone
epoxi es and shall be roughed in the sealant area prior to application of
the sealant to the anode connections. Anode |eads, terninal board
connections, and corresponding junpers on the front of the terninal board
shall be marked with the anode nunber, as specified.

2.1.1.2 Rectifier and Term nal Cabi nets Connecti on Cabl es

Conductors shall be soft drawn copper and shall have the nunber of
conductors as shown on the drawi ngs. Cables connecting the ternina
cabinet to the I ock wall outlet and cables between the lock wall outlet and
the rectifier dc terminals shall be No. 10 AWG i nsul ated copper wire, and
have a neoprene jacket. Cables between the resistor and anode ternina
cabi nets on each gate shall consist of 7-strand No. 8 AWG stranded copper
wire with type CP HWE, 2.78 nm 7/64 inch thick, 600-volt rating, in
accordance with ASTM D1248, Type |, Cass C, G ades E-5 and J-1. One
conductor shall be included for each dc plus (+) circuit and one conduct or
for each negative (-) connection. Each cable shall be continuous without
splices fromits point of connection in one termnal cabinet to its point
of connection in the other term nal cabinet.

2.1.2 Cabl e in Conduit

Cat hodi ¢ protection cables shall consist of soft drawn copper conductors
with Cass B stranding and a [l owdensity, high-nolecul ar-wei ght bl ack

pol yet hyl ene] [RHW USE Styl e RR Hypal on] covering serving as both

i nsul ation and jacket. Cables shall neet or exceed the requirenents

speci fied above. Flexible cable connections between the ac power outlet on
the lock wall and the ac input ternminals of the rectifier shall be made
with No. 10 AWG copper conductors in flexible portable power cables, UL
type SO
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2.2 RECTI FI ERS AND AUXI LI ARY EQUI PMENT
2.2.1 General

Provide a rectifier unit for [each upstream and downstream face of each
gate leaf] [each of the four gate | eaves of the |lock]. The cathodic
protection systempower circuit shall consist of a step-down transforner
with secondary taps for output adjustnent, primary circuit breaker,
rectifier transformer, rectifier, secondary fuses, and rectifier termnina
panel. The rectifier units shall be located [in the control houses]
[outside at the specified |ocations]. They shall be designed [for renpval
during periods when flood waters overtop the lock wall] [to be
free-standing].

2.2.2 Cabinets

NOTE: Air-cooled rectifiers are used for nost
applications. Q1 inmersion cooled units are
normally on used in highly corrosi on atnospheres.

The rectifier cabinet nay be located in the control
house to avoi d problens caused by npisture, insects,
dust, vandalism etc., when these are a factor

When outside placenent of the rectifier is

i ndicated, the rectifier must be securely nounted or
fastened to the structure (see Alternate 2 bel ow).
Wien high-water flooding is likely, the rectifier
shoul d be nmounted on wheels for easy renoval (see
Alternate 1 below). It is left to the designer to
provi de detailed drawings for either type rectifier
installation. Adequate drainage nust be provided in
all ternminal cabinets since flooding will in nost
cases cause sand and water to accunulate in the
term nal cabinet. Eventually, this will cause the
appear ance that anodes are failing when, in fact,
contacts in the terminal cabinets, or rectifier
contacts, are causing failure and outages to the
cathodic protection systens. Alternatively,

wat erti ght seal ed term nal cabinets can be used.

The rectifier cabinet referenced in these docunents
is for the air-cooled type transforner and rectifier
unit. |If the designer selects the oil-imersed type
unit, then the specifications will have to be

revi sed accordi ngly.
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The rectifier cabinet shall house the rectifier transformer, rectifier
stacks, circuit breaker, termnals, and the control and instrunent panel

In installations requiring the use of a step-down transforner, the cabinet
shal | be designed such that the rectifier equi pment specified above can be
installed in the |l ower section of the cabinet with the step-down
transfornmer in the upper portion. Cabinets shall be [convection air

cool ed] [oil imrersed cool ed] constructed of 1.894 nm 14-gauge m ni mum
sheet stainless steel, ASTM grade 304. The cabinets shall be designed for
use outdoors; NEMA 250, enclosure 3R, and appropriate structural shapes
shall be used in the construction of the cabinet to provide rigidity and to
prevent bending or flexing of the cabinet while being transported. Louvers
for air-cooled units shall be provided in the hinged doors and on the sides
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of the cabinets for ventilation. All ventilation openings shall be covered
with ASTM grade 304 stainless steel insect screen arranged so as to be
easily replaceable. Al doors shall be hinged using post hinges designed
to all ow easy renoval of all doors for unit servicing and shall be provided
with a hasp and | ock for padl ocking. Locks used shall be keyed alike such
that all cabinets can be opened with one key. Furnish the keys and turn
them over to the Contracting Oficer

. 2.3 Wheel ed Rectifier Cabinets (Alternate 1)

The rectifier cabinet shall be nounted on wheels and provided with handl es
for nmoving during floods. The wheels, axles, and bearings shall have
sufficient capacity to support a weight of at least three tinmes the weight
of the conplete rectifier. Studs for the clanps to be used for securing
the rectifier to the pipe rail, as shown on the draw ngs, shall be wel ded
to a reinforced back section of the cabinet at the factory before
finishing. Al conponents shall be ASTM grade 304 SS or equal

. 2.4 Stationary Cabinets (Alternate 2)

The rectifier cabinet shall be mounted on structures as shown on the
drawi ngs. Welding of ASTM grade 304 SS or equal clanps, brackets, or
cabi net-back reinforcenent, shall be acconplished at the factory before
finishing.

.2.5 Circuit Breakers

A 120/ 240-volt, [10] [___ ] anpere-interrupting-capacity, double-pole,

nmol ded-case circuit breaker conforming to UL 489 shall be installed in the
primary circuit of the rectifier transforner and shall di sconnect both
conductors. The breaker shall be provided with instantaneous and inverse
time trips. [10] [___ ] anpere cartridge-type fuses confornming to

NEMA FU 1 with suitable fuse hol ders shall be provided in each |l eg of the
dc circuit.

.2.6 St ep-down Transforners

St ep-down transfornmers shall be of the two-wi nding, insulating dry type
conform ng to NEMA ST 20 and shall be rated for 480-120/240 volts,

si ngl e-phase, 60-Hertz. Transformers shall be provided with 2 to 5 percent
full capacity primary taps below rated voltage. Transforners shall be
rated for not less than a tenperature rise of 80 degrees C 176 degrees F
above a 40 degrees C 104 degrees F anbient and shall be provided with O ass
B or Hinsulation.

2.7 Rectifier Transforners

The rectifier transforner shall be two-w nding, [convection air-cool ed]
[oil inmrersed cooled], with a primary operating voltage of 120/240 volts,
singl e phase, and shall conformto the requirenments of NEMA ST 1. The
transforner secondary shall be provided with five "coarse" and five "fine"
taps on each dc circuit, to pernit variations of the dc output voltage in
25 uniformincrenents of the rated output voltage, fromzero to a maxi mum
rated voltage of [ ] volts. Voltage steps shall be adjustable by
rotating solid brass tap bars. Each control shall be identified by

sui tabl e permanent, engraved marking such as "coarse" or "fine" and shal
have an arrow to indicate the type and direction of adjustnent. |Individua
steps of adjustment shall be marked with nunbers in consecutive order for
fine control and with letters in al phabetical order for coarse control
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Al primary alternating current termnals shall be nmounted behind the
panel. The coils of all transfornmers manufactured for cathodic protection
use shall be dipped in preheated varni sh and baked dry for naxi mum noi sture
and corrosion resistance.

2.2.8 Rectifiers
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NOTE: Silicon rectifier stacks are usually
recomended for the rectifier and these
specifications reflect their use; however, the

desi gner has the option to select either sel eniumor
silicon stacks. Wen the specification witer

sel ects selenium the specifications should be

revi sed accordingly. The advantages and

di sadvantages for the two types of rectifier stacks
are as follows:

Silicon stacks (diodes): These stacks are nore
economi cal in higher voltage output circuits and in
hi gher current circuits.

Advantages:

Cost-effective in high current ratings.
More efficient in higher voltage ratings.
Repl acenent cells are easily stocked.

Hi gher efficiency

eoow

Disadvantages:

a. Must be surge protected with sel eni um
b. Cannot withstand extrene surges.

Sel eni um stacks (cells): These stacks nay be nore
econom cal in |lower voltage output circuits where
current requirenents are | ower.

Advantages:

a. Can withstand surges caused by |ightning rmuch
better than silicon without additional protecting
devices.

b. Are cost-effective in |ower voltage and | ower
current ratings.

c. Can withstand severe short-term overl oads

Disadvantages:

a. Expensive in high voltage and hi gh current
ratings.

b. Cannot be easily repl aced

c. My be difficult to obtain.

d. Replacenment stacks can be expensive to stock
e. Relatively Iow efficiency

Recent studies by the US Army Corps of Engineers

i ndi cate that renmpte nonitor of these systenms can
greatly inprove the reliability of effective nmonitor
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and nmai ntenance of these systens and elimnate the
need for meters in the units:

"Denonstration of Renote Monitoring Technol ogy for
Cat hodi ¢ Protection Systens" FEAP-TR 97/76 (April
1997),
http://owww.cecer.army.mil/TechReports/Vancatho/Vancatho.pdf

"Denonstration of Renote Monitoring Technol ogy for
Cat hodic Protection Systens: Phase Il" FEAP-TR

98/ 82 (May 1998),
http://owww.cecer.army.mil/techreports/van_cpr2/van_cpr2.flm.post.pdf

"Renote Monitoring Equiprment for Cathodic Protection
Systens" FEAP User Cuide 97/75 (April 1997),
http://owww.cecer.army.mil/TechReports/Vancprem/Vancprem.pdf

"User Quide for Renpote Monitoring Equi pment for

Cat hodic Protection Systens: Phase II" FEAP User

Quide 98/77 (May 1998),
http://owww.cecer.army.mil/techreports/VANFUG2.CPR/vanfug2.cpr.post.pdf

The desi gner should investigate the cost,
reliability and availability of these renote
noni tori ng systens.
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Rectifier stacks shall be [air-cooled] [oil-imrersed] units, consisting of
silicon stacks to provide full-wave, bridge-type rectification, within the
manufacturer's ratings. The rectifier shall be suitable for operation over
an anbi ent tenperature range of -18 to 49 degrees C 0 to 120 degrees F.

Qut put ratings shall be as designed by the Corrosion Expert and shall be
for continuous duty operation.

.2.9 Amet er and Vol t et er

A dc ammeter and voltneter of the sem flush, 89 nm3-1/2 inch round or
rectangul ar panel board type, conforning to the applicable requirenments of
ANS|I C39.1, shall be provided in each dc circuit, or as otherw se indicated
on the drawings. Instrunments shall be of the seal ed, taught band type have
a guaranteed accuracy of 1 percent of full-scale deflection, zero
adjustnent, and a mninumscale length of 61 nm2.4 inch. Full |oad
readi ng shall be indicated by neans of a red mark on the neter scale and
shal | incorporate at |east 80 percent of the neter scale length. Each
meter shall be provided with a nonentary contact switch, either integra
with the neter or separately nounted, for monentary reading. A single

met er having dual scales may be furnished in |lieu of separate neters,
provided that the scales are distinct and easily read, and that a switch is
provided to select the desired function and to prevent sinultaneously
energi zi ng nore than one function

.2.10 Current Monitoring Shunt

A separate current nonitoring shunt resistor shall be provided on the
rectifier unit face plate to facilitate using an external digital
mlli-voltnmeter to confirmthe current output displayed by the unit
ameter. This shunt resistor shall have a calibrated accuracy of plus or
mnus 1 percent and shall have a 1 anmpere/millivolt drop rating.
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.2.11 Ammet er and Vol t meter Swi tches

The switches used for switching the meters in and out of the dc circuit
shall be lever action sealed toggle, quick nake-or-break type swtches
The switches shall be [[single-pole] [double-throwj] [[doubl e-pol €]
[doubl e-throwj] and shall be wired so that do not interrupt the output
circuit.

.2.12 Control and | nstrunment Pane

The control and instrunent panel shall be of the dead-front type and shal
be installed in the rectifier cabinet. Primary connection shall be nade by
means of a panel -nounted terminal block with screw connection protected by
a renovabl e nmetal or nol ded plastic cover. |nconming power |ines shall be
terminated in such a manner as to prevent accidental contact by personne
using the rectifier.

.2.12.1 Tap Bars

Tap bars serving the rectifier transformer secondary adjustnent shall be
permanently identified by nmeans of engraving on the non-nmetallic contro
panel face plate denoted "coarse" and "fine" and shall have the individua
tap positions identified by letters, "A" "B," "C," etc., and nuneral s,
"1," "2," "3," etc., respectively.

.2.12.2 DC Qutput Term nal s

Rectifier dc output terminals shall be identified by means of engraving on
the non-netallic control panel face plate indicating polarity of the

term nal and point of connection to the system i.e., "+ANODES" and
"-STRUCTURE."

.2.12.3 Conponents Identification

Al'l other conponents on the rectifier panel face plate shall be identified
by neans of engraving on the non-netallic control panel face plate.

.2.13 Anode Cabl e Leads

Anode cabl e | eads shall be identified at the resistor and anode ternina
cabi net by neans of plastic sleeves or tags showi ng the anode | ead nunber
as indicated on the drawings. They shall be of sufficient |Iength so that
splicing between the anode and the anode term nal box is not necessary. No
splices of the anode lead wires will be pernmitted between the anode and the
anode term nal box.

.2.14 Surge Arresters

MOV surge arresters shall be provided for all AC & DC power circuits. In
addi tion, for AC voltages above 120-volt, a single pole valve-type surge
arrester shall be used for each input Iine. It shall be |located ahead of

the ac breaker feeding the rectifier transforner. Surge arresters shall be
rated for continuous load currents up to [10] [__ ] anps mini num and
shall limt the voltage to 200 volts peak. The response cl anping
activation time shall be 5 nanoseconds maxi mum

.2.15 Wring D agram

A conplete wiring diagram of the rectifier unit showi ng both the ac supply
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and the dc outputs to the resistor and anode term nal cabinets shall be
encased in clear rigid plastic and nounted on the inside of the rectifier
cabi net door. All conponents shall be shown and | abel ed.

.2.16 Resi stor and Anode Terninal Cabinet Wring D agram

A conplete wiring diagram showi ng the anode nunbers in the ternina
cabinets and a conplete wiring diagram of the entire cathodic protection
system shall be provided. Each conductor and each term nation shall be
identified.

.3 CONDUI T AND FI TTI NGS
.3.1 Nonmet al | i ¢ Condui t

Nonnetal lic conduit shall be type 80, extra heavy-wall, PVC, rigid-plastic
conduit. Conduit shall conformto the requirenents of NEMA TC 2. PVC
conduit utilized as rod or string anode protective pipe is the only PVC
conduit allowed by these specifications. The Contractor's designer shal
design the plastic pipe such that its inside dianeter (1.D.) is at least 51
mm 2 inch greater than the anode outside dianmeter (O D.). The Pipe shal

be perforated on the side opposite the angle iron protective channel except
for the area within 51 mMmm 2 inch of the pipe couplings at each girder web
whi ch shall not be perforated. The total open area provided by these
perforations shall be at |east equal to the surface area of the anode
material contained within the PVC pipe.

.3.2 Rigid Metal Conduit

Rigid nmetal conduit shall conformto the requirenents of ANSI C80.1, and
shal |l be of the size indicated on the drawings. The conduit shall be
gal vani zed both inside and outside using the hot-dip nethod.

. 3.3 Conduit Fittings and Qutlets

Conduit fittings and outlets for rigid nmetal conduit shall conformto the
requi renents of NEMA FB 1.

.4 RESI STOR AND ANCDE TERM NAL CABI NETS

Term nal cabinets shall be provided for each rectifier output circuit.
Cabi nets shall be NEMA type 4X, weather-resistant construction. Cabinets

shal | be constructed of ASTM grade 304 stainless steel. Cabinets shall be
of anple size to accompdate all anode and power input |ead wires and
[ ] standard brass or copper heavy duty screwtermnals to facilitate

i ndi vi dual connection of each anode assenbly lead wire through a 0.01 ohm
type RS shunt resistor to a common copper bus bar. Al ternminals, bus
bars, shunts, and other DC conducting conponents shall be nounted to an
extra strong, non-netallic panel. Al conductors shall be identified in
the cabinet by nmeans of plastic or nmetal tags or plastic sleeves to

i ndi cate the anode nunmber. Each terninal shall be identified with

per manent engraved identification of the anode nunber, or other
correspondi ng conductor nunbers, or function. Cabinets shall be securely
mounted on the top of the corresponding gate in the manner proposed by the
Contractor and approved by the Contracting Officer. A renovable, hinged
front door facing a direction after installation that is easily accessible
shal | be provided
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2.5 | MPRESSED CURRENT ANODES AND MATERI ALS
2.5.1 CGeneral Requirenents

For details on various types of anodes, anode designs and typi cal anode
configurations for preparation of project draw ngs, the Corrosion Expert
designing the systemshall refer to CERL Tech Rep FM 95/ 05

2.5.2 Cerani ¢ Precious Metal Oxide Coated Anodes

Ceram ¢ Precious Metal Oxide Coated Anodes shall conformto the follow ng
requirements:

2.5.2.1 Conductive Precious Metal Oxide Ceramic Coating

The electrically conductive ceranic coating shall contain a mxture
consisting primarily of iridium tantalum and titanium oxides. Although
the exact conposition of the conducting |ayer can vary, the average
conposition shall generally be a 50/50 atom c percent mxture of iridium
and titanium oxides with small anounts of tantalum The coating
resistivity shall be certified by the nmanufacturer to have an electrica
resistivity of less than 0.002 ohmcentineters, a bond strength to the
substrate netal greater than 50 MPa, and a current capacity of 100 DC
anperes per square neter of anode surface area when operated in an
oxygen-generating electrolyte at 65.5 degrees C 150 degrees F for 20 years.

2.5.2.2 Anode Substrate Materi al

The anode substrate shall be fabricated fromhigh purity alloy titani um
2.5.3 Hi -Silicon Cast-lron Anodes

Hi -Silicon Cast-lron Anodes shall conformto the follow ng requirenents:

2.5.3.1 Chemi cal Conposition (Nomnal)

ELEMENT PERCENT BY VEI GHT
Silicon 14.20 - 14.75
Manganese 1.50 Max
Carbon 0.75 - 1.15
Chromium 3.25 - 5.00
Iron Balance

2.5.3.2 El ectrical Resistivity

El ectrical Resistivity shall be 72 mcro-ohmcentinmeter at -7 degrees C 20
degrees F maxi mum
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2.

2.

2.

5.3.3 Physi cal Properties (Nom nal)

PROPERTY VALUE

Tensile Strength 1. 05 kg/ nf15, 000 ps

Conpr essive Strength 7.04 kg/ nf100, 000 ps

Brinnel | Hardness 520

Density 7.0 g/cnf0.253 I b/cu in.

Mel ting Point 1, 260 deg C2,300 deg F
Coefficient of Expansion Between 0 deg C 0. 00000733 cbh/ deg C0. 00000289 in/deg F
and 100 deg C 32 deg F and 212 deg F

5.4 Ceram ¢ Coated Titani um Anodes (Di sk Type)
5.4.1 General

Ceramic coated titaniumdi sk anodes shall be conductive ceranic coated
titaniumdisks simlar to that shown in Figure 2, "Typical Ceram c Coated
Fl at D sk Anode" of CERL Tech Rep FM 95/05, Novenber, 1994. Anodes shal
conformto the requirenents in Section 2.6.1 and shall be suitable for
cathodic protection use, shall be highly resistant to corrosion, and shal
have good el ectrical properties. Anodes disk shall be at least 127 nm5
inch diameter factory nmounted in a 305 nm 12 inch dianmeter FRP reinforced
Pol yur et hane protective shield to prevent shorting of the anode to the skin
pl ate and over voltage damage to the adjacent coating. It shall be
provided with a integral titaniumnmnounting rod with gold plated connector
socket. Each di sk anode shall be provided with a gold plated connector
pl ug and PVC cabl e connector that shall be assenbl ed by the manufacturer
Submit certified Factory Test Data on anode connections show ng
anode-to-contact resistance. This test data shall provide a neasured
resi stance of |ess than 0.003 ohm (or the connection shall be redone).
Provide a certified report on these factory tests within two weeks after
fabrication by the nmanufacturer.

.5.4.2 | npact Protection for Di sk Anode Cabl es

A 152.4 mm 6 inch dianeter by 203.2 mMmm 8 inch | ong steel schedul e-40 pipe
with threaded pipe cap shall be welded to the gate in back of each disk
anode. A hole shall be drilled in the side of this pipe and a thread-o-Iet
fitting shall be welded to the 152.4 nm 6 inch dianeter pipe at this point
to receive the anode lead wire and conduit routed to the anode term nal box
at the top of the gate leaf. The pipe and conduit are provided for inpact
protection of the anode cables and the anode bolt. The pipes shall be

gal vani zed and painted with 0.1778 nm7 m| of paint.

.5.4.3 Nunmber of Ceram c Coated Titani um D sk Anodes

The actual nunber of ceramic coated titanium disk anodes shall be in
accordance with the corrosion engineer's approved design cal cul ati ons based
on the systemcircuit resistance, current requirenments ,current
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distribution and anode life, in accordance with EM 1110-2-2704 and
Appendi x "A" in CERL Tech Rep FM 95/05, "Detailed Cathodic Protection
Desi gn Procedures for Pike Island Auxiliary Lock"” as long as the mininmm
nunber of button anodes provided shall equal or exceed one each for every
18. 58 square neters 200 square feet of subnerged steel surface area (for
sonme typical anode configurations, refer to Figures 4, 5, 6, 7, C3, and F2
in CERL Tech Rep FM95/05). The m ni nrum nunber of anodes and an i ndication
of their mounting |ocations should be shown in the design draw ngs.

.5.5 Hi-Silicon Cast Iron Button Anodes

.5.5.1 General

Anodes shall be high-silicon cast iron conform ng to ASTM A518/ A518N
.5.5.2 H gh-Silicon, Cast-lron Anodes (Button Type)

Hi gh-silicon, cast-iron "button-type" anodes shall be an alloy of silicon
carbon, manganese, and iron. Anodes shall be simlar in all respect to the
Butt on anode design shown in Figure 1, "HSCBCl "Sausage" and "Button" Anode
Designs of CERL Tech Rep FM 95/05. Anodes shall conformto the
requi renents in paragraph | MPACT PROTECTI ON FOR RODS AND SAUSAGE- STRI NG
ANCDES and shall be suitable for cathodic protection use, shall be highly
resistant to corrosion, and shall have good electrical properties. Anodes
button castings shall have a nonminal weight of 8.16 kg 18 Ib and shall be
152.4 mm 6 inch diameter by 76.2 mm 3 inch deep and shall be provided with a
19.05 mm 3/4 inch diameter by 50.8 mm 2 inch deep conical ternina
connection cavity in the back of the anode and 25.4 by 50.8 mm 1 by 2 inch
st epped nmounting hol e provision through the center of the anode as shown in
above referenced Figure 1. A polychl oroprene or neoprene gasket naterial
to be installed behind the button anode shall be not |ess than 3.175 nm 1/8
inch thick by 203.2 mm 8 inch dianmeter. The gasket adhesive shall be 100
percent silicone waterproof caulking material similar to GE 100 percent
Silicone Caul k suitable for continuous i mersion service. Plastic sea
pl ugs shall be nolded or fabricated froman approved pol ystyrene. The
flanged sl eeve shall be fabricated from nascent oxygen and chlorine
resistant rigid plastic material. Button anodes and cable shall be
assenbl ed by the nmanufacturer

.5.5.3 Anodes Nunber

The actual nunber high-silicon, cast-iron "button-type" anodes shall be in
accordance with the corrosion engineer's approved design cal cul ati ons based
on the systemcircuit resistance, current requirements, current
distribution and anode life, in accordance with EM 1110-2-2704 and Appendi X
"A" in CERL Tech Rep FM 95/05, "Detail ed Cathodic Protection Design
Procedures for Pike Island Auxiliary Lock" as long as the m ni mum nunber of
button anodes provided shall equal or exceed one each for every 18.58
square neters 200 square feet of subnmerged steel surface area (for sone
typi cal anode configurations, refer to Figures 4, 5, 6, 7, C3, and F2 in
CERL Tech Rep FM 95/05. The nini nrum nunber of anodes and an indication of
their mounting | ocations should be shown in the design draw ngs.

.5.5.4 Assembly
The manufacturer shall be responsible for assenbling the conductor to the
anode after the conductor has been tinned. Connections shall be nmade with

caul ked telluriumlead, and then sealed with epoxy around the connection
Al tinned wire shall be conpletely covered by |lead. Reference Figure 1,
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"HSCBClI "Sausage" and "Button" Anode Designs of CERL Tech Rep FM 95/05 for
mount i ng conponent details.

2.5.5.5 | npact Protection for Button Anode Cabl es

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

NOTE: |In areas with the problemof floating ice
and/ or driftwood, consideration should be given to
the use of the nore flexible ceramc coated titanium
rod installed in PVC schedule 80 pipes with hol es
drilled in the pipe. These anodes shoul d be used on
the conpartnent side of the gate leaf, which is
usual ly downstream Alternatively, in areas subject
to substantial floating ice and/ or excessive

dri ftwood, either Ceranic Coated Di sk Anodes or High
Silicon, Cast-lron Button anodes nay be used

excl usively on both sides of the gate although this
is usually a nore expensive option

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

A 152.4 mm 6 inch dianeter by 203.2 8 inch Iong steel schedul e-40 pipe with
t hr eaded pi pe cap shall be welded to the gate in back of each button

anode. A hole shall be drilled in the side of this pipe and a thread-o-1Iet
fitting shall be welded to the 152.4 nm 6 inch dianeter pipe at this point
to receive the anode lead wire and conduit routed to the anode term nal box
at the top of the gate leaf. The pipe and conduit are provided for inpact
protection of the anode cables and the anode bolt. The pipes shall be

gal vani zed and painted with 0.1778 nm 7 m | of paint.

2.5.6 Ceram ¢ Coated Titani um Segnented Rod Anodes

a. Ceramic coated titanium segnmented rod anodes shall be conductive
cerami c coated titaniumrods sinmlar to that shown in Figure 3,
"Typi cal Ceranic Coated Flat Di sk Anode" of CERL Tech Rep FM 95/05.
Anodes shall conformto the requirenents in Section 2.6.1 and shall be
suitable for cathodic protection use, shall be highly resistant to
corrosion, and shall have good el ectrical properties. Each anode rod
shall be solid titaniumand at least 3.175 nm 1/8 inch dianeter by
1.2192 m48 inch long with integral factory fabricated 12.7 nm 1/2 inch
di ameter ceramic coated titanium screw couplings at each end. One
anode for each assenbled | ength shall be provided with a screw coupl ed
seal ed PVC cabl e connector which shall be assenbled by the
manuf acturer. Each such connector/cable assenbly shall be provided
with sufficient lead length so that no splices are necessary between
t he anode/ cabl e connector and the anode term nal box.

b. The actual nunmber of segnented rod assenblies and the nunber of strings
per chanber shall be in accordance with the corrosi on engineer's
approved design cal cul ations based on the current required for
protection in accordance with EM 1110-2-2704 and Appendix "A" in
CERL Tech Rep FM 95/05, "Detail ed Cathodic Protection Design Procedures
for Pike Island Auxiliary Lock" as long as the nunmber of segmented rod
anode assenblies provided shall equal or exceed 305 mm1 |linear foot of
3.175 mm 1/ 8 inch dianeter (mnimumnm ceranic coated titaniumrod
material for each 9.29 square nmeters 100 square feet of subnerged stee
surface area and at |east one full height assenbly in each chanber (for
some typical anode configurations, refer to Figures 4, 5, 6, 7, C3, and
F2 in CERL Tech Rep FM 95/05). Each assenbly shall extend at |east
152.4 mm 6 i nch above the normal highest water Iine to within 152.4 -
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2.

2.

2.

304.8 mMmm 6 - 12 inch of the bottom nost girder plate.
5.7 H -Silicon Cast Iron Sausage Anode Strings

a. High-silicon, cast-iron anodes shall be an alloy of silicon, carbon
manganese, and iron confornm ng to ASTM A518/ A518N. Anodes shall be
simlar in all respect to the "Sausage" anode design shown in Figure 1
"HSCBClI "Sausage" and "Button" Anode Designs of CERL Tech Rep FM 95/05.
Anodes shall be suitable for cathodic protection use, shall be highly
resistant to corrosion, and shall have good electrical properties.
"Sausage" anode castings shall have a nom nal weight of 2.95 kg 6-1/2 |Ib

each and shall with an irregular surface term nal connection cavity in
the center interior of the tubular shaped anode as in

CERL Tech Rep FM 95/05. Anodes shall be 52.39 mm 2-3/16 inches in

di aneter by 305 mm 12 inch | ong, designed for tandem mounting in
"link-sausage" nmanner on the anode | ead cable. Cable and anodes shal
be connected all in a manner sinilar to the "Sausage" anode design
shown in the above referenced Figure 1. Anode strings shall be
assenbl ed by the nanufacturer and the anode | ead cable shall not be
spliced in the anode. The anode shall be assenbl ed by renoving

i nsulation fromthe anode cabl e and connecting the anode to the cable
i nsi de the anode.

b. The actual nunmber and spacing of the individual "sausage" segnents and
t he nunber of strings per chanber shall be in accordance with the
corrosi on engi neer's approved design cal cul ati ons based on the current
required for protection in accordance with EM 1110-2-2704 and Appendi x
"A" in CERL Tech Rep FM 95/05, "Detail ed Cathodic Protection Design
Procedures for Pike Island Auxiliary Lock" as long as the nunber of
"sausage" anodes provided shall equal or exceed one each for every
18.59 square neters 200 square feet of subnmerged steel surface area and
at least one string in each chanber (for sone typical anode
configurations, refer to Figures 4, 5, 6, 7, C3, and F2 in
CERL Tech Rep FM 95/05). Each assenbly shall extend from 152.4 nm 6
i nch above the nornal highest water line to within 152.4 - 304.8 nm6 -
12 inches of the bottom nobst girder plate.

6 | MPACT PROTECTI ON FOR RODS AND SAUSAGE- STRI NG ANODES
6.1 PVC Pi pe and Metal Couplings

PVC pipe, to be used for protection of the rod and sausage-string anodes,
shall be installed through each girder web in the center of each chanber
whi ch shall have an inside diameter (1.D.) that is at least 38.1 mm 1-1/2
inch greater than the anode outside dianmeter (O D.). The Pipe shall be
Schedul e 80 PVC nini mum and perforated on the side opposite the angle iron
except for the area within 50.8 m®2 inch of the pipe couplings at each
girder web. The total open area provided by these perforations shall be at
| east equal to the surface area of the anode material contained within the
PVC pi pe. Metal couplings shall be installed through the girder webs on
the conpartnent side of the gate (and where conpartnments are used on the
skin plate side), where the PVC pipe penetrates the web. The stee
coupling selected should have an |.D. that will allow the plastic pipe and
its associated couplings to pass through the coupling. These stee
couplings shall be aligned vertically for each anode string to serve as
vertical troughs for the plastic pipes. The full sections of the plastic
pi pe shall be solvent wel ded together end to end. The plastic pipe shal
have holes drilled in it as shown on the drawi ngs. The steel coupling,
angle iron, channel iron and all areas affected by the welding shall be
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prepared for painting and coated with the sane paint systemas the adjacent
gate surfaces, in accordance with Section 09 97 02 PAINTING HYDRAULIC
STRUCTURES

2.6.2 Protective Angle lrons

Subnmit anode di sk, button, strip, rod and string details including ice and
debris danage protection neans for each anode type and alternative | ocation

2.6.2.1 PVC Piping

The protective PVC piping is subject to damage fromfloating ice and/or
driftwood. Therefore, protective angle irons shall be installed in front
of the protective PVC pipe. These angle iron sections shall be at |east
6.35 mMm 1/4 inch thick with angle | egs whose hei ght equal to at |least 75
percent but not nore than 100 percent of the plastic pipe coupling outside
dianeter. This angle iron shall be welded to each girder passage pipe
coupling fromthe top of the highest girder to the bottom nost girder

plate. At each girder, which is penetrated by the PVC pipe, the angle
irons shall also be welded to the girder to reduce stress concentrations in
the girder web caused by this penetration. The entire assenbly, consisting
of the perforated PVC pi pe containing the sausage anodes and the angle
irons, shall be installed as shown on the drawi ngs. When plastic pipes
only are used for sausage anode protection, the girder penetration shall be
the sane, but the angle iron shall be installed in the inpact area only.

2.6.2.2 Painting

The steel couplings, angle iron, and channel iron shall be prepared for

pai nting and coated with the sanme paint systemas the adjacent gate
surfaces, in accordance with Section 09 97 02 PAI NTING HYDRAULIC
STRUCTURES. Each component shall have the sanme mininmummnil thickness
(where 1 mil = 0.0254 mm 0.001 inch) of paint after couplings, angle irons,
and channels are welded to the structure. The wel ded area shall be cl eaned
to bare netal and painted in this same manner. The paint shall be of the
same type used on the |ock gate.

2.7 MARKINGS

2.7.1 General
Mar ki ngs, when required by the drawi ngs and when specified herein, shall be
acconpl i shed by nmeans of netal or plastic sleeves as specified, stanped or
engraved as indicated herein or on the draw ngs.

2.7.2 Rectifier Cabinets
Rectifier cabinets shall be identified by nmeans of suitable stainless stee
pl ates attached to the outside of the rectifier cabinet by neans of bolts
Oor Screws.

PART 3 EXECUTI ON

3.1 EXAMINATION
Visit the prem ses and thoroughly become faniliar with all details of the
wor k and working conditions, verify existing conditions in the field, note

the exact locations for materials and equi pnent to be installed on the
gates for cathodic protection, and advise the Contracting O ficer of any

SECTI ON 26 42 19.10 Page 27



di screpanci es before perform ng any work.
.2 INSTALLATION

Furnish all materials, equipnent, and | abor necessary to provide a conplete
and wor kabl e cathodic protection systemconfornng to the draw ngs and
specifications. Al electrical work and materials shall conformto NFPA 70
and requirenents specified herein. Pipe shall be 150 mm 6 i nchdi anet er
Schedul e 40 steel pipe. Fittings for rigid nmetal conduit shall conformto
NEMA FB 1. Conduit used shall be straight; no kinks or bends will be
permtted. Al conduit shall be RGS except the 152.4 nm 6 inch pipe
required for protecting the HSCI button anodes and PVC schedul e- 80
perforated protective pipe used to protect the ceram c rod and HSCl sausage
string anodes.

.3 WIRING
.3.1 Gate Structure at Control Room

Cabl es, of the type specified in paragraph DI RECT CURRENT CABLES, shall be
install ed between the rectifier cabinet located in the control roomand the
dc receptacle |located adjacent to each lock gate. This cable shall be
installed in conduit conforming to the requirenents of paragraph CONDU T
AND FI TTI NGS.

.3.2 Rectifier on the Lock Wl

Type SO cabl e shall be run exposed fromthe ac receptacle on the | ock wal
to the rectifier cabinet and fromthis cabinet to the dc receptacle. Type
SO cabl e shall also be run exposed fromthe dc receptacle to the watertight
bushing on the gate. Watertight insulating bushings shall have a cable
seal fitting that makes a watertight conduit connection and a watertight
seal between the cable jacket or insulation and the fitting. At al

| ocations at which a conduit penetrates a watertight menber, a watertight
packi ng gl and constructed as shown on the draw ngs shall be installed.

.3.3 Wring on the Gate Structure

Al dc circuit wiring and anode lead wiring on the gate structures shall be
installed in rigid galvani zed steel conduit, except for sausage anode
strings, which shall be installed as shown on the draw ngs, and as
specified. Conduit installed on the gate structure shall be install ed,
where possible, in the recesses of the gate and flush with the wall skin
plate to reduce the probability of physical danage fromfl oating debris.
Each anode shall be provided with sufficient |ead | ength, wthout splice,
to reach the terminal cabinets |located on the top of each gate |eaf.
Watertight insulating bushings shall have a cable seal fitting that seals
bet ween the cable jacket or insulation and the fitting. At all l|ocations
at which a conduit penetrates a watertight nenber, a watertight packing
gl and constructed as shown on the draw ngs shall be install ed.

.4 ROD AND SAUSAGE ANCDE | NSTALLATI ON

4.1 Met al Pi pe Couplings for PVC Pi pee

Met al pi pe couplings (guides for PVC pipe used with sausage anodes) shal
be permanently wel ded on the gate structure. Rod or Sausage-type anodes

shal | not be used w thout these PVC pipe guides. PVC schedul e-80 pipe
(with hol es) containing the sausage anode strings shall be installed
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through the couplings with the holes oriented away fromthe protective
steel angle channel (toward the back of the chambers). Anode rod or string
assenblies shall be capable of being withdrawn at any time for inspection
and repair. The netal pipe couplings used for PVC pipe guides shall be
installed plunb, with an alignnent tolerance of plus or minus 6.35 nm1/4
inch over the entire height of the gate. Wen in place, the netal pipe
couplings shall be welded to the girder. Protective angle irons shall be
positioned at the previously specified | ocations to protect the PVC pipe
and anode strings contained therein, exposing as much anode surface area as
possible.

. 4.2 Assenbly of Titani um Rod Anode

The ceramic coated titaniumrod anode shall be sequentially assenbled as it
is lowered into the PVC pipe by screw coupling each to the next anode

el ement. The coupling shall be tightened to a torque equal to that
specified by the anode nmanufacture. The topnost el enent shall have the
factory fabricated anode-to-cable connector attached in a simlar manner
The HSClI sausage anode assenblies are lowered into place inside the plastic
pi pe. Take care in handling these HSCl anode strings since the material is
very brittle and subject to cracking if dropped or bounced against a hard
surface. |If any single anode elenent in the HSCl "sausage" string is
cracked, replace the entire string with a new string. No cracked anodes
shall be installed in the system Anode centering devices shall be
installed on each rod or string anode el enent to assure that the anode in
mai ntained in a centered position within the pipe in a manner so that no
portion of the anode is closer than 12.7 mm 1/2 inch of the pipe interior
surface. Each anode |ead shall be continuous w thout splices fromits
poi nt of connection to the anode to the term nal cabinet on the gate
structure. Anode |leads shall be marked with anode string or anode nunber
at the point of connection to the terminal box. A mnimmof 152.4 Mmm 6

i nch of excess cable shall be coiled in the anode term nal box before
cutting and connection the cable to the correspondi ng anode terminal in the
term nal box. This connection shall then be coated with a suitable

oxi dation preventing electrical contact paste.

. 4.3 Suspensi on of Anode Rod or String Assenblies

Support means for each anode rod or string shall be done in a nanner to
permit easy raising, |owering, renoval and/or reinstallation of the anode
strings in the anode gui des. The anode assenblies shall be suspended from
anode connecting cables using "Kellum or equal grips to provide uniform
and non-deforming gripping of the wire insulation.

.5 DI SK AND BUTTON ANCDE | NSTALLATI ON
.5.1 General

Install the Disk or Button-type anodes at the |ocations shown on the
approved Contractor's corrosi on engi neer design draw ngs.

.5.2 | npact Protection Pipes Installation

The inpact protection pipes for the disk or button anode connection cabl es
shall be installed prior to installation of the anodes. A 152.4 nmm 6 inch
di ameter by 203.2 mm 8 inch | ong gal vani zed steel schedul e-40 pipe with

t hreaded pipe cap shall be fully seal welded to the gate in back of each
button anode. A hole shall be drilled in the side of this pipe and a
thread-o-let fitting welded to the 152.4 nmm 6 inch dianeter pipe at this
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point to receive the anode lead wire and conduit routed to the anode

term nal box at the top of the gate leaf. The pipe and conduit provide

i mpact protection of the anode cabl es and the anode support neans. The

pi pes shall be prepared for painting and coated with the sane paint system
as adj acent gate surfaces, in accordance with Section 09 97 02 PAI NTI NG
HYDRAULI C STRUCTURES.

3.5.3 D sk Anode Install ation

Del ei ver the di sk anode as a conpl ete assenbly by the manufacturer. A
28.58 mMmm 1-1/8 inch dianeter hole shall be drilled through the skin plate
at each di sk anode | ocation shown on the approved system desi gn draw ngs.
Renove the FRP nut and washer fromthe di sk support shaft. Apply 100
percent silicone waterproof caulk to the skin plate side of the anode
composite shield in sufficient quantity to conpletely seal the shield at
its outer perinmeter and adjacent to the shaft where it passes through the
skin plate. The disk shall then be inserted through the gate skin plate
and held firmy in place while the washer and then nut are placed on the
support shaft fromthe opposite side of the gate and tightened using an
automatic torque wench set to 33.9 Nm25 ft-Ib of torque. The cable
connector shall then be attached to the integral threaded socket on the end
of the anode support shaft and tightened to the torque specified by the
manuf acturer. This cable shall then be routed through the pipe protecting
thread-o-let fitting and then via conduit to the anode term nal box. Each
di sk anode | ead shall be continuous w thout splices fromits point of
connection to the anode to the terminal cabinet on the gate structure.
Anode | eads shall be narked with anode string or anode nunber at the point
of connection to the termnal box. A ninimmof 152.4 mm 6 inch of excess
cable shall be coiled in the anode term nal box before cutting and
connection of the cable to the corresponding anode termnal in the ternina
box. This connection shall then be coated with a suitable oxidation
preventing el ectrical contact paste.

3.5.4 Button Anode Installation

a. The polychl oroprene or neoprene gasket naterial shall be not |ess than
3 mm 1/8 inch in thickness and shall provide a m ni num of 500,000 ohns
of resistance between the button anode and gate. Plastic plugs, nolded
or fabricated froman approved polystyrene to fit securely in the anode
openi ng, shall be furnished and installed in accordance with the
approved subnmittal drawi ngs. After assenbly, the anode support bolt
shal |l be conpletely insulated on the button side of the gate by forcing
epoxy cenent through a passage provided for that purpose, around the
i nsul ating sleeve, into the bolt-head cavity, and out the vent hole in
the plastic plug. The plastic plug shall be placed in the bolt-head
cavity such that the vent hole is at the highest point.

b. Epoxy cenent shall be of an approved type, shall have a suitable
dielectric strength, shall be water-resistant, and shall not generate
enough heat to damage or react with the plastic plug, the insulating
bushi ngs, or the gaskets. The epoxy shall provide a mininumelectrica
resi stance of 10 nmegohns between the anode and the gate.

c. The flanged sl eeves shall be fabricated fromnylon conformng to the
requi renents of ASTM D789, or a sinilar approved rigid plastic
material. It shall be of proper size and length so that it wll
penetrate the skin plate enough to provide electrical isolation between
the anode and skin plate. The sleeve shall enter the skin plate at
least 1.59 mm 3/16 inch. Refer to CERL Tech Rep FM95/05 - Figure 1
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"HSCBClI "Sausage" and "Button" Anode Designs for nounting conponent
details.

d. Also isolate the bolt fromthe anode and skin plate. A nmetal washer
shal | be used behind the skin plate to connect the bolt to the gate so
that the bolt will receive cathodic protection and not corrode. Apply
t he epoxy cenment (resin) to provide a watertight seal in all areas of
the bolt and anode bolt cavity. This will isolate the anode fromthe
gate.

e. The surfaces of the gates to be covered by the pol ychl oroprene or
neoprene gasket and the anode shall be sandblasted to clean netal to
provi de a bonding surface for the epoxy cenent. The netal washer shal
not exceed the flange dianmeter of the nylon sleeve and the nylon
flanges shall be at least 3 nm 1/8 inch in dianmeter smaller than the
di aneter of the button anode hole bolt-head cavity. The anchoring bolt
shal | have slots that are |arge enough and adequate to transfer epoxy.
Bolts shall be machined and holes drilled to transfer epoxy. The bolt
shal |l be of sufficient length to allow threads to be visible past the
nut. Structural thickness shall be considered. The neoprene gasket
shall be attached to the gate and the anode using an approved cenment to
make a watertight seal. The bolt shall be used to torque the anode to
a watertight seal on the gate. The bolt shall not be over-torqued,
causing the netal anode to contact the gate or the pol ychl oroprene
gasket to turn out fromthe skin plate. The anodes shall not be
handl ed or carried by the conductor. Each anode |ead shall be
continuous wi thout splices fromits point of connection to the anode to
the termi nal cabinet on the gate structure. Anode |eads shall be
mar ked wi th anode string or anode nunber at the point of connection to
the term nal box. A mininumof 152.4 nm 6 inch of excess cable shal
be coiled in the anode terninal box before cutting and connection of
the cable to the correspondi ng anode terminal in the terninal box.

Thi s connection shall then be coated with a suitable oxidation
preventing electrical contact paste.

.6 RECTI FI ER CABI NET | NSTALLATI ON

Secure wheel ed rectifier cabinets, when provided, to the [ock wall pipe
rails using the clanp provided as a part of the rectifier. Secure
stationary rectifier cabinets to the structures as shown on the approved
submittal draw ngs.

LT RESI STOR AND ANODE TERM NAL CABI NETS | NSTALLATI ON

Install resistor and anode terninal cabinets at |ocations convenient for
mai nt enance and testing purposes and to provide ready access to the
termnals therein. Securely nount the cabinets to the gate structure with
wel ded angl e iron supports holding the cabinet in place.

. 8 REPAI R OF EXI STI NG WORK

The work shall be carefully laid out in advance, and where cutting,

channel ing, chasing, or drilling of the gate structure or girder web, or
other surfaces is necessary for the proper installation, support, or
anchorage of the cabinets, conduit, raceways, or other electrical work,
this work shall be carefully done, and any danage to the gate structure or
equi prrent shall be repaired by skilled nmechanics of the trades involved, at
no additional cost to the Governnent.
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3.9 SYSTEM COVPONENT Cl RCUI' T RESI STANCE MEASURENMENT

Wthin 1 week following the filling of the |ock, the resistance of each
anode, reference el ectrode, system ground, and reference ground shall again
be neasured and recorded using four separate test lead wires and a Nl sson
Model 400 AC i npedance neter or other simlar AC i npedance instrunent
acceptable to the Contracting Oficer. The neasurenent shall be nmade by

di sconnecting the conponent |ead at the appropriate termnal in the

term nal box and connecting two of the four AC i npedance test |eads
individually to the lead wire. The other two AC i npedance test |eads shal
be individually connected to the structure conponent to which the conponent
is nmounted or connected. Should the resistance between the lead wire and
the structure (imrerse anode and reference elenents in water) be |less than
50 percent or nore than 200 percent of the cal cul ated (expected)

resi stance, make the necessary corrections and/or nodifications necessary
to achieve the anticipated val ue(s).

3.10 STRUCTURE- TO- REFERENCE CELL POTENTI AL MEASUREMENTS

Fol |l owi ng conpletion of the installation of the cathodic protection system
and prior to placing the inpressed current cathodic protection systemin
operation, structure-to-reference cell potential measurenents shall be
made. The testing equi pnent shall be a calibrated copper-copper sulfate
reference el ectrode with waterproof connector to insulated test lead wire
suitable for imrersion testing and of suitable length so that no splices
are necessary in the test lead wire and a high-resistance digita

vol tmeter, Fluke Models 865 or 867 or equal. The copper-copper sulfate
reference el ectrodes shall contain a saturated reagent copper sulfate in
distilled water. Prior to first systemenergization, native "OFF"
potential neasurenent shall be recorded using the same neter and calibrated
reference el ectrode to be used during system energization and adj ust nent.
These native "OFF" potentials shall be neasured and recorded at all the
speci fied | ocations.

3.11 RECTI FI ER ADJUSTMENT
Rectifier adjustnment shall be acconplished as foll ows:

a. Adjust the output of the rectifier so that the gate-to-water potential
neasured using a reference cell indicates that the negative potential
has stabilized and is at |east mnus 0.85 volt and not nore than 1.2
volts. These neasurenents shall be nmade with current applied.
Corrections for IR drop shall be nade. This shall be acconplished by
adjusting the rectifier to obtain the aforenentioned "instant-off"
potentials. This IR drop correction shall be nmade by interrupting the
current output of the rectifier either nanually or automatically using
a 90 percent mininmum"ON' and 10 percent nmaxi mum"OFF". |f nore than
one rectifier is energized at the same tine, all such rectifiers shal
be interrupted simultaneously. The "OFF" tine period shall not exceed
1 second. During this "OFF" period, the Fluke 865/867 neter shall be
used to automatically read the mninum DC voltage that is the polarized
protective potential on the gate.

b. Performa conplete structure-to-water potential survey of the gate |eaf
face.

3.11.1 Locati ons of Structure-to-Reference Cel

Locate the reference cell in the water, 12.7 to 76.2 mMm 0.5 to 3 inch from
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the gate structures. The reference cell shall be connected with a

wat er pr oof screw coupl ed connector to a conductor on a reel. The cel

shall be lowered to depths in the water as indicated below. The reference
cell conductor shall be connected to the positive terminal of the digita
voltnmeter. A second conductor shall be connected fromthe gate structure
to the voltneter negative termnal. The neasurenent procedure shall be
repeated and recorded for each nmeasurenent |ocation. Measurenents shall be
made every 0.91 m3 ft vertically (mninmun) fromnormal pool elevation to
the bottom of the gate. These same neasurenents shall be nade at a m ni mum
of five locations across the width of the gates on both the skin plate and
chamber sides. |In addition, one set of neasurenents shall be nade at the
quoin end and one at the niter end on both sides of the gate. Al

measur enent positions should be permanently narked on the handrail of the
gates directly above where the nmeasurenent is made

.11.2 Pol ari zati on Decay

a. Polarization decay neasurenents are only necessary if the gate surfaces

adjacent to the sill plate, quoin and mter fail to neet the above
criteria of providing negative protection potential of at |east mnus
0.85 volts.

b. A mininumnegative (cathodic) polarization voltage shift of 100
mllivolts shall be neasured between the structure surface and the
reference el ectrode cell above contacting the electrolyte. This
pol ari zation voltage shift is to be determ ned by interrupting the
protective current and neasuring the polarization decay. Wen the
current is initially interrupted, an imredi ate voltage shift will
occur. The second voltage readi ng displayed after the i medi ate shift
shal | be used as the base reading fromwhich to neasure pol ari zation
decay. Pol arization neasurenents shall be nade at nini mum 10-m nute
intervals for a maxi num of 4 hours. This neasurenent cannot be made
until the gate has had a chance to becone pol arized.

c. Location of the structure with respect to the reference cell for
pol ari zati on decay neasurenents shall be 0.305 m1 ft fromthe bottom
gate at the quoin, mter, and at 0.61 m2 ft intervals along the bottom
of the gate. Measurenents shall be made on each gate |eaf face

.12 RECORDI NG OF MEASUREMENTS

Al'l system conponent circuit resistances, structure-to-water potential
measur enents, including native potentials, shall be assenbled in conputer
generated tabular formusing Mcrosoft Excel or sinilar approved
spreadsheet and submitted in six copies together with a copy of the data
disk (3-1/2 inch floppy disks), with each |ocation identified on the
as-built drawings. Locate, correct, and report to the Contracting Oficer
any unusual data or problens encountered during checkout of the installed
cathodic protection system Structure-to-water potential nmeasurenents are
required on structures as necessary to affirmthat protection has been
achi eved on all submerged surface of the lock gates. Al tests shall be
wi tnessed by the Contracting Oficer and the conpleted test measurenents
data shall be subnmitted to himfor his review and approval

.13  OPERATI ON AND MAI NTENANCE | NSTRUCTI ONS
Submit Weekly, Monthly and Annual Test Procedure to be part of the

operations and mai ntenance instruction manual. This test plan shal
conformto all applicable NACE International Recommended Practices.
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3.13.1 Operating Instructions

Furnish to the Contracting O ficer twelve (12) conplete copies of operating
instructions detailing the step-by-step procedures required for system
start-up and adjustnent of the rectifier to achieve the criteria of
protection. This shall include native system and conponent test data (data
bef ore system energization), test set up, test equi prent di agranms show ng
voltmeter and reference cell connections, test locations, and a description
of the procedure for measuring "on" and "off" potentials. Detailed steps
shal | show use of the equi pnent used in the training course and cover test
and neasurenent of the cathodic protection systens for the gate |eafs.
Subnmit the Operation and Mai ntenance nmanual to the Contracting Oficer for
approval 30 days prior to the training course. Information on the

equi prrent shal |l include the manufacturer's nane, nodel nunber, service
manual , parts list, and a brief description of all equipnment and its basic
operating features.

3.13.2 Mai nt enance | nstructions

Furnish to the Contracting Oficer eight conplete copies of naintenance
instructions listing routine maintenance procedures, possible breakdowns
and repairs, and troubl e-shooting guides. The instructions shall include
diagrans for the systemas installed, instructions in naking
gate-to-reference el ectrode neasurenents, and frequency of nonitoring.

3.14 TRAI NI NG COURSE

Conduct a training course for operating staff, as designated by the
Contracting Oficer, on the cathodic protection system The training
period shall consist of a total of 8 hours of training and shall start
after the systemis functionally conplete, but prior to final acceptance
tests. Provide course material, including testing data and records, for a
mnimumof [12] [__ ] Government attendees. Subnmit this course materia
to the Contracting O ficer for approval 30 days prior to the schedul ed
start of the training course. Submt life of the anodes and outline of
course and handout sheets with testing and neasurenents fromthe

i nstruction manual and description of the use of equi pnent for conpleting
test and neasurenents for students. The training course shall include
denonstrations of the procedure for nmeasuring the mnus 850 millivolts
"of f" potentials and NACE International protection criteria of a mninmm
negative (cathodic) polarization voltage shift of 100 mllivolts. Provide
a digital voltneter (Fluke 865 or sinilar and approved equal) and an

i nsul ated cable (m nimum 30.48 m 100 ft length) on a reel with a saturated
copper -copper sulfate reference cell attached by a factory assenbl ed

wat er pr oof connector for these denonstrations. This equipnent will becone
the property of the Governnent and shall be turned over to the Contracting
O ficer upon conpletion of the training course.

-- End of Section --
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