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SELECTION OF CORROSION RESISTANT INSULATION AND SEALING

 MATERIALS FOR METAL PIPES

statement of work

INTRODUCTION:  Ft. Polk has identified problems with corrosion of HVAC water pipes in some of the barracks.  These HVAC lines are dual-temperature lines, indicating        that the same lines are used for both chilled water for air conditioning and hot water for heating.  When they switch over from the heating system to the air conditioning system in the spring, the pipes begin to leak due to reduction in the pipe wall thickness caused by external corrosion.  The cause of the corrosion has been established as water infiltration into the insulation material.  Choice of proper insulation and insulation sealing are necessary to mitigate this problem.  Also, innovative water resistant, corrosion resistant coatings may be appropriate for this situation.

OBJECTIVE:  The objective is to research and develop insulation, sealing and coating materials selection for HVAC water pipes inside of buildings at Ft. Polk.

MAJOR REQUIREMNTS:  In order to accomplish the work, it shall be necessary for the contractor to complete the following:

a. Task 1:  Meet with Operations and Maintenance personnel at Ft. Polk, LA to determine critical HVAC pipes or high maintenance HVAC pipes due to corrosion activity, and to document history of corrosion problems.

b. Task 2: Review the site conditions related to factors affecting the corrosivity of the atmosphere and process water, e.g., atmospheric temperature, humidity and water chemistry, water pressure, and water temperature.

c. Task 3:  Observe the performance of existing exterior pipe coatings and pipe insulation materials.

d. Task 4:  Determine if galvanic coupling is present between sections of the pipes.

e. Task 5:  Provide recommendations and specifications for proper coatings, insulation materials, sealing compounds, including application procedures, alternative piping materials, and recommendations for other corrective actions.

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).  

Corrosion under wet insulation

The information presented under this subject was taken from NACE Standard RPO198-98, Item No. 21084, titled, The Control of Corrosion Under Thermal Insulation and Fireproofing – A Systems Approach.

Corrosion under insulation (CUI) has been around for many years.  Wherever insulated cold or hot lines exist the concern for CUI is a mandatory design constraint.  However over the years, CUI has not been given proper attention, which has resulted in the loss of many dollars.  The focus has primarily been directed toward thermal insulating characteristics and the insulation material, which achieves the thermal design constraints with no concern for CUI.  Herein is where the problem lies.  When CUI is an issue, the preventive solution is simply to use a high-quality protective coating on the substrate, which is compatible with the other components and design constraints of the insulation system!

As described in the “Basic Theory of Metallic Corrosion”, carbon steel corrodes not because it is insulated, but because it is contacted by aerated water.  The role of the insulation in the CUI problem is threefold.  Insulation Provides:

a. An annular space or crevice for the retention of water and other corrosive media;

b. A material that may wick or absorb water; and

c. A material that may contribute contaminants that increase or accelerate the corrosion rate.

The corrosion rate of carbon steel will vary due to the metal temperature, the contaminants present in the water, and whether it is in contact with another kind of metal.  Most all insulation engineers try to eliminate possible the intrusion of water into their insulation system.  Unless given serious attention taking into account all the factors surrounding a particular installation, water almost always finds a path into the insulation system.  The two primary water sources involved with CUI of carbon steel are:

a. Infiltration from external sources; and 

b. Condensation.

Water infiltration from such external sources as the following:

a. Rainfall;

b. Drift from cooling towers;

c. Condensate falling from cold service equipment;

d. Steam discharge;

e. Process liquids spillage;

f. Spray from fire sprinklers, deluge systems, and washdowns; and

g. Condensation on cold surfaces after vapor barrier damage.

External water enters an insulated system primarily through breaks in the weatherproofing.  The weatherproofing breaks may be the result of inadequate design, incorrect installation, mechanical abuse, or poor maintenance practices.

Condensation results when the temperature of the metal surfaces is lower than the atmospheric dew point.  While infiltration of external water can be reduced and sometimes prevented, insulation systems cannot be made 100% vapor tight,  so condensation as a water source must be recognized in the design of the insulation system.  Having stated this, technology has advanced in this area and there are systems, which approach the design criteria of being 100% vapor tight.

CUI’s as stated earlier is predicated on water.  The contaminants in the water play a significant role in the rate of corrosion in two areas:

a. Contaminants can increase the conductivity and/or corrosiveness of the water environment; and; 

b. Contaminants can reduce the protection offered by the corrosion product scale on the carbon steel surface.

There are two primary classes of contaminants in water under insulation:

a. Contaminants external to the insulation materials; and

b. Contaminants leached from the insulation materials.

Chlorides and sulfates are the principal contaminants found under insulation.  Whether their source is external or internal, they are particularly detrimental because their respective metal salts are highly soluble in water, and these aqueous solutions have a high electrical conductivity.  In some cases, hydrolysis of the metal salts can cause localized corrosion because of the development of low pH in anodic areas (acid).

External contaminants are generally salts that come from sources such as cooling tower drift, acid rain, and atmospheric emissions.  The external contaminants are waterborne or airborne and can enter the insulation system directly through breaks in the weatherproofing.  External contaminants also enter the insulation materials indirectly by depositing on the jacket surface.  Subsequent wetting then carries the concentrated salts to breaks in the weatherproofing.  The salts enter the insulation system by gravity or the wicking action of the absorbent insulation.  The salt concentrations gradually increase as water evaporates from the carbon steel surface.

Contaminants contained in the insulation materials are well documented.  Chloride is generally one of the contaminants, unless the insulation product is declared “chloride free.”  Chlorides can be present in almost all components of the insulation system, including the insulation, mastic, and sealant.  As water enters the insulation system, the contaminants are leached from the material and concentrate as water evaporates from the carbon steel surface.  If the insulation materials contain water-leachable acidic compounds, the pH of the water will be lowered, resulting in increased corrosion.

Temperature is an important factor affecting CUI.  There are two opposing factors relating to the temperature of the carbon steel:

a. Higher temperature reduces the time water is in contact with the carbon steel; however,

b. Higher temperature tends to increase the corrosion rate and reduce the service life of protective coatings, mastics, and sealants.

The graph below illustrates the corrosiveness of water versus temperature.  In an open system, the oxygen content of the water decreases as the temperature increases.  As a result, above approximately 800 C (1760 F), the corrosion rate of carbon steel in aerated water begins to decrease.  However, in a closed system the corrosion rate of carbon steel in water continues to increase as the water temperature increases.  Field measurements of the corrosion rate of carbon steel corroding under insulation confirm that the rate increases with temperature in  a manner similar to that of a closed system .  This is relevant to the corrosion mechanism occurring under insulation, where the thin film of water, while not under pressure, is oxygen saturated.  Thus, the same oxygen cell corrosion mechanism is taking place as in a closed system.  The corrosion rates from filed measurements are somewhat greater than laboratory rates, due to airborne or insulated-carried salts in the filed.  Such salts can influence the corrosion rate because of their high solubility in water and the attendant increase in the conductivity of the water film.
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Inspection of equipment has shown that carbon steel operating in the temperature range of –40 C (250 F) to 1500 C (3000 F) is at the greatest risk from CUI.  Equipment that operates continuously below –40 C (250 F) usually remains free of corrosion.  Corrosion of equipment operating above 1500 C (3000 F) is reduced because the carbon steel surface is warm enough to remain dry.  However, corrosion will tend to occur at those points of water entry into the insulation system where the temperature is below 1500 C (3000 F) and when the equipment is idle.

The service temperature of the equipment often varies and the corrosion rate of carbon steel under insulation will be affected by:

a. Intermittent or variable operation of equipment;

b. Temperature variations along the height or length of the equipment;

c.  Temperature at which attachments to the equipment will operate; and

d. Idle or mothballed conditions.

Thermal insulation systems are primarily comprised of the following major component categories:

a. Substrate protective coating;

b. Insulation material; and

c. Weather and vapor barriers.

PROTECTIVE COATINGS
Protective coatings have been recognized and accepted and are recommended as a highly effective method of protecting insulated metallic substrates such as these steels from corrosion.  Attempts to prevent water from entering insulated systems have not been successful, and corrosion protection techniques such as inhibitors and cathodic protection have been less effective than protective coatings for mitigating corrosion under insulation.

The coating systems recommended for use on carbon steel operating below 1500 C (3000 F) under thermal insulation, are typically tank-lining systems formulated to prevent corrosion.  Other coatings may be used at the buyer’s discretion.

Immersion-grade epoxy-phenolic and amine-cured coal tar epoxy coatings formulated for high temperature service have performed very well by preventing corrosion of carbon steel under wet thermal insulation up to temperatures of 1200 C (2500 F).  The consensus of most design engineers is to apply a high-grade coating or keep the insulation dry.  Since the latter is difficult to assure protective coatings appear to be the best measure to avoid CUI.

Users who steam purge lines shall select a coating capable of withstanding the surface temperature for the duration of the purging.  The coating manufacturer should be consulted for specific temperature resistance information.

Inorganic zinc coatings or galvanizing shall not be used under thermal insulation in the 500 to 1500 C (1200 to 3000 F) service temperature range for long term or cyclic service.  Zinc provides inadequate corrosion resistance in closed, sometimes wet environments.

Thermally sprayed aluminum coatings have performed successfully in marine and high temperature environments.   The US Navy DOD-STD-2138 specifies the use of two systems, Type I for temperatures between 800 C (1750 F) and 4800 C (9000 F), and Type II for temperatures less than 800 C (1750 F).

Petrolatum wax tape coatings may be used to prevent corrosion of carbon steel during dry cycle or when cycling through dew points.  Tape application procedures should follow those prescribed in NACE Standard RPO375 for wax tape coating systems. Petrolatum wax tape, although not extensively used in the United States, have been used worldwide since the 1950s, not only to protect carbon steel and austenitic stainless steel piping under thermal insulation, but also to serve as an effective moisture barrier between the insulation and its weather barrier or outer jacketing.

Petrolatum tape coatings are manufactured by impregnating a synthetic fiber fabric with a uniform thickness of petrolatum and applying the coatings over a hand or power tool-cleaned surface (SSPC-SP 2 or 3).  A non-hardening petrolatum mastic is available to fill in and shape complex configurations (e.g., flanges and valve bodies) so the petrolatum tape coating can be applied without bridging or voids.

After cleaning the surface, the standard application consists of a petrolatum primer, over which the petrolatum tape coating (typical thickness 45 mils) is applied with an overlap of 1 inch for normal service.  Or a 55% percent overlap for some severe services.  Since there is no dry or cure time, installation of the insulation can begin immediately.

If open cell insulation is specified, a tape with a polyolefin backing or an appropriate barrier material is installed between the petrolatum tape and the insulation to prevent leaching of the petrolatum into the insulating material.  

Service temperatures range from –1700 C to 1000 C (-2700 F to 2120 F).  Since these are petrolatum-based coatings, their use on some lines may be limited because of the potential reduction of the fire rating of the insulated line.

INSULATION MATERIAL

CUI of carbon steel is possible under all types of insulation.  The insulation type may only be a contributing factor.  The insulation characteristics with the most influence on CUI are:

a. Water-leachable salt content in insulation that may contribute to corrosion, such as chloride, sulfate and acidic materials in fire retardants;

b. Water retention, permeability and wettability of the insulation; and

c. Foams containing residual compounds that react with water to form hydrochloric or other acids.

Because CUI is a product of wet metal exposure duration, the insulation system that holds the least amount of water and dries most quickly should result in the least amount of corrosion damage to equipment.

Corrosion can be reduced by careful selection of insulation material.  Materials that may be cheaper on an initial cost basis may not be more economical on a life-cycle basis if they allow and/or promote corrosion.  

Commonly used industrial insulation materials are described and grouped generically for purposes of this discussion.  No attempt is made to describe every commercial product available on the market.  Differences between specific commercial products within a generic type are not addressed.

Insulation materials for use on austenitic stainless steel materials should be qualified as appropriate according to ASTM C 975.  Some users specify stricter chloride limits than those given in ASTM C 975.  Some users specify a maximum chloride content in addition to those measurements given in ASTM C 975, such as 200 ppm for calcium silicate, and 25 ppm for mineral man-made fiber insulation.  Also, the ratio of sodium silicate to chlorides might be specified as 20 to 1 for calcium silicate and mineral fiber or 200 to 1 for perlite.

Using references in ASTM C 975, ASTM C 692 specifies the test methods for qualifying materials.  The drip method provides a technique that closely simulates insulated systems.  Modifications of this method and apparatus may be useful in testing of coatings in combination with insulation materials over a temperature-controlled substrate.

CALCIUM SILICATE:  Calcium silicate pipe and block insulation is specified in ASTM C 533.  It is a rigid pipe and block insulation composed principally of hydrous calcium silicate and usually incorporates a fibrous reinforcement.  

Calcium silicate is intended as a high-temperature insulation.  At ambient temperatures it can absorb up to 400% of its weight when immersed in water.  It is hygroscopic and will absorb 20 to 25% by weight in humid conditions from water vapor present in air.  For this reason, most manufacturers publish a lower temperature limit, typically 1500 C (3000 F), for its use outdoors.

Its use below 1500 (3000 F) invites potential corrosion problems.  Its wicking characteristics and water retention capacity makes it an undesirable material for use at low temperatures.

Calcium silicate when wet is alkaline having a pH of 9 to 10.  High pH may be detrimental to coatings such as alkyds and inorganic zinc.


Most problems with calcium silicate are associated with use at temperatures lower than recommended cyclic temperature services with an ambient temperature for the majority of the time, and on equipment subject to extended shutdown.  

EXPANDED PERLITE:  Expanded perlite block and pipe insulation is specified in ASTM C 610.  It is composed of expanded perlite, inorganic silicate binders, fibrous reinforcement, and silicone water resistant additives.  It is a rigid material furnished in block and pipe cover forms.

Expanded perlite is used as moderate-to-high temperature insulation.  At lower temperatures, the additives for water resistance provide protection form absorption of water.  At elevated temperatures around 3150 C 96000 F), some additives burn out, and water resistance is reduced.  ASTM C 610 includes a test method for determining the effect of temperature on water resistance.

MAN-MADE MINERAL FIBERS:  ASTM groups commercial glass and mineral fiber insulation materials into a single category, generally described as rocks, slag, or glass processed from a molten state into a fibrous form and including organic binders.  Generally, these materials are used from ambient temperature to high temperatures.  The upper temperature limits vary, depending on the specific fiber and binder.  Typically, mineral fibers have a higher temperature limit.  Several ASTM specifications address various forms.

Water absorption characteristics of these products vary greatly.  Fiber length and orientation affect these characteristics; which, in turn, affect wicking, binder composition and quantity, and burnout characteristics of the binder.

Ability of fibrous insulation to repel water varies from product to product and depends on the type of binder used.  Some binders break down in the presence of heat and water.  After binder breakdown, these products can become excellent wicking material, transmitting moisture and corrosive solutions to the steel surface.  Fibrous products also allow water vapor to permeate.  Their use in low temperature applications, even with a vapor barrier, has had limited success.  Construction joints (overlaps and field joints glued on themselves during installation of vapor barrier sheet) or damaged sections of vapor barriers allow moisture to migrate into the insulation system.  With time and repeated thermal cycling, these vapor barrier joints fail, allowing the passage of moisture.

Compressive strength varies with density of the material and the effect of binder burnout.  While change in compressive strength does not directly affect corrosion, materials with low compressive strength result in an insulation system with typical metal jacketing that is vulnerable to physical damage, allowing water intrusion.

CELLULAR GLASS:  Cellular glass is specified in ASTM C 552.  It is a rigid block material that has been foamed under molten conditions to form a closed cell structure.  It is commonly used in below ambient to moderate temperatures (-250 C to 2000 C or –130 F to 3920 F).  A common use is as insulation on electric-traced or steam-traced lines for either freeze protection or process control.

Cellular glass is water resistant and retains only small amounts of water on cut or fractured surfaces.  However, water entering through cracks or joints in the insulation system can reach the metal surfaces and cause corrosion and external stress crack corrosion (ESCC).  When specified and installed correctly, cellular glass insulated systems seem to have fewer incidences of corrosion.

ORGANIC FOAMS:  ASTM includes specification for various types and forms of organic foam insulation.  The types most commonly used in industrial applications include polyurethane, polyisocyanurate, flexible elastomeric, and phenolic.  Polystyrene and polyolefin are less commonly used because of temperature limitations.  Organic foams are used in below ambient to moderate temperature applications and have water vapor ratings from 2.5 to 127 mm (0.1 to 5 perm-in.).

One less known fact is that these organic foams are blown with CFC (chlorofluorinated hydrocarbons) which may hydrolyze in the presence of water.  The resultant aqueous solution causes accelerated corrosion.  Unpainted, galvanized or zinc rich coated carbon steel surfaces are more vulnerable to severe corrosion under these conditions.  Acidic solutions attack the zinc films, chemically forming soluble salts such as zinc sulfides and zinc chlorides.  Gradually the zinc film is appears and the substrate steel surface becomes exposed to further acid attack.  Zinc coatings, moisture, and an organic foam combination can spell disaster under certain temperature conditions. 

These materials, as do all insulations, contain varying amounts of leachable chlorides, fluorides, silicate, and sodium ions as measured by ASTM C 871.  The pH, chloride content, fluoride content silicate content and sodium content are obtained from the leachate product produced by boiling pulverized foam in water.  Levels of leachable chlorides can range from non-detectable to 200 ppm.  The leachate pH can range from 1.7 to 10.0.  When the leachate is found to e less than pH 6.0, special consideration should be given to protect the substrate from accelerated corrosion.   

A few of the more common organic foams are as follows:

a. Spray applied polyurethane foam is specified in ASTM C 1029.  It is a rigid, closed-cell foam that is formed by a chemical reaction at the time of application.

b. Preformed polyisocyanurate foam is specified in ASTM C 591.  It is a rigid, closed-cell foam that is formed by a controlled chemical reaction.

c. Preformed flexible elastomeric rubber is specified in ASTM C 534.  It is flexible, closed-cell foam that is formed by an extrusion process.

d. Faced or un-faced phenolic foam is specified in ASTM C 1126.  It is a rigid, closed-cell foam that is formed by a controlled chemical reaction.

e. Preformed polystyrene foam is specified by ASTM C 578.  It is a rigid, closed-cell foam that is formed by either an extrusion or molding process.

CERAMIC FIBER:  ASTM specifies ceramic fiber separately from man made fiber.  It is typically used in high temperature applications.  Its use at lower temperatures is limited due to its high cost.

If the fiber is used at moderate temperatures, the wicking characteristics of the particular product form will affect water absorption.

PREFABICATED SYSTEMS:  Many products on the market combine insulation materials with various accessories to produce prefabricated systems intended to enhance installation efficiencies and/or overall service performance.  All components of a system must be considered for a particular application.  Of particular interest are the minor components (accessory materials) that may be detrimental to austenitic stainless steels.

WEATHER AND/OR VAPOR BARRIERS
Weather barriers and vapor barriers are applied to insulation to keep the insulation dry.  Mastics and sealants are materials used to the close openings around protrusions in the insulating system.  Weather barrier and vapor barrier materials are critical components in the insulation system, because they must seal and protect the insulation.  Their durability against mechanical abuse, ultraviolet (UV) degradation, water, and chemicals is of prime importance.  In addition, these materials must not contain leachable components that increase the corrosiveness within the insulation system.  In the long term, the weather barriers and vapor barriers break down or are damaged to the point that they can no longer keep the insulation dry.  Therefore, maintenance and inspection of the weatherproofing are essential to ensure the integrity of the insulation/fireproofing system. 

Task No. 1

The O & M personnel were very helpful in describing the problems they have experienced over the years in maintaining the HVAC lines as it relates to corrosion leaks.  First a description of the system is important to understanding the different corrosion issues with the HVAC lines.

There is a Central Plant, which generates the hot and cold water used in the heating and cooling of the barracks at Ft. Polk.  This is accomplished by pumping either hot water through steel pipelines dedicated to heating service only, and chilled water through PVC pipelines dedicated to cooling service only.  Both the steel lines and the PVC lines are insulated.  The pipelines include a “supply header line” and a separate “return header line”.  As the lines are routed through the barracks complexes, a building service supply and return line for each type HVAC service is teed off of the header and run to each building’s “mechanical room”.  

In each building’s mechanical room the hot water from the Central Plant is run through a heat exchanger, which heats the building’s potable hot water.  The hot water leaving the heat exchanger is then routed through a three-way valve and then to circular heating/cooling coils located in the ceiling of each room in the barracks.  Fans circulate air across the coils to either heat or cool depending on whether hot or chilled water is circulating through the coils.  The hot water is then piped back to the Central Plant via the return line header, where it is reheated and re-circulated.

A corrosion inhibitor is added to the hot water.  It is manufactured by Garratt-Callahan Co.; 111 Rollins Road, Milbrae, CA 94038 (415-697-5811).  The name of the inhibitor is “Formula 12-L” and is designed for control of corrosion in multi-metal, closed cooling systems and closed hot water heating systems.

Please click on the link below to access the literature data sheet for the Formula 12-L Close System Inhibitor.  This file is in a .pdf format, and thus requires Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  This file is 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 “D:\”.  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.  

Formula 12-L Close System Inhibitor
Similarly, chilled water is routed to each building’s mechanical room via PVC lines, which are connected to the same three-way valve mentioned above.  When the barracks requires cooling during hot weather, the three-way valve is move to direct chilled water to the circular coils in each barrack’s room for air conditioning.  The lines after the three-way valve are the only lines that are used for both heating and cooling and see both hot and chilled water.

The underground hot water lines were replaced in 1992.  The specification called for steel lines insulated at the factory.  The insulated steel lines supplied carries the trade name “Polytherm”.  The following represents several specific statements, which relate directly to this study and are quoted from the specifications associated with the 1992 construction contract:

a.
Testing and certification procedures by an independent testing laboratory shall demonstrate that casings and end seals are capable of resisting penetration of water.  Part Two, Technical Provisions, Section 02698, Page 6, Casing and End Seal Testing and Certification. 

b. Prefabricated pipe and fittings shall be insulated in the factory.  Foam insulation for prefabricated insulated pipe and fittings shall be polyurethane foam meeting the requirements of ASTM C 591 having density of not less than 2 pounds per cubic foot (pcf).  The polyurethane foam shall completely fill the annular space between the carrier pipe and the casing…………Manufacturer shall certify that the insulated pipe is free of insulation voids.  To ensure no voids are present, all insulation shall be inspected prior to application of the protective jacket, infrared inspection of the entire length, or x-ray inspection of the entire length.  Part Two, Technical Provisions, Section 02698, Page 7, Factory Applied Insulation.
The following pictures depict factory applied insulated pipes from “Polytherm”.  This material was left over from the original construction job.
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c. Below Ground and Exterior:  Above ground exterior connections to buildings to buried fittings and accessories shall have field applied polyurethane insulation to match adjacent piping and shall be protected with a covering matching the pipe casing.  Shrink sleeves shall be provided over casing connection joints.  Thickness shall match adjacent piping insulation thickness.  Part Two, Technical Provisions, Section 02698, Page 7, Field Applied Insulation.
This picture depicts a field joint’s shrink sleeve that has gone bad.
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d. Above Ground:  Fittings, valves, etc.  in the valve boxes, and interior connections to buildings shall be insulated…………Metal jackets shall be provided for all pipe and fitting insulation………..Insulation shall be mineral fiber conforming to the requirements of Fed.  Spec HH-I-558, Type III Class12, cellular glass conforming to the requirements of ASTM C-552 or calcium silicate conforming to the requirements of ASTM C-533.  Part Two, Technical Provisions, Section 02698, page 8, Above Ground.

This picture depicts mineral fiber insulation where the moisture/vapor barrier has failed.  This piping is in a mechanical room associated with one of the barracks.  The source of the burn area is not known, but this is an excellent example of how moisture can get into the insulation if not repaired and cause severe corrosion.
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This picture shows where holes have been intentionally placed in the insulation for purposes of taking some kind of measurements.  These holes are excellent pathways for moisture to enter the insulation.  NDT access plugs should be installed in the insulation wherever access to the substrate on insulated lines is required.  This is addressed under the Task 5: Recommendations.
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e. Field Casing Closures: Field insulation and encasement of joints shall be accomplished after the visual and pressure tests specified are completed. Field insulation and encasement shall be in accordance with the manufacturer’s written instructions.  Thickness dimensions of the insulation and casing materials shall not be less than those of adjoining prefabricated section.  Insulating material shall be formed in place of polyurethane.  Care should be taken to ensure that field closures are made under conditions of temperature and cleanliness required to produce a sound, continuous vapor barrier.  A standard polyethylene heat shrink sleeve shall be installed over the casing and shall have a 6-inch minimum overlap at each end.  Part Two, Technical Provisions, Section 02698, Page 12, Joints.

This picture depicts a picture of the ground just above a field joint where a small sink hole has formed, exposing a rubber sheet that had been wrapped around the field joint apparently without a shrink sleeve.  The O&M personnel have indicated this is quite common.
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  After stating the above contract constraints as it relates to the buried supply and return hot water lines, it would appear that the contract was not completely followed.  This statement is made based on the inspection of two different areas, which had been unearthed for repair.  

This picture depicts numerous sinkholes that have formed next to building number 2276.  The sinkholes are directly over the hot water supply and return pipelines and seemed to be correlated to the exact distance between joints.  This corresponds to the O & M personnel reported accounts of leaks found mostly at welded pipe joints. 
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This next picture is a piece of six-inch diameter hot water pipe, which had been cut out and replaced.  The picture shows graphically the corrosion hole, which has developed next to the pipe joint weld.  The point of the ballpoint pen points to the pipe weld joint.
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The following picture depicts a hot water supply header line with the fiberglass casing over the hot water pipe.  You cannot see the steel pipe, but it is there at the bottom of the casing.  Using a flash light and mirror, we could not see any of the foam insulation present inside the casing.  It was filled only with dirt and mud as far as we could see.  It can be assumed that the insulation was not installed as per the contract at this location.
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This picture depicts a leak on a service supply hot water line just outside of a valve box.  From the picture, you can see that none of the lines are insulated and that they are corroding badly.  The O & M personnel informed me that most of their leaks occur just outside valve boxes at field joints, where pipes are joined together.  Most of the insulated lines are operating in a submerged service condition, because of the high water table in Louisiana.  This is even more pronounced in the low areas at Ft. Polk through which the hot water lines run.  We are not aware of any vapor/water barrier for insulated lines that is 100% waterproof.  When water evades the insulation, corrosion is going to occur and it is going to occur at an accelerated rate.  The casing and insulating material becomes the enemy.  They shield any and all cathodic protection systems that might be installed and they help hold moisture around the pipe, which is necessary for the corrosion cell to exist.   

[image: image11.jpg]



The leak location is on the second pipe from the bottom at the socket weld 900 elbow.  The leak occurred adjacent to the weld in the reddish color area just to the left of the elbow.

This picture is a picture of the piece of pipe that has developed a corrosion leak next to the elbow in the previous picture.  The wall thickness of the pipe, where the leak occurred, was approximately .065 inches.  
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This picture depicts the piping and related valving in the valve box.  Again, you can see that none of the lines or valves is insulated and they are corroding badly.  The O & M personnel informed me that a majority of the valve pits are full of water because of the high water table in Louisiana.  The main reason for the pipes to be full of water is the seals around the pipe penetrations through the concrete walls have failed resulting in water seepage from the outside in.  This results in the insulation and casing system being able to withstand and be subjected to “submerge service”.      
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This picture depicts a field repair of the above leak without re-insulating the lines involved.  Previous to this, a pipe section would be cut out and a new pipe section welded in its place.  The lines would just be buried un-insulated and uncoated.  The O & M personnel have never been instructed on what should be done when a leak occurs.  The minimum repair should incorporate removing all rust and mud from the pipe, coating the pipe with Madewell 1103, installing a bond wire between the supply and return pipes making them electrically continuous if not already, and installing a galvanic anode.  Reviewing this picture further, the repair crew could not determine where the good insulation began.  The more the pit was opened, the more un-insulated line was found.  The repair crew also did not have the materials or the expertise to install insulation for submerged service.  At this specific location, hundreds of gallons of water had to be pumped from the pit before the repair could be completed.  
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It should be noted in the above picture, two of the pipes have been coated with Madewell 1103 Coal Tar Epoxy Coating.  These two pipes have been electrically bonded together via a bond wire.  The magnesium anode lead wire is cadwelded to the lower pipe in the picture and leads off in the lower left part of the picture.  

This picture is just another view of the same repair location, which shows the prepackaged, high potential magnesium anode.  It is the white bag located in the left center of the picture and is installed in the side of the excavated bell hole.  
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On the following page is a drawing, which specifically addresses the items used in making the repair shown in the previous two pictures.  All the materials can be obtained from Allied Corrosion Industries, Inc.  Their contact information is Tel: 770-425-1355, Tel: 800-241-0809, Fax: 770-425-1354, E-Mail: info@alliedcorrosion.com.
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Description

Part Number

1

Royston Handy Cap

N/A

1A

Royston Aerosol Primer

# 747

2

9lb High Potential Magnesium Anode

# 01092110

3

CAD Weld Mold for flat 4" dia and larger                   "Horizontal"

CAHAA-1G

4

CAD Weld Mold for flat 3/4" - 3 1/2" dia pipe             "Horizontal"

CAHAA-1GA

5

CAD Weld Mold for flat 4"-10" dia pipe                      "Vertical"

CAVST-1GB

6

CAD Weld Mold for flat 3/4" - 3 1/2" dia pipe             "Vertical"

CAVST-1GA

7

CAD Weld Charge "Metal"

CA 15 

8

Pipeline Coal Tar Epoxy Coating (1/2 gal kits)

Madewell 1103

1

3,7

2

"Wire" Power brush

all steel pipe and 

Pipe 3/4"- 3 1/2"

(Horizontal)

coat with Madewell 1103

1

 

3/4"-3 1/2" (Vertical)

4"-10" pipe  (Vertical)

4,7

2

6,7

5,7

1

1

2

DATE COMPLETED:

ALLIED CORROSION INDUSTRIES INC.

1550 COBB INDUSTRIAL DRIVE N.E.

MARIETTA, GEORGIA, 30066-6611

(770) 425-1355

Fort Polk Hot Water

HVAC Line Repair System



          Pipe (horizontal)                       4 inches or larger

                                                                    


Presently, the following table depicts the type of insulation that is in service for the HVAC system at Ft. Polk.

	PIPELINE DESCRIPTION
	PIPE MATERIAL
	INSULATION TYPE

	Hot Water Supply Line
	Steel
	Polyurethane Foam w/Fiberglas Casing

	Hot Water Return Line
	Steel
	Polyurethane Foam w/Fiberglas Casing

	Chilled Water Supply Line
	PVC
	Unknown-Installed in the late 1970’s

	Chilled Water Return Line
	PVC
	Unknown-Installed in the late 1970’s

	Mechanical  Room Lines
	Steel
	Mineral Fiber w/Aluminum Sheet Jackets

	Barrack’s HVAC Lines
	Steel and Copper
	Calcium Silicate, Repairs w/Armaflex Foam


The hot water supply and return line system to the barracks in broken into two loops.  They are referred to as the “North Loop” and the “South Loop”.  The south loop  has experienced more leaks than the north loop.  The following table depicts the leak activity for both loops.

	LOOP
	LOCATION/CLOSEST BUILDING
	APPROXIMATE NO.  LEAKS

	South
	Bldg. No. 2276
	1

	South
	Bldg. No. 2276
	Six sinkholes have developed and not been investigated yet.

	South
	Valve Box 23-1
	3

	South
	Valve Box 23-2
	2

	South
	Valve Box 23-4
	5

	North
	Valve Box 22-3
	2

	North
	Bldg. No. 2278
	1


The O & M personnel has indicated that the only common issue associated with these leaks is, they generally occur at the first welded pipe joint adjacent to the valve boxes.  In discussing this further with the personnel, it was revealed that the hot water pipes were installed with in a bed of sand and the valve boxes were covered with a bed of gravel.  These two conditions are favorable for the collection of water around the pipes and valve boxes, which is not desirable.  This pipeline installation is basically a “French Drain”.  This combined with the high water table in this area is not the best for a low maintenance operation for insulated pipelines.

The O & M personnel has not experienced as many failures on the insulated, buried PVC chilled water lines, as the buried hot water lines.  The leaks that have occurred were in the vicinity of building number 2392.  The average number of chilled water leaks per year is approximately two (2) to three (3).  The primary reasons for buried pipeline chilled water leaks are:

1. Hot water back flowing into the chilled water lines via the three-way selection valve in the mechanical rooms when it is not positioned correctly.  The hot water then weakens the PVC causing leaks to occur.  This happens infrequently.

2. Soil stress is the biggest cause of the leaks on buried chilled water PVC pipelines.  Soil stress is defined as soil movement around the pipe, which exerts force on the pipe.  This is generally caused by repeated cycles of the soil becoming wet and then dry.  This action causes tremendous forces to be exerted on the pipe.  It then manifests itself as leaks, which are generally located at couplings and fittings. Soil stress is even more pronounced in the area where the PVC pipe makes a ninety-degree bend.  At pipeline bends a concrete reinforcement block is poured around the pipe.  This is a done to prevent pipe movement when a pipe is pressured and un-pressured.  When soil stress is aggressive, as it is in this location, it becomes a liability as opposed to an asset.  What happens is that now there is a bigger surface area for the soil stress to act upon, causing even more force to be exerted on the pipe.  The result is leaks occurring at pipe joints of the pipe bends. 

The O & M personnel have found numerous leaks on the metal lines throughout the barracks.  The same lines are used for both cooling and heating.  The O & M department has put together a displayed board depicting some of the more aggressive corrosion failures that have occurred over the years.  The pictures that follow are pictures of a display board made by the O & M personnel.  It shows several examples of corroded pipes, which were removed from the barrack’s heating and cooling systems.
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You can readily see the aggressive corrosion that has occurred.  Most this is general corrosion and is caused by condensing water vapor on the lines during cooling cycles.  Once condensed, the moisture is held under the wet insulation with the resulting general aggressive corrosion as shown in this picture.  Special attention should be paid to the samples of steel pipe connected to copper pipe.  This is a classic example of “dissimilar metal corrosion”.  The copper looks relatively unscathed, while the steel pipe is badly corroded.  In this case, the steel becomes anodic to the copper, which is cathodic to steel.  Corrosion is accelerated due to the difference in potential between the two metals, combined with moisture and dissolved salts from the wet insulation.  O & M personnel informed me that the typical repair procedure for a leak in the barracks is to replace the leaking line with a new pipe.  The new pipe is not coated, but is re-insulated with Armaflex Foam.  They further explained when coupling copper to steel, they use dielectric insulating unions.  Further inquiry about testing them after installation, to determine if the copper and steel lines were electrically isolated; it was revealed they did not test them, nor have they been instructed on how to test them.  The test procedure for this is outlined in Task 5 below.

Task No. 2

The weather conditions for Leesville, LA was obtained from the National Oceanic & Atmospheric Association (NOAA) for the year 2001.  The data is depicted on the next page in a table format.
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The station at Leesville is not a full service weather station and lacks “relative humidity” and other data that might be helpful.  To resolve this situation, data from the nearest full service weather station, Lake Charles, LA, was obtained.  Please click on the link below to access the comprehensive 2001 Annual Weather Report for Lake Charles, LA.  This file is in a .pdf format, and thus requires Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  This file is 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 “D:\”.  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.

2001 Weather Report for Lake Charles
In reviewing the weather data as it relates to factors affecting the corrosivity of the atmosphere, the most significant factors is the large amount of rain fall combine with moderate to high temperatures and high relative humidity.  During the summer months, the average temperature is approximately 800 F, the average rainfall is 6+ inches per month, and the average relative humidity is about 90%.  From the “Basic Theory of Metallic Corrosion” moisture must exist for corrosion to occur and it is certainly present in Leesville, LA.  

A water sample was taken from the ground water that was present next to a valve pit where a leak had occurred. Another sample of water was taken from the leaking pipe.  The data associated with these two samples is shown the table below:

	SAMPLE
	BROMINE
	CHLORINE
	Ph
	ALKALINITY
	RESISITIVITY

	Ground Water
	.5
	0
	6.8
	0
	9200 ohm-cm

	Hot Water
	1
	0
	7.4
	80
	5600 ohm-cm


It should be noted that the ground water sample indicates a slight acidic characteristic.  This contributes to accelerated corrosion.  The hot water sample is slightly basic and assists in retarding corrosion.  This was expected due to the corrosion inhibitor that is being added to the hot water supply to the barracks.  Further evidence of the corrosion inhibitor working is the inspection of the internal surfaces of the piece of pipe that was cut out of a hot water supply line which had begun to leak due to external corrosion.  The interior of the pipe had no corrosion at all.  

While the excavated area around the leaking pipe was still open, temperatures were taken on both the hot water supply and return lines, which run to and from the barracks.  This was done at the valve pit location near building 2392.  The temperatures are shown in the table below:

	TEST LOCATION
	TEMPERATURE
	PRESSURE

	Central Plant Hot Water Supply
	2300 F
	80 PSI

	Central Plant Chilled Water Supply
	420 F
	85 PSI

	Hot Water Supply to Barracks @ Valve Pit next to Bldg. 2392
	1900 F
	NA

	Hot Water Supply to Barracks @ Valve Pit next to Bldg. 2392
	1320 F
	NA


It is interesting to note that the hot water supply line at the valve pit next to building number 2392 had dropped 40 degrees in temperature since leaving the central plant.  This is due to the large amount of insulation that is either damaged, no longer exists, or never existed.  This is a great deal of energy loss that should not be occurring.  The difference of 58 degrees between the supply and return lines at the valve pit is expected.  The hot water had passed through a heat exchanger in the barrack’s mechanical room where it had heated the potable hot water for military personnel use.

  Task 3

The performance of existing pipe coatings and insulation materials was investigated.  The inspection of the buried-insulated hot water metal lines and the insulated lines in the barracks indicated that the lines were never coated. Consequently, evaluation of the present coating is not an issue. 

The insulation materials for the buried lines are a product trademarked “Polytherm”.  It consisted of polyurethane foam with a fiberglass outer cover.  The area that was excavated because of a leak showed that the insulation material had failed and was no longer present.  Please review the picture on page 15 and page 116.

Task 4

Galvanic coupling, resulting in galvanic corrosion, is definitely present on the metal lines in the barracks.  This is occurring where copper lines are coupled to steel lines.  Before continuing with these findings under this task a brief discussion of “galvanic coupling” and/or “galvanic corrosion is warranted. 

Galvanic corrosion occurs when a potential difference exists two different metals, which are in direct contact with each other, both of which are immersed in the same electrolyte.  Referring to the galvanic series of metals shown in the table on the next page, each metal has a different and unique corrosion potential.  By using the galvanic series of metals, it can be easily determined which metal will be cathodically polarized and which metal will be anodically polarized when galvanically coupled together in the presence of an electrolyte.  The metal that is more active (less noble) will become anodic to a metal that is more passive (more noble).  The anodic metal will corrode in preference to the more passive metal, which becomes cathodic.  An example of this is the coupling of copper to steel in the HVAC piping in the barracks.  The steel, being more active (less noble), becomes anodic to the copper, which is more passive, and becomes cathodic.  

GALVANIC SERIES OF METALS

	ACTIVE VS PASSIVE
	METAL

	ctive 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


A quick review of the display panel shown on pages 32 and 33 is a graphic example of the galvanic corrosion that is occurring on the heating and cooling lines in the barracks.  The original construction of these lines called for the heating and cooling lines to be insulated with mineral fiber insulation.  There was no coating applied to any of the lines.  From the barrack’s mechanical room, a steel header pipe was run throughout the barracks, with steel services teed from it for each room.  A transition was then made from the steel service pipes to copper lines.  The copper lines were then connected to the heating/cooling coils for each room.  The coils are made of copper.  A fan blowing air across the coils into each room achieves heating and cooling.

The corrosion mechanism is more pronounced in the spring and the summer.  When the system is changed over from heating to cooling, breaks in the insulation allow moisture to condense on the cold pipes from the humid air.  The mineral fiber insulation acts like a sponge and holds the moisture around the pipes.  The water is made more conductive as the chemicals associated with the mineral fiber insulation dissolve into it.  This results in a very aggressive corrosion cell with two dissimilar metals – copper and steel.  The steel  sacrifices itself in preference to the copper.  The pictures depict this exact event.  During the winter, hot water is pumped through the piping at 2300 F.  Whatever moisture was ingested during the cooling season is evaporated; and without moisture there can be no corrosion. 

This picture is another example of galvanic corrosion.  This picture is of a cast iron valve with steel nipples and was taken in a barrack’s mechanical room where a 15# steam system is utilized for heating.
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This picture is also a good example of galvanic corrosion.  The picture is of a large steam valve constructed of different metals in the same mechanical room utilizing a 15# steam system for heat.  The valve packing has failed and water is draining into the insulation resulting in a corrosion problem under the wet insulation.
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task 5  

Our recommendations are summarized into five categories:

1. Buried Heating Pipelines

2. Buried Cooling Pipelines

3. Above Ground Heating/Cooling Lines

4. Alternative Capital Options

5. Other Miscellaneous Recommendations

Buried Heating Pipelines

The buried heating pipelines require the most consideration as they are in the worst condition.  The pipes, which were exposed in my presence, were not insulated.  This equates to a significant loss of heating energy and associated dollars.  Whenever a buried line is excavated, two conditions can exist.  The pipe uncovered could either have its insulation intact and undamaged, or it is damaged and/or non-existent.  When there is no damage and there appears to be no water intrusion into the insulation, then nothing needs to be done.


If the pipe uncovered has damaged or non-existent insulation, the repair crew has to determine whether or not they are going to reinsulate the pipe.  To insure optimum energy conservation, all lines should be reinsulated when insulation is found damaged or missing.  When this condition exists, the pipeline should be excavated to a point where the insulation is not damaged.  The pipe then should be coated with Madewell 1103 Coal Tar Epoxy Coating. 

Please click on the link below to access the literature brochure for Madewell 1103 Coal Tar Epoxy Coating.  This file is in a .pdf format, and thus requires Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  This file is 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 “D:\”.  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 1103 Coal Tar Epoxy Coating
The application specification for Madewell 1103 Coal Tar Epoxy Coating to prevent corrosion on elevated temperature (2300 F Max) insulated piping is as follows:

1. Remove the heat source from the pipe to be treated and allow the surfaces to be treated to cool to room temperature.

2. Remove pipe insulation. 

3. Prepare all surfaces to be treated by removing all existing coatings and corrosion products to bare metal by power wire brushing per SSPC SP#.

4. Mix Madewell 1103 at a weight ratio of 7 parts component B to 3 parts component A or by volume at a ratio of 2 parts component B to 1 part component A.  Mix thoroughly by hand or using a drill-mounted mixer for a period of not less than three minutes.

5. Apply Madewell 1103 liberally by brush in a single coat to all prepared surfaces at a thickness of approximately 30 mils DFT.

6. Allow Madewell 1103 to cure at room temperature for a period of 12 hours prior to placing back into service (allow additional time at lower temperatures).

END OF SECTION

For technical assistance with this product you may call Allied Corrosion Industries or Madewell Corporation.  Madewell’s contact information is Tel: 770-475-8199, Fax: 770-475-8167.  Their web site is www.madewell.com.     

The pipe should be reinsulated Pittsburgh Coring FOAMGLAS( Insulation AdVantage System with Pittwrap( Jacketing.  This system when properly installed is closest thing to a 100% waterproof system and is specifically designed for buried pipeline service. 

The following three “Hyperlinks” are associated with the insulation of direct burial pipelines.  The first is a brochure titled FOAMGLAS Insulation Systems for Underground Direct Burial Applications.  It contains a complete explanation of the FOAMGLAS system with specifications, along with an explanation of the PITTWRAP jacketing system.  The second hyperlink is a product Data Sheet on the PITTWRAP system.  The third hyperlink is titled Specification for FOAMGLAS Insulation in Under Ground Direct Burial Applications and outlines a comprehensive to this issue. 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 “D:\”.  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.  

FOAMGLAS Direct Burial Catalog
PITTWRAP Jacketing Data Sheet
FOAMGLAS Direct Burial Specification
For technical assistance with any of the Pittsburgh Corning Corporation product lines, feel free to contact the Pittsburgh Corning Engineering offices direct and ask for Mr. Kenneth R. Collier at 803-324-7304.  Pittsburgh Corning’s web site for this product is www.foamglasinsulation.com.  One of their distributors is Distribution International, Inc.; PO Box 7747; Mobile, AL 36670.  Mr. Hannon Fayard is their Sales Representative.  His contact numbers are: Tel: 251-471-4655, Tel: 800-874-2549, Fax: 251-478-6602, E-Mail: dimobile@aol.com.

If re-insulating the pipe is not to be done for whatever reason, then the minimum repair requirement should include cleaning and coating the pipe as per the specification associated with Madewell 1103 Coal Tar Epoxy, and cathodically protect the pipe in the repair area with a “High Potential Magnesium Anode”.  To cathodically protect a small amount of pipe, use a nine (9) pound, high potential, packaged magnesium anode as manufactured and supplied by Allied Corrosion Industries, Inc.  The anode lead wire is to be cadwelded to the pipe being coated and repaired.  If there is more than one pipe involved in the same area, insure that they are electrically continuous with the repaired pipe.  

  Cadwelding bond wires to adjacent pipes are the easiest method to accomplish electrical continuity.  If this is not done, interference can result.  Interference conditions can eventually cause the unprotected pipelines to corrode at faster rate than they would normally, causing more leaks.  Consequently, it is most important that all lines in a general area be electrically continuous with each other.  Please review the field repair pictures on page numbers 27 and 28 for an example of a repaired area without re-insulating the repaired pipe.      

Buried Cooling Lines
There have been very few problems associated with the insulated buried cooling lines.  The lines are insulated PVC and do not have a corrosion problem.  They continue to serve the requirement of cooling the barracks during the summer months.  The O&M personnel report that they very few repair issues with the buried chilled water lines. 

If repair of these lines is required, then it is recommended that the PVC lines be insulated with the FOAMGLAS Insulation System as described above.

Aboveground Heating and Cooling Lines

The lines that leave the mechanical rooms for each barracks are used for duel service.  They are used for hot water during the winter, and chilled water during the summer.  This as discussed earlier is the recipe for accelerated corrosion for metal pipes of all kinds.  To mitigate corrosion on all above ground, insulated pipelines, all bare pipes should be coated with Madewell  1103 Coal Tar Epoxy Coating.  Please refer to the hyperlink and the written application specification for this product as shown on page number 43.

After coating the lines, they should next be insulated with Armstrong ArmaFlex HT Insulation and the insulation then sealed with Armstrong ArmaChek.  ArmaChek is the moisture/vapor barrier.  The following three “Hyperlinks” are associated with the insulation of aboveground pipes and deal specifically with the Armstrong product ArmaFlex  Insulation.  The application at Ft. Polk will require the use of ArmaChek HT Insulation as it is rated to 3000 F.  The hot water heating cycle requires a temperature of 2300 F and the standard ArmaFlex is not rated to that temperature.  However the installation procedures are the same for both products.  The first hyperlink is associated with the ArmaFlex HT Literature.  The second hyper link is associated with the ArmaFlex Installation Manual and the third hyperlink is associated with the Master Installation Guide Specification.  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 “D:\”.  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.  

ArmaFlex High Temperature Literature
ArmaFlex Installation Manual
ArmaFlex Master Installation Guide Specification
The next set of hyperlinks is associated with the Armacell product ArmaChek.  This product is moisture/vapor barrier, which also serves a tough, flexible mechanical barrier as well.  The first hyperlink is associated with the ArmaChek Literature brochure.  The second hyperlink is associated with the ArmaChek Application Manual and the third is associated with the ArmaChek Step-By-Step Installation Manual.  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 “D:\”.  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.

ArmaChek Literature
ArmaChek Application Manual
ArmaChek Step-By-Step Installation Manual 

For technical assistance with any of the Armacell product lines, feel free to contact the Armacell Engineering offices direct and ask for Mr. Kartik A. Patel at 919-304-8907.  The web site for this product is www.armacell.com.   One of their distributors is Distribution International, Inc.; PO Box 7747; Mobile, AL 36670.  Mr. Hannon Fayard is their Sales Representative.  His contact numbers are: Tel: 251-471-4655, Tel: 800-874-2549, Fax: 251-478-6602, E-Mail: dimobile@aol.com. 

Alternate Capital Options

There are several different options, which should be considered before any major expenditure is incurred to correct the deficiencies of the barracks heating and cooling system at Ft. Polk, LA.  The options are not listed in any specific order.

7. If the central plant is to be kept as is, the hot water and chilled water lines should be run in a sealed concrete trough, which prevents water intrusion.  The system should be so designed as to be able to take care of any water collection in low area.  The products specified for repair in the body of this report are the same ones that should be used on the system if this option is elected.

8. Abandon the hot water lines in place.  Install natural gas lines to each barrack’s mechanical room.  Install a closed loop, natural gas hot water heater upstream of the heat exchanger in each barrack’s mechanical room for heating.  By so doing, the buried insulation lines no longer present a maintenance problem because they will have been abandoned.  Since the chilled water lines have presented no serious problems, these will be left and maintained as is.

9. If the chilled water lines become a problem, consideration may be given to installing individual, window air conditioning units for each barrack’s room.  The problem with a central air and heating system for this application is that the barracks were not designed with air ducts.  Adding them may be impossible and/or financially unfeasible.  An architect with the barrack’s plans may be able to design a central system if there is space for air ducts to be routed throughout the barracks.  If there were, then it would be our strongest recommendation to go to a central air condition and heating system and abandon all buried lines.  At the time of writing this report, electric air conditioning and natural gas heating is the most economical and maintenance free systems available today.  

Other Miscellaneous Recommendations
1.
Inspection Plugs

Whenever there is a requirement for inspection of the substrate under insulation, an inspection plug should be installed.  A company, which manufactures an item for this specific application is NDT Seals, Inc. located in Houston, TX.  The product name is “NDT Inspection Plugs”.  The NDT part of the name is an acronym for Non-Destructive Testing.  The contact information for NDT Seal, Inc. is: Tel: 713-222-7584, Tel: 800-261-6261, Fax: 713-222-9404 E-Mail: info@ndtseal.com. Their web site location is www.ndtseals.com. 

Please click on the link below to access the literature brochure for NDT Inspection Plugs.  This file is in a .pdf format, and thus requires Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  This file is 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 “D:\”.  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.  

NDT Seals Inspection Plugs
2. Insulated Union Test Procedure

Whenever two different metals are coupled together in the HVAC piping, an insulated union and or fitting should be installed.  Depending on the application, Allied Corrosion Industries can supply you with these fittings.  

Once installed and leak tested, the fitting should be tested to insure that the insulating quality of the fitting has not be damaged during installation.  The most efficient method for accomplishing this is to use a Tinker & Rasor Radio Frequency Insulator Tester for testing insulators install in above ground applications.  The model number for this instrument is “RF-IT”.  To use this instrument, you simply touch both sides of the insulated fitting with the probes and the instrument indicates whether or not the insulator is good or bad.  Allied Corrosion Industries can supply this instrument to anyone who has an interest in it.   

Please click on the link below to access the literature brochure for Tinker & Rasor Model RF-IT Insulator Tester.  This file is in a .pdf format, and thus requires Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  This file is 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 “D:\”.  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.  

Model RF-IT Insulator Tester


3.
Valve Pit Sealing

The pipe penetrations through the concrete walls of the valve pits were originally sealed with Link Seals.  PSI/Thunderline Corporation manufactures Link Seals.  They are an excellent product when installed correctly.  The seals that were installed were not installed correctly.  There are two specific installation errors, which were noticed during the inspection associated with this report.  The first error was the insertion of a piece of thin sheet metal into the ID of the hole of the concrete with the Link Seal inserted inside of the sheet metal.  Link Seals are made to seal directly to a core-bored hole in the concrete.  By inserting a piece of sheet metal into the ID of the hole first, a leakage path has been created as their no seal between the sheet metal and the concrete.  All the sealing of the Link Seal product is between the ID of the sheet metal and the pipe. 

The second error that was committed during installation was installing Link Seals on the Polytherm Insulation.  The amount of force that the Link Seals exert on the ID and OD of the seal is quite large.  The thin layer of fiberglass, which is installed over the insulation for this piping, cannot withstand the force exerted by the Link Seal.  The fiberglass will crack under the crushing pressure of the Link Seal, resulting in a leak path.  The Link Seal is designed to seal directly to the COATED surface of the pipe.  The standard Link Seal can operate continuously in a temperature range from –400 F to + 2500 F.  The only variation to the standard Link seal that we would recommend is to specify SS316 hardware.  Link Seal makes a large assortment of different size Link Seals for almost every hole and pipe size combination.  A typical part number for a Link Seal with SS316 hardware is:  LS400-S-316.    

Our specific recommendation to correct these two problems is to remove the originally installed Link Seals.  Remove the thin metal sheeting.  Remove the insulation from around the pipe in the area where the pipe penetrates the concrete wall.  Next clean the hole in the concrete.  Clean and coat the pipe as per the specification for the application of Madewell 1103 coating.  Install new Link Seals with SS316 hardware as per the proper installation procedure.  Re-insulate the pipes on either side of the wall using the specification for FOAMGLAS with PITTWRAP Jacketing products. 

Please click on either of the two links below for access to the literature brochure for Link Seal or for the Link Seal Installation Instructions.  This file is in a .pdf format, and thus requires Acrobat Reader by Adobe.  If you do not have Acrobat Reader, you can download it free by visiting www.adobe.com.  This file is 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 “D:\”.  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.  

Thunderline Link Seals
Link Seal Installation Instructions
� EMBED Excel.Sheet.8  ���
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Description

Part Number

1

Royston Handy Cap

N/A

1A

Royston Aerosol Primer

# 747

2

9lb High Potential Magnesium Anode

# 01092110

3

CAD Weld Mold for flat 4" dia and larger                   "Horizontal"

CAHAA-1G

4

CAD Weld Mold for flat 3/4" - 3 1/2" dia pipe             "Horizontal"

CAHAA-1GA

5

CAD Weld Mold for flat 4"-10" dia pipe                      "Vertical"

CAVST-1GB

6

CAD Weld Mold for flat 3/4" - 3 1/2" dia pipe             "Vertical"

CAVST-1GA

7

CAD Weld Charge "Metal"

CA 15 

8

Pipeline Coal Tar Epoxy Coating (1/2 gal kits)

Madewell 1103

1

3,7

2

"Wire" Power brush

all steel pipe and 

Pipe 3/4"- 3 1/2"

(Horizontal)

coat with Madewell 1103

1

 

3/4"-3 1/2" (Vertical)

4"-10" pipe  (Vertical)

4,7

2

6,7

5,7

1

1

2

DATE COMPLETED:

ALLIED CORROSION INDUSTRIES INC.

1550 COBB INDUSTRIAL DRIVE N.E.

MARIETTA, GEORGIA, 30066-6611

(770) 425-1355

Fort Polk Hot Water

HVAC Line Repair System



          Pipe (horizontal)                       4 inches or larger

                                                                    

_1081598372.xls
leesville

		Station: 165266/99999, Leesville, Louisiana																								Elev. 28 ft. above sea level																								Lat. 31°09'N, Lon. 93°14'W

		Date		Temperature (° F)																												Precipitation (inches)

		Elem->		MMXT		MMNT		MNTM		DPNT		HTDD		CLDD		EMXT				EMNP				DT90		DX32		DT32		DT00		TPCP		DPNP		EMXP				TSNW		MXSD				DP01		DP05		DP10

		2001 Month		Mean Max.		Mean Min.		Mean		Depart. from Normal		Heating Degree Days		Cooling Degree Days		Highest		High Date		Lowest		Low Date		Number of Days								Total		Depart. from Normal		Greatest Observed				Snow, Sleet						Number of Days

																								Max >=90°		Max <=32°		Min <=32°		Min <=0°						Day		Date		Total Fall		Max Depth		Max Date		>=.10		>=.50		>=1.0

		1		54.1		33.2		43.7		-2.9		654		0		73		31		16		3		0		0		15		0		6.19		1.41		1.29		19		0.3X		0				9		5		2

		2		67.6		44.3		56		5.8		286		41		81		28		25		4		0		0		8		0		2.3		-2.72		1.21		27		0		0				4		2		1

		3		64.7		42.4		53.6		-4.8		351		0		80		13		30		10		0		0		3		0		9.71		5.09		2.84		2		0		0				11		6		4

		4		81.1		58.3		69.7		3.6		49		194		87		16		33		18		0		0		0		0		0.99		-2.76		0.72		24		0		0				2		1		0

		5		86.4		61.2		73.8		1.2		2		284		93		30		45		23		6		0		0		0		1.82		-3.4		0.83		13		0		0				4		1		0

		6		87.2		66.7		77		-1.5		0		364		96		3		59		25		8		0		0		0		13.77		9.18		6.03		7		0		0				12		7		3

		7		92.4		70.6		81.5		0		0		521		98		23		66		2		25		0		0		0		2.84		-1.84		0.87		2		0		0				6		2		0

		8		91.1		70.3		80.7		-0.3		0		495		96		27		66		25		22		0		0		0		4.75		1.22		1.6		2		0		0				7		3		1

		9		84		63.3		73.7		-2.6		22		289		92		20		44		27		3		0		0		0		7.97		4.12		1.6		1		0		0				10		6		4

		10		75.7		48.6		62.2		-3.9		157		76		87		25		32		29		0		0		2		0		8.52		4.91		4.9		13		0		0				5		5		2

		11		72.5		44.9		58.7		1.4		190		11		81		4		26		21		0		0		2		0		8.94		4.09		3.47		29		0		0				4		4		3

		12		M		M		M		M		M		M		M				M				M		M		M		M		M		M		M				M		M				M		M		M

		Annual		M		M		M		M		M		M		M		Jul		M		Jan		M		M		M		M		M		M		M		Jun		M		M				M		M		M

		~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

		Notes

		~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

		(blank) Not reported.																		X		Monthly means or totals based on incomplete time series.  1 to 9 days are																S		Precipitation amount is continuing to be

		+		Occurred on one or more previous dates during the month.  The date in																		missing.  Annual means or totals include one or more months which had 1																		accumulated.  Total will be included in a

				the Date field is the last day of occurrence.  Used through December																		to 9 days that were missing.																		subsequent monthly or yearly value.

				1983 only.																M		Used to indicate data element missing.																		Example: Days 1-20 had 1.35 inches of

		A		Accumulated amount.  This value is a total that may include data from a																T		Trace of precipitation, snowfall, or snowdepth.  The precipitation data value																		precipitation, then a period of

				previous month or months or year (for annual value).																		will = zero.																		accumulation began.  The element TPCP

		B		Adjusted Total.  Monthly value totals based on proportional available																Elem-		Element Types are included to provide cross-reference for users of the																		would then be 00135S and the total

				data across the entire month.																>		NCDC CDO System.																		accumulated amount value appears in a

		E		An estimated monthly or annual total.																Station		Station is identified by: CoopID/WBAN, Station Name, State.																		subsequent monthly value.  If TPCP = "M"

																																								there was no precipitation measured

																																								during the month.  Flag is set to "S"

																																								and the total accumulated amount

																																								appears in a subsequent monthly value.

		~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

		Dynamically generated Thu Mar 21 09:40:45 EST 2002 via http://lwf.ncdc.noaa.gov/servlets/ACS

		Data provided from the NCDC CDO System



&L&7U.S. Department of Commerce
National Oceanic & Atmospheric Administration&C&"Times New Roman,Bold"&12ANNUAL
CLIMATOLOGICAL SUMMARY
(2001)&R&7National Climatic Data Center
Federal Building 
151 Patton Avenue
Asheville, North Carolina 28801




_1081082302.xls
Sheet1

		

								No.				Description																																																				Part Number

								1				Royston Handy Cap																																																		N/A

								1A				Royston Aerosol Primer																																																		# 747

								2				9lb High Potential Magnesium Anode																																																		# 01092110

								3				CAD Weld Mold for flat 4" dia and larger                   "Horizontal"																																																		CAHAA-1G

								4				CAD Weld Mold for flat 3/4" - 3 1/2" dia pipe             "Horizontal"																																																		CAHAA-1GA

								5				CAD Weld Mold for flat 4"-10" dia pipe                      "Vertical"																																																		CAVST-1GB

								6				CAD Weld Mold for flat 3/4" - 3 1/2" dia pipe             "Vertical"																																																		CAVST-1GA

								7				CAD Weld Charge "Metal"																																																		CA 15

								8				Pipeline Coal Tar Epoxy Coating (1/2 gal kits)																																																		Madewell 1103

																																														1

																										3,7

																																												2

																																																														"Wire" Power brush

																																																														all steel pipe and

																Pipe 3/4"- 3 1/2"												(Horizontal)																														coat with Madewell 1103

																																														1

								3/4"-3 1/2" (Vertical)																																																		4"-10" pipe  (Vertical)

																										4,7																		2

																6,7																																														5,7

																												1																				1

																																						2

				DATE COMPLETED:																										Fort Polk Hot Water																								ALLIED CORROSION INDUSTRIES INC.

																																																						1550 COBB INDUSTRIAL DRIVE N.E.

																														HVAC Line Repair System																								MARIETTA, GEORGIA, 30066-6611

																																																						(770) 425-1355
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