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James R. Chiles explores 
what he calls the “machine 
frontier ” – one of civil i-
zation’s last outer l imits 
where humans coexist with 
and become increasingly 
dependent upon powerful 
grids and complex control 
systems.

Photographs by Greg Sailor

Rubble rouser: Chiles has 
researched over 60 catastrophes 
involving mechanical breakdown 
combined with human error. 

Demolition site courtesy of 
The Ransom Company of Columbus, Ohio.  
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He’s written about technology and history for over 30 
years. His assignments have taken him into limited 
access areas to research safety and chronicle system 
breakdowns. He has interviewed dozens of experts 

and spoken with ordinary people thrust into extraordinary events 
in his pursuit of sharing lessons learned from system failures. His 
message: Across two centuries, causes of technological catastrophes 
cluster into a dozen classic patterns of mistake and malfunction. 
Accidents on the machine frontier are avoidable with good practice 
gleaned from past mistakes. 

“Machines going crazy are among the few things left on this 
civilized planet that can still inspire deep dread,” he writes in 
the introduction of his book, Inviting Disaster: Lessons from 
the Edge of Technology. The book was published in 2001 and 
examines over 60 disasters, calamities, and near misses caused by 
human error combined with mechanical malfunction. In 2003, the 
History Channel took notice and created a television series by the 
same name, which Chiles narrates. He also appeared in History 
Channel’s Katrina: American Catastrophe, Engineering Disas-
ters, Life After People, Wild West Tech, and Megadisasters. 
Additionally, he appeared on National Geographic’s Seconds 
from Disaster series. In 2007 he published a second book, The 
God Machine: From Boomerangs to Black Hawks, the Story 
of the Helicopter. He maintains a blog called Disaster-Wise.

Chiles has written about steam and pressure throughout his 
career. “Pressurized gas and steam has played, and continues to 
play, a key role throughout the industrial world,” he says. “Rigor-
ous inspection and quality control is essential.” Here, Chiles shares 
exclusively with the BULLETIN his candid thoughts about safety 
lessons common to many industries and what he’s learned from 
trailblazing along the machine frontier. 

ON WRITING ABOUT DISASTERS

MY  “A H A” M O M E N T  C A M E  W H I L E  
writing an article about lessons from the 1965 
Northeast blackout. I came to appreciate the 
vast machine we have built. The power grid 

is so complex we cannot predict exactly how power will flow 
from second to second. We can keep it within boundaries 
most of the time, but it’s beyond our total understanding and 
control, as we’ve learned from the occasional new and differ-
ent blackout. That’s how I came to rough out the notion of a 
machine frontier: we're all on it. The original idea of Inviting 
Disaster was for ordinary people to learn trouble-shooting 
and resilience lessons from how extraordinary events play 
out on this ever-changing frontier. I believe people should 
understand they could find themselves in the middle of a 
developing catastrophe. In such cases, a little knowledge, 
if it's correct and pertinent, can go a long way. I don't agree 

with the popular notion, “a little knowledge is a dangerous 
thing.” A little knowledge might be all you have, and it might 
be enough. There are many cases where maintenance people 
saw early, subtle signals of impending disaster and told the 
experts about it, though sounding the alarm was outside their 
job description.

ON MACHINE FRONTIER EXPANSION: 
The Grid, SCADA Systems, and Shaving 

Margins

IT ’S  B E E N  N E A R L Y  T E N  Y E A R S  S I N C E 
C H I L E S ’ Inviting Disaster was released. Since then a few 
concerns stand out to him as growing and worth our atten-
tion. One is the consequence of widespread failure in highly 

automated systems running the “heavy grid” – which Chiles loosely 
defines as critical power, energy, and communication systems hold-
ing society together and controlled by complex, computerized models 
[supervisory control and data acquisition (SCADA) systems – that 
collect data from remote locations and feed it to a central computer 
where a manager then controls the data.]

I have concerns about SCADA and how robust it is. While 
there is absolutely no going back, we should understand the 
risks of such systems that are now key to our water, power, 
gas, and telephone systems. A SCADA glitch came up as a 
suspect in the recent San Bruno gas pipeline explosion, for ex-
ample. Intense computerization can make the grid vulnerable, 
leaving us without simpler modes of local control. Imagine if 
the carburetor in your car, the electronic controller unit, was 
directed by wireless signals through stations up and down 
the highway. What if that wireless grid went down? Without 
the external control system, you couldn’t run your car. This 
is not theoretical in some power plants; engineers who once 
ran them locally have been displaced by remote controls. One 
solution is for plants to be directed through an independent, 
secure communications network that couldn’t be disrupted by 
problems arriving via the Internet, at least until the grid could 
be cleansed of sneaky, SCADA-attacking viruses intentionally 
scripted to bring down control systems. I've heard that a major 
railroad has such a system – they laid cables along rail lines 
so control systems are not subject to upsets over the Internet.

Another concern I have is the tendency to shave the mar-
gins of safety. High-voltage power transmission systems and 
highway bridges are being loaded up, and there seems a lack of 
willingness to build up or even maintain them in some areas. 
And margins are being shaved. You see it in the nuclear-power 
industry – uprating some plants and repermitting others for 
longer than originally envisioned. This can be okay but only 
if regulatory scrutiny is dialed up; not just with computer 
models assuring us everything will be fine. 
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ON REDUCING OPERATOR ERROR

OP E R AT I O N A L  E R R O R  C A N  O C C U R 
WHEN unprepared people try to use routine 
methods to handle an upset, due to lack of un-
derstanding or experience. These situations are 

anything but routine. Good training gives practical knowl-
edge of where dangers are most likely to show up and equips 
operators to detect early warning signals. Operational error 
also happens when people are in a hurry and take shortcuts. 
People become impatient with standard procedures and 
neglect routine actions, like restarting checklists after being 
interrupted. Accidents are also more likely during a hand-
off between shifts, or when equipment is being started up or 
taken offline, such as the “turnaround” period at a refinery. 

ON TRADE FEARS AND FALSE SIGNALS

TRADE FEARS ARE SCENARIOS UNIQUE-
LY  dreaded by an occupation or industry culture. 
For instance, highway patrolmen fear they’ll come 
across a relative in a car wreck. A fuel-vapor explo-

sion is one trade fear in the boiler industry. “Going solid” in 
a nuclear reactor plant is another. The problem with a trade 
fear among operators is any indication of its occurrence can 
put them into a narrow frame of mind, called cognitive lock. 

All of a sudden, because you are 
trained to be scared about it, you 
can move into an instantly con-
firmed hypothesis – even if it's a 

false signal. A false signal is when you believe an event has 
happened when it has not. But if the signal is wrong, your 
response could cause more problems, like at Three Mile Is-
land. In that incident, instruments did not give an accurate 
reading and operators thought pipes were “going solid” 
when they weren’t. They responded by trying to drain water 
out and eventually exposed the reactor core. Trade fears are 
not necessarily bad, but what’s better is making sure people 
aren’t fooled into thinking a trade fear is happening when 
it really isn’t. Good, comprehensive training and mentoring 
reduces the effects of trade fears. 

ON TRAINING AND EXCELLENCE 
IN LEADERSHIP

AN INDUSTRY WON’T HAVE WORLD-
CLASS training if they don’t have world-class 
leadership. I’ve never seen high performance in 
an organization lacking leaders with the right 

attitude – someone willing to take the heat and push people 
to excellence even when they don’t want to be pushed. An 
experienced and respected leader brings out the best in oth-
ers – and is remembered years later.

Observation: "A little 
knowledge might be all 
you have," Chiles warns.
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One remarkable thing about the San Jose, Chile, mine 
rescue was how the leader, foreman Luis Urzúa, kept his crew 
alive when they were running out of food and hope. Urzúa 
brought out the best in them. That’s what a leader should 
do. A concern I have in industry is when managers rotate 
through every couple of years or less, and never have to ac-
cept consequences of their actions that shaved the margin of 
safety. A sure way to open a door to a disaster in the complex, 
high-energy system is cut the lines of accountability.

I’m sure the National Board can give many examples 
where something was fairly close to failure but an experienced 
inspector saw it coming and said, “You don’t have permission 
to operate until you fix this.” It’s the pointy-tip of the spear – 
if inspectors don’t catch these things, who would? Rigorous 
inspection combined with experienced operators is critical 
for safe operation of complex systems. 

ON TRANSFER OF KNOWLEDGE

ACROSS MANY INDUSTRIES  I  HEAR A  
concern about the generational cliff. Who will 
replace the old hands when they retire? It’s 
happening right now. Transfer of knowledge, 

and the good judgment to go with it, is one of the greatest 
and as-yet-unacknowledged challenges of our age. It cannot 
be done in a year or two. It has to be planned years in ad-
vance. It's important to scout out people with the right skills 
and inclination, train them up, and get them into your field. 
This won’t happen on its own, not anymore. You could call 
it a competition for new blood. Stakes are extremely high 
given how many technological fields now offer a potential 
for catastrophic events. Many companies and agencies will 
compete for a too-small pool of smart, motivated, disciplined 
young folks.

ON STUDENTS, MATH, AND HEROES

THERE’S GOT TO BE CLEAR AND PERSUA-
SIVE reasons for high school freshmen to choose 
the tougher road and take math and science courses 
necessary for an engineering career, but there aren't 

any right now. Schools must move students through as long 
as they’ve met basic requirements, as opposed to mastering 
a tough subject. Take statistics. I'm a student of World War II 
logistics and was surprised to learn statistics (called Opera-
tional Research) was one of the most effective weapons we had 
in the war. It was more important than the A-bomb and any 
tank or bazooka. Statistics enabled rigorous decision-making 
based on what worked and what didn't. What a shame it is 

if you ask a high school student about statistics, and if it’s not 
sports-related, he or she doesn’t see any use in it. It seems like 
a grind – something nerds use rather than celebrities or sports 
stars. Math and science are not in the popular lexicon. 

Back in the 1900s engineers and inventors were our heroes. It 
was the age of building up our infrastructure, and now we’re in 
a new scary, rusty age of trying to hold it together. That doesn't 
sound like much of a heroic era. What would be a driver to mo-
tivate young people toward a long and difficult path with few 
heroes to emulate? I wish I knew.

ON THE MINDSET DURING A CRISIS

A G O O D  M I N D S E T  T O  H AV E  D U R I N G 
A  CRISIS is a combination of keen awareness, 
almost fear, balanced by confidence. Confidence 
comes from the knowledge of how others survived 

similar situations. People will very rarely have to face crisis situa-
tions, but if and when it happens, the situation may be survivable. 
If you know the job you’re performing is dangerous and how it 
can go wrong, you're halfway to safety. The guys working with 
nitroglycerin aren’t fooling themselves. They understand the dan-
gers and plan for the bad day. I really admire people who work 
in high-risk industries on a daily basis – who not only survive 
but thrive. What's more, they have practical lessons for the rest 
of us on how to expand our zones of survivability. 

ON BEING INVOLVED IN A DISASTER 

OC C A S I O N A L LY  I  G E T  T H E  C H A N C E  T O  
interview those who helped head off a catastrophe, 
like Brian Mehler, an operator who kept Three 
Mile Island from melting down and breaching the 

pressure vessel. Part of the difficulty interviewing such people, 
whom I regard as industrial heroes, is they don’t want to be seen 
as claiming to be better than other operators. They want to be 
part of the team and they don't care what the public thinks about 
who the heroes and villains were. 

Leaders should make a commitment to attend the funerals 
of employees killed in the line of duty –  it will make them more 
careful. This relates to National Board’s theme for the upcom-
ing General Meeting: “SAFETY: Consider the Alternative.” So, 
bosses: if you don't want to go to the funerals of those killed in a 
disaster, you should think twice before signing off on something 
you’re not comfortable with. 

What’s more important to consider than any operator error is 
the mindset of those who direct the system. After a disaster, have 
leaders of the systems learned from it and “gotten religion?” Are 
they saying, “We’re going to do better – we’re going to hire the 
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right people and train them well,”? Or do they say, “That 
was a fluke. We’ll sit tight until regulators, reporters, and 
lawyers go away.” Because in heavy industry, bad people 
don’t kill people – systems kill people. 

ON THE FIRST FEW MINUTES OF A 
SYSTEM FAILURE

IN THE EVENT OF AN ALL-OUT EMERGEN-
CY, action to stabilize the situation cannot wait very 
long. A lot depends on the nature of the emergency, 
but commonly the first thing is to stabilize it, doing 

the minimum until the situation is clearer. At that point, 
take a breath and evaluate the problem with your team 
and work out a plan in close cooperation. In a crisis it’s 
easy to get tunnel vision and stop evaluating whether a 
hypothesis is working or not. It’s common for unprepared 
operators to get locked into a line of desperate action, then 
experimentation, even as the situation worsens. More than 
anything, don’t panic. You know the old saying, “Don’t 
just stand there, do something!” Sometimes it should be, 
“Don’t just do something, stand there!” Sometimes it’s 
better to pause, construct a hypothesis and a plan, and test 
the plan. Use team wisdom and maintain your situational 
awareness. Oftentimes the most critical actions are taken in 
the first few minutes. 

ON THE IDEAL SAFETY PROGRAM

IF  I  W E R E  T O  D E V E L O P  M Y  O W N 
S A F E T Y  program it would be designed and taught 
by people who actually run it; experts who know 
the weak signals of impending failure and can think 

through consequences of alternative actions. That was a 
guiding principle of Admiral Hyman Rickover’s Nuclear 
Navy program – designers, operators, and trainers were 
experts in the field. Engineers and operators were trained 
by experts, and training was constantly renewed and al-
ways rigorous, with many realistic drills. New lessons were 
distributed every time there was a close call or upset, and 
there was tracking and accountability. Yes, Rickover's style 
was very demanding, but it also stands as a model for fu-
ture operations on the edge of technology where success is 
absolutely critical and prototypes must move to production 
without a single catastrophic failure. 

ON THE DISAPPEARANCE OF KIRK, 
SCOTTY, AND THE NOSTALGIC 

MACHINE AGE 

OUR NOSTALGIC VIEW OF MAN AND 
machine can be seen in Captain Kirk and 
Scotty from Star Trek – a captain at the helm 
who knows exactly what should be done and 

an engineer who knows exactly how far he can take the 
machine. It wasn't all fiction; at least it wasn't years ago. 
One example in my book is Captain E. W. Freeman of the 
steamer Roddam. He knew exactly what he could do with his 
ship and how to break it loose. [It was trapped by its anchor 
chain in the harbor when Mount Pelée at Saint-Pierre, Martinique, 
exploded and set the ship on fire in 1902.] It makes great mov-
ies but we’re not in that age anymore, and every year we 
have fewer such commanders of vessels or systems. Why? 
Machines and systems are too complex and opaque for such 
a freewheeling, individualistic style. Take the captain of 
Deepwater Horizon [the offshore oil drilling rig that exploded 
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in April 2010, causing the largest offshore oil spill in US history].
His most memorable question during the event was, “When 
do we get off the rig?" He was hardly in command. In fact, 
from information to date, it's a mystery about who was in 
command. On an old-style ship you knew exactly who was 
in charge. Most vessel masters stationed on deepwater rigs 
today are there to fill regulations.

To some extent we still have traditional chain of com-
mand with airliners. But even so, there’s a trend for the 
captain to do less diagnosis in the air; rather, digital data is 
transmitted back to base and analyzed before he acts. Yes, 
there are still flight decks with a pilot, an engineer, and a first 
officer, but systems are much more complicated and some-
times the crew can’t handle things alone. Whereas with an 
old-style, triple-expansion steam engine, not much happened 
that an operator couldn't fix because only a small number of 
things could go wrong. Old steam engines were very robust 
but they weren’t powerful, reliable, or efficient compared to 
a steam turbine. It’s a radically different work setting now. 
Now you get a much more complicated system operated 
close to the margins to cut costs. The general principle is 
that highly efficient systems are more complex and require a 
team of people to run them. There’s nothing romantic about 
it. That’s why we don’t have many Kirks and Scottys left. 

ON “THE AGE OF THE ‘THINGY’ ”

WE  A R E  I N  W H A T  I  L I K E  T O 
C A L L  “The Age of the ‘Thingy’ ” – a time 
in which we enjoy, but don’t understand, 
critical pieces of the vast, unseen techno-

logical world supporting our lifestyle. We have these little 

devices in front of us. They’re fun and affordable and useful, 
but we don’t know how they work; and we can’t fix them. 
It's frustrating. I see a disconnect compared to the curiosity 
and invention of the early Twentieth Century. Many people 
don’t have a clue all that goes into the grid. The antithesis to 
“The Age of the ‘Thingy’ ” is “The Age of the Understood 
and Fixable Machine” – knowing how something works and 
the means to fix it. 

IN CONCLUSION: A SAFER FUTURE

IF  I  H A D  M Y  WAY, T H E R E  W O U L D  B E  A LOT 
fewer catastrophes and disasters to write about. After 
close calls we'd learn from them earnestly, but such near 
misses would be as close as we come to technological 

drama. I’m no expert – I’m not an operating engineer or an 
inspector – I’m just a feature writer. But I’ve been privileged 
to go into limited access areas and talk to people in a wide 
variety of occupations, and I do what I can to spread the word.

Safety Matters: Joe Ball, 
director of National Board's 
Pressure Relief Department 
(middle, above), gives Chiles 
a tour of the testing labora-
tory.

Mr. Chiles will address the General Session on Monday 
afternoon, May 9, at the National Board/ASME General 
Meeting in Las Vegas. The topic: Cold Iron & Cool Heads 
– Hard-Won Lessons from the Machine Frontier for the Next 
Generation.

C
O

V
E
R

 S
T
O

R
Y

25NATIONAL BOARD BULLETIN/WINTER 2011       nationalboard.org nationalboard.org



Celebrating 20 Years of Service and 
30,000 Tests Completed

It happened in 1935 when National 
Board received complaints that safety 
valves were not relieving the amount 
of steam specified on valve stampings. 
The Executive Committee 
took immediate action to 
determine the complaint’s 
validity. They contracted 
the Mechanical Engineer-
ing Department lab at The 
Ohio State University to 
run tests. 

Capacity tests were 
conducted on 18 valves 
from several different 
manufacturers. Results 
showed discrepancies 
and were reported to the 
ASME Boiler Code Com-
mittee, which appointed 
a special committee to 
prepare Code revisions 
to correct the problem. This resulted in 
new verification rules required by safety 
valve manufacturers, including stamped 
relieving capacity on safety valves for 
power boilers, ASME “V” stamp, and ca-
pacity tests performed by an authorized 
inspector – all of which was included in 
the Power Boiler Code, 1937 edition. 

It was a two-year process establish-
ing a new precedent in safety valve in-
spection – and gave the National Board 
Testing Laboratory its start. Since then 
the lab was housed in a few different 
locations in Columbus until the current 
facility was built in 1991.

Today it is a worldwide leader in safety valve testing and capacity certification used by manu-
facturers around the world, but its origins trace back to 75 years ago when National Board first 
responded to reports of disastrous safety valve failures. 

Today the lab staffs 10 people (de-
partment director, four technical staff, 
lab manager, two technicians, and two 
administrative personnel). Since open-

Testing is primarily performed so 
pressure relief device manufacturers can 
qualify products for application under 
ASME Boiler and Pressure Code. Test pro-

cedures start with an 
initial series of tests to 
determine a capacity 
rating value the sys-
tem designer will use 
for design of a boiler 
or pressure vessel’s 
overpressure protec-
tion. The certification 
program includes 
tests of randomly 
selected production 
items to verify qual-
ity and testing pro-
cedures and periodic 
retesting to ensure 
the design continues 
to function properly.

A d d i t i o n a l l y , 
some tests are done 
on repaired pressure 
relief valves submit-
ted as part of the quali-
fication process for 
obtaining National 

Board valve repair (VR) certification. 
Valves are tested for operation and flow 
capacity, which should be equal to or 
greater than the original manufacturer’s 
rating. Successful completion of testing 
demonstrates repair procedures and 
specification results in a valve are equiva-
lent to new valve standards.   

National Board 

Pressure Relief Testing Laboratory

Witnessing the successful completion of the lab's 30,000th test on January 

5th, 2011, (from left to right): Tim Brown, Joe Ball, and David Hennon (Pres-

sure Relief Department); Ron Driver, Lytle Williams, and James Smith 

of Wacker Polymers in Calvert City, KY, (VR holders re-qualifying for 

their VR stamp); Tom Beirne and Brandan Ashbrook (PRD); and Execu-

tive Director David Douin.

ing in 1991, approximately 1,500 tests 
have been performed each year. During 
the 2009-2010 fiscal year nearly 1,900 
tests were completed for clients from the 
United States and 13 other countries. In 
2010, testing was up 23% from 2009, and 
in January 2011 the lab hit a milestone, 
completing 30,000 tests.
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Smaller numbers of tests are done 
for research and development, testing 
to other standards such as UL or DOT, 
validation of proposed code updates, or 
to assist in incident investigations. 

 Although some basic test proce-
dures have been used successfully for 
years, standards and equipment within 
the industry continue to change and 
evolve. For instance, in 1998 rupture 
disks were added to ASME Code Sec-
tion VIII. To accommodate different 
device characteristics, new test rigs 
were developed. A high-pressure air test 
system was added for tests of pressure 
relief valves designed for new refriger-
ants having higher system operating 
pressures.

Changes in the pressure relief de-
vice industry have also affected type 
and volume of work performed at the 
lab. ASME Code rules are more widely 
used throughout the world, resulting 
in mandatory test programs requiring 
new overseas manufacturers to qualify 
products before entering the market. 
US manufacturers have added overseas 
manufacturing locations to serve new 
markets and lower costs. Each new 
manufacturing plant requires its own 

• In 1935, National Board arranges to use Robinson Laboratory on OSU’s campus 
to put safety valves to the test. It was the first testing lab of its kind. 

• In 1972, National Board decides it needs its own lab in order to test more valves 
at greater capacity.

• In 1974, the new lab, nearly 3,000 square feet, is built on a leased plot of land on 
site of Columbus and Southern Ohio Electric Company’s Picway Generating Sta-
tion 12 miles south of Columbus. 

• In the late 1980s, American Electric Power acquires Columbus and Southern Ohio 
Electric Company and gives notice to National Board its lease will not be renewed.
Six acres of land, about a five-minute drive from National Board headquarters, is 
purchased and construction of the new lab begins. 

• In March 1991, the lab at Picway Station closes after serving the industry for 17 
years and completing 15,766 tests. 

• In May 1991, testing at the new facility in Worthington, Ohio, begins. Since then 
30,000 tests have been performed on all types of pressure relief devices.

series of tests to qualify Code stamping 
of pressure relief devices built at that lo-
cation. Renewed interest in construction 
of nuclear power plants has contributed 
to a recent increase in testing of sample 
valves used in that industry.

“It’s the challenge of serving a chang-
ing industry that keeps our work inter-
esting,” says Pressure Relief Department 
Director Joseph Ball. “I am proud we 
have kept up with increases in our testing 
load due to changes in the pressure relief 
device industry. Our staff works hard to 
support the increased testing schedule, 
and I don’t see any letting up as we go 
forward.”

 Other challenges faced by the test 
laboratory are related to the safe opera-
tion of its own pressurized equipment. 
Systems in the 20-year-old lab require 
more maintenance and upkeep. “Numer-
ous valves throughout the plant need 
serviced or are beginning to wear out. 
We are in a period of going through and 
replacing them,” reports Ball. “Our steam 
test systems and boilers are operated 
intermittently, which can present chal-
lenges in upkeep. We’ve found textbook 
examples of corrosion during steam sys-
tem inspections and repairs.” 

• Testing area is approximately 
3,600 square feet.

• Steam is produced by two 900 
psi steam generators located in a 
1,400-squre-foot boiler room be-
hind testing area and capable of 
producing almost 20,000 pounds 
of dry saturated steam per hour.

• Boiler room also houses three 
high-pressure air compressors 
and other support equipment.

• Lab features three test systems 
using steam, air, and water. 
Pressure relief devices can be at-
tached to each system. Systems 
can handle devices set up to 500 
psi. A high-pressure air system 
for testing smaller pressure relief 
devices up to 1,400 psig is also 
included.

• A computer-based data acquisi-
tion system captures data for 
fluid flow computation and 
analysis.

• Tests can take anywhere from 15 
minutes to an hour to perform.

Laboratory
Specifications:

Overall purpose of the laboratory 
is safe operation of pressurized equip-
ment. Pressure relief devices exist 
solely to protect equipment by keeping 
pressure from exceeding safe limits 
when system controls fail or other op-
erational problems occur. Independent 
testing by an outside authority recog-
nizes this safety function and promotes 
continued efforts by industry to assure 
products will operate as expected. The 
work performed at National Board’s 
test lab continues a legacy of safety 
service to the boiler and pressure ves-
sel industry and general public that 
continues after 75 years. 
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