STANDARD SPECIFICATION

SECTION 13113

CATHODIC PROTECTION

FOR

NEW TANK BOTTOMS

Section 13113

CATHODIC PROTECTION FOR NEW TANK BOTTOMS

PART 1
GENERAL

1.01
SECTION INCLUDES
A.
Requirements for impressed current cathodic protection systems for the bottom (soil side) of steel water storage tanks that are constructed at grade level.

B. Specifications for manually controlled transformer-rectifiers, distributed anodes and permanent reference electrodes.

C. The National Electrical Code (latest edition) is referenced and is part of this specification.

1.02
RELATED SECTIONS

A.
Section 01110 – Summary of Work.

B.
Section 01330 – Submittal Procedures.

C.
Section 01351 – Environmental Safety and Worker Protection.

D. Section 13111 – Cathodic Protection for Water Tank Interiors (Sacrificial Anodes)

E.
Section 13112 – Cathodic Protection for Water Tank Interiors (ICCP)

F.
Section 13201 – Welded Steel Water Storage Tanks.

1.03
UNIT PRICES

A. No separate measurement and payment for work performed under this Section. Include the cost for this work in the contract bid price for work of which this is a component part.   

B.
Payment will be full compensation for all labor, equipment, materials and supervision for the installation of the cathodic protection system, complete in place including rectifier systems with distributed anode groundbed under the tank.  Included are junction boxes, reference cells, wiring and all excavation, backfill, field welding, connections, adjustments, testing, cleanup, and other related work necessary for construction as shown on the drawings and specified herein.

1.04
REFERENCES

A.
ASTM C 94 - Ready Mixed Concrete

B.
ASTM D 1248 - Polyethylene Plastics Molding and Extrusion Material

C.
ASTM B 348 – Titanium and Titanium Alloy Bars and Billets

D.
ASTM D 3359 – Standard Test Methods for Measuring Adhesion by Tape Test

E.
NEC 70 - National Electrical Code


F.
City of Houston Electrical Code


G.
NACE RP-0193 – Recommended Practice, External Cathodic Protection of On-Grade Metallic Storage Tank Bottoms


H.
NACE RP-0169 - Recommended Practice, Control of External Corrosion on Underground or Submerged Metallic Piping Systems

I.
NEMA TC6 - PVC and ABS Plastic Utilities Duct for Underground Installation


J.
NEMA TC9 - Fittings for ABS and PVC Plastic Utilities Duct for Underground Installation


K.
NEMA 4 - Type 3R Enclosures


L.
UL 83 - Thermoplastic-Insulated Wires


M.
UL 467 - Bonding and Grounding Equipment

N. UL 486A - Wire Connectors and Soldering Lugs for Use with Copper Conductors

O.
UL 506 – Specialty Transformers

1.05
SUBMITTALS


A.
General: Submittals to conform to the requirements of Section 01330 - Submittals.


B.
Design Drawings and Computations: Prepare all computations and drawings by or under the direct supervision of a Corrosion Engineer who is a Professional Engineer, registered in the State of Texas with a minimum of ten years experience in cathodic protection design. A 50-year design life is required for the anode system.


C.
Catalog Cuts: Submit manufacturer's catalog cuts for each item.  Include the manufacturer’s name and provide sufficient information to show that the materials meet the requirements of the drawings and specifications. Where more than one item or catalog number appears on a catalog cut, clearly identify the item proposed.


D.
Notice:  Give the City of Houston Representative a minimum of 48 hours notice prior to placing the anodes.


E.
Rectifier Operation and Maintenance Manual: Include a complete operation and maintenance manual with each rectifier shipped to the job site.  In addition to operating instructions, include a circuit diagram and spare parts list.  Operate the rectifier under full load conditions at the factory and thoroughly inspect and test rectifier by the manufacturer prior to delivery to the job site.  Report results of this testing on a manufacturer’s quality control form and include in the operation manual.  Reference each operating manual by rectifier model number and individual serial number.


F.
Operating and Maintenance Manual: Submit six (6) operating, monitoring and maintenance manuals for the cathodic protection systems.  Include in the manuals, initial test data, operating instructions, maintenance data, product data and test procedures.


G.
Drawings: Maintain as-built drawings of the corrosion control system during installation and construction.  Revise drawings to show exact locations of all anodes, wiring, connections, terminal boxes and power supplies.  Properly identify all items of equipment and material. Submit the original as-built drawings to the City of Houston or its designated representative.

1.06
QUALITY CONTROL


A.
Provide manufacturer’s certifications that all components of the cathodic protection systems meet the requirements of the drawings and specifications. Reference the applicable section of the specifications and the applicable standard details on the certification.


B.
The drawings for the cathodic protection systems are diagrammatic and do not scale for exact locations unless scales are explicitly stated on the specific drawing.  To determine exact locations, use field conditions, non-interference with other utilities or mechanical and structural features.  Note other existing utilities in the area and during excavation. Do not damage these utilities.  Repair any damaged utilities to the satisfaction of the City of Houston at the Contractor’s expense.


C.
All materials, fabrication and installations are subject to inspection and testing by the City of Houston or its designated representative.

PART 2
PRODUCTS

2.01
IMPRESSED CURRENT ANODES


A.
Description:  Use mixed metal oxide coated, titanium tubes, as manufactured by Elgard or approved equal.

1. Anode Substrate: Form the tubular anode substrate from Grade 1 or Grade 2 Titanium per ASTM B 348.

2. Mixed Metal Oxide Coating: Deposit an electrocatalytic coating of iridium oxide on the titanium surface.  Specifically design the coating for oxygen evolution. Do not include ruthenium oxide as a component element of the coating.  Physical properties of the mixed metal oxide to conform to the following:

Density

0.163 pounds/cubic inch

Melting Point

1260°F

Resistivity

1.0 X 10-5 ohm-cm

Coverage

20-30 m2/gm

3.
Size: Tubular anode dimensions to be 1.25” diameter x 48” long.


B.
Anode Lead Wire Connection:

1. Use No. 8 AWG, seven strand, copper conductor with HMW/PE insulation for the anode lead wire.

2. Attach the anode lead wire internally at the longitudinal center of the tubular anode by use of a brass wedge connector which grips firmly to the internal circumference of the anode.  Protect this connection from moisture intrusion by filling the entire anode tube with a waterproofing sealant.

3. The resistance of the finished connection not to exceed 0.001 ohms.

4. The pull-out strength of the connection not to be less than the breaking strength of the No.8 AWG wire or 520 pounds.

C. Anode Canister:

1.
Package each anode in a 24 gauge, galvanized steel, spiral crimped canister, 6 inches in diameter by 60 inches long filled with calcined petroleum coke.

2. Place the petroleum coke around the anode and vibrate to achieve maximum compaction.

3. Cap the cylinder at each end with a ¾ inch plywood cap affixed with sheet metal screws.  The top cap shall have a ½ inch diameter hole drilled in the center for the anode lead wire.


D.
Anode Backfill: Use SWK calcined petroleum coke, as manufactured by Loresco to fill the canister containing the impressed current anodes.  Anode backfill to conform to the following:

1.
Typical Chemical Analysis.

Component



Percent Composition
Carbon (fixed)



99.35 minimum

Ash




0.6 maximum

Volatiles



0 (950 ( C)

Moisture



0.05

2.
Physical Properties.

Bulk Density, pounds/cubic foot
70 pounds/cubic foot

3.
Particle Analysis.


Range from 0.004 to 0.50 inches.

2.02
RECTIFIERS

Cathodic protection rectifiers to be air-cooled, tap adjust Super Custom model as manufactured by Good-All Electric, Universal Rectifiers or approved equal conforming to NEMA MR-20-1958 and listed in the CSA File No. 45382.


A.
DC Output Ratings:  Rate rectifiers as shown on the drawings.  Supply units that are capable of operating at continuous, full rated output at an ambient temperature of 45° C, in full sunlight with an expected life in excess of 10 years.


B.
AC Input Ratings:  Obtain full rated DC output, with an input voltage +10 percent of the nominal rated input.


C.
Cooling:  Cool by natural air convection. Vent cabinets for natural air convection and screen against insects.


D.
Voltage Adjustments: Provide adjustment of the output voltage by means of not less than 25 approximately equal steps of secondary taps from 5 percent of rated voltage to full-rated voltage.


E.
Rectifying Elements:  Rectifying elements require silicon diodes sized as follows:

1.
Rate diode voltage at 400 volts minimum for rectifier outputs up to 100 VDC, and 800 volts minimum for rectifiers with outputs from 100 to 200 VDC.

2.
Configure diodes into a full-wave bridge assembly.  Size diodes to carry a minimum average current of one half of rated rectifier output.

3.
Size heat sinks to keep diode junction temperatures less than 100° C at rated output and maximum ambient temperature.

4.
Protect diodes against overload by means of semiconductor fuses, located in the transformer secondary leg to the diode bridge assembly.

5.
Equip diodes with supplemental Metal Oxide Varistor (M.O.V.) surge arrestors at the diode bridge assembly, sized to provide protection against secondary over-voltage surges.


F.
AC Circuit Breakers: Provide input overload and short circuit protection by magnetic circuit breakers.  Size the circuit breaker to hold 100 percent of rated load.  It may trip between 101 percent and 125 percent of rated load, and must trip at 125 percent and above.


G.
Surge Protection: Provide separate AC and DC surge protection by means of high energy Metal Oxide Varistors rated at 500 joules on the DC output and 750 joules on the AC output.


H.
Electrical Panels:  Construct electrical panels from a minimum thickness of 1/4" NEMA "XX" laminated phenolic, rated for Class "B" operation (105° C maximum).  Equip rectifiers rated at 100 amperes DC or higher with panels constructed from a minimum sheet thickness of 1/4" "UTR" fiberglass reinforced laminate rated for Class "F" operation (155° C).  Permanently silk-screen rectifier front panel identifications onto the panel.


I.
Connection Hardware:  Use only copper or high conductivity brass, suitably sized, and finished in electroless nickel plating for superior corrosion resistance.  Tightly secure all connections with lock washers and nuts torqued to manufacturer’s recommended specifications.


J.
Enclosures:

1.
Construct enclosures from a minimum 12 gauge, wiped coat mill galvanized steel, finished in 3 - 5 mils of polyester fusion bonded powder coating.

2.
Use stainless steel hinges and cabinet assembly bolts.

3.
Equip enclosures with a pad-lockable draw latch.  Latch shall be manufactured from 12 gauge steel, finished in zinc-dichromate plating.  Draw latch shall accommodate a 3/8 inch shackle padlock.

4.
Equip enclosures with a grounding lug sized to accommodate up to a No. 6 AWG conductor.

5.
Provide separate conduit knockouts for AC and DC; conveniently located and adequately sized for input and output conduit connectors.

6.
Furnish cabinet with suitable channel brackets for wall or pole mounting. 

7.
Equip rectifier with slide-out chassis and hinged door, for access to the front and at least one side of the cabinet.



K.
Rectifier Instrumentation.

1.
Equip rectifier with separate analog ammeter and voltmeter.

2.
Meters to be a minimum of 3-1/2" size, with a minimum scale length of 2-7/8".

3.
Meters to be 0 - 50 millivolts full scale deflection, taut-band movement with four-to-one swamping (i.e. internal meter resistance comprised of 25% winding resistance and 75% fully temperature compensated dropping resistor for wide temperature range performance).

4.
Provide meter with accuracy of + 2% full scale deflection at 25° C., temperature compensated to 0.085% per degree C.

5.
Scale rectifier meters to have rated output no less than 70%, or greater than 85% of full scale deflection.

6.
Meter shunts shall be panel-mounted Holloway type "SW" style, with an accuracy of +0.25%.


L.
Transformers: Construct transformers to meet UL 506, Specialty Transformers and the following:

1.
Transformer designed as full isolation, with separate isolated primary and secondary windings and a minimum efficiency of 95%.

2.
Equip transformer secondary with a minimum of 25 steps of secondary voltage adjustment (5-COARSE, 5-FINE).  Provide tap adjustment by means of tap bars.

3.
Rate transformer materials and construction for Class "H" operation (180° C).  Further enhance insulation materials by dipping in thermosetting varnish and baking.

4.
Rate transformer for a minimum dielectric strength of 2250 volts applied for one minute between the windings, and the core.


M.
Current Interrupters: Include a built-in current interrupter rated in accordance with the capacity of the rectifier unit in the rectifier.  Equip the interrupter with a solid-state timer with independently adjustable "On" and "Off" times.  Equip the interrupter with a switch to enable the operator to operate the rectifier in an interrupt or continuous mode of output.


N.
Miscellaneous:

1.
Supply rectifiers capable of operating on either 115 or 230 volt, single phase, 60 hertz AC input.

2.
All cathodic protection rectifiers to be 100% quality control tested as outlined in this specification.

3.
During manufacture, subject the rectifier to frequent visual and performance testing to assure a high degree of quality.

4.
Subject rectifiers to 100% testing of the following rectifier electrical parameters:

a)
AC input voltage, current, apparent power and true power.

b)
DC output current, voltage and power.

c)
AC power factor.

d)
AC to DC conversion efficiency.

e)
Output ripple.

f)
Correct operation of optional features such as interrupters, filters, etc.

5. Give each rectifier a final overall visual inspection prior to packaging.

2.03 
EXTERNAL DISCONNECT SWITCH

A.
General:  Locate an AC disconnect switch, external to the rectifier unit immediately adjacent to the rectifier.

B. Disconnect Switch: Provide a fusible, circuit breaker with rainproof enclosure and lockable cover for incoming 120/240 volt, single phase AC power.  Use Square D, model  Q02100NRBCP or approved equal.

C. Label:  Clearly label the disconnect switch  “Cathodic Protection Power Supply.”

2.04
DC CABLES


A.
Cables:  Use seven strand, copper conductors with high molecular weight polyethylene (HMW/PE) insulation, for rectifier positive and negative cables.

2.05
PERMANENT REFERENCE ELECTRODES


A.
Type: Provide a copper/copper sulfate, double membrane, ceramic cell in a geomembrane package, such as a Permacell Plus or approved equal.


B.
Wire: Equip the electrode with No. 14 AWG stranded copper wire with blue HMW/PE insulation of suitable length to extend from the center of the tank to the terminal board of the test station without splicing.

2.06
JUNCTION BOX


A.
General:  Terminate all wiring from within the ring wall in a junction box equipped with a phenolic panel and hinged cover.

B. Reference Cell:  Include insulated, numbered terminal blocks for the reference cell leads.

C. Test Lead: Include a ground lug for termination of a negative test lead from the tank.

2.07
THERMITE WELD EQUIPMENT


A.
Charges and Molds: Use weld charges and mold size as specified by the manufacturer for the specific surface configuration. Weld charges and molds to be the product of a manufacturer regularly engaged in the production of such materials.


B.
Weld Coating: Coating for all welds to be Kop-Coat as manufactured by Carboline or approved equal.  Cover the coated weld with a plastic weld cap.

PART 3
EXECUTION

3.01
ANODES


A.
General:  Install the cathodic protection system after the Tank Construction Contractor has constructed the ring wall with the conduit penetration shown on the drawings.


B.
Field Location: Contractor is responsible for verifying actual field conditions, location of underground structures, and assuring adequate physical separation from other structures and utilities.  Determine and verify the exact placement in the field with a representative of the City of Houston.

C. Anode Placement:  Place the anode canisters inside the ring wall in contract with native soil prior to tank pad construction.  Install the anodes a minimum of 24-inches and maximum of 48-inches below the elevation of the tank bottom.  Use the number of anodes and arrange as shown on the drawings.


D.
Anode Handling: Do not handle the anodes by the lead wires nor drop during transport or placement.

3.02
PERMANENT REFERENCE CELL

A. General:  Install permanent reference cells at the locations shown on the drawings.  


B.
Installation:  Install the permanent reference cells as follows:

1. Dig a hole in the soil for placement of the reference cell.

2. Backfill the cell with select granular material.  

3. Compact soil around cell by hand.

4.
Saturate the backfilled reference electrode with 5 gallons of water.

5.
Route the No. 14 AWG lead wire to the conduit penetration of the ring wall.

3.03 JUNCTION BOX

A. General:  Route all anode lead wires and reference cell leads through the conduit penetrating the ring wall and terminate in the junction box.  Attach the ground leads to the exterior of the tank.

B. Installation:  Install the junction box as follows:

1. Mount the junction box at the ring wall.

2. Terminate the reference cell lead wires on the numbered, insulated terminal block.  Record the identification number for each cell on the as-built drawing.

3. Terminate the anode leads on the shunts connected to the copper bar.

4.
Connect one ground conductor between a tank ground connection and the ground lug in the junction box.

3.04
BACKFILL

Backfilling operation within the ring wall to be performed by the Tank Construction Contractor. The Tank Construction Contractor to compact the sand while being careful to avoid damage to the anodes, reference cells and wiring, and shall be prepared to suspend operations for repair if damage is indicated by inspection during pad construction.

3.05
WIRE AND CABLE

A.
Depth:  Install all underground wires and cables a minimum of 24 inches below final grade with a minimum separation of 12 inches from other underground structures.


B.
Conduit:  Place all positive and negative cables in rigid, galvanized steel conduit when above-grade.

1.
Use insulating bushings at each end of all conduit runs.

2.
Extend galvanized steel, rigid conduit 12 inches below grade.

3.06
NEGATIVE CABLE ATTACHMENT

A.
Attach the rectifier negative cable by thermite welding.


B.
Clean and dry the tank surface to which the wires are to be attached.


C.
Use a grinding wheel to remove all coating, mill scale, oxide, grease and dirt from an area approximately 3 inches square.  Clean the surface to bright metal.


D.
Remove approximately 1 inch of insulation from the end of the wire to be thermite welded to the tank, exposing clean, oxide-free copper for welding. 


E.
Using the properly sized, vertical thermite weld mold as recommended by the manufacturer, place the wire between the graphite mold and the prepared metal surface. 


F.
Place the metal disk in the bottom of the mold.


G.
Place the thermite weld charge in the mold.  Squeeze the bottom of the weld charge container to spread ignition powder over the charge.


H.
Close the mold cover and ignite the starting powder with a flint gun.


I.
After the exothermic reaction, remove the thermite weld mold and gently strike the weld with a hammer to remove the weld slag. Pull on the wire to assure a secure connection.  If the weld is not secure or the wire breaks, repeat the procedure.

J. If the weld is secure, coat all bare metal and weld metal with Kop-Coat.   Cover with a plastic weld cap.

3.07
CATHODIC PROTECTION RECTIFIER


A.
Codes:  Comply with the latest edition of the National Electrical Code (NEC) and with all City of Houston and local codes and standards.


B.
Mounting:  Pole-mount all cathodic protection rectifiers.  The pole may be omitted and the rectifier mounted on the side of the tank, if approved by the City of Houston or its designated representative.  Install rectifiers at a height of 4 feet above final grade.


C.
Identification: Equip all rectifiers  with permanent engraved nameplates which identify the units with “Cathodic Protection Rectifier, Property of City of Houston, In Case of Emergency Call 311.”


D.
Conduit:  Place all wiring to the rectifier in rigid galvanized steel conduit when run above grade.

1.
Use insulating bushings at each end of all conduit runs.

2.
Extend galvanized steel, rigid conduit 12 inches below grade.


E.
Electrical Service: Provide AC electrical service for each rectifier unit. Furnish and install the necessary wiring, conduits, wires, external disconnect switch and equipment to the service connection as required by the local power company.


F.
Completion:  The installation is not considered complete until the AC and DC wiring is installed and the rectifier is capable of operating at full rated load.  

3.08
SYSTEM TESTING


A.
General:  After the cathodic protection equipment has been installed, inspect, test and adjust the system as necessary to achieve compliance with cathodic protection criteria set forth by NACE International in RP-0193.


B.
Energization:  Initial energizing of the cathodic protection system to be performed by a Corrosion Engineer.


C.
Notice:  Prior to native state, polarized potential testing, and commissioning of the system, give a minimum of 48 hours notice to the City of Houston, Engineering Project Manager to facilitate observation of the tests by a City Representative.


D.
Method:  The Corrosion Engineer to:

1.
Observe native state and polarized (Instant Off) tank-to-soil potentials to ensure that cathodic protection is being provided to the tank bottom in accordance with the NACE International criterion.

2.
Record tank-to-soil potential measurements on the permanent reference electrode and around the perimeter of the tank.

3.
Determine if interference exists on nearby structures and, if so, take steps to mitigate the interference.


E.
Verification and Responsibilities

1.
Correct any deficiencies in materials or installation procedures discovered during the post-installation inspection at the Contractor’s expense.

2.
Corrosion Engineer to provide written documentation of any deficiencies discovered during the post installation inspection.


F.
Equipment:  Use only cathodic protection testing instruments that are in proper working order and calibrated according to factory specifications.


G.
Locks:  In order to maintain the set parameters for the transformer-rectifier, install a hardened steel lock for the transformer-rectifier enclosure provided by the City of Houston, Cathodic Protection Program Administrator.  The external disconnect will be locked by City of Houston, Water Production Personnel.


H.
Report:  Submit a written report in accordance with Section 1.05, Submittals.

END OF SECTION

