STANDARD SPECIFICATION

SECTION 13111

CATHODIC PROTECTION

FOR

WATER TANK INTERIORS

(SACRIFICIAL ANODE)

Section 13111

CATHODIC PROTECTION FOR WATER TANK INTERIORS (SACRIFICIAL ANODE)

PART 1
GENERAL

1.01
SECTION INCLUDES

A. Requirements for sacrificial anode cathodic protection systems for the interior submerged surfaces of steel water storage tanks.

B.
Specifications for anodes, wiring, test station and long life reference electrodes.

C.
Requirement that all materials in contact with the water or exposed to the interior of the tank to be classified in accordance with ANSI/NSF 61 - Drinking Water System Components.

D.
Reference to the National Electrical Code (latest edition) which 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 13113 – Cathodic Protection for New Tank Bottoms.

E.
Section 13201 – Welded Steel Water Storage Tanks.

1.03
UNIT PRICES

A.
There is 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 anodes, reference cells, wiring, and all 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.
ANSI/NSF 61 - Drinking Water System Components

B.
ASTM    D1248 – Polyethylene Plastics Extrusion Material for Wire Cable.

C.
AWWA  D100 -  Standard for Welded Steel Tanks for Water Storage

D.
AWWA  D102 – Standard for Painting Steel Water-Storage Tanks

E.
City of Houston Electrical Code.

F.
NEC 70 - National Electrical Code (latest revision).

G.
DOT 199 – Federal Substance Abuse and Testing Regulations

H.   UL 83 - Thermoplastic-Insulated Wires.

I.
UL 467 - Bonding and Grounding Equipment

J.
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 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 for water storage tanks.  Design the system to provide effective corrosion control in accordance with the criterion for protection which is a tank-to-water potential, IR drop free, within a range of -0.850 volts to -1.050 volts relative to copper-copper sulfate reference electrode.  Measure this potential free of the effect of voltage gradients (IR drops).


The Corrosion Engineer to base system capacity on:

1.
Total surface area of the tank.  Total surface area includes to the high water level (HWL) in bowl and wet risers in elevated tanks, which are 30 inch diameter or larger.

2.
High quality interior coating.

3.
Protection of bare steel surfaces due to coating deterioration of up to 20% of the total submerged surface area.

4.
Chemical analysis of water including resistivity.

5.
Minimum anode system life of twenty (20) years.


Provide certificate, signed and sealed by Professional Engineer stating that computations and Drawings are in conformance with these design criteria.

C.
Catalog Cuts: Submit manufacturer's catalog cuts for the system which demonstrates classification in accordance with ANSI/NSF 61 - Drinking Water System Components. 

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

E.
Drawings: Maintain as-built Drawings of the corrosion 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 certification that all components of the cathodic protection system meet the requirements of the Drawings and specifications.

B.
Drawings: The Drawings for the cathodic protection systems are diagrammatic. Do not scale the Drawings for exact locations unless scales are explicitly stated on the specific drawing.  Determine exact locations by field conditions and non-interference with mechanical and structural features.

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

1.07
QUALIFICATIONS

A minimum of five years experience installing and servicing the types of system described in this specification is required of the Cathodic Protection Contractor. Install the system by employees of the Cathodic Protection Contractor who have experience in the installation of water tank systems.  All personnel subject to Federal Substance Abuse and Testing Regulations as required by DOT 199.

PART 2
PRODUCTS

All materials in contact with the water or exposed to the interior of the tank are to be classified in accordance with ANSI/NSF 61 “Drinking Water System Components”.

2.01 ANODES

A.  General: Anode material to be high potential magnesium, having a diameter of 2.024 ±0.024 inches, extruded on a solid, 1/8 inch steel core with nominal length of 10 feet for each anode.

B.
Composition:  High potential magnesium alloy to conform to the following:

Element


% by Weight


Silicon



0.05 maximum  

Copper



0.01 maximum 

Nickel



0.001 maximum 

Iron



0.002 maximum 

Aluminum


2.5 – 3.5 

Zinc



0.7 – 1.3

Manganese


0.2 minimum



Other



0.3 maximum




Magnesium


Remainder

C.
Anode Lead Wire: Use No. 8 AWG stranded copper wire with medium density, high molecular weight polyethylene (HMW/PE) insulation. Polyethylene to conform to ASTM D 1248, Type I, Class C, Grade 5.

D.
Connection:  Connect the anode-to-wire with a Thomas & Betts, C tap, crimp connector sized for No. 8 AWG stranded copper conductor. First crimp the wire to the 1/8-inch anode core and then silver solder to ensure electrical continuity and strength. 

E.
Anode Eye Ring: Drill and tap the end of the anode to a depth of 1-1/2 inches adjacent to the core wire.  Screw a 3/8-inch diameter eye ring with a 3-inch shaft and a 1-inch inside diameter eye loop, 1-½ inches into the anode.

F.
Encapsulation:  Encapsulate the crimped connection and the shaft of the eye ring in epoxy.  See Drawings.

2.02
MONITORING STATION

A.
Enclosure:  Use a NEMA 4X enclosure for the cathodic protection system monitoring station.

B.
Meter:  Cathodic protection potential/anode current DC voltmeter to have a push to read button connecting the permanent reference cell to the digital voltmeter with an internal resistance of not less than 1,000,000 ohms/volt and a minimum full scale of 1999 mV. 

C.
Shunt:  Place a calibrated shunt in the anode circuit wired to the DC voltmeter for measuring DC current.  

D.
Resistor:  Equip the monitoring station with a variable resistor (rheostat) sized not less than a 100 watt, 100 ohm, connected between the anode header cable and the tank lead wire. 

E.
Tank Negative Lead: Use No. 8 AWG stranded copper with THHW insulation for the system ground. 

F.
Test Lead: Install independent structure test lead not smaller than No. 18 AWG stranded copper TW or THHW insulation on the potential test circuit.

G.
Tank Connections: Space the anode system structure and test structure connections six (6) or more inches apart on ladder stand off welded to tank shell.  Connect with brass bolts as shown on Drawings. 

H.
Monitoring Station Mounting: Locate the monitoring station on the exterior of the tank for convenient operator serviceability approximately five (5) feet off the ground near the ladder.

2.03    REFERENCE ELECTRODES

A. 
General: Install two (2) copper-copper sulfate electrodes, manufactured with 99.99% pure copper coiled element. Cells are to remain stable (plus or minus 10 mV) in fresh water for a minimum of ten years. 

B.  Lead Wires: Use No. 14 AWG stranded copper wire with blue, medium density, high molecular weight polyethylene (HMW/PE) insulation for the reference cell lead wire. Polyethylene to conform to ASTM D 1248, Type I, Class C, Grade 5.

C.
Encapsulation: Encapsulate the reference electrode to lead wire connection in epoxy to prevent water penetration.

2.04
ANODE SUSPENSION SYSTEM

A.
Cord:  Suspend the anode from a minimum 5/16 inch diameter polyester cord, tied to the anode eye ring and anchored to the roof of the tank as shown on the Drawings. 

B.
Lead Wires: Do not use the anode lead wire to support the weight of the anode.

2.05
ANODE HEADER CABLE

A.
General:  Use No. 8 AWG stranded copper, HMW/PE insulated cable.  Install header cable without cutting any strands of copper and run from each anode completing a full 3600 circle. Extend both ends of the anode header cable to the monitoring station where one end will terminate on a variable resistor. Connect the other end of the resistor to the tank with a No. 8 AWG copper wire. Terminate the other end of the header cable with a wire nut.

B.
Interior Wiring: Insulate all wiring within the tank to prevent copper conductor contact with the potable water. 

C.
Exterior Wiring: Use stranded copper conductors, run in rigid, galvanized steel conduit for all wiring on the exterior of the tank.

2.06 ANODE CONNECTIONS

A.
Connectors:  Use a Thomas & Betts, C tap, crimp connector for a No. 8 AWG stranded to No. 8 AWG stranded copper wire connection for the anode lead wire to header cable splices.

B.
Sealant: Seal splices between anode lead wires and collector cable with Scotchfill Insulation Putty, Scotch 130C Rubber Tape, and Scotch Super 88 Plastic Tape as manufactured by 3M.  Coat the completed splice with Scotchkote.

2.07
HARDWARE

All hardware used in conjunction with the system to be either galvanized or provided with a protective coating to protect against corrosion.
PART 3
EXECUTION

3.01
PERFORMANCE

Perform all work in accordance with the following requirements:

A. General:  Install components of the cathodic protection system in the manner and at the locations shown on the Drawings prepared by the Corrosion Engineer.

B. Inspection:  Prior to installation, have the City of Houston or its designated representative, inspect materials and equipment.  Replace any defective materials or components that do not satisfy the requirements of this specification.

C. Tank Attachments:   All attachments to the interior, wetted surfaces of the tank should be constructed of non-metallic materials or mild steel that is provided with the same protective coating system as the tank shell.  Where stainless steel accessories are used, such as ladders or safety rails, the stainless steel shall be electrically isolated from the tank.

D.
Welding, Cutting and Coating: Follow AWWA Standards D 100 and D 102 for welding, cutting, and coating.

E.  Electrical Continuity: Assure continuity by spot welding all sections of bolted or riveted tanks.  Tank Construction Contractor to perform the welding.

F.
Wiring:  Handle and install lead wires to prevent damage from abrasion.

G.
Connections:  Seal electrical connections within the tank to prevent water penetration.

H.
Monitoring Station: Mount the monitoring station at a convenient height (eye level) above grade for monitoring and service purposes.

I.
Disinfection:  The Tank Construction Contractor is responsible for disinfection.

J.
Workmanship:  Complete the work in a clean and safe manner.

K.
Tank Closure: Security of all tank access locations (e.g. hatches) is the responsibility of the City of Houston.

3.02
ENERGIZING SYSTEM

A. General: After the system is installed and the tank is filled, provide startup service, which includes energizing, testing, and adjusting the system for optimum performance.

B.
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. 

C.
Method: Record all tank-to-water potential measurements with a calibrated, portable, copper-copper sulfate reference electrode and a portable, high impedance voltmeter.  Measure native state, current “on” and “instant off” potentials at a minimum of five locations within the tank. Record potential and current measurements at the monitoring station.

D.
Report: Review and evaluation of all test data is the responsibility of the Corrosion Engineer. In addition to the startup service, submit “as-built” drawings and an Operations and Maintenance Manual in accordance with Section 1.05.

END OF SECTION


