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Introduction
This paper provides an overview of fundamental corrosion theory and corrosion control with a specific focus on Natural Gas Measurement and Regulation (M&R) stations. It covers the nature of corrosion, the mechanisms through which it occurs, and the methods used to mitigate these mechanisms. The discussion also includes the various types of cathodic protection systems and the critical role of electrical isolation within M&R stations. 
Relevant Code and Organizations
Several sections within 49 CFR Part 192 address corrosion control and monitoring for natural gas pipeline facilities. The three sections most relevant to the focus of this paper are:	192.455 – Corrosion control of buried or submerged pipelines
	192.479 – Atmospheric corrosion control
	192.481 – Atmospheric corrosion monitoring
Most of the Standards and Recommended Practices as it relates to corrosion control are distributed by AMPP (Association for Materials Performance and Protection). AMPP was formed by a merger of NACE (National Associaton of Corrosion Engineers) and SPCC (Society for Protective Coatings, formerly Steel Structures Painting Council). These associations are leaders in the industry as it relates to information regarding corrosion, coatings, and cathodic protection systems.
Fundamentals of Corrosion
AMPP defines corrosion as the deterioration of a substance, typically a metal, or its properties due to a reaction with its environment. In the natural gas industry, the term most often refers to the degradation of mild steel and other ferrous materials. Corrosion occurs within a closed-loop system known as a corrosion cell. A basic corrosion cell consists of four components: an anode, a cathode, a metallic path connecting them, and an electrolyte capable of conducting current.
Within this system, corrosion proceeds as an electrochemical process. Potential differences between the anode and cathode drive an electrical flow, known as the corrosion current. This current causes the anode to be consumed while the cathode remains protected. The same fundamental principle underlies the operation of alkaline batteries.
These potential differences are commonly illustrated through a galvanic series, which ranks metals according to their potentials relative to a reference electrode. Metals with more negative potentials are considered more active, while those with more positive potentials are more noble. The more active metals are typically those that require significant energy input during refinement. Ultimately, it is entropy, the natural tendency of materials to return to a lower-energy state, that drives the corrosion process.
It is important to note that a corrosion cell can occur at a near microscopic level. On a length of steel pipe, slight variations can cause area to be either locally anodic or cathodic, and the pipeline itself provides the metallic path for the corrosion current.
Vectors of Corrosion
In the design of natural gas M&R facilities, there are two main avenues for corrosion to consider: atmospheric and soil side. The corrosion process is the same in both cases, but the manner of corrosion control varies somewhat.
Atmospheric corrosion can be aggravated by several factors. These include corrosive environments, the presence of dissimilar metals causing galvanic couples, inappropriate coatings at soil to air transitions, and piping insulation trapping moisture up against the pipe. Underground corrosion considerations include lack of or inadequate cathodic protection, likely due to incorrect isolation practices, as well as inappropriate coatings at soil to air transitions. In both atmospheric and underground corrosion, the primary defense against corrosion is a coating system, for buried or submerged pipe, a cathodic protection system is used in conjunction with coatings.
For atmospheric applications, the primary coating system is a high-quality paint. For buried piping, epoxy coatings and tape applied coatings are the most common at M&R facilities.
Cathodic Protection Fundamentals
The primary objective of a cathodic protection system is to ensure that the structure being protected functions as the cathode within a corrosion cell. This is achieved by polarizing all areas of the structure to the most active potential of the metal surface and then introducing an anode with a potential more negative than the polarized pipe.
Cathodic protection systems fall into two categories: galvanic (sacrificial) and impressed current. Galvanic systems rely on highly active metal like magnesium to supply the protective current. They are well suited for applications with relatively low current demand, localized protection needs, shielded or hard‑to‑reach areas, points of stray‑current discharge, and locations where external power is unavailable.
Impressed current systems, by contrast, use a DC power source to apply a forcing voltage that drives the required protective current. These systems are advantageous when current requirements are high, such as on large‑diameter pipelines, extensive pipeline networks, storage tanks, or in environments where significant stray currents must be overcome.
Electrical Isolation
Electrical isolation is perhaps the most important consideration as it relates to cathodic protection and corrosion control at M&R facilities. There are three key reasons that isolation needs to be implemented: cathodic protection system performance, M&R equipment interference, and safety.
Poor isolation can have extreme negative effects on the performance of a cathodic protection system. Electrical shorts to buildings, supports, and foreign pipelines can significantly increase the current demands of the system, and lead to inadequate protection of the buried facility in question. Isolation is also important when it comes to safety. Pipelines often run through utility corridors. This can lead to the possibility of large AC voltage being induced in the pipeline, as well as the risk of AC or DC ground faults from electric transmission lines. These can create significant shock hazards on above ground pipeline components at M&R facilities if not considered and isolated from. A third consideration is interference to equipment at the facility. Stray currents and Impressed Current systems can potentially cause M&R equipment to not operate correctly, creating safety and operational problems.
Many forms of isolation are required to be used to adequately isolate M&R facilities. Insulating gaskets, dielectric couplings and unions, insulated supports for piping and tubing, as well as proper design of wall penetrations avoid the possibility for shorts to metal buildings. 
Conclusion
Corrosion control is an important consideration when designing and building M&R facilities. Personnel must work closely with corrosion groups to ensure that all exposed and buried structures are coated and protected. Proper electrical isolation can enhance the performance of cathodic protection systems, protect employees from hazards, and protect equipment from damage.
