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The operational integrity and longevity of industrial steam generation systems are governed by a complex 

intersection of mechanical engineering standards and precise chemical balance. In the global landscape of thermal 

power and process industries, the American Society of Mechanical Engineers (ASME) provides the foundational 

framework through its Boiler and Pressure Vessel Code (BPVC). However, mechanical compliance is only half of 

the equation; the chemical environment within the boiler, specifically water quality, dictates whether a system will

operate for decades or fail catastrophically within years. This technical analysis explores the nuances of ASME

guidelines, specifically Section I and Section IX, and provides a deep dive into the feedwater and boiler water

quality limits required for firetube and watertube systems.

The Regulatory Framework: ASME BPVC Section I and Section IX

The ASME Boiler and Pressure Vessel Code (BPVC) is an international standard that regulates the design,

fabrication, and inspection of boilers and pressure vessels. For technical professionals, two sections are of

paramount importance: Section I and Section IX.

ASME Section I: Power Boilers

ASME Section I provides the requirements for all methods of construction for power, electric, and miniature boilers, 

as well as high-temperature water boilers used in stationary service. It also covers Heat Recovery Steam 

Generators (HRSGs)and certain categories of solar receivers. The primary focus of Section I is safety through

design—specifying allowable materials, thickness calculations for shells and tubes, and the rigorous testing of

safety relief valves. In modern industrial applications, adherence to Section I ensures that the vessel can withstand

the extreme thermodynamic stresses associated with high-pressure steam generation.

ASME Section IX: Welding and Brazing Qualifications

While Section I defines what to build, Section IX defines how to join the materials. ASME Section IX relates to the 

qualification of welders, brazers, and the procedures used in manufacturing. It establishes the criteria for the 

Welding Procedure Specification (WPS) and the Procedure Qualification Record (PQR). For a boiler to be

stamped with the ASME "S" symbol, every weld must be performed by a qualified technician using a procedure that

has been mechanically tested to ensure the integrity of the joint matches the strength of the base metal. This is

critical in preventing localized failures and stress corrosion cracking (SCC) in high-heat zones.

Fundamental Principles of Boiler Water Chemistry

The transition from raw makeup water to high-purity steam involves a sophisticated treatment cycle. Without proper 

chemical control, boilers suffer from three primary pathologies: Scale formation, Corrosion, and Carryover. The

ASME guidelines for water quality are designed to mitigate these risks by setting strict limits on specific

contaminants.

1. Scale Formation and Heat Transfer Resistance

Scale is the crystallization of impurities—most commonly calcium, magnesium, and silica—on the heat transfer



surfaces of the boiler. In firetube boilers, scale typically forms on the exterior of the tubes; in watertube boilers, it

forms on the interior. Because scale has a significantly lower thermal conductivity than carbon steel, it acts as an

insulator. Even 1/16th of an inch of scale can reduce heat transfer efficiency by over 10%, leading to localized

overheating, tube metal softening, and eventual rupture.

2. Corrosion Mechanisms: Oxygen Pitting and Acidic Attack

Corrosion in boilers is often driven by dissolved gases, particularly oxygen (O2) and carbon dioxide (CO2). Oxygen 

pittingis a localized form of corrosion that can rapidly penetrate a tube wall, while CO2 forms carbonic acid in the

condensate lines, leading to thinning of return piping. The ASME guidelines emphasize the use of mechanical

deaeration and chemical oxygen scavengers (like sulfite or hydrazine) to maintain near-zero dissolved oxygen

levels.

3. Steam Purity and Carryover

Carryover occurs when boiler water (and the solids within it) is entrained in the steam leaving the drum. This can be 

caused by high Total Dissolved Solids (TDS), foaming, or mechanical issues with steam separators. In systems

with superheaters or turbines, carryover is catastrophic, as solids deposit on turbine blades or cause superheater

tube overheating. ASME suggests stringent limits for spray water quality and drum water TDS to protect

downstream equipment.

Technical Analysis: Water Quality Limits for Watertube Boilers

Watertube boilers, often operating at higher pressures than firetube boilers, require more rigorous water treatment. 

The following table summarizes the ASME Suggested Water Quality Limitsfor industrial watertube boilers based

on operating pressure.



Drum 
Pressure 
(psig)

Iron (ppm 
Fe)

Copper 
(ppm Cu)

Total 
Hardness 
(ppm 
CaCO3)

Silica (ppm 
SiO2)

Total 
Alkalinity 
(ppm 
CaCO3)

Specific Con
ductance 
(µmhos/cm)

0 - 300 0.100 0.050 0.300 150 700 7000

301 - 450 0.050 0.025 0.300 90 600 6000

451 - 600 0.030 0.020 0.200 40 500 5000

601 - 750 0.025 0.020 0.200 30 400 4000

751 - 900 0.020 0.015 0.100 20 300 3000

901 - 1000 0.020 0.015 0.050 8 200 2000

Note: As pressure increases, the allowable levels of contaminants decrease exponentially. This is due to the

increased solubility of certain salts in steam at high pressures and the higher sensitivity of high-pressure

components to thermal barriers.

Comparative Analysis: Industrial Firetube Boiler Water Limits

Firetube boilers (such as those described in FM Global DS 6-22) are generally more robust but still require careful 

monitoring. Because they typically operate at lower pressures (&lt; 300 psig), the limits for TDS and Alkalinityare

higher than those for watertube systems, but the risk of hard scale formation remains a primary concern.

Table 3-15: Firetube Boiler Feedwater and Boiler Water Limits



Parameter Feedwater Requirement Boiler Water Limit

Dissolved Oxygen &lt; 0.007 ppm N/A

Total Hardness &lt; 1.0 ppm 0 ppm

pH Value 8.3 - 10.0 10.5 - 11.5

Total Dissolved Solids N/A 3000 - 3500 ppm

Silica N/A &lt; 150 ppm

Suspended Solids N/A &lt; 300 ppm

Field Guide: Boiler Commissioning and Boil-Out Procedures

A critical stage in the lifecycle of any ASME boiler is the initial start-up and boil-out. New boilers contain oils,

greases, and preservatives from the manufacturing process. If not removed, these organics can cause severe

foaming and can carbonize on the tube surfaces, leading to rapid failure.

Step-by-Step Boil-Out Procedure

1.  Inspection: Ensure all hydrostatic testing is complete and the ASME stamp is verified.

2.  Chemical Charging: Introduce a solution of sodium carbonate (soda ash), trisodium phosphate (TSP), and a 

surfactant. These chemicals emulsify oils and lift mill scale.

3.  Heating: Fire the boiler at a low rate to reach approximately 50% of operating pressure. Maintain this state for 

24 to 48 hours.

4.  Blowdown: Perform frequent bottom blowdowns to remove the emulsified sludge.

5.  Rinsing: Drain the boiler while still warm (not hot) and rinse with high-quality feedwater until the water runs 

clear and the pH returns to the desired range.

6.  Passivation: Immediately fill the boiler with treated water and establish the protective magnetite ($Fe_3O_4$) 

layer through controlled operation.

Advanced Analysis: The Role of Silica and Sodium in High-Pressure 
Systems

For modern industrial watertube boilers, particularly those feeding turbine drives, Silica (SiO2) and Sodium (Na)

management is non-negotiable. Silica is unique because it can volatilize (become a gas) at high pressures and

carry over into the steam phase even without mechanical priming. Once the steam cools in the turbine, the silica

precipitates as a hard, glass-like coating on the blades, altering their aerodynamic profile and causing vibration or

failure.

Sodium limitsfor spray water (desuperheating water) are often kept below 10 ppb. Since spray water is injected

directly into the superheated steam, any solids in that water are instantly vaporized and sent into the turbine. There

is no "drum" to catch these impurities, making the purity of spray water even more critical than the main feedwater.

Operational Challenges: Troubleshooting Common Failures

Despite following ASME guidelines, operational challenges frequently arise. Below is a matrix for identifying and



resolving water-related boiler issues.



Symptom Probable Cause Diagnostic Step Corrective Action

Sudden High Conductivity 
in Steam

Carryover or Foaming Check Boiler Water TDS Increase Blowdown Rate; 
check antifoam feed

Localized Pitting on Tube 
Surface

Oxygen Ingress Test Deaerator 
Performance

Increase Sulfite/Scavenger 
dosage; inspect DA vent

High Stack Temperature Waterside Scale or 
Fireside Soot

Visual Tube Inspection Acid cleaning (if scale); 
check water softener

Low pH in Condensate Carbonic Acid Formation Test Condensate Iron 
Levels

Increase Neutralizing 
Amine dosage

Strategic Boiler Lay-Up Procedures

Boilers are often most vulnerable when they are *not* running. Idle boilerscan suffer from severe atmospheric

corrosion if not properly laid up. ASME and ABMA recommend two primary methods:

1. Wet Lay-Up

This is preferred for boilers that may be needed on short notice. The boiler is completely filled with treated

feedwater, and chemical concentrations (specifically oxygen scavengers) are boosted to 2-3 times normal

operating levels. A nitrogen blanket may be maintained in the steam space to prevent oxygen ingress.

2. Dry Lay-Up

Ideal for long-term storage or in freezing climates. The boiler is drained and thoroughly dried using heaters or fans.

Desiccants like silica gel or quicklime are placed in trays inside the drums (without touching the metal). The boiler is

then sealed airtight. This prevents the moisture necessary for the corrosion electrochemical reaction.

Adherence to the ASME Boiler and Pressure Vessel Code, paired with a rigorous understanding of the American

Boiler Manufacturers Association (ABMA) water quality standards, forms the backbone of modern industrial

reliability. While Section I and Section IX provide the physical integrity of the vessel, the chemical guidelines

provided by ASME Table 1 and Table 3-15 provide the environmental integrity. For the Senior Engineer or Plant

Manager, the integration of these two disciplines is not merely a regulatory requirement but a strategic necessity for

operational excellence. By maintaining strict control over parameters such as TDS, silica, and dissolved oxygen,

and by ensuring that all welding and construction meet BPVC standards, facilities can maximize their return on

investment while ensuring the highest levels of safety and efficiency in steam generation.
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