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Foreword &

The Sound of Freedom:

Naval Weapons Technology at
Dahlgren, Virginia, 1918-2006

When the United States Navy sails into harm'’s
way, our warships and weapons must be as good
as we can make them. Since the 19" century, officers
like Lieutenant John Dahigren have worked to
bring scientific advancement into the fleet. Through
his leadership and that of others like him, much of
the Navy’s shore establishment has been devoted
to making better ships, more powerful and more
accurate guns, stronger armor, and in more recent
years, improved aircraft, bombs, missiles, and
electronics to support the mission of the sailor
as both a warfighter and peacekeeper. We pride
ourselves on the character and training of the men
and women who serve in uniform; we also take
great pride in the quality of equipment that we
provide them.

This book tells the story of one part of the
Navy’s research and development effort. Rooted
in tradition and heritage traced directly back to
the first efforts of Lieutenant Dahlgren to improve
the scientific study of ordnance and naval weapons
technology, our facility on the shores of the Potomac
River started life at the end of the First World War,




when the Navy needed a longer testing range than the existing facility at
Indian Head, Maryland. Every major naval gun and every lot of ammunition
had to be tested, not only to guarantee safety, but also to calculate the ballistic
data necessary to ensure accuracy in fire control.

The Naval Proving Ground at Dahlgren, Virginia, first known as the
“Lower Station” of the Indian Head facility, soon expanded its mission area
into other technologies such as aerial bombing and formally separated from
Indian Head in 1932. Many of the types of research here were far ahead of
their time. We see this in the previously little-known story of the attempt
to develop automatic and remote-controlled aircraft that could serve as
weapons, forerunners of modern missiles and unmanned aerial vehicles
(UAVs). Often the work at Dahlgren was highly secret, and only in later
years could the details be released, as with the development of the Norden
bombsight. Other once-classified stories, such as the development and testing
of proximity fuzes, the ballistic experiments conducted on early scale models
of the “Little Boy” atomic bomb, the ballistic experiments conducted on its
later derivative, the “Light-Case” ground penetrator bomb, and Dahlgren’s
movement into the fields of computing technology and systems engineering,
spell out the important role in the nation’s defense that the station has played
over the years.

As James Rife and Rodney Carlisle point out, Dahlgren continued to take
on new missions, building on established reputations and achievements.
There was a logical progression from the ballistic computation of gun
projectiles, to calculating high-altitude bomb trajectories, to guiding long-
range ballistic missiles to their designated aim points. Some of the first large
computers built immediately after World War II were installed at Dahlgren,
and naturally, our people were ready to act whenever new demands for
computer knowledge appeared.

As a center of innovation devoted to the Navy’s needs, and more
broadly to national defense needs, Dahlgren has constantly adapted to
change. Beyond the Cold War, sailors and Marines needed new technologies
in Vietnam, in the Middle East, and elsewhere around the globe. And the
nation has faced the need for fresh technological innovation to deal with the
War on Terror. Taking a lead in sensors technology and a “joint” approach
to defense and security needs, including “naval operations other than war,”
at Dahlgren we have worked on literally thousands of technical advances,
many still classified, that serve to strengthen the nation against new and ever
shifting threats.

At Dahlgren, we were fortunate to recruit the services of Dr. Carlisle
and Mr. Rife to assist us in bringing together the many fascinating aspects
of naval technological history presented in this volume. Both experienced
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professional writers and historians, the two authors brought their experience
from History Associates Incorporated to the task. Dr. Carlisle’s previous
works include studies of other parts of the naval shore establishment,
including Wiere the Fleet Begins: A History of the David Taylor Research Center,
a study of the Carderock Division of the Naval Surface Warfare Center, and
Powder and Propellants: Energetic Materials at Indian Head, Maryland, 1890-
2001, which chronicles the story of Dahlgren’s parent facility at Indian
Head, Maryland. Mr. Rife and Dr. Carlisle interviewed and corresponded
with dozens of key people who had worked on many of the weapon and
sensor systems directly. Mr. Rife worked particularly closely with many of
Dahlgren’s current scientists and engineers, checking and rechecking the
facts and the phrasing, touching base again and again to make sure that the
information was fully documented and clearly presented.

Even for those of us directly involved in one or another specialized piece
of work, much of the story we find here is fresh. Technical work requires
that specialists know their individual research and development areas well,
and consequently, they may not be familiar with the tasks or challenges
faced by others outside their respective internal organizations. Because
such specialization can sometimes generate a narrow perspective, for more
than a generation at Dahlgren, civilian and naval managers have worked to
overcome the natural compartmentalization, or “stove piping,” of technical
work, by rotating managers within departments, divisions, branches, and
even sections, so that a broader view of the tasks and capabilities can inform
their decisions and broaden their outlooks.

In addition to exploring the history of the technologies, this volume
explains the evolution of these management styles, what many called “The
Dahlgren Way.” That part of our heritage lives on, and this volume will
help newcomers to our institution better understand the roots of our broader
outlook and to learn of the great range of tasks that our researchers have
explored. For others inside the defense establishment, the history of the
Dahlgren Way can serve to explain a technique of R&D management that
may find application elsewhere. For readers outside the Navy and beyond
Dahlgren who simply want to understand the Navy and its equipment
better, we are sure this book will provide a rich and readable reference.

Captain Joseph McGettigan, USN
Commander, Naval Surface Warfare Center, Dahlgren Division
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Introduction:
Proving Ground to Warfare Center

From the earliest days of the American
Republic, the United States Navy has had a huge
stake in mastering the changing technology of
warfare. No less than the naval technology of
warships and weapons, the knowledge of how to
build, operate, maintain, and use them in battle
has always been crucial for the country’s seagoing
warfighters. Beginning with the establishment of
the original procurement bureaus in 1842, naval
ordnance officers worked alongside a dedicated
corps of civilians to apply new advances in science
and technology to the design and construction of

| ships, armor, guns, projectiles, and propellants.
After World War I ended in 1918, much of this
work was done on an isolated point of land in
Virginia that overlooked the lower Potomac River,

| originally known as the Lower Station of the Indian
Head Naval Proving Ground but later called the
Dahlgren Naval Proving Ground.

Since its establishment in 1918, Dahlgren has
been repeatedly transformed and restructured,
and enters the twenty-first century as the Naval

The Sound of Freedom: Naval Weapons Technology at Dahlgren, Virginia, 1918-2006 i



Chapter |

Surface Warfare Center, Dahlgren Division. Despite these changes and its
diversification into new fields of naval warfighting technology, Dahlgren
has retained its core missions of gun and ammunition testing and fire control
computation, building upon the scientific and mathematical methodologies
established in the mid-nineteenth century by the station’s namesake, Rear
Admiral John Dahlgren. Even as the Dahlgren Naval Proving Ground
evolved to keep up with swift advances in twentieth century science and
technology that came ever more quickly after World War 1l and during
the Cold War, it did so in a way consonant with Rear Admiral Dahlgren’s
original vision. His principles of ordnance, science, mathematics, and
engineering have proven even more important to the modern Navy than
they were to the Navy of the mid-nineteenth century.

Accurately and safely striking a target with a projectile through ballistic
trajectory computation was the key challenge taken up by then Lieutenant
John A. B. Dahlgren in the 1850s. The problem was not only complex but also
never ending, since naval weapons, propellants, and fire control technology
improved steadily over time. By the early 1900s, a heritage in ballistics had
already been well established at the Indian Head proving ground, with naval
ordnance officers, chemists, industrial artisans, and enlisted gunners having
worked together to assure the quality of propellants and explosives and the
reliability of naval guns and armor. After the Bureau of Ordnance opened
the “Lower Station” at Dahlgren, Virginia, in late 1918, military and civilian
personnel from Indian Head brought that heritage with them and embedded
it within the new proving ground’s organizational culture.

The addition of a chief physicist, Dr. L. T. E. Thompson, to the station’s
civilian staff in 1923 strengthened Dahlgren’s commitment to furthering
science and technological change. Under Thompson’s direction, naval proof
and experimental officers applied the science of physics not only to the
ballistics problems concerning shipboard guns, projectiles, and armor, but
also to the fields of offensive and defensive aircraft ordnance. Dahlgren’s
movement into aerial warfare technology resulted in the development of
Carl Norden’s Mk 15 bombsight and the VT “proximity” fuze, both of which
were critical to the Allied victory in World War II. Similarly, Elmer Sperry’s
early “flying bomb” experiments and Norden’s work in automatic pilot
technology were ahead of their time, and through the examples of their early
research, Dahlgren established a beachhead in the missile revolution that
followed the war.

Engagement in difficult ballistics problems led the Dahlgren Naval
Proving Ground into ever more sophisticated research and development
activities. Expertise in the mathematics of trajectory computation and fire
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Introduction: Proving Ground to Warfare Center

control led Dahlgren’s scientists to play important roles in the development
of early analog computers, such as the Mk 15 bombsight and the Aiken Relay
Calculator. This post-World War II emphasis on computing technology
converged with Dahlgren’s early aviation ordnance experiments to take the
proving ground into the exciting new fields of rocketry and ballistic missiles
just as the Cold War heated up in the 1950s. In parallel fashion, Dahlgren’s
involvement in satellite geodesy and space surveillance, in conjunction with
its missile fire control work during the POLARIS, POSEIDON, and TRIDENT
programs, positioned it to assume a leading role in AEGIS and higher order
systems engineering during the last two decades of the twentieth century.
AEGIS, in turn, transformed the intellectual underpinnings not only of
military hardware design and engineering but also the philosophy of
modern warfighting.

This record of technological achievement notwithstanding, Dahlgren’s
heritage encompasses more than an ability tohandle the complex mathematics
and engineering associated with ballistic weapons and projectiles. Part of it
stems from a concept that came to be known as the “Dahlgren Way,” which
Thompson and his colleagues first formulated during the 1930s. Although
different individuals have expressed the phrase differently, all shared a
common understanding. Thompson’s research, development, testing, and
evaluation (RDT&E) philosophy revolved around an entirely self-sufficient
laboratory in which concepts were quickly researched, developed, analyzed,
designed, built, tested, and evaluated all in one place without involving
outside institutions or contractors. The idea was to work fast, to make
mistakes fast, and to learn fast in order to develop the best possible weapons
and ordnance for the Navy without bureaucratic meddling or burdensome
contract negotiations. Technical knowledge was at the heart of the Dahlgren
Way. Thompson believed that Navy laboratories were most qualified to
ensure that the Navy got the best product for its money; that they owed it
to the service to know more about weapon and ordnance engineering than
defense contractors. He warned that laboratories like Dahlgren had to resist
pressure to focus on the Navy’s short-term needs and insisted that doing
responsible, long-term science and engineering meant doing right by the
Navy. This was a persistent refrain in later years as Thompson’s successors
struggled to hold the line against the Navy’s short-term technical fads in
the greater interest of keeping the Navy ready for the warfare needs of the
distant future.

As it developed, the Dahlgren Way not only encompassed RDT&E but
also laboratory management. Thompson’s system imparted upon Dahlgren
a distinctive approach that was in many ways far ahead of the times. That
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approach was founded upon the recognition that, very often, talent and
expertise resided far down in the chain of command. At Dahlgren, technical
leaders were encouraged to channel responsibility to talented individuals
at the bench level. Their efforts were very often rewarded with initiative
and brilliance. Although management schools began to recognize the
virtues of participatory management and the “power of the individual”
widely by the 1980s, Dahlgren had already established just such a pattern,
under the leadership of key individuals like Thompson, Bernard Smith, and
James Colvard. When in a later period Tom Clare and Tom Pendergraft
became Dahlgren’s top civilian leaders, these patterns of responsibility and
recognition for talent were deeply rooted and still bearing fruit.

Organizationally, the Dahlgren Way perpetuated the dual laboratory
leadership system pioneered by Thompson, in which a Navy captain
oversaw the station’s administration and security, while its senior scientists
managed its technical RDT&E operations. Although the system was
subject to stress depending upon the personalities and leadership styles of
Dahlgren’s various military commanders and technical directors, it directly
linked the station’s scientists to the fleet and proved a successful mechanism
for Dahlgren’s scientists to quickly react to fleet problems whenever they
arose. For the most part, Dahlgren’s skippers and their superiors recognized
the strength in the heritage they encountered—they quickly understood that
the civilians in the structure knew how to hire good people and to give the
resources, challenges, and rewards it took to succeed. Most of the officers
reveled in this flexible and responsive atmosphere and helped ensure that
the focus of research and development groups at Dahlgren responded to
newly arising defense needs.

This intertwining relationship between scientists and military personnel
helped Dahlgren develop, maintain, and update the technical knowledge of
its staff and enabled it to react to fleet technical problems, often under combat
conditions, on a moment’s notice. To some extent that process was made
easier by the close proximity of Dahlgren to Washington, D.C., and Navy
headquarters and defense procurement offices. More important, though,
was the laboratory’s location within the Navy’s procurement structure.
Indeed, to fully understand the management aspect of Dahlgren’s heritage,
one has to carefully follow its shifting position within the Navy Department
and within the Department of Defense hierarchy. As the station rose from
humble beginnings as an isolated “auxiliary” proving ground under the old
Bureau of Ordnance to become the Navy’s premier R&D laboratory under
the Naval Sea Systems Command, the Dahlgren organization gravitated
upward within the Navy RDT&E establishment, ultimately reaching “center”
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Introduction: Proving Ground to Warfare Center

status in the 1970s, thanks to its stature as a crack technical troubleshooter
and research facility that had been heightened in the post-World War II
world. This progression through the Navy’s procurement structure over
the years stands as a testament to a legacy of forward-thinking and capable
management that began with Thompson and continued through the years.

As the Navy and the Defense Department struggled through cycles of
downsizing during the post-Cold War era, Dahlgren’s structure and heritage
gave it enormous resiliency, and so it survived a series of congressionally
mandated defense drawdowns, reductions-in-force, and budget cuts.
Geography, of course, helped. Not only was it close to Washington, but more
importantly it remained isolated enough to continue serving as an excellent
river range for the testing of guns and ordnance, with fixed observation
points ashore for monitoring and measuring shotfall. It remained, in fact, the
only such test installation in the world. With some 4,500 acres of real estate
(much of it too swampy for profitable private development), long water
frontage, and its own airfield, Dahlgren represented a solid physical and
technical asset that the Navy and the nation decided to preserve. Minimal
suburban encroachment helped shield the station from some of the pressures
that closed the White Oak Naval Ordnance Laboratory and threatened other
naval shore establishments in the 1990s.

Over and above these factors though, Dahlgren’s heritage of technical
expertise enabled it to not only survive but also flourish, moving beyond
serving the Navy to meeting national defense needs. The laboratory’s 1980s
emphasis on systems engineering spurred several innovative managers to
help shape new warfighting philosophies such as the doctrines of “theater
warfare” and “jointness.” As the Defense Department gradually adopted
the integrated approach called for in the 1986 Goldwater-Nichols reforms,
this special work at Dahlgren was legitimized and institutionalized in two
wholly new technical departments. The technologies arising from these
departments would become vitally important to the country by the early
twenty-first century, as government policy makers and American troops
began facing regional threats from rogue nations, armed with modern
strategic missiles and “weapons of mass destruction,” and even more
dangerous asymmetrical threats from terrorists, armed drug smugglers, and
guerilla forces operating in the Third World.

Naval weapons and ordnance technology has drastically changed over
time, but Rear Admiral Dahlgren’s original four principles remain as valid
today as they were in the mid-nineteenth century. Nowhere are they more
in evidence than at the laboratory complex at Dahlgren, Virginia, that has
served both the Navy and the nation well for over eighty years.
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The origins of the Naval Surface Warfare
Center, Dahlgren Division, can be traced to the
1840s, a period in which the U.S. Navy began
seriously exploring technological innovation in
ordnance and gunnery. These efforts were led
by Secretary of the Navy Abel Parker Upshur, a
champion of naval expansion and modernization.
Beginning in 1841, Upshur lobbied Congress
hard for meaningful naval reforms and also
urged the frustratingly hidebound Board of Navy
Commissioners to allow him to start a concerted
program of experimentation in the physical
sciences to improve naval ordnance. Upshur’s
modernization program gained steam in 1842 when
Congress finally accepted his recommendations
and authorized a major reorganization of the Navy,
which established a bureau system of management
and placed emphasis on scientific applications in
naval design and engineering. The Navy’s new
organization included a Bureau of Ordnance and
Hydrography that was charged with developing
and constructing shipboard weapons and armor.’
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Upshur’s ideas were reflected in the Navy steam sloop USS Princeton,
which was launched in 1843. The Princeton, the first screw-powered
warship in naval history, was designed and built by Swedish engineer
John Ericsson, under the direction of railroad financier and Navy Captain
Robert Stockton. The Princeton’s technological improvements were not
limited to her propulsion system. During an 1839 visit to England, Stockton
had seen British and French experiments with lighter-weight wrought iron
guns and was suitably impressed. After consulting experts in wrought iron
technology and considering the relative strengths of different materials, he
finally commissioned in 1842, on his own volition, an experimental 12-inch,
225-pound wrought iron gun from the Mersey iron works in England.?

The new gun, called the “Oregon,” was forged according to his
specifications and shipped to New York in the summer of 1843. Stockton
had his special assistant, Lieutenant William E. Hunt, pick up the gun
and transport it to the U.S. Army’s Sandy Hook, New Jersey proving
ground, where the captain planned to test it himself. At Sandy Hook,
Hunt and several of the Princeton’s crewmen set the Oregon up on a sand
emplacement, and once Stockton arrived they loaded it with 35 pounds of
black powder and a 212-pound solid shot for the first test. Stockton then
fired it. The test appeared entirely successful, but when Stockton ordered
Hunt to mount the Oregon on a carriage for additional firing, the crewmen
discovered a longitudinal crack underneath its breech. Stockton had them
complete the mounting, and he fired the damaged gun three more times,
using only a reduced charge of 14 pounds of powder and solid shot to see if
the crack opened further. When it did not, he ordered the breech reinforced
with 3% inch-thick iron bands, which covered the crack but did not seal it.
Over the next several days, he fired the Oregon approximately 150 more
times at full charge, sometimes 15 to 20 times a day in rapid succession.
Under the repeated stress, the crack finally did expand inward, so much that
water poured into its chamber when his crew washed the gun. Despite the
obvious warning sign, Stockton convinced himself that the technology was
safe since overstressed wrought iron appeared to simply split open rather
than fly apart like cast iron.?

As Hunt subsequently recalled, Stockton believed that American iron
was superior to English iron, and that a domestically manufactured wrought
iron gun could withstand “any number of pounds of powder that could be
bumt in it.” Stockton therefore commissioned a second gun modeled on the
Oregon, this time from the New York foundry of Hogg & Delamater. The
new gun was finished in late 1843 and Stockton named it the “Peacemaker.”
The Peacemaker, weighing some 27,000 pounds, had the same chamber size
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as its parent design but was constructed with twelve inches of additional
metal around the breech, which Stockton, Hunt, and Ericsson all agreed
was far stronger than the Oregon’s reinforcing bands. The gun’s strength
appeared to be confirmed by an especially severe test conducted in New
York, when the manufacturers proof-fired it using over 49 pounds of powder.
A close examination revealed no cracks, and after four more test firings at
Sandy Hook, with incrementally greater charges, Stockton pronounced the
Peacemaker safe and fit for service.*

In January 1844 Stockton installed both the Oregon and the Peacemaker
aboard the Princeton and then steamed to Washington, D.C., arriving
on 13 February. Three days later, he began taking passengers down the
Potomac to showcase the ship’s capabilities. During these public relations
excursions, he occasionally fired the Peacemaker to impress his passengers
with the size of its shot and its muzzle blast. He also hoped to convince
Congress of the benefits of outfitting more warships with more heavy guns
like his, a measure supported by President John Tyler. On 28 February, he
once again demonstrated the ship and the Peacemaker, this time for some
of the government’s highest officials. Among the 350 dignitaries and guests
in attendance were President Tyler, various senators and congressmen, and
several cabinet members, including Upshur, Secretary of State since the
previous July, and new Navy Secretary Thomas W. Gilmer (only nine days
in office). Stockman sailed the Princeton fifteen miles down the Potomac
and fired the Peacemaker twice for the delighted crowd. On the return
trip, as the ship passed Fort Washington, Gilmer asked Stockman to fire his
gun once more. Stockman complied. This time the Peacemaker exploded,
killing Upshur, Gilmer, New York State Senator David Gardiner, Chief of
the Bureau of Construction, Equipment, and Repairs Commodore Beverly
Kennon, the U.S. Charge d’Affaires to Belgium Virgil Maxcy, two sailors,
and President Tyler’s valet. Stockton and Lieutenant Hunt were wounded in
the blast, as were Missouri Senator Thomas Hart Benton and nine sailors.’

During the ensuing investigation into the “awful and distressing
catastrophe,” a naval Court of Inquiry and the House Naval Affairs
Committee learned that the purchase of both the ship and its guns had
been carried out entirely under the supervision of Stockton, without naval
approval. After reviewing the Court of Inquiry proceedings, the Naval
Affairs Committee concluded that “everything seems to have been left to
Captain Stockton, to enable him to carry out his peculiar views” regarding
wrought iron gun technology. It was a tragedy, but one that strengthened
the hand of the Bureau of Ordnance in arranging future gun procurement
and testing in a more scientific and organized fashion. Specifically, the
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committee stated that while it had “no disposition to advise an interference
with the duties of the Executive by undertaking to prescribe the exact
mode of arming our public ships,” it felt “bound to express the opinion
that an unusual species of armament, attended with danger, should not be
introduced into the public service until it receives the full approbation of the
ordnance officers as to its efficiency and safety.”®

Although both the Navy and Congress ultimately absolved Stockton
of blame for the accident, the reaction to the Peacemaker explosion led
immediately to the Navy’s adoption of a new policy of proper testing for
all future naval ordnance work. In early 1845, John Y. Mason, Upshur’s
successor as Secretary of the Navy, appointed an ordnance board comprised
of the chiefs of the bureaus. The board recommended tightening quality
control in the manufacture of new guns as well as testing the range and
power of naval weapons more systematically. The board also specifically
called for the establishment of an onshore practice battery to test and range
guns before their installation aboard ship. This “practice battery” became
the forerunner of the Navy’s proving grounds.

ENTER DAHLGREN

In 1847 Lieutenant John A. B. Dahlgren was assigned to the Washington
Navy Yard. Although the yard had produced anchors, blocks, ammunition,
cables, and gun carriages since the early 1800s, it had only recently become
the Navy’s center for metalworking, housing a rolling mill, a foundry, and
extensive metal shops. Commodore Lewis Warrington, the head of the
Bureau of Ordnance and Hydrography, had assigned Dahlgren the tasks of
transforming the Navy Yard into an ordnance establishment and working on
the development of war rockets. Additionally, Dahlgren did double-duty as
Professor of Gunnery at the Naval School (renamed the U.S. Naval Academy
in 1850) in Annapolis, teaching the subject of ordnance there twice a week.
Dahlgren’s scientific outlook and openness to new ideas in naval technology
were unusual for an American naval officer of his time. Not only was he an
experienced oceanographer and surveyor, but he displayed an eagerness to
learn the scientific practices employed by the other navies of the world.

One of Dahlgren’s top concerns was gun ranging, and he found that
Britain and France had already developed scientific means of doing this.
Gun ranging was critical, since each production run had slightly different
characteristics. Different minute alterations in angle were required for each
of several guns aboard a ship to hit the same target, angles that could only
be determined by consulting detailed range tables. Range tables for each
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gun, therefore, had to be worked out, showing the range with a specific
charge and weight of projectile at different angles. Specific range tables for
each weapon allowed gun crews to fire accurately under battle conditions,
and the crucial work in establishing the tables could only be conducted by a
rigorous program of test firing each new gun, under scientifically controlled
conditions, by experienced officers keeping meticulous records. Thus, testing
of guns before installation aboard ship would not only contribute to safety
but would also allow greater accuracy through the use of the scientifically
established range tables.®

To the casual observer, naval gunnery appeared to be a simple matter
of pointing a weapon and shooting it. But the high-flying arcs of long-
range ballistic shots made accurate naval gunfire a complicated affair since
the length of the gun, the wear on the rifling of the barrel (called erosion),
its charge, and the weight and shape of the projectile all interacted in
mathematically complex ways. Moreover, the motions of both an attacking
ship and its target, relative to one another, further complicated gunnery
calculations to the extent that a successful hit often seemed a product of luck
rather than ballistic science.

After further studying existing literature concerning ordnance and the
determination of range tables, Lieutenant Dahlgren established a regular
gunnery regimen at the Navy Yard, firing down the Anacostia River from
what came to be known as the Experimental Battery, the first such test
battery established for the Navy. Mounted on a “gun deck” platform
overlooking the river, the guns, with a range of nearly five miles, had a clear
line of sight down the Anacostia, across the Potomac past Buzzard’s Point,
intersecting the Virginia shore about where the modern Reagan National
Airport occupies filled land just upriver from the city of Alexandria. For the
new installation, Dahlgren himself designed special instruments including
a gunner’s quadrant, a micrometer for measuring distances, and an alidade
for recording the impact of the shots. In a detailed report submitted in
1849, Dahlgren spelled out his methods and gave a description of his
systematic procedures for testing and recording results. In subsequent years
Dahlgren refined his methods and steered the Navy toward instituting a
more defined research and development establishment, especially after his
promotion to Rear Admiral and appointment as Chief of the reorganized
Bureau of Ordnance (BUORD) in 1862, which had just transferred its former
Hydrography function to the newly created Bureau of Navigation.’

Dahlgren died in 1870, but not before his legacy for using scientific
methods had been well established at the Washington Navy Yard, and his
Anacostia battery became the prototype for shore facilities later used to test
naval guns.
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FROM ANNAPOLIS TO MACHODOC CREEK

By 1872 gun ranges had increased to the point that BUORD was
compelled to shift the Experimental Battery from its cramped quarters on the
Anacostia to Annapolis, across the Severn River from the Naval Academy.
Then, in 1890, as the Navy began developing all-steel ships and even longer-
range weapons for the so-called “New Navy,” the battery was moved again
to Indian Head, Maryland, where a new 13,000-yard testing facility was built
under the guidance of Navy Ensign Robert Brooke Dashiell. For the next
twenty-seven years, Indian Head continued the gun ranging and testing
program begun by Lieutenant Dahlgren in the late 1840s.1°

After only a decade in operation, however, the Indian Head facility
began to show its limitations, particularly in geography. The gun
emplacements were installed next to the river in a small valley that was
about 100 yards wide and drained by a small stream. Guns hauled by barge
from the Navy Yard could be off-loaded from a scow at a dock right at the
shore of the valley, wheeled on rails to the emplacement, tested, and hauled
back to the scow. Shells could be fired directly across the valley into butt
emplacements that held 10- and 12-inch armor plates as a means to test both
shells and armor. In down range testing, however, the guns had to be fired
blindly over the south embankment and the intervening land before passing
over the open Potomac. On the riverfront, a spotter posted under a primitive
lean-to phoned in reports of river traffic and plotted the guns’ shotfall."

Since housing at Indian Head was built on the high ground above the
river, stray shots, flying pieces of armor, and the rotating bands from shells
would occasionally fall into the civilian and military residences. In 1900
Lieutenant Joseph Strauss, the Officer in Charge at Indian Head, had grown
concerned after witnessing shells passing over a civilian neighborhood at
Stump Neck, immediately to the south of the station. In 1901 the Navy
purchased more than a thousand additional acres at Indian Head to reduce
the hazards and annoyance to the residents. This was only a short-term
solution to a long-term problem, as the Marines later billeted on the acquired
land discovered when they were forced to evacuate their barracks whenever
firing was under way. In 1902 Chief of BUORD Rear Admiral Charles O’ Neil
officially informed Secretary of the Navy William H. Moody that “the great
increase in the power of guns in recent years, and their greatly extended
range, renders a more isolated location necessary for proving and ranging
them,” and that “the time is not far distant when the matter will have to be
seriously considered.” However, the Navy Department found it difficult to
convince Congress of the situation’s urgency, and therefore the matter was
not “seriously considered” for another fourteen years.'
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As O’Neil and others at BUORD recognized, Indian Head had become
even more dangerous after a smokeless powder factory was built there in
1900. Lieutenant Strauss, who had surmounted numerous technological
and administrative problems in order to get the factory into operation,
reported the manufacture of 250,000 pounds of powder in the first year
of operation alone. But keeping such a volume of smokeless powder in
the same vicinity as gun testing presented significantly increased risks to
both civilian and military personnel at Indian Head. The dangerous mix of
powder factory, housing, and gun testing put local residents on edge. Since
a fire or detonation in the powder factory itself could be fatal to workers, few
became inured to the blasts from the guns when an explosion could signal a
catastrophe to friends and relatives. Furthermore, as river traffic increased,
the blind firing, lookout or no, remained an uncomfortable arrangement."

As the Navy Department waited, no real long-term solutions appeared,
and the number of incidents continued to mount. In 1908 a shell struck
the water about forty feet from a Standard Oil tug pushing a barge, and
the following year Congressman John Hull reported that a fisherman had
complained that a shell fragment had damaged his nets. In 1911 at least
two 12-inch projectiles fell on a residential area at Indian Head, fortunately
without injury to the personnel living there."

During 1910 and 1911, the Navy attempted to alleviate at least part
of the problem at Indian Head by using the old monitor Tallahassee as an
experimental gun platform and firing high-powered guns mounted on
her at the condemned ram Katahdin, which served as a floating target.
The results proved unsatisfactory, however. In reporting on the Katahdin
operation, BUORD Chief Rear Admiral Newton E. Mason noted of Indian
Head, “This station, while very conveniently situated for the work of a
proving ground in the most restricted sense of the term—the actual proving
of guns, powders, armor plates, projectiles, etc.—is altogether unfit for an
‘experimental station.”” He pointed out that the range down the Potomac
crossed the Virginia side of the river, prohibiting the use of explosive
projectiles, and the result was to “tie the hands of the bureau in the matter of
nearly all experimental work.” In 1912 BUORD again reminded Congress of
the problem, noting that “owing to the very limited facilities of the proving
ground as an experimental station and to the danger to life and property,”
badly needed experiments were not carried out. It soon became a standard
refrain among successive BUORD chiefs that “a new proving ground was
worth more to the Navy than the price of a battleship.”"

Then, in summer of 1913, Lieutenant Garret L. “Mike” Schuyler, testing
a 14-inch gun, fired his second shot of the day, just as a yacht had cleared

The Sound of Freedom: Naval Weapons Technology at Dahlgren, Virginia, 1918-2006 13



Chapter 2

the range. Unfortunately, it was the presidential yacht Mayflower, with
President Woodrow Wilson aboard, along with his personal physician and
friend, Dr. Cary Grayson. Both Wilson and Grayson watched as a shell
component, probably the rotating band, struck the water a few hundred feet
away. The press made quite a story out of the fact that the Navy had fired on
the Democratic President, then considered a bit of a pacifist and not too keen
on a large defense budget. Assistant Secretary of the Navy (ASN) Franklin
D. Roosevelt conducted an investigation into the incident but exonerated
Lieutenant Schuyler of any wrongdoing, leaving the Mayflower’s captain
grumbling that Schuyler’s reckless firing near the yacht had been a manifest
“impropriety.” The episode certainly impressed upon the President the
limitations and dangers of Indian Head."

Between 1912 and 1918, the Navy took a few limited steps to improve
the safety of the range, purchasing small lots to round out the holdings on
Stump Neck and also another 1,270 acres to bring the Indian Head holdings
up to more than 3,200 acres. But Indian Head as a proving ground finally
reached the breaking point when the demands of World War I swamped
the Navy’s range-testing program. During 1916-17, Indian Head tested 494
guns; during 1917-18, the facility tested more than 1,100 guns; and in 1918,
the total number tested exceeded 3,400.77

Despite the increasing workload at Indian Head, Congress still
hesitated, and the Navy, at the beginning of the war, deemed it “impossible
... to entertain any idea of immediate transfer of proof activities to another
site.” The cramped valley became even more confining immediately after
America’s entry into World War I in April 1917, with a new lot of batteries,
stringent traffic rules, twenty-four-hour testing schedules, and overlapping
firing ranges that made operations a continual exercise in frustration.'

One pressing wartime need was a proper facility in which to test the big
16-inch, 45-caliber battleship gun, which had been developed and proved
in 1914. Because of its enormous power and range, full elevation testing
and accurate ranging of the 16-inch gun simply could not be achieved at the
Indian Head site, and even horizontal, low-angle proving was a hazardous
proposition. Despite extra precautions during an August 1916 test, a 16-inch
gun blasted its projectile completely through a 13-5/8-inch belt armor plate,
a braced butt built from 16-inch thick oak timbers, and twenty-seven feet of
sand reinforced by 5/8-inch skin plates. After passing through the armor
and butt, the projectile angled up, tumbled a mile below the station, and
wrecked a house owned by a farmer named William Swann. No one was
injured in the incident, and the Navy agreed to repair the family’s house
completely."
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The hazards only promised to heighten when the Navy planned to
upgrade the 16-inch gun from 45 to 50 calibers in length, thereby increasing
its power and lethality even further. The first of these monsters was tested at
Indian Head, without incident, in April 1918, and Navy Secretary Josephus
Daniels pronounced the new 16-inch, 50-caliber guns as “the last word in
American naval design.” Naval ordnance officers estimated that a full
broadside from these guns would “produce energy equal to that required to
lift a battleship to the height of the Washington Monument.” Some 104 of
these guns were planned for construction as part of the wartime construction
program, and it was clear that Indian Head was not equal to the task of
proving them without an inevitable accident.”

The idea of establishing a new proving ground away from Indian Head
found a champion in the person of new BUORD Chief Rear Admiral Ralph
Earle. Earle had entered the Naval Academy in 1892 and, having earned
his commission as an ensign in 1898, served as a line officer in the fleet
before coming to BUORD. His penchant for science led to assignments as a
powder inspector and then, in 1908, as the Officer in Charge of the Chemical
Laboratory at Naval Station, Puerto Rico. In August 1916, BUORD named
him Inspector of Ordnance in Charge at Indian Head, and he served in that
capacity until he became BUORD Chief in December. Earle was a creative,
forward-thinking officer who strongly supported the adoption of 16-inch
guns for the Navy’s new battleships and, after America entered the war, was
instrumental in organizing the North Sea “mine barrage.” Additionally,
he had conceived the novel idea of mounting reserve 14-inch naval guns
on railway mounts and putting them into land service with the American
Expeditionary Forces in France. Earle’s railway guns were designed, built,
and proof-fired only four months after the Chief of Naval Operations
authorized them on 26 November 1917. The five-gun battery, manned by
sailors trained at Indian Head and commanded by Rear Admiral Charles
Peshall Plunkett, saw action in France late in the war, pummeling German
railroads and supply depots behind the front lines near Verdun. A grateful
Navy Secretary Daniels declared that “it was more than good fortune that in
these testing times the Navy had Admiral Earle, one of the ablest and fittest
officers, in direction of great ordnance plans and operations.”*

The anticipated 14-inch railway guns brought the proving ground issue
to a head for Earle and BUORD, since the Navy had no firing range that was
capable of testing them at full elevation under battlefield conditions and
would have to use the Army’s Sandy Hook, New Jersey, proving ground
for that purpose. If the Navy was going to send its guns and personnel into
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combat on the Western Front, then an alternative site to Indian Head would
have to be acquired, and quickly.?

Although BUORD's first and preferred plan was the construction of a
wholly new proving ground, Earle initially ordered Indian Head Inspector
of Ordnance in Charge Commander Henry E. Lackey to confer with Army
ordnance officers in Washington, D.C., to see whether or not BUORD
could share the new Aberdeen Proving Ground, which had just opened
near Baltimore, Maryland, in December 1917. Lackey quickly found that
Aberdeen was so restricted, crossing the Baltimore Channel as it does,
that firing longer-ranged naval guns there would be “highly unsafe.”
Additionally, Aberdeen’s grounds were so laid out and its emplacements
were so different from what BUORD needed for its gun mounts that Lackey
determined that too much money would have to be spent to modify them for
naval use. Since building a new proving ground would likely be much more
cost effective than trying to operate at Aberdeen, Earle accordingly decided
to pursue that option. Secretary Daniels agreed to support Earle but told
him that BUORD could only purchase approximately one thousand acres
and spend no more that $1,000,000 on the endeavor.”

With Daniels’ blessing, Earle ordered Lackey to locate a one-thousand-
acre site with a long range for the new proving ground. Ideally, it would be
similar to the British range at Shoeburyness in Essex, located on the north
mouth of the Thames River, where His Majesty’s ordnance officers could
receive Woolwich-manufactured, barge-transported naval guns and then
“fire over the water at high tide and recover shells on the sand at low water.”
A special board appointed several years before had already combed the East
Coast of the United States for geographically similar sites but had found
none. However, Lackey was confident that he could find a suitable one
based on his intimate knowledge of the Lower Potomac. Knowing that Earle
wished to keep the new proving ground as close to BUORD, the gun factory,
and the powder factory as possible, he promptly identified a spit of land
lying along Machodoc Creek on the Virginia side of the Potomac, located
about twenty-two miles downriver from Indian Head, as the best prospect.
Geographically, the site was far superior to Indian Head and somewhat
comparable to Shoeburyness. It provided a straight, unimpeded, over-water
range of nearly 90,000 yards toward Chesapeake Bay (more than fifty miles
away), and guns could still be shipped by barge from the Washington Navy
Yard foundry. In addition, its isolation guaranteed that accidents such as
those that had hampered Indian Head would never happen there. In short,
the Machodoc Creek site was ideal for transporting and safely testing
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long-range, major-caliber guns, and so he recommended its acquisition to
Rear Admiral Earle.”

Earle acted immediately. On 18 January 1918, he asked Congress for a
$1 million appropriation for what he characterized as an “auxiliary” proving
ground “for such guns as can not be safely tested at the present grounds.”
He had to explain to the House Naval Affairs Committee, rather delicately,
a number of points that to him must have seemed self-evident. No, it would
not be possible to combine Navy and Army gun testing at Aberdeen. No,
the 90,000-yard range was not over land, and the million dollars was not
intended to purchase a piece of land that large. Yes, there would be money
left over for building the facility. Yes, he had reduced the amount from
$2 million at the request of the Secretary of the Navy. The admiral kept
his composure throughout the tedious budget hearings, and Congress
subsequently approved the appropriation in Public Law 140 on 26 April
118

Throughout Earle’s testimony, the Battle of Jutland, fought in the evening
and night of 31 May-1 June 1916, was very much on his mind. Although itis
often offered as truism that admirals and generals are engaged in “fighting
the last war” rather than preparing for the next, Admiral Earle and his staff
in the bureau were a bit more current in their use of “lessons learned.”
Indeed, they had studied the battle closely and had carefully analyzed its
ramifications in terms of science and technology, and how advances in
both had affected its outcome. Although usually considered a “draw,”
in many ways the battle did reveal superior German gunnery technology
while exposing inadequacies in British ordnance operations. The Germans
had superior fire control and greater range and had also used illuminating
shells—spotting shells with dye to distinguish the blasts from their ship’s
guns (during the night action)—and superior armor-penetrating projectiles.
On the other hand, poor British design of the elevators to the magazines
had resulted in the loss of at least one British capital ship and possibly a few
others in the action. American naval officers took these lessons to heart, as
did Navy Secretary Daniels when he explicitly tied the new proving ground
to the battle in his Annual Report: “In order to keep pace with the rapidly
increasing ranges of battles as shown by the action of the Dogger Bank and
the Battle of Jutland, the Navy Department [acquired a] tract of land on
the Potomac near Machodoc Creek, Virginia. . . . The creation of this new
proving ground makes it possible for the Navy to test its biggest guns at their
longest ranges, which heretofore could not be done.”*

As authorized by Congress, President Wilson commandeered for the
Navy 1,366 acres at Machodoc Creek on the Virginia side of the Potomac
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through two presidential proclamations. He signed the first of these on
10 June 1918 and acquired the initial 994 acres between Machodoc Creek
and Lower Cedar Point Light. Within a few months, it became evident that
more land beyond the stipulated one thousand acres was needed, and so he
signed another proclamation on 4 November adding the adjoining 372-acre
Arnold farm to the new reservation. Later, on 4 March 1919, Wilson also
took control of Blackistone Island. The marshy, 70-acre island was situated
on the Maryland side of the Potomac, some 30,500 yards (about eighteen
miles) downriver from the new site. lts lighthouse would make an ideal
observation station, and it also could serve as an excellent target for major-
caliber projectiles, which could be recovered for examination even more
easily than from the river. BUORD also wanted to use the island as an
airfield, a seaplane and boat refuge, a range supply station, and a center for
the range’s communication service.”

CONSTRUCTING THE LOWER STATION

BUORD lost no time in making preparations for its new proving
ground. In January 1918, just as Earle was requesting the initial $1 million
appropriation and before Congress passed Public Law 140, Commander
Lackey at Indian Head directed Lieutenant Commander S. A. Clement
to begin making construction arrangements and to manage the project.
Lackey assigned the task of actually laying out the new proving ground to
Naval Reserve Force Lieutenant Swepson Earle, a hydrographic engineer
who would later become a noted Maryland Conservation Commissioner
and an expert on the Chesapeake Bay’s ecology. Accordingly, through the
spring of 1918, Clement made his administrative and logistical preparations
while Earle (no relation to the BUORD chief) surveyed the site and drew
up a topographic map. Earle was particularly sensitive to the Potomac’s
ecosystem and carefully planned the range so that the large shells would fall
into deep water a safe distance from the main oyster bars and rocks in the
Lower Potomac.”

On 28 May 1918, almost two full weeks before Wilson issued his first
proclamation, Clement, Earle, and all of the administrative personnel slated
for the new “Lower Station” of the Indian Head Naval Proving Ground
moved there permanently and began construction of the facility. Among
those who accompanied Clement and Earle were Lieutenant W. H. Caldwell,
Ensign L. A. Rehfuss, civil engineer John W. Russell, and draftsman Charles
Isbell. To form the nucleus of the new station, buildings from Stump Neck
vacated by Indian Head’s Marine detachment were disassembled, floated
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down the Potomac on barges, unloaded, and reassembled at Machodoc
Creek. Foundations for temporary buildings were completed on 30 June,
while bulkheads for fill along the shoreline, laying sewer pipe, and grading
a railroad from the wharf site to the designated main battery location were
finished soon after. Clement likewise leased a suction dredge from the
Corps of Engineers to deepen a nearby basin and a channel between Upper
Machodoc Creek and the Potomac and to fill the site’s various marshes with
the discharge. By October, Clement and Earle had made enough progress
that Rear Admiral Earle proudly reported to Secretary Daniels that “the
Bureau will soon be in possession of ample proving ground facilities which
will be utilized to the utmost in performing the experiments and tests
desired for many, many years, toward the improvement of both ordnance
and guns.”?

Rear Admiral Earle’s confidence must have been bolstered further
by the news from the Lower Station that reached BUORD on 16 October
1918. Under the supervision of Navy Lieutenant Commander H. K. Lewis,
a detachment of Marines hoisted the colors at the new proving ground and
officially opened it on that date. With representatives of the U.S. Army’s
Ordnance Department watching, they then fired the Lower Station’s first
shot, a 153-pound projectile, some 24,000 yards down the Potomac from
a 7-inch, 45-caliber naval gun mounted on a special caterpillar-propelled
tractor carriage. The gun and mount, which had originally been requested
from the Navy by the artillery-strapped U.S. Army, was one of twenty that
BUORD had earmarked for the new 10" Marine Artillery Regiment, then
in training at Quantico, Virginia, for service on the Western Front. That
weapon, which BUORD later described as “the heaviest and hardest hitting
gun for which a mobile field mount of this kind had ever been requested by
any nation or army,” represented the ancestor of self-propelled artillery that
was to play a major role in later wars.*

While the 7-inch, 45-caliber tractor gun test signaled that the Lower
Station was open for business, the facility was far from complete. Chronic
labor shortages and difficulty obtaining materials stalled construction in
late 1918. From Indian Head in 1919, Lackey reported to BUORD that “the
work at the Station has been materially handicapped by lack of drafting
and clerical force,” and that the station’s Administration Building and
the elegant Commandant’s (or Inspector’s) house were only 15 percent
complete. Despite the news, Lackey did indicate some progress, including
100 percent completion of a warehouse and gun emplacements for 3-, 4-,
and 7-inch guns, an artesian well, an oil storehouse, and sixteen complete
bungalows for civilian employees. Fortunately for Lackey, the Armistice
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solved his labor supply problem. From the approximately 250 civilian
laborers reported for the period December 1918 through April 1919, his work
force increased to around 500 between April and July, up significantly from
the 75 to 125 civilians reported working the previous summer. The work
pace quickened.

By July 1919, BUORD Chief Earle reported that a new fuze battery had
been completed and that the Lower Station was now in active operation. All
fuze testing was now being conducted there, and the experimental ranging
work of the new 6-inch, 53-caliber guns, along with the testing and ranging
of major caliber ordnance, accompanied the erection of new buildings,
butts, and magazines. Additionally, and quite contrary to what he had told
Congress the year before about the Lower Station’s supposed “auxiliary”
status, Earle announced that all routine proof work would be transferred
from Indian Head to the new proving ground as soon as possible to eliminate
conflicts with the parent facility’s experimental work.”

As BUORD completed more of the Lower Station’s facilities, larger scale
testing began at the site. The Navy’s Mk II 14-inch railway gun, an improved
version of the design used in France, was the first “big” gun to be tested
there. The Mk II was capable of firing at a maximum elevation of forty-three
degrees directly from the rails. BUORD originally contracted for five of the
new railway gun’s support carriages but, after the Armistice, canceled three
of them. The contractor, Baldwin Locomotive Works, completed the first
carriage on 17 July 1919 and sent it to the Washington Navy Yard, where
sailors and civilian laborers mounted a 14-inch, 50-caliber gun on it. From
there, BUORD transported the complete, 305-ton weapon down the Potomac
to the Lower Station by barge.”

On the morning of 16 August, the Mk II railway gun was successfully
tested at the Lower Station before an audience of Army and Navy officials
and prominent engineers. Lieutenant Swepson Earle, who had become the
station’s first range officer, witnessed the test. He later recalled that the big
gun, fixed at a 30-degree elevation, fired a 1,400-pound projectile 31,680 yards
(18 miles) down the Potomac. The Navy had grand plans for the Mk II, which
it envisioned running from coast to coast on America’s rail system to defend
the country’s shores from enemy attack. Unfortunately for the Navy, the
Joint Army and Navy Board recommended later in the year that BUORD
turn over its five Mk I and two Mk II railway mounts, without their naval
guns, to the War Department. Both the Secretaries of the Navy and War
approved the recommendation on 27 December, and BUORD complied,
sending the railway mounts to the Aberdeen Proving Ground at the request
of the Army’s Chief of Ordnance.™
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By August 1920, the new facility was reaching an advanced stage of
construction. BUORD Chief Earle’s successor, Rear Admiral Charles B.
McVay Jr., reported to Secretary Daniels that the Lower Station’s main
and broadside batteries were finally in commission, complete with velocity
instrumentation and other physical laboratory equipment. Moreover,
magazines, the shell-house establishment, main bombproof butts, and other
proofing structures were being pushed rapidly to completion, and a 200-ton
gantry crane had been transferred from Indian Head to the Lower Station.
Although McVay felt that the whole outlay was “still largely a construction
problem,” he felt that he could safely predict that “by next summer the new
proving ground will be a smoothly operating reality” since proof facilities
for major caliber powder, as well as guns, were expected to be completed in
September. In view of the Lower Station’s near completion, McVay noted
that BUORD had stopped all major caliber powder proof at Indian Head and
would transfer it to the new proving ground once those specific facilities
became operational.*

NAMING THE LOWER STATION

Late in 1918, as the infant Lower Station grew, it became obvious to
Commander Logan Cresap in BUORD that it needed a separate identity
from Indian Head. Cresap’s job in BUORD’s Armor and Projectile Section
included handling the bureau’s correspondence concerning the new proving
ground’s construction. He found that routing all correspondence, materials,
and ordnance to the Lower Station through Indian Head was unnecessarily
cumbersome. A long-established post office designated as “Dido” existed
on the reservation, but BUORD planned to remove it in the near future and
establish a new post office, tentatively called “Machodoc Creek.” However,
postal officials quickly told BUORD that a post office with that designation
already existed in Virginia and that another name would be necessary.*

Thus informed, Cresap sensed an opportunity to memorialize the
achievements of “some Naval officer who had been eminent in the
development of Naval ordnance” by lending his name to the new station.
He therefore recommended to Rear Admiral Earle that BUORD abandon the
Navy’s practice of naming shore establishments after geographic locations,
as in Indian Head’s case, and name the Lower Station after one of these
individuals. Cresap suggested Robert Stockton, John Dahlgren, Robert
Dashiell, and ordnance expert and Naval Academy professor Philip Alger
as the most likely candidates for the honor. Earle liked the idea and added
former BUORD Chiefs William Sampson and George Converse to the list.
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After some discussion within BUORD, Earle ultimately chose to name the
new proving ground after Dahlgren, who he considered to be “the father of
modern ordnance and gunnery” and a hero who had pulled the Navy out of
an ordnance rut in which it had been stuck since the War of 1812.%

As Cresap had observed, it was against Navy tradition to name a new
shore installation for a person rather than a place, but Earle finessed the
issue by working with the Postal Service to create a local post office named
“Dahlgren” at the site. In January 1919 Earle persuaded Navy Secretary
Daniels to request that the Postal Service change the name of the existing
Dido post office to “Dahlgren.” Daniels obliged, and on 15 January he
proposed the new name to the Postmaster-General, who accepted the
recommendation and directed the name change on 24 January. BUORD
was then able to call the new facility the United States Naval Proving
Ground at Dahlgren, Virginia. Shortly thereafter, though, the distinction
between the post office address and the name for the new proving ground
was blurred, even in official correspondence. The Superintendent of Naval
Records, for example, noted that relatives of the late Rear Admiral Dahlgren
would be glad to learn that Earle had “decided to name the Proving Ground
on Machodoc Creek for that officer.” In time, the proving ground simply
became known as “Dahlgren.”*

A FIGHT IN CONGRESS

Following the 1919 Versailles Treaty, Dahlgren very nearly became
a victim of changing postwar politics, as Earle began having trouble with
a suddenly stingy Congress over the cost and necessity of BUORD’s new
proving ground. He repeatedly testified before the House Naval Affairs
Committee to defend, among other things, his request from the House
Appropriations Committee in October 1918 for an additional $980,000 for the
site, which was rapidly becoming much more than an “auxiliary” proving
ground. Objections and tough questioning came from two sources. First, a
new Republican congressman and House Naval Affairs Committee member,
Ambrose Everett Burnside Stephens of Ohio, believed that BUORD should
not have authority to spend money for improvements or replacement of
damaged buildings without explicit congressional approval. He therefore
appointed himself as a watchdog over BUORD expenditures. According
to a Democratic colleague on the committee, “Buzz” Stephens was “always
stern and unbending in anything having the least suspicion of waste,
extravagance or wrongdoing.” Therefore, he became Dahlgren’s most
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vociferous critic since he doubted both the wisdom and necessity of a new
proving ground.”

Next, Republican Congressman Sydney E. Mudd, the representative
from Charles County, Maryland, whose constituency included civilian
employees at Indian Head, objected to the new proving ground, calling it
redundant. Like his friend Stephens, he was not at all sure that the new
proving ground was needed and was opposed to shifting facilities and
manpower away from Indian Head. As Earle confronted the skeptical
congressmen, he was forced to sharply disagree with their assertions against
Dahlgren’s necessity, thereby keeping a delicate balance between respect for
the elected representatives and advocacy of what he knew was right and
required.”

During the 1919 House Naval Affairs Committee hearings on the
Secretary of the Navy’s budget estimates, Republican Congressman Patrick
Henry Kelley of Michigan was particularly annoyed that the budgets for
Indian Head and for the “new ground” were not clearly separate. Earle
explained that the two facilities were under one command, that the books
were maintained as one unit, and that as work gradually shifted from Indian
Head to Dahlgren, the mix would change. The budget of the two facilities,
he noted, would depend on “how much work we will drop from Indianhead
[sic] and put there. That is changing as we put that in commission. We
take work from Indianhead [sic].” Although he meant to indicate that the
bottom line did not change and that the total proving budget would be better
spent, the concept of “taking work” from Indian Head did not sit well with
Congressman Mudd or with the large local community that had provided
the old proving ground’s workforce.*!

Earle thought that the $1,980,000 that BUORD spent on Dahlgren
was a real value considering that the Army had spent $12,000,000 on the
Aberdeen Proving Ground. Accordingly, when asked to cut the expense
estimates further, Earle stood his ground, piqued at what must have seemed
a particularly obtuse Naval Affairs Committee. He insisted that “I could not
reduce it and say that I was carrying out the work of the Navy. Anything
that goes wrong on board ship comes right back to me, and the first thing
that happens is the statement that I did not carry out the proving of a gun,
that I did not fire the necessary number of rounds. Why? Because I did not
have the money. It all comes right back to me, and that is all. Anything
that goes wrong on board ship comes back to us.” The explosion of the
“Peacemaker,” although not explicit in Earle’s testimony, certainly continued
to echo throughout BUORD, and the grim prospect of a catastrophic failure
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arising from an improperly tested gun weighed heavily upon him and his
subordinates.*

In 1920, before the congressional battle for Dahlgren was over, Earle left
the Bureau to take command of thebattleship USS Connecticut (BB-18). As Earle
steamed away from Washington, D.C., Dahlgren’s defense fell to McVay,
who quickly discovered that the battle was only heating up. Congressman
Stephens, suspicious that BUORD was wasting money, had successfully
inserted an amendment into the 1921 Naval Appropriation Act barring
the expansion of any naval ordnance station. Shortly thereafter, he began
hearing rumors that BUORD was spending $100,000 on a commandant’s
home at Dahlgren, and the new proving ground immediately fell under his
scrutiny.®

In late May 1921, Stephens prodded the Naval Affairs Committee
chairman, Republican Thomas S. Butler of Pennsylvania, to submit
six specific questions to Navy Secretary Edwin Denby concerning all
expenditures made at Dahlgren since 1 July 1918. Denby’s written answers
were startling. The Secretary said that BUORD had spent over $2,200,000 on
Dahlgren, and that the two-story commandant’s home, comprising twenty-
three rooms, two sleeping porches, five bathrooms, and a large 40- by 10-foot
attic, would not cost $100,000 as rumored but an estimated total of $52,000,
and would be completely furnished for another $8,400. Further, BUORD
had spent over $180,000 on officers” quarters, with plans to furnish them for
an additional $20,000. All of these expenditures had been funded out of the
original “ordnance and ordnance stores” appropriation obtained by Earle in
T9T8

Although the commandant’s house cost considerably less than what
Stephens had originally believed, its price tag was still hefty for that time,
as was the cost of the other officers” housing. Needless to say, Stephens was
apoplectic. He, along with Mudd and Butler, launched a formal investigation
into how Earle had procured Dahlgren’s funding and how the money was
being spent. Heading up a special committee of the House Naval Affairs
Committee, Stephens chaired a series of hearings in late July, in which he
not only pored over extensive itemized lists of expenses incurred during
Dahlgren’s construction but also meticulously reviewed Earle’s previous
testimony. He also grilled a number of BUORD officers, including Dahlgren
and Indian Head’s second Inspector of Ordnance in Charge, Captain John W.
Greenslade, over the numbers, types, and costs of Dahlgren’s facilities.*

During these initial hearings, Stephens and his Republican colleagues
learned exactly how sly Earle had been. The former BUORD chief, who
had initially wanted $2,000,000 for the new proving ground but had been
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compelled by Secretary Daniels to ask for only $1,000,000, had received that
much from the House Naval Affairs Committee, but he later bypassed that
committee and approached the House Appropriations Committee for an
additional $980,000 deficiency appropriation before the original $1,000,000
was exhausted. The Appropriations Committee had obliged him, and
he ultimately had walked away with nearly all of the $2,000,000 that he
needed to build Dahlgren. As Stephens pieced together the facts, he became
increasingly galled at Earle’s perceived deception of both committees and
the thwarting of Congress in its oversight role. Moreover, the congressman
found that rather than constructing a mere “auxiliary” proving ground,
as Earle had originally told Congress, BUORD was building a full-scale
installation with approximately seventy buildings, landplane and seaplane
hangars, a radio station, four and a half miles of railroad track, and other
fixtures typical of the Navy’s other shore establishments.*

The hearings continued into early August, and Stephens’ special
committee heard testimony from a number of Indian Head’s current
employees and residents who would be most affected by the transfer of work
to Dahlgren. Among those who testified were ballistician Roger Dement and
the chief chemist and powder expert George W. Patterson. The group argued
on behalf of their community that the old Indian Head proving ground
was perfectly safe and that its location and facilities were unsurpassed for
gun proofing. Conversely, Dahlgren was uneconomical and redundant in
their view. Also, several of the men claimed that proof work at Dahlgren
would unnecessarily damage the Potomac’s fish and oyster industry and
interfere with transportation and navigation. During Patterson’s extended
testimony, Congressman Mudd entered into the record a petition signed
by 456 Indian Head residents and employees, including Patterson, asking
Congress to prevent the transfer of the United States Proving Ground from
Indian Head to Dahlgren. Repeating in detail the same points made by their
representatives, the petitioners trusted that their arguments “will be deemed
of sufficient and good reasoning to convince you of the rightful cause and
justness of our claims.”¥

Stephens became convinced that he had uncovered a major scandal. In
August 1921 he introduced a resolution that, if enacted, would forbid the
use of any existing appropriations for Dahlgren except for the operation and
maintenance of its existing facilities, thereby preventing further construction
and expansion. When Denby submitted the resolution to BUORD for
comment, McVay responded that it served no useful purpose and benefitted
only Indian Head’s inhabitants, especially those with commercial interests.
Denby agreed with McVay’s blunt assessment and wrote Butler back on
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26 September, telling the chairman that “such a law would not advantage
the government in any respect” and urging the Naval Affairs Committee to
reject it.*

The Naval Affairs Committee began considering Stephens’ resolution
on 19 October. During the hearing, Denby, McVay, and Inspector of
Ordnance Greenslade all testified in Dahlgren’s defense. Predictably, it was
an uncomfortable experience for them. Citing Earle’s earlier testimony that
the new proving ground was only an “auxiliary” facility, Butler, Mudd, and
Stephens all complained that they had understood that Dahlgren would only
be used for the ranging of guns of large caliber, above 8 inches, that were too
large for Indian Head. When the Navy began to shift all testing from Indian
Head to the Lower Station, they felt they had been deceived. Butler remarked,
“I thought that this place would be used only on rare occasions where we
had a great gun which was to be ranged; I had no idea that it was proposed
at Dahlgren to establish another and distinct station.” Mudd added, “I think
it was the understanding of the committee that it was to be used exclusively
for long-range guns. It was so represented to this committee. . . . We had
no intimation that all the guns would be moved [from] Indianhead [sic] and
tested on the other side.” Stephens concurred with both of his colleagues,
stating that “there was no idea or intention, so far as I have been able to learn,
of establishing a separate station with new officers” homes and quarters for
the men and a large civilian establishment.”*

The Navy men dodged and parried the congressmen’s probes and
thrusts. Denby was particularly effective in withstanding their chain-fire
questioning and pushed back, arguing that “Dahlgren must be held . . . as
a testing ground,” regardless of cost or the wisdom of how the money was
spent, since “as long as we have big guns we must have a testing ground
of that character.” Moreover, if Stephens’ resolution was intended to halt
Dahlgren’s operations, then he would vigorously oppose it since he would
not stand by and see the Navy crippled without protest.”

When his turn came, McVay testified that BUORD had nothing to hide
and suggested that Stephens’ resolution was really moot since the past year’s
naval appropriation law had halted all ordnance station expansion, including
at Dahlgren. Furthermore, it really made no difference since he was not
planning on spending any more money on shore station development beyond
that already appropriated. Concerning the allegation that BUORD had built
a wholly separate station without authorization, McVay pointed out that he
had no intention of operating Dahlgren and Indian Head separately, but that
they would be under the “same person.” The only question would be where
that officer should be located.”!
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The hearing adjourned before McVay finished his testimony but
reconvened on 27 October. During that final session, a re-energized Stephens
hammered the admiral on the questions of Earle’s two appropriation requests
and especially the commandant’s and officers” quarters. He specifically
wanted to know whether Earle or Lackey had authorized their construction,
and if McVay thought that it was proper to use the “Ordnance and Ordnance
Stores” appropriation for such purposes. Stephens also demanded to know
where BUORD obtained the balance between the $2,200,000 actually spent
and the $1,980,000 appropriated in 1918. McVay was evasive on who was
responsible for the quarters, noting that he was not at BUORD when the
decisions were made, but he admitted that BUORD had to authorize both
building plans and expenditures suggested by the inspectors. Since the
commandant’s house was between 80 percent and 90 percent finished when
he became BUORD chief, in his estimation it would have been a waste of
money to halt work on it, and so he allowed its completion. As for the
funding discrepancy, McVay also admitted that the extra funds had come
from subsequent “Ordnance and Ordnance Stores Appropriations,” which
BUORD customarily tapped for the improvement of ordnance stations until
Stephens had stopped the practice in 1920. Stephens was wholly unsatisfied
with McVay’s answers and, along with Butler and Mudd, badgered him for
additional facts and figures for the remainder of the hearing. The hassled
admiral responded as best he could, ultimately insisting that the $2,200,000
spent at Dahlgren was a “very reasonable” sum for this type of proving
ground.™

The Naval Affairs Committee tabled Stephens’ resolution, but at a
7 December meeting, it instructed Butler to inform Denby that it would
frown upon any further spending at Dahlgren. The chairman did so, telling
Denby that the committee did not want to send Stephens’ resolution to the
full House of Representatives since most of its members felt that an open
discussion on the House floor would greatly embarrass the Navy. However,
Butler made it perfectly clear that the committee would be induced to take
that drastic step if the Navy Department further ignored its wishes. “For the
good of the Navy,” Butler suggested, Denby should comply immediately.”

Faced with this bit of congressional blackmail, Denby quickly ordered
McVay to stop all new construction work at Dahlgren under the current
appropriation, which only had about $1,350 left anyway. Although the
Naval Affairs Committee stopped expansion until further notice, it allowed
Dahlgren to continue its proving ground work using its existing facilities.™

Despite this limited punitive action, Stephens still bristled at BUORD’s
apparent misbehavior, especially after the Naval Affairs Committee visited
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Dahlgren and saw the commandant’s and officers’ homes for itself.
On 27 February 1922, he finally hauled Lackey before the Naval Affairs
Committee to answer the question of who had authorized their construction.
Beset by Stephens, Butler, and other hostile committee members, Lackey
finally admitted that he was solely responsible for planning the homes and
submitting their designs to the Chief of BUORD and the Secretary of the Navy
for approval. Concerning the commandant’s house, he explained that he had
primarily planned it so that “a fair-sized committee or commission could
be entertained in proper manner by the Government or its representatives
when called upon.” Lackey recalled that this had been impossible at Indian
Head when he had to entertain various foreign naval delegations as well as
some of the committee’s members since the commandant’s house there was
“exceedingly embarrassing; people were tripping over each other and there
was not sufficient room to move around comfortably.” Moreover, he needed
the new house at Dahlgren to include a special bedroom with connecting
bath for the Navy Secretary’s use whenever he came down for inspection,
because “being a remote station he could not come down and go back on the
same day.””

Lackey’s explanation hardly appeased Stephens, who was no longer
satisfied in just halting Dahlgren’s expansion but spoke of closing the station
outright. On 18 April he introduced an amendment to the 1923 Naval
Appropriation Bill which, if enacted, would strip Dahlgren of all funding
other than what was necessary to maintain it on a “closed-down basis.” The
Lower Station was built “for the purpose of ranging large guns, an absolute
war activity,” he declared. “The war is over . . . the necessity for this proving
ground has disappeared.” Dahlgren, therefore, must be closed.*

In the fierce floor fight that followed, Stephens, Mudd, and their
Republican allies squared off against a bloc of largely southern Democrats,
including Lemuel P. Padgett of Tennessee, Robert W. Moore of Virginia,
William B. Oliver of Alabama, and William F. Stevenson of South Carolina.
By far, the venerable Padgett was Dahlgren’s greatest defender in the House.
A longtime member of the Naval Affairs Committee, he was familiar with
Indian Head's prior troubles and refuted Stephens and Mudd point by point.
The Republicans ultimately overpowered the Democrats in the debate,
though, and Stephens” amendment passed by a 106 to 67 vote.”

The legislative battle over Dahlgren’s future then shifted to the Senate.
In May 1922 a subcommittee of the Senate Committee on Appropriations
convened to consider Stephens’ amendment. During the hearing, Virginia‘s
powerful Democratic Senators Claude A. Swanson (a future Navy Secretary
under Franklin Roosevelt) and Carter Glass (formerly Treasury Secretary
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in Wilson’s Cabinet), along with Republican Senators Miles Poindexter of
Washington (born in Tennessee but educated in Virginia, and a Virginian
in mind and heart) and Truman H. Newberry of Michigan (a former Navy
Secretary in Theodore Roosevelt’s administration), elicited statements from
ASN Theodore Roosevelt Jr., Admiral McVay, and the second Chief of Naval
Operations, Admiral Robert E. Coontz, supporting not only Dahlgren’s
retention but also its expansion.”

Republican Senator Joseph I. France of Maryland backed Mudd and
Stephens and arranged for Stephens to testify before the Senate subcommittee.
Armed with his lengthy, itemized list of Dahlgren’s construction expenses,
Stephens recited for the subcommittee excerpts of Earle’s original testimony
as well as that of Captain Lackey. Once again, the expensive commandant’s
“mansion” figured prominently in his condemnation of Earle, BUORD, and
Dahlgren.”

Glass was unimpressed, to say the least, and scolded Stephens
throughout the hearing. After listening to the congressman’s seemingly
endless complaints about Dahlgren, the Virginian incredulously asked
Stephens if his remedy against building expensive naval plants was to
abandon them after they had been built. Stephens sidestepped the question,
but Glass was not finished. In his ensuing onslaught, he suggested that
the Ohioan’s opposition to Dahlgren sprang not from any concern with
economy but from personal pique at Earle. Moreover, Glass pointed out
that Stephens” argument concerning economy made no sense, as he was
proposing Dahlgren’s closure instead of the more expensive Indian Head
facility. Should it not be the other way around, the Virginian asked? “No,”
said the irrepressible Stephens, “I propose to abandon Dahlgren in order to
stop any further wastefulness. ... "

The confrontation ended without any love being lost between Stephens
and Glass, and the Senate subsequently struck Stephens” amendment
from the Navy’s appropriation bill. France tried to save it by offering a
compromise amendment that would restrict Dahlgren to only testing those
long-range guns that could not be tested elsewhere. Swanson, Glass, and
Poindexter stopped France cold and spared Dahlgren from both total and
partial closure. However, Stephens, who remained a staunch “defender
of the public purse” until his death in February 1927, managed to keep his
original restriction on ordnance facilities expansion in place. As a result,
BUORD could not build or transport any more facilities there until the late
1920s.!

The clashes within Congress underscored several political trends that
worked against Dahlgren in the early 1920s. First, Americans, disillusioned
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by World War 1 and Wilsonian internationalism, began exhibiting a backlash
against “foreign entanglements.” After the war, it became apparent to many
Americans that the United States had committed its young men to fight,
not for Wilson’s ideals but for British and French hegemony in Europe
and in the League of Nations. This mix of disillusionment and resentment
became known as “isolationism,” a position that numerous Republican and
anti-Wilson Democratic congressmen came to share. Furthermore, many
congressmen from both parties sought to restrict government spending
across the board without necessarily taking an anti-military viewpoint, a
stance taken by Chairman Butler and Senator France.®?

This mood of postwar government frugality, in conjunction with
isolationism, was especially manifested in the Washington Conference of
1921-22, which Republican President Warren G. Harding had called to avoid
the expense and danger of a naval arms race. The resulting international
Naval Arms Limitation Treaty of 1922 was devastating for the Navy. Among
other things, it proclaimed a ten-year “holiday” in capital ship construction
and also required the United States to scrap fifteen battleships and to cancel
eleven of the fifteen capital ships then under construction. Once the ten-year
holiday was in force and the battleships were scrapped, it became difficult
to justify the Lower Station’s existence since no new major-caliber guns were
needed for at least a decade .

At the local level, the politics of government budget and government
employment had a very different character. Congressman Mudd,
representing the petitioners at Indian Head, fought not so much to restrict
the Navy’s expenditure, as his friend Stephens had, but to ensure that
employment at the Maryland facility would not be shifted to Virginia. On the
other hand, Senators Swanson and Glass, with the help of their Democratic
and pro-Navy colleagues, acted decisively to secure and protect Dahlgren for
their own Virginia constituents. As a result of their intervention, Dahlgren
survived the political and legislative turmoil of its formative early years,
but no major construction took place there between 1921 and 1927, and the
total complement of employees remained at roughly 200 to 230 personnel
through the period.

TESTING ORDNANCE

On 1 August 1921, BUORD transferred “practically the entire volume
of ordnance work” from Indian Head to Dahlgren, leaving only a small force
at Indian Head to care for remaining ordnance material and the powder
factory, and to supervise a few smaller tests and special work in underwater
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high explosives and mines. The move had really started on 10 March, when
Dahlgren’s ordnance officers submitted their first powder test report to
BUORD, and accelerated on 25 July, following the completion of the Plate
Battery, when they conducted the first armor plate firing test, using a 9-inch
Class A plate for the USS Indiana (BB-50). Just as the final transfer occurred,
the Inspector of Ordnance in Charge for both Indian Head and Dahlgren,
Captain John W. Greenslade, reported to BUORD that, excepting the shell
house, the Lower Station was now fully equipped to conduct all proof
and experimental work. Consequently, he was organizing a new, more
centralized Proof Department to manage the ordnance-testing program at
the Lower Station, and accordingly expected that Dahlgren would turn out
considerably more work than Indian Head in the future.*

When the Naval Affairs Committee ordered all construction and
improvements on the proving ground stopped in December 1921, BUORD's
engineers and architects had completed construction of most of its physical
plant, including the Commandant’s (or Inspector’s) Quarters, the elegant
Administration Building, a Recreation Hall, a machine shop, and shell
storage and loading buildings. In keeping with racial segregation customs
in federal facilities at the time, separate mess halls and dormitories for white
and African-American employees were also built. After this first group
of buildings was completed, additional housing was obtained simply by
transporting a number of small bungalows by barge from Indian Head down
to Dahlgren.®

As soon as the ordnance proving and testing work had fully shifted to
Dahlgren, the senior leadership relocated as well. In August 1922 Captain
Greenslade reported that he personally was in residence at Dahlgren. Joining
him there were a Senior Assistant to the Inspector and an Executive Officer,
and a total complement of fifteen officers and petty officers. Ten Navy
enlisted men remained at Indian Head, while some sixty-six were stationed
at Dahlgren. By 1923, therefore, the subtle movement toward the future
formal independence of Dahlgren from its mother institution at Indian Head
was already under way.*

As the period of cutbacks set in at the Lower Station, and under continued
assault by Stephens, Greenslade was called upon to provide yet another
justification for Dahlgren. Responding to the “repeated [congressional]
assertions that with the adoption of the Limitation of Armament Treaty
there would be little further use in maintaining the Proving Ground, Lower
Station, Dahlgren, Virginia,” Greenslade submitted to McVay a detailed
compilation of the work in the first two years, spelling out routine and
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experimental work, and reported on complimentary remarks made by
various visiting experts and officials.”

First of all, Greenslade noted that by canceling and delaying contracts
and orders, the routine work had diminished but the volume of “work
along developmental and experimental lines has increased rather than
decreased.” In the light of the history of the Navy’s laboratories and stations,
Greenslade’s early emphasis on what a later generation would categorize
as exploratory development was prescient. In a rather formal fashion,
he expected the ratio of experimental work would increase over routine,
particularly as battleships were regunned. Greenslade understood the need
to look ahead to future developments to justify and explain the function of
the new facility, stating that “the Proving Ground at Dahlgren, Virginia,
was carefully and wisely selected as to location and its development has
been such that it can efficiently and economically take care of all ordnance
work for some time to come, including new developments of the ordnance
features of air warfare.”*

Further, Greenslade proudly noted the opinion of Dr. John Curtis of the
Bureau of Standards, who had remarked after touring Dahlgren that he had
visited nearly all the European proving grounds and that none compared
with Dahlgren in “efficiency of operation, judicious concentration of facilities,
and ability to obtain the results sought.” Greenslade also mentioned that a
representative from the Krupp Gun Works in Germany had informed him
that two of the seven proving grounds in Germany were in populated areas
and that when firing occurred, the inhabitants had to be removed from
the range and compensated for their time. In short, Greenslade intimated,
Dahlgren’s safe over-water range was the best in the world.”

With the ten-year naval holiday in force, Greenslade remarked that the
only way to “keep abreast of the time in Naval Ordnance matters and be
prepared to take up active building of improved guns and armament for
future construction in ten years time” would be to take advantage of the
proving ground. He then described seventeen projects that were ordered,
planned, or “in contemplation.” The list, which was compiled, so to speak,
under the gun of the disarmament mood, is instructive. Among the forward-
looking projects he listed were: major-caliber fuzes; moments of inertia on
projectiles; development of 6-inch twin mounts; developmental work on
5-inch anti-aircraft guns and 6- and 9-inch guns; and special projects with
new types of projectiles and star shells. New oscillographs would allow close
timing tests to determine the exact cause, either human or mechanical, of the
timing interval between a directoscope operator’s spotting of a target and
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the actual firing of the gun. By calculating these extremely short intervals,
firing accuracy could be improved.”

As Greenslade detailed the methods of testing and the developmental
and experimental work in hand in his 1922 report, he remained well aware of
the “lessons of Jutland.” For example, in describing the tests of major-caliber
fuzes, he referenced Admiral John Rusworth Jellicoe’s book The Grand Fleet
1914-1916: Its Creation, Development and Work (London: Cassell & Co. Ltd.,
1919), noting that “from the results of the Battle of Jutland, it was apparent
that the Germans possessed a better major caliber fuze than the British did.”
Greenslade also pointed out that Admiral Jellicoe had complained in his
book of the inferiority of British fuzes. Indeed, the delayed-action fuzes the
Germans had employed contributed to the sinking of the HMS Indefatigable,
which caught fire and exploded when its own ammunition detonated
seconds after German shells struck one of its magazines. Greenslade had
that lesson in mind when he noted that “a fuzed projectile must be capable
of penetrating a ship’s side armor and of detonating inside the ship before
the projectile has time to pass out through the other side of the ship.” He
gave a detailed, step-by-step description of a fuze test firing, describing
all the safety measures, record keeping, and maneuvering of equipment
involved. Each single gun firing took an involved schedule of more than 150
man-hours, counting both experts and laborers. He further observed that
the U.S. Navy’s new fuzes could only be “given the most preliminary tests”
by the Experimental Ammunition Unit at the Navy Yard and that the “real
tests” had to take place at the Proving Ground by firing projectiles at various
thicknesses of armor plate.”

Under threat of closure, Greenslade was eager not only to report on
the quantity of the work but also to provide details showing how crucial
Dahlgren was to the Navy’s effort to respond to the changes brought by the
growing use of aircraft as weapons platforms. Greenslade’s early response
had much in common with what a later generation, faced with the Base
Realignment and Closure (BRAC) procedures of the 1990s, would define as
a “data call”—a request for detailed information that could be used to assess
the value of the facility. In a sense, Dahlgren had been only partially finished
when it survived its first BRAC, in part because Greenslade showed its value
as a location for routine and necessary work. Moreover, he demonstrated
that its operations were on the cutting edge of naval technology.

Between the congressional mandate to forestall improvements and
the general impact of the Naval Arms Limitation Treaty, both Indian Head
and Dahlgren were hit hard. Reporting in July 1923, Dahlgren’s new
commander, Captain Claude C. Bloch, noted that “the Station force has
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been upset several times during the year due to necessary reductions and
rearrangements brought about by changes in wages and curtailment of
funds. These shake ups cause discontent and are a detriment to economical
operation and upkeep.””

However the congressional debates played out, the distinction between
the two facilities was established and quite explicit, with Indian Head
referred to as the “Powder Factory” and Dahlgren as the “Proving Ground”
in the 1923 Annual Report. Not only had the Inspector of Ordnance moved
his headquarters from Indian Head to Dahlgren, but also the new station
gradually took precedence in other ways, particularly in personnel. By
mid-1923, fourteen officers and sixty-two enlisted men worked at Dahlgren,
while the Indian Head Powder Factory counted twelve officers and six
enlisted men. Up until 1932, when the two facilities were formally divided,
the complement of Navy officers and men at Dahlgren remained much
higher than that at Indian Head, suggesting that the Navy’s ordnance men
preferred firing guns to doing chemistry.”

The formal organization of Indian Head and Dahlgren was a
complex and overlapping structure, captured in a 1928 publication of
regulations governing both installations. The Executive Officer at Dahlgren
commanded a Supply Department, a Proof Department, and the Aviation
Detail. The Proof Department was by far the largest unit, with separate
responsibilities covering postgraduate officers assigned to the proving
ground, the Routine Tests Section run by an Assistant Proof Officer, and the
Experimentation Office. A Technical Liaison group consisted of the Proof
Officer, the Experimental Officer, the Powder Expert, and the Physicist
and was responsible for the compilation and analysis of all activities. In
1928 a Disbursing and Time section for civilian employees reported to the
Disbursing Officer at Indian Head as well as to the Executive Officer at
Dahlgren. A similar dual line of authority existed for the Marine Barracks
at Dahlgren, which reported both to the Executive Officer at Dahlgren and
to the Marine Officer in Charge at Indian Head. Both of those shared lines
of authority were directly addressed and changed in 1932, when Dahlgren
became independent. However, between 1922 and 1932, the Inspector of
Ordnance of both facilities lived at Dahlgren, and the new station operated
independently under its own Executive Officer in other regards.”

Through the same period, the administrative structure at Indian
Head was more elaborate, as the powder factory required a much larger
structure as well as separate administrative units to cover transportation,
maintenance, recreation, police, safety, fire protection, supply, housing, and
disbursing. In short, the organization chart suggested that by 1928 Indian
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Head was a full community with a structured administration and a large
civilian complement, while Dahlgren represented a leaner, more military
facility. In both locations, however, civilian scientists were already playing
key roles.”®

EXPERIMENTAL PROGRAM

During the 1910s and 1920s, the Navy was just beginning an effort
to employ civilian scientists directly as well as to expose a generation of
officers to some of the best scientific training in academic circles. Building
on a program that trained officers in naval architecture and aeronautics at
the Massachusetts Institute of Technology, the Navy began to send ordnance
officers for postgraduate ballistics training in a special program at the
University of Chicago and chemistry training at the University of Michigan.
It is through this concerted effort to tap into academic science that the first
civilian scientist with formal academic credentials came to Dahlgren.”

In 1923 Dr. Louis T. E. Thompson of Clark University took the post of
Chief Physicist at Dahlgren. In addition to serving as administrator of the
Physical Laboratory, Thompson served on the Technical Liaison team along
with the Proof Officer, the Experimental Officer, and Indian Head Chief
Chemist George Patterson.”

Thompson had earned his doctorate in 1917 and had taught first at Clark
University. During his doctoral research at Clark, Thompson had primarily
studied interior ballistics and gun pressure systems under Dr. Arthur
Gordon Webster in an innovative program, modeled on German Professor
Carl Cranz’s Ballistiches Institut, which brought together theoretical training
and science education for ordnance officers. The Clark program was funded
by the National Academy of Sciences, the American Academy of Sciences,
and the Naval Consulting Board and was one of several designed to bring
academic science to bear on the problems of the military and on the education
of officers. In 1920 Thompson served as a National Research Council fellow
at the University of Chicago and subsequently took a temporary teaching
position at Kalamazoo College before accepting the appointment at Dahlgren
iy 192807

Admiral George Hussey later remembered how Thompson was
recruited. Hussey had taken a postgraduate course in ballistics at the
University of Chicago in 1921 and then served at BUORD. Commander
Theodore S. Wilkinson, Chief of BUORD’s Experimental Section, asked
Hussey to inquire of professors in the postgraduate course for names
of candidates who could fill the newly established billet of physicist at
Dahlgren. Hussey wrote to Professor of Astronomy Forrest Ray Moulton
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at the University of Chicago, who had previously worked in ballistics at the
Aberdeen Proving Ground. Moulton immediately replied: "I know exactly
the man you need. The man you want is Dr. L. T. E. Thompson of Kalamazoo
College, Michigan.””

So Hussey wrote to Thompson and invited him to Dahlgren to discuss
the new physicist position.*” Thompson, who was then considering another
job offer from AT&T, saw the obvious “opportunities to do extensions
of work that had been going on in the past both in interior ballistics and
exterior ballistics” and agreed to make the trip down from Michigan. He
arrived at Dahlgren on a rainy day in April 1923, “when it was very largely
a mud hole,” and accepted the offer after Hussey and Greenslade gave him
the grand tour of the facility. By Hussey’s estimate, Thompson was the first
“full-fledged” scientist in the Navy ordnance establishment. Hussey later
worked as an Assistant Proof Officer, getting to know and admire Thompson
during their work together.”!

Affectionately known to his colleagues as “Dr. Tommy,” Thompson
embarked on a vigorous program of experimental work that reflected the
Navy’s emerging postwar interest in the actual physics and high-level
mathematics of naval ordnance. His first project was a program to study
the interior ballistics of a 6-inch gun, which involved the development of a
specialized pressure gauge, an "extension of one that [he had] been working
onat Clark University.”* This marked the beginning of his personal crusade
to bring a more scientific outlook to ordnance research. Influenced by the
lessons of Jutland, as well as the development of aircraft, aircraft-dropped
weapons, and anti-aircraft weapons, his research agenda subsequently
widened beyond large-caliber gun ballistics to include armor penetration
mechanics and high-altitude bombing studies.*’

One item of what Thompson called “foundational work”—what a
later generation would call basic research—focused on the erosion of guns.
During the mid- and late 1920s, Thompson and his small staff investigated
the coppering of the internal bore of guns by shells, an effect that gunners
had long believed caused irregularities that affected accuracy. Thompson'’s
team concluded that, to the contrary, copper buildup was actually beneficial
by retarding erosion, improving performance, and extending the guns’
service lives. Subsequent metallurgical tests revealed that chromium was an
even better lining material for gun barrels, leading to a later decision in the
mid-1930s to plate gun bores with chromium, especially in the muzzle and
breech areas.®

Long after leaving Dahlgren, Thompson prepared a retrospective
bibliographic record of reports on the erosion problem, hoping to correct an
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omission in several publications in the period 1946-48 regarding the earlier
role of Dahlgren work and to correct the impression that the chromium
plating was to protect guns during inactivity rather than from erosion
during firing. As Thompson reconstructed the work in later years, he traced
the original research back to the period 1927-29 at Dahlgren and showed that
it continued there throughout the 1930s.#°

Thompson'’s interest in the advanced physics of gunnery resulted in a
number of studies and other publications that he produced during the late
1920s and early 1930s. He described a gun as a “heat engine” and analyzed
its firings in terms of the number of “cycles” it went through, with tests for
uniformity of horsepower generated by the gun.* This basic thermodynamic
approach reflected the training of a physicist rather than a gunnery officer
and led to a series of experiments to try to establish the exact power of a
gun. The idea that a gun’s performance could be measured in horsepower
doubtless struck ordnance officers as unusual. Thompson pointed out that
the rapid wear and erosion of guns led to such variation in performance,
even through a few test firings, that it was difficult to resolve the sampling
and statistical problems sufficiently to come up with accurate predictions of
performance for specific powder lots and specific guns. He stated succinctly
the long-standing dilemma, one with which officers from Dahlgren through
Dashiell were well familiar: “Conditions usually employed are sufficiently
extreme, in fact, to render the ordinary machinery of dynamics inadequate
as a vehicle for rigorous solution, and, in most cases, difficult of statement.
Treatment of ideal or simplified special cases is not often of great practical
value because of the extent of departure from actual experience which is
necessary in order to accomplish reduction.”*

Thompson was joined at Dahlgren in 1924 by Nils F. Riffolt, who had
worked at Clark University under both Webster and Robert Goddard (later
well known for his work on liquid-fueled rockets). Riffolt was a Swedish
instrument maker, a degreed physicist from Clark, and a meticulous
workman. Thompson remembered him as a perfectionist and sometimes
agonizingly slow. But Riffolt was an accomplished technologist, and
together the two civilian scientists actively worked through the 1920s and
1930s on a wide variety of practical and theoretical problems in ordnance.*

In addition to the thermodynamic and basic research problems,
Thompson and the station’s ordnance officers carried on a regular program
of experimental work with very practical and immediate consequences
through the 1920s. Some of the experiments conducted in 1923 and 1924
reflected BUORD’s continuing interest in Jutland-inspired issues a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>