CATHODIC PROTECTION OF STEEL IN CONCRETE
(REV 10-26-2026)

The following new Section is added:

SECTION 457
CATHODIC PROTECTION OF STEEL IN CONCRETE

457-1 Description.
Furnish, fabricate, install, test, energize, and commission a Cathodiérotetson (CP)

system constructed in accordance with the Contract Documents. .

457-2 Materials. \
Portland Cement Concrete-Class IV*..........4.... B tion 346

Reinforcement............ooovvveiiiiiiieiiiiiieec i S .Section 415
Epoxy Compounds.........cocoeevveeerveeneee. @ @0 e Section 92
Anodes i

39

Hybrid Anodes ........cccocveveenere. @ne - e Wpeeeevvenveennes Sect
Monitoring Sensors...........c......... B N O Seeglon
Data Management System .. BRei 1R 93
Cables (CP only) oo R @ o939
Conduit (CP only)......... .S
Junction Boxes (CP on

Section 939

Power Supplies Sy, b
Transformer ct%
Stay-In-Place S Section 939

*Use a ith a maxi sistivity of 15 kQ-cm at 28 days,
and a target slump of 8 inc inches, use N coarse aggregate and do not use
supplementary ce itious materials as directedBy the Engineer.

Section 939

a Quality Control(QC) Plan identifying all tasks
p the QC plan to ensure the service life of the

speci em will be aglmg lude the items below, including but not limited to
procedurc@ytesting frequenct @ mentation requirements, and acceptance criteria for the
ing
@ 1.C nent report.
2. Locati forcing steel and other embedded metallic components.

esting electrical continuity.

Qorrecting electrically discontinuous reinforcement.
Bsting electrical isolation.

stalling and verifying anodes, structure grounds, reference cells, sensors,
calles, jun8ion boxes, and power equipment.
7. Detecting and correcting electrical shorts.
8.Measuring electrical resistance, current output, voltage, and reinforcing-steel
potentials.
9. Preparing and testing production test sections.



10. Energizing, adjusting, and commissioning the CP system.

11. Recording and submitting installation and test data.

12. Qualifications and certifications for the CP Technologist, CP Technicians,
equipment operators for thermally sprayed anodes, and other personnel performing specialized
CP work.

13. Identify the instruments, reference cells, and testing equipment proposed for
use. Include current calibration certificates.

The plan shall provide a comprehensive inventory of calibratgd equipment and
reference electrodes, accompanied by valid calibration certificates for all ins entation. The
plan shall specify procedures for measuring anode current output and reinfofgin 1 potentials,

as well as the formal system activation process. . O
N

The QC Plan shall be prepared and executed by an i
Protection Technologist secured under Contract by the Contractor.
Engineer for approval before any installation commences.

457-3.2 Personnel Qualifications: Provide quali and
inspection of materials and construction activities. E
during the course of sampling, testing and inspectiony
Ensure all work associated with irements

457-3.2.1 Cathodic Protectign :
install, energize, and finish the CP system ha inimum of 2-yearg?®Rpctignce working with
CP electronics or equivalent instrumentation, a miff#hum of 2—yearsnce in corrosion
mitigation and control, or a minimum ar experience afiw#TiEnY g corrosion control

on marine structures.
457-3.2.2 Cathodjig"Pro n Technolo rOfide CP technologist to oversee
installation the CP system, ifiglu esting, corrections, iS8ioning, visual inspection,

energizing, finishing a e an Association for Materials
Protection and Performafige (AMBP) CP3 certi rotection technologist with a
minimum of 2-years’ expe n installing an ing CP systems, or have 10-years
verifiable experien@&in installing and maintainingyCP systems in marine environments.

. . athodic Prot, n SpetCialist: Provide a CP Specialist to design the
cathodic @ P) system, includiag sy$tem design, plan modifications, materials

Al ed by a CP Technologist or Technician. The CP

d Cathodic Protection Specialist with a minimum of
maintaining CP systems.

Constructio
457-4.1 Con or nel Qualification: Use personnel trained and experienced in
ork being perfo ovide information verifying that personnel installing any CP system

alifications, and shop drawings for the following:
1. Installation sequence and schedule.
2. Shop drawings showing CP zones and locations of anodes, structure grounds,
reference cells, sensors, cables, conduits, junction boxes, power supplies, monitoring units, and
other system components.




3. Installation procedures for each CP system included in the Work.

4. Procedures for concrete removal, surface preparation, patching, overlay
placement, and jacket-filler placement.

5. Procedures for installing, routing, identifying, connecting, and protecting
electrical cables.

6. Procedures for installing forms, temporary supports, access systems, and work

7. Procedures for preparing and testing production test sections.

8. Procedures for waste containment and environmental prote .

9. Procedures for protecting CP system components before c@mcr lacement,
overlay placement, backfilling, or energization. .

10. Procedures for correcting deficient or damaged \
materials, cementitious materials, overlays, or other CP co g
Documents require specific bond, durability, or perform iterl

457-4.3.1 Surface Preparation: Ensyfé % concrete sur{gle

(C8P) rating of € SPF’5 P 7 as

defined by the International Concrete Repair In e e all oil, greagedirt,
concrete, marine growth, oyster beds, and a rious material cotllg 1mpact proper

application of repair or CP in that area. Appl cepted surface p 1 production
surfaces receiving the associated material. Q
Remove metalli that may crea t hort between the
anode and reinforcement. Cut or grind Ific items that &in e to at least 1/2 inch
at

below the concrete surface and elg€tfic Bolate them ugt s of 100 percent solids
epoxy.
intainprefafcd surfaces in t

cc
the anode, binder, overl en
457-4.3.2 all€d concrete areas in accordance with
Developmental S ications 401 and 930. Notiffathe Engineer at least 48 hours prior to placing

sed cathodic@ion pplication areas and surrounding concrete

platforms.

ed condition until installation of

Bterioration extendtg beé§ond the limits shown in the Contract Documents.
s beyond the specified limits.
7-4.3.3 Reinfor paration: Perform reinforcing preparation work in
e with Developme ifiCation 401. Exposed steel above and underwater shall not
a rs after cleaning. Reclean reinforcing steel when
fimination or coffosi C efore placement of repair material.
457-4% xca@vation and Patching: Patch concrete repair areas and excavations

ructure-ground co ons, continuity bonds, reference cells, wire-routing trenches, and
ts in accordance with Contract Documents. Use cementitious repair materials

trical Continuity: Complete continuity testing and required continuity
ote installing the anode system or covering the tested reinforcement.

457-4.4.1 Continuity Testing: Perform all electrical continuity testing and certify
the results with the Engineer.

cogfections



457-4.4.1.1 CP Systems: Wire tie all rebars exposed in repair areas. For
embedded discrete anodes and surface applied systems over repaired and limited adjacent areas,
test each reinforcing bar exposed within each repair area after completing wire tying.
For surface applied and distributed systems installed test continuity
of all reinforcement throughout applicable limits. Continuity can be checked on rebars exposed
in repairs after they are wire tied and by exposing rebars that are not accessible in or from repair

areas. Test reinforcement added within repair areas for continuity with the existing steel and
between the pile sections above and below the splice.
dan multimetsr wi
o not us¢ a
multimeter calibrated more than 180 days before testing. \
457-4.4.1.2 Pile Jackets
difference test methods, and a high-impedanc i-meter as direct

when a reinforcement mat or cage is added. Test reinforcing mats and cages go verify continuity
Test continuity using a calibrated, high-i
Two metallic components argel g€
forward resistance and reverse resistance are each less t andShe voltage diff
than 1 mV.Record and submit test locations, forward #nd¥@ers@resistance, vol
t
standard Direct Current (DC) resistance witl no
Technician.

between individual bars. When a pile splice occurs within a CP application aié@, test continuity
an input impedance greater than 10 MQ and resolutions of 0.1 Q a
corrective work, and final test results. Submit all congi x ata in the®P Repbrt.

pil® jacket contin

The Engi hall verify contigui the system’s negative
connections and the spiral tie prior to @with epoxy. corMection is deemed
satisfactory by the Engineer, coveftic tion area wi & d fill the excavation with an
approved filler. Use an apprOged ortar if the excaVationw® located underwater.

Connections above wat e ed for 14 days%at ma¥dmum, and connections underwater
shall be exposed for not Mgre thall 3 days.

s, the Engineer shall perform an
electrical continuityiest between all pre-stressing'§trands, ties, reinforcing steel, dowels, and any

other reinforcinggsige ponents insi piles @nd within the jacket limits on all the piles
to be installed. Of\pile§where a pile splice is detected before, during, or

on, continui sted and provided between both pile sections if

tests and any necessary continuity corrections testing
ect by the Engineer. The Engineer should perform continuity
e for continuity corrections. Steel to be tested that is not
process is completed shall be exposed for testing purposes by

than 1 ft. HWEL per the Engineer recommendation.

Due to the elevation on some of the piles, continuity checks,
cofections afid hegative connection installations will need to be performed underwater. Include
def@ils for pérforming the underwater testing and work in the QC plan.

Install continuity corrections on all steel components that are found
to be discontinuous. Provide continuity corrections by resistance welding or other approved

methods in accordance with Contract Document. Intended equipment and procedures to install



continuity corrections shall be included and submitted for approval in the shop drawings prior to
performing this work. Each continuity correction shall consist of welding two continuous solid
steel wires with no insulation between discontinuous steel and the nearest continuous steel.
Determine the proper wire gauge and the resistance welder output for this operation. Where
continuity correction is required, additional concrete excavation will be necessary.

The size of each concrete excavation made to install continuity
corrections shall be as small as possible. Locate all concrete excavations made to install
continuity corrections within the jacket limits. Unless otherwise approved, d@ not perform
excavations for continuity corrections less than 1 ft. above the MHWEL per #1,CP technologist
recommendation. Observe care to avoid cutting steel inside the pile when inSholes or
preparing excavations. Repair any damage to the steel caused by the Cofigractofigt no addit"onao

cost to the Department.

On piles where a continuity correctialled, the CP \
technologist or CP Technician shall repeat the continuity tegti Mst€el after the comicc
are made to ensure that all steel is continuous. The Enginge 11 approve all contindity,
correction welds. Each weld shall receive a coat of OQ"& n-conductive gfilbxy
drilled holes made for continuity testing purposes a aw ions madédto #Mstdll c
corrections with an APL-listed material prior t g the jacket. Drill es

excavations above water shall be exposed fQr at
underwater shall be exposed for at most 3 da

Before coating with €poxy, the CP tect shall verify the
continuity between the negative connecgi®ns, and the new rei nside the jackets. The

Contractor shall repair any connection td8ts discontin s otherwise found deficient at
no additional cost to the Depart YT ify that negative connections
a g steel inside the jackets.
cost to the Department. Negative
14 days, and connections

ays and drilled fi@les excavations

4.2 Continuity Corrections: Correct reinforcement that does not satisfy
a.

When 30% or more of the reinforcing bars on the face of an element are
dis@ontinuds, expose and bond the reinforcing bars in each direction using a No. 2 American
Wir (AWQ) steel pencil rod, No. 10 AWG solid steel wire, reinforcing bar, or another
method approved by the Engineer. Submit the proposed trench layout to the Engineer after
review and approval by the Engineer.

the



For epoxy-coated reinforcing steel, cut trenches in each required direction
to expose the reinforcing bars within the mat receiving CP. Remove the epoxy coating from each
connection area before installing continuity corrections. Repair the epoxy coating after
completing and accepting the connection.

Perform continuity testing after completing continuity corrections. Do not
proceed with subsequent work until the Engineer verifies and accepts the corrected continuity.
For reinforced concrete elements that are in the splash zone, continuity checks, corrections, and
negative connection installations may need to be performed underwater.

457-4.4.3 Continuity Bonds: Establish electrical continuity een two
reinforcing bars using steel wire ties where practical. Install each tie to pro t electrical
contact with the reinforcing steel. Test continuity after installing the wiryties. Where wire ties
not establish continuity, install a continuity bond.

Provide continuity bonds consisting of two e N
a steel pencil rod, reinforcing bar, or another connection a 0

theQpeld with a 2
st. Apply two

Ib. hammer. Remove and replace welds that
coats of 100% solids epoxy to completed welds an

before applying a second coat. Allow ats to cure bef
material.

Use altern

stall structure grounds by

ing exothermic welds, or by another

method approved 1@§riting by the Engineer. Install 2 Structure Grounds in each CP zone. Where

a CP zone includes an one Concr, lement, including footings, columns, struts, or caps,

i grounds in each ele@less otherwise shown in the Contract Documents.
. within a jacket, install two grounds on the new

uiy between concrete elements. Where continuity exists

ound wires only when permitted by the Contract
dineer. Where continuity does not exist, route all structure-

N

t discontinuities before installing the anode system.

.4.6 Reference Cells: Verify each field reference cell against an approved
stafidard re e cell before installation. Place the field and standard reference cells in water
an@measurg the DC potential difference. Do not install a field reference cell having a potential
dif reater than 10mV from the standard reference cell. Do not permanently install the
standard reference cell used for verification.



Locate reference cells as shown in the Contract Documents. Where the
Contract Documents do not establish the final location, perform a half-cell potential survey in
accordance with ASTM C876 and install the reference cell within the most active area of the
applicable CP zone, as approved by the Engineer.

Install reference cells within excavations measuring at least 3 inches wide
by 12 inches long and extending at least 1 inch below the reinforcing bar. Provide at least 1/2
inch of clearance around the reference cell and reinforcing bar for placement of repair material.
A vertically drilled installation may be used when approved by the Engineer,

Connect the reference-cell ground wire to the relnforc nt using an

approved exothermic weld or another method approved in writing by the E oute the
reference-cell wire through an approved trench, cementitious embedme uit to the‘ O

designated junction box. Connect the reference-cell wires as show act Doc
Test continuity between the reference-cell g @ d
Correct discontinuities before covering the installation.
457-4.5 Anode Installation: Complete the apph reparation, ¢
removal, steel repairs, preparation, continuity testin ns, structure-
installation, reference-cell or sensor installation, an, efore instdtli 1cable

anode system. Install each anode type at the lo d 1ts shown in an
accordance with the Contract Documents a er S 1nstruct10n

ectrical shorts,

457-4 5.1 Embedded
manufacturer. Install pre-wetted anod

n required by the
ition. Install anodes at the

spacing shown in the Plans alon f ustall at least one anode
within repair areas having a %less than 12 inc

Provide a minimum 1 i tween the an nished concrete surface and a
minimum 1 inch of repa between the ¢ adjacent or underlying concrete

unds the anode.
nd tighten the tie wires to prevent movement

surfaces at remaining sides
Secure each anode @ clean reinforcing steel. Wra

during placeme ropais material whi hieving minimum cover requirements.
Inspect each anodg andWerify continuity with the reinforcing steel before
. Correct de ections before patching the repair area.
7-4.5.2 Therma prayed Anodes Produce the mockup at the job site for

e bond strength. P ; est sections with a minimum surface area of 4 square

b within designated repair areas unless approved by the
Fnstall the anode, binder, coating, or overlay using the

d procedures proposed for production work. Testing the bond
STM D7234 at 24 hour to meet minimum bond strength 100 psi.

Apply thermally sprayed anodes in accordance with American Welding
Society ( 3M/C2.23 and AMPP SSPC-CS 23.

Allow repair materials to be cured for at least 7 days before metallizing.
Caofniplete metaftizing within 90 days after placement of repair material.

Obtain written certification from the Engineer for metallizing proposed
mor: 0 days after placement of repair material stating the area has a low probability of
corrosion activity around the repair. Do not metalize more than 120 days after placement of
repair material.

gth in accordance



Install threaded rods before metallizing. Install anode connection plates
after metallizing the concrete surface, as shown in the Plans.

Complete metallizing within 2 hours after final surface preparation. Air-
blast prepared surfaces immediately before metallizing to remove surface-preparation residue.
Use clean, moisture-free air at a minimum pressure of 50 psi. Test the air supply for moisture
and pressure daily.

Apply the anode continuously within each repair area or CP zone. Do not
permit cold overlaps. Mask surfaces not designated to receive metallizing and provide neat
horizontal and vertical application limits.

Apply multiple passes to provide a coating thickness
Measure coating thickness using coupons or another method accepted b

For application areas smaller than 10 square @

thickness measurements in each application area. For application afg per than 10 sq
obtain at least three measurements for each 10 square feet.
Use a spherical-anvil and spheric

le nNigrometer capabl€ o
measuring from 0 to 1 inch. Electronic thickness-m i s may be usedgfthe oved
& instrument
an W mils, remov w ifs by
our;

in writing by the Engineer and calibrated against the
tallizing within er the initial

Where coating thickness
blasting and remetallize the area. Complete addi
application or remove and remetallize the en

Perform two bond tests in a

cted area.
ication areas san 10 square feet.
For larger application areas, perform t d tests for eachgkS ¢ . Where the
application covers repaired and origin te, perfo t orpach substrate.
Perform b es rom 2 to 7;“1& metallizing in accordance

with ASTM D7234 using a ent adhesion test range of 0 to 500 psi. Provide

—

e of cracks, burns, blisters, uncoated
reas having visible defects, insufficient

P
i at no additional cost to the Department.

areas, and other visible de emove and re
bond strength, or c@@ting thickness less than 15
11 the anode G{ion late over the threaded rods at the locations

shown in ghe P& etallize the conne@tion fllate, connect the system-ground wire to the
pgtall the lock ut. Apply epoxy over the connection as shown in

Verify etween the ground wire and threaded stainless steel bolt
before met@tlizing th ne ate and applying the epoxy coating.

A @pproved zinc-silicate overcoat within 72 hours after
@ zing. Apply t erc@at imMccordance with the manufacturer’s instructions. Extend the
oVercoat at least 6 inch ond the metallized area and provide a minimum thickness of 5 mils.

Install monitoring junction boxes where required by the Contract
Documen tructure-ground, anode, and reference-cell wires to the junction boxes as
shovwzasip thg Plang

457-4.5.3 Zinc Mesh Anode: Produce the mockup at the job site for measure the
boRid strength. Prepare four test sections with a minimum surface area of 4 square feet each. Do
not st sections within designated repair areas unless approved by the Engineer. Prepare
the surface and install the anode, binder, coating, or overlay using the materials, equipment,



personnel, and procedures proposed for production work. Testing the bond strength in
accordance with ASTM C1583 at 28 days to meet minimum bond strength 150 psi.

Allow repair materials within the installation area or CP zone to cure for at least 7 days before
installing the zinc mesh system. Provide a saturated surface-dry concrete surface before applying
the binder.

Drill holes for the mesh fasteners. Apply the initial binder coat uniformly
at a rate of 1.0 to 1.2 pounds per square foot in accordance with the manufacturer’s instructions.
Install zinc mesh having flag connectors welded to the mesh and protected with epoxy.
Compress the mesh into the binder until the binder penetrates the mesh openiigs, and secure it
with rivets.

Connect anode wires to the flag connectors as sh inthe Plans. AgplyO
second binder coat at a rate of 0.8 to 1.0 pound per square foot. Cov, C
that no mesh shadowing is visible.

ompletely 5\
iti hours usi \
temporary plastic sheeting or another approved method. er for at least ore

Maintain the binder in a moist cond

3. The concrete sur

4. Relati idity is at leas
Perform bond t er 28 days im@ccordance with ASTM
C1583. Perform one bond test wigfiff ea i .

test for each 25 square feet, With
feet.

50 psi. Repair test locations using
ove and repla acceptable work at no additional cost to the

the approved bindgr materi
Department.
“ 11 monitorinﬂcﬂm xes where required by the Contract

cture-ground wirgs, an@ide wires from the flag connectors, and reference-
lete connections as shown in the Plans.

#nging assemblies, as shown in the Contract Documents.
anodes to concrete surface without creating electrical shorts.
45 . ile-Mounted Bulk Anodes: Install factory-fabricated bulk
glassemblies on'PiCs at the 10€ations and elevations shown in the Plans.
amp the anode to the Qidgfor jacket using two 2-inch hot-dip galvanized steel channels with the
anged sid¢’Tactg the pile or jacket. Use galvanized attachment hardware.
Position the anode¥t the angle and depth shown in the Contract Documents guaranteeing the
of thgfanode is in contact with the surface of the pile or jacket. Maintain the
; ith the pile or jacket where applicable. Route the anode wire as shown in the

Perform bulk anode installation prior to placement of the filling
material for the CP jacket.



457-4.5.4.2 Mechanically Fastened Bulk Anodes: Mechanically fasten
bulk anode assemblies to the concrete surface shown in the Plans. Use Type 316 stainless steel
attachment hardware. Install the assembly without damaging the concrete or creating an
unintended electrical connection with reinforcing steel.

457-4.5.4.3 Hanging Bulk Anode: Excavate the concrete and install the
anode connection junction box and the eyebolt with the drop-in anchors at the locations shown in
the Plans. Install the eyebolt with no more than 1/2 inch of its shank is exposed beyond the

concrete surface.
Suspend the anode assembly from the eyebolt %re rope and
n

an approved split or U-bolt connector. Secure the assembly against looseni he design
load.

Route the anode wire to the connectioping ox throu h‘ O
NPT cable gland. Connect the anode wire to the waterproof quick- @ ect fitting. DOK\

leave copper exposed. Route the wire from the connection qgun,

junction box through a trench or conduit.

Dxat® the monitorj
Install the cable guard, #fte ineer inspec‘%@he
N

onnectiongunétiofl box and
completely cover the anode assembly
457-4.5.5 Cathodic Protection ts: Per the Confiact ments, CP
pile jacket systems shall consist of embedde odes of expandg sh anodes pre-
installed against the inside face of the fiberglass pile) at the ends of CP
system wires with exposed copper are ut of the water dga, e ept when making
negative connections to reinforcing st rwater. Prow necc§sary surveying to
determine the specified elevationggPfior installatio & et.
i j 1S, continue cleaning until sound
the surrounding concrete
the deteriorated concrete to be

removed. Verify that the sp mpass all major cracked, delaminated,
and spalled areas. B@lore ordering jackets, compldge the inspection and sound testing required by

457-4.3.2. Recogdegn ify the dimensy#®® of idefitified deficiencies and verify the proposed
jacket limgts e pass all major cracked, def@minated and spalled areas. (e.g., deteriorated or
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damaged cOfgrotg)ddetermine the ater Level (MLWL) and Mean High Water
Lev or each pile. Inst ifforcing steel, anodes, or jacket forms based on plan.
Perfo iSpection before placing the jacket. Cleaned pile surfaces

ith fresh water immediately prior to jacket installation. Do
er has approved of the surface preparation.
a pfe-mounted bulk anode with each CP pile jacket, unless

ce the form

0 ise shown in the

457-4.5.5.1 Location and Length: Install pile jacket cover area as shown

gents or as directed by the Engineer. In case of damage all the way to the cap,
acket 6 in. from the cap to allow for proper filling of the annular space and bevel

btain the Engineer’s written approval when a jacket needs to terminate at the

pile extends beyond the limits shown in the Contract Documents, as determined by the Engineer.
Immediately notify the Engineer if the above conditions are discovered prior to ordering the



jackets. The minimum jacket length shown in the Contract Documents shall be maintained. The
Engineer shall determine if the pile jacket length should be increased. Minor deficiencies will be
repaired outside the pile jacket limits as directed by the Engineer. Additional payment for
increased pile jacket lengths will be given based on the pay items described in this
developmental specification.

457-4.5.5.2 Form Placement for Pile Jackets: Place the fiberglass form
in position around the pile at the location and elevation shown in the Plans. Coordinate form
placement with the wiring requirements of 457-4.7. Protect wires and connegtions from
displacement or damage during form installation. Secure and seal 1nterlock1n 1nts Install the

to placement of the hard backing to protect the gel coat.
457-4.5.6 Titanium Mesh Anodes: Allo
area or CP zone to cure for at least 7 days before insgaMi

compressible bottom seal and coat the seal using an APL-listed Type K epo suitable for
underwater application.

Adjust standoffs to prevent misalign all tempaqra
hard backing to prevent jacket deformation. Place a temporary pla around the fo \'\

surface to provide the bond required for the overlay. prepared@u debris,
oil, marine growth, oyster beds, salt depos1ts a minants until cement. In
addition, electrically isolate metallic items with 457-4.3.

Install continuous secti titanium mesh w CP zone at the
locations and in the directions shown in the Plans. ™® not splice or i the mesh in the
direction of installation unless perrnlt he Contract D the mesh flush
against the concrete surface. Space ad steners no et apart. Install additional
fasteners where necessary to mai c w1th the co ace. Wash the installed mesh
using fresh water. Remove 1 lt deposits. Prote sh from contamination and
marine exposure until p cing

R eld current s to the mesh at the locations shown

in the Plans. Provide contint istributor bars phces except where a distributor bar
wraps back upon i

-weld tltamu nnectots for titanium mesh systems to facilitate
eutlon Use weldi ment approved or furnished by the titanium
t0

e CP Tech@ inspect and certify mesh and distributor-bar
C overlay as shown in the Plans Continuously monitor

efficient

.6.1 Patching and Embedment: Provide complete encapsulation of
nections, continuity bonds, reference cells, wire-routing trenches, and other
cnated for embedment. Prevent voids, segregation, contamination, and

of installed CP components. Protect wires and connections during placement and

457-4.6.2 Concrete Overlays: Prepare the receiving concrete surface and install
overlays in accordance with the Contract Documents. Protect anodes, current distributor bars,



sensors, structure grounds, and associated wiring during overlay placement. Monitor for
electrical shorts during overlay placement. Stop placement when a short is detected. Locate and
correct the short before continuing. Consolidate and cure the overlay without damaging,
displacing, or shorting CP system components.
457-4.6.3 Pile Jacket Filler: Place pile-jacket filler in accordance with the

Contract Documents after visual inspection is complete and continuity is confirmed, backfill area
for buried elements or place concrete filler for embedded elements.

Monitor embedded wiring, anodes, structure grounds,and reinforcement
during filler placement. Stop placement when a component is displaced, dal%r electrically

shorted. Correct the condition before continuing.
Wet to saturate the surface of the existing concret@imm@giately prior to O
a

placing the filler. Place the filler in one continuous pour no more thQ fter the 1na\

surface preparation. No cold joints shall be permitted.
Place the jacket filler beginning at thg b, ing port an \4

upward to the next port as the filler reaches the next po lete%he filler placemént ing
to the next port on the opposite face of the jacket. Do ot e all the filler mateyil fr e
% nding wat@r i81d€ thegjacket

1 inp forms highe 5 r forms
vibration to
imately 1 in. frop®g tOp during the

ing, apply a 4hamfer bevel that is
neat, straight, and free of cracking fro op lip of the jacket er should have the
same mix design used for filling the j ;@\e chamfer K: previde positive drainage of
u

without mixing with the filler. Do not drop fill
containing water. Prevent contamination of the
ensure proper consolidation. Fill the jacket to
pumping process. Prior to the fill material fully ha

the pile rainwater runoff.

ofa minimum of 7 fore removing any external

bracing and temporary hottom uding the conpgessiBle sealing strip. Wet cure the

S age cracks. Curing compound for
n performance. Remove any filler or

After removal of@ry supports around the jacket, core drill 1.5-in.
depth of the original pile surface on one face of

through the j
ation of 6 inches@he Mean High Water Elevation Level (MHWEL), or as
it nside surface of access holes (except for the pile
il d % a thorough coat of approved epoxy applied on the outside
gurtages of the PVCfpipe ®hall not cover the pile concrete surface at the back of access
) Once the fille erialfhas®een set, cap off all monitoring ports with an approved PVC
sCtew-on cap.

ectrical Installation: Cathodic protection electrical work shall in accordance

All connections shall provide a low-impedance path. Electric connections to the
reinforcement using exothermic welding are preferred. Use mechanical connections only if
indicated in the Contract Documents. The voltage drop across a connection interface shall not



exceed 1 mV. Provide positive connections to the anode system with redundancy to ensure that
the loss of any single connection does not compromise the continuity or functional performance
of the local anode zone. Use shielded twisted-pair signal cables for monitoring sensors. Use
insulated cable specifically designed for DC cathodic protection service for anode and structure-
ground connections embedded in concrete or fully submerged in water.

Route wires not embedded in concrete or fully submerged in water through
conduit as shown in the Plans. Provide junction boxes sized to accommodate the required wiring,
terminals, connectors, and maintenance access. Locate junction boxes to redpce the potential for
submergence, vandalism, impact, and environmental damage at locations sh in the Plans.

Make connections mechanically secure, electrically stable, waterproof, alkalgyre t, and
suitable for the anticipated exposure environment.

For pile jacket, install redundant electrical negative cgfifig on each ilg O
where CP systems are to be installed. The connections shall be pery brazing tw \
number 10 AWG THNN copper strand wires with black i tOwdifferent areas o

tie at the elevation shown in the Contract Documents for; isti iles. Connect o, ber

10 AWG THNN copper strand wires with white insyléti different bars an
% OT Standdrd Specification
s ofgwire such that % n be
in the Contralel t

Section 415 reinforcement is used. Use sufficie
routed to the connection box, mounted at logatio
any splices.

supplementary reinforcement for each cage reinforc
s, without

The brazed part of the negative confiéttion wires at t @ d reinforcing steel
shall receive a coat of 100% solids, no uctive epoxy, posed copper or
brazing material will be in contact wit cPncrete whe ing onfilling. Braze each wire to
a minimum length of 1 in. onto t S forcing ste“&

For connectidfig | nderwater, braze m negative wires to steel tabs
and then weld underwater to a Spiral®? provide a mecRani nnection device. Route all
i ntract Documents. Connect the
sh anode and the bulk anode wire at

the terminal box. connectors as shown in the

The connection bety e connectors be made as shown in the Contract Documents.
After co i perly insulate all c%'ons with a heat shrink connector.
inal box p the jackets to house the anode to steel connections
shall act Documents. t@rminal box shall have a weather-tight cover. Fabricate
the te 1 box to accept 1/ er Type 316 Stainless Steel bolts which will connect the
system wif@s inside t X, n in the Contract Documents. Use Type 316 Stainless Steel
dgare to install BV C uEnd connection boxes. The location of the connection boxes
% e as shown in onffact Mocuments.
Perform ncrete excavation to expose the spiral tie inside the upper jacket

imits and gFhefpossible, at a minimum of 1 ft. above the MHWEL. Route the connection wires

installation and absence of electrical shorts. For impressed current systems, perform continuity
checks to demonstrate electrical isolation between DC positive and negative circuits.



Test structure grounds, anode connections, reference-cell connections, sensors,
monitoring components, cables, and wires before covering, embedding, backfilling, or placing
concrete.

Monitor for electrical shorts during placement of concrete, repair material,
overlay, binder, and jacket filler. Stop placement when a short is detected. Locate and correct the
short before continuing. Record the test location, equipment, calibration information, test
procedure, measured values, acceptance criteria, corrective action, and final testing result.

457-4.9 Visual Inspection: Perform visual inspection of the CP systgm and its
components to confirm correct installation, alignment, position, labeling, co tlons coatings
and protection from environmental or mechanical damage. For buried or e lements
complete and document this inspection before backfilling or concrete pl

457-4.10 Energizing: Energize each CP zone after the compj@
once the repalr and anode embedment materlals have achleved ﬁn

nstructio a
, Inltlal energl

activated, as applicable:
1. System resistance.
2. Native anode potential.
3. Voltage drop between the
4. Native reinforcing-steel pot
5. On and instant-off reinforcing-st
6
7
8

. System current.
. Power-source input

For,prestres i e elements, do not permit the polarlzed
reinforcing-steel pQ#€ntial to become more negatiVg than minus 1,100 MV relative to a copper-
copper sulfate r erwise’shown in the Contract Documents

| potentials, and absence of electrical shorts.
acceptance criteria shown in the Contract Documents.
nodes, electrical shorts, and other conditions preventing

CP pile jacket systems shall provide CP per AMPP SP0216
otdhtials measured with a portable Copper Sulfate Electrode

Operate the system in constant-current or constant-voltage mode as
required byfthe Plans. At least 30 days after initial energization, perform depolarization testing.
Adj ystem to achieve 100 mV of polarization or depolarization unless another criterion is
shown in the Contract Documents. Repeat depolarization testing following adjustment.



457-4.10.3 Hybrid Systems: Energize, operate, disconnect, and monitor hybrid
systems in accordance with the Contract Documents and manufacturer’s written procedures.
Document the impressed-current activation period, current supplied,
operating voltage, disconnection procedure, and galvanic operation following disconnection.
Verify system performance using the acceptance criteria shown in the Contract Documents.
457-4.10.4 Remote Monitoring and Communication: Verify remote-monitoring
measurements by comparison with field measurements performed by the Engineer.
The manufacturer or authorized representative shall cgrtify that rectifiers,

remote monitoring units, and communication systems operate as designed.
Diagnose and correct deficient equipment, unreliable\gatay

communication failures before acceptance. CP zones without functiona

monitoring and communication equipment will not be accepted wh pment is req
final syste \

erification rep@rt

by the Contract Documents.
457-4.11 Finishing: Upon completion of commissi
documentation. This includes the installation and initial

457-4.12 Incidental Work and Others:
complete and functional CP system as deli
documents.

11 1ff®idental work a provide a
proved shop driking design

457-5 Quality Assurance. O
The Engineer shall conduct th ing QA taskga m:
1. Review all CP-rgifite ittals before kubmltted to the Department
% S

for approval. Inspect all CP rials and persona ise every phase of the
installation of the CP systems.

job site per month and update the
d quality of the work.

. Verify anodg8 Stiefl boxes, power supplies, monitoring equipment, and
jled in accordance with the Contract Documents.

@l shorts during placement of repair materials, overlays,
entitious materials where an anode-to-reinforcement short

ergize and commission the CP system and document the results.
roubleshoot and resolve installation and operational deficiencies that affect
ance.

11. Prepare and submit the CP Report.

CP£ystem

457-6 Acceptance.
457-6.1 Documentation Review: Submit all installation records to the Engineer for
approval. Submitted records must include a pre-installation baseline potential survey and



comprehensive performance data, including static (native) potentials, instant-off potentials, and
polarization data. Installation records shall also include circuits resistance and reinforcement
continuity correction data.

457-6.2 Inspection: Provide the Engineer with the opportunity to inspect or perform
system testing at any phase of construction to ensure the quality of the CP system. This includes
visual, mechanical, and electrical testing.

457-6.3 Commissioning: Submit a comprehensive continuity log covering all reinforcing
steel and metallic elements in the concrete components. The appropriate refgrence electrode must
be selected based on the exposure environment: a silver/silver chloride (Ag/ 1) reference
electrode shall be used for all measurements conducted underwater or in sat@gat lash zones,
while a CSE reference electrode shall be used for measurements on dry @gncretgysurfaces. gse
silver/silver chloride (Ag/AgCl) reference electrode for all permanep@ig s embedded i
the concrete. All field logs must clearly identify the electrode type @ each measur

For final reporting and Department acceptance, all potenti erted and r
to CSE, with the specific conversion factors and temper: rrectgns documente
report. L 2

During system energization and initi
comply with Overprotection Limits: for plain r
shall not be more negative than -1,100 mV
containing prestressing steel, the safe potentiafgig shall not exceed
Documents to ensure structural integrity. Electrica
and reinforcement shall be maintained hout constructi jofl, and concrete
placement to ensure immediate detecti@zonecﬁon 0 r misalignments. All
testing instrumentation shall hav id Galbration certifi bdigital voltmeters must have
1 ith an accuracy or better.

t& he system@thefSystemgnust
stegl, the instant - otential

rogen embrittlefilgnt. structures
n in the Contract
@ between the anode

a minimum input impedanc

mpletion of the project. The report
s, installation sequence, and all test
limited to, continuity testing and corrections
ment, new st inforcement, and all negative connections), anode

data collected duri
(for existing steg

to steel @ 5, anode current ofitputs$and static and energized potentials (on and
instant-off g of 4 hours systems are initially activated) for each CP
syst otentials with a ablle Ag/Ag Cl reference electrode placed in the water and
the momigoring access port. T d all collected data shall be typed, and a digital version
of the rep i
Method of eniént.
Measurement e asses all components necessary to provide a fully operational
ystem as p pecific technology deployed.

ntegral Pile Jacket: The quantities to be paid for will be the length, in feet,

of th N easured between the lower and upper limits of the forms.

2€P Testing Pile Jacket: The quantities to be paid for will be the length, in feet,
of'the strucfire, as measured between the lower and upper limits of the forms.

.3 CP Electrical Work: Electrical work completed and accepted, including but not
limited to, labor, equipment, conduit, materials, wiring, instrumentation, AC power, DC power
and other related electrical work will be paid lump sum.



457-7.4 CP Embedded Discrete Anodes: The quantities to be paid for will be the
number of point anodes.

457-7.5 CP Thermally Sprayed Anodes: The quantity to be paid for will be the area, in
square feet, as measured along the finished surface.

457-7.6 CP Zinc Mesh Anodes: The quantity to be paid for will be the area, in square
feet, as measured along the finished surface.

457-7.7 CP Bulk Anodes: The quantity to be paid for will be the number of bulk anode.

457-7.8 CP Titanium Mesh Anodes: The quantity to be paid for will be the area, in
square feet, as measured along the finished surface. K

457-8 Basis of Payment.
Price and payment will be full compensation for furnishing na d completit? 1
work described herein or shown in the Plans including, but not limathodic Prot g&

Technologist work, energization, QA/QC Plan, grounding gla Sagdnce monitoring

coatings. Repair any connection that tests discontin
additional cost to the Department. CP system fagh
Documents shall be removed and replaced
Payment will be made under:
Item No. 457-2 - Cathodic ProtectiOfintegral Pile Jad

Item No. 457-3 - Cathodi otection TestinggPile ¢
Item No. 457-4 - Catho rdtection, Electrical@\Vork

Item No. 457-5 — 0 tection Ano
Embedded T nodes - each.

ThermalSpraged Anodes - per square foot.
Z h es - per square foot.
Bu 0des - each.

\ Titaum Mesh Anodes - per square foot.

1 cost to the De



CATHODIC PROTECTION SYSTEM MATERIALS
(REV 10-26-2026)

The following new Section is added:

SECTION 939
CATHODIC PROTECTION SYSTEM MATERIALS

939-1 Description.
This section specifies the general material requirements for Cathodi€Pr jon (CP) in
structural concrete. Anode type, location, and intended use are project sggcifi shall co‘nply

with the project Contract Documents.
939-1.1 Limitations: This specification does not cover inci @ pr alternate m 'e\
Such materials shall be submitted on a project-by-project basi aorwed by the Engine

939-2 Product Acceptance. ’S
All products shall be items listed on the De rxx roved Pr?du t(
i io b

t
Manufacturers seeking evaluation of products fi n the APL sha
application in accordance with Section 6 and in: RO WN able 939-1.

Documentation &q ents

i i acg’Electrode, Power
Type of Product ogger, Anodes, etc.
surface preparations,

Assembly and Installati l@ms

documentation

ubleshooting guides, and repair
procedures.
ify if Galvanic, Impressed Current,
ybrid Anode— For Piles, Footings, Beams,
Deck, etc.

Product meets requirements below and the
system manufacturer expected service life.
Installation drawings; materials, system and
equipment specifications; method of
installation; testing, energizing,
commissioning and operation procedures.
Labeling shows the manufacturer’s name,
trademark, and product model number/name.
Displays the significant features of the
product as required in this section.

duct Photo

As ¢ application must be submitted for each product to be evaluated, showing that
thaicompor€nt meets the applicable requirements.

939-3 Components of System.



939-3.1 Anodes: All anodes shall provide the manufacturer specified maximum current
output without deterioration. For anodes embedded into or applied to the surface of the concrete
structure, the current density shall conform to the design specifications.

939-3.1.1 Atmospherically Exposed Concrete Structures: For concrete
structures that are atmospherically exposed, such as bridge decks, beams, columns, and building
elements, the anode system is intended to distribute uniform cathodic protection current to the
embedded steel. The anodes are typically installed directly on or embedded within the concrete
surface to provide a uniformly distributed current.
939-3.1.1.1 Galvanic Anode Materials: Use Therma prayed Zinc

(Zn), Al-Zn / Al-Zn-In Alloys, Embedded Zinc Anodes, Zinc Mesh, Adhes heet, or
other anode materials meeting the Contract Documents requirements as @utho

ot d by the O
ngineer.

939-3.1.1.2 Impressed Current Anode MaUse Mixed -
Oxide-Coated Titanium (MMO/Ti), Conductive Carbon-Bage (tgs?® Thermally S e
Metallic Coatings (Zn/T1), Conductive Cementitious Mageridl§y Com@uctive Ceramic$l o T
anode materials meeting the Contract Documents re ﬁr% authorized by I.

939-3.1.2 Immersed Concrete Stru 1\ oncrete stfictdresithatare
immersed, the anodes do not have to be in dire 1 c@mtact with the ¢ anodes
i in the same electi@lyte hich the

can be located away from the structure but
reinforced concrete structure is immersed.

Documents requirements as authorize Engineer.
Current A rials: Use High-Silicon
nihm, Platinized Ti{ai latinized Niobium or anode
oncrete structures buried in soil, the

e concrete. The anodes are typically
d may be placed in a suitable conductive or

939-3.1.2.1 Galvanic Ano aterials: Use um-Zinc-Indium
Alloys, Zinc Alloys, Magnesium Allo@her anode mategia e Contract

And i B the Contract Documents requirements as authorized by the
] geer.
939-3.2 Hybrid

requirements as authorized by the Engineer.



Submit documentation and technical data sheets to the State Materials Oftfice (SMO) for
technical review and approval for buried or submerged permanent reference electrodes.

939-3.4 Monitoring Instrumentation: Use digital voltmeters for measuring sensors and
power supplies with a minimum resolution of 1 mV, an accuracy of +£5 mV, and an input
impedance of at least 10 MQ. Incorporate data loggers that operate under a real date-time clock,
and provide a multi-channel input or multiplexers to record all selected channels.

939-3.5 Data Management System: The system shall maintain records of anode-zone
layouts, sensor types and locations, DC power unit ratings, and all initial pregcommissioning and
commissioning data. The system shall record sensor data and DC power suppi§poutput at
designated intervals. The system shall be capable of identifying data points ‘that utside of
pre-set, user-definable limits upon request and maintaining a complete eQgnt ré@erd, incluckng O

inspection dates and changes in system operation.

939-3.6 Cables: Cables shall be sized to carry the design cithout excessi \

voltage drop and must be clearly and permanently identifi witnation and jumetio

The conductor shall be copper, with insulation and sheathi

moisture, high alkalinity, and the chemical products J®a

anodes, reinforcement, and sensors shall be mechan , electrically s

encapsulated with an approved waterproof elec ingulat@r, alkali-resist; idl to prevent

moisture ingress.
939-3.7 Conduit: Conduit shall be P

protection against the environment, taking into acc

within the designed Cathodic Protectio@:m. All hardw

to

stainless steel grade 316.

939-3.8 Junction Boxes: es be rated to
the environment, taking into specific types o
subjected. All hardware

screws shall be Type 316
components as appli€able.

ropriate protection against
ons made within the box and

0

€
n

ess steel grade 316. Box cover
, sunlight-resistant PVC, for all PVC

y electrical power is available, the direct

939-3.9 Besxe ply System: re uti
current (RC) p @ ipply shall be provided By a transformer-rectifier or switch-mode rectifier
unit. Solar Systcasdatay be used tofFOw; ect Current (DC) input to a solar controller to

gene ed DC output dirded§. Renewable systems may include battery storage and
rectificion as required to s firrent to controllers.

.10 Tra ifiers: Transformer-Rectifiers shall be continuously rated,
: ontained, and gilita € intended service environment. The incoming alternating
% (AC) supply be fermiated in accordance with the power supplier’s requirements
and"Contract Documen nsformer rectifiers shall be capable of maintaining the required

orm to be assembled and sealed around the pile or column without damage to the
ide jackets with a minimum thickness of 1/8 in. and a minimum thickness at the

shown in the Contract Documents. Ensure the form can maintain its original shape without
additional support or damage when placed around a pile. Ensure the inside face of the form has



no bond-inhibiting agents in contact with the filler material. Provide the forms with bonded or
bolted-on, non- metallic, adjustable standoffs to maintain the forms in the required positions.
Provide the interior of the forms with a rough surface texture and ensure a bond with the filler
material. The Contractor shall install the forms with a temporary compressible sealing strip at the
bottom which will effectively seal the annular space between the pile or column and the form.
Non-metallic pumping ports shall be pre- installed on opposite faces of the jacket to ensure a
monolithic fill with no voids or honeycombing. Fabricate the jacket form in a workmanlike
manner and have it inspected by the Engineer or Engineer’s representative pgior to placement.
Remove from the project any jacket form that has been rejected. The forms si@hl meet the
following physical property requirements of Table 939- 2. The thickness an@di ion shall
meet the Project Contract Documents requirements.

Table 939-2
Physical Requirements of Stay-In-Place F
e

Property Test Method quirement
Water Absorption* ASTM D 570 <1%
Ultimate Tensile Strength* ASTM D 638, ®
Flexural Strength*

Modulus of Elasticity* ASTM D
[ZOD Impact AST

Barcol Hardness

MS-STD 36373
MS-STD 36440
AMS-STD 36463
AMS-STD 36473
AMS-STD 36492
AMS-STD 36495

Color A AMS-STD 36559
AMS-STD 36595
AMS-STD 36622

O 0 AMS-STD 36628
The color must be integral in the
form gel coat.
* riginal i se flat surfaces are not machined to disturb the fiberglass.
939-3711. sults: Submit certified test results per lot of the stay-in-place
o the State als @ffic®(SMO) for technical review and final approval. No test report
Q ests made more tha years prior to shipment will be accepted for the stay-in-place jacket

orms.
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