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Phorgotten Phenomena

The Fine Art 
of Predicting 
Failures Just 
Before They 

Occur
Michael F. McDonalD, Registered Professional Technologist (Engineering), 

Sunnyvale, California

When predicting a corrosion failure, ideally the 

time frame should be of sufficient duration to 

enable operators to take the appropriate action and 

eliminate the hazard. Occasionally it happens that 

a potential failure is predicted just before it actually 

occurs. Tis article describes such a situation.

O
ne of the goals of corrosion 

engineers is to predict corrosion 

problems and failures before 

they actually occur. More than 

luck is involved in making predictions 

that come very close to the actual occur-

rence. It takes experience, diligent moni-

toring, and knowledge of potential corro-

sion issues to successfully diagnose 

problems. Such a prediction happened to 

the author ~30 years ago. 

While employed as a corrosion tech-

nologist by an oil company in Western 

Canada, I was preparing a post-turn-

around report for a large natural gas 

liquids (NGL) extraction plant. One of 

the more critical sections of the plant 

consisted of three large, vertical direct-

fired heaters. These units had a history of 

internal corrosion problems in the 6 na-

tional pipe size (NPS) heater tubes, and 

several of the heaters had been com-

pletely re-tubed. 

The medium being heated was lean 

oil used in the NGL extraction process. 

The lean oil was known to contain trace 

quantities of hydrogen sulfide (H
2
S), car-

bonyl sulfide (COS), and mercaptans 

(R-SH). Because of the corrosion prob-

lems, the heaters were given a compre-

hensive ultrasonic test (UT) inspection at 

regular intervals. I had previously in-

spected several of the heaters, so I had an 

awareness of the corrosion issues. Each 

heater had six tube passes, and the cor-

rosion problems invariably occurred on 

the final, or next to final, tube of each 

pass. This was logical, as the final tubes 

in each pass were the hottest, with the 

operating temperature being ~650 °F 

(343 °C). 

I had reviewed a failure analysis per-

formed on a tube that failed two or three 

years prior to the current inspection. The 

problems detailed in the failure analysis 

were typical enough; the final tube in one 

of the passes had “coked-up,” thus imped-
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ing the heat-transfer properties of the 

steel tube. The coke accumulation had an 

insulating effect that caused the tube to 

heat up even further, which in turn pro-

moted further coke accumulation on the 

tube interior. This cycle continued to the 

point that the tube was heated to a tem-

perature that caused spherodization of 

the carbon steel. 

Figure 1 shows a micrograph of this 

metallurgical phenomenon. Spherodiza-

tion is manifested by creep, which is 

time-dependent strain occurring under 

stress that is lower than the normal yield 

strength. Creep is usually quite visible in 

direct-fired heaters by a sagging or bow-

ing of the tubes. The corrosion described 

in the failure analysis was general thin-

ning on the flame side of the tube, along 

with some crests and valleys. The corro-

sion mechanism was described as “high-

temperature oxidation.” 

While examining the UT results, I 

noted that the last one or two tubes in 

each pass exhibited some corrosion. The 

heater with the oldest set of tubes, as ex-

pected, had the most severe corrosion. I 

calculated the minimum allowable thick-

ness for the most severely corroded tubes, 

did a “quick and dirty” corrosion rate 

calculation, and found the most severely 

corroded tubes still had a few years’ ser-

vice before having to be replaced. Then 

a thought occurred to me: the minimum 

allowable thickness calculation was based 

upon the operating temperature of the 

heater, which was ~650 °F. Visible creep 

was evident on several tubes, so I con-

cluded the operating temperature of that 

tube was well in excess of 650 °F. In fact, 

the actual operating temperature must 

have been over the temperature at which 

spherodization occurs (770 °F [410 °C]). 

I performed the minimum allowable 

thickness calculations again, using the 

revised temperature derating factor. (I 

used temperature values of ~800 to  

850 °F [426 to 454 °C].) This revised 

minimum allowable thickness value was 

somewhat above the lowest ultrasonic 

readings that I had measured on several 

tubes. 

Having decided that the heater was 

definitely at risk, the next step was to in-

form the plant engineering personnel of 

the situation. Before proceeding, how-

ever, I recalled some advice I received 

during my previous military career from 

an Army general. The general was com-

plaining about staff officers who would 

come to him with a military problem but 

offered no solutions. Therefore, before 

informing the plant of my findings, I spent 

some time researching the problem and 

came up with a few possible solutions, one 

of which was “de-coking” the tubes using 

a controlled burn. Another possible solu-

tion was to utilize an infrared optical 

pyrometer to improve monitoring. I 

called the plant engineer on a Friday af-

ternoon, and summarized my findings. I 

told him to expect a report next week. 

And then one of the fire tubes that was 

deemed to be at imminent risk of failure 

did indeed fail on Friday evening!

Since I had apparently predicted a 

failure literally hours before it actually 

occurred, my presence was required im-

mediately to assist in repairs. We per-

formed a temporary repair by cutting out 

a 4-in by ~6-ft (101-mm by 1.8-m) win-

Spherodization microstructure. Note:  
“spheroids” of carbon lead to carbon 
depletion along the grain boundaries 
that reduces creep resistance.

FIGURE 1

dow on the tube and replaced it with a 

portion of new pipe. This temporary re-

pair job held for three or four months, at 

which time the heater was re-tubed.

The only advice I can offer from this 

fortuitous bit of timing is to pay attention 

to details. The trick is to be able to sepa-

rate the important details from the others. 
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