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I.
INTRODUCTION

An Impressed Current Cathodic Protection System was installed on the Secondary Clarifier No. 1 located at the Ft. Lewis Wastewater Treatment Plant.  The CP system incorporates a two-circuit rectifier with a mixed metal oxide wire anode system, connected to one circuit and a mixed metal oxide tubular anode system connected to the other circuit.  The wire anode is the Clarifier’s circumferential ring anode system and the tubular anodes are the Clarifier’s hub anodes.  The structures that are to be protected are the Secondary Clarifier’s rake arm and central hub assembly, and the Secondary Clarifier’s launder trough assembly including the trough’s support arms.

II.
RECTIFIER

The constant voltage rectifier converts AC power to DC power.  It is a dual rectifier manufactured by Universal Rectifiers under Allied Corrosion Industries’ private label of ALCO Rectifiers.  The part number of the rectifier is ASAI-70/15-5/10-ABCIQ.  There is no maintenance that has to be performed to it.  The only requirement is to check the rectifier monthly to insure it is running and that the DC output for each system’s circuit has not changed since its original setup.  A sample form titled MONTHLY RECTIFIER LOG SHEET has been provided for this activity and is included in the Miscellaneous Section of this manual.  The “hub” anode system, labeled “Unit No. 1", was set at 14 Volts DC and 1.4 Amps DC.  The “circumferential ring” anode system, labeled “Unit No. 2", was set at 5 Volts DC and 7 Amps DC.    If a change occurs to these values, Allied Corrosion Industries should be called for their assessment of the change (1-800-241-0809).


If for any reason, the Secondary Clarifier requires draining, THE RECTIFIER SHOULD BE TURNED OFF AND THE RECTIFIER POWER SUPPLY SWITCH LOCKED OUT.  This should be done before the draining operation begins.  The reason for this is to prevent the possibility of a low DC voltage electrical shock to personnel if they were to contact the anode system and the structure at the same time.


The rectifier’s DC output can be adjusted by changing each unit’s corresponding tap settings.  This should only be done under the supervision of and/or consultation with Allied Corrosion Industries’ engineering personnel.

III.
ANODES

The circumferential ring anode system consists of a LIDA 1.5 mm mixed metal oxide wire anode, connected every 112 inches to a #6 PVDF/HMWPE insulated cable.  The wire anode has the continuous theoretical amperage discharge capacity of .14 Amps DC per linear foot for a life expectancy of twenty (20) years.  This rating is good for temperatures above 5oC (40oF).


The hub anode system consists of four (4) LIDA FWST 2.5/50 mixed metal oxide tubular anodes.  The tubular anodes have the continuous theoretical amperage discharge capacity of 4 Amps DC each for a life expectancy of twenty (20) years.  This rating is good for temperatures above 5oC (40of).

 IV.
CORROSION REPORT


On November 9, 2001, Allied Corrosion Industries, Inc. energized the new Secondary Clarifier Cathodic Protection System and adjusted it to an output, which achieved cathodic protection of the metal rake arm, hub and trough assemblies.  After final adjustments were made, a CP Survey was conducted by Bobby Todd and Chuck Mueller.  Prior to discussing the survey data and our recommendations, it may be helpful to discuss briefly the “Basic Theory of Corrosion”.

BASIC THEORY OF METALLIC CORROSION


Corrosion is an electrochemical process in which four (4) conditions must be present or corrosion will not take place:

(1) There must be a positive or anodic area, referred to as the “anode”.

(2) There must be a negative or cathodic area, referred to as the “cathode”.  

(3) There must be a moisture-bearing electrolyte for ionic current flow between the anode and cathode.  It is important to note that the anode and cathode must be immersed in the same electrolyte.  The atmosphere is not an electrolyte.


(4)
There must be a return path for electronic current flow, which is referred to as a “metallic path” between the anode and cathode.

The electrical potential (voltage) difference between the anode and cathode causes the corrosion current to flow.  The anode is the area that suffers metal loss or corrosion.  This is the result of current discharging from the metal surface.  The amount of metal that will corrode (rust) is directly proportional to the amount of current flow.  For example, one ampere of direct current discharging into a soil or water electrolyte can remove approximately twenty (20) pounds of steel in one (1) year.  In this example, the corrosion rate for steel is 20 pounds/amp-year.  Each metal has its own, distinct corrosion rate and has the unit of measure of so many “pounds per amp-year”.  The actual amount of metal that corrodes in a year in most soil electrolyte conditions is measured in grams.  The reason for this is the low current discharge that actually occurs is measured in the thousandths of an ampere, or milliamps (1000 mA = 1 Amp).  The amount of current discharged can be easily calculated by using “Ohm’s Law”, which states that Voltage is equal to Amps multiplied times Resistance (E = IR).  Consequently, one can easily understand that the amount of current that will discharge is inversely proportional to amount of resistance in the circuit.  In non-mathematical terms, for a constant voltage difference between the anode and cathode, the amount of anode current increases as the circuit resistance decreases.  Hence, the reverse is also true, in that the amount of anode current decreases as the circuit resistance increases. 

If one of the four conditions mentioned above can be eliminated, the corrosion process and/or metal loss can be prevented or mitigated.  Generally, this cannot be done economically; hence a  “Cathodic Protection” (CP) system is employed and is one of the most common methods of achieving corrosion mitigation in the corrosion engineering industry today.  The CP system mitigates corrosion by eliminating all anodic areas on a metallic structure immersed in an electrolyte.  It does this by making the structure a net receiver of current instead of being a discharger of current.  It is similar to installing an electric shield (dam) around the structure and saying “you (the structure) cannot discharge current because you are a net receiver of current”.  Remember, any metal that discharges current, corrodes, and any metal that receives current, is protected.   

Cathodic Protection is usually accomplished through one of two methods:  The first method involves connecting a galvanic anode to the structure to be protected, by using a metallic conductor such as an insulated copper wire.  The anode in this case, is made from a metal that has a higher natural potential (voltage) than the structure’s natural potential.  Magnesium is one of the more common galvanic anode materials used in land-based CP systems, because of its high natural potential.  This type of CP system relies completely on the difference in the “natural” galvanic potentials between the two metals to cause the cathodic protection current to flow, hence the name “Galvanic CP System” was created.  When two metals are immersed in the same electrolyte and there is a metallic path between them, the metal with the lower potential becomes cathodic to the other metal, which becomes anodic.  The reason for this occurrence is, the two metals have a difference or an imbalance in potential, resulting in one being a net receiver of current and is cathodic (protected).  The other metal, with the higher potential, becomes anodic because it is a net discharger of current and it corrodes (rusts) going into its oxide state.  The greater the difference in potential between the two metals, the more the current will flow, when all other variables remain constant.  Since the voltages associated with galvanic CP systems are relatively low, the small potential difference, which exists between two metals, results in a relative low current output (milliamps).  This type of CP system is normally associated with very small and/or well-coated structures that are immersed in a conductive (low resistivity) electrolyte. 

The second common type of CP system is an Impressed Current System.  This type of CP system relies on an external direct current source such as a rectifier, a solar panel, battery, a fuel cell, etc., to force current to flow to the structure to be protected.  The current is forced or directed in a fixed path, however, this is determined by how the connections are made to the power source.  Whatever is connected to the positive terminal of the power source will become the anode, and whatever is connected to the negative terminal becomes the cathode.  Consequently, it is readily discernable how important it is to connect the structure to be protected to the negative terminal and not the positive terminal, which would make it the anode.  Since this system incorporates an external power source, it can be sized to generate any voltage required to generate the appropriate current to protect the structure.  This is the single main operational difference, which separates the two systems from each other: low voltages-low current (Galvanic CP Systems) versus high voltages-high current (Impressed Current Systems).  


A) 
Dissimilar Metal Corrosion Cells  tc "
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This type of corrosion is more commonly referred to as galvanic corrosion.  It occurs when two metals of different compositions are metallically contacting each other in a common electrolyte.  The magnitude of potential difference between the two metals, and which of the metals has the more negative potential, will determine which metal will be the cathode, which will be the anode, and the rate at which corrosion will occur at the anode.

B) 
Dissimilar Electrolyte Corrosion Cells 

This type of corrosion occurs when a structure passed through an electrolyte of varying properties.  Normally, the electrolyte varies in chemical composition or electrical resistivity.  When variations of resistivity occur along the same structure, normally the area of the structure in contact with the lower resistive electrolyte will be the anodic area.  The natural electrical potential of a metal in an electrolyte can vary significantly with differences in electrolyte compositions.  The development of a potential difference, even between two points on the same structure, can provide the criteria necessary for corrosion to occur.

C)  
 Differential Aeration Corrosion Cells 


Another important source of corrosion activity on a structure is differential aeration of the electrolyte (commonly soil). In a situation where part of a structure is in soil having a free supply of oxygen (well aerated), and an adjacent area is in oxygen-starved (poorly aerated) soil, the part of the structure in the well-aerated soil will be the cathode and the part of the structure in the poorly aerated soil will be the anode.


D) 
New Structure/Old Structure Corrosion 

This type of corrosion is very similar to dissimilar metal corrosion in that you have an electrical potential between two metals in a common electrolyte.  New sections of the same type of metal are commonly used when making repairs or additions to a structure.  The unfortunate thing about this type of corrosion is that the newer structure will normally become the anode.

We would like to make it known that there are many other types of corrosion cells, and the corrosion mechanism is far more involved than stated here.  However, the above is provided as information and reference for structure owners.

SURVEY PROCEDURES

The following type of data was collected on the Secondary Clarifier’s metal structures being surveyed:



1)
Structure-to-Electrolyte (P/S) “On” Potential Readings

2) Structure-to-Electrolyte (P/S) “Instant-Off”  Potential Readings

The equipment and procedures used to collect the above data are discussed below.

STRUCTURE-TO-ELECTROLYTE POTENTIALS

Structure-to-Electrolyte potential surveys are measurements taken of the electrical potential between the structure and its environment (electrolyte).  This is done by using a digital voltmeter with a high internal resistance and a reference electrode.  The positive terminal of the voltmeter is attached to the tank and the negative terminal is attached to the reference electrode.  The reference electrode is simply a device, which completes the electrical circuit when it is in contact with the electrolyte in which the structure is immersed.  It renders a stable and repeatable result.  When performing the structure-to-electrolyte potential survey, it is very important that the reference electrode be placed near structure being surveyed without actually touching the structure.

We used a Beckman Multimeter and a Copper-Copper Sulfate Reference Electrode to perform the structure-to-electrolyte potential survey. In collecting the data, we were careful to note whether the measurement was a positive or negative number.  All potentials taken with a digital Multimeter connected as above will render a negative potential when the CP system is properly protecting the structure being surveyed.

SURVEY POTENTIAL DATA
	TEST POINT LOCATION (Data taken on Friday, Nov. 9, 2001 by Bobby Todd and Chuck Mueller)
	“ON” P/S (mV)
	“OFF” P/S (Mv)

	Trough @ walkway outer side (concrete wall side)
	-870
	

	Trough @ walkway inner side (hub side)
	-960
	

	Trough @ opposite side of walkway - outer side (concrete wall side)
	-862
	

	Trough @ opposite side of walkway - inner side (hub side)
	-945
	

	Rake Arm @ trough end
	-1282
	-861

	Rake Arm @ middle
	-1240
	

	Rake Arm @ hub end
	-1252
	

	Scraper Trap
	-868
	

	Hub Ring - inner side
	-3005
	-1083

	Hub Ring - outer side
	-1385
	-800


RECTIFIER DATA

	RECTIFIER NUMBER
	Unit No. 1

	MANUFACTURER/TYPE
	Universal Rectifiers/ALCO 

	MODEL NUMBER
	ASAI-70/15-5/10-ABCIQ

	SERIAL NUMBER
	012529

	DATE
	COURSE TAP SETTING
	FINE TAP SETTING
	VOLTS DC
	AMPS DC
	CIRCUIT RESISTANCE (OHMS)

	
	
	
	GAUGE
	METER
	GAUGE
	METER
	

	11/9/01
	C-1
	F-3
	14
	14.34
	1.4
	1.46
	9.82

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


	RECTIFIER NUMBER
	Unit No. 2

	MANUFACTURER/TYPE
	Universal Rectifiers/ALCO

	MODEL NUMBER
	ASAI-70/15-5/10-ABCIQ

	SERIAL NUMBER
	012529

	DATE
	COURSE TAP SETTING
	FINE TAP SETTING
	VOLTS DC
	AMPS DC
	CIRCUIT RESISTANCE(OHMS)

	
	
	
	GAUGE
	METER
	GAUGE
	METER
	

	11/9/01
	C-1
	F-6
	5
	4.9
	7
	6.86
	.72

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


CONCLUSION
The metal structures associated with Secondary Clarifier No.1 are cathodically protected as per the NACE “ON” potential 850 millivolt criteria.  

RECOMMENDATIONS

The following recommendations are presented for consideration:
1. It is strongly recommended that the new steel support structures which were added to the rake arm be coated as soon as possible.  The bare steel above the water line will corrode very quickly.  When new steel is welded to old steel, a “New Structure/Old Structure Corrosion Cell” as described under paragraph “D” above, is introduced into the system.  Unless coated, corrosion will ruin these new steel members.

2. It is also recommended to sand blast and coat all steel members in the Secondary Clarifier.  If this cannot be done, it is recommended that just the rusted areas be sandblasted and recoated.

3. The effectiveness of a cathodic protection system is based on the electrical continuity of all steel members.  If there are some steel members that are not electrically continuous with one another, then the CP system can actually damage the structure it is intended to protect.  A steel member that is isolated will pick up current at one point, and allow current to discharge from another point.  From the “Basic Theory of Corrosion”, any metal that discharges DC current will corrode.  When this occurs and you have a rectifier pushing the current, the corrosion rate is multiplied.   Consequently, it is very important all metal members in a structure are electrically continuous.  The most economical and effective method of achieving electrical continuity of steel members is welding.

At the time of design, it was not known that a great deal of the structure members was bolted as opposed to being welded.  We found the launder trough was not electrically continuous with their support arms.  Consequently, twenty-four (24) continuity bond cables were installed.  If any additional work is performed on either of the two Secondary Clarifiers and they are drained, it is most important that all bolted members be made electrically continuous by welding them.  This can be easily done by welding a one bead at any bolted joint.  Each welded joint should them be coated

4. Install an electrical, lockable disconnect for the new rectifier at Secondary Clarifier No. 

5. Check and record the DC outputs of both rectifier circuits - Unit No.1 and Unit No. 2 - once per month.

6. Have a qualified NACE Certified Corrosion Technician conduct a system re-survey on an annual basis to insure that satisfactory levels of cathodic protection are maintained.

V
MISCELLANEOUS

The following form which can be used when recording the circuit outputs of the rectifier.  The form is titled MONTHLY RECTIFIER LOG SHEET.

	MONTHLY RECTIFIER LOG SHEET

	RECTIFIER NUMBER
	

	MANUFACTURER/TYPE
	

	MODEL NUMBER
	

	SERIAL NUMBER
	

	DATE
	COURSE TAP SETTING
	FINE TAP SETTING
	VOLTS DC
	AMPS DC
	CIRCUIT RESISTANCE

(OHMS)

	
	
	
	GAUGE
	METER
	GAUGE
	METER
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


VI.   SYSTEM DRAWINGS

