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 General Plant Schematic Cooling Tower Natural Gas Pipeline



Water Treatment Equipment



Circulating Water Piping



Above Ground Storage Tanks



Condenser Water Box



Fire Water



Yard Piping



Sheet Piling Bulkhead



Concrete Waterfront Structure



Steel Pilings



Intake Channel Dock Structure



 Our Business Engineering Design, Application & Installation of:  Cathodic Protection  Corrosion Monitoring  Material Selection  Chemical Treatment Systems  Protective Coatings  Pipeline Integrity Assurance Programs



 Corrpro Companies, Inc. VOTED ONE OF THE TOP 200 INTERNATIONAL DESIGN FIRMS ENR MAGAZINE JULY 17, 2000



 Corrpro Offices • 4 offices in California – San Leandro, Bakersfield, Los Angeles, San Diego • 40 offices all over US



 Why is Corrosion Control Important? • • • •



Preserve Assets Reduce Maintenance Costs Governmental Compliance Preserve The Environment



 Corrosion Can be Defined as Either:  Practical Tendency of a Metal to Revert to its Native State



 Scientific Electrochemical Degradation of Metal as a Result of a Reaction with its Environment



 IRON OXIDE



STEEL



REFINING



CORROSION



MILLING



IRON OXIDE



 1) ANODE 2) CATHODE 3) ELECTROLYTE 4) ELECTRICAL CONNECTION



Anode -600mV



Cathode -550mV -575mV



 Corrosion of Metallic Structure



CORRPRO COMPANIES INC



 Cathodic Area (+)



Anodic Area (-) Current Flow



Structure



 Corrosion



 Corrosion Cell Caused by Foreign Material in Sand Cushion



Steel Tank Floor



SAND



CLAY



CURRENT FLOW



 External Corrosion of Tank Bottom



Anodic Area -600mV



Cathodic Area -550mV



SAND CURRENT FLOW



 Corrosion Caused by Poor Water Drainage



WATER



DRY SAND



MOIST SAND



 Piping Installation



 Underground Structures 4 Causes of Corrosion • • • •



Dissimilar Metals Non-Homogeneous Soil Differential Aeration Microbiological Attack



 PRACTICAL GALVANIC SERIES Material



Potential*



Pure Magnesium



-1.75



Magnesium Alloy



-1.60



Zinc



-1.10



Aluminum Alloy



-1.00



Cadmium



-0.80



Mild Steel (New)



-0.70



Mild Steel (Old)



-0.50



Cast Iron



-0.50



Stainless Steel



-0.50 to + 0.10



Copper, Brass, Bronze



-0.20



Titanium



-0.20



Gold



+0.20



Carbon, Graphite, Coke



+0.30



* Potentials With Respect to Saturated Cu-CuSO4 Electrode



 CARBON ROD (CATHODE) +0.30mV



ZINC CASE (ANODE) -1.10mV



MOIST PASTE (ELECTROLYTE)



WIRE (CONDUCTOR)



 Corrosion



Copper (Grounding System)



Steel



 Bimetallic Corrosion



Steel Tank Floor



Corrosion occurs on tank bottom



SAND Copper Ground Rod CURRENT FLOW



 New Steel Coupled to Old Steel



New Bottom (Anode) SAND



CURRENT FLOW



Old Bottom (Cathode)



SAND



 Gas Pipeline



(-)



Cathodic Protection Rectifier



(+) Anode Groundbed



Current Discharge (Corrosion)



Current Discharge (Corrosion) Water Pipeline



Stray Current Due to Impressed Current Cathodic Protection System



 Lower Stress Area (Cathode)



Lower Stress Area (Cathode)



Pipe



Threaded Bolt Higher Stress Area (Anode)



Metallic Coupling



 Bolt & Nut Corrosion



 How Cathodic Protection Works 4 4



Corrosion occurs where current discharges from metal to electrolyte The objective of cathodic protection is to force the entire surface to be cathodic to the environment



 Types of Cathodic Protection



Galvanic: Current obtained from a metal with a higher energy level.



Impressed Current: Requires external power source (transformer rectifier).



 Galvanic Anode Cathodic Protection 4 Current is obtained from a metal of a higher energy level



 PRACTICAL GALVANIC SERIES Material



Potential*



Pure Magnesium



-1.75



Magnesium Alloy



-1.60



Zinc



-1.10



Aluminum Alloy



-1.00



Cadmium



-0.80



Mild Steel (New)



-0.70



Mild Steel (Old)



-0.50



Cast Iron



-0.50



Stainless Steel



-0.50 to + 0.10



Copper, Brass, Bronze



-0.20



Titanium



-0.20



Gold



+0.20



Carbon, Graphite, Coke



+0.30



* Potentials With Respect to Saturated Cu-CuSO4 Electrode



 Galvanic Cathodic Protection



Structure Magnesium Anode



Current Flow



 Cathodic Protection Test Station Test Station



Magnesium Anode



Structure



 Flush Mount Cathodic Protection Test Station



Pavement



Galvanic Anode



Flush Mounted Test Station



Structure



 Anode Lead Wire Connection



Pipe



Galvanic Anode Metallic Coupling



Cathodic Protection of Metallic Fitting



 Yard Piping Distributed Anode Impressed Current System Rectifier



(-)



(+)



Anode Groundbed



Piping Current Flow



 Impressed Current Cathodic Protection



Return



Rectifier



(-)



(+)



Anode



CURRENT FLOW



 Yard Piping Deep Anode Groundbed Impressed Current System



Rectifier Anode Junction Box



+



-



Piping Impressed Current Anodes



 Above Ground Storage Tank Vertical Impressed Current Anodes - Existing Tanks Rectifier



Negative Connection +



Anodes Tank



-



Negative Connection Rectifier



Concrete Ringwall Tank



-



Sand +



Anodes



 Anode



Rectifier



(+) (-)



Tank



Shallow Anodes



 Rectifier Junction Box



+ -



Anodes



 Tank



Tank



Rectifier (+)



Tank



Tank



Deep Anode



(-)



 RECTIFIER



ANODE JUNCTION BOX



 CP Applications for Re-bottomed or New Tanks



 New Floor Installation on Existing AST



 Rectifier Reference Cells (-) (+)



Junction Box Tank Anode Impressed Current



 Titanium Anode Ribbon and Reference Cells



 Well Casing Tests E-log.I CP Criterion CPP Corrpro Companies, Inc. “ForEvery EveryCorner Cornerof ofYour YourWorld” World” “For



 Well Casing Corrosion



 Well Casing Corrosion Current



 Well Casing Corrosion Cells



Impact of Subsurface Geology



 E - log I Testing



 E - log I Theory



• Where Tafel behavior begins, the corrosion rate is very low. • Tests give an indication of the potential and applied current magnitude at which Tafel behavior begins.



 CP Current Requirements



Field testing to establish current requirements to meet a potential criterion for cathodic protection are complicated by changes in temperature, changes in surface conditions and very importantly, changes in pH at the structure-to-electrolyte interface due to concentration polarization which occurs over time.



 Cathodic Protection Design



 Well Casing Cathodic Protection



 Conventional Anode ICCP



 Deep Anode ICCP



 Impact of Anode Proximity



 Analytical Tools Attenuation Models Models •• Attenuation Current –– Current Current Density Density –– Current



MALTZ Program Program •• MALTZ Current Distribution Distribution –– Current Scalar Potential Potential Profile Profile –– Scalar



 WELL CASING CATHODIC PROTECTION CURRENT ATTENUATION CALCULATIONS (PARAMETERS IN RED ARE TO BE ENTERED BY USER) (PARAMETERS IN BLUE ARE CALCULATED)



CASING OUTSIDE DIAMETER (INCHES): CASING WALL THICKNESS (INCHES): PIPE GRADE ( "B" FOR SMYS < 42,000 OR "X" FOR SMYS => 42,000 ): RESISTANCE PER 1000-FT LONG SEGMENT OF CASING (OHMS): CATHODIC PROTECTION SYSTEM CURRENT OUTPUT (DC AMPERES): CASING EXTERNAL COATING EFFECTIVENESS (PERCENT):



12.00 0.2750 B 0.0063 15.0 0



CASING SEGMENT NO.



CASING SEGMENT LENGTH (FEET)



CASING SEGMENT DEPTH SOIL SEGMENT SEGMENT SEGMENT FROM GROUND SURFACE LAYER RESISTANCE CIRCUIT CURRENT (FEET) RESISTIVITY TO EARTH RESISTANCE PICKUP FROM TO (OHM-CM) (OHMS) (OHMS) (AMPERES)



SEGMENT CURRENT DENSITY (mA/SQFT)



1



1,000



0



-1,000



1,000



0.0417



0.0449



7.68



2.45



2 3 4 5 6



1,000 1,000 1,000 1,000 1,000



-1,000 -2,000 -3,000 -4,000 -5,000



-2,000 -3,000 -4,000 -5,000 -6,000



2,000 4,000 8,000 16,000 32,000



0.0834 0.1669 0.3337 0.6675 1.3349



0.0928 0.1825 0.3557 0.6957 1.3694



3.71 1.89 0.97 0.50 0.25



1.18 0.60 0.31 0.16 0.08



TOTALS & AVERAGES



6,000 TOTAL



0 SURFACE



-6,000 BOTTOM



508 AVERAGE



0.0212 TOTAL



0.0230 TOTAL



15.00 TOTAL



0.80 AVERAGE



 Current Attenuation W E LL CA SIN G C ATH OD IC PR O TEC TIO N CU R RE NT ATT EN UA TIO N



CU RR EN T P ICK UP FO R E ACH 1000-FT SE GM EN T O F CA SIN G 0



CA S IN G S E G M E N T D E P T H (FE E T)



-1,00 0



-2,00 0



-3,00 0



-4,00 0



-5,00 0



-6,00 0 0



1



2



3



4



5



6



C UR R E NT (D C A M P E R ES )



7



8



9



10



 Current Density W E LL C AS ING C ATH OD IC P RO TECTION C UR RE N T A TTE NU ATIO N



C UR RE NT D ENSITY FO R EACH 1000-FT SEGM ENT O F CASING 0



CA S IN G S E G M E N T D E P T H ( FE E T)



-1,00 0



-2,00 0



-3,00 0



-4,00 0



-5,00 0



-6,00 0 0.0



0 .5



1.0



1.5



2.0



2.5



3 .0



3.5



CU R RE N T D E N S IT Y (D C M ILLIAM P E RE S P E R SQ U AR E F OO T )



4 .0



4.5



5 .0



 Well Casing ICCP



anode 500’ from casing



Soil Resistivity 0-1000’ 5000 ohm-cm 1-2000’ 1000 ohm-cm 2-3000’ 10,000 ohm-cm 3-4000’ 1000 ohm-cm 4-5000’ 500 ohm-cm 5-6000’ 300 ohm-cm



 Current Distribution MALZ Model



 Scalar Potential Profile



 Bore Hole Design • Open hole - surface casing only. • Cased with slotted pipe - allows free exchange from one subsurface aquifer to another. • HIRDA II - sealed from surface contamination and from exchanges between aquifers.



 Deep Anode Drill Rig



 HIRDA II



Vent Pipe Anode Junction Box Concrete Valve Box w/Cas t Iron Cover 4” or 6 ” ABS Solid Plastic Ca sing Perma plugTM 4” or 6 ” Perforat ed Pla stic Casing w/ Metal Mem brane Individual Anode Leads to Junction Box ( No. 8 AWG Halar w/HMWPE Ja cket)



Impres sed Current Anodes Envirocoke IV TM Ba ckfill for Outside Coke Breeze Column Loresc o DW3 ® Backf ill for Inside Coke Bree ze Column Ste el Lead with Check Valve



CORRPRO COMPANIES I NC



Permaplug, Envirocoke IV and DW3 are Trademarks of Cathodic Engineering Equipment Co., Inc.



 CP Design Factors • • • • • • • •



Subsurface geology Well completion Current requirements Density and proximity of wells Interference from foreign CP systems Optimum anode location Electrical isolation of flow lines AC power availability



 Rectifier Schematic Diagram AC Power Input Step-Down Transformer



AC Breaker Switch



Adjusting Taps on Secondary Winding



Housing



-



Rectifying Stacks +



Current Shunt Output Voltmeter



To Structure



A V



Output Ammeter Grounding



+ To Anodes



 Transformer-Rectifier



 Wind Generator



 Thermoelectric Generator



 Solar Powered CP



 Solar System Controller



 Casing Potential Profile



 Casing Potential Profile • Determines if corrosion current is discharging from casing. • Identifies depth where current is discharging. • Provides estimate of rate of corrosion. • Checks effectiveness of cathodic protection systems. • Provides valuable information for detecting and solving mutual interference problems.



 CPP System



 CPP Tool



 CPP Tool



 CPP Profile



 CPP Profile



 CPP Requirements • Surface equipment must be electrically isolated from the well head. • Well head equipment ID must equal casing ID. • Rods and tubing must be removed from well. • Casing must be in contact with formation - not inside a liner. • Area to be profiled must not contain conductive fluids. • Complete casing history with well completion data should be available.



 CPP Well Log



• Purpose of CPP – Identification of anodic areas along the well casing



• Well Preparation – Removal of paraffin, scale, rust and other foreign materials – High resistance logging medium • Air, condensate, oil • Removal of water – Isolation of well head from flow lines and surface pipelines



 CPP Well Log - Example 1 Native State – No current applied – Producing well with rods and tubing removed



CP Current Applied – Current of 1 Amp removed all anodic areas to a depth of 1900 feet – A nearby flow line was used for anode of the CP current



 CPP Well Log - Example 2 Native State – Anodic with negative slope CP Current Applied – 0.35 amp Near and Far Anode – 1 amp Near and Far Anode Very little difference in the two anode positions. Little to be gained by placing permanent anode farther than 250 feet from the well.



 Summary • Metal loss due to corrosion can be a significant component of well integrity. • Cathodic Protection offers the best solution for controlling external corrosion of well casings.
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