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BUSHMAN & Associates, Inc.

 CORROSION CONSULTANTS

 P.O. Box 425, Medina, OH 44258  (  Phone 330/769-3694, Fax 330-/769-2197

August 11, 2001

Mr. Vincent Hock

US Army Corps of Engineers

Construction Engineering Research Laboratories (CERL)

2902 Farber Drive

Champaign, IL 61822-1072

Re:
Letter Report – Test Results of Cathodic Protection Systems installed to protect interior and ground contact surface of new 1MMG Steel Water Storage Tank, Fort Carson, Colorado

Dear Mr. Hock,

Cathodic protection (CP) systems were furnished and installed to prevent corrosion both of the submerged interior and ground contact surfaces of the subject water storage tank between April and July of 2001.  The system was supplied as part of a design build contract for this new water storage tank.  The system was designed and installed by design/build subcontractor Corrosion Service Inc, P.O. Box 190, Hatch, NM 87937 (Phone: 1-800-445-0187).

The US Army Corps of Engineers’ Construction Engineering Research Laboratories (CERL) retained the services of Bushman & Associates, Inc. (B&A), Corrosion Consultants of Medina, Ohio to perform system acceptance testing on the systems using standard corrosion engineering practices and FEAP User Guide FEAP-UG-FM-94/12.  This testing was accomplished during the week of August 6, 2001.  This letter report is intended to document the data obtained during this testing and resulting conclusions and recommendations with respect to system acceptance by Fort Carson.

Upon arrival at the site, basic system design and installation information was reviewed with Mr. Donald J. Fuhrman, Chief, Directorate of Public Works, Base Operations Division.  It was reported that the original system submittals provided by the CP System sub-contractor constituted the only specifications for the system because this project was contracted on a Design/Build basis.  A copy of those documents are attached to this letter report as Appendix “A”.  After review of this information, B&A together with Mr. Vincent Hock and Fort Carson Base Corrosion Control Personnel went to the tank site to begin the onsite testing.

The following is the “as found” data for the two CP systems:

Tank Interior Submerged Surface System

Rectifier Data (as found):

	Manufacturer
	Universal Rectifiers, Inc., P.O. Box 1460, Rosenberg, TX 77471

	Model
	AIAI

	Serial No.
	010436

	AC Voltage Input
	115/230 Volt, 60 Hz, Single Phase

	AC Ampere Input
	2.1/1.0 Amperes

	DC Output
	6 Amperes at 28 Volts

	System Control
	Automatic IR Drop Corrected Potential Control with option for Manual Tap Adjust Voltage Control

	IR Drop Free Potential Controller
	Universal Series CD11

	Transformer Secondary Tap Adjustments
	3 Course and 5 Fine Taps providing 18 Adjustment Steps

	General Unit Faceplate Corrections Needed
	1. Meters are not labeled identifying their function

2. Auto/Manual Mode operation selector switch is integral with automatic controller module.  Does this mean if auto controller has to be removed for repair, that the unit can not be operated manual using tap adjust voltage control.

3. Button to Left of Rectifier Label is labeled “AC Secondary Breaker 10 A” but button device to right of label is labeled “Control Fuse 1Amp”.  “AC Main Breaker” to left of these breakers is not labeled at all.

4. “Structure” 5-Way black binding post terminal should be labeled “Reference Ground”.

	As Found Tap Bar Setting
	1 Course, 2 Fine

	Current Shunt Rating
	50 Millivolt/10 Amperes

	System Operating Parameters (as found)

	Value
	As Displayed by System Meters
	As Read Using Fluke Model 189, 4-3/4 Digit, True RMS Recording VOM Meter

	Current Output (DC Amps)
	0.2
	0.122 mV across shunt converts to 0.0244 Amps

	Voltage Output (DC Volts)
	2.4
	2.055

	Set Potential (DC Volts)
	-0.87 Volts
	Can’t be measured using Portable Meter

	“On” Structure to Permanent Ref Cell Potential (DC Volts)
	Not displayed
	-0.828

	“Instant-Off” Structure to Permanent Ref Cell Potential (DC Volts)
	-0.86
	-0.772

	Notes:

1. Rectifier had set potential of -0.900 volts on July 11th inspection but read -0.870 volts on this August 8th evaluation.  Request manufacturer to provide more stable controller.

2. Tank was approximately 90% full during this site visit.

3. With current tap setting (1C-2F), maximum rectifier DC output voltage is 2.94 providing 0.1234 amperes or approx. 5 times that needed for protection at this time.  Thus current tap settings are considered appropriate.

4. Rectifier Face Plate labeling is mixture of “stick-on” labels (i.e. “Positive” and “Negative” and permanent engraved labeling (i.e. “electrode” and “structure”).  All Corps specs require permanent engraved labeling since “stick-on’s” fall off with time.

5. Scale length of “Potential” meter is only 1.6” for 0 to 2.0 volts value.  This provides too low resolution to accurately read or set potential value which is fundamental to accurate assessment of system performance.  Unit should either be provides with supplementary terminals to facilitate reading these same values with more accurate and higher resolution portable digital VOM meter or provide meter with at least 4” scale for this same measurement range. 


Interior CP System Corrosion Protection Potential Profile (In accordance with NACE RP-0388-95, “Instant Off” values more negative than -850 millivolts are indicative of effective Cathodic Protection) as Measured using Fluke Model 189 Digital Voltmeter and MC Miller Calibrated Cu-CuSO4 Reference Electrode

	Cell Location
	Depth above Tank Bottom (Feet)
	“On” Potential

(DC Millivolts)
	“Instant Off” Potential

(DC Millivolts)

	6” East of Ladder & 1 foot from Tank Wall
	0.1
	-930
	-893

	“
	3
	-941
	-910

	“
	6
	-962
	-928

	“
	9
	-965
	-933

	“
	12
	-975
	-931

	“
	15
	-969
	-933

	“ & @ HWL
	18
	-956
	-933

	6” East of Ladder and 1” from Tank Wall & @ HWL
	18
	-966
	-916


Interior CP System Baseline Circuit Resistance Data using Nilsson AC Impedance Meter and 4 Test Lead Connection Method:

1. Anode Positive Lead Wire  to DC “Negative” terminal resistance = 6.8 ohms

2. Reference Electrode Lead Wire (wire temporarily disconnected from terminal) to “Structure” terminal resistance = 3,500 ohms

Interior CP System Design and Material Notes including comments on System Deficiencies in addition to those noted above:

1. System design submittals indicate that 35.12 feet of TELMNO wire anode material is required to provided the designed system operating life yet tank drawing shows 8 – 4 foot long wire anodes in the anode hoop assembly providing only 32 feet of total anode length.  System has only 90% of the minimum required system anode length.  The only feasible correction is to re-install system hoop anode system providing longer wire anodes uniformly distributed around anode hoop.

2. System Operating Circuit Resistance as measured, using Nilsson Model 400 AC Impedance meter, is too high (6.8 ohms).  Original design submittals provide Rectifier with DC output capacity of 6 amperes at 28 volts (calculations submitted with design indicate at least 5.20 amperes required at 20% coating deterioration and current density of 2.0 amperes/square foot of exposed steel so system capacity of 6.0 amperes is considered marginally acceptable).  Since system output should have at least 20% margin over actual operating circuit resistance to accommodate future changes in water resistivity and chemistry changes, rectifier voltage capacity will either have to be increased or additional anode material installed to reduce circuit resistance.  If increasing the rectifier capacity option is chosen, the units voltage would have to be increased to at least 49 volts DC (E = I x R x 120% = 6.8 ohms x 6 amps x 120% = 49 Volts).  Alternatively, if the contractor chooses the second option, he would have to add enough additional footage of anode material to reduce resistance to 3.73 Ohms (4.67 x 80%).

3. It should be noted that there are no indications in the original design submittals of the contractor having measured the water resistivity prior to system design nor are than any indications of what value was used in the design.

4. A System Operating & Maintenance Manual has yet to be provided for this sytems.  As a guide to Fort Carson, the following is a copy of the requirements for O&M Manuals in the “Guide Spec” for Government L&D Gate Impressed Current CP Systems:

a. Operating and Maintenance Instructions.

i. Operating Instructions. The Contractor shall furnish to the Contracting Officer’s representative twelve (12) complete copies of operating instructions detailing the step-by-step procedures required for system start-up and adjustment of the rectifier to achieve the criteria of protection. This shall include native system and component test data (data before system energization), test set up, test equipment diagrams showing voltmeter and reference cell connections, test locations, and a description of the procedure for measuring "on" and "off" potentials. Detailed steps shall show use of the equipment used in the training course and cover test and measurement of the cathodic protection systems for the gate leafs. The operation and maintenance manual shall be submitted to the Contracting Officer’s representative for approval 30 days prior to the training course. Information on the equipment shall include the manufacturer's name, model number, service manual, parts list, and a brief description of all equipment and its basic operating features. 

ii. Maintenance Instructions. The Contractor shall furnish to the Contracting Officer’s representative eight complete copies of maintenance instructions listing routine maintenance procedures, possible breakdowns and repairs, and trouble-shooting guides. The instructions shall include diagrams for the system as installed, instructions in making gate-to-reference electrode measurements, and frequency of monitoring

Tank Exterior Ground Contact Protection System

Rectifier Data:

	Manufacturer
	Universal Rectifiers, Inc., P.O. Box 1460, Rosenberg, TX 77471

	Model
	AIAI

	Serial No.
	010438

	AC Voltage Input
	115/230 Volt, 60 Hz, Single Phase

	AC Ampere Input
	7.7/3.9 Amperes

	DC Output
	13 Amperes at 2848 Volts

	System Control
	Automatic IR Drop Corrected Potential Control with option for Manual Tap Adjust Voltage Control

	IR Drop Free Potential Controller
	Universal Series CD11

	Transformer Secondary Tap Adjustments
	3 Course and 5 Fine Taps providing 18 Adjustment Steps

	Current Shunt Rating
	50 Millivolt/15 Amperes

	Tap Bar Setting
	1 Course, 1 Fine

	General Unit Faceplate Corrections Needed
	1. Meters are not labeled identifying their function

2. Auto/Manual Mode operation selector switch is integral with automatic controller module.  Does this mean if auto controller has to be removed for repair, that the unit can not be operated manual using tap adjust voltage control.

3. Button to Left of Rectifier Label is labeled “AC Secondary Breaker 10 A” but button device to right of label is labeled “Control Fuse 1Amp”.  “AC Main Breaker” to left of these breakers is not labeled at all.

4. “Structure” 5-Way black binding post terminal should be labeled “Reference Ground”.

	Exterior System Operating Parameters (as found)

	Value
	As Displayed by System Meters
	As Read Using Fluke Model 189, 4-3/4 Digit, True RMS Recording VOM Meter

	Current Output (DC Amps)
	0.5
	1.43 mV across shunt converts to 0.429 Amps

	Voltage Output (DC Volts)
	1.5
	1.99

	Set Potential (DC Volts)
	-1.00 Volts
	Can’t be measured using Portable Meter

	“On” Structure to Permanent Ref Cell Potential (DC Volts)
	Not displayed
	-0.828

	“Instant-Off” Structure to Permanent Ref Cell Potential (DC Volts)
	-0.86
	-0.772

	Notes:

1. Rectifier had set potential of -1.00 volts but displayed operating “Instant Off” potential of -0.86 volts (tank bottom to soil potential vs. Permanent Reference Cell under bottom center of tank) while “Instant Off” potential as measured with Fluke meter was -0.772 volts (Note measurement was repeated several times).  Unit is not functioning correctly and must be repaired.  Since the tank bottom is essentially bare, it is not surprising that the present operating current of 0.5 amperes is insufficient since the design anticipated a current requirement of 13 amperes for this same condition.

2. With current tap setting (1C-1F), maximum rectifier DC output voltage is 1.99 Volts providing 0.442 amperes which is insufficient to provide effective protection based on the current readings.  Thus, the current contractor tap settings are too low.

3. The CDII “IR Free” automatic potential controller is not operating properly and is indicating incorrect “Instant Off” potential values

4. Rectifier Face Plate labeling is mixture of “stick-on” labels (i.e. “Positive” and “Negative” and permanent engraved labeling (i.e. “electrode” and “structure”).  All Corps specs require permanent engraved labeling since “stick-on’s” fall off with time.

5. Scale length of “Potential” meter is only 1.6” for 0 to 2.0 volts value.  This provides too low resolution to accurately read or set potential value which is fundamental to accurate assessment of system performance.  Unit should either be provides with supplementary terminals to facilitate reading these same values with more accurate and higher resolution portable digital VOM meter or provide meter with at least 4” scale for this same measurement range.


Per Notes Item 2 above, this Rectifier unit was “maxed out” at the current rectifier tap settings of 1 Course and 1 Fine (lowest output available) and was not providing effective corrosion mitigation as defined by NACE standard RP0169.  In order to put the system temporarily into an effective protection mode, the rectifier tap settings were increased to 1C-3F.  This increased the rectifier current to 8.6 amperes at 7 Volts but the unit protective potential meter levels WENT DOWN to -0.65 volts even though the unit’s potential control set point (desired protective level) was at 1.0 volts.  This is exactly opposite of what should have happened.

An “Instant Off” potential was then measured using the same system reference electrode that the auto controller used and a protective level of -0.890 Volts was measured while the unit continued to display -0.65 volts.  The “set potential” of the unit was then temporarily reduced to -0.75 volts to see if the unit would start operating correctly.  Since the actual protective level was well above -0.850 volts, the unit should have started cutting back the current output.  Instead, the operating current and volt remained maxed out at 8.6 amperes and 7 Volts.  This further confirmed the unit was not operating correctly.

In order to determine if the system was capable of protecting the tank soil contact surfaces, the unit automatic controller was set to “manual” mode and the voltage adjust tap settings were adjusted to 1 Course and 3 Fine.  The Current remained at 8.6 amperes and 7 volts.  Within 5 minutes, the “On” potential of the tank bottom center had climbed to -1.968 Volts while the “Instant Off” reached a protected potential of -0.877 Volts

Exterior CP System Corrosion Protection Potentials Profile (in accordance with NACE RP-0169, “Instant Off” values more negative than -850 millivolts are indicative of effective Cathodic Protection) as Measured using Fluke Model 189 Digital Voltmeter and MC Miller Calibrated Cu-CuSO4 Reference Electrode after 15 Minutes Operation in Manual Mode with Transformer Tap Setting of 1C-3F.

	Cell Location
	“On” Potential

(DC Millivolts)
	“Instant Off” Potential

(DC Millivolts)

	Permanent Reference Cell at Center under Tank Bottom
	-1975
	-902

	“Immediately in Front of Rectifiers approx. 1 Ft. from Tank Ring Wall (Identified as 6 O’ClockPosition for reference to other readings)
	-2880
	-1150

	3 O’Clock Position
	-2780
	-1180

	12 O’Clock Position
	-2710
	-1170

	3 O’Clock Position
	-2280
	-918


Exterior CP System Baseline Circuit Resistance Data using Nilsson AC Impedance Meter and 4 Test Lead Connection Method:

1. Anode Positive Lead Wire  to DC “Negative” terminal resistance = 0.66 ohms

2. Reference Electrode Lead Wire (wire temporarily disconnected from terminal) to “Structure” terminal resistance = 1000 ohms.

Interior CP System Design and Material Notes including comments on System Deficiencies in addition to those noted above:

1. Circuit Resistance of all components are within original design parameters and appears to have sufficient capacity to protect the tank exterior ground contact surfaces for the design life of the system.

2. The Rectifier Automatic IR Drop Free Potential Controller is not  operating correctly.  This needs to be corrected.

3. It was reported that the contractor may have noted this deficiency.  In any case, he was proposing to replace this rectifier with a “Manual” Tap Adjust Rectifier.  Since the contract design submittals proposed “IR Drop Free” Automatic Potential Controlled Rectifiers for BOTH systems and since the system is equipped with all the appurtenances necessary to take advantage of this superior method of control (especially important in this arid environment where soil moisture content and corrosivity can change suddenly during the occasion heavy rain storms), such substitution of a less expensive and less effective means of control system should not be accepted by the government.

4. A System Operating & Maintenance Manual has yet to be provided for this sytems.  As a guide to Fort Carson, the following is a copy of the requirements for O&M Manuals in the “Guide Spec” for Government L&D Gate Impressed Current CP Systems:

a. Operating and Maintenance Instructions.

i. Operating Instructions. The Contractor shall furnish to the Contracting Officer’s representative twelve (12) complete copies of operating instructions detailing the step-by-step procedures required for system start-up and adjustment of the rectifier to achieve the criteria of protection. This shall include native system and component test data (data before system energization), test set up, test equipment diagrams showing voltmeter and reference cell connections, test locations, and a description of the procedure for measuring "on" and "off" potentials. Detailed steps shall show use of the equipment used in the training course and cover test and measurement of the cathodic protection systems for the gate leafs. The operation and maintenance manual shall be submitted to the Contracting Officer’s representative for approval 30 days prior to the training course. Information on the equipment shall include the manufacturer's name, model number, service manual, parts list, and a brief description of all equipment and its basic operating features. 

ii. Maintenance Instructions. The Contractor shall furnish to the Contracting Officer’s representative eight complete copies of maintenance instructions listing routine maintenance procedures, possible breakdowns and repairs, and trouble-shooting guides. The instructions shall include diagrams for the system as installed, instructions in making gate-to-reference electrode measurements, and frequency of monitoring

Please convey my sincere thanks for the exceptional cooperation and assistance received from the base personnel in assisting us with performing these system checkouts.  If you or any of the Fort Carson staff have any questions, please call or write me.

Sincerely,

Bushman & Associates, Inc.

James B. Bushman, P.E.

Principal Corrosion Engineer 
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Bushman & Associates, Inc.
Medina, Ohio 44256
8-11-01
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