Early Warning Signs: The Value of Routine Boiler
System Diagnostics

| have spent enough years around commercial and industrial boilers to know that a small
problem rarely stays small. A pinhole leak in a tube, a flame sensor reading just a few
microamps low, or a draft that is barely out of spec can snowball into a full shutdown by the
end of the week. The difference between a planned outage and an emergency call often comes
down to how well you understand what the equipment is telling you. That is where boiler
system diagnostics become essential.

What Boiler System Diagnostics Actually Involve

Boiler system diagnostics is not a single test or a quick glance at a control panel. It is a
methodical process of measuring, recording, and interpreting the operating parameters of the
entire steam or hot water system. This includes combustion analysis, water chemistry testing,
control sequence verification, safety device function checks, and thermal imaging of refractory
and insulation. Each piece of data tells a story. The challenge is reading the whole story rather
than reacting to one alarming number.

A good diagnostic routine starts with baseline measurements taken when the boiler is known
to be running well. Without that baseline, you are guessing at what is normal. | have seen
facilities where operators chased a phantom efficiency loss for weeks, only to discover that the
oxygen trim setpoint had drifted because of a fouled sensor. That kind of drift is invisible
without regular diagnostics. By the time the stack temperature climbs or the burner starts
cycling, the problem has already cost real money in fuel and wear.

Combustion Analysis Is the Heart of Diagnostics

The combustion process is where fuel turns into heat, and it is also where most inefficiencies
hide. A portable flue gas analyzer measures oxygen, carbon dioxide, carbon monoxide, and
stack temperature. Those numbers tell you if the air-fuel ratio is right, if the burner is mixing
properly, and if heat is being lost up the stack. A reading of 3 percent oxygen in the flue gas
might be fine for one burner design but a sign of trouble in another. The diagnostic skill is
knowing what the numbers mean for that specific boiler, not just comparing them to a textbook
ideal.
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| once worked with a plant that had a consistent 2 percent oxygen reading and a clean stack.
Everyone assumed the boiler was tuned perfectly. But a full set of boiler system diagnostics

revealed that the high-fire position was overfiring by nearly 10 percent. The oxygen reading


https://www.google.com/maps/search/?api=1&query=Porter%20Boiler%20Service
https://www.google.com/maps/place/?q=place_id:ChIJw7AGpt4z3YARn0_FSl1Ltsw

looked fine because the excess air was also high, masking the overfiring. The burner was being
pushed harder than it was designed for, leading to higher thermal stress on the tubes and a
shorter refractory life. That problem would never have been caught by a simple efficiency
calculation. It took a full diagnostic session to map the firing rate curve against the actual gas
flow.
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Water Side Diagnostics: Chemistry and Mechanical Condition

The fire side is only half the picture. On the water side, even a perfectly tuned burner cannot
save a boiler that is fouled with scale or corrosion deposits. Water chemistry testing is a core
part of any thorough diagnostic program. Hardness, alkalinity, dissolved oxygen, and
conductivity all affect how heat transfers from the tubes to the water. A thin layer of calcium
carbonate scale, less than a millimeter thick, can reduce heat transfer efficiency by 10 percent
or more. That lost energy goes up the stack, and the boiler has to fire longer to meet the same
load.



Beyond chemistry, mechanical diagnostics check the condition of the water level controls, low
water cutoffs, and feedwater valves. These devices fail slowly. A float that sticks intermittently
or a probe that develops a thin coating of sludge may still work most of the time, but it will fail
at the worst possible moment. Regular diagnostic testing includes manually cycling these
devices under load to confirm they trip at the correct water level. This is not maintenance in the
usual sense; it is verification that the safety systems are ready to do their job.

Control System Diagnostics: Finding Ghosts in the Logic

Modern boilers rely on programmable controllers, flame safeguard relays, and modulation
systems that communicate over networks. These systems are reliable, but they are also
complex. A single corrupted parameter or a loose wire on a thermocouple can cause the boiler
to behave erratically. | have seen a boiler that would lock out three times a day for no apparent
reason. The technicians had replaced the flame scanner twice and the control board once.
Finally, a full set of boiler system diagnostics showed that the signal-to-noise ratio on the flame
signal was borderline because of a grounding issue in the burner housing. The fix was a new
ground strap, not a new scanner.

Control diagnostics also involve checking the sequencing and timing of each operating stage.
A boiler that takes too long to purge before ignition wastes time and risks nuisance lockouts.
One that purges too quickly may not clear the combustion chamber properly. The diagnostic
process compares actual timing against the manufacturer's specifications and flags any
deviation. It is tedious work, but it prevents the kind of intermittent faults that drive
maintenance teams crazy.

Thermal Imaging and Refractory Inspection

Infrared thermography is one of the most useful diagnostic tools that is still underused in many
facilities. A thermal camera can show hot spots on the boiler shell, uneven temperatures
across the refractory, and insulation breakdown that is invisible to the naked eye. | remember a
job where the outside of a boiler felt uniformly warm to the touch, but the thermal image
revealed a patch near the rear door that was nearly 100 degrees hotter than the surrounding
area. That turned out to be a crack in the refractory that was letting flame impinge directly on
the steel. Caught early, it was a repair that cost a few thousand dollars. Left for another month,
it would have been a tube replacement and weeks of downtime.



How Often Should Diagnostics Be Done?




There is no single answer that fits every facility. A boiler that runs 24 hours a day, seven days a
week, with high turndown ratios and variable load, needs diagnostics more often than a
seasonal boiler that fires only during winter. As a rough guideline, | recommend a
comprehensive diagnostic session at least twice a year, once before the heating season and
once after. For continuous-duty boilers, quarterly diagnostics are better. The cost of one
diagnostic session is usually less than the fuel wasted by a boiler that is running 5 percent
below its peak efficiency.

The real value of diagnostics is not in the numbers themselves but in the trend. A single
oxygen reading of 4 percent is just a data point. A trend showing that oxygen has climbed from
2.5 percent to 4 percent over six months is a clear signal that the burner needs attention. That
trend data allows you to schedule repairs during planned downtime rather than waiting for a
lockout to force the issue.

Common Mistakes in Diagnostic Practice

One mistake | see often is relying too heavily on the boiler's own control panel readouts. Those
readings are useful for operation, but they are not always accurate enough for diagnostics. A
panel that shows stack temperature within 10 degrees of actual is fine for the operator, but for
diagnostics you need accuracy within a degree or two. Portable instruments that are calibrated
regularly are essential. Another mistake is ignoring the physical condition of the boiler in favor
of the numbers. A boiler can pass every diagnostic test on paper and still have a cracked fitting
or a corroded tube sheet. Visual inspection is still part of diagnostics, no matter how advanced
the instruments get.

There is also the trap of treating diagnostics as a one-time event. A facility that brings in a
technician for a full diagnostic every three years is not doing diagnostics; it is doing a spot
check. Real diagnostics build a record over time. That record becomes the basis for decisions
about retubing, burner replacement, or controls upgrades. Without it, every decision is based
on guesswork and the pressure of an immediate need.
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Diagnostics is not about finding problems for the sake of finding problems. It is about
understanding the condition of your equipment so you can make informed decisions about
operation, maintenance, and capital investment. A boiler that is well understood is a boiler that
runs safely, efficiently, and predictably. That predictability is what keeps production lines
running and facilities comfortable, without surprise failures in the middle of a cold night.

Connect with us on Facebook.

For commercial and industrial facilities throughout Southern California, Porter Boiler Service,
located at 1166 23rd St, Signal Hill, CA 90755, can be reached at +1 562-426-2528 for boiler
system diagnostics and comprehensive support across installation, maintenance, and repair.
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