STANDARD SPECIFICATION

SECTION 16641

CATHODIC PROTECTION

FOR

EXISTING TANK BOTTOMS

Section 16641

CATHODIC PROTECTION FOR EXISTING 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 and deep anodes.

1.02
RELATED SECTIONS


A.
Section 15640 - Joint Bonding and Electrical Isolation.


B.
Section 16640 - Cathodic Protection for Pipelines.


C.
Section 16642 - Cathodic Protection for Water Tank Interiors (ICCP).


D.
Section 16643 – Cathodic Protection for Water Tank Interiors (Sacrificial).

1.03
UNIT PRICES


A.
This item will be measured and paid for as a lump sum item for the job.


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 deep anode groundbed and junction boxes, reference cells, power feed hookups, and all excavation, drilling, 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 A 518 – Standard Specification for Corrosion-Resistant High-Silicon Iron Casting

D. ASTM D 4239 – Standard Test Methods for Sulfur in the Analysis Sample of Coal and Coke using High Temperature Tube Furnace Combustion Methods

E.
ASTM D 5192 – Standard Practice for Collection of Coal Samples from Core


F.
NEC 70 - National Electrical Code


G.
City of Houston Electrical Code


H.
NACE RP-0193 - External Cathodic Protection of On-Grade Metallic Storage Tank Bottoms


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


J.
NACE RP-0572 - Recommended Practice for Design, Installation, Operation and Maintenance of Impressed Current Deep Groundbeds


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


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


M.
NEMA 4 - Type 3R Enclosures


N.
UL 83 - Thermoplastic-Insulated Wires


O.
UL 467 - Bonding and Grounding Equipment


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

1.05
SUBMITTALS


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


B.
Design Drawings and Computations: Prepare 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.


C.
Catalog Cuts: Submit manufacturer's catalog cuts for each item. Include the manufacturer's name on the catalog cuts. 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.
Logs:  Give the City of Houston representative a minimum of 48 hours notice prior to drilling the anode bore. Type and submit to the City of Houston representative, copies of detailed geological and resistance logs of each deep anode bore.


E.
Rectifier Operation and Maintenance Manual: The rectifier manufacturer to 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 in the manual.  Operate the rectifier under full load conditions at the factory and thoroughly inspect and test 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.  The rectifier manufacturer to 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.  The manuals shall include 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 wiring, connections and terminal boxes.  Properly identify all items of equipment and material. Submit the original as-built drawings to the City of Houston representative.

1.06
QUALITY CONTROL


A.
Certification: 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.
Drawings: The drawings for the cathodic protection systems are diagrammatic and not to be scaled for exact locations unless scales are explicitly stated on the specific drawing.  Determine exact locations by field conditions and non-interference with other utilities or mechanical and structural features.  Note other existing utilities in the area and do not damage these utilities during excavation. Repair any damaged utilities to the satisfaction of the City of Houston at the Contractor's expense.


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

PART 2
ANODES

2.01
IMPRESSED CURRENT ANODES


A.
Description:  Use high silicon-chromium-iron anode centrifugally cast in tubular form in accordance with the following specifications.

1.
Anode Alloy: The anode to consist of Durichlor 51, high silicon, chromium iron.  This alloy to be made in accordance with specification ASTM A 518, Grade 3 with nominal percentages as follows:

Chemical Composition



Element



Composition, Weight %




Carbon





0.70 - 1.10



Manganese




1.50, max



Silicon





14.20 - 14.75



Chromium




3.25 - 5.00



Molybdenum




.20, max



Copper





0.50, max

2. Casting Method: Centrifugally cast anodes in tubular form with a hollow, straight walled design.  Do not exceed greater than ¼” bowing and malformation tolerances over the seven foot anode length.  Do not allow anode designs which include enlargement of the outside diameter, at the center or elsewhere, or constrictions of a venturi type of the inside.

The anode body to have solid walls of a uniform thickness with an open cylindrical interior.  Do not allow static casting methods, such as sand, die or metal mold techniques, in order to avoid the risk of shrink cavities and internal stresses caused by non-uniform wall thickness.

Use of extraneous materials such as chaplets, spacers or chills, to center the anode mold are not to be permitted.  Restrict any slag deficiencies to one end of the casting only allowing for simple inspection techniques to ascertain metal density and absence of slag inclusions.

3.
Mechanical and Physical Properties:  The mechanical and physical properties of the anode are as follows:

Tensile Strength (1/2" dia. bar) psi.
  15,000

Compressive Strength, psi.
100,000

Hardness, Brinell
       520

Density, gr/ml
       7.0

Melting Point, °F
     2300

Specific Resistance, micro-ohms-cm (20°C)
        72

Coefficient of expansion, 32° to 212° F
7.33 X 106
4.
Size: Conform to the following sizes for anode castings:



Weight
O.D.
Length


Type
(pounds)
(inches)
(feet)

TA-2
46
2.19
7


TA-3
63
2.66
7


TA-4
85
3.75
7


TA-5
110
4.75
7

TA-2 anodes are required unless otherwise noted on the drawings.


B.
Anode Lead Wire Connection:

1.
Use a No. 8 AWG seven strand, copper conductor equipped with fluorinated polymer insulation for the lead wire for an impressed current anode. Require the length of the lead wire sufficient to reach the anode terminal box without splicing additional wire.

2.
Attach the anode lead wire at the center of the anode. Have a minimum pull-out strength of one and one-half times the breaking strength of the No. 8 AWG lead wire or 788 pounds for the center connection.

3.
Do not exceed 0.004 ohms for the electrical contact resistance as measured across the lead wire-to-connector junction.


C.
Anode Backfill: Use SC 3 calcined petroleum coke, as manufactured by Loresco Inc., to backfill impressed current anodes.  Anode backfill shall 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


64 pounds/cubic foot

3.
Particle Analysis.


Dust free with a maximum particle size of 1 mm.


2.02
VENT

A. Use plastic vent pipe from the bottom anode to the surface for dissipating gases to the atmosphere.

B. Provide 1-inch diameter pipe with 1/8-inch holes drilled on 6-inch centers in the area of the anodes for the vent. Do not drill holes in the vent pipe above the anodes.

C.
Extend the plastic vent pipe above grade, screen the vent outlet, and install in an inverted manner.

2.03
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 at 30 volts, 12 amps DC unless otherwise noted 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 to be 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 trip 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 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 electrical hardware, 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 polyester fusion bonded powder coating.

2.
Use stainless steel hinges and cabinet assembly bolts.

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

4.
Equip enclosures (or rectifier frame) 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 a minimum of 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 meters with accuracy + 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 to 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 with 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.  Equip the interrupter with a solid-state timer with independently adjustable "On" and "Off" times.  Equip 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 either on 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.

2.04
DC CABLES


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

2.05
THERMITE WELD EQUIPMENT


A.
Charges and Molds: Use weld charges and molds sized as specified by the manufacturer for the specific wire size and surface configuration. Weld charges and molds to be Cadweld by Erico or Thermoweld by Continental Industries.


B.
Weld Coating:  Use Kop-Coat coating as manufactured by Carboline or approved equal.  


C.
Weld Cap: Cover the coated weld with a plastic weld cap.

PART 3
EXECUTION

3.01
INSTALLATION OF DEEP ANODE GROUNDBEDS


A.
Permits:  A qualified well driller who is recognized as a fully experienced specialist in the installation of deep anode cathodic protection systems is required to perform the drilling and installation of the deep anode systems.  The deep anode system installer is required to have a minimum of 5 years experience installing deep anode systems with a minimum of 10 successful deep well anode installations. The Contractor is required to obtain and submit all applications for well drilling permits required by any City, County, State agency.


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

C.
Anode Hole Drilling: The anode hole to be 8 inches in diameter by 200 feet deep.  Perform drilling with rotary bit equipment designed specifically for this purpose.  Use standard techniques (i.e. trough and vacuum truck) to capture and contain the drilling fluids, mud and cuttings at the top of the hole.  Select the type and consistency of drilling fluids to be consistent with soil characteristics. Level the drilling rig to provide a round, straight and plumb anode hole.


D.
Temporary Well Casing: Drilling of the holes may require the installation of temporary well casings.  Driller to remove all temporary casings by the end of the job.


E.
Anode Hole Geological Logs: As the hole is drilled, the driller to maintain a detailed, formal record describing the depth and type of the geological formations encountered.  Submit typed copies of the log as required by 1.05.D.

F.
Anode Hole Resistance Log: Record an electric log of the hole using one of the anodes.  Previously mark the anode lead wire in five-foot increments.  Mark the anode lead wire for a distance equaling or exceeding the maximum anticipated depth of the hole.  As the anode is lowered into the hole, perform a resistance log by impressing a minimum 12 volt DC current between the anode and a very well grounded structure such as the local AC power neutral network.  Do not use Nilsson type soil resistance meters to perform this test.  A recommended 12-volt DC power source is a heavy duty lead acid automobile battery.  Lower the anode into the water or drilling mud filled hole at ten foot increments, hold in place, and measure the voltage and current output of the DC current source. Record the data, type and submit as required under Section 1.05.D.


G.
Vent Pipe Installation:  Install the vent pipe in the hole with the first anode. Cap the bottom of the vent pipe. Cap the top of the vent pipe throughout the anode and coke breeze backfill installation procedure to prevent intrusion of foreign material. Do not allow intrusion of drilling mud into the vent pipe.

    H.
Anode Installation: The anode well to contain ten (10) tubular cast iron anodes spaced at 10 foot intervals on centers unless otherwise shown on the drawings.  Center the anodes in the hole using anode centralizers. Install the anodes by lowering them individually into the hole by the lead wire.  Mark the lead wires for the nominal anode depth. Record the final depth with the first anode in the hole (i.e. the bottom anode) identified as anode number one (1). Do not damage the anode lead wires during handling or lowering into the hole.  Under no circumstances, clamp or pinch the anode lead wires around another object while lowering the anodes into the hole.  If the insulation for any anode lead wire is cut, broken or nicked during this operation or at any other time, reject the complete anode assembly remove from the job site immediately. Replace all damaged anodes at no additional expense to the City of Houston.

I.
Anode Column Coke Backfill:  Slurry the coke backfill above-grade and then pump into the hole after the anodes are installed.  Pump the coke from the bottom of the hole up using a pipe that is the length of the anode hole. Do not use the vent pipe to pump the coke into the hole. Raise the pipe as the anode column is filled with coke.  Remove the pipe from the hole after the coke installation operation is completed. Use a sufficient amount of backfill such that the coke breeze column extends a minimum of five feet above the top of the uppermost anode.  Use extreme care during installation of the coke backfill so that no voids remain around the anodes.


J.
Vent Pipe: Terminate the 1-inch diameter internal vent pipe with a gooseneck fitting.  Leave the top end of the vent pipe open to allow gases from the anode hole to exit. 


K.
Precautions: Take all necessary precautions to avoid entrance of foreign matter into the hole, movement of any soil strata, or collapsing of the drilled hole during the progress of the work.  Should movement of soil strata or collapse of the drilled hole interfere with proper completion of the anode groundbed, recover the wires, anodes and vent pipe and ream or redrill the hole at no cost to the City.


L.
Mud and Cuttings:  Dispose of drilling mud, cuttings and other waste in accordance with the methods and procedures of the best recognized practices and comply with the rules and regulations of the State, City and County.
3.02
INSTALLATION OF CATHODIC PROTECTION RECTIFIERS


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 cathodic protection rectifiers. The pole may be omitted and the rectifier mounted on a building wall or other available permanent structure, if approved by the City of Houston or its designated representative. Install rectifiers at a minimum height of 4 feet above final grade.


C.
Identification: Equip rectifiers with permanent engraved nameplates to identify the units as “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 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, meter sockets, splice boxes 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. Install AC power such that the rectifier can be activated for test purposes. Leave the power off after test

3.03
INSTALLATION OF WIRE AND CABLE


A.
Depth:  Install all underground wires and cables at a minimum of 36 inches below final grade with a minimum separation of 12 inches from other underground structures.

B. Conduit:  Enclose all positive and negative cables in rigid galvanized steel conduit when above-grade. 
1.
Use insulating bushings at the ends of all conduit runs.

2.
Extend conduit 12 inches below grade.

3.04
INSTALLATION OF JUNCTION TERMINAL BOXES


A.
Location:  Install junction terminal boxes immediately adjacent to the rectifier to allow ready access for testing. Install at a minimum height of 3 feet above grade.


B.
Concrete Pad:  Set junction terminal boxes in a Portland cement concrete pad. The concrete pad to be a minimum of 12 inches in diameter and no less than 24 inches deep. Extend the concrete surface approximately 3 inches above grade.

C.
Conduit:  Enclose all cathodic protection wiring between the junction box and the rectifier in rigid, galvanized steel conduit. Use insulating bushings at the ends of all conduit to prevent damage to wire insulation.

3.05
NEGATIVE CABLE ATTACHMENT


A.
Attach negative cables to the pipe 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 each end of the wires to be thermite welded to the chime of the tank exposing clean, oxide-free copper for welding.


E.
Using the proper size thermite weld mold as recommended by the manufacturer, place the wire between the graphite mold and the prepared metal surface. Use a copper sleeve crimped over the wire for all wires No. 12 AWG.

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. Hold the mold firmly in place until all of the charge has burned and the weld has cooled slightly.


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 epoxy paint.
3.06
INSTALLATION TESTING OF THE CATHODIC PROTECTION SYSTEMS


A.
General:  After the system has been installed, inspect, energize, and adjust as necessary to achieve compliance with accepted corrosion control standard set forth by NACE, the cathodic protection system as soon as possible.


B.
Energization:  Perform the initial energizing of the cathodic protection system 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 accepted NACE criteria.

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 find a satisfactory solution to the problem.


E.
Verification and Responsibilities

1.
Correct, at his expense, any deficiencies in materials or installation procedures discovered during the post-installation inspection.

2.
Provide written documentation of any deficiencies discovered during the post installation inspection.


F.
Equipment:  All cathodic protection testing instruments to be in proper working order and calibrated according to factory specifications.


G.
Report:  Submit a written report in accordance with Section 1.05, Submittals.
END OF SECTION


