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Foreword - A Century of
Innovation

| am pleased to present this rich and detailed history of the National Energy
Technology Laboratory (NETL) on the 100" anniversary of the founding of its
original predecessor organization, the United States Bureau of Mines.

This comprehensive account chronicles NETL's organizational history since
1910. To understand our history is to truly understand our organization, and,
throughout this journey, A Century of Innovation is an invaluable guide to
NETLs mission, vision, priorities, and structure.

Our founding organization, the Bureau of Mines, was often a leader in tech-
nological advancements that benefitted American industries and consumers.
Commencing as a small agency dedicated to making coal mining safer, it de-
veloped into a nationwide network of experiment stations supporting petro-
leum and natural gas production, mining and refining of rare metals, and the
conversion of coal into gas and liquid fuels. From energy conservation efforts
in the Great Depression, through urgent World War Il research into aviation
fuels, explosives, and nuclear materials, to its more familiar focus on develop-
ing new technologies to secure the Nation’s energy future, NETL's path has had
many pioneering twists and turns.

NETL’ efforts and accomplishments have been impressive in their breadth and
scope, and our history encompasses a wide range of programs and activities.
However, one constant over the years has been the tremendous dedication

of the people who have made this organization what it is today. As this book
attests, each time a new problem or challenge presented itself, NETL's manag-
ers, researchers, and engineers were ready to roll up their sleeves and find a
solution. The universal commitment of NETL's people to a cause greater than
themselves has been the hallmark of this organization.
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Anthony V. Cugini

In 2010, many aspects of NETL would be unrecognizable to its predecessors.
But our reputation for innovation has remained consistent. Beginning with the
creation of the Pittsburgh Experiment Station in 1910, our evolution has paral-
leled the transformation of the U.S. energy economy from a system almost en-
tirely dependent on fossil fuels to the current mix of fossil energy, hydropower,
nuclear energy, and renewable resources. Our work reflects this mix, as our sci-
entists, engineers, and analysts advance not only coal- and natural gas-based
power systems, but also vehicle technologies, fuel cells, hydrogen turbines,
water conservation technologies, and the potential of methane hydrates and
fossil-biomass blends as new energy feedstocks.

Our research activities continue to help assert America’s leadership in solv-
ing the world’s energy and environmental issues. Building on nearly a cen-
tury of Federal energy research, we are developing and deploying modern
technologies, creating jobs, and preparing our Nation’s next generation of
scientists and engineers.

| am proud to be part of the important work carried out by NETL and to be
able to work alongside such exceptional colleagues. Within this history, | see
our dedication mirrored in the people from NETL's past who helped make us
what we are today. | am truly honored to be carrying on this legacy at such an
exciting time in the organization’s history.

Anthony V. Cugini, Director
National Energy Technology Laboratory
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A Century of Innovation

From the U.S. Bureau of Mines to the
National Energy Technology Laboratory

Chapter One: Pittsburgh, the Center for Coal




Mine workers and operators in front of the Bruceton
Experimental Mine, October 30, 1911
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Chapter One: Pittsburgh—
the Center for Coal

“There was a dull rumble far down in the bowels of the earth.
Flames burst from the drift and spurted from the airshaft. The
fanhouse went down with a crash. Dense volumes of black smoke
poured into the open and the heavens were ablaze. It was terrify-
ing to the laymen. The Government’s effort had apparently been
successful.”

--New York Times, October 31, 1911

On October 30, 1911, Joseph Austin Holmes blew up a coal mine just to make
a point.

Holmes was no anarchist, but the respected Director of the fledgling United
States Bureau of Mines, and the point he was trying to make was a scientific
one. He had invited more than 1,500 coal operators, miners, and reporters
from all over the world to witness his “well-planned explosion.”

The mine of choice was the Bruceton Experimental Mine located 13 miles
south of Pittsburgh, Pennsylvania, on 38 acres of land that the Bureau had
leased from the Pittsburgh Coal Company in 1910. It had been constructed
precisely for this type of experiment. Three horizontal shafts as long as 750 feet
had been dug into a coal seam, along with several rooms for conducting tests.
Earlier on that cold, rainy day the group had toured the Bureau’s Pittsburgh
Explosives Station at the Allegheny Arsenal, located at Fortieth and Butler
streets in the Lawrenceville section of Pittsburgh. For the technical portion of
the program, researchers performed experiments on fuels and demonstrated
an explosion in a 100-foot concrete shaft set up to simulate a coal mine. But
simulations left many unconvinced that the same results would be obtained in
a real coal mine. Holmes was determined to end all skepticism with his experi-
ment at Bruceton.

Following the activities at the Arsenal, a special Baltimore and Ohio Railroad
passenger train left Pittsburgh at 2:00 PM for the Bureau’s Experimental Mine.
At 2:30, a driving rain greeted the group of about 1,500 riders in Bruceton, who
got off the train and hiked the half-mile to the test site. About 1,200 spectators
toured the mine shaft, inspecting the coal dust distribution and the position

of the detonation shots. Holmes and a few of his men had been working for
hours to make sure the conditions were perfect. The shots were positioned at
the back of the mine, 725 feet from the entrance. Four shots were used: three
were lodged in the coal seam and one was placed on the floor in front of the
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Entrance to the mine fire gallery at the
Arsenal Station

External view of mine fire gallery at the Arsenal Station
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working face. A total of nine-and-one-quarter pounds of black powder were
distributed among the four shots, and 852 pounds of coal dust was spread on
shelves in both the main and diagonal courses.

After the mine tour, the crowd gathered in a clearing a safe distance from the
entrance. The crowd consisted of government bureaucrats, elected officials, ex-
plosives experts, journalists, coal producers, and miners from thirty U.S. states,
as well as Mexico, France, and other countries.

The detonation apparatus was housed in a reinforced concrete observatory
with a two-foot-thick wall on the side facing the mine and a roof constructed
of railroad rails covered in concrete. To prevent accidental detonation, engi-
neers had installed a set of redundant locking switch boxes: one at the mouth
of the mine and another in the observatory station. Explosions could not be
triggered unless both switches were closed by a key, both of which were held
by the engineer in charge of the mine, who was responsible for making certain
that all personnel were clear before the detonation button in the observatory
was depressed.

At 3:45 PM, warning sirens sounded and three gun shots rang out, signaling
that the moment had arrived. A chemist in the observatory pushed the firing
button. Nothing happened. An inspection revealed that the foot traffic during
the mine inspection had disrupted the detonation wires. When this problem
was corrected, the chemist pushed the button a second time. Again silence.
When another inspection of the wiring showed no evidence of a short, Holmes
had a new firing wire run directly from the observatory to the shot.

Finally, at about 5:45, just after sunset, Holmes pushed the detonation but-
ton himself. A deafening boom accompanied by flames estimated to be 500
feet in length and 200 to 300 feet high suddenly burst from the mine’s three
openings. A partially loaded mine car, positioned 40 feet from the mouth, was
thrown over a fully loaded car twenty-five feet away. After hitting the ground
and tumbling four times, it came to rest 229 feet from its starting point. The
loaded car, burdened with two tons of coal and with its brakes engaged, was
driven 70 feet before it derailed. Support timbers flew through the air like can-
non fire. Wooden posts 6-inches in diameter and 6-feet long flew across the
ravine as far as 413 feet from the entrance of the mine. A tree positioned 153
feet from the main entrance caught fire 46 feet above the mine’s mouth. As the
crowd cheered in astonishment, mine rescue workers began to flock toward
the mine to test their skills.

Holmes, covered in mud from the day’s work, emerged from the observatory
to talk to the reporters and the miners gathered around. “No amount of writing
or talking,” he said, “could be so forcible in the teaching of great lessons.”

The lesson taught that day was this: Mine explosions could happen by the igni-
tion of coal dust alone, with no methane (also known as “firedamp”) present. A
debate had long raged in the coal industry about whether only “gassy” mines
containing methane were in danger of exploding, or whether “non-gassy”
mines with significant amounts of coal dust in the air were also susceptible.
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A partially loaded mine
car, positioned 40 feet
from the mouth of the
mine, was thrown over a
fully loaded car twenty-
five feet away. After
hitting the ground and
tumbling four times, it
came to rest 229 feet from
its starting point.

Mine explosions could
happen by the ignition of
coal dust alone, with no
methane present.
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Like Holmes, many believed that the dust alone was enough if it was exposed
to a flame or spark of sufficient energy for a suitable duration. But the oppo-
sition argued that without methane in the air no amount of coal dust could
cause an explosion. By carefully controlling the experiment so that the min-
ers could see clearly that no methane was in the experimental mine, Holmes
settled the debate forever, which he summed up in a statement that night:

The great value of this experiment to the mining industry was in demonstrat-
ing...the fact:

That ordinary bituminous, or soft, coal dust will explode from a charge of black
powder badly placed in a mine;

That dust will explode with a violence sufficient to wreck the mine and kill every
person working in the mine; and

That poisonous gases are given off from such an explosion in sufficient quanti-
ties to suffocate and poison any person in the mine who may have escaped the
violence of the explosion.

The Experimental Mine at Bruceton would be used for many other mining
experiments over the next eight decades, but perhaps never one so important.

The Founding of the Bureau of Mines

This moment of vindication was a long time coming for Holmes. Since serving
as the Director of the Department of Mines and Metallurgy at the Louisiana
Purchase Exposition at the St. Louis World’s Fair in 1904, where his main duty
was to perform experiments and give demonstrations on the properties of
metal ores and carbon fuels such as coal, he had become acutely aware of the
increasing number of mining accidents and deaths each year. He knew that a
lot of the carnage was due to the lack of regulations for operating coal mines
in the United States, and to the lack of scientific understanding of what caused
mine explosions.

Although some countries in Europe had national mining regulation in place by
1839, similar safety legislation was not enacted in the United States until 1869,
when Pennsylvania passed the nation’s first miner protection bill. Not surpris-
ingly, perhaps, the legislation came after a mine explosion in September of
that year near Wilkes-Barre, Pennsylvania, in which 179 miners died in a fire in
what was thought to be a“safe mine.” While other states soon followed Penn-
sylvania’s lead, the federal government took no immediate action. It wasn't
until 1891 that Congress finally addressed mine safety, albeit tentatively, by
granting the Department of the Interior (DOI) authority to regulate mining
activity in the federal territories (this distinction meant that federal regulation
did not apply to the states already in the Union). In 1896, the American Mining
Congress, a trade organization representing mining interests, proposed the
establishment of a federal bureau of mines, followed by a similar call from the
United States Geological Survey (USGS) in 1899. Both were ignored.
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In 1902, Congress authorized the DOI to establish and administer a reclama-
tion program within the USGS in order to facilitate the growth of the American
West. Mine inspection responsibilities for the federal territories were assigned
to the newly established Reclamation Service. This was the first step in the
eventual transition of mining oversight to the USGS.

As annual U.S. coal production rose from 270 million tons in 1900 to 480 mil-
lion tons in1907, coal mining fatalities also rose, climbing from 1,489 to 3,242.
In response to this relentless increase in fatalities, on June 10, 1907, the Secre- )
tary of the Interior transferred responsibility for coal mine safety in the federal ~ M0Oré regulated industry
territories from the Reclamation Service to the Technological Branch of the in Europe...Instead of
USGS, which just happened to be headed by Joseph Austin Holmes.Whenthe  pjack powder, coal min-
1904 St. Louis World's Fair closed, he had stayed on there as chief of the USGS
laboratories for testing fuels and structural materials.

Holmes found a much

ers were required to use
certain “permissible ex-
Tragically, December 1907 would prove to be the worst month in history for plosives,” which burned
coal mine disasters in the United States. Between the first and the nineteenth
days of “Bloody December,” as it came to be called, 692 miners died in four .
mine explosions in Pennsylvania, West Virginia, and Alabama. The explosion at time.
Monongah, West Virginia, left 362 men dead, making it the worst coal mine di-

saster in U.S. history. In response, in 1908 Congress designated funds (but still

no regulatory power) for the USGS Technological Branch to investigate mine
explosions. Holmes moved to Pittsburgh in 1908 when the USGS established
laboratories for mining research at the Pittsburgh Arsenal in the Lawrenceville

section of the city.

cooler and for a shorter

Holmes was well prepared for this new responsibility. He had spent a
lifetime in various forms of investigation, from botany to geology to fuels.
He was used to relying on physical data and statistics to prove his points.
Some observers had tried to pass off the increasing mine fatalities as the
expected cost of doing business. The increase in casualties, they said, was
merely proportional to the ever-increasing coal market: more men digging
more coal in more mines meant more accidents. But Holmes knew better,
and he unearthed the numbers to back his arguments, which he revealed
in a report detailing statistics on worldwide mining accidents. Calcula-
tions showed that, in 1906, 3.40 men out of 1,000 employed in mines in the
United States were killed in accidents in the United States. This ratio repre-
sented a significant increase over the 2.67 deaths per thousand recorded
in 1895, just 11 years earlier. In what Holmes described as “the deeper and
more dangerous mines” of Belgium, only 0.94 per thousand were killed in
1906, and the numbers had decreased from a high of 1.40 per thousand in
1895. Belgium had experimental stations to test mining techniques, and
mining regulations based on these findings to protect miners. The United
States did not.

Holmes traveled to Europe to consult with mining experts there, and found
a much more regulated industry. Instead of black powder, coal miners were
required to use certain “permissible explosives,” which burned cooler and
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Congress passed the Or-
ganic Act in 1910, autho-
rizing the creation of the
U.S. Bureau of Mines to
“increase health safety,
economy, and efficiency
in the mining, quarrying,
metallurgical, and miscel-
laneous mineral indus-
tries of the country.”
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for a shorter time. They were allowed to use only a prescribed amount, and

not more. In the United States, miners frequently and cavalierly used excess
powder to cause more of the coal face to crumble, increasing their yield of coal
per day. Given their low wages and the fact that they were paid by the ton, it
was easy to understand why miners took this approach. But the consequences
could be deadly. Under the right conditions, if too much energy from the blast
made it out from the coal face into the room, an explosion could occur. Even
without an unexpected explosion, an unnecessarily large coal-face blast could
weaken the mine roof and cause a deadly collapse in the future.

Holmes brought the lessons of Europe back to the United States—with a
distinct twist of his own. The Europeans conducted experimental explosions
in artificial tunnels or “galleries.” But according to George S. Rice, who would
become the chief mining engineer at the Bureau of Mines, Holmes “was
impressed that coal dust explosion testing should be conducted in an actual
mine ...in order to obtain the proper surrounding conditions.” Rice further
described Holmes's pursuit of his testing concept:

Mine experiment station investigators in some of the European countries, to
whom he presented the idea, tried to discourage him on the ground of its being
impracticable. Nevertheless, he was not discouraged, and later decided favor-
ably on the establishment of the Experimental mine, that unique mine near
Bruceton, Pa., where explosion tests are conducted under conditions which
duplicate those which cause great loss of life in commercial coal mines, and
which are followed by tests of preventive devices and methods. The results have
not only been spectacular, but extremely fruitful so that the work has begun to
be recognized as authoritative to a degree that no gallery testing could ever be.

Holmes's role as head of the USGS Technological Branch also gave him a first-
hand view of the tremendous waste of mineral resources in both state and
territorial mines. In response to this state of affairs, he formed an alliance with
two mining industry leaders: United Mine Workers President John L. Lewis and
American Mining Congress Executive Secretary James F. Callbreath. Convinced
that the practical problems of miner safety and natural resource conserva-
tion were beyond the purview of an agency whose primary concern was the
administration of federal land use policy, Holmes and his newfound colleagues
eventually prevailed upon Congress and the recently elected president, Wil-
liam Howard Taft, to create an agency dedicated to the establishment of min-
eral conservation policies and uniform standards of safety practices for mines
throughout the nation.

However, it took another steady stream of mine catastrophes to provoke
Congressional action. One accident, in November 1908 at a mine in Marianna,
Pennsylvania, killed 154. Another took the lives of 259 miners in Cherry, lllinois,
in November 1909. Finally, on May 16, 1910, Congress passed the Organic Act,
authorizing the creation of the U.S. Bureau of Mines as a branch of the Interior
Department. The act stated that “the general aim and purpose of the inquiries
and investigations made by the bureau under the terms of the organic act are
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to increase health safety, economy, and efficiency in the mining, quarrying,
metallurgical, and miscellaneous mineral industries of the country.”

When it took effect on July 1, 1910, the Organic Act prescribed the duties of
the bureau as largely advisory in nature, authorizing such activities as inves-
tigating mining methods in relation to miner safety; evaluating mining appli-
ances for accident prevention; assessing methods to improve working condi-
tions, beneficiating ores; using explosives and electricity safely; and, most
significantly, reporting the Bureau’s work and making recommendations to
mine owners, operators, and workers. Notably, the act contained a specific pro-
vision forbidding any assertion of authority to inspect or supervise any mine
within the states. Those powers remained in the hands of state governments.

Following passage of the Organic Act, the Bureau of Mines set up headquar-
ters at Eighth and G Streets NW, in Washington, D.C. In San Francisco, the
bureau established a small laboratory in the customhouse for the evaluation of
fuel oil for government use. Officially, the Bureau'’s activities were distributed
among three divisions: mine-accidents investigations, fuel investigations, and
other technologic investigations. Congressional appropriations for the fiscal
year ending June 30, 1911, were $502,200, by which time the Bureau had 230
employees.

Concurrently, the assets, responsibilities, activities, and personnel of the Pitts-
burgh Explosives Experiment Station at the Pittsburgh Arsenal were trans-
ferred from the USGS Technological Branch to the Bureau of Mines. The chemi-
cal laboratories were housed in Building 21, immediately above Butler Street,
with the remaining buildings located on the banks of the Allegheny River
below Butler Street. A spur of the Pennsylvania Railroad entered the grounds
for delivery of coal and equipment. The structures close to the river included
Building 10 for investigations of electricity in its applications to mining, and
Building 17 for explosives and mine rescue work. The fuels testing laboratory in
Building 13 performed the much needed task of assaying the fuels purchased
by the federal government.

Dedication Ceremony at the opening of the Arsenal Station in the Lawrenceville section of Pittsburgh
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One of the Pullman cars outfitted as a
mine safety car

Mine rescue workers disembarking from a
mine safety car

First national mine safety demon-
stration at Forbes Field, home of
the Pittsburgh Pirates baseball club,
October 31, 1911
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In 1911, Holmes reported that more than 8,000 samples of coal and fuel oil in-
tended for the use of the government were analyzed by the Bureau in the prior
fiscal year. “The benefits to the Government from this work of the Bureau have
been both general and special,”Holmes noted a year later. “In the case of the
purchase of coal by the Isthmian Canal Commission for the Panama Railroad
during 1910 and 1911 the actual sum of money saved by the Government was
nearly $75,000, and the real saving was probably several times these figures,
because the method of purchase insured deliveries of coal of a higher grade
than otherwise would have been obtained”

The First National Mine Safety Demonstration

If Holmes had been a man of ego, the success of the “well-planned explosion”
on October 30, 1911, would no doubt have been a heady time for him. But by
all accounts he was a humble man with a singular mission: to make mining
safer for miners. He coined the phrase “Safety First”in an era when some coal
mine owners clearly valued the profits from coal over the loss of easily replace-
able human life. This catchphrase kept his focus on both sides of the equation
of mine safety: preventing accidents from occurring and rescuing miners when
they did.

So it was appropriate that on the next day, October 31, 1911, he gathered
thousands of miners and coal operators at Forbes Field, home of the Pitts-
burgh Pirates professional baseball team, for the first national mine safety
demonstration. President William Howard Taft was the guest of honor. Despite
more rain, the president insisted upon sitting at the front rail of the spectators’
stand, where he looked on with delight as dozens of khaki and blue-clad relief
and rescue workers sorted their equipment, supplies, and apparatus on blan-
kets set out on the soggy field. As the first National Mine Safety Demonstration
progressed, the president stood and applauded vigorously when competing
demonstrators passed his stand carrying wounded and bandaged enactors on
stretchers.

The most spectacular event of the morning came with the ignition of coal dust
by 154 pounds of black powder in a mammoth cylinder, which, when Presi-
dent Taft pressed a detonation button, produced great tongues of flame and a
thunderous blast said to be heard for miles. Immediately following the explo-
sion, twenty rescue workers, arrayed in oxygen helmets and carrying tanks on
their backs, entered the cylinder while a pair of black horses drew a clanging
Red Cross ambulance to the mock disaster.

Holmes took the opportunity to show off one of four Pullman railroad cars
that he had outfitted as experimental mine rescue stations. The Pullman cars
were used as traveling mine safety training stations most of the time, but were
quickly dispatched as rescue centers—hooked up to the next available train
that was heading in the direction of the troubled mine—when real mine disas-
ters occurred. The railroad companies granted them free passage on their lines
in times of emergency. Eventually the Bureau would have eight mine rescue

*

11



“True conservation is a
wiser and more efficient
use of our natural
resources.”

--Joseph Austin Holmes

NATIONAL ENSRGY TECHNOLOGY LASORATORY

cars and seven permanent mine safety stations located in the larger coal fields,
where mine accidents were more likely.

At Forbes Field that day, miners were trained in first aid, the use of artificial
breathing devices that were just being developed, safety lamps, and mine
rescue techniques. They were trained in the Schaeffer method of resuscita-
tion, in which the non-breathing miner was placed on his stomach and the
rescuer tried to restore breathing by pushing rhythmically on the back of his
rib cage. Studies at the time had shown this to be the best method of resus-
citation, partially because it avoided the problem of the patient swallowing
his tongue.

At 11:30 AM, as he presented medals and trophies to the participating rescue
crews, the president pronounced that “[w]e must stamp out the spirit of care-
lessness and the happy-go-lucky idea that | am afraid is too common with
Americans generally.”

This first mine safety demonstration day would lead to local, national, and
international mine rescue competitions that continue today. The competi-
tions test the knowledge and rescue capabilities of teams from mines all over
the country, with prizes awarded to the team that is quickest to solve the
rescue problem. Though perhaps more prosaic than the mighty explosion of
the night before, the day’s demonstration activities were no less important
to Holmes.

Conservation

From its inception, the Bureau of Mines had a mandate to help the nation
conserve its national resources, although the interpretation of “conservation”
was sometimes a point of argument. John Muir and his followers in the early
twentieth century believed that conservation meant protecting the beauty
of the planet by preserving it in its natural state. Muir and his followers in the
growing conservation movement succeeded in getting large tracts of land
designated as National Parks.

While he appreciated the natural beauty of his country, and did not disagree
with preservation efforts, Holmes was also very practical in understanding that
the nation also needed access to the natural resources in the ground to power
the industrial plants, homes, automobiles, ships, and trains of a growing popu-
lation. As he once wrote, “True conservation is a wiser and more efficient use of
our natural resources.” (These words came to be so closely associated with Hol-
mes that they were set in tile on the mantle piece in the library of the Bartles-
ville Petroleum Experiment Station many years later.) The emphasis here was
on “efficient use”; Holmes had no patience for wasting natural resources, which
was rampant at the time. He decried coal mining practices that reduced most
of the coal face to dust instead of usable chunks of coal, and the waste of oil
and natural gas in the petroleum fields. In his third annual report, published in
1913, Holmes called such practices “criminal”:

12
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The most urgent need for investigation and reform is in connection with the
unnecessary waste of oil and natural gas that still prevails in many parts of the
country. Even with the limited facilities at its disposal the bureau has, as stated
before, been able during the current year to stop a waste of natural gas valued
at not less than $10,000,000, an amount that exceeds by six times the total cost
of the bureau’s investigations to date. There is urgent need of enlarged facilities
with which to push this work more rapidly. A few years of further delay and this
valuable source of national wealth will have been wasted—permanently lost.

The individual operators in causing this waste have followed their natural bent
for temporary gain. The States have permitted this criminal waste without
protest, fearing that interference might retard development. Will the National
Government do the same? The savings already accomplished was the result of
inquiries and researches that enables the engineers of the bureau to demon-
strate to the oil and gas men in one of the Oklahoma fields that much waste of
gas could be prevented without stopping the drilling for oil. ... Of the total waste
of gas in the different oil fields of the country more than 80 percent is believed to
be easily preventable.

In the same report, Holmes estimated coal waste to be 250,000,000 tons per
year. He was convinced that a thorough underground survey of mining prac-
tices in each of the major coal fields in the country could reduce the loss by at
least 50,000,000 tons per year.

Holmes traveled extensively and worked long hours in his efforts to make
mines safer, often to the detriment of his own health. Following a particularly
arduous trip to Alaska, he developed tuberculosis and died on July 13, 1915, at
the age of 55 in Denver, Colorado (see page18). The New York Times obituary
called him a “martyr to miners.”

His assistant, Van H. Manning, stationed in Washington, D.C., succeeded him as
the next Director of the Bureau of Mines. H. M. Wilson led the mining experiment
station at Pittsburgh, chief chemist F. G. Cottrell headed the San Francisco of-
fice, and R. B. Moore, a physical chemist, acted in a similar capacity for the more
recently established Denver office. The Bureau now had five organizational enti-
ties: the mining division, the metallurgical division, the mineral-technology divi-
sion, the fuels and mechanical equipment division, and the petroleum division.

Safety

Laboratory work at the Arsenal in Lawrenceville focused on the development
of “permissible” explosives. As described in the First Annual Report of the
Bureau of Mines (July 1911), these explosives “give a short, quick, and relatively
cool flame that is less likely to ignite inflammable gas or coal dust than is the
flame of dynamite or that of black powder.” By this time, 88 explosives had
passed the tests required by the Bureau and had been placed on its list of per-
missible explosives. The standards for explosives would grow stricter as more
shorter- and cooler-burning materials were discovered.

*
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Major resources were in-
vested in the development
of breathing apparatus
that would allow miners
to survive the toxic gases
that flooded a mine after
an explosion, should they
be lucky enough to sur-
vive the initial blast.

"A great experiment sta-
tion was developed...,”
Manning reported, “for
devising and testing gases
and smokes used in war-
fare, gas masks, flame
throwers, incendiary
bombs, signal lights, and
other war material.”
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These better-burning materials would lead to a rapid decrease in the number
of mine disasters throughout the 1910s, and the Bureau’s growing expertise in
explosives would serve the government well in times of war.

Bureau researchers also investigated ways to make the use of electricity in
mines safer, mainly through the development of explosion-proof motors.
These motors had metal covers over areas of the machinery likely to produce
sparks. The researchers tested numerous varieties of safety lamps that would
provide light for the miners while reducing the risk of setting off an explosion.
Generally, a“safe” lamp used metal gauze or another protecting device to sepa-
rate the lamp flame from explosive gases while still allowing the lamp to glow.

Major resources were invested in the development of breathing apparatus
that would allow miners to survive the toxic gases that flooded a mine after

an explosion, should they be lucky enough to survive the initial blast. Re-
searchers such as the chemist Arno C. Fieldner investigated various absorbent
compounds for “gas masks” that filtered out toxic organic compounds and let
breathable air through to a miner’s lungs. These efforts gained broader rele-
vance when World War | broke out in 1914 and toxic gases such as chlorine and
mustard gas began to be used as weapons of war.

Manning raised war gas research to a new level in 1917. While the Ordnance
and Medical Departments of the Army performed parallel research, he estab-
lished a Chemical Section of the Bureau of Mines at the American University
outside of Washington, D.C.“A great experiment station was developed...,
Manning reported, “for devising and testing gases and smokes used in war-
fare, gas masks, flame throwers, incendiary bombs, signal lights, and other war
material”’

More than 1,700 American chemists contributed in some way to this project,
whether as employees of the Bureau or as consultants. This highly visible
research soon caught the eye of President Woodrow Wilson, who saw the
benefits of consolidating the various efforts under one roof. On June 29, 1918,
Wilson wrote Manning a letter:

My Dear Dr. Manning:

I have had before me for some days the question presented by the Secretary of
War involving the transfer of the Chemical Section established by you at the
American University from the Bureau of Mines to the newly established Division of
Gas Warfare, in which the War Department is now concentrating all the various
facilities for offensive and defensive gas operations. | am satisfied that a more
efficient organization can be effected by having these various activities under one
direction and control, and my hesitation in acting in the matter has grown only
out of a reluctance to take away from the Bureau of Mines a piece of work which
thus far has so effectively performed. The Secretary of War has assured me of his
own recognition of the splendid work you have been able to do....

Thus the Bureau’s Chemical Section was transferred from the DOI to the War
Department under General William L. Sibert on July 1, 1918. Sibert placed Man-
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ning’s Research Division at American University under the newly established
Chemical Warfare Services. This work with gases led to spinoff projects for the
Bureau after the war. The agency’s experts were consulted about problems
with newly developed anesthetic gases exploding in hospital operating rooms,
and about the best way to ventilate carbon monoxide from underground
shafts in industrial and transportation facilities.

A New Pittsburgh Station

From the beginning of the Bureau of Mines in 1910, it had been recognized
that the Arsenal facilities donated temporarily by the Department of War were
insufficient for the Bureau's long-term research purposes. By 1916, the Depart-
ment of War was requesting that the Bureau find other space for its work, so
that the Arsenal could revert to its original purpose. Congress worked out a
trade: some government-owned grounds adjacent to the Arsenal were trans-
ferred to the City of Pittsburgh in exchange for a tract of land near the Carn-
egie Institute of Technology in the Oakland section of the city.

The new Pittsburgh Experiment Station of the Bureau of Mines (now Hamburg
Hall of Carnegie Mellon University) was built in a squared-U shape, with the
main hall of the building—the bottom of the U—fronting on Forbes Avenue.
This main section housed the offices of the administrative, mining, mine safety,
and explosives sections. The east wing held chemical, physical, and metallurgi-
cal laboratories, while the west wing was home to the mechanical, electrical,
and fuels investigations laboratories.

Although the building was completed and operational in 1917, World War

| forced the postponement of the formal dedication of the new Pittsburgh
Experiment Station until September 29-October 1, 1919. Director Manning
accepted the keys to the building in a ceremonial transfer of the property, say-
ing, according to a report in The Journal of Industrial and Engineering Chemistry,
that they were “a symbol of the function of the Bureau to unlock the secrets of
nature for the benefit of all mankind.”
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After World War |, the
Bureau’s experts were
consulted about prob-
lems with anesthetic
gases exploding in hos-
pital operating rooms
and the best way to
ventilate carbon mon-
oxide from underground
shafts in industrial and
transportation facilities.

Manning called the keys
to the new Pittsburgh
Experiment Station “a
symbol of the function of
the Bureau to unlock the
secrets of nature for the
benefit of all mankind.”
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Dedication of the new Pittsburgh
Experiment Station in Oakland
section of the city, 1919

Entrance to the main building of the
Pittsburgh Central Experiment Station
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Joseph Austin Holmes, first Director
of the Bureau of Mines
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Joseph Austin Holmes

“While he was interested in the conservation of American natural
resources and endeavoring to assist our citizens in the business of
mining or agriculture, the human side of it all was always to the
front; lifesaving and the uplift of poor and ignorant employees
were the things which seemed nearest to his heart.”

--Holmes'’s friend and associate, Dr. A. E. Ledoux of New York

In the spring of 1910, just when his long-held dreams of leading the fledgling
Bureau of Mines should have been coming to fruition, Joseph Austin Holmes
watched from the sidelines as the names of other candidates were trotted out
one by one, with no mention of his own. The omission was a glaring and pain-
ful one for him. He had acquired the nickname of “Safety First” based on the
slogan that drove his efforts to make mines safer. He had also spearheaded the
charge to enact the legislation passed by Congress in May 1910 to authorize
the establishment of the Bureau of Mines within the Department of the Inte-
rior. Holmes was the logical choice, but his name was not on President William
Howard Taft’s list of candidates.

The reason was purely political. “[IJt was known that [Holmes] was one of the
Interior Department men who was regarded by Secretary [of the Interior] R.A.
Ballinger as inimical to him,” the New York Times reported in 1915. Why Ball-
inger was opposed to Holmes was not reported, but the disagreement was
probably rooted in a controversy that was raging at the time about whether
the Secretary was sufficiently committed to the ideal of conserving natural
resources. However, Ballinger clearly had Taft’s ear in this matter. So Taft repeat-
edly nominated other men whom Ballinger felt were qualified for the position,
and watched as they all respectfully turned down the offer. According to Dr.
I.C. White, the State Geologist of West Virginia, in subsequent remarks made at
a memorial service for Holmes in 1915, the “American men of science, the men
to whom it is rumored this important position was offered, refused to accept

a gift which all knew belonged of right to the one man whose untiring labors
had created the Bureau.”

White recalled that Holmes had visited him at his Morgantown, West Vir-
ginia, home in 1910 at the height of what White called Holmes's “long and
disappointing vigil.” Despairing of not being named to head the Bureau

of Mines, Holmes had stopped by to inquire if the State University of West
Virginia, which was looking for a new president, might consider him for the
position. White agreed to place his name before the University Regents,
but decided to wait until Taft had irrevocably appointed someone else to
the coveted Bureau position. White’s conviction that Taft would eventu-
ally see through the “veil of misinformation with which his vision had been
beclouded” was affirmed a few days later when Holmes received word from
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Washington that his wait was over. The New York Times called the appoint-
ment “surprising.” Holmes would lead the Bureau of Mines through its
formative years in spectacular fashion.

Joseph Austin Holmes was born in Laurens, South Carolina, on November 23,
1859, the eighth of twelve children of Nancy Catherine Nickles and Zelotes
Lee Holmes, a Presbyterian minister and teacher. Following a traditional
small-town education in grammar school and high school, he worked his

way through Cornell University and graduated with a Bachelor of Agriculture
degree in 1881. Holmes accepted an appointment as professor of Geology
and Natural History at the University of North Carolina at Chapel Hill, where he
mainly taught botany courses, with a unique emphasis on laboratory and field
work as opposed to the book-learning method used at most universities. “See-
ing and examining an object gives a student a further understanding of it than
does reading about it,” Holmes wrote. He began a small collection of plants
that grew to become the renowned University of North Carolina Herbarium.
One of his students later honored him by naming two tree species in his honor,
Hicorius holmesia and Crataegus holmesiana.

Following a reorganization of the university in 1886, Holmes’s teaching duties
began to involve more of the geological pursuits suggested by his title. By
1890 he was teaching General Geology and Mineralogy, Advanced Geology,
and Advanced Mineralogy, in addition to courses in zoology and botany. He
also maintained the University Museum, which contained over 3,000 speci-
mens of rocks, ores, and minerals. His geological expertise would eventually
lead to his appointment as Director of the Bureau of Mines.

The first step along this path was his resignation from the university in 1891 to
become the State Geologist with the North Carolina Geological Survey. In this

capacity Holmes distinguished himself by championing the building of roads,

eventually being responsible for the development of over one thousand miles
of macadamized roads in North Carolina. He and his colleagues also surveyed

and reported on the ore and mineral resources of the state.

With the approach of the St. Louis World’s Fair, also known as the Louisiana
Purchase Exhibition, in 1904, the organizers began searching for a distin-
guished geologist to serve as Director of the Department of Mines and Metal-
lurgy. Holmes was offered and accepted this position in 1903, and performed
experiments and gave demonstrations at the Fair. When the Fair closed in
1905, he stayed on in St. Louis as chief of the U.S. Geological Survey laborato-
ries. Holmes moved to Pittsburgh in 1908 to continue this work at the newly
established USGS laboratories there, and quickly became a leader in the move-
ment for the establishment of a federal Bureau of Mines.

Taking full advantage of a $150,000 appropriation by Congress “for con-
ducting such investigations as will increase safety and efficiency in mining
operations,” Holmes traveled to Europe in 1908 to study the more advanced
state of mining there. Speaking in 1915, George S. Rice, the chief mining
engineer of the Bureau, said that Holmes “constantly wanted to get to the
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“American men of science,
the men to whom it is ru-
mored this important po-
sition was offered, refused
to accept a gift which all
knew belonged of right to
the one man whose untir-
ing labors had created the
Bureau.” --I. C. White
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root of matters in scientific investigations, and saw far ahead of many others
in such matters.”

In 1909, even before the Bureau of Mines was established, Holmes was reward-
ed for his contributions to mankind with two honorary doctorate degrees: an
LL.D. (doctor of law) degree from the University of North Carolina at Chapel
Hill, and a D.Sc. (doctor of science) degree from the University of Pittsburgh.

With the authority vested in him as the Director of the Bureau of Mines, Hol-
mes was tireless and comprehensive in his efforts to make mining safer. He
directed investigations into safer, “permissible” explosives, mining lanterns,
breathing apparatus, and other safety appliances. He published the results of
this research in an annual report of the Bureau of Mines, and in monographic
bulletins throughout the years, so that all miners and mine operators around
the world would have access to the data. His attention encompassed not only
coal miners but also metal and mineral miners, who had similar accident and
fatality rates.

His duties frequently took him across the United States and to Europe, away
from his wife Jeannie and their four children, so he could attend conferences,
observe first-hand better mining practices, and assess the resources of various
parts of the United States. Ultimately, this sustained high level of effort led to
his early demise. The Alaska Territorial Mine Inspector W. R. Maloney described
what happened to Holmes on a trip (circa 1914) to assess the mineral resourc-
es and mining practices of that territory:

I knew him on the trail to be a man who did his duty and his part of the work,
and more. He was handicapped from the start of our trip to the Alaskan Range
by a horse stepping on his foot. From that time on he had to ride, making it very
uncomfortable to the Doctor, as anyone who knew him knows how well he liked
to walk around and see the surrounding country wherever he might stop, but
nevertheless he was an indefatigable worker in the camp. He would cut wood
and build fires and do anything he could to make things pleasant. At the time
most of us in the party recognized that his constitution would hardly stand the
trip, lying on the ground at night and traveling under difficult conditions in the
day time.

We had to go through the snow and storm the better part of the time, and
because of the snow and the thawing, and because of chills, it was a most dis-
agreeable trip. We were making forced journeys of 35 and 40 miles a day, where
ordinarily 15 miles was considered a good day’s travel.

Holmes emerged from the journey with tuberculosis, which would lead to his
retirement from the Bureau of Mines in 1915 and his death in Denver, Colo-
rado, on July 13, 1915, at the age of 55. The headline to the obituary in the New
York Times read:"J). A. Holmes Dies Martyr to Miners. Director of Federal Bureau
of Mines Lost His Health Seeking ‘Safety for Men.” He was buried in Rock Creek
Cemetery in Washington, D.C. More than 100 friends and colleagues convened
in the Civic Auditorium in San Francisco on September 21, 1915, to eulogize

Holmes at a “Memorial Exercise” held during the American Mining Congress.
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How to pay tribute to such a man? On January 15, 1916, a group led by
Holmes's successor, Van H. Manning, met at the Bureau of Mines offices in
Washington, D.C,, to discuss this matter. Distinguished representatives from
all of the mining, engineering, labor, and safety organizations attended.
Instead of commissioning a statue or naming a building after Holmes, the
group resolved to establish a permanent organization to be called “The Jo-
seph A. Holmes Safety First Association,” which would annually award “one or
more medals which, together with honorariums, shall be termed The Holmes
Award for the encouragement of those originating, developing and installing
the most efficient ‘safety first’ devices, appliances or methods in the min-

eral industry...” Special medals for heroism or distinguished service in the
mineral industry were also to be awarded from time to time. The Association
remains in operation to this day in Arlington, Virginia, as a lasting tribute to
the first Director of the Bureau of Mines.

21



NATIONAL ENSRGY TECHNOLOGY LASORATORY

22




A Century of Innovation

From the U.S. Bureau of Mines to the
National Energy Technology Laboratory

Chapter Two:
Bartlesville, Oklahoma—the Center for Qil
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Bartlesville, Oklahoma, in 1906, before the arrival of the Bureau of Mines
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Chapter Two:
Bartlesville, Oklahoma—
the Center for Oil

“For six decades after Drake punched down the first successful
oil well, the industry went on a producing binge, overdosing on
spewing gushers, huge gas flares, and water disposal by evapora-
tion from surface reservoirs. When the tap ran low in a reservoir,
operators simply plugged the hole and headed for new oil coun-
try. In 1917, some 33,000 wells had produced only 4 billion bbl of
oil, in some cases leaving 90% of the oil still in place at the end of
operation.”

--Bill Linville, Oil Editor for the Bartlesville Energy Technology Center’s

publication Petroleum Engineer International, August 1979

Although the initial emphasis of the Bureau of Mines was on coal, the
growing petroleum industry soon attracted its attention. “Early tasks of the
Bureau of Mines included field studies of oil and gas waste, research on the
use of cement to keep water out of the producing wells, and methods of
analyzing gas,” the Bartlesville Examiner-Enterprise noted in a 1968 article
celebrating the fiftieth anniversary of the Bartlesville Station. “Problems of
the petroleum industry were multiplying rapidly. The small force of petro-
leum technologists working for the Bureau was laboring at frantic speed
under tremendous pressure, but they had few guidelines to follow. The
results were sporadic.”

After several representatives of the oil industry visited Holmes in 1913, he
was convinced of the need for a separate petroleum division in the Bureau.
On July 1, 1914, Holmes appointed William A. Williams, a Stanford University
graduate in geology and mining, to the job of Chief Petroleum Technologist,
with authority to start such a division. In 1915, the petroleum division was
given $25,000 in funding to prevent waste of oil and natural gas, extend well
life, develop improved field practices, and determine the physical and chemi-
cal nature of petroleum.

New legislation would soon upgrade the petroleum division to a separate
mining experiment station within the Bureau. On March 3, 1915, President
Woodrow Wilson signed the Foster Act, authorizing the establishment of 10
new experimental centers across the nation devoted to different valuable
raw materials. One of these centers would be devoted to petroleum studies.

*
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Any town interested
enough in securing what
would likely become a
prestigious national re-
search center ought to be
able to raise the approxi-
mately 550,000 needed
for land and construction
costs—or so the thinking
went in Congress.

“The enthusiasm dis-
played by the Bartlesville
group and their willing-
ness to back their enthusi-
asm with financial assis-
tance won the case and
the oil experiment station
came here.” --The Bartles-
ville Enterprise, 1937
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But though it was the law of the land, no funding was immediately available
to carry out the provisions of the Foster Act. Two years later, the situation
changed.

Clarence Burlingame, President of the Bartlesville, Oklahoma, Chamber of
Commerce, happened to be in Washington, D.C., in 1917, meeting with the
Fuels Administration to discuss aviation fuels for the war effort, when Congress
finally appropriated the funds to open a petroleum experiment station some-
where in the Mid-Continent region of the United States. The Mid-Continent,
which included Oklahoma, Kansas, and Texas, was the most active oil region in
the country after the discovery and development of major oil fields such as the
Cushing field near Depew, Oklahoma; the Glenn pool in Butler County, Kansas;
and the famous gusher Spindletop in Texas. By 1915, the Cushing field alone
was producing 300,000 barrels of oil a day.

The appropriation, however, came with a catch. It provided $75,000 for the
operation of a new petroleum center, but not one cent for the building of it.
Any town interested enough in securing what would likely become a pres-
tigious national research center ought to be able to raise the approximately
$50,000 needed for land and construction costs—or so the thinking went in
Congress.

Burlingame hurried home and marshaled the local petroleum producers to
strike first with a bid to establish the petroleum experiment station in their
small town. He was one of Bartlesville’s “best known citizens,” according to the
Bartlesville Enterprise. Realizing that “a big opportunity was presenting itself,’
the newspaper said, “he unhesitatingly threw his unusual executive ability into
building a campaign to prove to the men who had the authority to place the
station, that it should come to Bartlesville” Burlingame knew that the assign-
ment was most likely to go to one of the bigger cities in the region, such as
Kansas City, Tulsa, or Dallas, so his town’s bid had to be strong.

Rallying to the opportunity, Henry Doherty of Empire Gas and Oil, a local
independent oil producer, pledged $25,000 from his company’s coffers, and
George Keeler, a co-founder of the town of Bartlesville, donated 4.5 acres of
his land for the proposed site. The Chamber of Commerce solicited donations
from local businesspeople in an attempt to raise the remaining $25,000, but
received a tepid response.

Knowing that the city of Tulsa had gotten off to a strong start in the fundrais-
ing process, Burlingame was anxious to move quickly. On the morning of
November 10, 1917, he assembled the members of the Chamber of Commerce
to make a bold proposal: they should personally guarantee the $50,000 even
though only about $30,000 had been raised at the time. Following the meet-
ing, Burlingame wrote this letter to D.A. Lyon, his Bureau contact in the nego-
tiation process:
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November 10, 1917
Mr.D.A. Lyon
Bureau of Mines
Minneapolis, Minn.

Dear Mr. Lyon:

Have been away for the past three or four days and on my return to Bartlesville
this morning had a little meeting with the chamber of commerce and have
arranged to make the donation for the petroleum department if located at
Bartlesville in a concrete form, in other words aside from guaranteeing it by the

Other Mining Experiment
Stations Created by the Foster Act

¢  The Birmingham, Alabama, Mining

chamber of commerce and citizens of Bartlesville, will take up the subscription
and have everything signed as per your regulations, and in the course of the
next two or three days this will be forwarded to your address....

Yours very truly,

C.E. Burlingame.

By taking the gamble and striking quickly, Burlingame impressed the govern-
ment officials. “The enthusiasm displayed by the Bartlesville group and their
willingness to back their enthusiasm with financial assistance won the case

and the oil experiment station came here,” the Bartlesville Enterprise recalled in

a 1937 article. On December 19, 1917, Secretary of the Interior Franklin K. Lane
announced that Bartlesville had been awarded the new petroleum research sta-
tion. But even when the official agreement was signed by the Bartlesville Cham-
ber of Commerce and the Bureau of Mines on March 28, 1918—the official birth
date of the Bartlesville Petroleum Experiment Station—"the $50,000 was not in
sight,” according to the newspaper.“Mr. Burlingame had every confidence that
it would be and although it was not forthcoming that week, not the next, it was
provided [italics added], and the president of the chamber of commerce never
slackened in his efforts until every requirement had been met...”

Rodney P. Carlisle and August W. Giebelhaus summed up the significance of
the agreement in their book, Bartlesville Energy Center: The Federal Government
in Petroleum Research, 1918-1983:“Rockefeller had based the Standard QOil Trust
on Pennsylvania and Ohio oil.... By 1916, however, the center of oil activity had
shifted westward....The already independent producers in Oklahoma, there-
fore, viewed the selection of their own territory for the Bureau'’s oil station as
an affirmation of the industry’s new center”’

Problems with Petroleum

Though the petroleum industry was still relatively young—the first oil well had
been started in 1859 by Edwin Drake in Titusville, Pennsylvania—fears had al-
ready begun to spread of an impending oil shortage that would be disastrous
for the American economy. The rage for driving automobiles was in its first full

Experiment Station for non-metallic
minerals and coke by-products inves-
tigations

The Columbus, Ohio, Mining Experi-
ment Station for ceramics (based on
local clays)

The Fairbanks, Alaska, Mining Experi-
ment Station for lode and placer min-
ing and metallurgy investigations

The Minneapolis, Minnesota, Mining
Experiment Station for iron mining and
beneficiation investigations

The Reno, Nevada, Mining Experiment
Station for rare and precious metals
investigations

The St. Louis, Missouri, Mining Experi-
ment Station for lead and zinc mining
and metallurgy investigations

The Salt Lake City, Utah, Mining
Experiment Station for metal mining,
metallurgy, and smoke abatement
investigations

The Seattle, Washington, Mining
Experiment Station for electrometal-
lurgy, ceramics, coal washing, and
mining methods investigations

The Tucson, Arizona, Mining Experi-
ment Station for copper mining and
metallurgy investigations

The Urbana, lllinois, Mining Experi-
ment Station for coal mining, fuels,
and coal preparation investigations

*
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swing, thanks in large part to Henry Ford’s popular and affordable Model T,
which had been introduced in 1908. Evidence of the American love for cars
was clear from the production numbers: the millionth Ford automobile was
built in 1915, the five-millionth was built just six years later.

Where would the gasoline needed to power all these vehicles come from? The
search for petroleum had led big companies and independent “wildcatters”
from Pennsylvania along a southwestern route, leasing the mineral rights to
land from farmers and other landowners. Their standard method of looking for
seepages of oil on the ground and drilling nearby was a hit-and-miss proposi-
tion, and the waste of petroleum and natural gas that often accompanied oil
wells was rampant. Natural gas was usually burned off in huge flares as a waste
product;in 1910, the estimated loss of natural gas was 500 billion cubic feet.
Occasionally an oil fire would lead to a large loss of petroleum in a rather dra-
matic display. Oil was allowed to sit in large pools on the ground to separate it
from water by evaporation, but in the process the more volatile components of
the oil also evaporated. Furthermore, petroleum producers were capping wells
that still contained up to 90 percent of their original oil because it had become
economically unprofitable to continue pumping it out of the ground. With a
new, promising well location just down the road, the emphasis was on leasing
rights, drilling quickly, and extracting the easy oil that rushed to the surface.
Better to not waste too much time on pulling the “dregs” of an old well to the
surface—even if those dregs amounted to the majority of the oil at the site.
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A petroleum fire in an Oklahoma City oil field, 1924
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These practices obviously could not continue indefinitely. By 1917, the dismal
production rates of most U.S. oil wells—33,000 wells had produced only 4
billion barrels of oil nationwide—emphasized the need to develop scientific
knowledge of the nature of petroleum reservoirs in order to extract a greater
percentage of available petroleum from any given field. This need was a major
factor in the establishment of the Bartlesville Petroleum Experiment Station

in 1918. If the mostly small, independent oil producers of the Mid-Continent
could not afford to construct and run a research laboratory, the federal govern-
ment would do it for them in the national interest. While the Bureau'’s goal in
petroleum at this time was similar to that of the oil producers—getting more
of the valuable liquid to the surface and into refineries—a government-owned
laboratory could ignore the profit-making pressures that the producers faced
and concentrate on developing the science of petroleum.

In a retrospective to mark the fiftieth anniversary of the Bartlesville Station in
1968, the Bartlesville Examiner-Enterprise recalled the prevailing doubts that
had surrounded the Bureau’s early efforts to promote the application of scien-
tific knowledge in the petroleum industry:“In 1918, little attention was given
by oilmen to observations by scientists and engineers. Petroleum technology
wasn't exactly ignored, it just didn't exist. There was none. Qil producers and
operators were skeptical of anything that smelled of textbooks procedures.”

But this view was an exaggeration. By 1915, the Bureau'’s Petroleum Division
under William A. Williams had already begun investigating such issues as the
prevention of waste, prolonging the life of oil and gas wells, cementing practic-
es, use of drilling mud, reservoir energy, the flashpoint of oil, and the physical
and chemical properties of oil. Technologists went into the fields and refineries
and worked closely with industry. But the modest commitment of $25,000 was
not enough to make a significant difference to the problems of the oil industry.
It would take the founding of the Bartlesville Petroleum Experiment Station in
1918, and its early record of success in solving petroleum problems, to con-
vince the remaining skeptics of the value of science to this industry.

The First Year

The Bartlesville Petroleum Experiment Station was officially established on
March 28, 1918, with J. O. Lewis as the first Superintendent. Lewis had been
working at the Bureau's San Francisco office before his appointment to Bartles-
ville by Bureau Director Van H. Manning. Manning directed Lewis to operate
the station as “a laboratory for practical research for solving problems, devising
new methods, preventing wastes, effecting economies and for collecting and
disseminating information.” Lewis and a staff of five worked out of temporary
offices in the large Chamber of Commerce room of Bartlesville City Hall at

4th and Dewey Streets while permanent quarters were being designed and
constructed. His staff included W. P. Dykema, natural gas engineer; Clarence
Netzen, chemical engineer; R. O. Neal, chemical engineer; W. G. Haitt, junior
chemist; and Noel Hubbard, clerk. Their furnishings were used desks and chairs
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J.0. Lewis, first Superintendent of the
Bartlesville Station, 1918

“The use of cement for
plugging back wells to
shut off water was one of
the first contributions of
the Bartlesville Petroleum
Research Center to the oil
industry.” --Bartlesville
Examiner-Enterprise 1968
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that had been donated by local oil companies and businessmen. Lewis was
the right man for the job because of his familiarity with the petroleum indus-
try in various regions of the United States. His career had started in Bradford,
Pennsylvania, where he learned about the new “waterflooding” technique for
extracting more oil from reluctant wells. Waterflooding involved injecting a
large volume of water into several input wells surrounding a central “produc-
ing” well. The pressure from the water forced oil out of the producing well,
which had appeared to be near the end of its useful life. Waterflooding was
thus a form of “secondary recovery,”and it extended the working life of many
wells. Lewis had also worked in the oilfields of Marietta, Ohio, where an alter-
nate method of injecting compressed air into a well to force out additional oil
was in use. Finally, in San Francisco he had learned how to cement well shafts
to prevent unwanted water from a non-oil-producing stratum of rock from
intruding (the technique had been invented by Frank Hill of the Union Oil
Company of California in 1903). So by the time of his appointment as Superin-
tendent of the Bartlesville Petroleum Experiment Station, Lewis had a wealth
of relevant experience.

Lewis’s broad knowledge proved to be a key to the Bartlesville Station’s early
success. Information did not travel fast in those days, and independent oil
producers had no incentive to share proprietary inventions with their competi-
tors. Acting as a government agent, Lewis brought the cementing technique
he learned in California to Oklahoma, which was still trying to solve the prob-
lem of water infiltration. Looking back on this era, the Bartlesville Examiner-
Enterprise wrote in 1968: “The use of cement for plugging back wells to shut off
water was one of the first contributions of the Bartlesville Petroleum Research
Center to the oil industry. Reports about using Bureau cementing techniques
were among the first technical reports to come from authors located in the
Mid-Continent area.”

In a tribute to Lewis, the same issue of the newspaper also noted the following:

One of the most important contributions to the oil industry was a bulletin by
Lewis titled “Methods of Increasing the Recovery from Oil Sands.” When this 128-
page bulletin was published in 1917, the industry knew that as much as from 20
to 60 per cent of the oil in place probably could not be recovered by any process
then practiced. Application of vacuum, air-gas drive, and waterflooding each
had been used, and it was a report on these improved recovery techniques that
comprised the principal objective of the Lewis publication. His studies and writ-
ings on increasing oil recovery were epoch-marking.

Searching for a Role

If there was skepticism about scientists and textbook solutions, the indepen-
dent oil producers of the region soon got over it; within a month of the open-
ing of the Bartlesville station they were clamoring for the Bureau’s help with
problems in the field. In April 1918, Empire Fuel and Gas and the Gypsy Oil
Company requested help to prevent intrusion of water into their drilled wells.
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Lewis hired an expert oil well driller named Thomas Curtin to deal with this
challenge. Curtin began demonstrating the California cementing technique to
the mid-continent oil producers. But soon the oil producers began taking ad-
vantage of Curtin’s expertise. He was spending all his time in the field, advising
the producers one by one. Lewis had trouble reconciling this activity with his
mandate to develop technologies to help the region and the nation, not just
particular oil companies. By December 1918 he had reined in Curtin’s services,
restricting the Bartlesville station to experimental work and avoiding any activ-
ity that, in Lewis’s own words, “savors of a political or regulatory nature.”’

This policy paid off in 1919 when Assistant Petroleum Engineer W.P. Dykema,
collaborating with Phillips Petroleum, developed a method of absorbing
gasoline fractions that occurred naturally in the natural gas associated with the
petroleum wells. This so-called “casinghead gasoline” was well known at the
time, but it was typically vented as waste because it was too costly to capture.
The absorption technique solved this problem. Soon the 100-octane casing-
head gasoline was being blended with lesser grades of petroleum fractions to
raise their octane levels. Here was a process that demonstrated the profitable
collaboration that could occur when government and industry worked togeth-
er. Because the method was not proprietary, the Bureau shared the absorption
technique with other oil producers to the benefit of the nation.

Only one year into its history, the Bartlesville Petroleum Experiment Station
had found its purpose: to become an agent of information transfer to the
entire petroleum industry. Though the needs of the industry would change
drastically over the years—from the need to “get it out of the ground” to the
equally important need to” keep it in the ground” during times of an oil glut—
the Bartlesville station would continue to be a central disseminator of petro-
leum information in the decades to come.

Physical Plant

The architectural design of the Bartlesville Petroleum Experiment Station was
awarded through competitive bidding to the firm of Keene, Simpson, and
Everman of Kansas City and Bartlesville; the construction contract went to A.E.
Madorie of Kansas City, who bid $34,688. The architects designed two red-
brick buildings: a two-story administration building with eight rooms, and a
one-story laboratory building that also housed a machine shop, along with a
calorimeter room in the basement. Sheet-iron outbuildings contained a small
experimental refinery with three one-barrel stills and one five-barrel still, a
blueprint house, and a store house.

World War | interfered with the initial completion date of December 1, 1918,
but in January 1919 the buildings of the station were ready to be occupied. No
doubt Lewis had looked forward to the new, spacious offices of the administra-
tion building, but he was never to enjoy them. In February 1919 he was called
to Washington, D.C., to assume the role of Chief Petroleum Technologist. W. P.
Dykema took over as Superintendent in 1919.
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Experimental refinery at the Bartlesville Station in 1919
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The first two buildings of the Bartlesville Petroleum Experiment Station, 1918
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Bartlesville Enters the 1920s

The 1920s was a tumultuous decade for the petroleum industry and for the
Bureau’s petroleum research station in Bartlesville. The decade started with an
oil boom as new fields were rapidly located, drilled, and abandoned as soon as
the “easy” oil was brought to the surface. It ended with a stock market collapse
and a dumping of Texas oil onto the market that would plunge oil prices to the
lowest levels ever seen.

The first half of this decade saw a rapid turnover in superintendents at Bartles-
ville and a growing staff. Superintendents rarely lasted more than a year before
moving on. W. P. Dykema was succeeded in 1920 by J. W. Ambrose. Ambrose
rescinded Lewis’s decision to focus on laboratory work, and soon had his

staff back in the field. They numbered 15 in all in 1920. Ambrose’s specialty
was in “working up” a field, which meant developing structure contour maps,
geologic cross sections, and “peg models” showing three-dimensional under-
ground formations. These models used thin wooden dowels, or pegs, of vari-
ous lengths arranged in a two-dimensional array to represent the surface of
an oil field. The lengths of the pegs provided the third dimension—depth—to
the model. The tops of the pegs showed the ground contours, while the bot-
toms revealed the contour of an important underground geological structure.
In between, important cross-sectional layers—such as the sand layer known
to contain oil—were indicated by lateral lengths of string around the perim-
eter of the model. One length of string would represent the top of the oil-
containing layer, and another the bottom; rises and dips in this layer would be
indicated by varying the height of the string on adjacent pegs. A century later,
three-dimensional computer software models would allow oil producers to
rotate a simulated oil field and look at it from any angle. Peg models could not
provide that level of sophistication, but in 1920 they gave drillers more precise
information with which to determine drilling and shot depths. The Ardmore
Chamber of Commerce paid $1,000 for such a study in July 1920, to Ambrose’s
great satisfaction. To him, it proved the value of the Bureau’s field work to the
petroleum community.

But Ambrose was called to Washington, D.C., in 1921 to serve as the Chief Pe-
troleum Technologist of the Bureau; later he would serve as chairman of board
of Cities Service Oil Company. He was replaced as Superintendent by H. H. Hill,
who followed a similar path, moving on to the nation’s capital in 1922, and
eventually to the Standard Oil Company of New Jersey. T. E. Swigart held the
Superintendent’s position from 1922 into 1924, when he joined the Shell Oil
Company. M. J. Kirwan then took over from 1924 to 1925, leaving to work for
the Indian Territory Illuminating Oil Company.

Bartlesville had three superintendents in 1925: R.A. Cattell, who moved to
Washington, D.C,, later in the year; W.W. Scott, who left to join Humble Oil and
Refining Company; and E.P. Campbell. Nineteen-twenty-five proved to be a
dramatic year in relations between the federal government and the petroleum
industry. It was the year of the sensational Teapot Dome scandal, in which
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Three-dimensional peg model of the
Slick Oil Field in Oklahoma, showing

the depth of oil sands, 1920
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N.A.C. Smith, Superintendent of the
Bartlesville Station 1926 to 1945
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Secretary of the Interior Albert Fall was caught accepting money to open the
Teapot Dome Naval Qil Reserves to private companies. To emphasize the role
of energy research and development in economic growth, President Calvin
Coolidge took control of the Bureau of Mines away from the DOl and gave it to
the Department of Commerce under Secretary Herbert Hoover.

Despite the shakeup in organizational structure, however, 1925 also brought
the first measure of stability to the leadership of the Bartlesville station after
Nicholas A. C. Smith succeeded Campbell at the helm. Smith, who had started
working for the Bureau as an assistant chemist in Pittsburgh in 1918, had ar-
rived in Bartlesville in 1924 from the Washington, D.C,, office as a petroleum
technologist. He was soon promoted to Acting Superintendent and then to
Superintendent in 1926. Smith would remain in the top position through
1945, guiding the station more in the direction of laboratory research than
field work. He would create what he called an “independent and professional
petroleum research center,” with an emphasis on publication of results. He was
an impeccable writer and editor who ensured that any manuscript written in
Bartlesville was of the highest quality. In a 1937 article, the Bartlesville Examiner
declared, “Mr. Smith is a quiet, unassuming sort of chap, but his associates and
chemical engineers in the Mid-Continent field who come in contact with him
declare he is one of the most brilliant men in this section of the country with
an uncanny insight on the problems of the petroleum industry.”

Smith appeared on the scene at the right time, because the Bartlesville station
was in need of a stabilizing force. He summed up the situation in July 1926:
“During the past year this station has seen the arrival of three superintendents
and the departure of two!” The mid-1920s was a period of rapid employee
turnover at all levels, not just at the top. Well-trained Bureau personnel were
quickly snatched up by private petroleum companies who could afford to pay
them more than the government, especially during an oil boom. Between July
of 1925 and April of 1926, 14 people left the Bureau to be replaced by 12 oth-
ers, leaving a total of 38 employees at the Bartlesville station.

One of these employees was to play a major role as Smiths’s right hand man
throughout most of his tenure: Ludwig Schmidt, who joined the Bartlesville
station in 1921 after graduating from the University of Oklahoma with a de-
gree in chemical engineering. Schmidt had served in the Company A Engi-
neers of the Oklahoma National Guard Mexican Border service in 1916-1917,
and was later a First Lieutenant in the 544th Engineers during World War I. He
later added a Professional Engineer credential from the University of Oklahoma
in 1924.

Projects during Smith’s Reign

“Nick” Smith, as he was known around the station, presided over three distinct
phases of oil production during his command in Bartlesville, corresponding to
three different economic and political eras. These were the 1920s, character-

ized by increasing production and an eventual oil glut as the Texas fields came
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into play; the Great Depression, during which demand and prices fell, lead-

ing to heavy curtailment of Bureau research; and the World War Il era, when
unprecedented forces and funds were poured into Bartlesville as scientists and
engineers tried to maximize the supply of petroleum products to aid in pro-
duction of aviation fuel, lubricating oils for motorized equipment, and asphalt
for military roads and airport runways. Throughout these eras, safety in the pe-
troleum fields continued to be a major focus of Bartlesville’s efforts, including
the production of training films to teach petroleum field workers safe working
habits.

The major goal of the petroleum companies in the 1920s was extracting more
oil. While the Bartlesville Station aided this effort with projects titled “Methods
of Increasing the Recovery of Oil,"“Investigation of the Use of Gas for Lifting
Oil,"and “Application of Vacuum to Oil Wells," it was also interested in under-
standing the properties of crude oils and the nature of the geological forma-
tions in which oil could be found. Scientists used the methods outlined by J. O.
Lewis in 1917 to analyze more than 300 samples of crude oil by 1928.To help
with the increasing workload, the Laramie, Wyoming, Petroleum Experiment
Station was established by the Bureau in 1922. In time, Laramie would come to
be seen as Bartlesville’s “sister station,” with much cooperation and occasional
transfer of employees between the sites.

Perhaps the biggest fundamental contribution made by Bartlesville in its early
years was the formulation and confirmation of the “law of equal expectations”:
“If two wells under similar conditions produce equal amounts during any given
year, the amounts they will produce hereafter, on the average, will be approxi-
mately equal regardless of their relative ages.” First articulated as a hypothesis
by petroleum researchers in 1918 following their analysis of data obtained
from producing wells, it had achieved the status of a scientific “law” by 1925.
Curves depicting the rate of decline of oil production showed that the future
production could be predicted based on the amount of oil currently being
produced and the rate at which production had declined. Such prediction ca-
pabilities were clearly a benefit to oil companies in their decisions to continue
pumping or abandoning a well, and in estimating resources.

Several areas of investigation were so important that they were pursued
extensively throughout the Smith years. Increasing the recovery of petroleum
headed the list. In 1926, the Bureau estimated that only 20 percent of the origi-
nal “oil-in-place” was being brought to the surface, with 80 percent left behind.
To combat this clearly unacceptable scenario, in 1927 the Bureau announced

a four-pronged approach:“(1) increasing recovery from producing fields, (2)
repressuring exhausted fields, (3) mining the oil sands, heating, vacuum, and
(4) fundamental studies of the flow of oil, gas, water, and mixtures of the three
through the sands, studies of the porosity of sands.”

Addressing the first point—increased recovery from active wells—involved
understanding the best methods of drilling wells, along with their optimal
spacing; developing improved explosives to fracture reservoirs, thereby releas-
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In 1927, compressed-air
repressuring at the EI-
liott, Oklahoma, oil pool
increased production 240
percent in less than 18
months.
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ing more of the oil and natural gas trapped inside; and discovering methods
to dissolve or otherwise remove the paraffin waxes that built up in the reser-
voir and clogged the pores through which the oil and gas moved. It was also
important to develop methods of controlling natural gas flow in oil wells, since
pressurized natural gas was a major driving force in pushing oil to the surface;
this topic fell under the category of natural gas “conservation.”

The second approach was called “secondary recovery”—the recovery of ad-
ditional oil from wells that had already been abandoned as spent. The earliest
methods of secondary recovery involved injecting air or natural gas into an old
well to force out more oil. The Bureau began investigating this “air-lift” or “gas-
lift” method in 1925, beginning by studying the solubility of air and natural
gas in crude oils. Dissolving gases in oil could reduce the viscosity of the oil,
thereby making it easier to pump. In 1927, compressed-air repressuring at the
Elliott, Oklahoma, oil pool increased production 240 percent in less than 18
months. The Seminole area in Oklahoma, one of the largest and most prolific
oil fields in the country up to that time, reached its peak production of 529,000
barrels of petroleum in one day on July 30, 1927, aided by the natural gas-lift
method. Gas lifting was used in the Seminole area early in the field’s produc-
tion life, which accounted for this record output; its production was expected
to decline more rapidly than normal because of this unusual procedure.

In an effort to help Eastern oil producers in Pennsylvania, Ohio, and West
Virginia resurrect their spent wells during 1926, the Bureau recommended
“looking at increasing production through compressed air or natural gas or by
flooding with water [emphasis added].” Considerable efforts had been made

to this point to keep water out of oil wells, but new information indicated that
flooding a well with water could force remaining oil out of an adjacent well.
This reference was the first time the “waterflooding” method was mentioned in
an annual report of the Bureau of Mines. Waterflooding would later become a
highly successful and popular method of secondary oil recovery.

The third approach, the vacuum method, was perhaps the most interesting,
though short-lived, process investigated. Bartlesville engineers began study-
ing how pulling a vacuum on a well affected the production of oil and natural
gas. By 1927, they were able to report that the effectiveness of vacuum re-
covery depended on local conditions. “If the sand is open textured, vacuum
may increase production; but if the sand is tight, vacuum is useless, and may
sometimes be harmful,” the 1927 annual report stated. After a final report was
issued the next year, the 1929 annual report noted, “In view of new methods of
oil recovery, vacuum is becoming obsolete.” Field studies of production prob-
lems kept Bureau engineers busy and oil companies happy. At the Powell field
in Texas in 1925, Bureau personnel assisted in repairing 31 wells in order to
exclude water; 25 of these repairs resulted in increased production. That same
year, in the Wortham Field of Texas, the Bureau produced a detailed study in-
cluding cross sections and structure-contour maps, and helped to plug leaks in
38 wells.“One well in the field was producing 100 percent water before it was
plugged on February 15, 1925, the annual report for that year stated. “From
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the date of plugging to June 26, 1925, it produced 20,105 barrels of oil, an
average of 159 barrels per day.” By 1929, thirty-one fields in the Rocky Moun-
tains, Texas, Oklahoma, Louisiana, and Arkansas alone had been improved
through the Bureau'’s engineering field studies. The activity was abandoned in
1934 due to lack of funding in the Great Depression, but was pursued again
with abandon immediately prior to and during World War Il as oil production
again became a priority.

A better understanding of the physical and chemical properties of crude

oils, which differed from field to field, was essential to the Bureau’s efforts to
develop improved recovery, transportation, storage, and refining methods.
Samples of crude oils from different fields across the United States, and even-
tually the world, were analyzed every year to determine essential properties
such as viscosity, volatility, density, and chemical composition.“Samples came
from almost every producing field around the world and from every geologic
age,’the Bureau reported in 1927."“[The] Bureau'’s system classifies them into
four main groups, and can tell the relationship between geologic age and the
probable refinery yields of valuable products.” In 1928, the Bureau published
the results of the analysis of 300 crudes worldwide in Bulletin 291.

The Bureau also conducted motor-gasoline surveys. “With enormous growth
in automobile traffic, quality of gasoline produced at different refineries using
different crudes or different methods is a matter of public interest,’ the 1925
annual report observed. “As in previous years, the Bureau conducted semi-an-
nual survey of motor gasolines sold in six cities.” In 1927, researchers analyzed
samples of gasoline sold to consumers in 10 cities. In 1930, plans were made
to increase the number of audited sites to 300 per year, but the realities of the
Great Depression led to the temporary suspension of the program in 1931.

The Bartlesville Petroleum Experiment Station conducted many other investi-
gations throughout these years, including efforts to detect and prevent leaks
in natural gas pipelines, investigation of geophysical methods of prospecting
for oil and gas, prevention of petroleum and gasoline losses through evapora-
tion while in storage, improvement of the fractional distillation process, isola-
tion and identification of sulfur compounds in petroleum, and determination
of the influence of the viscosity-volatility ratio of oils on engine service, among
others.

The Great Depression

Toward the end of the 1920s, petroleum was plentiful, due to the improved
methods of production developed by the Bureau and by private company
laboratories, as well as to the continued discovery of new reservoirs, especially
in Texas. Instead of conserving oil for times of higher demand, producers put
their oil up for sale, thereby depressing prices. After the stock market crash of
October 1929, Texas oil flooded the market, sending prices to new lows. The
Bureau'’s 1931 annual report noted, “During the year the natural gas industry
has expanded, extending its market to industrial centers and bringing gas into
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Experimental refinery at the Bartlesville Station in 1919

A 1929 Model A Ford coupled to a device to lower a bottom-hole sampler into a well (Bartlesville, 1932)
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competition with other fuels. Concurrently, the petroleum industry experi-
enced drastic economic adjustments, brought about by intensive develop-
ment of prolific fields and resulting overproduction of crude oil”

Remarkably, all the work at Bartlesville through the 1920s, as described above,
was done with limited experimental space and resources. Nick Smith formally
brought this situation to the attention of the Bureau in 1931:“In its present
scope of activity the Petroleum Experiment Station, Bartlesville, Oklahoma, is
restricted owing to lack of proper working quarters. In the temporary corru-
gated iron structures on the property it is almost impossible to obtain neces-
sary constant-temperature conditions, and the floor space in these temporary
buildings is altogether inadequate. The Bartlesville station needs an engineer-
ing research laboratory building.”

Smith made his plea at precisely the worst time, as the effects of the Depres-
sion started to be felt more deeply. The motor-gasoline surveys were discon-
tinued in 1931. In his 1932 report, Smith wrote, “Necessity requires indefinite
suspension of research upon which years of development have been expend-
ed. Further effort will be made to unify and centralize all production and refin-
ing studies to place as many of the collected data as possible in form usable
by the oil and gas industry.” In lieu of further research, most employees were
tasked with collecting and publishing data from past research. The Laramie
Petroleum Experiment Station was closed in 1933 for lack of funds.

Still, Bartlesville made significant progress in a few important areas. Research
into mathematical formulas to calculate the flow of natural gas in pipelines
had begun in 1927; the goal was to find a formula that was sufficiently accu-
rate but not too theoretical or complicated to discourage its use. In 1931, the
Bureau published a report stating that the Weymouth flow formula was suf-
ficiently accurate for all practical purposes for the pipeline sizes used commer-
cially. By 1934, further work and refinements made it possible for Bartlesville
to publish a report containing simplified calculations, along with curves and
charts, to help gas company engineers design pipelines.

In the 1932 annual report, Smith was able to announce that “[t]he Bureau
of Mines method of determining the potential capacities of gas wells has
proved its economic value.” He was referring here to the “back-pressure”
method devised in Bartlesville, whereby special instruments developed

to measure the back-pressure of a gas well could be used to calculate the
rate of gas production. Based on 656 tests made on 489 gas wells, Smith
wrote, “In 90 percent of these tests a straight-line relationship has been
established between rates of delivery from the wells and pressure condi-
tions in the wells. Company officials and others are now evidencing inter-
est in the subject, and cooperative efforts are being made to eliminate the
factors causing inaccuracies in well data. ... When this method was first
proposed, some gas company engineers, State conservation officers, and
others questioned the validity of the results.” The previously used “open
flow” tests, which wasted large quantities of natural gas by venting it to the
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atmosphere to determine the rate of gas delivery, had been replaced by
the Bureau’s back-pressure method, which produced no gas loss.

In 1933, a chemical method for removing elemental sulfur from petroleum

was demonstrated for the first time. In his conclusion to that year’s annual
report, Smith wrote, “Many uneconomical practices, based upon rule-of-thumb
methods, have been eliminated in oil and gas fields because basic knowledge
regarding reservoir conditions has been obtained and reported by the Bureau
of Mines...Work on oil and gas has been seriously crippled by termination of
studies that had been developed to the point where definite results of practi-
cal value were assured.” He also remarked once again on the lack of adequate
laboratory space.

The year 1936 proved to be a good one for Bartlesville. Smith finally got his
wish when funds for “the long-requested and greatly needed office-laboratory
building” were provided through the New Deal’s Public Works Administration.
The new building was dedicated in October 1937. Also, on July 1, 1936, the
University of Wyoming at Laramie opened a new petroleum experiment sta-
tion on its campus to replace the Bureau'’s office that had closed in 1933.The
semi-annual motor-gasoline survey was also revived in 1936.

The March 10, 1937, edition of the Bartlesville Enterprise carried a story under
the headline, “Oil Comes Back as Repressure Methods Used: Plan of Flooding
Old Holes with Water to Force Out Oil Is Successful”” “Repressuring is done un-
der the ‘five spot’ method of drilling four wells to get one producer,’ the news-
paper reported. “Sections are staked out in squares and at each corner a well
is drilled and water forced under pressure into each of the wells. A fifth well

is drilled in the center of the square and is known as the producer. The water
pressure on the four outside points pushes the oil up through the middle well”
The technique held out the promise of reviving old oil fields, increasing the
country’s production of oil, and creating new jobs—something on everyone’s
mind in the 1930s.

The Bartlesville Petroleum Experiment Station survived the 1930s, despite an
oil glut and a worldwide economic depression, with a staff of more than 60
employees. N.A.C. Smith had carefully guided the station through the political
and economic minefields of the era by focusing his limited research funds on
studies that were sure to be of value to the petroleum and natural gas indus-
try once the depression ended. Developing a fundamental understanding of
the relationship between natural gas well pressures and expected production
levels, building a database of motor gasoline characteristics, and investigating
the possibilities of secondary oil recovery through waterflooding would all be
of value when the Depression yielded to another world war.
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A table top display showing the “five-spot” method of water-
flooding—four flooding wells surround the producing well
in the center

Dedication of the new adminstration and research building at
Bartlesville in October 1937

The new administration and research building at Bartlesville in 1937, built by the Public Works Administration

*

41



NATIONAL ENSRGY TECHNOLOGY LASORATORY

C. Kenneth Eilerts

C. Kenneth Eilerts joined the Bartlesville Petroleum Research Center in 1930 as
a junior chemist. In February 1934, having risen to the rank of research scien-
tist, he was assigned a project that would dominate his life for more than 20
years, and in the process make him one of the most renowned scientists in
Bartlesuville.

Eilerts began studying the phase relationships of natural gas condensates in
1936 for a joint project between the Bureau and the American Gas Association
called “Properties and Flow of Reservoir Fluids.” Natural gas condensates are
mixtures of liquid hydrocarbons that condense from a natural gas well when
the temperature falls beneath the hydrocarbon dew point of the gas. Because
these condensates frequently contain light hydrocarbons within the gasoline
boiling range, they are sometimes called natural gasolines. Phase relationships
describe the pressure-volume-temperature properties of these condensates,
which varies depending on the conditions in the well.

Measuring temperatures and pressures in gas condensate wells using the
crude temperature sensors and pressure gauges available at the time, Eilerts
began assembling data on the phase relationships of gas condensates in
numerous wells. In the late 1930s there was great interest in these properties,
because gas producers had a market for gas condensates, which they could
produce in significant quantities by “cycling” natural gas back into the well it
came from. Understanding the physical-chemical properties of these substanc-
es could help them produce more. However, developments during World War Il
that made transportation of natural gas over long distances through pipelines
possible ended the need for cycling, and Eilert’s data lost some of its relevance.

Still, the project continued. Around 1951, approximately 15 years into the
project, Eilerts began compiling his data for publication. In the meantime, he
had become interested in the new computers that Oklahoma State University
had acquired, and began experimenting with mathematical modeling of gas
condensate fluid flow in underground reservoirs. He was scheduled to pres-
ent the results on October 9, 1953, at the meeting of the Society of Petroleum
Engineers in New Orleans. However, Eilerts suffered a heart attack on June 28,
and spent the next month in bed recovering. This didn’t stop him from con-
tinuing work on his paper, though. He fought through the setback and was
able to deliver his paper entitled “Integration of the Partial Differential Equa-
tion for Transient Linear Flow of Gas-condensate Fluids in Porous Structures”
on the scheduled date. The Bartlesville Examiner-Enterprise reported this series
of events in November, but was most fascinated by the method Eilert’s em-
ployed.“This paper,’ the newspaper said, “would have taken one person over
300 years to complete working by hand. But Eilerts, one of the first scientists at
the bureau to become proficient in using the electronic computer, completed
most of the work on the computer at Oklahoma State University before having
his attack.”
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Eilerts finally published a two-volume book of his data “Phase Relations of
Gas-Condensate Fluids,”in 1958. By then his more than 20 years of work on the
subject had made him an international expert, but some of his colleagues be-
lieved that he should have been working on other, more important investiga-
tions over the years. The book was irrelevant by the time it was published, they
contended, because the window of opportunity for commercial application of
the data had passed in the early 1940s.

Undeterred, Eilerts continued working on computer modeling of the flow
properties of gas condensate fluids in the 1960s. He received recognition for
his life’s work on March 12, 1969, when the Natural Gas Processors Association
presented him with its Hanlon Award for “outstanding industry contributions
through research into the physico-chemical properties of natural hydrocarbon
mixtures, condensate-well corrosion phenomena, and production character-
istics of gas-condensate fields.” A few months later, on July 13, the Bureau of
Mines awarded him for his “Engineering Excellence” with the Arno C. Fieldner
Award for his mathematical modeling work.
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Consequences of an explosion: Wall Street after the
September 1920 bombing (photo credit: Bettman/Corbis)
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Chapter Three: Safety and
Health Work at Pittsburgh,
1920-1939

From its years of study of coal-dust explosions the Bureau of Mines
can say that great explosions should not be considered as normal
occupational hazards.

--Bureau of Mines, Annual Report, 1923

At noon on September 16, 1920, a massive explosion on Wall Street in New
York City killed 38 people, injured 400 others, and shattered buildings in the
financial district. George S. Rice, the chief mining engineer of the Bureau of
Mines, was in the city at the time and went to the scene. “All physical evidence,”
he reported, suggested an act of terrorism—a bomb blast that was “planned
with intent to destroy life” and “worked out with great cleverness.” Rice based
his assessment on the pattern of damage at the site and his long experience
with observing the consequences of mine explosions. Within days, two other
Bureau experts arrived in New York: Charles E. Munroe, chief explosives chem-
ist, and S. P. Howell, chief explosives engineer. They arranged for tests at the
Pittsburgh Experiment Station, which supported the theory that a bomb
containing about 100 pounds of dynamite had caused the destruction. The
case was never solved, although an anarchist group was believed to have
been responsible. But the Wall Street bombing was duly listed in the Bureau’s
1920-1921 annual report, alongside six other explosives-related disasters that
the staff had investigated.

This venture into crime-scene reconstruction was just one example of the
scientific sleuthing that the Pittsburgh station undertook during the 1920s and
the 1930s to help protect public health and safety. As they continued to learn
about sources of and remedies for accidents in coal mines, the chemists and
engineers of the station found that their knowledge applied far beyond the
mining industries. Rapid urban and industrial growth was creating new artifi-
cial environments, from pipelines and tunnels to power plants and congested
city streets, where the dangers of fire, explosion, and noxious gases resembled
the hazards that miners had long known. The Bureau’s expertise in analyzing
things that tended to blow up or poison people was thus helpful in solving
engineering problems that affected millions of Americans.

Many of these problems centered on making the everyday use of coal, petro-
leum, and natural gas safer. Fossil fuels, whose concentrated energy helped to
make modern industrial society possible, were also major sources of explosive
dust and toxic byproducts that infiltrated homes and workplaces. Through
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public-private cooperative agreements, the Pittsburgh station investigated
such issues as detecting odorless gases, ventilating tunnels that carried
motor-vehicle traffic, and evaluating the safety of leaded gasoline. The Bureau
publicized the findings and recommendations of these inquiries, following the
strategy that it had first defined in mine-safety work to exert significant influ-
ence over public attitudes and behavior despite its lack of regulatory power.

Organization

The leadership of the Bureau of Mines changed hands several times in the
immediate aftermath of World War I. Van H. Manning, who had directed the
agency since 1915, resigned in mid-1920 to accept the position of director of
research for the American Petroleum Institute. A talented civil engineer and
administrator, Manning had overseen the expansion of the Bureau’s experi-
ment stations and was instrumental in creating the federal Chemical Warfare
Service during the war. He was briefly succeeded by Frederick G. Cottrell, who
had formerly served the Bureau as its chief physical chemist and chief of the In-
vestigations Branch with a focus on research concerning helium and synthetic
ammonia. Cottrell stayed for only six months before he departed to become
the chair of the National Research Council’s chemical research division. Follow-
ing the arrival of H. Foster Bain as the next director in May 1921, greater stabil-
ity set in. Bain, a geologist and Bureau veteran who had been the assistant
director during 1918-1919, remained on the job until June 1925.

In 1919, the Bureau adopted a reorganization plan, establishing a structure

Bureau of Mines Directors Van H. Manning (left) and Frederick G. Cottrell (right) (photo
credit: National Archives and Records Administration)
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whose basic logic would endure for the next three decades. This redesign was,
as the 1920 annual report explained, necessary “because of the increasing vari-
ety of investigations conducted, the many changes following the war, and the
need of closer coordination of the work of the experiment stations and that

of the several divisions."Two broad units were established: the Investigations
Branch—comprising the experiment stations and the technical divisions that
were actively engaged in scientific research and development—and the Oper-
ations Branch—consisting of divisions that performed administrative services.
Most of the Bureau’s work on fuels and energy came under the umbrella of the
Investigations Branch. However, the certification of permissible explosives and
the management of the Bureau’s mine-rescue stations and railroad cars were
assigned to the Operations Branch.

The Pittsburgh Experiment Station occupied a pivotal place within this struc-
ture. Like the other eleven experiment stations that the Bureau operated as

of 1920, it was a regional service center, bringing federal resources to bear on
analyzing and developing the mineral industries that were specific to its part
of the country. For the Central Appalachians, those regional mineral specialties
were coal and iron. Bureau scientists and engineers from several different tech-
nical divisions, such as the Fuels Division and the Metallurgical Division, were
assigned to Pittsburgh to work on problems related to the mining and use of
coal or the manufacture of iron and steel. Pittsburgh was the base for District
A of the Mining Division, whose field engineers studied mining activities and
investigated mine disasters from Maine to Kentucky.

However, the Pittsburgh station, the largest of all the experiment stations, also
provided specialized functions for the entire Bureau of Mines organization. Its
outstanding chemistry laboratories, such as the Chemical Research Laboratory,
the Analytical Laboratory, and the Coal Inspection Laboratory, were central
hubs. For example, whenever field engineers captured samples of air from a
mine, they sent the samples to Pittsburgh to be analyzed for toxic gases or
excessive dust levels. The Explosives Laboratory and the Experimental Mine
made Pittsburgh the focus of research on fires and explosions. Certain services
of the Operations Branch were also handled there, including the publication
and distribution of official reports and educational films. Thus Pittsburgh was
second only to the Bureau’s national headquarters at Washington, D.C,, in ad-
ministrative importance.

From 1920 to 1924, the superintendent of the Pittsburgh station chaired an
inter-divisional mine safety committee, which met monthly to pool informa-
tion from all units of the Bureau that dealt with health and safety issues. This
coordinating function passed in 1924 to a Mine Safety Board, headed by the
chief mining engineer in Washington, that issued official Bureau policy state-
ments about safety equipment and mining methods. The same 1924 admin-
istrative order established the Safety Service, which unified responsibility for
publicizing the Bureau’s recommendations and conducting the first-aid and
mine-rescue training programs, and provided for cooperation between the Bu-
reau and the U.S. Public Health Service. It also recognized a Division of Mining
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Experiment Stations to administer the facilities of all twelve stations, including
Pittsburgh.

On June 4, 1925, President Calvin Coolidge signed an executive order that
transferred the Bureau of Mines from its original home in the Interior Depart-
ment to the newly created Commerce Department. Two rationales justified this
move, which took effect on July 1 of that year. The Coolidge administration had
identified overlaps between the Bureau and the Commerce Department, such as
the fact that both agencies compiled statistics on minerals production and spon-
sored research on petroleum. Efficiency and cost-saving advantages therefore
favored consolidation. Furthermore, administration officials—especially Secre-
tary of Commerce Herbert Hoover, who was trained as a geologist and mining
engineer and had wide experience in the mining industries—argued that the
main purpose of the Bureau was to assist private mining interests in improving
productivity and increasing the output of useful minerals. The Bureau, in this
view, should be grouped with other business-oriented federal agencies.

Supporting the emphasis on service provision to industry was a mechanism
that had gradually evolved since the mid-1910s to permit collaboration be-
tween the Bureau and organizations outside the federal government. Under

a contract known as a cooperative agreement, an organization that desired
technical assistance from the Bureau could agree to pay all or part of the cost
of an investigation that Bureau personnel directed and conducted. All findings
of any such inquiry would be made public. This system, which had originated
in efforts to improve the enforcement of state mining laws, was well received.
By 1920, the Bureau had cooperative agreements with eleven state agencies,
twelve universities, and four private companies, and the number continued to
rise over the subsequent decade.

Scott Turner, a mining engineer and personal friend of Secretary Hoover,
directed the Bureau from mid-1925 through the rest of the Coolidge admin-
istration and through Hoover’s presidency (1929-1933). During this period,
the Bureau increased its focus on the economics of the mineral industries. It
took over responsibilities that had previously belonged to the U.S. Geologi-
cal Survey for collecting and analyzing statistics about commercially valuable
minerals, including fossil fuels. Another reorganization in 1926 formally estab-
lished the Economics Branch, which led to the inauguration in 1933 of one of
the Bureau'’s most popular and important publications: the annual Minerals
Yearbook. Most of the former Investigations Branch became the Technologic
Branch, the Operations Branch was renamed the Administrative Branch, and
the activities of the Safety Service, liaison with the Public Health Service, and
the mine-rescue stations were placed in a new Health and Safety Branch.

During the late 1920s and the 1930s, the Pittsburgh Experiment Station re-
mained the center of federal research and development on coal, explosives,
and mining safety. A description in 1928 tallied at least seven distinct sub-
groups within the station that contributed to the Bureau’s health and safety
mission: the Health Laboratory, the Explosives Section, the Fuels Section, the
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This committee was appointed by Secretary
of Commerce Herbert Hoover to oversee

the transfer of the Bureau of Mines from

the Interior Department to the Commerce
Department in 1925. (photo credit: Library of
Congress)

Bureau of Mines Director Scott Turner (right)
with Chief Mining Engineer George S. Rice (left)
at the Experimental Mine, 1930 (photo credit:
National Archives and Records Administration)
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Metallurgical Section, the Physical Section, the Experimental Mine Section, and
the Mining Research Section. Budget cutbacks during the worst phase of the
Great Depression temporarily forced the reduction or cancellation of projects
and programs. The annual report for the 1933-1934 fiscal year observed that
“the explosives work of the Bureau was at the lowest ebb in its history,”and
most Health and Safety Branch activities were suspended between 1933 and
1935. But with gradual economic recovery and increased funding under the
administration of Franklin D. Roosevelt, the tempo of activity at the station
picked up again.

The Roosevelt administration moved the Bureau of Mines back to the Interior
Department in 1934 and appointed John W. Finch as the next director, a posi-
tion that Finch held until 1940. Rejecting its predecessors’ vision of the Bureau
as primarily an instrument of economic development, the new administration
emphasized that the agency had multiple functions, including conserving
natural resources and protecting workers and communities. The Pittsburgh
station received appropriations to modernize its physical plant and carry out
new initiatives, notably a program of sealing abandoned coal mines to prevent
water contaminated with acidic coal byproducts from seeping into the rivers
and streams of the Ohio Valley. In 1936, a new Coal Division, separate from
the rest of the Mining Division, was created within the Technologic Branch to
highlight the distinctive importance of the coal research that Pittsburgh had
pioneered and that remained foundational to the identity and work of the
Bureau of Mines.

Advancing Mine Safety

Building on its signature prewar discoveries about the explosiveness of coal
dust, the Pittsburgh station continued to study why and how mine explosions
occurred. Most of its research on this subject migrated to new quarters near
the Experimental Mine in Bruceton, for safety reasons and to improve coor-
dination between laboratory work and the unique facilities at the mine. The
Bureau of Mines purchased the Experimental Mine site and nearby lands from
the Pittsburgh Coal Company in 1924, ending its previous leases and clearing
the way for expanded operations. Controlled explosions at the site totaled
over 500 by June 1923, reached a single-year peak of 122 during 1925-1926,
virtually ceased during the hard times of the early 1930s, and increased again
in the late 1930s as the threat of new war loomed.

Research on explosions had three major components. The first was analyzing
the chemical reactions that took place when dust or mixtures of dust and mine
gases ignited and exploded. The second was identifying the upper and lower
flammability limits—which defined the range of concentrations that created

a fire hazard—for various combinations of gases, vapors, and dusts that could
be found in the air of coal mines. The third involved studying the physics of
what happened when an explosive charge went off in an atmosphere that
contained flammable gases.
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Photography was a valuable ally in probing the dynamics of explosions. New
methods of image capture made the invisible visible, exposing the patterns
that flames, sound waves, and hot gases and particles made as they spread
outward from the initial site of a detonation.“As the duration of the flame from
a permissible explosive is less than one one-thousandth second, the use of
photography in the study of the flame is particularly desirable. .. " the Bureau’s
1926 annual report noted. “Photographs of the flames produced when charges
of explosives are fired from a cannon show graphically the increased safety of
certain explosives and certain methods of loading.” In 1938, the Explosives Di-
vision captured on film the tracery of sparks that an explosive charge released
and demonstrated that these tiny incendiary particles could ignite balloons
filled with natural gas (methane) and oxygen up to 23 feet away.

To reduce the frequency of mine explosions, the Bureau maintained its focus
on eliminating common sources of ignition or modifying them so that they
became less likely to touch off an accidental blast. The Pittsburgh station con-
tinued to test commercial explosives for conformance with the permissibility
standards. In 1929, the official active list of permissible explosives contained
130 different products; in 1937, it stood at 195. The list changed frequently
when manufacturers formulated new explosives or took older ones off the
market.

The Pittsburgh station defined and implemented similar permissibility stan-
dards for electrical equipment. As American coal-mine operators embraced
mechanization and electrification to improve productivity, sparks from ex-
posed motors and short-circuits in wiring soon rivaled explosives and open
flames as triggers of catastrophic mine accidents. By 1920, the Bureau had
developed permissibility lists for common electrical devices, and new types
of electrical machinery were constantly added to the evaluation process over
the next two decades: electric coal-cutting machines, automatic coal loaders,
pumps, and battery-powered locomotives.

But permissible equipment and explosives could only reduce, not eliminate,
the menace of gas and dust explosions. Thus the Bureau also aggressively
promoted ways to contain any fire or explosion that did get started, in order to
prevent entire mines from being engulfed. Three practical methods, all depen-
dent on controlling coal dust, existed for halting the propagation of an explo-
sion through a coal mine. Water could be sprayed on interior surfaces so that
an initial shock would not raise clouds of dust to carry the explosion farther.
Humidification, in which warm, moist air was blown into the mine, likewise
relied on moisture to limit airborne coal dust. The cheapest, most effective
technique was rock dusting, in which interior surfaces were coated with a layer
of powdered limestone, gypsum, shale, or some other mineral that would not
catch fire. By diluting coal dust with this inert mineral dust, the mine opera-
tor could prevent the general concentration of coal dust in the mine air from
reaching flammable levels.

After a wave of mine disasters in the early 1920s, such as the March 8, 1924,
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Laboratory equipment for determining
the flammability limits of gases

(photo credit: National Archives and
Records Administration)

High-speed photography revealed branching patterns
in the paths of sparks thrown off by an explosion.
(photo credit: Bureau of Mines publication)

A mine tunnel partially coated with
light-colored rock dust (photo credit:
National Archives and Records
Administration)
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explosion of the Castle Gate No. 2 coal mine in Utah that killed 172 people,
the Bureau set out to persuade all American coal companies to rock-dust their
mines. The campaign emphasized personal contact with mine operators and
field demonstrations of rock dusting. Bureau officials cited the example of
Great Britain, which had mandated rock dusting in 1920 and had subsequently
experienced a drop in fatal mine explosions. They helped mine operators
determine how much rock dust a particular mine needed and locate rock-dust
suppliers. This effort had some impact, especially among large coal producers.
A few mines had been rock-dusted even before World War |, but the practice
became far more widespread beginning in the mid-1920s. As of 1937, Bu-

reau statistics indicated that 8.5 percent of U.S. coal mines, accounting for 43
percent of coal-mining employment and almost half the country’s coal output,
used rock dusting.

Continuing improvements in personal protective gear and rescue techniques
saved lives that would otherwise have been lost during mine accidents. By
1939, the Bureau had given emergency first-aid training to over 1.3 million
individuals, including almost a million coal miners. Thousands of mine workers,
local first responders, and private civic groups had received advanced instruc-
tion in mine rescues and accident prevention. Permissibility standards for
devices such as respirators and gas masks guided mine operators in choosing
effective safety equipment. The Pittsburgh station experimented with radio
and the geophone, a machine that translated earth movements into electrical
signals, to locate and communicate with miners who became trapped under-
ground.

The overall results of these mine-safety initiatives were modestly positive. A
sustained drop in the annual number of explosions and accidents involving
explosives began in the 1930s. In 1937, the Bureau reported that “[e]xplosions
in the coal-mining industry have grown so infrequent that during the year it
was necessary to stage ‘artificial’ explosions in the Bureau’s Experimental Mine
so that safety engineers could be given some experience in coping with condi-
tions accompanying actual disasters.” But no comparable declining trend was
evident in total coal-mining fatalities from all causes, or in the rate of deaths
per hours worked. Coal mining remained one of the most dangerous indus-
tries in the country as new hazards—such as electricity—replaced older ones
and as mines grew larger and more complex.

Most casualties came not from dramatic explosions but rather from small,
little-noticed events that accumulated over time: a collapsed roof here, a de-
railed coal car there, an electrocution or asphyxiation in some remote section
of a mine. The Bureau'’s 1923 report observed that in roof falls and coal falls,
“men are picked off, one by one, as by snipers on a battlefield, but the total
reaches nearly 50 per cent of all deaths.” These problems were hard to deal
with. The Mining Division did not begin studying roof-fall accidents until 1927,
and the solutions—better mine design and construction, and pervasive atten-
tion to safety in all aspects of mine operation—required commitments of time
and money that mining companies often hesitated to make.
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Even proven safety techniques, such as rock dusting and permissible explo-
sives, took hold slowly. At the Bureau’s thirtieth anniversary in 1940, permissi-
ble explosives still accounted for only 45 percent of the explosives that Ameri-
can coal mines used. Eleven states required either watering or rock-dusting of
mines to suppress coal dust, and many more authorized insurance discounts
for mines that adopted Bureau-approved permissible equipment. But most
safety work still consisted of laborious efforts to coax mine operators and mine
workers into voluntarily making safety a high priority. The Pittsburgh station
never slacked in that task.

Explosive Situations

Mining was not the only industry in which changing technology and organiza-
tion created new explosion hazards that attracted the Bureau'’s attention. Dur-
ing the 1910s, operators of furnaces and boilers began using pulverized coal,
made by grinding coal into small particles that formed a coarse powder. This
practice expanded during the 1920s to become the standard fueling method
in the electrical-power generating industry, thus introducing the dangers of
coal dust into factories and power plants across the country. The Pittsburgh
station studied the properties of pulverized coal and advised plant managers
on how to store and burn the fuel efficiently while minimizing the risks of fire
and explosion. It also analyzed explosive industrial materials other than coal.
For instance, during the late 1930s it performed flammability tests on inno-
vative synthetic chemicals that were entering commercial use, such as vinyl
chloride and a promising new refrigerant that would soon be known as Freon.

Sewers, manholes, and vaults for electrical equipment were prime locations for
volatile dusts and gases to accumulate in urban and industrial areas. On January
18, 1922, a sewer-gas explosion in Lower Manhattan caused a panic as people
wrongly assumed that bomb-wielding anarchists had struck again. Short-
circuits in underground electrical conduits caused multiple blasts in downtown
Boston on February 14, 1929, injuring 40 people. In response, the Pittsburgh Ex-
periment Station teamed up with the Boston Edison Company and the Boston
Consolidated Gas Company on a long-term study of explosion hazards in urban
utility networks. This cooperative agreement, which began in 1929 and contin-
ued through the 1930s, produced many useful findings on sampling air quality
in manholes and improving ventilation in underground spaces.

Methane, that ancient peril to miners, also endangered surface dwellers in its
guise as the main component of natural gas. Between 1920 and 1940, output
of natural gas in the U.S. more than tripled, rising from insignificant levels to
become an important component of the nation’s energy supply. This fuel was
widely used only in four regions that had abundant local supplies of it: the
Central Appalachians, the Gulf Coast, the Mid-Continent, and Southern Cali-
fornia. Advances in long-distance pipeline technology, however, were steadily
extending its range; for example, metropolitan Chicago and Washington, D.C.,
gained access to natural-gas supplies in 1931. Natural gas was prized for use
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in industrial process heating and for domestic heating and cooking, where its
cleanliness and efficiency made it a superior replacement for coal.

That very cleanliness made natural gas potentially lethal. Unlike coal or coal-
based manufactured gas, which had a characteristic smell, methane-rich
natural gas was odorless and undetectable without special equipment. It could
easily reach dangerous concentrations inside an occupied building before any-
one recognized its presence. Asphyxiations, fires, and explosions attributed to
natural-gas leaks rose during the 1920s and the 1930s as the fuel found wider
markets. Among these cases were several horrific mass-casualty events. Hun-
dreds of Pittsburghers were injured and 28 died when gas-storage tanks on
the city’s North Side exploded on November 14, 1927. At New London, Texas,
an elementary school that had been improperly connected to a natural-gas
disposal line belonging to a local petroleum company blew up on March 18,
1937, killing approximately 300 people (the exact total was not known). Leak-
ing natural gas in a school at Barberton, Ohio, on May 31, 1939, triggered an
explosion that resulted in 44 injuries but no fatalities. Bureau of Mines experts
from the Pittsburgh station investigated these and other disasters.

Keenly aware of the havoc that methane caused in mines, Bureau personnel
were anxious to stem the proliferation of similar catastrophes above ground.
The solution to the problem of stealthy, explosive natural gas was simple in
concept: Add a warning agent, an artificial attention-getting substance, to the
gas stream. Warning agents had been studied in Europe since the 1880s, but
American chemical engineers paid little heed until chemical-warfare research
during World War | stirred interest in the topic. The Pittsburgh station published
three papers during 1919 and 1920 on the use of warning agents to detect es-
caping gas in mines, industrial plants, and urban gas-distribution lines. By 1926,
gas leaks had become such a wasteful and deadly problem that the American
Gas Association (AGA) asked the Bureau to make a thorough investigation.

The inquiry was to examine the pros and cons of odorants and irritants, the
two main types of warning agent. An odorant is a chemical that produces
a stench—a smell so distinctive, so obnoxious, that people cannot help

A natural-gas pipeline under construction in 1922. Advances in pipeline technology during
the 1920s and the 1930s made long-distance distribution of natural gas to American towns

and cities possible.
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noticing it and wanting to escape it. An irritant is a chemical that disturbs the
eyes or the upper respiratory tract, causing itching, weeping, sneezing, cough-
ing, or some miserable combination thereof. Hardly any scientific data existed
to indicate which type was better for alerting people to danger. So the Chemi-
cal Research Laboratory at Pittsburgh set out to establish baseline information
by identifying 89 different smelly or irritating chemical compounds that had
potential to be warning agents and choosing 57 of them for further analysis.
Between 1926 and 1930, the station evaluated these compounds according to
five criteria: effectiveness, safety, lack of reactivity (so that the substance would
not corrode pipes and equipment), ability to travel over long distances without
losing strength, and cost.

Using an odorimeter that two Bureau staff members, S. H. Katz and V. C. Allison,
had designed, the laboratory exposed volunteers to measured concentrations
of the unpleasant compounds. The odorimeter infused a vaporized sample of
a test substance into a known volume of air, diluted this mix to the level the
experimenters wanted, and blew the resulting gas through a glass funnel that
fit over a person’s nose. Volunteers used a standard five-point intensity scale to
record their observations about the strength or weakness of the odorants or
irritants. At a nearby fraternity house and in laboratory space at the Mellon In-
stitute of Industrial Research, the investigators also tested the ability of several
warning agents to awaken sleeping people. Irritants proved to be better than
odorants for that purpose.

The testing revealed some especially promising options: crotonaldehyde, an
irritant; ethyl mercaptan, an odorant; and a set of odorants, notably the hydro-
carbons butylene and amylene, that closely resembled the then-familiar smell
of manufactured gas. All these chemicals were effective warning agents that
did not seriously corrode metal and, at least in tiny concentrations, did not

With the help of volunteers, the Bu-
reau of Mines used the odorimeter to
study human reactions to odorants
and irritants. (photo credit: National
Archives and Records Administration)

Diagram of the odorimeter for evaluating potential warning agents
(photo credit: Bureau of Mines publication)
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create health or safety hazards. To see how well the substances carried through
actual gas pipelines, researchers from Pittsburgh conducted field tests with
the cooperation of utility companies in a large East Coast manufactured-gas
system (Baltimore) and several small Midwestern cities that used natural gas or
combinations of manufactured and natural gas. Warning agents were added
to the normal flow of gas through the cities’ distribution networks, and Bureau
personnel took samples at multiple locations over several days to check how
fast and far the agents spread.

The field tests demonstrated that crotonaldehyde, ethyl mercaptan, and the
hydrocarbons all diffused easily and remained intense even at distant sites.
Warning agents identified many gas leaks in the host cities, and the official
report noted that the tests averted a potential catastrophic explosion at
Linton, Indiana:

Another complaint [in Linton] was made the day before the addition of cro-
tonaldehyde to the gas was stopped and the second day of the use of ethyl
mercaptan. This came from a fireman at a theater who said there was a decided
irritating atmosphere in the basement. Observation showed this to be due to a
gas leak 100 feet distant under the floor, and the concentration of the crotonal-
dehyde near the leak was so strong that it could not be approached. In attempt-
ing to repair the leak two days later the irritation had abated, but a strong odor
of ethyl mercaptan was present. Inspection showed a corroded pipe with a Y-in.
hole. This was a very bad leak and jeopardized many persons.

Ethyl mercaptan stood out for its success in making residents notice even small
leaks. During a field test with the natural-gas supply at Middletown, Ohio, in
July 1929, people quickly learned to associate this odorant with escaping gas
and to contact the local gas company when the stench appeared. Nine days of
testing resulted in 1,722 documented complaints, 94 percent of which accu-
rately flagged defects in pipes, meters, burners, and appliances. Utility work-
ers could much more easily find leaks, both above ground and underground,
when the warning agent was present. Other odorants and irritants also greatly
improved leak detection, but the sheer repulsiveness of ethyl mercaptan,
which residents who encountered it described as “terrible,’ seemed to give it
an edge in goading people to seek immediate help. Rough estimates also indi-
cated that it had a cost advantage over alternatives such as crotonaldehyde.

The Bureau of Mines report, which the AGA published in 1931, did not conclu-
sively recommend any single warning agent. It summarized information about
the several chemical compounds that the Bureau had found to be suitable

and concluded that further trials would “be necessary before final judgment
can be reached as to the practical value and commercial feasibility of adding
warning agents to fuel gases.” That final judgment was a long time in coming.
As with permissible explosives and rock-dusting in mines, the adoption of
warning agents was a slow process. A few states—notably Texas, after the 1937
New London school disaster—soon began to require their use, and some util-
ity companies adopted them voluntarily. But not until the late 1940s and the
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1950s would the practice of adding warning agents, usually ethyl mercaptan
or its relative methyl mercaptan, become the norm throughout the country.

Despite all precautions, explosive gases and vapors remained capricious
menaces, and the Bureau of Mines itself was not immune. On March 30, 1936,
residents of Pittsburgh’s East End awoke in the night to the terrifying spectacle
of an outbuilding behind the main Pittsburgh Experiment Station laboratories
on Forbes Avenue blowing up. The outbuilding, which had been used to store
flammable gases and chemicals, was utterly obliterated. Supervising Engineer
W. P. Grant had only one response to inquiries about the causes of the blast:
We don't know. The destruction was so complete, and the possible causes so
numerous, that the Bureau's expert explosion detectives could not definitely
solve the mystery that had erupted in their own backyard.

Invisible Dangers of the Motor Age

In 1919, the New York State Bridge and Tunnel Commission and the New
Jersey Interstate Bridge and Tunnel Commission had a problem. The two
agencies wanted to build a tunnel that would carry motor vehicles under
the Hudson River between Jersey City and New York City. Consisting of
twin cast-iron-and concrete tubes that extended for over 8,000 feet and
plunged 60 feet beneath the average low-tide level of the river, the proj-
ect was the largest-diameter underwater tunnel yet attempted in North
America and the first such tunnel in the world to be designed expressly
for automobiles. But engineers with the Tunnel Commissions were not
sure how to prevent deadly concentrations of exhaust fumes from forming
inside the tubes. Ordinary methods of using natural air currents or me-
chanical fans to blow air from one portal of a tunnel straight through to
the other could not work in such long, deep shafts. A new type of forced-
air ventilation system was needed to convince motorists and the general
public that the new civil-engineering marvel would be safe.

The Bureau of Mines, which had acquired extensive knowledge of tunnels and
poisonous gases through its mining-safety research, was a logical source of
advice. Accordingly, the Tunnel Commissions asked the Bureau to help imple-
ment a ventilation research program outlined by Clifford Milburn Holland, the
chief engineer for the trans-Hudson tunnel. Laid out in two cooperative agree-
ments between 1919 and 1921, this effort resulted in the most comprehensive
set of data and analyses that had ever been prepared on automotive exhaust
gases and underground air circulation.

The joint research program had four components. First, the investigators had
to estimate the volume and composition of the exhaust gases that tunnel
traffic would produce. Arno C. Fieldner, the capable and ambitious supervising
chemist of the Chemical Research Laboratory at the Pittsburgh station, took
charge of this work. He and his staff devised a program of road-testing vehicles
over two carefully planned courses, laid out on Pittsburgh city streets, that ap-
proximated the range of speeds and grades proposed for the tunnel. Federal
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agencies, the City of Pittsburgh, car dealers, and private owners donated cars
and trucks for the experiments.

Between December 1, 1919, and September 30, 1920, 101 different vehicles
were operated on the test courses. Each carried instrumentation to determine
the amount of gasoline consumed and to capture samples of exhaust gas.
From these data, the Chemical Research Laboratory calculated the amount

of carbon monoxide—CO, the principal toxin in the gas—that the vehicles
