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Preface

The history of

~ engineering is the story
| of men and women in

. their attempts to under-
stand, control, and
accommodate their
environment. In 1929
the U.S. Army Corps of
Engineers established a
small hydraulics labora-
tory in Vicksburg, Mis-
sissippi, in recognition
of the increasingly vital
role of scientific investi-
gation in a laboratory
setting as a necessary adjunct to the age-old prac-
tice of actual hands-on observation. Discoveries
emanating from the laboratory, designated as the
Waterways Experiment Station, paid immediate
dividends and sparked a new confidence among
the nation’s engineering community to make bold
advancements and challenge or affirm long-stand-
ing doctrines. This initial success broadened the
Waterways Experiment Station’s activities from
mere hydraulic experiments for the Mississippi
River to a Corp of Engineers-wide mission encom-
passing diverse fields of research.

Dr. James R. Houston,
Director, U.S. Army Engineer
Research and Development
Center

In this way, that early hydraulics laboratory
was the building block of the modern Corps of
Engineers’ research and development mission

administered by the U.S. Army Corps of Engi-
neers, Engineer Research and Development Center
(ERDC). Headquartered at the Waterways Experi-
ment Station reservation, the ERDC continues the
tradition of advancing the limits of the engineering
frontier. From its modest beginnings in hydraulics
experimentation, the Corps of Engineers’ research
and development mission now spans the globe—
from building better levees on the Mississippi
River to supporting our military operations in Iraq,
the ERDC is there; from providing solutions to
benefit threatened and endangered species to
providing the nation’s warfighters with superior
knowledge of the battlefield, the ERDC is there;
from building sustainable military bases at home
to nation building abroad, the ERDC is there.

The History of Hydraulics Engineering at the
Waterways Experiment Station traces the evolu-
tion of hydraulic engineering at the Waterways
Experiment Station from the establishment of a
small, narrowly focused laboratory in 1929
through the impressive achievements in the dawn
of the twenty-first century. It is, however, more
than an unadorned compendium of technological
advances and setbacks. Intertwining complex
human factors, administrative and organizational
developments, and technological progress, this
history attempts to capture the total institutional
experience of this outstanding national asset.
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Introduction

The history of hydraulics engineering at the U.S.
Army Engineer Waterways Experiment Station (WES)
and its organizational successor, the U.S. Army Engi-
neer Research and Development Center (ERDC), is an
inspiring story. Seventy-five years ago, an Army Engi-
neer lieutenant carved a modest facility out of a creek
bank in the wilderness near Vicksburg, Mississippi.
Born in controversy, within 20 years that facility was
internationally known and led the world in some
research areas. Seventy-five years later, it continues as
a leader in many engineering fields and shows every
evidence that it will remain so in the future.

It has been a challenge to chronicle the evolution
of WES. With the exception of the World War Il era, a
regular army officer served as the Station’s chief
administrator in the Corps of Engineers’ chain of com-
mand from 1930 through 1992. Yet, nearly all other
employees were civilians, with civilians holding the
vital post of WES Technical Director from 1940. WES,
therefore, historically operated under a splendid mix of
civilian and military leadership. In 1992, however, a
restructuring of organizational roles placed the overall
leadership of the laboratories under the WES Direc-
tor—a civilian position, with the army officer serving
as WES Commander and Deputy Director. In 1999,
WES was absorbed into ERDC, which was headquar-
tered at the WES site. The WES Director’s position
was converted into the ERDC Director’s position,
which was charged with overall responsibility for the
new organization and was permanently filled in May
2000 by Dr. James R. Houston. A full civilian ERDC
Deputy Director’s position was established at ERDC’s
Alexandria, Virginia site, and was permanently filled in
October 2001 by Dr. Walter F. Morrison, Jr. The WES
Commander, Colonel Robin R. Cababa, was reassigned
to be the first ERDC Commander with responsibility
for the ERDC installations, oversight of administrative
functions, and assisting the Director and Deputy Direc-

v

tor in planning and executing the technical program.

It has been an equal challenge to trace the evolu-
tion of the Hydraulics Laboratory, which in 1996
merged with the former Coastal Engineering Research
Center to become the Coastal and Hydraulics Labora-
tory (CHL). CHL persists as one of the seven laborator-
ies comprising the ERDC.

This study makes liberal reference to WES. This is
by no means a slight toward ERDC, rather it represents
an attempt to remain true to the historical accuracy of
the time period covered. Moreover, I am not (it will
become apparent) an engineer. Herein, the goal is to
provide the reader with the history in nontechnical
terms of hydraulics engineering by the Corps of
Engineers.

The history of engineering is the story of men and
women in their attempts to understand and control the
environment. The Hydraulics Laboratory is a story
filled with successes, failures, surprises, and all other
elements of human existence. It is the story of Lieuten-
ant Herbert D. Vogel, a 29-year-old sent with orders to
construct a laboratory “gradually as information dev-
elops” in Vicksburg (a place he knew only as “a long
dusty ride with a cemetery at the end”). It is as well the
story of Garbis H. Keulegan, an inspiring figure who
began his WES career at the age of 72 and retired
(again) at the age of 98. It is further the story of a
remaining multitude of engineers, technicians, and sup-
port staff who made WES what it is.

This work is first dedicated to the people who
chose the most common compound in nature — water -
as the focus of their engineering careers. It is second a
tribute to their discoveries and inventions, their feats
and failures, that surround our lives.
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1 In the Beginning

The Waterways Experiment
Station

Located in Vicksburg, Mississippi, the
Waterways Experiment Station reservation is the
largest civil engineering and environmental quality
research and development (R&D) complex in the
Department of Defense. After nearly seven
decades of independent status within the U.S.
Army Corps of Engineers, “the Station,”
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The U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi

internationally known by the acronym “WES,”
now serves as the headquarters for the U.S. Army
Engineer Research and Development Center
(ERDC), a major subordinate command element
within the Corps tasked with executing the
agency’s R&D mission. The Corps relies on
ERDC laboratories at the WES reservation and at
Champaign, Illinois, Hanover, New Hampshire,
and Alexandria, Virginia, to perform studies in all
phases of its mission. Part of that mission is to act
as the primary national agency responsible for




flood control, river and harbor navigation, and
numerous other activities involving hydraulic
engineering. WES, in fact, was established
originally in 1929 to assist the Corps in that area
of its mission, and the Station has served as the
Corps’ hydraulic engineering facility for 75 years.
The Station’s workforce in 1997 numbered
nearly1,500, including about 650 engineers and
scientists, 198 with doctoral degrees.

In addition to serving the needs of the Corps,
laboratories at the WES reservation have
historically assisted Federal agencies, state and
local governments, foreign governments, and
occasionally private clients. Just prior to their
consolidation into ERDC, WES laboratories
annually engaged in more than 2,400 projects—
large and small—for approximately 120 sponsors,
with a budget exceeding $260 million. This
highlights a unique aspect of the Corps’ R&D
mission—begun by WES at its inception—that
sets the ERDC apart from most other military and
governmental activities. The R&D mission does
not rely on direct funding from the Army or a
separate Federal appropriation for the majority of
its operations. Instead, civilian and military clients
reimburse ERDC for the bulk of its activities, a
highly unusual, but effective, business model
among government entities.

The R&D mission has been essentially
reactive. As the Corps responded to national
needs, it provided WES with the facilities and
general direction to resolve technical problems in
specific areas. National priorities—and thus Corps
priorities—have changed with time. In the 1930s
for example, the Corps’ primary civil works
initiative was the massive Mississippi River and
Tributaries (MR&T) Flood Control Project. Early
WES studies accordingly dealt with flood control
in the Lower Mississippi Valley. By the late
1930s, however, national concerns and WES
efforts shifted toward navigation improvement and
the design of appurtenant structures for dams.
Responding to the shock of World War II, WES
altered its focus to concentrate on military
projects, such as studies associated with the
artificial harbors for the Normandy invasion.

By the 1940s, the Station had established a pattern
of adapting to Corps and national needs as they

arose and had demonstrated the flexibility to
respond quickly. Often, as the WES mission
evolved, activities in some areas led to
unanticipated growth in others. Soil mechanics
(geotechnical) investigations began in the 1930s to
supplement hydraulic research, and then matured
into a distinct engineering field and major
organizational element. Environmental
engineering studies originated within a small
section of the WES Mobility and Environmental
Division in the late 1960s before an explosion of
activities in the 1970s led to the establishment of a
separate Environmental Laboratory. More
recently, with the consolidation of R&D activities
into ERDC, the Station continued to develop as an
institution, its functions and organizational
structure changing to reflect the engineering,
economic, and political issues affecting the Corps.
Nonetheless, the Corps’ original R&D focus was
hydraulic research. The history of the R&D
mission, therefore, begins with those pioneering
efforts.

The Birth of Hydraulic
Engineering

Long before the advent of civilization, man
attempted to harness water to his use.! At least
10,000 years ago, the invention of intentional
agriculture, the domestication of livestock, and the
rise of the first towns led to a need for irrigation
systems, urban water supply, and sewage disposal.
Knowledge of the engineering behavior of water
became a practical necessity. Indeed, all orga-
nized societies have depended to some degree on

the effective use and control of water for their
survival.

After the emergence of civilizations based on
written language and the use of metal tools,
engineers in Africa, Asia, Europe, and America
made remarkable progress. At least 4,000 years
ago, the Egyptians built Lake Moesis to store the
waters of the Nile. In China the Emperor Wu con-
structed great flood control works at aboyt the
same time. By the Age of Augustus, aqueducts
brought fresh water to the cities of the far-flung
Roman empire. Modern engineers marvel at the

sophisticated irrigation systems of the Incag
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Roman aqueduct: marvel of ancient engineering

Yet prior to the 16th
century, nearly all
knowledge of hydraulic
engineering was empiri-
cal: derived from obser-
vation and experience
and with little if any
theoretical or mathema-
tical basis. It was not
until the Italian Renais-
sance that scientists and
engineers attempted a
quantitative approach.
Da Vinci, as a father of

Leonardo da Vinci (1452-
1519)
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hydraulic engineer-
ing, compiled nearly
8,000 pages of notes
dealing with hydrau-
lic phenomena such
as the rate of flow of
water through orifi-
ces. Italian preemi-
nence in hydraulic
studies lasted
through the 1600s,
when leadership
shifted to France.
There the Bourbon
monarchs provided
funding for research.
By the 19th century,
state-of-the-art de-
velopments spread
from France to Brit-
ain, Germany, and
other European
nations.”

Hydraulic
Modeling

In the last quarter
of the 19th century a
modest number of
European engineers
began to study hy-
draulic processes
through a revolutionary and controversial method:
small-scale modeling of actual rivers and harbors.
(The original, full-size natural phenomenon or
structure that is reproduced with a model is refer-
red to as the prototype.) Those model studies
relied on the Principle of Similitude, first defined
by Sir Isaac Newton in 1686. Similitude held that
if two geometric figures were drawn so that all
corresponding lines were of the same ratio and
their corresponding angles were of the same
degree, the two figures were similar, and all the
properties of one could be determined from the
other.’



Expanding Newton's concept to include the
small-scale reproduction of natural phenomena
such as rivers and harbors, engineers theorized that
the hydraulic behavior of prototypes could be
studied accurately, rapidly, and inexpensively with
models. Realizing that reproduction of an exact
scale model of such a large and complex entity as
ariver valley was generally impossible, early
model designers noted that a certain amount of
distortion was necessary in a model to produce the
phenomena occurring in the prototype. For
example, a model of a 100-mile river reach built
with a horizontal scale of 1:1,000 would be 528
feet long. For a wide but relatively shallow river
like the Mississippi, a 1-mile-wide section of the
river would be 5.28 feet wide in the model, an
easily constructed and functional unit. However, a
50-foot-deep section of river channel at the same
ratio would be a mere 0.05 feet (0.6 inches) deep
in the model, and could not simulate flows or other
conditions. At this scale, shallow areas could not
be reproduced in a model at all. Model designers
learned to employ a larger vertical than horizontal
scale in the same model, and to exaggerate slopes
to achieve proper depths and flows. Also, in many
cases, materials used in models could not adhere to
the principle of geometric similitude. Sand for the
bed of a river model with a scale of 1:1,000 would
be microscopic. Instituting the concept of
hydraulic similitude, engineers thereby subordi-
nated precise model replication of the dimensions
of a prototype to the creation of conditions in a
model that simulated the empirically determined
behavior of the prototype as faithfully as possible.

In 1875, Louis Jerome Fargue, a French civil
engineer, constructed some of the first true river
models. Attempting to improve the channel of the
Garonne River for navigation, he devised minia-
tures with a scale of 1:100. Ten years later,
Osborne Reynolds of the University of
Manchester, England, used scale models to
investigate flows in a tidal estuary of the Mersey
River at Liverpool. At about the same time Sir
William Vernon-Harcourt attempted to apply the
principle of similitude to improve navigation near
the mouth of the Seine River in France. Primitive
equipment, haphazard planning, and a lack of
understanding of the basic principles of model
research hampered the efforts of all.

Hubert Engels of the Technische Hochschule
(Technical University) at Dresden, Germany,
launched a new era in river research. In 1891,
while touring the United States, Engels found a
hydraulic laboratory at the University of Michigan
with demonstration equipment used for classroom
instruction. He was particularly impressed by use
of a glass-sided flume designed to illustrate the
flow of water over a weir. On his return to Ger-
many, Engels began experimenting with hydraulic
models, and in 1898 built a small laboratory in a
university basement. By 1913 he had replaced the
original facility with a completely new and much
larger river hydraulics laboratory.

Engels' work quickly attracted the attention of
other German engineers and institutions. George
de Thierry established a hydraulic-modeling
laboratory at the Technische Hochschule at Berlin
in 1903, while Theodor Rehbock headed a similar
facility at Karlsruhe. Also in Berlin, Hans-Detlef
Krey directed research at the Versuchsanstalt fiir
Wasserbau und Schiffbau (Experiment Institute for
Hydraulics and Naval Architecture). These and
other endeavors placed Germany at the center of
hydraulic engineering development prior to World
War L.

John R. Freeman

German advances found an avid American
proponent in John R. Freeman.* A graduate of the
Massachusetts Institute of Technology (MIT), in
1913 Freeman toured European hydraulic
engineering laboratories, including Engels’ at
Dresden. Profoundly impressed, he became a
powerful lobbyist in the 1920s for the
establishment of a national hydraulic laboratory in
the United States that would specialize in
hydraulic modeling. Terms as president of both
the prestigious American Society of Civil Engi-
neers (ASCE) and the American Society of
Mechanical Engineers (ASME) gave him a large
and influential professional audience. In 1929 he
edited Hydraulic Laboratory Practice, an enlarged
version of a 1926 German publication, providing
detailed descriptions of hydraulic research facilj-
ties in Europe and the United States, and with
copious notes on theories of hydraulic modeling,
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Outdoor hydraulic river model, Dresden, Germany

To further promote the transfer of European
knowledge to the United States, he funded three
scholarships for American engineers to study in
Europe while persuading eminent German
engineers such as de Thierry and Rehbock to take
temporary assignments as instructors at MIT.”

Freeman's arguments in favor of a national
hydraulic laboratory met with mixed reactions.
Endorsements came from the 42,000-member

Chapter 1
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American Engineer Council, from the Department
of the Agriculture's Reclamation Bureau (later
Bureau of Reclamation), and from the internation-
ally respected engineer and Secretary of
Commerce Herbert C. Hoover. Political support
came from Senator Joseph H. Ransdell of Louisi-
ana, a state notoriously prone to flooding from the
Mississippi River. In 1924 Ransdell's Senate
Commerce Committee passed a resolution to
establish a national hydraulic laboratory in the



District of Columbia, but to the dismay of

Freeman and the lab's partisans, the measure got
no further. The primary reason for the failure of
Ransdell's bill was adamant opposition from the
Corps of Engineers and from former and current

members of the Mississippi River Commission
(MRC).®

The Corps of Engineers and
Flood Control

Since the American Revolution the Corps of
Engineers has performed vital services for the U.S.
Army and the nation during both war and peace.
The Office of the Chief of Engineers (OCE) in
Washington, D.C., headed the Corps through most
of its history. In the 1980s, the Department of
Defense elevated the Office of the Chief of
Engineers to command status and changed the
appellation of the Corps’ administrative
headquarters to the more cumbersome Head-
quarters, U.S. Army Corps of Engineers
(HQUSACE).

The Corps' primary field units, responsible for
the actual construction, application, and admini-
stration of most Corps projects, are its divisions
and districts. Corps divisions are based on geo-
graphic factors such as drainage basins. Each is
headed by a regular Army officer, usually a
Brigadier General, with the title Division
Engineer. Each division is divided into subordi-
nate districts, also commanded by a regular Army
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officer with the title District Engineer. The Mis-
sissippi Valley Division, for instance, encom-
passes the Mississippi River Valley from its
headwaters at Lake Itasca, Minnesota, to the Gulf
of Mexico. Its six districts are:

1. the St. Paul District,
the Rock Island District,
the St. Louis District,
the Memphis District,
the Vicksburg District, and
the New Orleans District.

B

The Corps has been involved in river engineer-
ing since 1824, when Congress authorized it to im-
prove navigation on the Ohio and Mississippi
Rivers by removing snags and eliminating sand-
bars. This marked the beginning of a Corps
presence in the Mississippi Valley that increased
through the mid-1800s. By 1879 growing
pressures for navigation improvements and flood
control measures led Congress to establish the
Mississippi River Commission -- an agency
charged with developing and executing a
comprehensive plan for flood control and
navigation works on the Mississippi River.
Originally headquartered in St. Louis, now in
Vicksburg, the MRC includes three members from
the Corps of Engineers (with one serving as
president of the commission), one member from
the U.S. Coast and Geodetic Survey, and three
civilians, two of which must be civil engineers. In
its initial report to Congress, the MRC
recommended levees as the most practical and
economical line of defense against floods on the
Mississippi River, a policy that devolved into a
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reliance on a “levees-only” approach to flood
control. In 1882, Congress authorized the MRC to
supervise the building of levees as aids to
navigation, but strictly prohibited the commission
from building levees solely for the purpose of
protecting adjacent lands from overflow.
Nevertheless, levee construction consumed most
of the energies of the MRC and the Corps on the
lower Mississippi River for the next five decades.’

By the 1920s — as Freeman and his allies
attempted to establish a national hydraulic
laboratory — the Corps had developed an
expertise in river engineering based on practical
experience and field operations without the use of
hydraulic models. Convinced that its “levees-
only” policy would succeed in controlling flood-
ing on the Mississippi, Corps leaders and MRC
members were reluctant to endorse innovations
about which they had little direct knowledge and
that they considered unnecessary. During
committee hearings before Congress, Corps and
MRC personnel were quick to express their
reservations about hydraulic modeling and the
need for a hydraulic laboratory. Congress listened
intently. Thus after the failure of Ransdell's 1924

bill and despite renewed efforts by Freeman, the
establishment of any type of federally-sponsored
hydraulic laboratory appeared unlikely. Then,
disaster intervened.

The 1927 Flood

The monumental Mississippi River flood of
1927 might well have affected public policy more
than any other natural disaster in American
history. Causing the deaths of over 300 people,
displacing 637,000 others, and inflicting more
than $1 billion in property damages (adjusted for
inflation since then), the “superflood” awakened
the nation to the need for a more diligent flood
control effort. Shocked into action, Congress
passed the Flood Control Act of 1928, committing
the Federal government to a full-scale flood
prevention program in the Mississippi Valley and,
in vague terms, authorizing the Chief of Engineers
to take “whatever steps that were necessary” for
effective flood control. The flood also revived
interest in establishing a national hydraulic
laboratory.®

&

Victims of the 1927 Mississippi River flood seek refuge on a levee
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1927 Mississippi River flood

From an engineering standpoint, the flood
demonstrated the complete inadequacy of the
federally mandated “levees-only” policy for con-
trolling the Mississippi River. In 1928, Chief of
Engineers Major General Edgar Jadwin obligated
the Corps to a more diverse program of river con-
trol that eventually involved floodways, channel
stabilization, reservoir construction on tributaries,
coordinated plans for levee construction, and river
cutoffs. Although previously opposed to the idea
of a hydraulic laboratory, Jadwin, in congressional
hearings in 1928, called for establishment of such
a facility under the Corps’ jurisdiction, somewhere
along the Mississippi River. Much of Jadwin's
change of heart was political, as he feared Con-
gress would authorize a national laboratory located
in Washington, D.C., administered by the Bureau
of Standards, depriving the Corps of control of
hydraulic research. Freeman and his associates, in
fact, vehemently argued that such a laboratory be
under civilian control and not be administered by
the Corps.’

In the meantime, hydraulic research efforts,
including some that involved modeling, had grown
steadily in the United States. In 1922, nearly 40
academic institutions claimed some experimental
hydraulic facilities used almost exclusively for

instructional purposes. Two Federal agencies, the
Department of Agriculture's Reclamation Bureau
and the Bureau of Standards also had small
research facilities. The former, at Fort Collins,
Colorado, dealt with dam and irrigation projects
while the latter consisted of a single rating tank in
Washington, D.C."" By 1928 there were more
than 50 hydraulic laboratories in the U.S. and
Canada, most still academic. Only three, the labo-
ratories at Cornell University, lowa University,
and at the Worchester Polytechnic Institute, were
of appreciable size."

Establishment
of WES

In 1929, while
Congress resumed the
debate over whether to
establish a national labo-
ratory, Jadwin acted.
Taking the wording of
the Flood Control Act at
face value, he indicated
that a hydraulic
laboratory, under Corps

Ma.jor General Eda Jadwin,
Chief of Engineers, 1926-
1929
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Mississippi River Commission building, Vicksburg

control, was now a necessity and on 18 June 1929
directed Brigadier General Thomas H. Jackson,
the MRC President, to establish such a facility at
or near Memphis, Tennessee. However, Jadwin's
instructions that it “be constructed gradually as
information develops as to the needs of such a
laboratory,” and his opinion that “Experiments at
the laboratory itself may be needed continuously
or intermittently” hardly rang of urgency and fur-
ther reflected the Corps' tepid interest in hydraulic
modeling."

On 16 November 1929, as preparations
sluggishly progressed to select a site and devise
construction plans for a laboratory in Memphis,
Major General Lytle Brown, Jadwin’s successor as
Chief of Engineers, suddenly ordered that all work
cease in Memphis and that operations be trans-
ferred to Vicksburg.
Because the Corps had
decided to relocate the
| headquarters of the
Mississippi River
Commission from St.
Louis to Vicksburg,
Brown was of the
opinion that it would be
advantageous for the
MRC and the planned
S hydraulic laboratory to

aior General Lytle Brown, . PR,
gﬂhijef of Engineers, 1929- be in close proximity.

1933
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Furthermore, the MRC president
would become ex officio Division
Engineer of the Corps' Lower Mis-
sissippi Valley Division (LMVD), also
to be headquartered in Vicksburg. The
city was thus to become headquarters
of four interrelated entities engaged in
flood control and river engineering:
the MRC, the LM VD, its Vicksburg
District, and soon, the Corps’ labora-

tory.

: Brown, anticipating that the

| laboratory's work would be

concentrated on the Lower Mississippi

' River, placed it under the

~ administrative jurisdiction of the

- MRC. This created a peculiar situation
in that the president of the MRC, who
was also the LMVD Division

Engineer, was nominal laboratory chief. Unless

orders came directly from the Chief of Engineers,

the MRC president initiated or approved work

performed by the laboratory. This arrangement

lasted until 1949.

Brown chose to name the nascent facility the
U.S. Waterways Experiment Station. To avoid any
implication of association with a proposed national
hydraulic laboratory, and to mollify such a
laboratory's supporters, there was no use of the
terms Corps of Engineers, hydraulic, research, or
laboratory."?

Ironically, in the spring of 1930 — while the
Corps’ hydraulics laboratory began to take shape
in Vicksburg — Congress authorized
establishment of a National Hydraulic Laboratory
in Washington, D.C., under the Bureau of
Standards. Freeman, the national laboratory’s
chief advocate, had already prepared extensive
designs for a building and its major equipment.
Thus, not one but two federally mandated research
facilities began operation in the same year: the
obscure Waterways Experiment Station at
Vicksburg, largely political in origin and with few
advocates; and the National Hydraulic Laboratory
in Washington, D.C., that had the active support of
Freeman, most of the civilian engineering
community, and President Herbert Hoover. Few, if
any, could have foreseen that the former would



evolve into the world's premier research institution
in hydraulics engineering, while the latter never
exercised more than a minimal influence.

Herbert D. Vogel

In establishing its Vicksburg facility, the Corps
was fortunate to have the services of Lieutenant
Herbert D. Vogel." A Michigan native, Vogel
graduated from the U.S. Military Academy in
1924, completed several assignments, then
enrolled at the University of California at
Berkeley. There he received a master's degree in
civil engineering in 1928. Shortly after graduation,
Vogel applied to the Corps of Engineers for
assignment in Europe to study German hydraulic
engineering techniques. Jadwin had already sent
two Army engineers — Colonel E.M. Markham
and Lieutenant John Paul Dean — to Europe that
year, and he readily approved Vogel's application.
Vogel forthwith enrolled as an audit student at the
Technische Hochschule in Berlin, although he
spent substantial time at the nearby
Versuchsanstalt fiir Wasserbau und Schiffbau and
visited other facilities such as the hydraulic
laboratory at Obernach. Despite being only
marginally proficient in German, he elected to
pursue a doctorate, enrolled in a graduate program,
and wrote a dissertation dealing with the effects of
deforestation on flood control. The Technische
Hochschule granted him a degree in 1929.

Vogel returned to the
United States in
September 1929 and
almost immediately was
sent to Memphis to
oversee the establishment
of Jadwin's proposed
hydraulics laboratory.
Only 29 years old and
with only the rank of lieu-
tenant, he was nonetheless
one of the Corps' few
engineers with firsthand
knowledge of European
modeling techniques. In
Memphis, Vogel began making plans for the
location and construction of a laboratory. After
only two weeks he received Brown's order to
relocate to Vicksburg. Knowing nothing of the
Vicksburg area, he asked a Corps secretary for
information. Her succinct response was that she
had been there once and only remembered it as “a
long dusty ride with a cemetery at the end.”"

Brigadier General Thomas
Jackson, MRC President,
1929-1932

Vogel forthwith proceeded to Vicksburg,
where members of the MRC were arriving from
St. Louis. Lacking office space in Vicksburg for
even an administrative headquarters, the MRC for
a time operated from quarterboats.' Vogel quickly
found a staunch and generous ally in Jackson, the
MRC president. Also taking the Corps' mandate to
“do anything necessary” literally, Jackson granted
Vogel virtual carte blanche to establish a research
facility, including the authority to write his own
travel orders.

10

Leenan Herbert D. Vogel, second from right, as a Freeman Scholar in Germany

»
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Vogel enthusiastically tended to the lab's site
selection and building design. After reconnoi-
tering the Vicksburg vicinity for a few weeks, he
recommended a 147-acre tract about four miles
south of the city on Durden Creek. The Secretary
of War approved its purchase in February 1930.
There, through the spring and summer of 1930,
Vogel supervised the construction of a lake and
headquarters building while simultaneously

Notes

authoring the Station's first publication — a
review of sediment investigations on the Missis-
sippi River and its tributaries."’

With Jadwin's directive to build a facility
“gradually as information develops™ fading into
memory, by the end of 1930, research at WES had
begun.

1. “Hydraulics” in its full sense included the study of the behavior of other fluids of low viscosity in
addition to water. For this study the term is restricted to the engineering behavior of water.

2. The early evolution of hydraulic engineering is chronicled in Hunter Rouse and Simon Ince, History of
Hydraulics (State University of lowa: Iowa Institute of Hydraulic Research, 1957).

3. An excellent discussion of early attempts at hydraulic modeling and the principle of similitude is
included in Herbert D. Vogel, “Practical River Laboratory Hydraulics,” Transactions of the American

Society of Civil Engineers 100 (1935): 118-84.

4. A highly detailed account of John R. Freeman's role in promoting the establishment of a hydraulic
laboratory in the United States is included in Lee F. Pendergrass and Bonnie B. Pendergrass, “Mimicking
Waterways, Harbors, and Estuaries: A Scholarly History of the Corps of Engineers Hydraulics Laboratory
at WES, 1929 to the Present,” (Unpublished manuscript, 1989), WES Archives.

5. A broader study of Freeman's posture in the American engineering community is contained in Hunter
Rouse, “John R. Freeman's Influence,” Chapter V in Hydraulics in the United States, 1776-1976 (State
University of lowa: Institute of Hydraulic Research, 1976), 102-24.

6. See Arthur E. Morgan, “Opposition of the Corps of Engineers to the Hydraulic Laboratory,” Chapter 7
in Dams and Other Disasters: A History of the U.S. Army Corps of Engineers in Civil Works (Boston:
Porter Sargent Publisher, 1971), 185-239, for a full, and highly vitriolic discussion of the Corps' role in

preventing the establishment of a national laboratory.

7. See Charles A. Camillo and Matthew T. Pearcy, Upon Their Shoulders: A History of the Mississippi
River Commission from its inception through the advent of the modern Mississippi River Tributaries
Project, (Vicksburg, Mississippi River Commission, 2004).

8. A detailed account of the 1927 flood and its aftermath is included in John M. Barry, Rising Tide: The
Great Mississippi Flood of 1927 and How It Changed America (New York: Simon and Schuster, 1997).
Barry particularly chronicles the political impact of the great flood and the role, in an unflattering fashion,
of the Corps of Engineers. Another highly readable account is Pete Daniel, Deep'n as it Come: The 1927
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11. See Twenty Years of Bureau of Reclamation Hydraulic Laboratory Practice. A Paper for the Summer
Convention, ASCE, Denver, Colorado, June 1952 (Denver: Bureau of Reclamation, 1952).

12. Detailed accounts of the background and establishment of the Waterways Experiment Station are
included in Pendergrass, “Mimicking Rivers”; Joseph B. Tiffany, ed., History of the Waterways
Experiment Station (Vicksburg: WES, 1968); and Gordon Cotton, 4 History of the Waterways Experi-
ment Station (Vicksburg: WES, 1979). WES celebrates its “official” birthday as 18 June 1929.

13. Vogel left numerous accounts of his role in the founding and early history of WES. Among them are
Herbert D. Vogel, “The U.S. Waterways Experiment Station,” The Military Engineer 23 (1931) No. 128,
152-53; Herbert D. Vogel, “Research at the Waterways Experiment Station,” The Military Engineer 24
(1932) No. 136, 331-35; Herbert D. Vogel, “Origins of the Waterways Experiment Station,” The Military
Engineer 53 (1961) No. 352, 132-35; Herbert D. Vogel, “Conception, Birth, and Development of the U.S.
Waterways Experiment Station,” (unpublished monograph), Record Collections, Office of History, HQ,
USACE, Kingman Building, Fort Belvoir, Virginia, General Files, Box 123, Folder 6. Further details are
provided in Herbert D. Vogel, interview by Michael C. Robinson, Vicksburg, 14-15 June 1984, typed
transcript in WES Archives; and Herbert D. Vogel, interview by Sue Ellen Hoy, Public Works Historical
Society for the Historical Division, U.S. Army Corps of Engineers, Washington, D.C., November and
December 1976.

14. Herbert D. Vogel, Sediment Investigations on the Mississippi River and its Tributaries Prior to 1930.
Paper H of the U.S. Waterways Experiment Station (St. Louis: Mississippi River Commission, 1930).

15. Herbert D. Vogel interview by Michael C. Robinson.
16. Camillo and Pearcy, Upon Their Shoulders, 178.

17. Herbert D. Vogel, Sediment Investigations on the Mississippi River.
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2 The Vogel Years, 1930-1934

Facilities and Equipment

In building WES
literally from the ground
up, Vogel faced four
challenges: constructing
adequate facilities,
acquiring proper equip-
ment, hiring competent
personnel, and attracting
sponsors for projects. In
meeting each of these,
he was extraordinarily
successful.

Lieutenant Herbert D. Vogel While outlining
plans for the original
proposed laboratory in Memphis, Vogel had been
authorized by the Office of the Chief of Engineers

to spend $50,000. This modest sum was to cover

Construction of main WES building, 1930

Chapter2  The Vogel Years, 1 930-1934

Vogel's salary in addition to the construction of a
World War I-type building of “elephant iron.” In
Vicksburg, however, with the solid backing of
General Jackson and the Mississippi River
Commission, Vogel later estimated he had spent
nearly $1 million in the Station's first year. Upon
completion in November 1930, the brick main
building alone cost $122,000, with Jackson
providing the necessary approval. The building
consisted of an open, high-ceiling experiment hall
flanked on both ends by two-story wings. The
main hall was long enough to house a 165-foot-
long flume, small movable models, and other
laboratory equipment. Not partitioned from the
main hall, the east wing served as a pump room
with enough open space to allow the assembly and
disassembly of movable models. Three offices, a
calculating and drafting room, a carpenter shop, a
darkroom, and a sediment-reduction room occu-
pied the west wing.'

Because hydraulics
experiments required a large and
stable water supply, Vogel
supervised construction of a dam
immediately behind the

.. headquarters building. Completed
| in mid-October 1930, the earthen

structure soon held a 40-acre lake

that Vogel named after Major

¢ General Brown, who gave the

| order to move the project from

Memphis to Vicksburg. The lake

provided water directly to the

- main building and to the large

- open area in front of the building

through conduits. A pumping

system insured that water could

be transferred from the lake even

13



Early indoor WES flume
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during droughts, although this later
proved inadequate in extreme
conditions.?

Vogel acquired commercial
equipment from various sources
when available, including pumps,
gages, and laboratory experimental
equipment. However, much of the
gear, especially larger apparatuses,
such as holding tanks, flumes, weirs,
and traps inside the main building,
had to be designed and built on the
premises. In cases where equipment was entirely
lacking or ineffective, WES personnel quickly
developed the expertise to devise and manufacture
new types. Two factors made this possible: practi-
cal construction skills developed through
experience, and the uninhibited ability of WES
engineers to apply innovative ideas to distinctively
American conditions. In the latter, WES from its
birth was a pacesetting institution in hydraulics
engineering. When European prototype
conditions failed to match those in the United
States — particularly the presence in North
America of large, meandering, alluvial rivers with
complex beds and basins — WES designed and
built new structures on scales unheard of in
Europe. In its first year of operation, the Station's
Yazoo Basin backwater model was the largest in
the world. WES also soon led the engineering
world in the use of exaggerated model distortion.?

Recruiting Personnel

Recruiting quality personnel proved arduous
but surprisingly rewarding. Hydraulics specialists
were inherently difficult to locate in the best of

Early bed load sampler
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i civil service

k. appointments. The
Vicksburg District
assigned three junior
4 engineers to WES —

. James G. Jobes, a
graduate of the
University of Michigan;
. Georgia Tech alumnus
William Willingham
Woods; and Isham H.
Patty, who was actually
a pharmacist by
education. Resorting to
unconventional
methods, Vogel took
advantage of Jackson's license to write his own
travel orders and visited MIT, the University of
Michigan, the University of Illinois, the University
of Iowa, and other institutions engaged in
hydraulics research. At each he attempted to
recruit personnel for the Station, offering to hire
their top graduates as “laborers” at $100 per month
with 15 percent deducted. Since jobs were at a
premium at any wage, a number of highly-
qualified and capable young men who might not
have been available in better times accepted
Vogel's offer “with alacrity.” University of Illinois
graduates Joseph B. “Joe” Tiffany and Frederick
R. “Fred” Brown, for example, came to WES in
1933 and 1934 respéctively, then remained to
achieve lengthy and distinguished
careers as researchers and
administrators. Tiffany had been
valedictorian of the Illini class of
1932. Vicksburg native John J.
Franco, an electrical engineering
graduate of Mississippi State
College (later Mississippi State
University), began his stellar 40-
year WES career in 1933 as a gage
reader.* Vogel also persuaded OCE
to allow lieutenants pursuing post-
graduate studies to “intern” at
WES. Through this program he at-
tracted Lieutenant Francis H.
Falkner and Lieutenant Paul W.
Thompson, a former Freeman
Scholar, both of whom succeeded
Vogel as WES Director. Vogel

James . Jobes, one of first
WES civilian engineers

Bt

Joseph B. 'I:iany ueys the 19

referred to his hand-picked, professional-grade
cadre as “brilliant engineers” with no

lifetime theories to uphold, any of whom “would
have been glad to prove Sir Isaac Newton
wrong.” As an added attraction, most were single
men, a fact that Fred Brown modestly claimed
provided a “great boon to the young ladies of

Vicksburg.”

Vogel’s successors, including Falkner,
continued his hiring practices, in some cases with
stunning results. Upon graduating with a degree in
engineering from the University of California at
Berkeley in May 1935, future hydraulics pioneer
and Corps of Engineers administrator Jacob H.
Douma found himself in the envious position of
having two job offers, one from the fledgling
Tennessee Valley Authority (TVA), the other from
the almost equally nascent Waterways Experiment
Station. The former position paid $105.00 per
month, the latter $110.00. Douma chose WES for
the five dollars more. Upon arriving in Vicksburg,
Douma received an unexpected boost to $120.00
per month with the high-sounding grade of gauge
reader pro-tem.’

Within a year, Vogel had assembled a civilian
staff of about 20, including four professional
engineers, eight sub-professional engineers, one
clerk, two skilled workmen, and six laborers. By
mid-1932 the total had increased to
34, then, as
Station activities burgeoned, to 185
in 1933, 215
in 1934, and 401 in 1935. Of that
latter number, 16 were professional
engineers and 103 sub-professional
engineers, while the number of
laborers had surged to 236. As
previously stated, some of the
“laborers” were actually engineers
by education. (Numbers for 1935
were inflated due to construction of
the huge Mississippi River Flood
Control Model, discussed in
Chapter 3). Surveyors, draftsmen,
photographers, and other trained
specialists complemented the
diverse work force.®

37

Mississippi River flood

Chapter2 The Vogel Years, 1930-1934

15



Civilian Personnel Employed at WES, 1931-1935
Classification Number Employed at End of Fiscal Year
1931 1932 1933 1934 1935
Professional Engineers 4 6 7 9 16
Sub-Professional Engineers 8 10 52 66 103
Clerks 1 2 4 7 9
Tradesmen & Skilled Workmen 2 4 11 14 37
Laborers 6 12 111 119 236
Totals 21 34 185 215 401

Organizational Evolution

Vogel instituted the first simple laboratory
organization in January 1931, shortly after the
beginning of experimental work. This consisted of
three laboratory groups with a single group
coordinator in general charge of all activities. The
Hydraulic group dealt with fixed-bed models, the
Sediment group worked only with movable-bed
models, and the Soils group performed supporting
studies. (Fixed-bed and movable-bed models are
discussed later in this chapter.) By October 1932
the volume and diversity of work had expanded
beyond the capabilities of the group coordinator,
leading Vogel to abolish the group structure and
establish two independent hydraulic sections.
These handled fixed- and movable-bed models,
respectively. The leader of each section was
responsible for all design, construction, and
operation of each of his models, and at the same
time carried on all correspondence and wrote
reports. This arrangement lasted only until
January 1933.°

The real functional subdivision of WES began
in January 1933 when Vogel set up three sections
with separate, though interrelated, functions:

» Research and Experimentation,
¢ Construction, and
* Administration and Reports.

The Research and Experimentation Section con-
ducted technical research and gathered data. It in
turn consisted of four groups, one each for fixed-
bed models, movable-bed models, tidal models,
and soils laboratory work. To free the Research
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and Experimentation Section from the burden of
construction details, Vogel established a
Construction Section as a service unit, while a new
Administration and Reports Section provided
clerical and drafting services.

Only a few months later, in September 1933,
Vogel initiated yet another structural overhaul.
Retaining a three-unit format, he entitled the new
sections:

» Experiment,
* Research and Publications, and
* Operations

The Experiment Section, headed by Patty, had
complete control over design and operation of
models. Within it, three groups specialized in
particular model types: Group 1 under Jobes and
later James B. Leslie dealt with fixed-bed models;
Group 2 under Robert B. Cochrane with movable-
bed models; and Group 3 under Henry Sargent
with tidal models. Each had from three to six
subgroup leaders and was charged with from six to
12 projects at any given time. Tiffany headed the
new Research and Publications Section, which
conducted technical experimental research and
edited reports that were to be published. All
service functions fell to the Operations Section,
including construction, administration, and the
soils laboratory. However, the soils laboratory
soon left the Operations Section to form Group 4
of the Experiment Section.'” This structure lasted
until November 1935, more than one year after
Vogel left WES.
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First WES Projects:
Sedimentation Studies

Research and publication began at WES even
before completion of the dam and main building,
although not with hydraulic models. The MRC
had for decades gathered sedimentation data from
the Mississippi River and its tributaries. On orders
from the MRC president, Vogel compiled and
examined these records. In July 1930 he
completed the first WES paper, published by the
MRC as Sediment Investigations on the Mississip-
pi River and its Tributaries Prior to 1930. Paper
H of the U.S. Waterways Experiment Station.
Vogel cleverly labelled this first WES effort as
“Paper H.” Subsequent publications were, in
order, papers “Y,” “D,” “R,” “A,” “U.,” “L,” “I,”
and “C.”

WAR DEPARTMENT
CORPS OF ENGINEERS, U. S. ARMY.

Sediment Investigations

ON THE MISSISSIPPI RIVER
AND ITS TRIBUTARIES

PRIOR TO 1930

PAPER H
OF THE
U. S. Waterways Experiment Station

Vicksburg, Miss.

JULY, 1930

MISSISSIPPI RIVER COMMISSION. PRINT
$T. 1LOUIS, MO. 200.12-30

Cover of Paper H, first WES publication
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Shortly after the publication of Paper H, the
MRC ordered Vogel to coordinate a new investi-
gation to project the rate of silting in proposed
flood control reservoirs and to add to the fund of
data concerning the movement of sedimentary
material through the entire Mississippi River
system. Personnel from the four districts of the
Lower Mississippi Valley Division took periodic
sediment trap samples at three river depths —
surface, mid-depth, and bottom. Samples came
from 26 locations on the Mississippi River and its
major tributaries and outlets, including the Mis-
souri, Ohio, Old, Arkansas, Yazoo, Ouachita, Red,
and Atchafalaya rivers. Preserved in special
containers and mailed to WES, the first samples
arrived in late August 1930. The WES sediment
reduction laboratory, housed in the west wing of
the still-unfinished main building, ran tests to
analyze sediment compositions and volumes.

River sediment sampler
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proposed Lock and Dam No. 37 complex was to
be redesigned. Amid noticeable excitement, con-
struction of the first two indoor WES models
began on 3 December. Located in the main hall of
the headquarters building, one represented a
4,000-foot section of the Ohio River with a 1:300
horizontal scale and a 1:60 vertical scale. This
produced a 5:1 distortion, since the horizontal
ratio was five times that of the vertical (300:60).
The other model, which was undistorted,
reproduced a smaller river reach. Following
European techniques, workmen built both by
cutting templates of galvanized iron to conform
with cross-sections of soundings along the river
reach, then spaced the templates less than one foot
apart inside a simple lumber-framed box 30 feet
long, 12 feet wide, and 2 feet deep. Crews molded
sand into the spaces between the templates up to
about an inch below the top edges of the templates
and then carefully troweled a cement surface to the
level of the templates. This yielded a fixed-bed
solid contour of the river bottom."?

After completion of the model river sections,
replicas of the existing dam and its appurtenant
structures were added. These could be altered or
remodeled in various fashions to determine the

Small current meter effects of revisions in the prototype. Project

personnel then introduced water flow into the
Upon completion of the project in September models and made adjustments until the flow
1931, the influential Engineering News-Record patterns in the model corresponded to the empiri-
called it “the most systematic and complete” study cally determined patterns of the prototype. The
of its type ever performed." models were then considered verified.

Experiments could be performed on a number of
alternate dam and lock designs, each subjected to

First WES Models: Ohio River different river levels, including maximum flood
Lock and Dam

WES model tests began at the end
of 1930. (These were not the first
conducted by the Corps. The St. Paul
District's suboffice at lowa University
had conducted model tests for Hastings
Dam, on the Upper Mississippi River,
in 1929 and 1930.'%) On 27 October
1930, only two weeks after completion
of the WES dam, the Cincinnati
District Engineer requested through the
MRC that WES perform a study of a
section of the Ohio River where the

e T R e
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First WES indoor model, Ohio River Lock and Dam No. 37, December 19;§
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stage. Following several weeks of tests — final
observations were not made until 15 May 1931 —
a WES report furnished detailed recommendations
for use by the Cincinnati District in its choice of
dam alterations.'* However, before action could
be taken, a directive from OCE called for the Ohio
River Division to restudy its entire canalization
program on the Ohio River. The Cincinnati
District then suspended plans for improving
existing dams.

First Outdoor Model: lllinois
River Backwater

In late December 1930 the Station began its
first experiments with an outdoor model. The
Chicago District Engineer requested a model study
of the Illinois River to determine the limit of the
river's backwater — the maximum distance that
the river would back up from its mouth in times of
flooding. Flowing across the fertile farmland of
central Illinois and emptying into the Mississippi
River just north of St. Louis, the Illinois presented

e IRl o ¥
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Eirst WES outdoor model, llinois River backwater, January 1931
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the Corps with an important flood control
challenge. By defining the limit of the river's
backwater, the Corps could design a levee system
to protect the entire area from inundation.
Accurate calculation would not only insure that
levees extended far enough upriver to check
flooding, but would save a great deal of money by
avoiding unnecessary construction above that
point. The project had a degree of urgency
because the Chicago District needed data within
30 days to make recommendations to Congress."®

In the Illinois River project, WES demonstrated
that American researchers were capable of
exploring new channels in large-scale modeling.
This was necessary because river conditions in the
United States often differed materially from those
in Europe, both in size and complexity. No Euro-
pean river, for example, rivals the Mississippi in
length, volume, or meandering tendencies. Even
the Illinois River is large by Western European
standards. With this in mind, Vogel and other
Americans who had studied in Europe felt that
models of rivers at home must have greater dimen-
sions and more distortion than their European
counterparts, a concept most European engineers
questioned.

e
e

S
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The Illinois River project posed an immediate
challenge. Because a reliable model would be
much too large for the WES building, Vogel
ordered it constructed outdoors. European river
modeling practices called for design and con-
struction of a concrete fixed-bed model, but this
was impossible in the short time allotted.
According to Vogel, he and Clarence Bardsley
resorted to innovative but simple techniques.
Bardsley, a Freeman Scholar in 1928 and 1929,
had taken a leave from the faculty of the Missouri
School of Mines for a short-term job at WES.
Acting on the assumption that a reliable model
could be carved directly into the loess soil of the
Station's grounds, WES workmen began digging
into a flat area stretching from the headquarters
building south toward a highway. Using topo-
graphical maps as a guide, Bardsley had templates
cut from steel sheets and fitted to the ground to
trace the river's channel. Crews then simply dug
into the soil, carving out channels to depths
determined by soundings of the prototype as
marked by the template. After completion of the
model's channels, miniature overbank structures
were added — first the existing levees, then
additional levees proposed by the Chicago
District.'®

The model deviated radically from its
European progenitors. Neither European
publications of the time nor Freeman's Hydraulic
Laboratory Practice suggested that models could
be dug into the ground. Also, the mere size, the
ratios, and the distortion the model incorporated
were revolutionary. At nearly 600 feet in length,
Vogel claimed that his creation was the largest
hydraulic model in the world. While European
engineers considered a horizontal scale of 1:300 to
be large, the Illinois River model’s scale was
1:1,200. Its vertical scale of 1:48 produced a 25:1
distortion, a ratio also unused in Europe but neces-
sary to reproduce conditions in so large a proto-
type as the Illinois River."

To calculate the Illinois' backwater limit, Vogel
used the model to replicate several scenarios. The
final and most crucial experiment involved
simulating the maximum known historical flood
flow of the Illinois with the maximum known
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flood stage of the Mississippi River at its
confluence with the Illinois. This was accom-
plished by allowing a proportionate measured
volume of water into the model at its source. Also,
a weir was placed at the end of the model (which
represented the confluence of the Illinois and
Mississippi Rivers) and raised to represent flood
levels on the Mississippi. Since the Mississippi at
flood stage would cause the Illinois to back up in
even normal conditions, the combination of
simultaneous floods on both rivers would produce
the maximum backwater influence on the
Illinois.'®

Results from the experiments indicated that the
limit of backwater from the Illinois was about 120
miles up from the river's mouth. According to
Vogel, Congress established the mark as the the
Illinois' backwater limit, enabling the Corps to
complete its levee program with a degree of
confidence and at minimal cost. After the
recording and reporting of data, the model was
demolished to clear space for another."

Yazoo Backwater Project

WES had scarcely finished the Illinois River
backwater project when in March 1931 the MRC
requested a similar investigation of the Yazoo
River Basin. Forming the eastern border of the
verdant Mississippi Delta, the Yazoo and its
numerous tributaries form a large basin susceptible
to flooding. Like the Illinois, the Yazoo flows into
the Mississippi, which, when at flood stage,
produces an extensive backwater up the Yazoo. In
the great 1927 flood, still fresh in most memories,
the Yazoo had at one time actually run backward
up its channel due to the extreme stages on the
Mississippi. By 1931, MRC plans called for
extending levees on the Mississippi just north of
Vicksburg. Since raising the level of the Mis-
sissippi at flood stage would affect the Yazoo
River backwater limits and retain water in the
Yazoo Basin, the MRC called on WES to
determine the new Yazoo backwater limits under
several scenarios.”
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Yazoo River Basin backwater model

The Yazoo study led to construction of a model
even bigger than its Illinois River predecessor.
Stretching over a 13,000-square-foot area in front
of the headquarters building, the new project
miniaturized a 125-mile stretch of the Mississippi
River adjacent to the Yazoo Basin along with the
entire Yazoo backwater area. Unlike the Illinois
model, when construction time was severely lim-
ited, the Yazoo model was a fixed-bed concrete
structure. This made long-term, multiple-
experiment use possible. It also eliminated exces-
sive seepage and drainage, phenomena that
experience with the Illinois River model indicated
were out of proportion to similar effects occurring
in nature. As with the indoor Ohio River models,
skilled technicians cut sheet metal templates to
reproduce the rivers' contours, set the templates on
a prepared base, filled spaces with sand, and
covered the structure with concrete. The concrete
surface, left purposefully unﬁnishefl to 'produce
overbank roughness, was quite similar in net effe;clzt
to the natural surface within the area considered.
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The Cutoff Controversy

While performing studies of the Ohio River
dam site and the Illinois and Yazoo backwaters,
WES became embroiled in a long-term
investigation of an old and controversial issue: the
effects and desirability of cutoffs on the Mis-
sissippi River. As an alluvial, meandering stream,
the Lower Mississippi forges a serpentine course
from the mouth of the Ohio to the Gulf of Mexico.
Historically, this course changed continuously,
sometimes quickly and dramatically, as the river
cut new channels and abandoned old ones.
Natural changes occurred most commonly at
bends where the river tended to widen a bend
further and further until it formed a loop with a
narrow neck. Eventually the river cut a shorter
channel across the neck, usually at very high water
stages, abandoning the former channel, leaving it
to form an oxbow lake or fill with silt. The
process then began anew.

Corps studies indicated that cutoffs occurred at
the rate of about 13 to 15 per century, each
shortening the river's length from approximately
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six to over 20 miles. But since the river habitually
began to lengthen its channel, repeating the cycle
after any natural cutoff, the total length of the river
from Cairo to Baton Rouge, Louisiana, remained
almost unchanged from the early 1800s to the
1930s. Cutoffs did not occur below Baton Rouge.

Some cutoffs were manmade. In 1831, Henry
Shreve, river boat captain and founder of
Shreveport, Louisiana, ordered a channel dug
across the narrow neck of Turnbull's Bend, about
80 miles above Baton Rouge.” Shortening the
river notably pleased river boatmen and other
commercial interests, but the long-term repercus-
sions of tampering with the river's natural course
remained unknown.

From the mid-1800s until the 1930s the Corps
and the MRC adamantly opposed further cutoffs,
either natural or artificial. Corps attitudes were
shaped largely by Charles Ellet, Jr., an influential
engineer under contract to the Federal govern-
ment, who in 1851 warned that river cutoffs were
detrimental and actually presented increased dan-
gers of flooding. Ellet's beliefs were echoed 10
years later by Captain Andrew A. Humphreys and
Lieutenant Henry B. Abbot in their report for the
Corps, Physics of the Mississippi River.
Humphreys and Abbot specified, mistakenly, that
although cutoffs lowered water stages upriver,
they increased river stages below them by half as
much. Later events appeared to support their ar-
gument. Three natural cutoffs above Memphis
and one at Vicksburg in the 1870s and another at
Waterproof, Louisiana, in 1884 produced drastic
changes in the Mississippi River's alignment,
wiped large tracts of agricultural land literally off
the map, and interfered seriously with navigation.
Corps and MRC activities thereafter concentrated
on preventing rather than encouraging cutoffs.

As always, disasters stimulated reanalysis.
Following the great Mississippi River flood of
1897, longtime river student James B. Miles rec-
ommended cutoff construction to Congress. He
uncannily predicted the exact number of cutoffs
and exact mileage reduction in the length of the
river as that of the plan adopted and executed 40
years later. Miles and others argued that shorten-
ing and straightening the river would lower its
bed, lower the level of flood stages, and hasten the
flow of floodwaters to the Gulf. In the aftermath
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of the 1927 superflood, William E. Elam, Chief
Engineer of the Mississippi Levee District, pre-
sented a paper to the ASCE in which he attempted
to show the benefits of cutting off the river's
Greenville Bends, a notorious labyrinth of loops
near Greenville, MS.* Elam and other engineers
favoring cutoffs had no clear plans of how to exe-
cute and control such operations in a river as large
as the Mississippi.

Corps policy even after the disaster of 1927
remained staunchly opposed to cutoffs. The
“Jadwin Plan,” which Congress had accepted in
1928 as the Corps' master design for flood control
on the Lower Mississippi, pointedly did not in-
clude cutoffs, as Jadwin was a vocal opponent.
Yet only four years later, the Corps was commit-
ted to a massive cutoff program with WES playing
a major role.
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The Corps Opts for Cutoffs

Cutoff advocates received a boost from a
timely natural occurrence. In the fall of 1929,
shortly before Vogel relocated from Memphis,
about 40 miles downriver from Vicksburg the
Mississippi River completed a natural cutoff.
Called the Yucatan Cutoff, it was especially un-
usual because it came at low water. Jackson and
Vogel visited the site in December. The new
channel, which took another two flood seasons to
capture the majority of the main stem’s flow, was
also atypical in that it was not across the narrowest
part of the neck of the bend, but rather passed
through a slightly curving channel nearly two
miles in length. Since it did not upset the river
either upstream or downstream in a detrimental
way, some observers rightly concluded that a nar-
row channel a mile or two in length and gradually
developed — like the Yucatan — was superior as
a cutoff route to the typical short, wider cuts
across narrow necks of land. Mild curvature of the
channel also seemed advantageous in preserving a
deep navigation channel. Learning from nature,
cutoff advocates then called for “shortening but
not straightening” the Mississippi.

Although engineers positively influenced to-
ward cutoffs by the Yucatan event still formed a
minority in the engineering community at large,
and certainly within the Corps, their numbers
included Colonel Harley B. Ferguson, then South

JCATAN CUT-OFF AS OF OCT,|935

ucatan Cutoff prowded a natural clinic for cutoff studies
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Atlantic Division
Engineer. By the
late 1920s Ferguson
had become the
Corps' most outspo-
ken proponent of
cutoffs, and on 22
November 1930, he
submitted a report
recommending cut-
offs in the 370-mile
stretch of the Mis-
sissippi between
White River and
Old River. Instead
of adopting the Eu-
ropean technique of making dry cutoffs to the full
dimensions of a river's channel, then diverting the
river into the cut, Ferguson promoted a pilot-cut
plan that permitted a more leisurely approach.
Integral to Ferguson's thesis was allowing the river
to gradually do the major part of excavating a new
channel. This would avoid high velocities at the
time of diversion and prevent raised flood stages
downstream, both invariable results of the Euro-
pean method. Bold in concept and without prece-
dent, Ferguson's ideas soon gained the confidence
of Chief of Engineers Brown, who became a
staunch patron. Brown later stated that

Colonel Harley B. Ferguson

Ferguson was the first and only
responsible man who ever brought to the
Chief of Engineers the serious
proposition to make artificial
cutoffs on the Mississippi
River. Whatever credit is due
for a courageous effort to
lower the height of floods on
the confined waters of the
Mississippi is due to ...
Harley B. Ferguson.*

Reflecting his faith in Ferguson
and his new-found advocacy of
cutoffs, Brown appointed Fergu-
son to replace Jackson as president
of the MRC in July 1932.
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First WES Cutoff Model

Vogel had begun model studies of cutoffs long
before the arrival of Ferguson. In November 1930
the Office of the Chief of Engineers had ordered
MRC President Jackson to begin an investigation
of the effects of cutoffs in the Greenville Bends.
On 18 November Jackson instructed the Vicksburg
District to initiate a full field study. On the same
day he directed Vogel to perform a model study of
the effects of cutoffs at each of the four necks in
the Greenville Bends.”

In December 1930, at the same time that its
Ohio River dam models were in use, WES began
construction of an indoor model of the Greenville

Bends reach. The 80-foot-long structure repre-
sented 98 miles of the Mississippi River, stretch-
ing from immediately below the mouth of the
Arkansas River to four miles below Lake Lee,
south of Greenville (River Mile 401 to River Mile
499). Initially built as a movable-bed model with
a sand bed and gravel added to simulate rough
overbank conditions, the model in its first two
series of tests showed “no substantial agreement”
with readings taken directly from the river. Con-
sequently, technicians concreted the channel in
place and made other adjustments. On the third
test series, measurements on the model agreed
closely with those observed in nature.

After this verification, over a period of months
experiments enabled project engineers to predict
stages in the Mississippi River at dif-
ferent points in the Greenville Bends
for a variety of cutoff scenarios. Cal-
culation of river stages was
complemented by other projections.
After exhaustive trials WES personnel
found that well-soaked, creosoted saw-
dust ideally simulated natural detritus
movement in the model. This material
was used to determine what sedimen-
tary deposits might be formed as a re-
sult of cutoffs. Threads placed in the
model indicated the direction of cur-
rents, and dyes injected into the up-
stream reaches revealed eddies and
other current phenomena.

Test results, published in April and
August 1931, pointed to a revolution-
ary conclusion: cutoffs did not raise
river levels below them. All studies,
in fact, indicated a general lowering of
flow lines above cutoffs — 2.2 feet in
the case of Tarpley Neck — and that
any rising of flow lines below cutoffs
were short term. This further
contradicted the theories of Hum-
phreys and Abbot. The model also
gave no indication of detrimental ef-
fects due to cutoffs, but showed a
slight tendency toward improved con-
ditions in some cases.?

Inoor Greenville Bends model pioneered use of modelé for cutoff studies; 1931
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Outdoor Greenville Bends model 1932

Outdoor Cutoff Model

In the spring of 1932 WES constructed a
larger, outdoor model for cutoff studies. Taking
advantage of the existing Yazoo Basin model that
included the adjoining stretch of the Mississippi
River, project engineers extended the Mississippi
River part of the model to simulate another 155
miles downstream to Old River. The entire com-
plex represented about 280 river miles and cov-
ered 17,000 square feet, including the Yazoo Ba-
sin. The upper portion of the outdoor mode} over-
lapped 16 miles of the lower portion of the indoor

Greenville Bends model.

Outdoor model tests concentrated on the effects
of cutoffs at seven locations, ranging from just
downstream of the Greenville Bends at Sarah
Island to Esperance Point below Natchez, MS.
Conclusions, derived from both the indoor and
outdoor models and published in April 1932, were
mixed. The WES report, for instance, indicated
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that a cutoff at Diamond Point, about 15 miles
downstream from Vicksburg, would have a num-
ber of good effects and no bad ones. Cutoffs near
Natchez were seen as having “dubious” value, and
a cutoff considered at Ashbrook Neck in the
Greenville Bends, according to the model study,
should be “studiously avoided.”?’

Ferguson and the Cutoff
Program

Ferguson succeeded Jackson as MRC president
in June 1932. In the administrative transition, he
brought cutoff proponent Gerard H. Matthes from
the Corps’ Norfolk (Virginia) District to take over
as the MRC’s Chief Engineer. Both Ferguson and
Matthes took an immediate interest in Diamond
Point as the potential site of a manmade cutoff.
According to Vogel, Jackson had already begun
field work for a cutoff at Diamond Point before his
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Observers at Diamond Point Cutoff, 1933

departure from the MRC, but this was vehemently
denied later by Matthes.”® In either case, Ferguson
ordered cutoff work at Diamond Point to proceed
posthaste.

As the first manmade cutoff in nearly a cen-
tury, the Diamond Point project served as the ini-
tial test for both Ferguson's master plan and the
WES model study. In September 1932, two hy-
draulic dredges began excavating channels on
opposite sides of the bend's neck, working toward
each other, and by January 1933 only a 50-foot-
wide plug separated the two. Amid substantial
fanfare, Ferguson
on 8 January
1933 departed
from Vicksburg
on the steamer
Control,
accompanied by
a quarter boat and
party that
included Vogel.
Standing on the
banks of the cut,
the group
watched as four
dynamite blasts
removed the final
barrier. Because
the river level on
the upstream side
was almost 5 feet
higher than the
downstream, wa-
ter rushed
through a shallow
trench, quickly
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Greenville Bends aerial view after cutoffs

causing the banks to cave in and clearing a 60-
foot-wide channel. Thereafter, as intended, the
channel expanded gradually without disrupting the
river's normal levels, capturing only 10 percent of
the flow in the next two weeks. The new channel
did not capture the majority of flow until the
spring of 1937, and by the end of that year had
become the main stem.”

Interpreting the Diamond Cutoff as a total
success and vindication, Ferguson proceeded vig-
orously in implementing the remainder of his cut-
off program. By 1939, when Ferguson left the
MRC, 12 manmade cutoffs had been completed
that, when combined with the Yucatan Cutoff,
shortened the Mississippi by about 115 miles be-
tween Memphis and Baton Rouge.”® Three later
cutoffs increased the total shortening to 170 miles
by 1942.

Throughout the Ferguson era WES continued
to perform cutoff model studies, but their influ-
ence was, and is, debatable. Matthes in 1948
stated that the early WES reports were important
in showing that river stages did not rise below
cutoffs, but that, with the exception of the cutoffs
proposed at Greenville Bends, WES findings were
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“far from encouraging,” were “adverse to under-
taking most of the cutoffs proposed,” and were “of
10 help to General Ferguson.” The fixed-bed
models, Matthes continued, were of solid concrete
and were incapable of simulating bank and bed
erosion, factors basic to Ferguson's plan for chan-
nel rectification and bank stabilization that would
accompany cutoffs. Cutoff model studies
improved beginning in the summer of 1932, ac-
cording to Matthes, when Ferguson ordered that
experiments be conducted with erodible beds.
Even then, data indicated that cutoffs at several
projected locations would be ineffective.’'

Convinced as to the validity of his theories,
Ferguson was not likely to be strongly influenced
by laboratory data, discouraging or not. Paul W.
Thompson, Vogel's Assistant Engineer in 1932
and 1933 and third WES Director from July 1937
to September 1939, described Ferguson as “impa-
tient of experimental results that failed to fit his
own instinctive conclusions,” but also as a man
whose “instinctive conclusions were...often and
uncannily right.” Thompson believed that, in spite
of denials by Matthes, the WES studies still
“played an important part — more important than
[Ferguson] ever admitted or perhaps ever real-
ized.”* In any case, the cutoff program went
forward unabated.

New Madrid Floodway

Part of the Corps' general plan for flood control
on the Lower Mississippi River involved the cre-
ation of floodways: areas into which floodwaters
could be diverted until water levels receded on the
main stem, or could be routed to the Gulf of Mex-
ico through alternate paths. The Birds Point-New
Madrid Floodway was one of three constructed
beginning in 1929. Located in Missour‘i a'nd.sta_rt-
ing just below the confluence of the Mississipp1
and Ohio Rivers at Cairo, IL, it covered about .
206 square miles. Engineers created it by lox‘vefmg
existing levees at selected points near the Missis-
sippi by 5 feet, then building new le\(ees about
5 miles farther west, away from the river. Concep-
tually, during very high flood stages, ﬂood\yaters
would crevasse the shortened levees, diverting a
portion of the river’s flow through the lev;ed
floodway and lowering flood stages at Cairo.
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Lacking precise data, the MRC in 1932 ordered
WES to perform a model study to determine the
effects of operating the floodway on the lands
lying within it and to predict the draw-down on the
Mississippi River with the floodway in use. With
more than 100 miles of river to simulate, WES
built an 80-foot-long outdoor concrete model of
the river channel, the overbank between levees,
backwater areas, and the floodway. Designers
took special care to correctly place drainage
ditches, levee borrow pits, and other details that
would affect water levels, and raised miniature
levees with soil taken from actual on-site levee
borings. After comparing water levels and flows
in the model with gage readings from the Missis-
sippi, project engineers made the usual necessary
adjustments (such as adding gravel to overbank
areas to simulate roughness) until model and pro-
totype readings agreed. Gage readings from the
six highest floods in the vicinity since 1882 pro-
vided data for water levels and flows in the experi-
ments. Model tests indicated that the new levees
were high enough to contain any projected flood,
that levels in the Mississippi would be lowered
substantially during use of the floodway, and that
the lands of the floodway would suffer almost no
permanent damage from inundation.”

Other Model Investigations

While most early activities at WES were cen-
tered around flood control projects on the Missis-
sippi River and its tributaries, a number of experi-
ments reflected a broader range of river engineer-
ing concerns. These included erosion control in
floodways and along riverbanks, channel improve-
ments for navigational purposes, and improved
design of appurtenances for hydraulic structures.
In January 1931 the MRC directed Vogel to deter-
mine if extensive erosion could be expected at
dredged borrow pits in the Bonnet Carré Flood-
way, just north of New Orleans. Railroad com-
panies were concerned that erosion at the borrow
pits would undermine trestles and threaten ele-
vated railway structures. WES designed a small
outdoor model — only 30 feet long by 12 feet
wide — that represented the floodway from the
Bonnet Carré spillway almost to Lake Pontchar-
train. Again demonstrating the ability to devise
models for unique situations, personnel surfaced
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the cleared land areas in the
floodway with cement mortar,
but left ditches and borrow pits
hollowed out from erodible nat-
ural soil. Spanish moss yielded
a realistic covering for heavily
wooded swamp areas, and other
finishing touches included plac-
ing miniature railroads, com-
plete with scale-model trestles,
across the model. Results from
experiments indicated that, al-
though erosion could be
expected in some places, it
posed no threat to the trestles.*

Early in 1931, a related Fo
study attempted to quantify the  Bonnet Carré Floodway model

erosive actions and general de-

structive effects of floodwaters on low railroad embankment withstood over 200 hours of flood-
embankments. This led to construction of a full- level inundation. To complement the outdoor tests,
size railroad embankment, replete with crossties WES personnel designed and constructed scale-
and track, in the 20-foot-wide canal leading from model embankments in an indoor flume, then

the spillway of the WES lake. In a pilot test, duplicated outdoor tests with different grades of
flood-level waters released from the lake cascaded rock and riprap reinforcement. Both test series
over the embankment for over two hours while provided guidelines both for predicting flood dam-
WES engineers took gage readings, motion pic- ages to railroad embankments and for more effi-
tures, and still photographs. Eventually the cient construction or remediation.”

G

Full-sized railroad embankment
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Observers at railroad embankment test, 1931; note WES building in backgroun

Other early experiments evaluated existing or
proposed hydraulic structures. Models of nine
locations on the Mississippi River dealt with
proper placement and structure of dikes. For ex-
ample, at Point Pleasant, Missouri, about 80 miles
downriver from Cairo, local authorities had called
for the removal of an existing dike system and its
replacement with another. WES model experi-
ments evaluated several plans, including leaving
the existing dike system intact, removal of all
dikes, and replacing or supplementing the existing
system with alternative systems. Because the
existing system functioned as well as any of the
proposed alternates in the model, engineers took
no action. This prevented unnecessary construc-
tion and avoided major costs.”® A similar study
performed for the Jacksonville District showed the
need for modification of spillway designs on the
St. Lucie Canal. Model experiments covered six
weeks and cost only $500, but resulted in a net
savings of $25,000 in concrete use alone.”

First WES Tidal Model

Prior to 1933, the degree of diversity reflected
by experimental activities at WES was moderate.
In its first two years the Station concentrated al-
most exclusively on the engineering problems of
inland waterways — flood control and river regu-
lation/improvement for navigational purposes.
This began to change as WES broadened its areas
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of expertise to include the
engineering challenges of
coastal inlets, harbors, and
tidal estuaries. These
prototypes presented a
highly complex set of inter-
related phenomena such as
astral tides, littoral cur-
rents, wave action, wind
action, salt water intrusion,
and other factors not en-
countered in river
engineering.

WES work in harbor
engineering began in De-
cember 1932 when the
Gulf of Mexico Division
requested a model study to
determine the more efficient of two proposed
routes for a ship channel between St. Andrews
Bay, Florida (the location of Panama City), and
the Gulf of Mexico. In a demonstration of speed

# s s

St. Andrews Bay Panama City, FL; the first WES h"atA)rmdel
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and skill developed over its two years of opera-
tion, WES designed, built, and verified a harbor
model in only two weeks. The indoor structure
replicated about 100 square miles of St. Andrews
Bay and the surrounding area. Made of concrete,
the model exactly reproduced the topography of
the mainland and the bed of the Gulf of Mexico,
but the bed of the bay in the model was concreted
lower than the bed of the prototype. Project de-
signers then covered the bed of the lowered model
bay with a 2-inch layer of fine sand. This, they
hoped, would provide the model with both fixed-
bed and movable-bed characteristics where
needed.®®

Borrowing largely from European methods,
WES operators attempted to reproduce the intri-
cate hydraulic functions of the bay in several
ways. Water flowing into the model from the
proper direction simulated littoral currents, while
raising or lowering the tailgate of the model repro-
duced tides. In a simple but effective procedure,
workers used a gate extending the length of the
Gulf of Mexico, inclined away from the model and
hinged at the bottom, to simulate waves. A trained
worker raised the gate with a hand crank, then
allowed it to fall back to its position of rest. This

1}

Movement of bed materials model
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generated a wave parallel to the shoreline.
Through experiment and practice, engineers stan-
dardized the frequency and intensity of the waves
until satisfactory results were obtained. Finally,
10 electric fans mounted on the Gulf of Mexico
side of the model simulated winds from various
angles to the shore and the surface of the water.
WES experiments led the Gulf of Mexico Division
to selection of a plan of improvement, but later
developments in the prototype were highly disap-
pointing (discussed in Chapter 3).* The Station's
first attempt at harbor modeling was not a success.

Theoretical Research

Although WES was created as a practical insti-
tution intended to help engineers with problems in
the field, part of its work turned to more theoreti-
cal considerations. The physics of water flow at
river bends, for instance, had perplexed engineers
for centuries. In 1876 James Thompson had pub-
lished an interpretation in the Proceedings of the
Royal Society of London that gained general ac-
ceptance into the 20th century. Based on the
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concept that water formed a helix or spiral as it
flowed around a bend, Thompson's “heliocoidal
theory” explained how materials from the concave
(outer) bend of a river were transported by cur-
rents to the convex (inner) bend to create deposits
or bars.*

In October 1932 Vogel, at MRC direction,
initiated a series of experiments to study the move-
ment of bed-load materials around bends. Particu-
lar attention was to be paid to the possibility of
removing materials from the bed of a main stream
by means of diversion channels. Once removed
from the main channel, materials could be depos-
ited as fill in low areas or passed along floodways,
improving navigation and possibly helping reclaim
swamp lands.*!

Since WES already had outdoor models of
several Mississippi River bends for its cutoff and
channel improvement investigations, Vogel used
them rather than engaging in new construction.
The model used for an Island No. 9 dike study, for
example, was adapted to the new project by cut-
ting seven smaller channels leading out of the
main stream to represent diversion channels, each
of which could be easily opened or closed off.
Observers could trace surface water movements
simply by watching loose floats, while dyes re-
leased into the current indicated general flow di-
rections. Still, neither floats or dyes accurately
displayed current directions at the bottom of the
stream, where most bed-load was carried.*

Vogel stumbled upon a simple material, de-
rived from nature, that served as a reliable indica-
tor of bed-load. Supposedly experimenting at his
home on the WES reservation, he noticed that

’ ariaeds Pt ‘,{ W T /‘, =
Ot érains provided a convenient material to simulate bed
materials
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ordinary oat grains sank to the bottom of moving
water with the heavier head resting on the bottom
and the lighter chaff end pointing in the direction
of flow, somewhat like a wind vane. Model opera-
tors further observed that oat grains drifted down
channels to the concave side of the bends, then
crossed to the convex side. The movement was
not continuous or uniform, but was “jumpy, roll-
ing, and sporadic.” Of primary importance, grains
invariably tended to move from regions of high
velocity toward regions of low velocity, such as in
the convex side of a river bend. Vogel deduced
that bed materials were not swept across riverbeds
by currents but were drawn to regions of low ve-
locity by other forces, and that the heliocoidal
theory of bed movements did not apply to broad
rivers such as the Mississippi. As a practical re-
sult, model tests indicated that substantial amounts
of bed-load material could be diverted by natural
processes from main channels into secondary
channels with lower velocities.*

In a related study, Vogel supervised experi-
ments to calculate the amount of bed-load diverted
into a side channel of a straight flume rather than a
river bend model. Noting that prior studies in
Germany, performed primarily at Karlsruhe and
sponsored by Rehbock, had limited applications,
Vogel designed a larger and more practical appara-
tus than anything used in Europe. The WES flume
was over 30 feet long with a 2-foot-wide cemented
main channel. About 11 feet from the head of the
main channel a 1-foot-wide side channel angled
30 degrees to the right. The proportional widths
and angle of diversion represented the most com-
monly found conditions in nature, especially in the
Mississippi Valley. Although similar devices
were generically known as forked flumes, the
Station christened its creation the more distinctive
bifurcated flume. Tests conducted by Lieutenant
Kenneth D. Nichols and C.D. Curran, under
Vogel's supervision, involved introducing bed-
load materials into the flume, then observing and
carefully measuring the amounts carried by and
deposited in the main channel and the diversion
channel. Improving on German methods, the
WES experiments used a variety of bed-load
materials, usually sands, that could differ substan-
tially in behavior, and also allowed exact measure-
ment of materials carried completely through the
model. As in the outdoor river bend model tests,
results indicated that bed-load materials tended to
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WES bifurcated flume looking upstream

move toward lower water velocities and that dis-
proportionate percentages of bed-load materials
moved to the smaller channel.*

A third study related to bed load movement
involved a lengthy series of indoor flume tests to
determine the force of flowing water required to
move the bed materials of the Lower Mississippi
River. In 1932 Thompson designed a flume used
throughout the testing sequence. Tiffany and then
C.E. Bentzel succeeded him as project engineer.
Because the study concentrated on the bed
materials of the Lower Mississippi, the MRC ac-
quired about 750 large samples taken directly from
the river bottom. Workers molded the materials in

C. E. Bentzel with tube in action
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the flume to simulate the river bed, adjusted the
flume to a desired slope, then slowly flooded it
from the lower end to avoid disturbing the bed.
For the first time, tests provided a mass of data
concerning specific bed materials, their location in
the Lower Mississippi, the force of flow required
to move them, their settlement tendencies, and
other factors.*

Bifurcated flume tests also led to improved
instrumentation. When work necessitated accurate
determinations of water velocity and discharge
distributions in the channels, standard velocity
measuring devices proved too slow or imprecise.
Bentzel then devised a velocity tube based on
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principles he had conceived while designing a
flow meter for the gasoline line of his automobile.
He secured the first WES-related patent on the
instrument, with the right of manufacture retained
by the U.S. Government.*

Expanded Mission: Soil
Mechanics

While the Station emerged as the Corps' pre-
mier hydraulics research center, its mission ex-
panded to incorporate other engineering fields. By
the early 1930s, several American institutions,
notably MIT and Harvard, began to offer courses
and perform research in the new field of soil me-
chanics, later known as geotechnical engineering.
Since many areas of hydraulics engineering such
as sedimentation analysis, levee design, and
underseepage of earthen structures, involved soils-
related studies, WES incorporated soils testing
into its activities at an early date. In 1931, just as
the first WES hydraulics models were built, a
small group of technicians began conducting me-
chanical analyses of bedload samples and sedi-
ment from the Mississippi River on a part-time

Spencer J. Buchanan
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basis. Housed in the west wing of the main WES
building, this informally named Soils Section had
by the late-1930s expanded its activities far be-
yond the support of hydraulics engineering at
WES.

Soil mechanics at the Station received an enor
mous boost in 1933 when Vogel hired Spencer J.
Buchanan, a Texas native and recent MIT gradu-
ate, to head soils-related work. Buchanan subse-
quently built the soils engineering program at
WES into the most important in the Corps of Engi-
neers before his departure in 1940. In 1939 WES
established a Soil Mechanics Division on an ad-
ministrative par with the Hydraulics Division.
This set a precedent followed later in a number of
cases: units originating in the Hydraulics Division
to support the Station's hydraulics mission split
away to form separate entities. As in the case of
the Hydraulics Division, these became national
and even world leaders in their respective fields."’

Hydraulic Modeling Ascendant

Vogel's tenure as WES Director ended in
August 1934 upon his transfer to Command Gen-
eral Staff School. Less than five years had passed
since his arrival in Vicksburg at the end of 1929,
and less than four since the first WES experiments
began in December 1930. Yet he had supervised a
remarkable, and largely unanticipated, growth and
transition. Carved from an overgrown creek bot-
tom at the outskirts of a sleepy Southern river
town, by Vogel's departure the Station had become
the primary hydraulics research institution not
only for the Corps of Engineers, but arguably for
the entire nation. The increasing volume and di-
versity of work reflected the Station's prominence,
rising from 13 projects in progress in Fiscal Year
1931 to 54 in Fiscal Year 1934. Vogel, in a 1934
article for The Military Engineer, boasted that
WES models “in both number and size surpass
those of any similar institution in the world.”
These served not only the needs of the MRC and
Lower Mississippi Valley Division, but were used
to perform experiments for districts representing
every Corps division in the United States except
two.*
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The accomplishments of WES in the Vogel
years are even more impressive upon consider-

ation of the limiting factors present at its estab-
lishment:

+ official opposition of the Corps to the estab-
lishment of a hydraulics laboratory until 1929,

+ slow acceptance of hydraulic modeling by
Corps leaders even after the establishment of
WES,

» strong support for a national hydraulic labora-
tory not under Corps control, and

* European primacy in hydraulics engineering
prior to the 1930s.

By 1934 the situation had changed fundamen-
tally in regard to all, and Vogel was largely re-
sponsible. With modest financial resources and in
a time of national crisis, he had molded WES into
a viable institution that was beginning to place the
Corps at the leading edge of hydraulic modeling
research. Numerous publications in the foremost
professional journals of the time indicated the
acceptance, both within and outside the Corps, of
hydraulic modeling and of the Station's prominent
role. Vogel, for example, defined the state of the

Notes

art in river hydraulics in an article for the ASCE
Proceedings of November 1933, an effort up-
graded to the ASCE Transactions of 1935, with
commentary.*’

Perhaps the most striking statement in support
of the success of Vogel, of WES, and of the
American engineering community, was derived
from a tour Vogel made of German laboratories in
the summer of 1934, just prior to his leaving WES.
This was his first return to Germany since
receiving a Ph.D. from the Berlin Technische
Hochschule in 1929. Whereas Germany had been
the unchallenged leader in hydraulic modeling at
the time of Vogel's graduate studies, he now
sensed a remarkable change. In comparing Ger-
man and American advances in the interim, he
noted that since 1929 the Germans had made “con-
siderable progress...but the advancement has been
not nearly as rapid, or upon as broad a front, as in
the United States.” International leadership in
hydraulics engineering was shifting across the
Atlantic. Still, the Station had only begun to
realize its potential.
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Falkner as Director

In August 1934
' Lieutenant Francis H.
| Falkner, who had interned
= at the Station in 1933,
| returned to succeed Vogel
as second WES Director.'
On assuming the office,
he inherited a situation far
different from that of his
predecessor. Whereas
Vogel had first met with
great skepticism as to the
worth of hydraulic model-
ing, this reticence had
dissipated by the end of his WES tenure. Falkner,
in fact, found the use of models by the Corps of
Engineers to be almost universal, with field
engineers “the most ardent enthusiasts about
hydraulic model work.” This remarkable swing of
the pendulum, Falkner feared, presented a dan-
gerous problem in that engineers had developed

Lieutenan Francis H.
Falkner

“unwarranted expectations” from model tests
before results in the field were actually verified.
Part of this, he felt, was due to “an overly optimis-
tic picture” presented in early WES reports.

In its new-found enthusiasm for models,
Falkner also felt that the Corps had lost its focus.
Popular conceptions of hydraulic models,
especially as portrayed in periodicals, had led
many field engineers to believe that anyone could
design and operate a model. Consequently, many
of the Corps’ district or division engineers, rather
than referring work to WES, built their own
models on location or farmed out work to nearby
universities. The Corps had also established five
permanent hydraulic laboratories in addition to
WES to engage in long-term studies, and eight
temporary laboratories, each concentrating on a
specific problem. According to Falkner, this
multitude of facilities, uncoordinated by any
centralized authority, duplicated efforts and often
suffered from inexperience or outright faulty
methods.’

Corps of Engineers Permanent Hydraulic Laboratories, 1936*
Projects
Name of Laboratory Location Date Founded | Capability | Investigated
Waterways Experiment Station Vicksburg, MS 1929 30 Projects 181
U.S. Engineer Sub-Office, St. Paul District lowa City, IA 1929 12 Projects 46
Caisson Plant, Milwaukee District Milwaukee Harbor 1931 1 Project 4
U.S. Beach Erosion Board Wave Tank Fort Belvoir, VA 1932 1 Project 9
Linnton Hydraulic Laboratory, Portland District Portland, OR 1934 3 Projects 5
U.S. Tidal Model Laboratory, North Pacific Division | Berkeley, CA 1934 2 Projects 9
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Despite the plethora of Corps laboratories and
universities engaged in hydraulic modeling, WES
had emerged as a clear leader in certain areas. Of
Corps-sponsored investigations related to flood
control, WES had performed 38 studies by 1936,
compared to none for other government labo-
ratories or universities. In studies of open river
regulation for navigation, WES had completed
44 projects for the Corps, a university laboratory
one, and other government labs none. Work
concerning river canalization, however, fell mostly
to other institutions. The Station conducted only
four studies in that area compared to 44 for other
government labs and four by universities. WES
also trailed in research on hydraulic features of
fixed dams and on coastal harbors and beaches.’
By the late 1930s, as the Corps began to centralize
its research efforts, WES began to surpass other
institutions in most of those fields as well.

Organizational Evolution

For more than a year after assuming
command, Falkner retained the three-section
administrative structure established by Vogel in
September 1933:

*  Experiment
« Research and Publications, and
«  Operations.

Then in a major overhaul in November 1935,
Falkner abolished both the Experiment and the
Research and Publi-
cations sections and
set up a project engi-
neer system. In
place of the four
groups within the
Experiment Section
— fixed-bed model,
movable-bed model,
tidal model, and soils
— he selected a
group of the more
able engineers and
assigned a single
project to each. Des-
ignated Project Engi-
neers, they were

Eugene P. Fortson, 1933
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responsible directly to the Director or Assistant
Director. Falkner then named Tiffany and

Eugene P. Fortson as his Technical Assistants to
advise both the Director and the Project Engineers.
All engineers not selected as Project Engineers fell
into a pool of assistants from which the Project
Engineers requisitioned help according to the
needs of their studies, often on a daily basis.

Active Projects, March 1937
Project Engineer System

Project Project Engineer
Maracaibo Bar R. B. Cochrane
Pipe Line Mixers G. W. Howard
East River J. S. Gentilich
Lock & Dam No. 6 E. L. Eustis
Pryor’s Island G. B. Fenwick
Mare Island Strait A. P Gilden
Chain of Rocks S. C. Guess
Dogtooth Bend J. J. Franco
Helena-Donaldsonville V. G. Kaufman
Grand Tower M. J. Ord
Swiftsure Towhead E. H. Woodman
Sardis Dam Spillway F. D. Cochrane
Sardis Dam Outlet F. R. Brown
Manchester Island R. W. Mueller

In the meantime, Falkner attempted to provide
more long-term continuity on an administrative
level. Recognizing that protracted programs of
experimentation could lose focus due to the rela-
tively short tenure of the Station's military direc-
tors, he thought a strong permanent civilian staff
was necessary.’ In the spring of 1935 he contacted
Lorenz G. Straub, a Professor of Hydraulics at the
University of Minnesota, inquiring as to the
possibility of Straub's taking permanent direction
of the Station's technical programs. A Missouri
native, Straub had earned a Ph.D. from the
University of Illinois in 1927 before studying at
the Technische Hochschules of Karlsruhe and
Berlin as one of the first group of ASCE Freeman
Scholars. Among other accomplishments, Straub
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had translated several German works on
hydraulics into English, including Otto Franzius'
Der Verkehrswasserbau (Waterway Engineering).

In April 1935, Straub visited WES. There
Falkner offered him a position as “permanent head
of our technical organization,” a proposition
wholeheartedly supported by MRC President Fer-
guson.® A period of jockeying followed during
which the University of Minnesota granted Straub
a full professorship with substantially increased
benefits. Still, Straub requested a year's leave of
absence from the university to work at WES
before making a final decision. When the
university refused this request, Straub chose to
remain in Minnesota.” Falkner does not appear to
have actively sought another candidate. The
Station did not have a permanent technical director
until Tiffany assumed the position in 1940.

Attempts at Field Verification

From 1934 through 1937 Falkner supervised
attempts to develop more rational modeling
theories and techniques with verification in the
field. As the Station, in a sense, caught its breath
and retrenched, its engineers performed fewer
studies of specific problems and slowed the publi-
cation of technical reports. The number of civilian
employees dropped precipitously from a high of
401 at the end of fiscal 1935 to 217 the following
year, while the number of projects in progress
simultaneously declined from 45 to 34.'° After the
remarkable growth of the previous four years, ef-
forts now concentrated more on substantiating
model accuracy and reliability.

Falkner sought to determine if predictions
derived from previous WES model tests could be
confirmed as accurate. He tried to accomplish this
in two ways. First, a he initiated a broad survey
that attempted to compare where possible, model
predictions with actual performance in prototypes;
second, he had WES personnel repeat identical
tests in existing models, especially movable-bed
types, to ascertain if results were consistent.
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In August 1934, in his first month as WES
Director, Falkner sent a letter to each of the 20
American hydraulic laboratories and 30 foreign
institutions. Specifically, Falkner requested
information on hydraulic model predictions that
had been substantiated by results obtained in the
field. Only 28 laboratories replied, 16 of which
were foreign, with responses reflecting an
alarming paucity of reliable information.
Czechoslovakia, Hungary, Russia, Austria, and
Japan offered nothing, while of the four German
laboratories that responded, only one acknowl-
edged having ever verified a model study in the
field. Data from two institutions in Italy, one each
in Holland, Sweden, and Great Britain, and three
in the United States provided limited claims of
field verifications. Of 17 total cases, only four
involved models of open channels, with the re-
mainder referring to weirs, closed conduits, and
syphons. Falkner considered the survey a total
failure.!

Movable-Bed Model
Discrepancies

While the Station awaited responses to its
questionnaire, its engineers ran a lengthy
succession of tests on existing movable-bed
models. Most of the Station's experiments in
progress at the time were using movable-bed
models, and fixed-bed models were much less
complex, or controversial. A first-phase series
concentrated on determining the accuracy with
which movable-bed models repeated bed configu-
rations under exactly the same conditions of
operation. Test data from nine models indicated
that substantial variations occurred, especially in
models with long periods of operation and which
simulated deep pools. Project engineers
subsequently recommended discontinuing the con-
struction of such models until the sources of error
were identified. Several theories blamed model
shortcomings on such elements as fixed banks,
poor operating techniques, and the presence of
algae."
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A second test series, performed in 1935,
confirmed the findings of the first investigation
but also could not clearly identify specific causes
of error. Elimination of algae was of no help and
variations in operating techniques produced little
difference in accuracy of reproduction.”? Falkner,
in a re-evaluation of policy, concluded that any
improvement in model accuracy would involve
major changes either in design or operating meth-
ods, and that the fundamental concepts of
movable-bed studies required further analysis."

Model Improvements

In 1935 Falkner initiated a more comprehen-
sive investigation of model methods and theories
along three distinct lines:

* an evaluation of the mechanical features of
model construction and operation,

« asearch for better bed materials for movable-
bed models, and

« areanalysis of theories of hydraulic similitude.

Surveys of mechanical features disclosed a
lack of uniformity in construction methods and

st. Johns River model incorporated substantial improvements as modeling progressed in the mid-1930s
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even more diversity between individual model
operators and experiment groups. Falkner then
drew up a set of mandatory procedures and
established an independent mechanical design
section to investigate, improve, and standardize
mechanical appurtenances. Procedural changes
included requiring a section inspector and labor
foreman to be present with molding crews of
movable-bed models at all times, standardization
of weir sizes, and introduction of improved
instruments and automated systems. Model
construction and operation thereafter, Falkner
believed, improved on a continuing basis as
refinements were incorporated into practically
every succeeding model as it was built."”

Bed materials for models had long been a
source of controversy. Materials such as sands
taken directly from a prototype often produced
different results in a model than in nature.
Observations of early movable-bed tests indicated
that riffles formed in model beds that would not
occur in the prototype were a principal source of
inaccuracy. Further experiments in 1934 and 1935
indicated that sand grain diameter, roughness, and
other factors strongly influenced formation of
riffles, waves, and dunes in flumes."

£l sy
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Through 1935 and most of 1936, Falkner
supervised an attempt to develop a synthetic sand
mixture that would move in models without the
formation of riffles. Of 60 materials considered,
including clays, coals, slag, resins, haydites, and
gilsonites, only 23 were found suitable from an
investigation of their physical and chemical
properties. Availability, cost, or similarity to other
materials reduced the number to eleven, which
were then tested in flumes. Four emerged as
primary candidates for practical model use:
gilsonite, a limed resin, a Kansas coal, and
haydite. All were lightweight and could be moved
without forming riffles in models with less
distortion than previously required."’

Responsibility for appraising the state of the
art in hydraulic similitude fell largely to
Lieutenant Kenneth D. Nichols, who served as
Falkner's Assistant Director from September 1935
to June 1936. Studies at Cornell University, the
University of lowa, and in Europe preceded
Nichols' experimental work at the Station. His
conclusions, expressed in a series of memoranda,
emphasized that vertical and slope distortion in
many previous models had been too great, a
conviction long shared by Falkner.'* WES models

then tended to incorporate smaller distortions with
other improvements. By 1937 Falkner was
convinced that great progress had been made in
model construction and operation since his
appointment as WES Director, but that further
refinements must continue. "

Field Verification of Model
Studies: Successes

A survey of Corps districts for which WES
had performed model work marked the
culmination of Falkner’s attempts to compare
model predictions with field results. He personally
visited 12 districts in May 1937, gathering data on
field verifications of 14 projects executed with
older models and three projects performed with
improved versions. Results, even with older
models, were generally satisfactory. Eleven of the
14 executed projects showed close parallels with
model predictions, although the other three
displayed distinct variance. Two of the three more
recent projects demonstrated decided tendencies to
follow model behavior. The third had not been in
operation long enough to provide meaningful data.
Perhaps even more encouraging, interrogation of

Mississippi River Island No. 9 dike evaluation model and shed and in action, 1934
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evaluated a proposal to extend a
breakwater to narrow the harbor
entrance and reduce the height
of storm waves within the
harbor. Although the WES
report recommended against
extending the breakwater and
advised that better, and cheaper,
results would accrue from wave-
absorbing cribs within the
harbor, the district proceeded
with its plan. Storms continued
to damage docks and boats in
the harbor and studies showed
that wave heights had not been
sufficiently reduced. However,
wave-absorbers built by private
parties at one end of the harbor,
similar to those the WES study
suggested, appeared to be of
approximately 40 engineers in the widely scattered  great benefit. Falkner thus considered the WES
districts disclosed a unanimous opinion that experiment verified.”?

hydraulic models were a great aid to design

engineers and that model tests should be made a

part of the regular design procedure when time

permitted.” Field Verifications: Failures

Port Washington Harbor, Wisconsin, breakwater model

- Of the 11 successful projects dating from the

Vogel era, six dealt with river regulation, such as The most obvious failure of a WES model to

the dike evaluation at Island No. 9 on the predict behavior in a prototype was the project for
Mississippi River. Vogel had reported on all six in ~ the new entrance canal at St. Andrews Bay. While
glowing terms in the ASCE Proceedings in 1935, the model predicted that the older channel would
and Falkner's 1937 investigation reinforced the completely shoal up, no such shoaling occurred.

The model also indicated that the new channel

former's claims.?' Other successes included design
would become 3,700 feet wide, yet it expanded to

of a dike system to improve navigation on the
Savannah River below Augusta,
GA; measures to improve a jetty
channel at Brazos-Santiago
Pass, TX; prevention of shoal-
ing at Starved Rock Lock and
Dam on the Illinois River by
closing a breach; and design of
spillways for the St. Lucie
Canal in Florida.”

In an unusual twist, the
District Engineer in charge of a
project at Port Washington
Harbor, Wisconsin, rejected
findings of a WES model study
to his own detriment. The study

Wave machine used in early harbor studies
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Mississippi River Head of Passes model

only 800 feet Falkner concluded that the model's
failure indicated an inability to properly simulate
tidal currents and waves.* It was evident that har-
bors and tidal estuaries would present special chal-
lenges to future WES model studies.

Another instance of model failure involved the
Head of Passes at the mouth of the Mississippi
River. A series of dikes, built as a result of WES
studies, failed to deepen the navigation channel at
Southwest Pass. Again, the failure to accurately
calculate tidal influences appeared to be the
primary problem.*

‘ Driving
Mechonism
¥ /

Ballona Creek, CA, model used a new automated tidal machine
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Verification of Improved
Models

At the time of Falkner's 1937 survey, WES
had completed only three experiments with
“improved” models that could be evaluated in
their prototypes. One dealt with regulation of the
Mississippi River at Memphis and two with tidal
phenomena — one on the Chesapeake and Dela-
ware Canal, the other at Ballona Creek, California.
All appeared successful.

The Memphis model reproduced the river
reach at Memphis Depot, then evaluated nine
different proposals for improving the channel. Of
particular note, the model was the first to use
haydite as a lightweight bed material. After WES

X Woriable
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completed experiments involving numerous
combinations of dikes and dredged cuts, the
Memphis District adopted the plan found most
effective in the model. Although more field data
would be required for complete validation, reports
to Falkner indicated that the projected channel
improvements were taking place with reduced
maintenance costs.*®

Both the Chesapeake and Delaware Canal and
the Ballona Creek studies took advantage of a
newly-developed automated tidal machine.
Electrically controlled and able to reproduce the
tides and currents in the prototype to the proper
time scale, it represented a drastic improvement
over the primitive tidal equipment used in the St.
Andrews Bay study. To further improve accuracy,
the two new models were housed in wooden
shelters to protect them from the elements and
used gilsonite instead of fine sand to simulate
sediment movements.?’

Increase in Tidal Model
Projects

The Chesapeake and Delaware Canal and
Ballona Creek projects reflected an growing WES
role in harbor and tidal-related studies from coast-
to-coast and on an international level. In 1935 the
Station began an investigation for the San
Francisco District involving the U.S. Navy Yard at
Mare Island, California. An operational facility
since the mid-1800s, the yard was connected to
San Pablo Bay by Mare Island Strait. San Pablo
Bay in turn formed the northern part of San
Francisco Bay. The Napa River ran into Mare
Island Strait slightly above the Navy Yard. The
area represented a complex hydraulic system
subject to strong tidal currents, freshwater _
currents, high winds, and heavy sedimentation.

In 1929 the Corps completed a project to
increase the size of Mare Island Strait. Two miles
long, 600 feet wide, and 30 feet deep at low water,
the enlarged channel provided easier access to the
yard for larger modern warships. The Navy also
planned to expand the yard itself, with new dry-
docking and docking facilities. Unfortupately,
heavy shoaling in the new channel required
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constant dredging that was expensive and a hazard
to navigation. The San Francisco District then
developed several plans to eliminate or reduce
dredging, and asked WES to evaluate them.*®

Project engineers Fortson and Joseph M. Cald-
well supervised construction of a fixed-bed model,
housed in a specially built wooden shelter, that
represented the Station's most intricate harbor
engineering effort to that date. Electrically-
powered tide machines reproduced elaborate
currents with two high and two low waters in each
daily cycle. An automated wave machine replaced
the primitive hand-operated apparatus used in
some earlier models. After investigating several
materials, Fortson and Caldwell chose gilsonite to
simulate sediments in the prototype. Experiences
while verifying the model indicated that the
material gave best results after being soaked in
water for seven days and then kept in a mixing
tank in an agitated condition. Stucco and gravel
on the model bed provided necessary roughness,
molded concrete or sheet metal represented solid
dikes and wharves, and wire mesh screen
simulated permeable pile dikes.”

East River, NY, model in action

45



East River model; note light bank for photographic work and recording gages

In 1936 WES began a similar study involving
a U.S. Navy facility on the other side of the
continent. Under existing conditions the Navy had
full-time access to the Brooklyn Navy Yard
through Lower New York Bay and the Narrows,
but could use an alternate route through the East
River and Long Island Sound only for limited
periods at high tides. Proposals to realign and
deepen the channel of the East River and Long
Island Sound passage were tentative because of
the powerful tides and treacherous currents in the
area. Through Navy sponsorship, the New York
District requested a WES model study.*

The Station quickly designed and built a
sheltered model with appurtenances appropriate to
the engineering problems of the East River
prototype. It included automated tide machines,
but unlike the Mare Island Strait model, wave and
wind producing mechanisms were not necessary.
Because shoaling was not a major consideration,
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experiments did not require sediment simulation.
Sub-surface currents were the major concern.
Project engineer John S. Gentilich injected fluo-
rescent dyes into the model at different depths and
in various tidal conditions so currents could be
visually traced. Observations indicated that none
of the Navy's plans for channel improvement
would be effective. A second series of tests, con-
ducted by Tiffany with the same model in 1938,
evaluated other proposals. Of 23 alternatives
considered, WES engineers recommended one that
would cost $10 million less than the original Navy
plan.’!

In 1936 WES also began a lengthy harbor
project that for the first time involved a foreign
client. By 1920 Maracaibo, Venezuela, had
become a major port for the export of oil, carried
primarily by the Standard Oil Company. In the
mid-1930s a convoy of about 25 loaded ships left
the port daily, each carrying around 20,000 barrels
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of oil. A large Outer Bar stretched across much of
the harbor's entrance, but had not posed major
problems until the advent of large, heavily laden
traffic. As traffic increased, the bar grew
alarmingly and threatened to close Maracaibo
entirely to oceangoing ships. Ships could leave
the port only at high tide, passing single file in
five-minute intervals directly through a shallow
and narrow channel ™

Model studies in the general charge of
Robert B. Cochrane concentrated on determining
if a new channel cut across the Outer Bar would be
effective. The project was especially hampered by
a lack of precise information as to tides, weather,
and other conditions in the prototype area.
Although completed in April 1936, the model was
not considered verified until May 1938. A most
unusual situation arose in that certain conditions in
the prototype appeared to be caused by the
propeller action of ships crossing the bar. Project
engineers then designed an ingenious system in
which an electrically-driven car travelled on rails
above the bar in the model. Beneath the car two
propellers extended horizontally into the water to

i

g sippi River Flood Control model

Building templates for Missis
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within a few inches of the bed of the model.
Model operators could move the propellers over
any given stretch of the bar at variable speeds and
in either direction desired, simulating boat traffic.
Data indicated that in all cases channels in the
prototype had to be maintained through continued
use and dredging.”

Mississippi River Flood Control
Model

Construction of the Mississippi River Flood
Control Model in 1935 marked a monumental
exception to the decline in river model engineering
under Falkner. The project, in fact, surpassed any
previous modeling attempt in size and complexity.
Locally called “Old 94" from its job number, the
completed structure modeled one of the most
extensive flood-prone areas in the world. Unlike
most of its model predecessors, it was not built to
investigate a specific problem, but to serve as a
tool to study a broad range of phenomena over an
extended period of time. While earlier Mississippi




River models had miniaturized limited river reach-
es, usually bends where cutoffs were being con-
sidered, the Flood Control Model represented the
entire length of the most flood-prone river section,
including all areas where cutoffs might be made.
This encompassed a 600-mile stretch of the
Mississippi River, from Helena, Arkansas, to
Donaldsonville, Louisiana (approximately River
Mile 300 to River Mile 900, extending from 70
river miles below Memphis to 75 river miles
above New Orleans), its backwater areas in the
White, Arkansas, Yazoo, Ouachita, and Red River
basins, and the entire Atchafalaya River Basin.
For the first time, the model enabled Corps
planners to test their flood control scheme for the
entire region.**

Too large for the open areas in front of the
WES headquarters building, crews constructed the
model on a newly-acquired elevated plot
extending on the east side of the original WES res-
ervation. Its length of 1,060 feet, with a maximum
width of 158 feet, forced designers to make

allowance for the curvature of the earth in
calculations. In possibly “the largest and quickest
job of model construction ever undertaken by any
laboratory,” WES completed the job in only four
months at a cost of $133,425. Features
incorporated levees, bridges, swamps, forests, and
even willow thickets. Galvanized screen, folded
and turned upright in patterns determined from
aerial photographs, simulated forests and thickets.
Appurtenant equipment included flood lights, a
telephone system, over 200 gages, five entrance
and two discharge weir boxes, and a pumping
system that furnished water from a new, smaller
reservoir near the model. The model required 42
people to operate, and could reproduce a day's
behavior of the river in 5.5 minutes.”® (Model
construction accounted for the large increase in
civilian employees at WES in Fiscal Year 1935
discussed in Chapter 2. After completion of
construction, much of the work force, including
several sub-professional engineers, was released.)
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When construction was completed, WES
began a lengthy sequence of experiments dealing
with floods in the prototype area. Tests
concentrated on evaluating the efficiency of man-
made improvements built on the Mississippi River
after the superflood of 1927, including cutoffs,
diversion outlets, and new levees.** Engineers
reproduced the floods of 1929 and 1935 in the
model for verification purposes before turning to
the ultimate test of predicting whether the Corps'
efforts over the past eight years would prevent a
recurrence of the 1927 disaster. Model simulation
of the 1927 flood took over 14 hours. Results
optimistically indicated that, barring unexpected
levee breaches, the Mississippi would indeed be
held in check. *’

Flood of 1937

Nature soon challenged the model's
predictions. Severe flooding in the Ohio River
Valley in early 1937

Thompson as Director

Twenty-eight year old Captain Paul W.
Thompson succeeded Falkner as Station Director
in July 1937. His relationship with WES had
begun in 1932 and 1933 when he served as an
assistant to Vogel. After stints with the Omaha
and Kansas City Districts, in 1935 and 1936,
Thompson studied in Europe as a Freeman
Scholar, then returned to Vicksburg as an assistant
to Falkner. On Falkner's departure he took
command of the Station.

Thompson abandoned Falkner's “project
engineer” system, consolidating all hydraulics
projects in a newly-entitled Hydraulics Laboratory
with Tiffany as chief. In an organizational
subdivision somewhat similar to that established
by Vogel in his final year as director, the Hydrau-
lics Laboratory consisted of three units: Experi-
ment Section No. 1, headed by Caldwell and
concerned primarily with tidal models; Experiment

led to fears that “an-
other 1927" was in the
offing for the Lower
Mississippi. For the
first and only time, the
Corps opened the
Birds Point-New
Madrid Floodway to
divert part of the flow
of the main stem.
Nonetheless, river
stages at all points
from Cairo to Helena
exceeded the record
highs of 1913 and
1927. But below
Helena, cutoffs and
channel improvements
lowered river stages
and helped speed
floodwaters to the

Gulf. The Bonnet
Carré Spillway diverted some of the flow above

New Orleans into Lake Pontchartrain, but it was
not necessary to use the Atchafalaya Floodway, as
had been anticipated in a flood of that

magnitude.”®

Lieutenant Doug Davis
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From left, second WES Director Captain Paul W. Thompson, Chief of Engineers Major General Julian
Schley, Mississippi River Commission President Brigadier General Max Tyler, WES Executive Officer

Section No. 2, headed by Fortson and dealing
mainly with hydraulic structures models; and
Experiment Section No. 3, under Vivian G.
Kaufman operating only the Mississippi River
Flood Control model; however, Sections 1 and 3
also handled some river models.
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WES: Center of Corps
Hydraulic Research

Although the Station had been in operation
less than seven years at the time of Thompson's
appointment, he found the atmosphere to be
“exciting, heady, and challenging.” Numerous
visitors from Corps divisions and districts came to
view WES models firsthand, while scholars such
as Straub of the University of Minnesota kept up a
lively correspondence. As a further indication of
WES primacy within the Corps, the other per-
manent Corps hydraulics laboratories played
increasingly minor roles, with the partial exception
of the Beach Erosion Board (BEB) Wave Tank at
Fort Belvoir, Virginia. Thompson noted that other
laboratory heads, after visiting WES, envied the
Vicksburg institution because they operated on
such comparatively small scales and with almost
no funding.

Hydraulics Research Center

In September 1937 the Office of the Chief of
Engineers initiated an attempt to better coordinate
the Corps' hydraulic engineering efforts.
Thompson, at OCE direction, established a
Hydraulics Research Center at WES to centralize
activities. The Center was to assemble experi-
mental hydraulic data from all available sources,
both domestic and foreign; to analyze and interpret
such data; and to disseminate information to Corps
divisions and districts. The concept was not
without precedent, as OCE had already directed
Falkner to establish a Soil Mechanics Research
Center at WES the previous year. Its activities
placed WES at the forefront of the Corps' soil
mechanics endeavors. Recognizing the potential
for a corresponding hydraulics unit, Falkner had
recommended creation of a hydraulics center to
the President of the MRC in June 1937, shortly
before Thompson became Station Director.*

Three sections conducted the Center's func-
tions: the Information Section, the Translation
Section, and the Library, although all operated
with minimal staffs. The first, under the direction
of George W. Howard, collected and assembled
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information from around the globe including engi-
neering periodicals, books, and engineering and
project reports. All were read and abstracted so
that information could be easily spread throughout
the Corps. The Translation Section in 1940 alone
issued 39 translations of articles on hydraulic
engineering from German, Spanish, French,
Russian, and Chinese sources. In addition to
major articles, the section translated the table of
contents of all foreign publications received at the
Station and, when requested, prepared summaries
of articles therein. By 1940 the Library had grown
to over 13,000 items, forming probably the best
collection in the United States in hydraulics and
soil mechanics. Staff performed literature
searches on demand and provided materials,
including films and slides, for loan to Corps dis-
tricts and divisions.*

In June 1938 the Center began to disseminate
information through publication of The
Experiment Station Bulletin (later titled The
Experiment Station Bulletin (Hydraulics), then The
Experiment Station Hydraulics Bulletin).
Appearing about every four months, the Bulletin
carried feature articles, summaries of WES model
work, reviews of new publications, and other
pertinent data. Some issues concentrated on a
specific engineering area or problem such as outlet
and spillway structures.*’ Distribution extended
around the world. In October 1939 the Center
started a second publication, the Quarterly
Summary, which contained data on current Corps
hydraulics studies and publicized recent additions
to the library. Its distribution was limited to the
Corps.

Fields as Director

Captain Kenneth E. Fields succeeded
Thompson as Station Director in September 1939,
when the latter became Assistant Military Attaché
to the U.S. Embassy in Berlin. Fields' appoint-
ment coincided with the German invasion of
Poland and subsequent declarations of war on
Germany by Great Britain and France. As war
raged in Europe and Japanese aggression in Asia
accelerated, American concerns shifted, albeit
slowly, toward the impending global conflict. The
Station was notably affected in that many
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employees were mem-
bers of the Army reserve
and were subject to be
called to active duty.

In a mild change in
nomenclature, Fields
renamed the Hydraulics
Laboratory back to its
original appellation as
the Hydraulics Division.
It retained that name
until 1972. Tiffany
remained as Division
Chief. The rumblings of World War Il rapidly led
to further changes. In October 1940 Tiffany
moved upward to become Fields' Executive
Officer, replacing Lieutenant Wright Hiatt, whom
the Army had transferred from WES. Station di-
rectors later changed Tiffany's title to Executive
Assistant, Technical Executive Assistant, then
Technical Director. As Technical Director he
became the most influential figure in the ad-
ministrative and technical operation of WES until
retiring in 1968. Tiffany eventually earned the
sobriquet “Mr. WES.”

Captain Kenneth E. Fields

As the Division's next ranking engineer,
Fortson was Tiffany's nominal successor as
Division Chief, but was called into active service.
In Fortson's stead, Caldwell served as Chief until
transferring to OCE in January 1943. George B.
“Brad” Fenwick, Caldwell's Assistant Chief, then
assumed leadership until Fortson's return in
1946.%

Improved Experimental
Equipment

Through the late 1930s and into the 1940s,
experimental equipment used in hydraulic
modeling continued to improve, often through the
efforts of WES engineers. This applied not only to
the models proper, but to numerous appurtenances.
Automated tide machines, for instance, revolution-
ized model studies of prototypes such as Mara-
caibo Bay, Venezuela; Mare Island Strait; and the
East River at New York City. Related efforts with
harbor models often required devices to simulate
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waves also. Early attempts, such as the St.
Andrews Bay model, used a primitive, hand-
cranked version that required a substantial amount
of skill and experience to operate. By 1938,
however, WES had developed a 16-foot-long
rotary-type machine with a 6-inch cylinder driven
by an electric motor.” Further advances led to the
production of a plunger-type machine, also electri-
cally driven. The newer design could be adjusted
to produce any size wave at varying speeds.
Compact and wheel mounted, it could be shifted
easily to create waves from any direction. This
was especially valuable in studies to determine the
stable slopes of beaches, shores, and dam faces
under anticipated wave attack, and in testing the
effects of waves on breakwaters. WES wave
research also led to the invention of electrical
apparatuses to measure and record wave heights
and pressures.*

For studies involving the migration and
deposition of silts, WES designers devised a
portable electric silt separator that made it possible
to determine the quantity of silt deposited on the
bed of a model without draining the model. In one

Improved wave machine, 1938
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Workers making hydraulic structures models out of pyralin

continuous operation the device removed the
water-solids mixture from the model, separated the
water, and measured the material representing silt
(normally gilsonite, haydite, or coal).*

Outlet and Spillway Studies

Both Thompson and Fields continued studies
begun under Falkner and instituted new projects
dealing with river and harbor improvement. Their
tenures also saw an impressive increase in the
amount of model work on spillways, stilling bas-
ins, outlet structures, and other appurtenances
associated with dams. In most cases hydraulic
structures models were smaller and easier to build
than river or harbor models, and tended to produce
very accurate data. Model replication of a spill-
way, for instance, normally posed no great
difficulties and could be built undistorted. Also,
the use of transparent pyralin to model outlet
structures such as tunnels let engineers observe
water flows throughout the length of the model.
Prototype locations for hydraulic structures
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models spanned the continent, including Conchas
Dam, New Mexico; Possum Kingdom Dam,
Texas; Wappapello Dam, Missouri; Santee River
Dam, South Carolina; Franklin Falls Dam, New
Hampshire; Great Salt Plains Dam, Oklahoma; and
the St. Lucie Canal, Florida.*®

Projects for two other sites, Sardis Dam,
Mississippi, and Fort Peck Dam, Montana, exem-
plified the Station's hydraulic structures modeling
mission. Sardis Dam was to create a flood control
reservoir on the Little Tallahatchie River, a trib-
utary of the Yazoo River. Construction began in
1936. Upon completion, it would be one of the
largest earthen edifices in the world, stretching
some 14,550 feet. Corps planners designed an
outlet structure consisting of a single large conduit
controlled by four gated intakes. To predict its
hydraulic performance, WES fabricated models of
preliminary and final designs and conducted a
series of experiments in 1937. These indicated
that the original design was adequate, but led to
several modifications to improve the safety,
economy, and efficiency of the completed work.*’
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Subsequent model studies directed by Cochrane on
two proposed Sardis spillways also resulted in
design changes.*®

Begun in 1933 and completed in 1938, the
Fort Peck Dam was also a massive earthen struc-
ture. Four concrete tunnels, each almost 25 feet in
diameter and over a mile long, served as outlets.
On 21 September 1938 a huge landslide occurred
on the upstream face of the dam, making revision
of the tunnel intake structure necessary. The
Missouri River Division devised two plans for
remediation that OCE submitted to
WES for model testing in late June
1939. Time was of the essence, and
WES responded quickly. By 10 July
Fred Brown had directed construction
of an intake model, then supervised
experiments that were completed on 2
August. Results led to implementation
of the Division's first plan for remedia-

tion.*

Only one week after completion of
the Fort Peck intake tests, OCE directed
WES to perform a related study that led
to design of the most elaborate hydrau-
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Fort Peck tunnel model stretched through much of the WES reservation
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Foot bridge connecting parts of Fort Peck structures model

lic structures model at WES to that date. Corps
plans called for construction of a hydroelectric
plant at the outlet of Fort Peck Tunnel No. 1.
Upon encountering numerous hydraulic problems,
designers referred the project to WES. Model
studies began in September 1939 and continued
into January 1940. The earlier intake structure
model miniaturized the complete interior of only
one intake chamber, half portions of the two
adjacent chambers, and a 200-foot-long section of
one tunnel. The new model simulated the entire
length of Tunnel No. 1, complete with intakes,
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trash racks, control shafts, transitions, surge tanks,
and other features. Extending 270 feet, the pyralin
replica rested on an iron catwalk supported by
frames set in concrete footings; passed through
two buildings; and went over the Station lake's
spillway exit channel on a steel truss. A cable
suspension bridge provided vantage points for test
personnel.*

Johnstown Flood Control
Model

One WES study in the Thompson/Fields era
involved flood control measures far from the
Lower Mississippi River Valley. Johnstown,
Pennsylvania, may well have been the most
infamous urban area in the United States pertain-
ing to flooding. Located in a narrow, Y-shaped
valley in the Allegheny Mountains where Stony
Creek and the Little Conemaugh River meet to
form the Conemaugh River, the city was an easy
target for flash floods. In its most spectacular, but
by no means only, disaster in 1889 much of the
city was already inundated by as much as 10 feet
of water when the upriver South Fork Dam failed,
sending a huge wall of water rushing through the
valley. Out of a population of about 20,000, over
2,000 Johnstown residents were killed and prop-
erty losses exceeded $12 million. Thereafter until
1913, the Conemaugh reached or exceeded flood
stage annually. Civic improvements by that year
raised flood stage by 3 feet, but river levels
nonetheless topped the new stage 14 times in the
next 17 years. After a respite from 1931 to 1935,
river levels 14 feet above flood stage in 1936
devastated major parts of the business and indus-
trial sections of the city. Although loss of life was
relatively small, the municipality suffered more
than $40 million in property damages.”’ At that
point the city's 70,000 waterlogged inhabitants
agreed that more needed to be done and, offering
to put up $2 million of their own money,
approached the Pittsburgh District for assistance.

By late 1937 the Pittsburgh District had
devised a preliminary plan for the Johnstown area
that included channel improvements, retaining
walls, and other features. Hypothetically, these
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were to contain within banks the highest flood on
record, the calamity of the previous year. The dis-
trict then asked WES to perform a model study.
Directed by Tiffany, Caldwell, and Fenwick, by
March 1938 the Station had constructed a 250-
foot-long model reproducing parts of Stony Creek,
the Little Conemaugh, and the Conemaugh Rivers,
with outbank areas encompassing all tracts con-
sidered subject to flooding. The effort presented
an unusual challenge in that most of the model
represented an urban area with numerous struc-
tures absent from the agricultural floodplains
depicted in earlier flood control models. Great
detail was necessary to reproduce the 27 bridges in
the prototype area that, because of their inadequate
openings, reduced the capacity of streams to carry
floodwaters and created backwater effects. Addi-
tionally, the model incorporated the entire city
street system, superimposed with city blocks
outlined by strips of sheet metal placed vertically
and imbedded in the model's concrete surface.
Openings cut in the sheet metal outlines controlled
the rate at which flood waters entered and left
storage areas, while wire hardware cloth, bent into
zigzag strips, simulated wooded areas.*

Model verification was based on reproduction
of two floods for which precise data existed — the
disaster of 1936 and the lesser flood of 1937 —
with all channels and appurtenances representing
conditions as at the time of flooding. After
adjustments to improve accuracy, all bridges were
removed from the model to determine their back-
water effects in the prototype. Data indicated that
bridges increased backwater stages from 1 to
2 feet. Model operators then tested proposed
improvements to the stream channels in the model
in the order in which they were to be made in the
prototype. During the testing sequence, which
lasted intermittently until June 1941, WES main-
tained close liaison with the Pittsburgh District,
providing interim reports on various phases of the
study as soon as data from tests were available.
WES personnel also inspected the prototype area
and the Pittsburgh District Engineer, members of
his staff, and Johnstown city officials visited the
Station on several occasions. Model projections
resulted in numerous alterations to the original
plan. For example, WES findings indicated that a
proposed channel excavation in one section of the
Conemaugh would have little benefit. Accepting
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this prediction, the Pittsburgh District avoided
removal of 200,000 cubic yards of solid rock at a
savings of about $300,000, many times the total
cost of the model study.*

Expressing absolute confidence in the project,
the Pittsburgh District Engineer in late 1943
declared that Johnstown had “the largest and best
channel improvement in the United States,” and
that “the flood troubles of the city are at an end.”**
Coincidentally, the District Engineer was none
other than Herbert D. Vogel, founder of WES.
Local civic leaders thereafter advertised the city as
“flood free.” For over three decades they were
right. Unfortunately, on the night of 19-20 July
1977 more than 12 inches of rain fell on
Johnstown in 8 hours. The runoff resulted in yet
another spectacular flood. The town mayor
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Johnstown, PA, flood control model represented an early attempt to reduce urban flooding, 1938
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described the event as “not a flood of river water,
it was a flood of rain water. It was runoff.”
Another official noted that the city was flooded by
streams that he had never even heard of.> At their
mouths, the Little Conemaugh River and Stony
Creek exceeded the record flows of 1936 by an
estimated 44 percent. 87 people were listed as
dead or missing, and damage estimates in
Johnstown alone reached $117 million. Still, the
channel project and later improvements provided
enormous benefits and lessened the impact of what
could have been one of the great disasters in U.S.
history. Flood crests were reduced in some
locations by as much as 11 feet, possibly saving
hundreds of lives and preventing an estimated
$325 million in damages.*®
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A Decade in Retrospect

In December 1940 WES began its second
decade of research. Experiments in progress at
that time represented an enormous increase in both
the breadth and depth of the Station's mission.
Two projects were started at the end of 1930, the
indoor Ohio River Lock and Dam models and the
outdoor Illinois River backwater model, and
involved about twenty employees. In 1940 WES
activities and facilities had expanded to include
scores of personnel working simultaneously on
23 assignments. Flood control studies included
the Johnstown urban model, a Mill Creek flood
control project for Cincinnati, and continuous use
of the Mississippi Flood Control Model for the
MRC. A river navigation project for the New
Orleans District looked at reducing shoaling in the
Mississippi River in the vicinity of Head of
Passes. Hydraulic structures research entailed

WES aerial view, 1939
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design of spillways, stilling basins, outlet works,
intakes, and tunnels at such diverse locations as
Arkabutla Dam, Mississippi; Bayou Bodcau Dam,
Louisiana; Denison Dam, Oklahoma; Franklin
Falls Dam, New Hampshire; John Martin Dam,
Arkansas; and Fort Peck Dam, Montana. In the
rapidly developing fields of harbor, estuary, tidal,
and wave studies, WES investigations ranged to
Absecon Inlet, New Jersey; Richmond Harbor,
Virginia; Grand Marais Harbor, Michigan; San
Juan Harbor, Puerto Rico; Savannah Harbor,
Georgia; and Wilmington Harbor, Deleware.
Additional studies included the model study of
meandering streams for the Mississippi River
Commission, a major hydrological research
project for the Office of the Chief of Engineers,
and an analysis of pump suction chambers for the
Puget Sound Navy Yard.”” (A complete listing of
WES hydraulics projects in progress in 1940, with
sponsors, is included in Appendix B.) Comple-
menting its impressive workload in hydraulics, the
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Station at the same time enhanced its reputation by
leading the Corps' newly expanded research
program in soil mechanics.”® Efforts in both areas,
however, would be dwarfed by the events of the
coming years.

ASCE Hydraulics Division

ASCE structural changes in the late 1930s
reflected the expanded role of hydraulics engi-
neering in the United States. By 1938, 200
Society members had signed a petition to form an
ASCE Hydraulics Division. Twenty-eight differ-
ent committees of the Society were already
concerned in some way with water. In April 1938
the ASCE Board of Direction voted to establish a
separate Hydraulics Division to join the 11 other
divisions in existence. Creation of the entity was
largely the work of Fred C. Scobey, an irrigation
engineer with the U.S. Department of Agriculture.
Matthes of the MRC and Boris A. Bakhmeteff of
Columbia University joined Scobey and two other

Notes

members to form the Hydraulics Division's
original Executive Committee. Four years later
Matthes became WES director, while Bakhmeteff
was later to serve with great distinction as a
consultant to WES.

The Station's personnel played important roles
in the Hydraulics Division's activities. From 14 to
19 July 1941 the Division's Committee on Hydrau-
lic Research held one of its first conferences at
WES, and in 1950 the Division conducted its pre-
mier specialty conference at nearby Jackson,
Mississippi. Tiffany, Fortson, and Brown later
chaired the Executive Committee, while other
WES engineers and consultants served as commit-
tee members. Activities of the ASCE and other
organizations enabled scholars and field engineers
to make contacts on national and international
levels. WES and other engineering institutions
benefitted from personal relationships and the
exchange of information.*
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4 From War to Peace, 1942-1949

The Impact of War

Although in 1940 and 1941 the United States
moved fitfully toward a wartime footing, nothing
could prepare the nation for the shock of the
surprise attack on Pearl Harbor. Almost overnight
the progression from isolationism to global war
was complete. For the next four years the struggle
affected the lives of all Americans and their insti-
tutions. WES was no exception.

Even before open American involvement in
World War II, Axis aggression in Europe and
Japanese imperialism in Asia caused the United
States — what Japan’s Admiral Yamamoto called
a “sleeping giant” — to toss and turn. Prepara-
tions for a 2-million-man Army and a greatly en-
larged Army Air Corps particularly concerned the
Corps of Engineers after late 1940. At that time,
in a major reassignment of duties, the Army
shifted the monumental task of constructing of all
Army training facilities from the Quartermaster
Corps to the Corps of Engineers. Many Corps
officers and civilian employees engaged in civil
projects then quickly changed their focus to mili-
tary matters, and the Army began to call numerous
Corps personnel who were reservists into active
service.

Changing priorities, transfers, and call-ups
profoundly influenced the Station’s operations and
administration. Eugene P. Fortson, for example,
was ranking engineer in the Hydraulics Division
after Joseph B. Tiffany became Executive Officer
to Station Director Fields in 1940, but reported for
active service and was transferred from Vicksburg.
Tiffany later also entered the Army with the rank
of captain, but remained at WES. Shortly after the
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United States entered
the war in December
1941, Fields left the
Station to serve under
General Dwight D.
Eisenhower in the
European Theater of
Operations. Tiffany
served as Acting Direc-
tor until the next spring |
when Gerard H.
Matthes, Chief Engi-
neer of the MRC and
ardent supporter of
Ferguson’s cutoff pro-
gram, assumed leadership of the Station in May
1942. A native of The Netherlands, at the age of
68 Matthes was not liable for military service. He
was Director until September 1945, the first
civilian director of WES.! (See Appendix A:
Organization Charts.)

N
Gerard H. Matthes, WES
wartime director

An enlarged military mission led Matthes to
enact a structural reorganization in 1943 that split
the Hydraulics Division into two separate entities:
the Waterways Division and the Hydrodynamics
Division. Headed by George B. Fenwick, the
former dealt primarily with civil projects related to
flood control and navigation, while the latter under
Fred Brown conducted most military research.
Within Brown’s division, Robert Y. Hudson led a
Wave Action Section that was especially active in
military affairs (discussed later in this chapter).

War affected far more than administrative
positions. The Army recognized that key engi-
neering operations had to continue uninterrupted,
so it allowed a limited number of exemptions to
male personnel. Some exemptions were decided at
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the Station by drawing numbers out of a hat.
Nevertheless, as many engineers, skilled techni-
cians and laborers answered the call to duty, per-
sonnel shortages developed in all facets of the
Station’s operation. Matthes then hired a large
number of women as technicians, many of them
wives of departed soldiers. According to Tiffany,
WES could not have survived World War II as an
organization without their contributions.>

Among the female technicians was Eloise H.
Bodron, a 1944 graduate of Vicksburg High
School. As an engineer aide, she worked primar-
ily on the New Jersey Ship Canal model, often
pacing the midnight shift on catwalks above the
model. Trained “on-the-job,” Bodron and other
female employees were well accepted by nearly all
the males, even though many had never worked in
mixed company. However, some discomfort was
inevitable. One particularly friendly male worker
on the late shift gave unsolicited — and unrequited
— serenades to Bodron “all night for a long time”
before giving up.’

Early Military-Related Projects

Even before World War II, a few WES hydrau-
lics experiments had military connotations. These
included the Mare Island Strait and East River
studies for the Navy in the late 1930s. Also, in
1939 the Station manufactured over 100 sets of
miniature pontoon bridges and sent them to mili-
tary schools and training centers around the United
States. There they served as the only hands-on
tools for training engineer troops to erect military
floating bridges.* A 1940 study of San Juan Har-
bor led to revised design of breakwaters to protect
a Navy seaplane base, while a project begun in
April 1941 resulted in construction of an effective
breakwater system for Roosevelt Roads Naval
Base at the eastern end of Puerto Rico.” Unsatis-
factory operation of pumps in dry docks at the
Puget Sound Navy Yard, Bremerton, Washington,
generated a model study in which WES personnel
crafted pyralin miniatures of the existing intakes
and other structures. The Navy accepted WES
recommendations, which were based on evalua-
tions of six remedial plans.® These projects served
as mere preliminaries to the hectic activities of the

war years.
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Wartime Research: Harbor
Improvements

War-related activities dealt largely with harbor
improvement for the Navy. In a notable study
conducted by Brown, Hudson, and R.A. Jackson
of the Hydrodynamics Section, WES devised a
breakwater system for the Naval Air Station at
Alameda, California. Located on the eastern side
of San Francisco Bay, the base was equipped with
facilities for seaplanes, aircraft carriers, and other
naval ships. Installations also included a landing
field for land and carrier based planes. Docking
facilities consisted of a seaplane lagoon, tender
pier, and a 1,000-ft carrier pier, while navigation
facilities incorporated a dredged entrance channel
and turning basin.

A rock seawall and rock jetty constructed to
protect the base was inadequate, especially in
relation to the seaplane lagoon and carrier pier.
Storms on the San Francisco Bay often generated
waves that damaged unprotected docking facilities
and moored ships, prevented planes from landing
or taking off, and made loading and unloading
ships difficult. Hazardous and expensive dredging
operations were also necessary to prevent shoaling
in the turning basin.

WES began constructing a model of the
prototype area in November 1942, then started a
series of tests that were not completed until
February 1945. The model reproduced the
shoreline adjacent to the Naval Air Station, the
seaplane lagoon, the carrier pier, the turning basin
and entrance channel, and enough of San
Francisco Bay to permit accurate simulation of
wave action and tidal currents. The model
embodied the sum total of design methods and
experimental equipment developed at WES since
the late 1930s. Automated plunger-type wave
machines mounted on casters simulated waves
with desired characteristics from different
directions of approach. A WES-designed wave-
height measuring device was capable of detecting
vertical fluctuations of the water surface with an
accuracy of 0.002 ft in the model, corresponding
to 0.4 ft in the prototype. While tide machines
reproduced currents and water levels, injectors
introduced saturated gilsonite into the model in the
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areas from which the prototype silt material
originated. During the course of experiments,
WES submitted progress reports to the Navy every
two weeks, and involved personnel attended
several conferences in Washington, at Alameda,
and at the Station. The complexity of the project
required testing and analysis of more than twenty
plans. WES eventually recommended, and the
Navy accepted, a design that called for
construction of a 6,830-ft-long breakwater that
proved highly effective.’

A similar project, begun in July 1943, dealt
with undesirable wave and surge action at the
Navy piers and dry docks at Terminal Island, San
Pedro Bay, California. Despite a breakwater
almost nine miles in length, wave action was such
that ships moored at the piers were never
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Alameda Naval Air Station, CA, model represented one of several WES wartime harbor studies

motionless. At times the wave and surge action
became so pronounced that moored ships collided
violently with the piers, endangering the ships,
interrupting loading, and causing material damage.
Use of heavy anchor blocks to hold the ships away
from piers were only partially effective. In less
critical times such wave and surge conditions
would have been undesirable, but tolerable.
Loading and unloading could have been handled
in dry docks rather than by the use of pier cranes.
However, with the full-time use of the dry docks
to provide repairs for damaged warships, this was
not an option. Some damaged vessels were even
moored at piers for repairs. Controlling the
destructive tendencies of the harbor took on an air
of urgency as the war in the Pacific increased in
intensity.

Chapter4  From War to Peace, 1942-1949



Navy planners proposed construction of a large
model to alleviate wave and surge conditions and
called on WES to determine the best of several
plans. Brown’s Hydrodynamics Division
designed a model about 120 ft wide and 175 ft
long that reproduced all of Terminal Island, the
coastline of Anaheim Bay, Los Angeles inner and
outer harbors, Long Beach inner and outer har-
bors, all of San Pedro Bay, the San Pedro
breakwater, and a surrounding portion of the
Pacific Ocean. To represent details crucial to the
study, it included miniature piers in the Terminal
Island harbor and model ships to help determine
the exact behavior of ships in the prototype.
These included sheet metal miniatures of a
battleship and a destroyer and a wooden battleship
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Terminal Island, CA, model concentrated on reducing wave and surge conditions

Teinal Island pier ana éhlp models with timed exoure htos

with a distorted linear scale. Small lights installed
on the ships photographed with timed exposures
provided unique charts to trace ship movements
due to wave action.

The project was unusual in that the Navy, due
to wartime pressures, began construction of the
mole at the same time the model study began.
Throughout the course of the project WES
maintained close liaison with the Navy through
conferences, inspections and reports. Station
personnel prepared interim reports presenting the
results of tests immediately upon completion of
each series of related tests and also issued regular
semimonthly progress reports. In designing the
details and constructing the huge mole, then, the
Navy used WES data almost as soon as
they were obtained. Completed in
September 1945, the structure was a total
success.®

The San Pedro Bay model found
further use in the postwar period, though
on a less hectic basis. Studies conducted
in 1945 and 1946 led to design of
protective structures for a Naval Supply
Depot at nearby Point Fermin,’ and a
1947-t0-1948 project for the Long Beach
Board of Harbor Commissioners resulted
in further improvements in the San Pedro
Bay area.'
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A final WES wartime harbor study reached far
into the Pacific Ocean. The Navy’s Midway
Island Operating Base, situated on Sand and
Eastern Islands, was a crucial link in the chain of
American bases in the North Pacific. Installations
included docking and anchorage facilities for
seaplanes, submarines, cruisers, and smaller naval
ships, as well as landing fields for land and carrier
based planes. Navigation facilities consisted of a
dredged channel leading from the ocean into a
mooring area in a deepwater central lagoon.
Adverse conditions resulting from the combined
forces of winds, waves, currents, and the peculiar
physical shape of the atoll often created hazardous
navigation conditions.

A Wave Action Section study, begun in
November 1944, confronted a number of unusual
problems. As the prototype harbor was sur-
rounded by water rather than being located on a
mainland, WES engineers reproduced it in the
center of a large fixed-bed model. Furthermore,
the water surface in the Midway lagoon was high-
er than that in the surrounding ocean, requiring
design of a complex circulating system to produce
the same effect in the model. Wave characteristics
were complicated in that during typical storms in
the prototype they averaged about 44 ft in height
on the north reef but only 23 ft on the west reef.
After making numerous adjustments, WES engi-
neers verified the model and conducted tests that
did not conclude until August 1946. Data
indicated that the only proposal that would be
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effective out of the seven tested was a plan that
included construction of a breakwater between the
lagoon and the ocean. "’

New Jersey Ship Canal Study

Wartime demands often gave increased vigor to
projects proposed in peace. Since 1909 Congress
had authorized several investigations to determine
the feasibility of a deep-draft navigation route
from New York Bay to the Delaware River as part
of the Miami-to-Boston Intracoastal Waterway.
Numerous reports recommended a variety of canal
and lock configurations that would connect
Raritan Bay, the westernmost arm of New York
Bay, with the Delaware about 30 miles upriver
from Philadelphia. Construction of the proposed
33-mile canal would provide substantial
commercial benefits in peacetime, and as the
primary missing link in the Intracoastal Waterway,
would protect shipping from submarine attacks in
time of war.

Despite conspicuous advantages, authorities
refused to proceed with construction prior to the
wartime emergency. The Delaware River was the
source of water for Philadelphia and other
municipalities and for a large industrial region.
Part of the state of New Jersey also obtained its
potable and industrial supplies from groundwaters
in the vicinity of the proposed canal. Intrusion of

salt water from New York Bay into
. the canal through its locks at Raritan
Bay was thus intolerable. Construc-
- tion could not begin until planners
were assured that saltwater intrusion
could be prevented or at least held
within tolerable limits.

By 1943 the Corps’ New York

- District had devised designs for the
Raritan Bay locks and plans for their
operation to prevent saltwater
intrusion, but could not calculate
their effectiveness. The Army’s
Board of Engineers for Rivers and
Harbors, under pressure from the
U.S. House of Representatives’

. Committee on Rivers and Harbors to
make recommendations as to
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Raritan Bay locks model involved WES in early lock studies

whether to proceed with the project without modi-
fications, called for model studies. The Chief of
Engineers subsequently authorized WES to com-
mence investigations in December 1943. Tests
began in January 1944 and continued until May
1945. Brown, Henry B. Simmons, Buford C.
Keene, and John W. Bolin, Jr., supervised con-
struction of three models of the proposed locks to
different scales and used each to study specific
problems. Particular care was taken to insure that
the salinity of water used in the models was the
same as in the prototype. To differentiate between
fresh and salt water in the model, test designers
tinted the latter with green dye. Experiments indi-
cated that fresh and salt water, when introduced
into the locks in the manner intended in the proto-
type design, did not mix except when stirred

Chapter4  From War to Peace, 1942-1949

excessively. Salt water, with a higher
specific gravity, tended to stay at the
bottom of the locks where it was
effectively removed by a system of
valves and flushed with fresh water.

As in a number of wartime projects,
~ WES engineers maintained close
contact with involved parties through-
out the course of the studies. Repre-
sentatives of the New York District

| inspected the models from time to

- time, while WES submitted reports as
various phases of the study were com-
pleted. Reflecting the magnitude of
the project, conferences held at WES,
in Washington, D.C., and in New York
City included personnel from the
Station, OCE, the Board of Engineers
for Rivers and Harbors, the North
Atlantic Division, and the New York

- District. On one occasion represen-
tatives of local interests of the states of
New Jersey and Pennsylvania also
made the long trip to Vicksburg to
personally examine the WES models
and confer with Corps officials."

Despite optimistic WES test

projections and support for the canal
- by many commercial and political
© interests, postwar priorities shifted

away from construction. Prohibitive

costs for limited benefits discouraged
economic planners, while the slim possibility of
submarine attacks in the near future neutralized
military arguments in favor of the project. The
canal was never built. Failure to construct the
prototype, however, did not negate the value of
WES experiments, as they served as a basis for
future studies and provided general data for related
projects.

Pontoon and Pneumatic Float
Development

In studies unrelated to navigation, the Hydro-
dynamics Division directed a project aimed at
improving pontoons and pneumatic floats used in
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be prevented by an improved bow
design or, possibly, with attach-
ments to the existing design.

WES first made the models of
current American, British, and
German pontoons entirely of a
plastic which closely simulated to
scale the effect of skin friction
between the pontoons and the
water. About 4 ft long, the models
included all outside details of the
prototypes such as handrails and
skids that might affect
hydrodynamic flow. Engineers
anchored the models lengthwise in
a 4-ft-wide flume and placed lead
weights within them to represent

Pontoon bridge model

the construction of floating military bridges.
Army planners considered the venture urgent.
Already looking ahead to the liberation of Europe,
an invasion of Nazi Germany appeared imperative.
Such an operation would require forced crossings
of numerous rivers which, because strategists
anticipated that no permanent bridges would be
left standing, must of necessity be on temporary
floating bridges. The notoriously swift and
treacherous rivers in the European Theater of
Operations, notably the Rhine, presented
formidable technical difficulties.

Under Bolin and Brown, who doubled as
Acting Chief of the Hydraulics Structures Section
as well as Division Chief, WES crews assigned to
the pontoons/pneumatic float project worked
around the clock seven days a week from June
until November 1943. Tests concentrated on
development of an attachment for the bow of the
standard U.S. heavy type pontoon, determination
of the best bow shape for future pontoons,
determination of the most effective means of
anchorage, and improvement of the upstream bow
shape of pneumatic floats. Bow shapes were
crucial in swift currents. When heavily laden,
pontoons had little freeboard — the distance from
the top of the ponton to the water surface — at
their bows and sides and could be overtopped.
Army designers anticipated that overtopping could
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loads up to nearly 35,000 pounds.

This left a freeboard of only about

6 inches on the American proto-
type. Water coursing through the flume simulated
a 20-ft-deep river flowing at measured and
regulated velocities. Data indicated that the
American pontoon could carry heavier loads than
its British or German counterparts in low-velocity
flows, but performed poorly in high-velocity flows
such as those likely to be encountered in Europe.
WES then tested the American version with twelve
different attachments to the bow designed to
improve buoyancy. Another test sequence
evaluated four new pontoon designs. Since new
designs showed no significant improvement over
attachments to existing pontoons and would be
more difficult, expensive, and untimely to
manufacture, WES recommended adoption of a
windshield type attachment until time permitted
development of an adequate replacement.

As in the simultaneous Terminal Island
breakwater investigation, Hydrodynamics Division
personnel maintained contact with contracting
authorities through progress reports, interim
reports on results of certain tests as soon as they
were completed, and visits to WES by members of
the Corps’ Engineer Board. By 1944 the Army
was fabricating improved pontoons and pneumatic
floats based on WES data.'
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Ponton bridge in action, World War Il

In addition, the Army constructed full-size
prototypes for field tests of the four new pontoon
designs evaluated at WES. A version promoted by
the Stevens Institute of Technology with a stream-
lined bow appeared most promising. Unfortu-
nately, tests conducted by the Corps’ Engineer
Board in swift water at the Desert Test Section at
Yuma, Arizona, exposed serious drawbacks.
When placed side by side and with normal
spacing, waves from the bows of adjacent
pontoons caused a buildup of flow between
pontoons that overtopped the sides. WES then
conducted a second series of model tests in 1945
and 1946 in an attempt to improve the original
design. Test personnel discovered that plastic
models, such as used in the first series of tests,
failed to reproduce prototype deflection
characteristics when used as supports in typical
four-pontoon or seven-pontoon rafts. Later
models were made of thin zinc sheeting that was
light in weight, easily fabricated, gnd more
accurately reproduced conditions in nature. Also
unlike the first experiment series, later model tests
used four or seven ponton units secured abreast as
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a single raft. Again, WES efforts led to revisions
of the bow design, although these features were
not incorporated into prototypes until after World
War I1."

D-Day Breakwater Tests

By the summer of 1943 Allied leaders began
making concrete plans for the invasion and
liberation of continental Europe. The selection of
Normandy as the landing site offered the strategic
advantage of surprise, but presented momentous
engineering problems. First and foremost, U.S.
and British strategists concluded that French
harbors in the invasion area would not be able to
handle the massive flow of traffic necessary to
supply and reinforce Allied armies after a
beachhead was established. In a calculated
gamble, engineers decided to construct two great
artificial harbors, a feat upon which the success or
failure of the invasion might well depend.
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Code named “Mulberry,”
the harbors were to consist
primarily of huge breakwaters,
built offshore with giant
concrete caissons, and floating
roadways called whales
leading about 3,000 ft from the
caissons to the shore. Since no
data existed concerning the
engineering behavior of
caisson breakwaters in field
conditions, OCE, in September
1943, ordered WES to perform
a model study. Specific
information was needed
concerning the wave and tidal
pressures exerted on the front and back faces of
the proposed breakwaters, the stability of
breakwater sections with respect to overturning
and sliding, and the movement of bed materials
beneath and around the structures. Another series
of model tests, conducted concurrently by the
Corps’ Beach Erosion Board (BEB) at Fort
Belvoir, Virginia, concentrated on the caissons’
towing and sinking characteristics. British
engineers performed parallel investigations.

Both the Navy and OCE developed breakwater
designs. Tests on the OCE model, a triangular-
shaped structure, were not encouraging, so efforts
concentrated on the Navy version. The prototype
was to be 61 ft high, 60 ft wide, and 160 ft long
with semicircular ends. Walls were to be 1-ft-
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Caisson model in action
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P

“Mulberry” caisson model used in D-Day preparations

thick reinforced concrete. Transverse walls
extending from bottom to top divided the open-
topped interior into compartments, with each
transverse compartment subdivided by ribs. When
filled with water and sunk, engineers hoped the
edifices would provide protection against the
elements and serve as platforms to unload ships.

Brown and Hudson supervised hydraulic tests
while Eugene H. Woodman devised measuring
and recording devices. First they designed wood
and steel models of the caissons, each slightly over
5 ft long and 2 ft high and weighing 365 pounds.
An indoor wave tank 18 ft wide and nearly 120 ft
long served as the testing facility. Its floor
declined slightly seaward from the model shore to
exactly reproduce the sloping bottom of the
Normandy coast. Working on a
seven-days-a-week, 24-hours-a-day
schedule through the fall of 1943, a
project group subjected models to a
wide variety of wave conditions,
scour, and other phenomena likely to
be encountered. For security
reasons, personnel were not informed
of the use to which the caissons
would be put. Nevertheless, Tiffany
later claimed that he had figured out
the purpose of the breakwaters and
the location they were to be used by
studying tidal specifications.”® In
any case, data indicated that ballast
such as sand would be necessary to
prevent the caissons from rocking
and settling into the bed material '
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Invasion planners considered the project to be
of such urgency that written WES reports were not
required. Brown, in fact, called OCE on an
almost-daily basis to report test results as soon as
they were observed. OCE then relayed data to
England, where caissons were to be constructed.
Tests at the Station ended in December 1943, even
though incomplete, because British builders were
forced to proceed with prototype construction as
expeditiously as possible for the impending
invasion. Early in 1944, British engineers, with
WES data at their disposal, finalized designs and
began construction of about 150 caissons. These
were towed across the English Channel in the
aftermath of D-Day to form the anchors of the
Mulberry harbors. Although a severe storm totally
destroyed one of the harbors within a matter of
days, the other stood as one of the great engineer-
ing marvels of World War II, capable of handling
at least 12,000 tons of equipment and 2,500
vehicles a day.

The WES role in the design of the Mulberry
breakwaters has been a matter of historical contro-
versy. Tiffany in his 1968 History of the Water-
ways Experiment Station noted that “Chief among
the projects undertaken during the war [was] the
study of the stability of artificial harbor breakwa-
ters designed and constructed for the 1944
Normandy invasion.”"” Gordon A. Cotton stated
10 years later in A History of the Waterways
Experiment Station that

Two artificial harbors tested at WES, then
built in secrecy and towed across the
English Channel behind the assault forces
for installation on the Normandy beaches,
were used to furnish supplies to the invasion
armies and, according to a statement from
Supreme Allied Headquarters, “made
possible the liberation of Western

218
Europe.”

Lee F. Pendergrass in a 1989 unpublished manu-
script echoed this sentiment, adding that “Perhaps
the greatest strategic contribution of the Hydrgu—
lics Laboratory [sic] was the testing of two artifi-
cial harbors...used in the invasion of Normandy.”
He nonetheless noted that “the portable harl?ors
ended up being designed by the Britl.sh,” vs1191th
WES providing the “essential guidelines.”
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WES work in fact appears to have had little, if
any, impact on caisson breakwater design and
none at all in the design of the Mulberry harbors
as integrated wholes. Rear Admiral William H.
Smith, Director, Planning and Design Department,
U.S. Navy, wrote in June 1945 that American
input was minimal, stating that both the British
and American navies prepared complete caisson
designs, but that the design adopted was “the basic
British design which did, however, incorporate
some of the features of the [U.S.] Navy design.
Use of WES data was not acknowledged by the
British.

2920

Fittingly, WES personnel directly involved
with the breakwater project did not make grandi-
ose claims. Hudson, in an article for Civi/
Engineering in September 1945 asserted that “The
caissons used for protection of the D-Day harbors
were of British design and were not identical with
those used in the [WES] model tests.”?' Most
Mulberry caissons were substantially smaller than
American designs tested at WES and had squared
rather than rounded ends. Perhaps Station engi-
neers derived some grim satisfaction in that, had
British designers taken their advice to strengthen
the structures and add ballast to prototypes,
destruction of one of the harbors by a storm could
possibly have been averted.

Other WES Connections in the
European Theater

Several WES employees served in combat roles
in the European Theater of Operations, including
two former Directors. Paul W. Thompson, WES
Director from 1937 to 1939, commanded the
Assault Training Center in England from April
1943 until March 1944. In preparation for the
invasion of Europe, the Assault Center was to
insure that both infantry and engineer contingents
who would spearhead the assault were properly
prepared. Through the spring and summer of 1943
Thompson and his staff studied the French coast-
line, calculating that at no place along the coast of
northwest France could the Germans use more
than one platoon per 2,000 to 2,500 yards to pro-
tect beach fortifications. They predicted that the
enemy would have strong field defenses with
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concrete pillboxes and other emplacements, but
with relatively thinly spread defenders providing
automatic weapons fire. D-Day planners conse-
quently prepared — correctly — for this scenario,
and Thompson’s center readied units to deal with
such a defensive scheme. Quite familiar with the
value of modeling, Thompson’s engineer units
constructed and placed modeled beach and
underwater obstacles for training purposes and
gave lectures to commanders on a number of
subjects connected with the coming landing.
Thompson landed in Normandy at approximately
7:30 a.m. on D-Day and was promptly seriously
wounded.”

Kenneth E. Fields, Thompson’s successor as
WES Director from 1939 to 1941, also served as a
combat engineer through the Western European
campaign, playing a key role in the Allied inva-
sion of Germany. In March 1945, Allied units
prepared to cross the Rhine River, Germany’s last
great defensive barrier in the West. As antici-
pated, German engineers attempted to destroy the
Rhine bridges and were successful with one
exception: their efforts to demolish the bridge at
Remagen resulted in major structural damage but
left the span intact. Captured by the U.S. Army on
8 March, it provided a conduit for men and
materials to cross the swollen river for several
days. On 17 March, however, while Army Engi-
neer troops attempted to make repairs, most of the
bridge collapsed. Fields, who had risen to the rank
of lieutenant colonel, supervised reconstruction of
the now-historic site.”

Simultaneously at other locations, American
forces were crossing the Rhine on pontoon bridges
whose designs had been improved by WES tests.
To aid these units, the Corps of Engineers estab-
lished a river stage and flood prediction service for
the Rhine and its tributaries. Flash floods or other
rapidly fluctuating river stages could potentially
wreck tactical bridges unless some advance
warning was given. Since precise information on
the Rhine was lacking, Corps personnel culled
data from all available sources. In November 1944
the WES and MRC libraries contributed German
atlases that gave widths and depths of the Rhine at
a number of locations, 24 sheets of hydrographs
showing actual river stages at half a dozen critical
points, charts with information about rainfall at
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various points along the Rhine, and a temperature
chart showing the variation in temperatures for a
selected year. Combining this with information
from other sources, the Corps on 16 March 1945
— one day before the collapse of the Remagen
bridge — began broadcasting forecasts over Radio
Luxembourg giving 48 hour predictions of river
stages. By enabling field engineers to plan and
prepare with up-to-date information, the forecasts
helped make the Rhine crossings a complete
success.”

The tradition of WES accomplishments in
hydraulic modeling played one other role, albeit
indirect, in the Rhinelands operations. In 1943
American forces had captured a German army
staff study that contained a lengthy analysis of the
military aspects of German rivers, including plans
for the use of man-made floods to hinder troop
movements and destroy temporary bridges. Using
these tactics in early 1945, German engineers
intentionally flooded the Roer River valley,
postponing an Allied crossing for nine days. The
Rhine presented more portentous opportunities.
Nine dams on the Upper Rhine impounded mil-
lions of cubic ft of water that could be released
either by destroying the dams or by lowering their
gates. In the latter case, floods could be repeated
as soon as reservoirs refilled.

Early Allied attempts to theoretically calculate
the magnitude of flood waves on the Rhine were
of little use. Corps officers in Europe subse-
quently commissioned the French experimental
firm of Neyret-Beylier et Picard-Pictet to build a
model of the Upper Rhine, complete with dams
and other structures. Supervised by Brigadier
General Henry C. Wolfe and Major Albert J.
Nowicki on a 24-hours-a-day basis, French
workers completed the project well in advance of
time estimates despite shortages of materials and
manpower. The 700-ft-long replica assisted tacti-
cians in selecting assault crossing and bridging
sites, assembly areas, dump locations, and sites for
other installations where they would be least
affected by inundations. Although WES was not
directly involved, the Station’s successful use of
models over the preceding 14 years was a primary
factor in ordering the study. Lieutenant Colonel
Stanley W. Dziuban of OCE, in recapping the
project, stated in 1946 that the Rhine model was
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General view of Upper Rhine River model, Grenoble, France

Although undoubtedly unprecedented in the
annals of engineer field operations, such
hydraulic model experiments have been a
standard technique of the American Army
Engineers at the U.S. Waterways Experi-
ment Station at Vicksburg, Mississippi.
Their use in the Rhine Campaign furnishes
an excellent example of how Army Engi-
neers are able to make their peacetime and
wartime functions complement each other,
resulting in improved execution of both.”

Mississippi Basin Model

Construction of the Mississippi Basin Model
(MBM) — the largest and most complex hydraulic
model ever built — had an unexpected war-related
connection. Major Eugene Reybold, while serving
as Memphis District Engineer during the 1937
flood, conceived the idea for a comprehensive
model of the entire Mississippi River basin.
Models of limited reaches of the river and its
tributaries, such as the Mississippi River Flood
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Control Model, had been invaluable tools for
predicting flood levels and in providing data for
remedial actions. Still, Reybold felt that flood
control problems in the Mississippi River Valley
could be dealt with even more effectively through
use of a much larger model, one that incorporated
the whole 1,250,000 square miles of the basin,
which includes parts of 31 states and two Cana-
dian provinces. Only a model of that dimension
could reflect the total hydraulic behavior of the
great river and tributary system, with its levees,
floodways, cutoffs, reservoirs, and other inter-
related flood control mechanisms.?

Upon becoming Chief of Engineers in 1941,
then-Lieutenant General Reybold pushed to make
the model a reality. In May 1942 he met with
Matthes and Tiffany in Washington for discus-
sions and directed them to conduct a preliminary
study as to the feasibility and practicability of
constructing such a huge facility. The WES study,
transmitted to Reybold in October 1942, encour-
aged that construction begin, but with several
alterations to Reybold’s original plan.
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In April 1943 the Station submitted a detailed
project report complete with cost estimates and a
timetable for construction that incorporated these
alterations. The proposal called for a huge model
built with the same numerical scales as those of
the Mississippi River Flood Control Model. It
would cover approximately 200 acres, reproducing
all existing and proposed flood control reservoirs,
as well as levees, dikes, floodwalls, floodways,
and other works. The network of streams —
15,000 miles long in the prototype — would be
nearly eight miles long in the model. In the mean-
time, since Reybold was aware that personnel and
materials were in short supply and that civilian
labor would not be available due to the war, he
conceived the idea of using prisoner-of-war labor
for preparation of the model grounds. The Provost
Marshal General, intrigued by the project, granted
authority to construct an internment camp with
facilities for 3,000 men adjacent to a model site.”’
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German prisoners of war doing site work on Mississippi Basin Model, Clinton, MS

While Reybold tended to problems of labor
supply and WES devised the model design, in
October 1942 a site selection board that included
Matthes, Tiffany, Caldwell, and Karl A. Dupes of
WES recommended a location near Clinton,
Mississippi, 35 miles east of Vicksburg and nine
miles west of Jackson as a construction site. The
822-acre tract consisted of gently rolling land that
would not require extensive excavation and had
ready access to a rail line and electric power.”®
The following month, the Corps acquired the
property and in January 1943 the Mobile District
started construction. Plans provided for housing
for WES personnel needed to direct model work in
addition to facilities for prisoners. Occupation
began in August 1943 with the arrival of about
200 prisoners, nearly all Germans from Rommel’s
elite Afrika Korps captured in North Africa. By
October the number had risen to 1,400, then
peaked at 1,797 in December.

b s q;‘u .
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Supervised by WES personnel, prisoners began
work at the site immediately upon arrival.
Enlisted men received 80 cents a day for eight
hours of outdoor labor, with canteen scrip substi-
tuted for cash. Officers and noncommissioned
officers were not required to work but could
volunteer to do so. Workers showed a good deal
of enthusiasm when first assigned to the project,
but developed a real indifference when the major-
ity of work changed to excavation with wheel-
barrows and shovels. Morale improved after
several months when heavy earth-moving equip-
ment replaced the primitive tools used in early
efforts. Eventually the prisoners
cleared nearly 600 acres of land, B
built roads and bridges, moved a
total of about 1,000,000 cubic yards
of earth, dug a drainage ditch around
the upper limits of the model, and in-
stalled most of a storm-sewer system
with about 85,000 linear ft of pipe
underlying the site. By the time the
last prisoners were repatriated in
May 1946 the location was nearly
ready for construction of the giant
model.”’

Civil Projects:
Meandering of Alluvial
Rivers

While military research took
precedence over civil works projects
during the war years, WES continued
to perform experiments. The Hy-
draulic Structures Section of the
Hydrodynamics Division, for in-
stance, completed studies of spill-
ways and related dam structures ata
number of locations, though on a
reduced level from its prewar
efforts.’® Of enormous long-term
significance, WES pioneerc?d com-
prehensive theoretical studies of the
meandering of alluvial rivers and .
supervised a revolutionary geglogmal
analysis of the Lower Mississipp1 o
Valley. PRES, it

Meandering of the channel of the Mississippi
and other alluvial rivers had long puzzled hydrau-
lic engineers. As early as 1932 WES began a
series of investigations for the MRC attempting to
determine the distance over which the river would
maintain its channel without meandering between
consecutive curves. In simple tests, Station
workers filled a 50-ft-long flume to a depth of
about nine inches with sand, molded a straight
channel down the center of the 15-ft-wide bed, and
ran a constant discharge of water through the
channel. Flows quickly developed meander belts
in imitation of an alluvial river valley. Tests
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varied the slope of the val-
ley, the rate of discharge
of water, the amount of
sand supplied with the
water when it was intro-
duced into the channel,
and other factors. Lacking
more sophisticated tech-
niques and measuring de-
vices, engineers concluded
only that greater rates of

natural tendencies.” Near
the completion of
Ferguson’s cutoff
program, a coordinated
levee system had led to
revived MRC interest.
Engineers were concerned
that the Mississippi, de-
spite straightening, would
continue to change its
channel negating the man-

bed load (sand in this made cutoffs and bypass-
case) supplied to the first ing expensive levees. Un-
bend in the model derstanding meandering

produced greater sized
bends in a more rapid
fashion. Efforts were dis-
continued when the MRC
withdrew funding.*’

phenomena was seen as a
key in shaping efforts to
keep the river within a
permanent channel, if pos-
sible. Use of crushed coal
rather than sand as a bed
material provided more
realistic performance, as
did use of small gravel
and other materials on riv-
erbanks to prevent unnatu-
ral scour and erosion. Ef-
forts ceased abruptly in

In 1940 and 1941 WES
performed a more com-
plete set of experiments
for the MRC for the pur-
poses of “obtaining spe-
cific data on the natural
tendencies of a model

stream in regard to the Early direstive anergy study December 1941 when the
development and main- engineers in charge were
taining of a definite meander pattern,” and to transferred to the Lower Mississippi Valley
“study methods of controlling and directing these Division for military construction projects.*

MISSISSIPPI RIVER COMMISSION
U.S. WATERWAYS EXPERIMENT STATION

STUDY OF MEANDERING STREAMS
DEVELOPMENT OF LABORATORY MEANDERING STREAM

INITIAL STRAIGHT CHANNEL AFTER 3 HOURS AFTER 6 HOURS AFTER 10 HOURS

Captain J. F. Friedkin conducted lengthy directive energy studies of meandering streams
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Early efforts paled in relation to an MRC-
sponsored program lasting from September 1942
to December 1944. Conducted first by Captain
Haywood G. Dewey, Jr., then by Captain J.F.
Friedkin, the study was to “determine the basic
principles of meandering rivers,” and “the princi-
ples involved as to the effects of stabilizing the
banks of a meandering river.” Tests used flumes
up to 120 ft in length and 38 ft wide, with river
channels up to 5 ft wide and 4 inches deep. A
variety of bed materials were used, including coal,
sands, silt, haydite, and mixtures. Time lapse
photography using overhead cameras recorded
water flows as they produced meanders, built up
bars, scoured bends, created cutoffs, and in other
ways imitated the behavior of a prototype river. In
a constricted time scale, engineers could view in a
matter of hours what would take decades to
replicate in nature.

The study resulted in the publication of the
seminal Laboratory Study of the Meandering of
Alluvial Rivers by Friedkin in 1945.>* Even before
publication, Friedkin’s work strongly influenced
Congress in 1944 to authorize a comprehensive
project of bank stabilization for the Mississippi
River and creation of a 12-ft-deep permanent
navigation channel. Profusely illustrated, the
study became an instant classic distributed all over
the world, although some conclusions have since
been challenged or revised.”

Civil Projects: Geological
Investigations

Geological investigations supervised by WES
led to a reinterpretation of the fundamental nature
of the Mississippi River Valley. By the late 1930s
the Corps of Engineers recognized the interre-
lationship of geology with practically all forms of
engineering. Thus, in the early 1940s the MRC
sponsored a program of localized geological
studies as part of its overall strategy to control
flooding of the Mississippi River and its tributar-
ies. These studies evolved into a compilation of
the geological history of the entire alluvial valley
of the Mississippi River and, eventually, its major
tributaries. Concurrent with historica_l analyses,
geologists amassed a comprehensive inventory of
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soil types, structures, and strata in the region and
placed them in their geological context. Both
historical and contemporary geological inventories
proved invaluable, first to planners who were able
to more fully understand the behavior of the river
system and predict its future actions; and second to
engineers who now had a inclusive view of the
geological makeup of the valley, including infor-
mation on the location of potential construction
sites and materials.”

Fortunately, in the formative stages of its
geological studies the MRC obtained the services
of Harold N. Fisk, a young professor of geology at
Louisiana State University.* In the late 1930s,
Fisk combined lab and teaching responsibilities at
LSU with a research position on the Louisiana
Geological Survey, also headquartered in Baton
Rouge. In the latter capacity he compiled and
published a series of geological investigations that
quickly drew the attention of a wider audience,
including the Corps of Engineers.”” Consequently
the MRC engaged Fisk as a geological consultant,
leading him to terminate employment with the
Louisiana Geological Survey in 1941. Over the
next few years he authored a series of unpublished
reports for the MRC on a variety of topics ranging
from geological studies of underseepage and
sedimentation problems to investigations of
proposed lock and levee sites.”® These paled into
relative insignificance with the publication of his
monumental Geological Investigation of the
Alluvial Valley of the Lower Mississippi River by
the MRC in December 1944.%

“Fisk ‘44”

The origins of Geological Investigation —
“Fisk ‘44” — dated to 1941 when OCE authorized
a comprehensive geological study of the entire
alluvial valley of the Lower Mississippi.*’
Detailed objectives included:

* asummary of the major characteristics of the
valley,

* an analysis of the nature of the Mississippi
entrenched valley system,

 an analysis of the nature and distribution of the
recent geological era alluvium filling the
entrenched valley system,
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* adetermination of the char- /2
acteristics of the alluvial
plain,

* achronology and analysis
of the historical evolution
of the valley, and

* acomprehensive discus-
sion of the Mississippi
River and its activities.

No geological study of
such magnitude had ever been
attempted, nor one that could
have such an enormous impact
on hydraulic and geotechnical
engineering in a major river
system. Consequently OCE
provided a wide range of
resources, many furnished by
WES. The project was nomi-
nally administered by Briga-
dier General Max C. Tyler,
president of the MRC, but
WES Director Matthes was de
facto general supervisor. Pro-
phetically, Matthes had been an early proponent of
geological studies in engineering practice and was
instrumental in establishing the discipline as an
integral component of the Station’s functions.*’

To conduct the investigation, Matthes established
an independent WES Geological Division in Baton
Rouge under the immediate direction of Fisk.
There, a newly-hired staff afforded the needed
personnel. Fisk then had at his disposal a profes-
sional WES contingent, resources from other
Corps offices, and a mass of data accumulated by
several state geological surveys, railroad corpo-
rations, state highway departments, water-well
drilling companies, oil companies, and other
entities.

§ 2

From their Baton Rouge headquarters, WES
personnel reviewed data and compiled prelimi-
nary reports. Only the developments of the pre-
vious 15 years made the project feasible. Prior to
1927 accurate maps were not available for much
of the region, and water-well drillers, petroleum
explorers, and construction engineers had made
only scattered borings, few of sufficient depth.
Seismic studies were likewise of little value. By
the 1940s, however, Fisk and his associates had
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Harold N. Fisk (far left), revolutionized geological studies of the Mississippi River Valley

the advantage of a variety of new means. Topo-
graphic maps made by the MRC thoroughly
detailed the surface of the alluvial plain, while
aerial photographs provided a fresh perspective.
The latter were most useful in identifying aban-
doned courses of the main river and its tributaries,
where scars of old channels and associated fea-
tures were discernible from the patterns of soils,
vegetation, and drainage. Studies also utilized the
data from approximately 16,000 borings, many
made under the supervision of the WES group.
Over 3,000 penetrated the entire depth of the allu-
vial layer. Historical accounts of the river valley
were more thoroughly analyzed, some going back
as far as Spanish narratives of the 16th century.*

In a concise 78 pages of text, the Fisk report
addressed the objectives outlined in the research
directive. Gaining immediate acceptance as a
classic in geological investigations, for the next
three decades it served as the authoritative and
essentially unchallenged reference on the geologi-
cal history of the alluvial region, and on the origin,
location, nature, and thickness of alluvial sedi-
ments. Perhaps as impressive, several volumes of
colored, detailed topographical and geological
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maps and charts accompanied the manuscript.
Prepared and published by the MRC, they set a
new standard for geological illustration.

Even before the completion of Fisk’s report in
1944, OCE authorized a major supplemental study
published in 1947 as Fine-Grained Alluvial
Deposits and Their Effects on Mississippi River
Activity. In it geologists mapped the position of
fine-grained alluvial deposits from aerial photo-
graphs and field examinations, testing the mapped
areas through borings made specifically for the
study. They also compiled information concerning
the physical properties of different types of fine-
grained deposits. Of particular importance, the
1947 study more accurately pinpointed and
mapped abandoned channels, locating clays and
other soils. This in many cases provided more
practical information than the original study, as
designers were better able to plan levees, revet-
ments, and other structures in the future.*

The Valley Disclosed

The Fisk reports revolutionized perceptions of
the Lower Mississippi Valley and had an enor-
mous impact on virtually all engineering efforts
therein. Among the report’s conclusions was that
the alluvial layer of the valley, the layer deposited
by the Mississippi and lesser rivers throughout the
history of the region, consisted of two thick, sepa-
rate, and distinct strata. Concepts of “classical”
geologists had previously held that the floodplain
consisted of thin layers of alluvium. In fact, the
two thick layers embodied a substratum of coarse-
grained materials, primarily sand and gravel, laid
during the earlier stages of the filling of the
entrenched river valley. Above the substratum
was a top stratum of fine-grained silts, clays, and
silty-clays deposited during the later stages of
river valley development. The substratum was
often encountered at depths as shallow as 10 ft
below the top stratum in the northern part of the
valley and averaged 50 ft in thickness. In the
southern part, from Baton Rouge to the Gulf, the
substratum was as much as 100 ft below top
stratum deposits with its thickness reaching 400 ft.
The depth of the substratum beneath.top stratum
alluvium at any location was of crucial importance
to engineers, as the substratum usually provided
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the stable foundation needed for major construc-
tion projects. Beneath the two strata of alluvial
deposits, firm clay of Tertiary period origin consti-
tuted the foundation of the entrenched river valley.

Fisk’s chronology of alluvial valley evolution
also revolutionized standards in geological inter-
pretation. He postulated that the foundation of the
entrenched valley, the essentially solid base, was
eroded during the last great Ice Age beginning
about 30,000 years ago. Sea level was approxi-
mately 450 ft lower due to the incorporation of
water into glacial masses. Thus gradients of the
proto-Mississippi and other rivers in the region
were steep, carrying potential alluvial deposits all
the way to the Gulf of Mexico. The end of glacia-
tion resulted in a rise in sea level to its present
height only about 5,000 years ago. As the sea level
rose, stream gradients steadily declined, river
velocity decreased, and a great wave of alluvium
spread upstream. Thus, according to Fisk, the
alluvial plain was of relatively recent origin. Sand
and gravel deposits — the substratum of the allu-
vial layer — fell first from flowing water, to be
followed in deposition by the top stratum of finer-
grained materials. This general interpretation of
valley evolution remains popular and widely
accepted, though later research indicates that Fisk
seriously underestimated climatic and other
factors. Major revisions of Fisk’s chronology have
also ensued.

Fisk reinforced conceptions that the establish-
ment of a broad, easily eroded alluvial plain had
led to the most salient characteristic of the modern
Mississippi River: the active migration of its chan-
nel. Indeed, the term meandering well described its
serpentine actions. Most meanders were pre-
Columbian in origin and were thus unrecorded. A
few European observers — primarily Spanish and
French explorers — described changes in the
river’s course only as late as the 16th and 17th
centuries. Eighteenth- and 19th-century accounts,
especially those initiated by the MRC after the
1870s, provided a much more detailed record of
river behavior in recent historical times.

To historical accounts, Fisk added the first
comprehensive interpretation of the river’s unre-
corded past. Analysis of aerial photographs,
topographical maps, and deep borings led Fisk to
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deduce that within the past 2,000 years, a very
short geological duration, the river had signifi-
cantly changed its course several times. These
alterations involved much more than the estab-
lishment of cutoffs and abandonment of localized
channels, but rather sometimes incorporated
entirely new main channels. Of particular impor-
tance, the river in its lowest reaches had taken at
least three different routes through Louisiana to
the Gulf of Mexico in the time span considered.
The present course through New Orleans dated
from only about the past 650 years. All observa-
tions and data indicated the river would continue
to wander through the alluvial plain in the absence
of human controls. Fisk’s findings, supplemented
by Friedkin’s laboratory studies of river meander-
ing, profoundly influenced Corps strategies to con-
trol the Mississippi, notably through construction
of the massive Old River control complex in the
1950s and 1960s.

Aftermath of War

The surrender of Japan in August 1945 imme-
diately reduced the military-related hydraulics
functions of the Station, with civil works again
taking center stage. Administrative and organi-
zational evolution reflected the change in focus.
Matthes retired as Station Director in September
1945 after a stressful 3-1/2 year tenure. His
departure marked a fundamental change in the
nature of the office. Matthes and his predecessors
— Vogel, Falkner, Thompson, and Fields — were
first and foremost hands-on engineers, all of whom
could be considered pioneers in hydraulic model-
ing and played large roles in the Station’s research
activities. Future Directors tended to assume limit-
ed technical functions. Appointed by OCE, they
were to administer and coordinate WES activities
in performing Corps missions. Tenures normally
lasted two or three years, as the Corps attempted to
give its officers a broad range of administrative
experiences by rotating them through important
posts.

Before leaving WES, Matthes enacted a struc-
tural reorganization by merging Fenwick’s Water-
ways Division and Brown’s Hydrodynamics
Division into a single Hydraulics Division. Fen-
wick became Chief with Brown as Assistant Chief.
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Matthes and his immediate successors, Lieutenant
Colonel Clement P. Linder and Colonel Carroll T.
Newton (a former Freeman Scholar), faced a
touchy personnel problem in that returning veter-
ans had the right to return to their old jobs or to
assume positions to which they had been entitled
at the time of their departure. Fortson had been
Tiffany’s successor as Hydraulics Division Chief
when Tiffany became Assistant Station Director in
1941, but the Army transferred Fortson from
WES. Shortly after his return to the Station in
December 1945, Fortson replaced Fenwick as
Hydraulics Division Chief, even though Fenwick
had served in that capacity for the preceding three
years. (This uncomfortable scenario repeated itself
during the Korean War when Fortson again
reported for active duty, left WES, was replaced
by Fenwick, then returned to his old post.)

Transfer to OCE

The Station’s duties expanded continuously
during the war years and their immediate
aftermath. Matthes, even before the end of World
War II boasted that

The Waterways Experiment Station has
become known as the largest and most
active laboratory of its kind in the world.
Although a great many other laboratories in
this country and in foreign countries have
done similar work in hydraulics and soil
mechanics, no one of the laboratories
approaches in number of projects nor in
scope of problems the work carried on at
the Experiment Station. As a matter of fact
it is probably true that the Experiment Sta-
tion has conducted as many hydraulic and
soil mechanics investigations as all other
laboratories combined.**

WES traditional hydraulic model projects included
studies for OCE, Corps divisions and districts, and
other clients on a nationwide basis. The work
included studies on flood control, harbor
engineering, hydraulic structures design, and
navigation improvement endeavors. Construction
and operation of the Mississippi Basin Model
alone dictated establishment of a separate section
within the Hydraulics Division. Activities of the
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Soil Mechanics Division grew to include airfield
paving, mobility and trafficability studies, and
engineering geology. The transfer of the Corps’
Concrete Research Division from New York to
Mississippi in 1946 further extended and di-
versified the Station’s role.

While WES emerged as a leviathan in
hydraulic engineering and soil mechanics, the
Corps of Engineers made a conscious effort to
centralize its research operations in those and
other areas. OCE strongly encouraged districts to
refer work whenever possible to WES. Even
Corps laboratories considered permanent in the
1930s saw their functions absorbed by WES. The
Station had clearly assumed a stature far beyond
its original role of assisting the Mississippi River
Commission in its flood control mission. By the
late 1940s, only about one-fourth of WES hydrau-
lics investigations were for the MRC and LMVD.
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5 Hydraulics Research Giant,
1949-1963, Part I: River Modeling,
Potamology, and Hydraulic
Structures

Expanded Functions and As its workload evolved, the Station went
Facilities throu'g'h'a major Phys_ical renovatipn. In 1946 the
acquisition of adjoining property increased usable
acreage by more than half. Extensive clearing and
In the aftermath of war, hydraulics research at grading and placing of compacted fill in gullies
WES returned largely to traditional civil functions: provided broad level areas for new model shelters
flood control, river and harbor improvement and and soils studies, while widened paved access
regulation, and design of roads improved internal communications. To

hydraulic structures.
Activities in these and
other areas such as tidal
estuary modeling and
potamology increased far
beyond prewar efforts. In
addition, for the first time
the Station assumed a
program of applied
research that, rather than
concentrating on specific
problems connected with
individual projects or
structures, appreciably
broadened the scope of
experimental work. Mili-
tary endeavors, though
greatly reduced, found an
unexpected release in
studies of the effects of
nuclear explosions in
water.

Aerial view of large metal hangars at WES to house models
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serve Corps personnel in the Vicksburg area,
where housing had been a critical problem in the
prewar period, the MRC directed construction of a
dozen single family homes, an apartment complex,
and a small (and unpopular) trailer camp. Clearing
underbrush from around the Station’s lake
improved its appearance, and grounds keepers
waged a constant battle to clear the lake of turtles.
One weekly “turtle report” to the Director listed a
three-foot alligator among its victims. Snakes
occasionally found models to be convenient rest-
ing spots.’

More importantly, new facilities replaced the
outdated wooden sheds that housed numerous
hydraulic models. Station Directors found that
portable sheetmetal hangars, with materials
obtained from military surplus, were both ideal
and available. Through the late 1940s WES con-
structed a number of huge hangars on the graded
upper level of the reservation adjacent to the Mis-
sissippi River Flood Control Model. By 1947 the
center of activity for model studies had been
moved from the lower level in front of the WES
main building to new facilities on high ground.
While the Hydraulics Division relocated most of
its operations there, the Soils Laboratory occupied
the central portion of the old main building, which
had housed flumes, small models, and other
hydrodynamic experimental equipment.

More Growing Pains

Growth inevitably altered relationships
between WES employees. “Old hands” nostal-
gically recalled that the Station in its earlier years
had benefitted from an extraordinary camaraderie.
Its predominantly young cadre of engi-
neers and technicians had been bound
together by common experiences
brought on by the Depression and
World War II. Excited by the pros-
pects of innovative scientific research,
they maintained a level of interaction
possible only in a limited, almost
family-like atmosphere. Henry
Simmons, a WES employee since
early 1940, noted of the World War II
era that “In those days everybody ate
lunch together out on the lawn out of

Henry B. Simmons

brown paper bags,” and that there was constant
discussion about what was going on. Everybody
knew everybody else — including the director —
by first name. Simmons also represented a genera-
tion of WES employees who found it possible to
rise to prominence despite a lack of formal educa-
tion. Later an internationally known pioneer in
estuary modeling and WES Hydraulics Laboratory
Chief, Simmons had dropped out of Mississippi
State College for financial reasons halfway
through his senior year. He never received a col-
lege degree.?

A listing of WES hydraulics projects in
progress in 1950, the 20th anniversary of experi-
mental work at the Station, illustrates the remark-
able growth of the Hydraulics Division’s activities
during the previous decade. It also serves to indi-
cate the difficulty of maintaining the close per-
sonal relationships that had benefitted the Station’s
personnel during its early years. With growth
came distance.

From 23 projects in progress in 1940, the
Division’s workload had almost doubled to 42 in
1950. (A complete listing of projects in progress
in 1950, with sponsors, is included in Appen-

dix B.) Site-specific studies of dams and appurte-
nant structures included work for Belton Dam,
Texas; Cheatham Dam, Tennessee; Folsom Dam,
California; Fort Randall Dam, South Dakota; Gar-
rison Dam, North Dakota; Genegantslet Reservoir,
New York; Oahe Reservoir, South Dakota; and
Philpott Dam, Virginia. River flood control and
navigation efforts involved constructing and in-
strumenting the huge Mississippi Basin Model and
model studies of Memphis Harbor, Tennessee; the
Hoosic River, Massachusetts; and the Mississippi
River near the Greenville, Mississippi, bridge.
Another river project, begun for the
Buffalo District, entailed model stud-
ies of the Niagara River and Niagara
Falls necessary to design improvement
and protective works. Large-scale
models of Charleston Harbor, South
Carolina; Delaware River Estuary;
Grays Harbor, Washington; Raritan
River Estuary, New Jersey; Savannah
Harbor, Georgia; and Port Washington
Harbor, Wisconsin, exemplified tidal
and wave action research activities.
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By 1950 OCE had for the first time also invol-
ved WES in a number of applied hydraulics re-
search projects as a part of centralizing its research
programs. Civil Works Investigations (CWI),
unlike site-specific studies, involved broad re-
search initiatives for general application. CWI
projects in progress at the Station in 1950 repre-
sented a broad range of the Corps’ hydraulics
engineering mission, including: General Spillway
Model Tests, Conduit Intake Model Tests, Cavita-
tion Research, Sluice Outlet Model Tests, Model
Study of Sluice Coaster Gate, Slide Gate Model
Tests, Use of Air Instead of Water in Model Test-
ing, Scale Effects on Spillway Discharge Coeffi-
cients, Hydraulic Capacity of Meandering Chan-
nels in Straight Floodways, Study of Wave Force
on Breakwaters, Stability of Rubble-Mound
Breakwaters, Study of Harbor Design, Scale Ef-
fects in Harbor Models, Analysis of Hydraulic
Experimental Data, Effects of Model Distortion on
Hydraulic Elements, Simulation of Air Entrain-
ment in Models Involving High Velocity Flow,
Hydraulic Instrumentation, Development of Tur-
bulence Meter, Prototype Analysis, and Rough-
ness Standards for Hydraulic Models.’

Administrative Evolution

Despite its enlarged mission and the plethora of
projects performed after World War II, for nearly
two decades the administrative structure of the

Eugene P. Fortson
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Hydraulics Division re-
mained comparatively
stable. Fortson served
as Chief until 1970 with
the exception of a stint
in Korea from 1951 to
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