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research and development of advanced materials selection for sewage 

Introduction

The wastewater treatment facility located at Ft. Lewis, Washington is experiencing both atmospheric and immersion corrosion in many different areas.  The areas of specific concern are corrosion of above ground piping, pipe flanges, handrails, gratings, ladders, electrical junction boxes, clarifier rake arms, concrete walls, etc.  Each one of these areas of concern along with their corrective action will be addressed in this report.  

General Survey objective

The objective of this engineering survey is to develop a recommended materials selection guide for the components used at the Sewage Treatment Plant as it relates to atmospheric corrosion.  We expanded this report to also include components immersed in an electrolyte.

Specific Survey objectives

The contract specifically outlined six “Tasks” or corrosion problem areas that require inspection along with our recommended corrective action.  The tasks are as follows:

a. Task 1:  Meet with operations and Maintenance personnel to determine critical items or high maintenance items due to corrosion activity.  These items include gratings, handrails electrical junction boxes, guide rods used in pumping stations, chains used in machinery, and sludge scrappers, clarifiers, digesters, etc.

b. Task 2:  Review the site conditions related to the corrosivity of the atmosphere, process water, and soils.

c. Task 3:  Perform a visual overview of plant facilities to determine the extent of corrosion on existing construction materials.

d. Task 4:  Observe the performance of existing construction materials and protective coatings that are not submerged.

e. Task 5:  Document items with significant deterioration with photographs and written descriptions.

Note that Tasks 1 through 5 do not require de-watering the processing tanks. 

f. Task 6:  Provide a report summarizing the findings of the inspection.  The report shall include recommendations and specifications for the advanced corrosion resistant materials and/or coatings to be used in or near the sewage treatment plant at Ft. Lewis as alternatives to currently used materials.  In particular, the contractor shall provide specifications and recommendations for mitigating corrosion of the following components used at or in the vicinity of the sewage treatment plant at Ft Lewis: gratings, handrails, electrical junction boxes, ladders, guide rods used in pumping stations, clarifiers, digestion tanks, chains used in machinery, and sludge scrappers.  The report shall prioritize repairs.

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, solar panel, battery, 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).  

basic theory of concrete corrosion in wastewater systems

Selected information presented in this section was taken from the book, Sulfide in Wastewater Collection and Treatment Systems by the American Society of Civil Engineers, pages 55 through 66.

A. INTRODUCTION

Hydrogen sulfide has wide-ranging effects in wastewater systems, most notably causing corrosion and odor problems.  This chapter describes these effects, first for interceptor systems and then for treatment plants.

B. INTERCEPTOR SYSTEMS

Hydrogen sulfide problems typically do not occur in small-diameter gravity collector systems because sewage is usually fresh in these pipes.  The most significant problems and effects from sulfide occur in trunk sewers, interceptors, partially filled force mains, and at the discharge from force mains.  The problems to be considered are corrosion of sewer pipe materials, corrosion of appurtenances, order, and toxic H2S levels.

1. CORROSION OF SEWER PIPE MATERIALS

Corrosion process.  – Both cementitious pipe materials (such as concrete and asbestos cement) and ferrous pipe materials (such as cast iron, ductile iron, or steel) are subject to corrosion by sulfuric acid, which is formed from oxidation of hydrogen sulfide.  Hydrogen sulfide (H2S) is released from the surface of wastewater, enters the atmosphere of a sewer or other structure, and is oxidized on the pipe or structure surface as follows:

H2S  + 2 O2    (   H2SO4

This reaction makes the moist walls of the pipe or structure acidic, and the reaction will proceed under extreme acidic conditions.  One of the acting species under acidic conditions is T. concretivorus.  In concrete pipe formed from granitic-based aggregate, the aggregate is not attacked by sulfuric acid because granitic materials are virtually inert.  The acid attacks the cement bonding materials, producing pasty mass of gypsum and inert products.  The aggregate then drops into the wastewater, causing deposits of rocks in the sewer and exposing fresh cementitious material to acid attack.  If calcareous aggregate is used in concrete, the acid attacks the aggregate as well as the cement, thus extending the time required to corrode a given thickness of wall material by a factor of up to 5.  The corrosion rate of asbestos cement pipe is about twice the rate of concrete pipe made with calcareous aggregates, and about one-third the rate of granitic aggregate concrete pipe.

In the case of ferrous pipe, the acid attacks the metal directly.  There is a second reaction involving direct combining of gaseous H2S with iron to form ferrous and ferric sulfide, in addition to the normal oxidation (rusting), which occurs.

Corrosion of ferrous or cementitious materials does not occur below the waterline from this sulfide/sulfuric acid process.  If corrosion is occurring below the water surface, it is from some other cause or mechanism, such as acidic wastewater.

If moisture is not present on the walls, or if the sewer atmosphere is devoid of oxygen, no acid is produced and no corrosion will result.  However, it is rarely possible to avoid condensed moisture on walls of confined sewers and structures.  It is equally difficult to maintain an oxygen-free sewer atmosphere.

Distribution of Corrosion.  – Pomeroy reports that the distribution of corrosion in a sewer is affected by air currents that control the rate of H2S transfer to the pipe wall.  The greatest corrosion is generally at the soffit of a manhole outlet, because of the high shear between the airstream and the pipe material.  Items or structures extending into the sewer airstream will experience greater corrosion than the pipe wall.  Normally, airflow occurs down the sewer, which is drawn by the movement of the wastewater.  Higher than average corrosion occurs at the following points:

· Crown of sewer.  This is due to high H2S transfer to the wall at this point, because of rising air currents at the sewer centerline.

· Waterline.  Wastewater flushes the corroded material away at the waterline, leaving fresh material to be corroded.

· Turbulence points.  All areas near wastewater turbulence points.

Corrosion Rates.  – Corrosion rates depend on sulfide concentration in the sewer, rate of release of H2S from the surface of the wastewater stream, and the type of material subject to corrosion.  Corrosion in sewer structures and areas of wastewater turbulence is dependent on factors where are not readily quantifiable.  However, turbulence promotes higher than normal rates of hydrogen sulfide off-gassing.  Multiple factors are often used in estimating higher corrosion rates at turbulent locations.  Turbulent conditions often require special protection for pipe and structures.  

2.  CORROSION OF APPURTENENCES

Often appurtenances, such as gates, control devices, and human access equipment (steps and platforms), are located within sewers and raw sewage structures.  These appurtenances are subjected to a highly corrosive environment and should be designed accordingly.  Many sewering authorities have discontinued the installation of rungs in manhole risers because of corrosion dangers.

Acid Corrosion of Ferrous Metals – Sulfuric acid attack in iron and steel occurs through the same processes as in cementitious materials.  Higher density of iron and steel results in reduced rates of corrosion, but it takes relatively little corrosion to cause problems with metallic components in sewers.  Pomeroy reported that normal oxidation (rusting) of ferrous materials may be accelerated in the presence of sulfuric acid, and recommended that a corrosion rate ten (10) times the calculated corrosion rate due to acid alone should be used for ferrous materials when evaluating overall corrosion rate (due to both oxidation and acid attack).

Gates can be frozen in position if not properly maintained.  Iron manhole covers can be frozen to the rings.  Appurtenances often are located in moist atmospheres and turbulent locations, where H2S off gassing promotes high acid concentrations.  The devices often protrude into the sewer air stream, so that maximum contact with H2S is maintained, resulting in rapid acid attack.  Stainless steel corrodes in closed sewers and raw wastewater structures.

Direct H2S attack on Metals – Hydrogen sulfide in the atmosphere acts directly on most metals, including copper, iron, and silver.  Cadmium is changed to yellow CdS.  Cast iron and ductile iron turn to black FeS.  Continued exposure destroys the metals.  Electrical and instrumentation equipment that uses copper wiring and silver contacts should be kept out of hydrogen sulfide atmospheres.

Aluminum – Aluminum is sometimes used for platforms, grates, handrails, and associated purposes in sewers.  In closed sewers and structures, aluminum will not be able to withstand the corrosion.  In well-ventilated areas, aluminum is used extensively.

3.  ODOR

The obnoxious odor of H2S gas coming from pumping stations, manholes, and other structures causes distress to the public.  Few large wastewater systems have escaped the problem of odor complaints at some time in their history.

4.  Toxic H2S Levels
Atmospheric H2S concentrations are lethal to humans at relatively low concentrations.  Special equipment and procedures must be used by wastewater agencies to guard workers against H2S levels.

C.
TREATMENT PLANTS

Hydrogen Sulfide causes corrosion, odor safety, and process problems at the wastewater treatment plants.

1.  CORROSION OF CEMENTITOUS MATERIALS

Wastewater treatment plants have many kinds of conduits, tankage, and related structures, which are subject to the same corrosion problems experienced in interceptor systems.  Many of these facilities are made with concrete and are enclosed or partially enclosed.  Moisture can collect on walls, and sulfuric acid attack can corrode the material.

Plant Headworks and Grit Tanks.  – Plant Headworks have the greatest potential of any area in the plant for Sulfide corrosion, for the following reasons:

· Wastewater sulfide concentration can be high at this point, due to sulfide build-up in the collection system.

· Turbulence is often generated by flow measurement facilities, bar screens, wet wells, and grit tanks.

· Headworks areas are often covered, to control odors and provide enclosed space for equipment.

· Headworks are often underground where ventilation is poor.

Turbulence in Headworks and grit tanks can cause mist or splash to occur on the wall area immediately above the water surface.  The mist zone often receives the most corrosion.  Areas above this zone are usually kept dry, if ventilation is provided, or if the facilities are open to the atmosphere.

Clarifiers and Other Facilities.  – Areas of turbulence and splash are often corroded in primary clarifiers.  This usually occurs at the weirs, launders, troughs, and outlet channels of clarifiers.  Secondary clarifiers are typically not subject to H2S corrosion, because sulfide concentrations in them are very low, usually unmeasurable.  

Aeration facilities liberate H2S due to turbulence created and energy expended in oxygen transfer.  This can create corrosion in the splashed areas and especially in confined, moist spaces, if the influent wastewater contains sulfide.

In-plant conduits and structures also experience substantial corrosion, depending on wastewater sulfide concentrations, amount of turbulence, and ventilation within structures.  Plant drain systems accept a variety of recycle flows within plants, some of which can be high in sulfide content.  These pipelines and associated appurtenances can deteriorate quickly if adequate attention is not given to corrosion potential.  

2. CORROSION OF EQUIPMENT

Mechanical equipment in various areas of the plant (such as Headworks, grit tanks, aeration, etc.) suffers substantial corrosion due to moist conditions, splashing, and H2S release from wastewater.  Electrical and instrumentation equipment can also undergo corrosion from H2S.

Ventilation.  – Equipment corrosion sometimes results directly from inadequately designed ventilation systems.  If H2S laden air is brought through equipment rooms prior to discharge, these areas can suffer corrosion, odor, and safety problems.

Electrical and Instrumentation Equipment.  – Electrical and instrumentation equipment is corrosion-sensitive because copper and silver can be directly corroded by H2S in the air.  Conversion to sulfuric acid is not necessary for this corrosion to occur.  If electrical and instrumentation cabinets must be placed in areas of potential H2S, then the equipment cabinets should be sealed and protected with a positive-pressure, clean, fresh air supply.

Other Sensitive Equipment.  – Computer, laboratory, and other sensitive equipment must be kept free from H2S environments.  Computers and laboratory problems have been reported at several wastewater treatment plants.  Electrical connection problems and circuit board malfunctions have been attributed to corrosion.  These problems are primarily due to direct corrosion of materials by H2S.

Survey Information and Recommendations

Bobby Todd, Engineering Manager, and Chuck Mueller, Vice President, of Allied Corrosion Industries, Inc. conducted a visual corrosion survey of the Ft. Lewis Wastewater Treatment Plant.  The survey data was collected from Tuesday, December 5, 2000 to Friday, December 08, 2000.  The survey’s findings are presented in “Tasks” order as shown in the Introduction Section.

Task no. 1

Meet with operations and Maintenance personnel to determine critical items or high maintenance items due to corrosion activity.  These items include gratings, handrails electrical junction boxes, guide rods used in pumping stations, chains used in machinery, and sludge scrappers, clarifiers, digesters, etc.

As a result of our meeting with the plant operational personnel on Tuesday morning, they felt that the plant had corrosion problems in every area.  Although specific areas were mentioned, there was no one area that was worse than another.  One issue that seemed to be foremost in their thoughts was the issue of obtaining the right item for their application as it relates to corrosion.  During this part of the discussion, it became quite apparent that a communication problem exists between them and their Procurement Department.  This problem, although not a part of our study, does and will have a significant effect on whether the plant can start and maintain a corrosion preventive maintenance system.  There are two areas of concern related to the communication problem.  The first concern relates to specifying the proper description of the item to be purchased so that the corrosion problems are taken into consideration.  Under this concern, it is the responsibility of plant personnel to specify the proper item’s description to the procurement department with the emphasis on “no substitutions” will be allowed.  The second concern relates to the Procurement Department personnel’s cooperation in purchasing exactly what the plant requisitions.  The importance of not substituting items based on price only is a must!  The consequences of blind substitutions could be very costly as it relates to plant downtime and heavy fines associated with damage to the environment.

task no. 2

Review the site conditions related to the corrosiveness of the atmosphere, process water, and soils.

This plant is located in the northwest corner of Washington State on a saltwater bay.  This is a very high rain area with high humidity.  Consequently, all ferrous metal surfaces in the atmosphere should be isolated from these conditions either by coating them with an epoxy UV resistant paint or wrapping them with an above ground UV resistant tape. 

Several tests were made on the process water and soil in the treatment plant.  Three important chemical properties of water or soils containing water, which define the water’s characteristics, are pH, Buffering Capacity, and Total Hardness.  

pH is a term used to describe the degree of acidity or basicity of a solution.  It is measured on a 14 point scale where pH=1 is strongly acid, pH=7 is neutral and pH=14 is strongly basic.  

Buffering Capacity (sometimes refer to as total alkalinity) indicates the total amount of buffers (pH stabilizing compounds) that are present in the water.  Adequate buffering capacity protects the environment from sudden changes in pH by absorbing excess acids and bases, which may be added to a solution.  An accurate reading of pH cannot be obtained without an adequate level of buffering capacity, above 120 pm (parts per million). 

Water hardness is a measure of the quantity of certain metallic ions present in the water, mainly calcium and magnesium.  The following table depicts the results of these tests:

	LOCATION
	SAMPLE TYPE
	RESISTIVITY (ohm-cm)
	TOTAL ALKALINITY BUFFERING CAPACITY (ppm)
	ACIDITY (pH)
	TOTAL HARDNESS (ppm)

	Effluent Clarifier
	Water
	3500
	150
	7.3
	120

	Primary Clarifier
	Water
	3600
	120
	7.2
	50

	Secondary Clarifier
	Water
	3400
	80
	7.2
	75

	Thickener Tank
	Water
	3800
	80
	7.0
	50

	Near Clarifier No.1
	Soil
	58,000
	50
	7.2
	40


task no. 3

Perform a visual overview of plant facilities to determine the extent of corrosion on existing construction materials.

A visual inspection of the treatment plant was made and pictures taken.  Please refer to Task No. 5 for details pertaining to this task.  

task no. 4

Observe the performance of existing construction materials and protective coatings that are not submerged.

The majority of construction materials we observed for the most part were performing as expected.  The corrosion issues that relate to them could be resolved by eliminating “Dissimilar Metal Corrosion Cells” where possible.  This is simply done by:

1. Installing the same kind of metals components together.

2. Coating all metal components with a coating that is compatible with the environment in which the items are to be installed.

3. Installing Cathodic Protection Systems on any metal structure immersed in an electrolyte (water, sewage, mud, soil, etc.).  

The protective coatings we observed were simply the standard coatings the factory had applied.  As a result, most of the coatings had failed, depending on the degree of corrosiveness of the environment in which the item was installed.  Some manufacturers offer coating options, for example, a pump or valve may be purchased with an epoxy coating.  If this option is available, then it should be specified at the time of ordering.  If this is done, it is extremely important that the factory be consulted about the compatibility of the coating as it relates to the environment in which it is going to be installed.    

task no. 5

Document items with significant deterioration with photographs and written descriptions.

Each picture that was taken that related to an atmospheric corrosion will be presented along with applicable comments and recommendations.  Also, presented in this section are pictures depicting corrosion related to corrosion of metal immersed in an aqueous electrolyte.  The information submitted under this task includes information requested under Tasks Nos. 3, 4, 5, and 6.  The reason for submitting it under this section only, is to eliminate redundancy in the report.
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This is a picture of some support angle iron and steel handrail corrosion located in the “Headworks” area.  The handrail and angle iron had been painted.  Over time, the coating deteriorated and general surface corrosion ensued.  The coating in this example appears to be an off-the-shelf standard metal paint.  In this situation where there is little metal loss and only general surface corrosion exists, it is recommended that all of the metal surfaces be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  When practical, all metal conduit and conduit junction boxes should be changed out to their electrical PVC equivalent.  All hardware associated with the PVC equivalents must be fitted with stainless steel hardware.   
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This is a picture of the rake system in the “Headworks” tank.  All steel in the atmosphere should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  All submerged should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION also described in this report.  An impressed current cathodic protection system should be installed for the protection of all submerged steel items.  
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This is a picture of a slightly different view of the “Headworks” tank.  All steel both in the atmosphere and submerged should be coated as described in the previous picture.  The only exception to this recommendation relates to the insulated pipe shown in this picture.  It should have the insulation removed it, and be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  The insulation should then be reapplied over the coating system.  An impressed current cathodic protection system should be installed for the protection of all submerged steel items.  
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This is a picture of some piping and pumps located in a vault in the “Headworks” area.  This is an example of general surface corrosion in a very wet and moist environment.  It is recommended that in this area, the Central Plastics StacWrap Petrolatum Tape be used to coat the piping and pumps.  With respect to the insulated pipe in this picture, the insulation should be removed and the pipe coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  The insulation should then be reapplied over the coating system.

[image: image5.jpg]



This is a picture of a vault area in the “Headworks” area.  It has a number of corrosion related problems.  First, is the metal conduit.   Where practical, electrical PVC conduit and boxes should be used.  Any metal components associated with the electrical PVC items should be made from 18-8 stainless steel.  Metal support bracketing and concrete anchors should be made out of 18-8 stainless steel.  Tanks and tank floats should be made from some synthetic plastic material or stainless steel when commercially available.  Otherwise, all steel should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.     
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This is a picture of equipment located in the Thickened Sludge Pump Station just down from the Headworks area.  This is another example of general surface corrosion.  It is recommended that Central Plastics StacWrap Petrolatum Tape be installed on all pipes, valves, and pumps.  Stainless steel  18-8 brackets, concrete anchors, and fasteners should be used where possible.  All electrical conduit sand conduit boxes should be PVC with stainless steel hardware. 

[image: image7.jpg]



This is another picture of equipment located in the Thickened Sludge Pump Station just down from the Headworks area.  This motor pump base should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report. 
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This is a picture of the Grease Separator, which is a part of the Scum Concentrator System.  This is an example of general surface corrosion.  It is recommended that the steel shafts be changed to 18-8 stainless steel with synthetic plastic sprockets and chain.  The scraper blades should be changed to synthetic plastic with stainless steel hardware.  All external surfaces of the tank should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  All internal surfaces in the tank should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.   
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This is a picture of an aluminum handrail and an aluminum kick plate held together with steel wire.  The steel wire’s bracket is corroding.  This is an excellent example of a dissimilar metal corrosion cell.  Install Galvanized-Rubber Coated U-bolt brackets manufacture by Advanced Products.  
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This is a picture of the “Sludge Thickener Tank’s” rake arm.  There was virtually no coating on the steel associated with the rake arm. All steel in the atmosphere should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  All submerged should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION also described in this report.  An impressed current cathodic protection system should be installed for the protection of all submerged steel items. 
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This is a picture of the rake arm surface scum removal assembly associated with the “Sludge Thickener Tank”.  All submerged should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION also described in this report.   
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This is a picture of the drive mechanism of the “Sludge Thickener Tank’s” rake arm.  The corrosion shown here is the result of the original coating breaking down over time, resulting in general surface corrosion.  All steel in the atmosphere should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.    
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This is a picture of some miscellaneous above ground piping that is showing different degrees of atmospheric corrosion.  The pipe, pipe flanges, and valves should be coated with petrolatum tape.  FRP Glas Mesh shields should be installed under the support pipe clamps.  All metal conduit should be changed to PVC grade electrical conduit and conduit straps with stainless steel fasteners.  Any flat steel, not suitable for wrapping with tape, should be coated All steel in the atmosphere should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  
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This is a picture of the same above ground piping as shown in the previous picture, which is located in the general area of the primary clarifiers.  What is of special interest in this picture, is the use of plain red rubber gasket material for the pipe flange set.  The personnel at the facility indicated that they were experiencing problems with this style gasket.   These gaskets had to be hand made, therefore proper sealing at times could not be achieved.  They became brittle with exposure to the environment, and could not be reused.  The solution to this is to use one of  PSI’s (Pipeline, Seal and Insulator Co.) standard gaskets.  Please refer to the “Reference Section” of this report for specific recommendations as to the proper gasket or Flange Insulation Kit to be utilized for each application at this plant.   
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This is a picture of a relatively new aluminum ladder, which has been installed in one the primary clarifier tanks.  Below the water line the ladder is corroding badly.  This ladder should have been made from passive stainless steel, with stainless steel hardware.  If money was an issue in its purchase criteria, then a second choice should have been a steel ladder coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report. 
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This is a picture of some above ground piping that is experiencing corrosion.  The corrosion to this piping became worst because it is an insulated pipe and the insulation is holding the moisture on the corroding surface much longer than if the pipe was simply exposed to the atmosphere and allowed to dry.  In this case, we recommend installing Glas Mesh Sleeves on the pipe, at the concrete pipe support.  Next, wrap the pipe, pipe flanges, and valves with the StacWrap petrolatum tape system.  Last, install new insulation over the pipe.
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This is a picture of a corroding handrail support pipe.  All steel in the atmosphere should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION describe in this report.  If replaced, installed aluminum handrails with aluminum accessories.
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This is a picture of the feed channels to the primary clarifiers.  It depicts aggressive concrete deterioration, which is depicted by the exposed aggregate.  This should be corrected by installing Madewell’s Restoration and Corrosion Barrier Composite Liner System.  For details on this system, refer to the “Recommended Materials/Instrument Section” of this report.
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This is a picture showing the general layout of one of the “Primary Clarifiers”.  Specific corrosion problems will be depicted in the next few “close-up” pictures.  It depicts aggressive concrete deterioration, which is depicted by the exposed aggregate.  This should be corrected by installing Madewell’s Restoration and Corrosion Barrier Composite Liner System.  For details on this system, refer to the “Recommended Materials/Instrument Section” of this report.
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This is a close-up picture of one of the Primary Clarifier’s floor.  It depicts aggressive concrete deterioration, which is depicted by the exposed aggregate.  This should be corrected by installing Madewell’s Restoration and Corrosion Barrier Composite Liner System.  For details on this system, refer to the “Recommended Materials/Instrument Section” of this report.
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This is another close-up picture of the same Primary Clarifier floor.  The exposed aggregate is more vivid in this picture.  The steel angle iron which is corroding badly in this picture should be replaced with one made from passive stainless steel.  If this cannot be done, then a new steel angle should be installed after it has been coated per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.   
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This is a picture of the discharge end of one of the Primary Clarifiers.  It shows a corroded grease scum line removal system, a wooden baffle dam, and weir baffles.  The grease scum line removal system is simply a piece of 8” diameter galvanized pipe with slots cut into the top of it.  It is used to remove grease and scum by rotating it into the clarifier discharge flow and allowing the grease scum on top of the water to flow into the slots until all of it has been captured in the pipe.  The pipe is then rotated back so that the slots no longer allow water to overflow.  In this picture, the discharged flow is rotated from left to right.  Heavy corrosion is occurring on the leading edge of this pipe, where the grease scum line builds up and is held for hours.  This is due to high concentration of corrosives captured in the grease scum while it is pushed up against the pipe by the discharged flow of the water.  This entire mechanism should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.  The wooden weir baffle dam should be replaced with a nylon plate.  The galvanized steel support brackets that hold the baffle dam in place should be replaced with passive stainless steel angle iron with passive stainless steel hardware.  The stainless steel weir baffles should be held in place with passive stainless steel fasteners and support brackets.  The crumbling concrete around the grease scum line removal system’s support brackets should be addressed when the Primary Clarifier walls and bottom are refurbished with Madewell’s Restoration and Corrosion Barrier Composite Liner System.  This is repaired by breaking away all loose concrete, and exposing any corroded rebar.  The concrete should be completely removed until there is no more evidence of corroding rebar.  The rebar is to be sandblasted and coated with Madewell.  Next, Madewell’s ML-72 Mortar is applied along with Madewell’s DS-4 Corrosion Barrier Composite Liner.    
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This is a picture of the drive sprocket and shaft mechanism for the scarper system in the Primary Clarifiers.  The chain and sprocket are made from synthetic nylon material with stainless steel hardware.  The system was installed approximately ten (10) years ago and appears to be in fine shape.  The steel shaft, bearings, rake arm guide rails, and support brackets are corroding badly.  It is recommended that all steel items be replaced and coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.  Next, install a galvanic cathodic protection system on these items.  This is the simplest of CP systems available and would include installing “Zinc” anodes on the shaft and rake arm guide rail supports.   
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This is a picture of a cabinet, large valves, and vertical pumps located in the general area of the Primary Clarifiers.   This is another example of general surface corrosion.  The most economical recommendation for this type of corrosion mitigation is to coat all metallic surfaces as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  When possible, all cabinets should be specified as being constructed from synthetic plastic or passive stainless steel.
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This is a picture of a water valve located in the area of the Primary Clarifiers.  It is a textbook example of a dissimilar metals corrosion cell.  The bronze water valve has a galvanized steel pipe  fitting screwed into it.  The exposed threads where there is no zinc galvanizing are corroding badly.  The corrosion is worst where the steel threads enter the bronze valve.  In fact, the steel nipple, in the thread area, just to the right of the valve is practically rusted through.  A quick reference of the “Galvanic Series of Metals” shows that steel becomes anodic to bronze, which becomes cathodic in this example.  This situation can be easily corrected by installing Central Plastic’s StacWrap petrolatum tape system.
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This is a picture of the Secondary Clarifier Rake Arm and the effluent Launder Trough System.  The effluent trough incorporates a stainless steel scum baffle and weir baffle.  The baffles are in good shape and show no corrosion.  This was not the case for the steel items, as they were not coated and were corroding.  All steel in the atmosphere should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  All submerged should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION also described in this report.  An impressed current cathodic protection system should be installed for the protection of all submerged steel items. 
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This is a picture of the Trickling Filter Tanks.  Specific corrosion related issues will be addressed in the following pictures.
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This is a picture of the Trickling Filter Tank’s sidewall and I-beam supports.  This is another example of general atmospheric surface corrosion, where the original coating has failed.  The solution to this situation is to coat all the steel as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.
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This is a picture of the Trickling Filter Tank’s sidewall.  The aluminum sidewall is corroding badly where it has come in contact with bare steel.  This is another textbook example of a dissimilar metal corrosion cell, in that the aluminum is anodic to steel which is cathodic.  All steel and aluminum should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  The aluminum sidewall should have a new piece of sidewall placed over the corroded hole and silicon sealed to existing wall.  Anodized aluminum screws should be used to hold the patch in place.   
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This is a picture of the Trickling Filter Tank sidewall.  The original coating of the aluminum sidewall is deteriorating.  The cause of this coating failure is most likely associated with some manufacturing problem when the product was originally coated at the factory.  Nevertheless, this area should be coated as per the MADEWELL ATMOSPHERIC METAL COATING SPECIFICATION described in this report.  
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This is a picture of the Trickling Filter Tank’s water disbursement system.  There is virtually no corrosion associated with it.  This is attributed to all of the components being manufactured out of galvanized steel.     
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This is a picture of the Bleach Control Room (Chlorine).  Part of the piping is PVC and part of it is copper.  It would be our recommendation to change all of the piping to PVC, along with the valves and other piping items that can be obtained in PVC.  Operating personnel informed us that they have experienced failures in the copper pipe, specifically, in the 900 elbows.  

From the “Basic Theory of Concrete Corrosion in Wastewater Systems”, Hydrogen sulfide gas will react (corrode) directly with copper and aluminum.  Consequently, the copper pipes should be converted to PVC as soon as possible.
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This is a picture of some miscellaneous piping and valves in the South Boiler Room.  This is another example of general surface corrosion.  It is recommended that Central Plastics StacWrap Petrolatum Tape be installed on all pipes, valves, and pumps.  Passive stainless steel 18-8 brackets, concrete anchors, and fasteners should be used where possible.  All electrical conduit and conduit boxes should be PVC with stainless steel hardware. 
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This is a picture of some valves and miscellaneous piping in the North Boiler Room.  This is another example of general surface corrosion.  It is recommended that Central Plastics StacWrap Petrolatum Tape be installed on all pipes, valves, and pumps.  Passive stainless steel 18-8 brackets, concrete anchors, and fasteners should be used where possible.  All electrical conduit and conduit boxes should be PVC with stainless steel hardware. 
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This is another picture of the same valves and miscellaneous piping in the North Boiler Room.  This is another example of general surface corrosion.  It is recommended that Central Plastics StacWrap Petrolatum Tape be installed on all pipes, valves, and pumps.  Passive stainless steel 18-8 brackets, concrete anchors, and fasteners should be used where possible.  All electrical conduit and conduit boxes should be PVC with stainless steel hardware. 
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This is a picture of the Secondary Digester Roof Area.  The “red” piping is new and is the piping for methane gas discharge from the Secondary Digester’s floating roof.  The operating personnel informed us that it was recently replaced due to severe corrosion.  It is our recommendation to wrap this new piping with Central Plastics StacWrap petrolatum tape.  Gaskets for this application should be the kind manufactured by PSI (Pipeline, Seal and Insulator Co.).  For the specific gasket and/or flange insulation kit, please refer to the chart in the Reference Section of this report titled “Gasket and Flange Insulation Kit Specification”.
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This is a picture of the repaired concrete roof of the “Primary Digester”.  The cracks in the roof were repaired by injecting some form of synthetic roof sealant into the cracked areas.  Please refer to the subject titled “Concrete Crack Repair” located in the Recommended Materials/Instruments Technical Information” section of this report.  

The digester was in the process of being drained for the purpose of preparing the interior concrete wall surfaces for repair.  The digester’s interior walls should be refurbished, utilizing Madewell’s Concrete Restoration and Corrosion Barrier System.  Please refer to this subject in the “Recommended Materials/Instruments Technical Information” section of this report. 
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This is a picture of a steel wall Lift Station.  Metal items in this environment were at different stages of corrosion.  It is recommended that all metal items be cleaned and coated with Central Plastics StacWrap; until such time that the lift station can be taken out of service for epoxy coating.  At this time, all items, including the steel walls, should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.  

Next, a galvanic CP system should be installed.  This system would incorporate a single zinc anode.  In this type of CP system, all metal items need to be electrically continuous with each other.  This is very IMPORTANT, if the system is to work properly.  

When the replacement of any metal item becomes necessary, the issue of corrosion should be a part of the replacement’s specification.  With regard to this, the item should be purchased in passive stainless steel where possible as well as being coated with an epoxy coal tar product like Madewell.  If this is cannot be done, then alternate materials should be investigated such as brass, synthetic plastics, or galvanized steel.  Before the new item is installed, it should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.  
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This is another picture of the same steel Wall Lift Station as shown in the previous picture.  It specifically depicts corrosion of miscellaneous electrical components.  Where practical, all electrical enclosures should be specified as NEMA 12 (Fiberglass Reinforced Plastic – Waterproof) or NEMA 12X (Stainless Steel – Waterproof).  All wiring should be specified with either “PVC” or “Polyethylene” insulation, and should be run in PVC electrical grade conduit. 

From the “Basic Theory of Concrete Corrosion in Wastewater Systems”, Hydrogen sulfide gas will react (corrode) directly with copper and aluminum.  Consequently, it is very important to insure the seal of all electrical boxes and wires.
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This is a picture of a Concrete Wall Lift Station.  Metal items in this environment were at different stages of corrosion. It is recommended that all metal items be cleaned and coated with Central Plastics StacWrap; until such time that the lift station can be taken out of service for epoxy coating.  At this time, all items should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.  

Next, a galvanic CP system should be installed.  This system would incorporate a single zinc anode.  In this type of CP system, all metal items need to be electrically continuous with each other.  This is very IMPORTANT, if the system is to work properly.  

When the replacement of any metal item becomes necessary, the issue of corrosion should be a part of the replacement’s specification.  With regard to this, the item should be purchased in passive stainless steel where possible as well as being coated with an epoxy coal tar product like Madewell.  If this is cannot be done, then alternate materials should be investigated such as brass, synthetic plastics, or galvanized steel.  Before the new item is installed, it should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.

The lift station’s interior walls should be refurbished, utilizing Madewell’s Concrete Restoration and Corrosion Barrier System.  Please refer to this subject in the “Recommended Materials/Instruments Technical Information” section of this report.          

task no. 6

Provide a report summarizing the findings of the inspection.  The report shall include recommendations and specifications for the advanced corrosion resistant materials and/or coatings to be used in or near the sewage treatment plant at Ft. Lewis, as alternatives to currently used materials.  In particular, the contractor shall provide specifications and recommendations for mitigating corrosion of the following components used at or in the vicinity of the sewage treatment plant at Ft Lewis: gratings, handrails, electrical junction boxes, ladders, guide rods used in pumping stations, clarifiers, digestion tanks, chains used in machinery, and sludge scrappers.  The report shall prioritize repairs.

Recommendations for correcting corrosion related problems throughout the plant are described under Task No. 3.  The repairs should be made in the prioritized order:

1. Refurbish the “Primary Digester” with Madewell’s Concrete Restoration and Corrosion Barrier System.  There is one Primary Digester and one Secondary Digester.  It is our understanding that the Secondary Digester was recently refurbished.

2. Refurbish the “Primary Clarifiers and Chlorine Contact Chambers” with Madewell’s Concrete Restoration and Corrosion Barrier System.  Also, install a galvanic CP system on all metal components associated with the rake systems in the primary clarifiers.  There are five (5) primary clarifiers and two (2) Chlorine Contact Chambers.  Refurbish the “Headworks Tank” with Madewell’s Concrete Restoration and Corrosion Barrier System.  Also, install an Impressed Current CP System on all metal components and rake arm.  There is one (1) Headworks Tank.

3. Refurbish the “Sludge Thickener Tank” with Madewell’s Concrete Restoration and Corrosion Barrier System.  Also, install an Impressed Current CP System on all metal components and rake arm.  There is one (1) Sludge Thickener Tank.

4. Refurbish the “Secondary Clarifiers” with Madewell’s Concrete Restoration and Corrosion Barrier System.  Also, install an Impressed Current CP System on all metal components and rake arm.  There are two (2) Secondary Clarifiers.

5. Refurbish all Lift Stations as outlined in Task No. 3.  It is our understanding that there are forty-seven (47) lift stations involved with this system.

6. Clean and coat all above ground piping with the recommended coating systems as outlined in Task No. 3. 

Items 2, 3, 4, and 5 can be accomplished in any order as they have equal importance.

Recommended Materials/instruments Technical Information

madewell immersed metal coating specification

SECTION 09850

COATING SYSTEMS FOR STEEL IN SANITARY SEWAGE IMMERSION SERVICE

PART 1

GENERAL

1.01

SECTION INCLUDES

A.
Furnish and install 100% solids epoxy corrosion barrier coating for steel structures in immersion service, including spray-applied corrosion barrier coatings, and related surfacing materials for filling pits and surface irregularities which could lead to holidays in the coating film.

1.02

RELATED SECTIONS


A.
Section 03300 - Cast-in-Place Concrete.


B.
Section 03900 - Concrete Restoration and Cleaning.


C.
Section 03935 – Restoration and Corrosion Barrier Composite Liner.


D.
Section 09960 - High-Performance Coatings.

1.03

REFERENCES

A.
SSPC, The Society for Protective Coatings, SSPC PA-2, Measurement of Dry Film Thickness with Magnetic Gages

B.
National Association of Corrosion Engineers International, NACE RP 0188 - Discontinuity (Holiday) Testing of Protective Coatings.

C.
National Association of Corrosion Engineers International, NACE No. 1, White Metal Blast Cleaning.

D.  
National Association of Corrosion Engineers International, NACE RP 0287 – Field Measurement of Surface Profile of Abrasive Blast Cleaned Steel Surfaces Using Replica Tape.

E.  
American Society for Testing and Materials, ASTM D 4417 – Test Method for Field Measurement of Surface Profile of Blast Cleaned Steel.


F.
ASTM D4541 – Test Method for Pull-Off Strength of Coatings using Portable Adhesion Testers.

1.04

SUBMITTALS


A.
Comply with Section 01330 - Submittal Procedures.

1.
Product substitutions to be submitted by Contractor and approved by Engineer up to 10 days before bid date.

B.
Product Data:  Submit manufacturer's product data, including physical properties, surface preparation, application instructions, and curing.

C.
Test Reports:  Submit manufacturer's test reports of in-place testing performed by an independent testing agency.


D.
Applicator Qualifications:  Submit qualifications of applicator.

1.
Certification stating applicator is licensed and experienced in the application of the specified products.

2.
List of recently completed projects involving coating systems for steel in sanitary sewage immersion service, including project name and location, names of owner and engineer, and description of products used, substrates, and application procedures.

1.05

QUALITY ASSURANCE


A.
Applicator Qualifications:



1.
Licensed and experienced in the application of the specified products.



2.
Employs persons trained for the application of the specified products.

B.
Pre-Application Meeting:  Convene a pre-application meeting two weeks before the start of application of Corrosion Barrier Coating.  Attendance by parties directly affecting work of this section, including the Contractor, Engineer, applicator, and manufacturer's representative is mandatory.  Review surface preparation, application, curing, field quality control, and coordination with other work.

1.06

DELIVERY, STORAGE, AND HANDLING

A.  
Deliver materials to site in manufacturer's original, unopened containers and packaging, with labels clearly identifying product name and manufacturer.


B.
Storage:



1.
Store materials in accordance with manufacturer's instructions.



2.
Keep containers sealed until ready for use.



3.
Store materials in a dry temperature stable environment at between 40 to 80 degrees F.


C.
Handling:  Protect materials during handling and application to prevent damage.

1.07

ENVIRONMENTAL CONDITIONS


A.
Do not apply materials under the following conditions:



1.
Temperatures exceeding the manufacturer's recommended maximum or minimums. 



2.
Dusty or smoke-laden atmosphere.



3.
When the surfaces to be coated are damp or wet.

4.
Surfaces to be coated must be 5 degrees F above the dew point and rising.  Maximum ambient relative humidity shall not exceed 85% during coating application and 24 hours thereafter.

PART 2

PRODUCTS

2.01

MANUFACTURER


A.
Madewell Products Corporation, 7561A Industrial Court, Alpharetta, GA 30004.  




Phone (770) 475-8199.  Fax (770) 475-8167.

2.02

EPOXY CORROSION BARRIER COATING


A.
General:



1.
Materials from single manufacturer.



2.
Materials compatible with substrate and with each other.


B.
Epoxy Surfacer/Void Filler:  Madewell 1312P Void Filler/Surfacer

1.
Composition:  100 percent solids epoxy thixotropic void filler and surfacer, application by trowel.



2.
Thickness:  Varies with surface profile of substrate.



3.
Number of components:  2



4.
Finish:  Smooth 



5.
Color:  Medium gray


C.
Epoxy Corrosion Barrier Coating:  Madewell 1103 Epoxy Coal Tar Coating.



1.
Composition:  100 percent solids, modified epoxy coal tar sprayable coating.



2.
Thickness:  Minimum of 40 mils in 2 coats.



3.
Number of Components:  2.



4.
Finish:  Gloss.



5.
Color:  Black.

PART 3

EXECUTION

3.01

EXAMINATION

A.
Examine surfaces to receive corrosion barrier coating.  Notify the Engineer in writing if surfaces are not acceptable.  Do not begin surface preparation or application until unacceptable conditions have been corrected.

B.
Provide the Engineer with a minimum of 3 days advance notice of completion of surface preparation 
and start of application.

C.
Before application of each material, surfaces to be lined will be inspected by the Engineer.  Correct defects or deficiencies before application of subsequent material.

D.
Inspection by the Engineer or the waiver of inspection of any portion of the work shall not relieve the Contractor of responsibility to perform the work as specified.

3.02

SURFACE PREPARATION

A.
Prepare surfaces in accordance with manufacturer's instructions using blast media that is free from contaminants and suitable to produce the specified profile and surface cleanliness.

B.
Cleaning/Profiling:  Abrasive blast steel surfaces to NACE No. 1 (SSPC-SP 5) White Metal Blast Cleaning to a 2 to 4 mil anchor pattern profile. 

C.
Inspection:  Visually inspect cleaned steel surfaces for degree of cleanliness and measure surface profile in accordance with ASTM D 4417, Standard Test Methods for Field Measurement of Surface Profile of Blast Cleaned Steel using Method C - profile replica tape.

3.04

APPLICATION OF EPOXY CORROSION BARRIER COATING

A.
Fill pitted steel surfaces greater than 1/16” deep with Madewell 1312P mixed and applied in accordance with the manufacturer’s instructions.  


B.
Apply Epoxy Corrosion Barrier Coating in accordance with manufacturer's instructions.

C.
Apply Epoxy Corrosion Barrier Coating as soon as possible after substrate is prepared, in order to prevent surface contamination and to prevent the formation of rust bloom.

D.
Corrosion Barrier Coating Thickness:  Apply a minimum thickness of 40 mils in two coats.

E.  
Stripe coat all sharp edges by brush between coats.  Stripe coating shall be a minimum thickness of 25 mils.

3.05

CURING OF EPOXY CORROSION BARRIER COATING


A.
Foot Traffic:  Allow a minimum cure time of 24 hours at 70 degrees F.

B.
Chemical Service:  Allow a minimum cure time of 48 hours at 70 degrees F.


C.
Curing Conditions:

1.
Continue to protect Epoxy Corrosion Barrier Coating from freezing throughout protection periods specified for cold weather application.

2.
Shelter Epoxy Corrosion Barrier Coating from direct impingement of water 12 hours after application of Corrosion Barrier Coating, depending on substrate temperatures, after which cure sufficiently to be undamaged by water impingement or immersion at ordinary velocities.


D.
Immersion Service:  Reach a tack-free condition before being immersed.

3.06

FIELD QUALITY CONTROL

A.
Field Quality Control Testing:  Performed by the Engineer or NACE International Certified Coatings Inspector at Owner’s expense.


B.
Check application for required minimum dry film thickness (MDFT).


C.
Coated surfaces that fail to meet MDFT requirements will be rejected by the Engineer.


D.
Non-Destructive Dry Film Thickness Tests, SSPC PA-2:

1.
Perform minimum of 1 set of tests for every 500 square feet of surface lined.  Test shall consist of 5 spot measurements of 3 readings each, taken within 2 feet of each other.

2.
The average of the 5 measurements must equal minimum specified thickness, although individual readings may under run this amount by a maximum of 30 percent.

3.
Areas of insufficient thickness shall be marked, cleaned and recoated as directed by the engineer and coating manufacturer

E.
Spot Adhesion Testing of Corrosion Barrier Mortar Coating:
Perform minimum of 1 uniaxial pull-off adhesion test in accordance with ASTM D 4541, for every 1,000 square feet of surface lined.  Minimum acceptable adhesion value shall be 1,000 psi.


F.
Visual and Electrical Inspection for Holidays in Epoxy Corrosion Barrier Coating:

1.
Visual Inspection:  Perform visual inspection for holidays in Epoxy Corrosion Barrier Coating.  Mark areas identified for repair and re-application of Epoxy Corrosion Barrier Coating.

2.
Electrical Inspection:  Perform spark testing in accordance with NACE RP 0188 or as recommended by the manufacturer.  Mark areas identified for repair and reapplication of Epoxy Corrosion Barrier Coating.

3.
Areas Marked for Repair or re-application of Epoxy Corrosion Barrier Coating:  Sand or grind the surface and recoat with specified Epoxy Corrosion Barrier Coating.

END OF SECTION
madewell atmospheric metal coating specification

This specification is for coating metal surfaces, which are subject to atmospheric corrosion.

  SECTION 09850

 COATING SYSTEMS FOR STEEL IN ATMOSPHERIC SERVICE
PART 1

GENERAL

1.01

SECTION INCLUDES

A.
Furnish and install epoxy/aliphatic urethane corrosion barrier coating for steel structures in 

atmospheric service, including spray-applied corrosion barrier coatings, and related surfacing materials for filling pits and surface irregularities which could lead to holidays in the coating film.

1.02

RELATED SECTIONS


A.
Section 03300 - Cast-in-Place Concrete.


B.
Section 03900 - Concrete Restoration and Cleaning.


C.
Section 03935 – Restoration and Corrosion Barrier Composite Liner.


D.
Section 09960 - High-Performance Coatings.

1.03

REFERENCES

A.
SSPC, The Society for Protective Coatings, SSPC PA-2, Measurement of Dry Film Thickness with Magnetic Gages

B.
National Association of Corrosion Engineers International, NACE RP 0188 - Discontinuity (Holiday) Testing of Protective Coatings.

C.
National Association of Corrosion Engineers International, NACE No. 1, White Metal Blast Cleaning.

D.  
National Association of Corrosion Engineers International, NACE RP 0287 – Field Measurement of Surface Profile of Abrasive Blast Cleaned Steel Surfaces Using Replica Tape.

E.  
American Society for Testing and Materials, ASTM D 4417 – Test Method for Field Measurement of Surface Profile of Blast Cleaned Steel.

F.
ASTM D4541 – Test Method for Pull-Off Strength of Coatings using Portable Adhesion Testers.

1.04

SUBMITTALS


A.
Comply with Section 01330 - Submittal Procedures.

1.
Product substitutions to be submitted by Contractor and approved by Engineer up to 10 days before bid date.

B.
Product Data:  Submit manufacturer's product data, including physical properties, surface preparation, application instructions, and curing.

C.
Test Reports:  Submit manufacturer's test reports of in-place testing performed by an independent testing agency.


D.
Applicator Qualifications:  Submit qualifications of applicator.

1.
Certification stating applicator is licensed and experienced in the application of the specified products.

2.
List of recently completed projects involving coating systems for steel in sanitary sewage immersion service, including project name and location, names of owner and engineer, and description of products used, substrates, and application procedures.

1.05

QUALITY ASSURANCE


A.
Applicator Qualifications:



1.
Licensed and experienced in the application of the specified products.



2.
Employs persons trained for the application of the specified products.

B.
Pre-Application Meeting:  Convene a pre-application meeting two weeks before the start of application of Corrosion Barrier Coating.  Attendance by parties directly affecting work of this section, including the Contractor, Engineer, applicator, and manufacturer's representative is mandatory.  Review surface preparation, application, curing, field quality control, and coordination with other work.

1.06

DELIVERY, STORAGE, AND HANDLING

A.  
Deliver materials to site in manufacturer's original, unopened containers and packaging, with labels clearly identifying product name and manufacturer.


B.
Storage:

1.
Store materials in accordance with manufacturer's instructions.



2.
Keep containers sealed until ready for use.



3.
Store materials in a dry temperature stable environment at between 40 to 80 degrees F.


C.
Handling:  Protect materials during handling and application to prevent damage.

1.07

ENVIRONMENTAL CONDITIONS


A.
Do not apply materials under the following conditions:



1.
Temperatures exceeding the manufacturer's recommended maximum or minimums. 



2.
Dusty or smoke-laden atmosphere.



3.
When the surfaces to be coated are damp or wet.

4.
Surfaces to be coated must be 5 degrees F above the dew point and rising.  Maximum ambient relative humidity shall not exceed 85% during coating application and 24 hours thereafter.

PART 2

PRODUCTS

2.01

MANUFACTURER


A.
Madewell Products Corporation, 7561A Industrial Court, Alpharetta, GA 30004.  




Phone (770) 475-8199.  Fax (770) 475-8167.

2.02

EPOXY CORROSION BARRIER COATING


A.
General:



1.
Materials from single manufacturer.



2.
Materials compatible with substrate and with each other.


B.
Epoxy Surfacer/Void Filler:  Madewell 1312P Void Filler/Surfacer

1.
Composition:  100 percent solids epoxy thixotropic void filler and surfacer, application by trowel.



2.
Thickness:  Varies with surface profile of substrate.



3.
Number of components:  2



4.
Finish:  Smooth 



5.
Color:  Medium gray


C.
Epoxy Corrosion Barrier Coating:  Madewell 1312S Epoxy Coating.



1.
Composition:  100 percent solids, modified epoxy sprayable coating.



2.
Thickness:  Minimum of 20 mils in 2 coats.



3.
Number of Components:  2.



4.
Finish:  Gloss.



5.
Color:  As specified by the Project Engineer.


D.
Aliphatic Urethane topcoat:  Madewell 1450 Alphatic Urethane



1.
Composition:  56% solids polyester aliphatic urethane



2.
Thickness:  4 to 6 mils wet.  2 to 3 mils dry.



3.
Number of Components:  2.



4.
Finish:  Gloss



5.
Color:  As specified by the Project Engineer.

PART 3 
EXECUTION

3.01

EXAMINATION

A.
Examine surfaces to receive corrosion barrier coating.  Notify the Engineer in writing if surfaces are not acceptable.  Do not begin surface preparation or application until unacceptable conditions have been corrected.

B.
Provide the Engineer with a minimum of 3 days advance notice of completion of surface preparation and start of application.

C.
Before application of each material, surfaces to be lined will be inspected by the Engineer.  Correct defects or deficiencies before application of subsequent material.

D.
Inspection by the Engineer or the waiver of inspection of any portion of the work shall not relieve the Contractor of responsibility to perform the work as specified.

3.02

SURFACE PREPARATION

A.
Prepare surfaces in accordance with manufacturer's instructions using blast media that is free from contaminants and suitable to produce the specified profile and surface cleanliness.

B.
Cleaning/Profiling:  Abrasive blast steel surfaces to NACE No. 2 (SSPC-SP 10) Near White Metal Blast Cleaning to a 2 to 4 mil anchor pattern profile. 

C.
Inspection:  Visually inspect cleaned steel surfaces for degree of cleanliness and measure surface profile in accordance with ASTM D 4417, Standard Test Methods for Field Measurement of Surface Profile of Blast Cleaned Steel using Method C - profile replica tape.

3.04

APPLICATION OF CORROSION BARRIER COATINGS

A.
Fill pitted steel surfaces greater than 1/16” deep with Madewell 1312P mixed and applied in accordance with the manufacturer’s instructions.  

B.
Apply Epoxy Corrosion Barrier Coating as soon as possible after substrate is prepared, in order to prevent surface contamination and to prevent the formation of rust bloom.

C.
Apply Madewell 1312S Epoxy Coating by airless spray in accordance with manufacturer's instructions at a thickness of 20 mils in two coats.  Each coat of paint shall be a different color as selected by the Project Engineer.

D.
Stripe coat all sharp edges by brush between coats using a third color as specified by the Project Engineer.  Stripe coating shall be a minimum thickness of 5 mils.

E.
Apply a single coat of Madewell 1450 Aliphatic Urethane by airless spray within 24 hours of final application of Madewell 1312S Epoxy Coating.

3.05

CURING OF EPOXY CORROSION BARRIER COATINGS

A.
Foot Traffic:  Allow a minimum cure time of 24 hours at 70 degrees F.


B.
Chemical Service:  Allow a minimum cure time of 48 hours at 70 degrees F.


C.
Curing Conditions:

1.
Continue to protect Epoxy Corrosion Barrier Coating from freezing throughout protection periods specified for cold weather application.

2.
Shelter Epoxy Corrosion Barrier Coating from direct impingement of water 12 hours after application of Corrosion Barrier Coating, depending on substrate temperatures, after which cure sufficiently to be undamaged by water impingement or immersion at ordinary velocities.


D.
Immersion Service:  Reach a tack-free condition before being immersed.

3.06

FIELD QUALITY CONTROL

A.
Field Quality Control Testing:  Performed by the Engineer or NACE International Certified Coatings Inspector at Owner’s expense.


B.
Check application for required minimum dry film thickness (MDFT).


C.
Coated surfaces that fail to meet MDFT requirements will be rejected by the Engineer.


D.
Non-Destructive Dry Film Thickness Tests, SSPC PA-2:

1.
Perform minimum of 1 set of tests for every 500 square feet of surface lined.  Test shall consist of 5 spot measurements of 3 readings each, taken within 2 feet of each other.

2.
The average of the 5 measurements must equal minimum specified thickness, although individual readings may under run this amount by a maximum of 30 percent.

3.
Areas of insufficient thickness shall be marked, cleaned and recoated as directed by the engineer and coating manufacturer

E.
Spot Adhesion Testing of Corrosion Barrier Mortar Coating:
Perform minimum of 1 




uniaxial pull-off adhesion test in accordance with ASTM D 4541, for every 1,000 





square feet of surface lined.  Minimum acceptable adhesion value shall be 1,000 psi.


F.
Visual and Electrical Inspection for Holidays in Epoxy Corrosion Barrier Coating:

1.
Visual Inspection:  Perform visual inspection for holidays in Epoxy Corrosion Barrier Coating.  Mark areas identified for repair and re-application of Epoxy Corrosion Barrier Coating.

2.
Areas Marked for Repair or re-application:  Sand or grind the surface and recoat with specified Epoxy/Aliphatic Urethane Coatings.

END OF SECTION

madewell concrete restoration and corrosion barrier system specification

This specification is for the restoration and installation of a corrosion barrier for concrete that has been damaged due to corrosive chemical attack found in the wastewater treatment industry.

Product Guide Specification

SECTION 03935

RESTORATION AND CORROSION BARRIER

COMPOSITE LINER

(Mainstay® Composite Liner)
PART 1
GENERAL

1.01

SECTION INCLUDES

A.
Restoration and corrosion barrier composite liner for concrete and brick structures.

1.02

RELATED SECTIONS

A.
Section 02500 - Utility Services.

B.
Section 02955 - Restoration of Underground Piping and Utility Units.

C.
Section 03300 - Cast-in-Place Concrete.

D.
Section 03370 - Shotcrete.

E.
Section 03400 - Precast Concrete.

F.
Section 03900 - Concrete Restoration and Cleaning.

G.
Section 09960 - High-Performance Coatings.

H.
Section 09980 - Coatings for Concrete and Masonry.

1.03

REFERENCES

A.
ACI 305R - Hot Weather Concreting.

B.
ACI 503R - Use of Epoxy Compounds for Coating Concrete.

C.
ASTM C 78 - Flexural Strength of Concrete (Using Simple Beam With Third-Point Loading).

D.
ASTM C 109 - Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube Specimens).

E.
ASTM C 157 - Length Change of Hardened Hydraulic-Cement Mortar and Concrete.

F.
ASTM C 876 - Half-Cell Potentials of Uncoated Reinforcing Steel in Concrete.

G.
ASTM D 4138 - Measurement of Dry Film Thickness of Protective Coating Systems by Destructive Means.

H.
International Concrete Repair Institute (ICRI) Technical Guideline No. 03730 - Surface Preparation Guidelines for the Repair of Deteriorated Concrete Resulting From Reinforcing Steel Corrosion.

I.
National Association of Corrosion Engineers International, NACE RP 0188 - Discontinuity (Holiday) Testing of Protective Coatings.

1.04

SUBMITTALS

A.
Comply with Section 01330 - Submittal Procedures.

1.
Product substitutions to be submitted by Contractor and approved by Engineer at least ten (10) days before bid date.

B.
Product Data:  Submit manufacturer’s product data, including physical properties, surface preparation, application instructions, and curing instructions.

C.
Test Reports:  Submit manufacturer’s test reports of in-place testing performed by an independent testing agency including: County of Los Angeles (Redner Report) testing program results and independent in-situ test results, City of Los Angles Hyperion Intake Chamber test results or City of Monterey Regional Water Pollution Control Agency test results (Jaques/Holden).

D.
List of three (3) Restoration and Corrosion Barrier Composite Liner projects, with at least three (3) years of successful service history, including project’s name and location, names of owner and engineer, and description of products used, substrates, and application procedures.  As a minimum, at least one of three projects must be accessible for physical inspection prior to acceptance of restoration mortar/corrosion barrier mortar system.

Written certification that both the Restoration Mortar and Corrosion Barrier Mortar were applied consecutively (essentially simultaneously) on each of the three (3) projects submitted (both products applied within 8 to 12 hours of each other).

E.
Certification that all products (restoration mortar and corrosion barrier mortar) are from a single source.  Single source being defined as a single entity (person or company) that owns all rights to both the restoration mortar and corrosion barrier mortar formulations and testing data.

F.
Applicator Qualifications:  Submit qualifications of applicator.

1.
Certification by the manufacturer stating that the applicator is trained and approved in the application of the specified products.

1.05

QUALITY ASSURANCE

A.
Applicator Qualifications:

1.
Trained and approved by the manufacturer in the application of the specified products.

2.
Employs persons trained for the application of the specified products.

B.
Pre-Application Meeting:  Convene a pre-application meeting two (2) weeks before the start of application of Restoration and Corrosion Barrier Composite Liner.  Require attendance of parties directly affecting work of this section, including the Contractor, Engineer, applicator, and manufacturer’s representative.  Review surface preparation, application, curing, field quality control, and coordination with other work.

1.06

DELIVERY, STORAGE, AND HANDLING

A.
Delivery:  Deliver materials to site in manufacturer’s original, unopened containers and packaging, with labels clearly identifying product name and manufacturer.

B.
Storage:

1.
Store materials in accordance with manufacturer’s instructions.

2.
Keep containers sealed until ready for use.

3.
Store materials in a cool dry environment.

4.
Storage Temperature of Corrosion Barrier Mortar:  40 to 80 degrees F.

C.
Handling:  Protect materials during handling and application to prevent damage.

1.07

ENVIRONMENTAL CONDITIONS

A.
Do not apply materials under the following conditions:

1.
Temperatures exceeding the manufacturer’s recommended maximum or minimum allowable.

2.
Dusty or smoke-laden atmosphere.

3.
Over flowing water.

PART 2
PRODUCTS

2.01

MANUFACTURER

A.
Madewell Products Corporation, 7561A Industrial Court, Alpharetta, Georgia 30004.  Phone (770) 475-8199.  Fax (770) 475-8167 Internet: www.madewell.com.

2.02

RESTORATION AND CORROSION BARRIER COMPOSITE LINER

A.
General:

1.
Restoration mortar and corrosion barrier mortar from single manufacturer.

2.
Materials compatible with substrate and with each other.  Materials must have a minimum of three years of successful service history in aggressive sewer environments where the restoration mortar and corrosion barrier mortar were applied simultaneously (the same day).

3.
Corrosion Barrier Mortar approved for use by City and County of Los Angeles testing program (by Redner) with a perfect score of 3 (imperfect scores higher than 3 are not acceptable).

4.
In-place testing by City and County of Los Angeles Hyperion intake chamber testing or Monterey Regional Water Pollution Control Agency protective coatings evaluation (by Jaques / Holden).

B.
Hydraulic Cement Mortar:  Mainstay ML-10.  Fast-setting mortar used to stop leaks through cracks and holes.

1.
Composition:  Blend of hydraulic cements and fillers.

2.
Compressive Strength, ASTM C 109:

a.
1 Day:  3,500 psi.


b.
7 Days:  4,900 psi.

c.
28 Days:  5,500 psi.

3.
Tensile Strength, ASTM C 190:

a.
7 Days:  290 psi.

b.
28 Days:  575 psi.

4.
Working Time:  45 to 90 seconds at 77 degrees F.

5.
Color:  Dark gray.

C.
Restoration Mortar:  Mainstay ML-72 Sprayable Microsilica Cement Mortar.  Low shrinkage, high strength, polymer modified, sprayable microsilica mortar.

1.
Composition:  Blend of cements, microsilica, thermoplastic fibers, densifiers, polymer admixtures, and modifiers.  Not to contain calcium aluminate cements or aggregates.

2.
Compressive Strength, ASTM C 109:

a.
2 Days:  3,875 psi.

b.
7 Days:  4,550 psi.

c.
14 Days:  5,640 psi.

d.
28 Days:  6,190 psi.

3.
Flexural Strength, ASTM C 78:

a.
7 Days:  825 psi.

b.
28 Days:  985 psi.

4.
Tensile Strength, ASTM C 190:

a.
7 Days:  290 psi.

b.
28 Days:  575 psi.

5.
Shrinkage, ASTM C 157, Modified:

a.
28 Days:  0.04 percent.

6.
Uniaxial Tensile Bond Strength, ACI 503R, Appendix A:

a.
28 Days:  Greater than 500 psi over high strength concrete (5,000 psi compression strength concrete - bond strength governed by substrate tensile strength).  Minimum acceptable bond = 145 psi.

7.
Color:  Dark gray.

D.
Corrosion Barrier Mortar:  Mainstay DS-4 Epoxy Coal Tar Mortar.

1.
Composition:  100 percent solids, modified epoxy coal tar sprayable Mortar.

2.
Thickness:  Minimum of 100 mils in 1 or 2 coats.

3.
Number of Components:  2.

4.
Finish:  Gloss.

5.
Color:  Black.

PART 3
EXECUTION

3.01

EXAMINATION

A.
Examine surfaces to receive restoration mortar.  Notify the Engineer in writing if surfaces are not acceptable.  Do not begin surface preparation or application until unacceptable conditions have been corrected.

B.
Provide the Engineer with a minimum of three (3) days’ advance notice of completion of surface preparation and start of application.

C.
Before application of each material, surfaces to be lined will be inspected by the Engineer.  Correct defects or deficiencies before application of subsequent material.

D.
Inspection by the Engineer or the waiver of inspection of any portion of the work shall not relieve the Contractor of responsibility to perform the work as specified.

3.02

SURFACE PREPARATION

A.
Prepare surfaces in accordance with manufacturer’s instructions.

B.
Cleaning:  Clean surfaces by water or abrasive blasting, or hand or power tools as required to remove all unsound concrete, contaminants, dirt, debris, and deteriorated reinforcing steel.

C.
Inspection:

1.
Inspect cleaned surfaces to identify and mark corroded reinforcing steel, and to locate cracks, leaks, and joints.

2.
If indicated, perform electrical potential testing in accordance with ASTM C 876.

D.
Replace or treat corroded reinforcing steel, repair cracks and leaks, and treat joints in accordance with manufacturer’s instructions and as approved by the Engineer.

E.
Refer to ICRI Technical Guideline No. 03730 - Surface Preparation Guidelines for the Repair of Deteriorated Concrete Resulting From Reinforcing Steel Corrosion.

F.
Apply Madewell 1312P epoxy putty after cleaning reinforcing steel to protect the steel from contamination and re-rusting.

G.
Prepare surfaces to have a minimum profile of 1/16 inch, with aggregate exposed.

H.
Inspect surfaces for soundness.

I.
Saturate all surfaces thoroughly with clean water.

J.
Apply restoration mortar as soon as water sheen is no longer visible (saturated surface dry).

K.
Hydrostatic Leak Correction:

1.
Stop visible hydrostatic leaks by application of Mainstay ML-10 hydraulic cement mortar, after completion of surface preparation.

a.
Mix only 1 to 2 pounds of Mainstay ML-10 at a time.

b.
Add water to form a viscous mass with consistency of modeling clay.

c.
Apply by hand or trowel.

d.
Press mixed material firmly into place, starting at top of leak and working downward.

2.
Inject flowing leaks or cracks using a suitable polymer gel or foam approved by the Engineer.  Remove excess or spilled material from concrete surface before application of restoration mortar.

3.03

APPLICATION OF RESTORATION MORTAR

A.
Apply restoration mortar in accordance with manufacturer’s instructions.

B.
Apply by 1 of the following methods:

1.
Low pressure, low volume spray equipment (rotor/stator or piston pumps such as those manufactured by Putzmeister).

2.
Wet mix shotcrete equipment.

3.
Hand trowel into place.

C.
Apply uniformly to substrate to the specified thickness.

D.
Do not trap air in corners, behind exposed reinforcing steel, or between lifts.

E.
Mortar Thickness:  Apply a minimum thickness of ½ inch above peaks of existing profile after surface preparation.

F.
Finishing:  Finish surface with wood float, sponge float, broom, or brush to produce a textured surface to apply Corrosion Barrier Mortar.

G.
Hot Weather Application:

1.
Follow manufacturer’s instructions to reduce evaporation rate of surface moisture until Corrosion Barrier Mortar can be applied.

2.
If applying mortar under conditions such as high temperatures of mortar, substrate, or air; high winds; and low humidity; alone or in combination; rapid evaporation of surface moisture can occur and cause plastic shrinkage cracking.  Apply Mainstay DS-4 Epoxy Corrosion Barrier Mortar or Madewell 927 primer/ sealer a maximum of 1 hour after placing Mainstay ML-72 Restoration Mortar.

3.
If conditions prevent application of Epoxy Corrosion Barrier Mortar or primer, refer to 
ACI 305R-91, Figure 2.1.5 to estimate the evaporation rate of surface moisture from the mortar, based on temperatures, relative humidity, and wind velocity.  Cover with plastic film or wet burlap to limit evaporation rate to a maximum of 0.1 pounds per square foot per hour.

H.
Cold Weather Application:

1.
Follow manufacturer’s instructions for minimum application temperature and minimum number of days to protect from freezing.

2.
During cold weather (a period when for more than 3 successive days the average daily outdoor temperature drops below 40 degrees F) place Mainstay ML-72 mortar at a minimum temperature of 55 degrees F and protect mortar from freezing for a minimum period of 3 days at a temperature between 55 and 75 degrees F.  Gradually reduce mortar temperature during the protection period so that the final 24 hours is held as close to 55 degrees F as practical.

3.
During periods not defined as cold weather, but when freezing temperatures may occur, protect the mortar against freezing as specified for cold weather for the first 24 hours after application.

3.04

APPLICATION OF EPOXY CORROSION BARRIER MORTAR

A.
Apply Epoxy Corrosion Barrier Mortar in accordance with manufacturer’s instructions.

B.
Apply Epoxy Corrosion Barrier Mortar soon as possible after finishing of restoration mortar, but before it is allowed to cure for more than 8 to 12 hours, depending on conditions.  If the Epoxy Corrosion Barrier cannot be applied within this time frame, the surface of the Restoration Mortar shall be primed with Madewell 927 Penetrating Primer to hold the surface for up to 72 hours (assuming the primed surface will not become contaminated during that time).

C.
Do not allow surface contamination to the finished restoration mortar before application of Epoxy Corrosion Barrier Mortar.

D.
Corrosion Barrier Mortar Thickness:  Apply a minimum thickness of [60] [100] mils.

3.05

CURING OF CORROSION BARRIER MORTAR

A.
Foot Traffic:  Allow a minimum cure time of 24 hours at 70 degrees F.

B.
Chemical Service:  Allow a minimum cure time of three days at 72 degrees F.

C.
Curing Conditions:

1.
Continue to protect Composite Liner from freezing throughout protection periods specified for cold weather application.

2.
Shelter Composite Liner from direct impingement of water until 1 to 3 hours after application of Corrosion Barrier Mortar, depending on substrate temperatures, after which cure sufficiently to be undamaged by water impingement or immersion at ordinary velocities.

3.
Sanitary Sewer Systems:  It may be necessary to plug services or main lines temporarily in order to achieve these environmental conditions, but bypass pumping should seldom be required.

D.
Immersion Service:  Reach a tack-free condition before being immersed.

3.06

FIELD QUALITY CONTROL

A.
Field Quality Control Testing:  Performed by the Engineer or a NACE International Certified Coating Inspector at the Owner’s expense.

B.
Field Mock up.  For projects greater than 3000 ft2, the contractor shall install a 5’ x 5’ field mockup to be tested in accordance with C, D, and E below before additional application work can proceed. 

C.
Destructive Dry Film Thickness Tests, ASTM D 4138:

1.
Perform 1 test for every 500 square feet of surface lined.  If the thickness is correct, no further testing is required for that area.

2.
If the initial thickness test does not indicate correct film thickness, an additional 4 measurements will be made; the average of which must equal minimum specified thickness, although individual measurements may under run this amount by a maximum of 20 percent.

3.
Any area that does not meet the specified thickness as tested in 1 and 2 above, shall receive additional Epoxy Corrosion Barrier (depending on the time and environment, additional surface preparation may be required).

4.
If the areas tested are of proper thickness, destructive test sites shall be repaired with the appropriate barrier mortar at the contractor’s expense prior to placing the system into service.

D.
Spot Adhesion Testing of Restoration and Corrosion Barrier Composite Liner to Substrate:

1.
Perform minimum of 1 uniaxial pull-off adhesion test for every 500 square feet of surface lined.

2.
Remove and replace areas not meeting required 145 psi at 28 days minimum adhesion requirement.

3.
If the condition of the substrate is such that minimum pull off adhesion requirement cannot be met by removal of the upper ¼” of the substrate, work shall not proceed until a course of corrective action has been determined that will effectively produce the required adhesion results.  When an effective course of remedial action has been determined, the owner’s representative and the contractor shall negotiate a mutually agreeable settlement to cover the costs associated with the surface evaluation and remedial action.

E.
Visual and Electrical Inspection for Holidays in Epoxy Corrosion Barrier Mortar:

1.
Visual Inspection:  Perform visual inspection for holidays in Corrosion Barrier Mortar.  Mark areas identified for repair and reapplication of Corrosion Barrier Mortar.

2.
Electrical Inspection:  Perform spark testing in accordance with NACE RP 0188 or as recommended by the manufacturer.  Mark areas identified for repair and reapplication of Corrosion Barrier Mortar.

3.
Areas Marked for Repair or reapplication of Epoxy Corrosion Barrier Mortar:  Sand or grind down to substrate, clean, spray with Madewell 927 primer/sealer, and recoat with specified Mainstay Corrosion Barrier Mortar.

END OF SECTION

madewell license installers

The following represents a list of licensed, approved Madewell Products contractor/installers:

Steele & Associates, Inc. – Jeff Steele, President 

7561A Industrial Court

Alpharetta, GA 30004

Phone:  (770) 475-8199

Fax:  (770) 475-8167

Steele & Associates, Inc. is a sister company of Madewell Products Corporation, and could perform a turnkey installation of the Mainstay Composite Liner system.

Monoform, Inc. – Ken Bowen, President

P.O. Box 200297

Austin, Texas 78720

Phone:  (512) 303-9820

Fax:  (512) 303-4806

Infratech, Inc. – Bob Thul, President

21040 Commerce Blvd.

Rogers, MN  55374


Phone:  (612) 428-6488





Fax:  (612) 428-6489

Protective Finishes, Inc. – Bill Black, President

6638 E. Orchard Place

Englewood, CO  80111

Phone:  (303) 267-0520

Fax:  (303) 267-0521

Pacific Liners, Inc. – Jay Fox, President

70 Union Way

Vacaville, CA  95687

Phone:  (707) 446-8222

Fax:  (707) 447-3361

concrete crack repair procedure

This procedure is a general approach to repairing cracks in concrete.  The information was taken directly from the book Concrete Repair and Maintenance Illustrated by Peter H. Emmons, “Introduction to Surface Preparation”, pages 138 to 142.  

Surface preparation is the major key to the effective repair of cracks in concrete.  Surface repair involves the process of conditioning the existing concrete to receive repair materials.  Conditioning is required to remove deteriorated, contaminated, or damaged concrete to provide surfaces that will promote bonding of the repair materials.  The surface preparation process is one of the most critical phases of site work.  Without proper understanding and care, the necessary requirements will most likely not be met.  

Many techniques are available to perform various aspects of concrete removal and cleaning.  Each method has specific advantages and limitations.  Much of the removal work is still done by small hand-held chipping hammers (15# class) because of their mobility and versatility.  New technology is, however, continuously being developed.  Hydrodemolition and hydromilling are two of the latest methods.  

The quality of the surface preparation may be best addressed in conjunction with the in-place repair material.  Evaluation of the complete system (substrate/interface/repair materials) can be accomplished by direct tension (uniaxial) pull-off testing.  Performance can be evaluated qualitatively based on the location of the breaking surface and quantitatively by measuring the tension stress at failure.

This procedure addresses such topics as general removals, edge conditioning, undercutting of bars, and surface conditioning.  Emphasis is placed on surfaces involving corroded reinforcement.

Please click on each of the links below to access the individual pages taken from the book Concrete Repair and Maintenance Illustrated by Peter H. Emmons.  These files are in “. pdf” format, and thus require Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  These files are stored on the removable ZIP disk along with this report.  The “Hyperlink” to the PDF file specifies that the “Drive Letter” for the ZIP Drive is “H:\”.  If your ZIP Drive specifies a different drive letter, you will need to edit the “Hyperlink Path” to this file specifying the proper drive letter for your ZIP Drive.  

Concrete Repair Page No. 1
Concrete Repair Page No. 2
Concrete Repair Page No. 3
Concrete Repair Page No. 4
Madewell Crack Repair Drawing
madewell coating products

Please click on each of the links below to access the individual literature data sheets for the products named in the specification.  These files are in “.pdf” format, and thus require Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  These files are stored on the removable ZIP disk along with this report.  The “Hyperlink” to the PDF file specifies that the “Drive Letter” for the ZIP Drive is “H:\”.  If your ZIP Drive specifies a different drive letter, you will need to edit the “Hyperlink Path” to this file specifying the proper drive letter for your ZIP Drive.  

Madewell ML-10 Hydraulic Cement Mortar
Madewell ML-72 Sprayable Micro-Silica Mortar
Madewell DS-4 Corrosion Barrier Mortar
Madewell 927 Penetrating Epoxy Primer Sealer
Madewell 1103 100% Solids Epoxy Coal Tar Coating
Madewell 1312-S 100% Solids Epoxy Coating – Primary Coat
Madewell 1450 Alphatic Polyurethane Coating – Outer Coat
Madewell 1312-E Epoxy Saturant
Madewell 806 100% Solids Flexible Epoxy 

central plastics stacwrap

Please click on the link below to access the individual literature data sheets for Central Plastics StacWrap.  These files are in a “.pdf” format, and thus require Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  These files are stored on the removable ZIP disk along with this report.  The “Hyperlink” to the PDF file specifies that the “Drive Letter” for the ZIP Drive is “H:\”.  If your ZIP Drive specifies a different drive letter, you will need to edit the “Hyperlink Path” to this file specifying the proper drive letter for your ZIP Drive.  

Central Plastics StacWrap
psi gasket and flange insulation kits

Please click on each of the links below to access the individual literature data sheets for PSI’s Sealing Gaskets and Flange Insulation Kits.  These files are in “.pdf” format, and thus require Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  These files are stored on the removable ZIP disk along with this report.  The “Hyperlink” to the PDF file specifies that the “Drive Letter” for the ZIP Drive is “H:\”.  If your ZIP Drive specifies a different drive letter, you will need to edit the “Hyperlink Path” to this file specifying the proper drive letter for your ZIP Drive.  

PSI Sealing Gaskets
PSI Flange Insulation Kits
Scott/bacharach gas detectors

Please click on each of the links below to access the individual literature data sheets for the Scott/Bacharach Gas Detectors.  These files are in “.pdf” format, and thus require Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  These files are stored on the removable ZIP disk along with this report.  The “Hyperlink” to the PDF file specifies that the “Drive Letter” for the ZIP Drive is “H:\”.  If your ZIP Drive specifies a different drive letter, you will need to edit the “Hyperlink Path” to this file specifying the proper drive letter for your ZIP Drive.  

Scott Portable Gas Detectors
Scott Fixed System Gas Detectors
Scott Portable, Four gas Detector
corrosion measurement equipment

Please click on each of the links below to access the individual literature data sheets for the instruments used in monitoring the effectiveness of cathodic protection systems.  These files are in “.pdf” format, and thus require Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  These files are stored on the removable ZIP disk along with this report.  The “Hyperlink” to the PDF file specifies that the “Drive Letter” for the ZIP Drive is “H:\”.  If your ZIP Drive specifies a different drive letter, you will need to edit the “Hyperlink Path” to this file specifying the proper drive letter for your ZIP Drive.  

Fluke Multimeter Features and Benefits – 70 Series
Fluke Multimeter Extended Specifications – 70 Series
Fluke Multimeter Operators Manual – 70 Series
Tinker & Rasor Reference Cells
Reference Information

This section of the report provides reference information for use in determining potential galvanic (dissimilar metals) “corrosion cells” and a selection guide for gaskets subject to different chemicals. 

galvanic series of metals

The table, which follows, is known as the “Galvanic Series of Metals”.  The metal and alloy relationships were taken from data obtained by immersing the different metals and alloys in seawater at a constant temperature of 250 C.  The table’s primary use is in determining which metal will become anodic to another when both metals are immersed in the same electrolyte, and there is a metallic path between the two metals (Dissimilar Metals Corrosion Cell).  To use this table, one simply looks up the two metals in question, and determines which metal is more active.  The more active metal becomes anodic to the more noble metal that becomes cathodic.  In this chart, the metals have been presented in an active to passive ranking, with the most active metal being at the top of the list and the most passive metal being at the bottom of this list.  Consequently, when considering two metals, the metal that comes first in the list will always become anodic to the metal lower in the list, which becomes cathodic.  The magnitude in the potential difference of any two metals combined with the electrolyte resistivity determines how much current will flow.  The more current that flows between the two metals is directly proportional to how much anodic metal corrodes and goes into its oxide state.  This is called the corrosion rate of a metal and is measured in pounds per amp year.

GALVANIC SERIES OF METALS

	ACTIVE VS PASSIVE
	METAL

	Active End

Anodic

(Less Noble)

Passive End

Cathodic

(Noble)
	Magnesium 

	
	Magnesium Alloy – High Potential

	
	Magnesium Alloy – H1 (AZ63)

	
	Zinc 

	
	Galvanized Steel

	
	Aluminum 1100

	
	Aluminum 6053

	
	Alclad

	
	Cadmium

	
	Aluminum 2024 (4.5 Cu, 1.5 Mg, 0.6 Mn)

	
	Mild steel

	
	Wrought Iron

	
	Cast Iron

	
	13% Chromium Stainless Steel

     Type 410 (Active)

	
	Nickel-Resistant (High Ni cast Iron)

	
	18-8 Stainless Steel

     Type 304 (Active)

	
	18-8 Mo Stainless Steel (Active)

	
	18-12-3 Stainless Steel

     Type 316 (Active)

	
	Lead-Tin Solders

	
	Lead

	
	Tin

	
	Muntz Metal

	
	Manganese Bronze

	
	Naval Brass

	
	Nickel (Active) 

	
	Inconel (Active)

	
	76 Ni - 16 Cr - 7 Fe Alloy (Active)

	
	Hastelloy B (60 Ni - 30 Mo - 6 Fe - 1 Mn)

	
	Chlorimet 2 (66 Ni - 32 Mo - 1 Fe)

	
	Yellow Brass

	
	Admiralty Brass

	
	Aluminum Brass

	
	Red Brass

	
	Copper

	
	Silicon Bronze

	
	Cupronickels (60 – 90 Cu, 40 – 10 Ni)

	
	Monel (70 Ni  - 30 Cu)

	
	G – Bronze

	
	M – Bronze

	
	Silver Solder

	
	Nickel (Passive)

	
	Inconel (Passive: 80 Ni - 13 Cr - 7 Fe) 

	
	Chromium Stainless Steel

(Passive: 76 Ni - 16 Cr - 7 Fe)

	
	Monel (67 Ni - 33 Cu)

	
	13% Chromium Stainless Steel

     Type 410 (Passive)

	
	Titanium

	
	18-8 Stainless Steel 

     Type 304 (Passive)

	
	18-8 Mo Stainless Steel (Passive)

	
	18-12-3 stainless Steel

     Type 316 (Passive)

	
	Hastelloy C (62 Ni - 17 Cr - 15 Mo)

	
	Chlorimet 3 (62 Ni - 18 Cr - 18 Mo)

	
	Silver 

	
	Graphite

	
	Gold 

	
	Platinum


petrolatum tape chemical compatibility

 CENTRAL PLASTICS STACWRAP PETROLATUM TAPE

Chemical compatibility CHART

	
	
	3 MONTHS’
	12 MONTHS’

	CHEMICAL
	CONCENTRATION
	IMMERSION
	IMMERSION

	Nitric Acid
	50%

10%
	Total Loss

Excellent
	Total Loss

Poor

	Sulphuric Acid
	10%

25%

50%
	Very Poor

Very Poor

Very Poor
	Poor

Poor

Total Loss

	Phosphoric Acid
	50%

95%
	Very Poor

Good
	Total Loss

Good

	Hydrochloric Acid
	10%

Concentrated
	Excellent

Total Loss
	Poor

Total Loss

	Hydrobromic Acid
	10%

Concentrated
	Excellent

Very Poor
	Poor

Total Loss

	Hydroflouric Acid
	10%

25%
	Good

Good
	Excellent

Total Loss

	Acetic Acid
	10%

Glacial
	Good

Poor
	Good

Poor

	Formic Acid
	10%
	Excellent
	Good

	Lactic Acid
	10%
	Excellent
	Good

	Boric Acid
	7%
	Excellent
	Good

	Tartaric Acid
	10%
	Excellent
	Excellent

	Oxalic Acid
	10%
	Excellent
	Excellent

	Citric Acid
	10%
	Excellent
	Excellent

	Ammonia
	.860
	Excellent
	Excellent

	Sodium Hydroxide
	5%

20%
	Excellent

Excellent
	Excellent

Excellent

	Potassium Hydroxide
	5%

20%
	Excellent

Excellent
	Excellent

Excellent

	Sodium Carbonate
	20%
	Excellent
	Excellent

	Ammonium Sulphate
	20%
	Excellent
	Excellent

	Sodium Chloride
	20%
	Excellent
	Good

	Hydrogen Peroxide
	20 Vol.
	Excellent
	Excellent


The chemical resistance information submitted in Table I is provided as a guide only to the performance of petrolatum tape that might be experienced in immersion service in the chemicals listed.  Realistically, except for dock piling applications, petrolatum tapes are most commonly exposed to either atmospheric or underground applications.  Therefore, petrolatum tape when exposed to splashes, spills, and fumes of the listed chemicals, may perform quite satisfactorily even though in immersion, the tape may be adversely affected.

The user of petrolatum tape is advised that because it is a petroleum-based product, petrolatum tape should NEVER be used to wrap liquid chlorine lines or tanks.  Performance should be satisfactory when exposed to vent fumes of chlorine.

Prior to the application of petrolatum tape to any surface previously exposed to ammonium sulphate, the surface must be thoroughly scrubbed with common baking soda and then rinsed, preferably with hot water.  This procedure is best accomplished after hand or power tool cleaning and before the applications of the tape.

Petrolatum tape is not recommended for service in severe splashes, spills, and fumes of copper sulphate.

Petrolatum tapes normally perform quite well in pH ranges or 2-11 (splash, spill, and fume).  Highly alkaline environments above pH of 11 will in most cases seriously degrade the petrolatum.

Because petrolatum is a petroleum-based product, it should not be used in continuous exposure to splashes, spills, and drippings of refined petroleum products.

gasket and flange insulation kit specification

There is specific information that is needed in specifying a gasket and/or a flange insulation kit.  The specific information required to properly purchase a gasket for an ANSI rated pipe flange is as follows:

1. Pipe flange size in inches (example: 6”)

2. Flange ANSI rating (example: 150 ANSI)

3. Gasket Style (example: Linebacker)

4. Retainer Material (example: Phenolic) Check the “Chemical Compatibility Chart” in the next section.  

5. Sealing Material (example: Nitrile) Check the “Chemical Compatibility Chart” in the next section.  

6. Gasket Type (example: Type E) Gaskets for standard ANSI flanges may be purchased with or without holes through which the flange bolts may pass.  Type “E” gaskets have the bolt holes and Type “F” does not.

To specify a flange insulation kit, the same information is required to specify a gasket including the following additional information:

1. Insulating Sleeve Material (example: Mylar Sleeves)

2. Washer Material (example: Phenolic Washers)

3. Washer Set (example: Double Washer Sets) One has the option of ordering single or double washer sets.  It is purely a subjective opinion as to what is specified for this constraint.

The following table represents specific gasket and flange insulation kit recommendations as it relates to certain media applications found at the Ft. Lewis facility:

	Piped Chemical/Media *
	Gasket Description
	Flange Insulation Kit Add’l Description

	Aluminum Chloride Hydroxide – Aqueous
	LineBacker G-11 Retainer, Buna N Seal
	Mylar Sleeves, G-11 Washers

	Stabilized Sodium Thiosulfate
	LineBacker Phenolic Retainer, Viton Seal
	Mylar Sleeves, Phenolic Washers

	Polyaluminum Chloride – Aqueous
	LineBacker Phenolic Retainer, Nitrile Seal
	Mylar Sleeves, Phenolic Washers

	Sodium Hypochlorite Solution
	LineBacker G-10 Retainer, Viton Seal
	Mylar Sleeves, G-10 Washers

	Calcium Hypochlorite Granular 65%
	Teflon Sheet Gasket
	Mylar Sleeves, Phenolic Washers

	Raw Sewage Effluent
	LineBacker G-10 Retainer, Teflon Seal
	Mylar Sleeves, G-10 Washers

	Bleach (Chorine)
	LineBacker G-10 Retainer, Viton Seal
	Mylar Sleeves, G-10 Washers

	Methane Gas
	LineBacker Phenolic Retainer, Nitrile Seal
	Mylar Sleeves, Phenolic Washers

	Boiler Water 1600 F
	LineBacker G-10 Retainer, Viton Seal
	Mylar sleeves, G10 Washers

	Potable Water
	LineBacker G-10 Retainer, Nitrile Seal 
	Mylar Sleeves, Phenolic Washers


* All recommendations for piped chemicals and media are based on ambient temperatures.

If the application is not listed in table above, then call Allied Corrosion Industries, Inc. for assistance.  The information that you will need to have available for a proper specification is as follows:

1. Maximum pressure of the media being pumped.

2. Minimum and maximum temperatures that the gasket will experience during its life.

3. Media description, MSDA sheets depicting the media’s chemical composition, along with the manufacturer name and contact information.

4. Pipe Size.

5. Flange ANSI Rating.

6. Desired Gasket Style

7. Desired Gasket Type

8. Gasket only or Flange Insulation Kit required.

9. If a Flange Insulation Kit is to be recommended, whether or not Double Washer Sets are required.       

gasket chemcial compatibility chart

This section contains a chemical compatibility chart for the purposes of determining which flange gasket retainer and sealing materials are compatible with the more common medias found in today’s industry.  If the desired media application does not exist in the chart, then consult Allied Corrosion Industries, Inc. 

SEALING GASKETS AND FLANGE INSULATION GUIDELINE CHART

B = BEST CHOICE – BY INDUSTRY USAGE FREQUENCY          S = SUGGESTED WITH SOME PRECAUTIONS

M = MEDIUM COMPATIBILITY – MANY PRECAUTIONS              L = LOW COMPATIBILITY – NOT RECOMMENDED

CAUTION: 
MATERIAL SELECTION IS AT THE SOLE RISK OF THE USER.  ANY ADDITIVE OR CONTAMINANT IN PRODUCTS LISTED BELOW OR TEMPERATURE EXTREMES WILL AFFECT THE COMPATIBILITY AND SAFE USE OF ANY GASKET MATERIAL OR SEALING ELEMENT.  CONSULT WITH A SPECIALIST OR ACI PERSONNEL

	RETAINER/SEAL
	GASOLINE
	NATURAL

GAS
	SOUR

GAS
	AMMONIA
	HYDROGEN
	OXYGEN
	JET

FUEL
	POTABLE

WATER
	STEAM TO 

450 ( F
	HIGH TEMP TO

600( F NON STEAM
	CRYOGENIC
	OIL
	CRUDE

OIL
	PROPANE
	TOLULENE

	Plain Phenolic
	L
	L
	L
	L
	L
	
	L
	L
	L
	L
	L
	L
	L
	L
	L

	Red Devil
	L
	L
	
	L
	 
	C
	
	
	
	S
	
	
	
	
	

	Yellow Jacket
	
	
	
	
	
	O
	
	
	S
	 
	
	
	
	
	

	Neopene Phenolic
	L
	M
	L
	S
	L
	N
	L
	S
	L
	L
	L
	L
	L
	L
	L

	Thrift Pack
	L
	M
	L
	M
	L
	S
	L
	M
	L
	L
	L
	L
	L
	L
	L

	Phenolic/Neo
	L
	M
	S
	S
	L
	U
	L
	S
	L
	L
	L
	L
	L
	L
	L

	Phenolic/Nitrile
	M
	S
	S
	L
	L
	L
	S
	S
	L
	L
	L
	B
	S
	L
	L

	Phenolic/Viton
	M
	S
	B
	L
	S
	T
	S
	S
	L
	L
	L
	S
	S
	L
	L

	G-3/Nitrile
	M
	S
	M
	L
	L
	
	S
	S
	L
	L
	L
	S
	S
	L
	L

	G-3/Viton
	M
	S
	S
	L
	L
	
	S
	S
	L
	L
	L
	S
	S
	L
	L

	G-3/Neoprene
	L
	M
	L
	S
	L
	F
	L
	S
	L
	L
	L
	L
	L
	L
	L

	G-3/Teflon
	M
	S
	S
	S
	L
	A
	S
	S
	350(
	L
	L
	S
	S
	L
	L

	G-10/Nitrile
	S
	B
	S
	L
	L
	C
	S
	B
	L
	L
	L
	S
	S
	B
	M

	G-10/Viton
	B
	S
	S
	L
	S
	T
	B
	S
	L
	L
	L
	S
	S
	M
	S

	G-10/Neoprene
	M
	M
	L
	S
	L
	O
	L
	S
	L
	L
	L
	L
	L
	L
	L

	G-10/Teflon
	B
	S
	S
	S
	S
	R
	S
	S
	L
	L
	S
	S
	B
	B
	B

	G-11/Nitrile
	M
	S
	S
	L
	L
	Y
	S
	S
	L
	L
	L
	S
	S
	M
	L

	G-11/Viton
	M
	S
	S
	L
	S
	
	S
	S
	L
	L
	L
	S
	S
	M
	M

	G-11/Neoprene
	L
	M
	L
	S
	L
	
	L
	S
	L
	L
	L
	
	L
	L
	L

	G-11/Teflon
	M
	S
	S
	S
	S
	
	S
	S
	L
	L
	S
	S
	B
	M
	M

	LB G-10/Vit

RTJ Double Seal
	M
	B
	B
	L
	S
	
	B
	S
	L
	L
	L
	S
	B
	S
	B

	Flangemate Non-Insulated
	B
	B
	B
	B
	B
	
	B
	B
	B
	B
	B
	B
	B
	B
	B


The foregoing performance data are intended as guidelines only, and are based on assumptions of general and reasonable use.  The user should determine performance suitability for any specific applications.  ACI’s responsibilities will be limited to those listed in the ACI standard warranties.

Cathodic Protection System Recommendations

primary clarifier’s Galvanic cp system

We recommend a galvanic cathodic protection system be installed in each Primary Clarifier.  At the time of installation all steel should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.

The items to be protected in the Primary Clarifiers are the “Scraper Chain Drive Shaft Assemblies” and the “Rake Arm Guide Rails and Support Brackets”.  The Scraper Chain Drive Shafts should be protected with four zinc shaft anodes equally spaced along each shaft in each Primary Clarifier.  There are four drive shafts per clarifier, which means that each clarifier will require 16 zinc shaft anodes.  The part number for these anodes is SCA –2-2-12 and they sell for $28.50 each.    

The Rake Arm Guide Rails and Support Brackets should be protected with a bare zinc anode at each support bracket.  The part number of the zinc anode is BZA 5-14-14-10-3/8CHL.  This anode sells for $33.00 each.

secondary clarifier’s impressed current CP System

We recommend an impressed current cathodic protection system be installed for all submerged metallic components in both the Secondary Clarifiers.  At the time of installation all steel should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.

 The system would consist primarily of a transformer/rectifier and an anode/header cable assembly.  The anode/header cable assembly would consist of segments of 1.5 mm copper cored, titanium wire with a mixed metal oxide anode coating fused to it.  This anode wire would be spliced to a #8 HMWPE Cathodic Protection header cable as shown on Drawing No. 2000-104-02, sheet 2 of 2.  This system should be installed in the two Secondary Clarifiers.  The system is shown on Drawing No. 2000-104-02, sheet 1 of 2.

The budgetary installed pricing for the Secondary Clarifier cathodic protection systems is $13,450.00 per system.  

sludge thickener tank impressed current cp system

We recommend an impressed current cathodic protection system be installed for all submerged metallic components in both the Sludge Thickener Tank.  At the time of installation all steel should be coated as per the We recommend an impressed current cathodic protection system be installed for all submerged metallic components in both the Secondary Clarifiers.  At the time of installation all steel should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.

The system would consist primarily of a transformer/rectifier and an anode/header cable assembly.  The anode/header cable assembly would consist of segments of 1.5 mm copper cored, titanium wire with a mixed metal oxide anode coating fused to it.  This anode wire would be spliced to a #8 HMWPE Cathodic Protection header cable as shown on Drawing No. 2000-104-02, sheet 2 of 2.  This system should be installed in the Sludge Thickener Tank.  The system is shown on Drawing No. 2000-104-02, sheet 1 of 2.

The budgetary installed price for the Sludge Thickener Tank cathodic protection system is $12,850.00 per system.

headworks tank imressed current cp system

Since this part of the facility is going to be replaced in the very near future, a budgetary price was not developed.  After the installation of the new Headworks Tank, we recommend an impressed current cathodic protection system similar in design to the one shown in Drawing No. 2000-104-02 along with all submerged metallic components being coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.

lift station galvanic cp system

We recommend a galvanic cathodic protection system for all the Lift Stations throughout the sewage collection system.  At the time of installation all steel should be coated as per the MADEWELL IMMERSED METAL COATING SPECIFICATION described in this report.

The galvanic system is comprised of a single zinc anode.  The part number for this anode is BZA-14-14-60-120/8CLR.  The price of this anode is $ 108.75 each.  For this system to function properly all metallic items within the “Lift Station” must be electrically continuous; otherwise there will some unprotected items, which will most probably be damaged by the galvanic CP system.    
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