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FOREWORD

In 1941, Gen. Henry H. “Hap” Arnold said “Air bases are a determining factor in the success
of air operations. The two-legged stool of men and planes would topple over without this equally
important third leg.” His prescient insight has not changed over the years. But bases don’t just appear
out of thin air, they have to be planned, built, operated, maintained, recovered and divested. That is
the mission of Air Force Civil Engineers, who contribute to airpower by working behind the scenes
to provide that “equally important third leg.” From dirt airstrips to sophisticated cyberspace facilities,
bases have transformed over time to reflect changing technology and threats. Air Force Civil Engineers
have also changed their tools, equipment, vehicles, materials, and organizational framework to adapt
over time. What has always been unwavering is the commitment of Engineers to the mission, hard
work and excellence.

This year we commemorate the 50th anniversary of the Prime BEEF program, the cornerstone
of Air Force Civil Engineers’ wartime mission since 1964. Next year, in 2015, we will also celebrate
RED HORSE’s golden anniversary. Over the past half century, the Prime BEEF bull and the RED
HORSE have become widely recognized symbols of excellence in agile combat support around the
world. From Vietnam to Afghanistan, Air Force Civil Engineers have proudly worn these patches that
represent the tradition of service built by their predecessors.

The hundreds of thousands of men and women who have gone before us and served as Post
Engineers, Aviation Engineers, Air Installation Officers, Installation Engineers, Civil Engineers, Prime
BEEF or RED HORSE have paved the way for each one of us who serve today or in the years to come.
We can learn from their experiences and be proud of their remarkable achievements. We owe a great
debt to them and honor their service. Each is an integral part of our past and guides us in the future

as we continue to “Lead the Way!”
”—Amﬂ

TIMOTHY S. GREEN, Brig Gen, USAF
Director of Civil Engineers
DCS/Logistics, Installations & Mission Support
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PREFACE

This book has been nearly 30 years in the making. In October 1985, Maj. Gen. Clifton D.
“Duke” Wright, Jr., the Director of Engineering and Services, met with Dr. Ronald B. Hartzer in
his Pentagon office. Dr. Hartzer was about to assume his position as the first-ever Historian for Air
Force Engineering and Services. General Wright, who had the foresight to capture the past before
it disappeared, said one of his goals for Dr. Hartzer was to produce a book-length history of the
career field. Dr. Hartzer began collecting historical documents, photos, videos, and oral histories
from hundreds of sources. Soon a collection that began with just two folders grew to thousands
of documents, many of which were used for this book. The Civil Engineer archives contains the
fascinating account of the countless men and women who contributed to the proud history of Air
Force Engineering and Services. This book tells their story and fulfills a promise made to General
Wright back in October 1985.

The U.S. Air Force was recognized as a separate U.S. Armed Service in 1947, thus fulfilling
the vision advanced by many military aviators since World War 1. Civil engineering was recognized
as a professional discipline critical to the success of the new Service.

Engineers claim a long and proud tradition of military service. During World War II, the U.S.
Army Corps of Engineers executed the construction of overseas airfields and support facilities for
the Army Air Forces, often under challenging conditions and with meager resources. These successes
impressed leaders of the Army Air Forces with the critical importance of civil engineering in
supporting Air missions through planning, operating, and maintaining air bases. Many leaders in the
early days of Air Force Civil Engineering began their careers with the U.S. Army Corps of Engineers.
These leaders were eager to shape the Air Force of the future and to integrate civil engineering into
the overall mission.

This history is the story of the Air Force Civil Engineer organization as it grew, matured,
and changed in response to mission requirements. Data were compiled from non-classified sources.
The chapters are organized chronologically. Chapter 1 presents an overview of the early history of
aviation from 1907 through the end of World War II. Subsequent chapters explore the development
of the organization in sequential 10 to 15-year time periods. Reoccurring themes and activities in
Air Force Civil Engineering common to each period were identified through the archival record and
formed organizational framework for the chapters. These themes are civil engineering programs and
policies, managing the air bases, construction, education and training, and deployments.

During the 1950s, Air Force civil engineers focused on establishing their place and
profession within the newly independent Air Force. They planned, programmed, and oversaw major
construction programs to establish a network of air bases in both CONUS and overseas. The air bases
that they constructed and managed were comparable to small cities where the base civil engineer
administered housing areas, operational areas, fire protection, and utilities. Policies and procedures
for effective management and maintenance of the permanent bases were established during this
time. Air Force civil engineers also were involved in planning and programming the construction of
additional installations to support U.S. defense programs, such as specialized communications posts
in the Arctic and missile sites to defend the United States. Educational programs were established to
foster professional development for civil engineering personnel to maintain a high-level of personnel
proficiency in an ever changing, technically challenging environment. A significant responsibility for
Air Force civil engineers was supporting Airmen during times of war or other deployments. During
World War 11, U.S. Army Corps of Engineers built the landing fields required throughout Europe and
Asia, and this function remained with the U.S. Army Corps of Engineers during the 1950s.



Subsequent decades presented continuing challenges and opportunities as the Air Force civil
engineer organization responded to national defense priorities and to changing Air Force missions. Air
Force civil engineers found themselves with increasing responsibilities to operate and to maintain the
large Air Force portfolio of facilities and real property, and to oversee construction of new buildings
and structures required to beddown new weapons systems. Often, these missions were accomplished
within manpower and budget constraints. To accomplish this complex task, Air Force civil engineers
continuously re-invented, re-invigorated, and transformed their organization to maintain focus on
critical support to the Air Force mission. Talented and innovative leaders were encouraged at all
levels of the Air Force civil engineer organization to identify ways to execute civil engineering
responsibilities more effectively. Air Force civil engineer leaders often adapted project and personnel
management strategies and business models from the private sector and industry to ensure efficiencies
at all levels of their organization. Education and professional development remained a high priority in
developing and maintaining military and civilian capabilities. In addition, Air Force civil engineers
continually evaluated past performance to identify “lessons learned” and revised their procedures and
policies to improve future performance.

Air Force civil engineers confronted the tension between their peacetime role and their role
in supporting the deployed Air Force. During the Vietnam Conflict in the 1960s, this tension was
resolved through the development and implementation of the Base Engineer Emergency Force, known
as Prime BEEF. The purpose of Prime BEEF was to link every military Air Force civil engineer
peacetime job to a defined role in emergency situations and direct combat support. This fundamental
change affected all areas of Air Force civil engineering, particularly education and training. Prime
BEEF was followed by the establishment of Rapid Engineer Deployable Heavy Operational Repair
Squadron, Engineer, or RED HORSE. Prime BEEF and RED HORSE gave Air Force civil engineers
the ability to build the bases required in deployed locations and get the job done. “Can Do, Will Do”
was the civil engineer motto of the 1960s.

The Vietnam Conflict was followed by a decade of peace with corresponding decreases in
military funding. The U.S. military became an all volunteer force. Inresponse, Air Force civil engineers
implemented programs to improve the quality of life for Air Force personnel in their working and
living environments. Readiness training also became a major focus to keep Air Force civil engineers
prepared for deployment. The Readiness Challenge, begun in 1986, fostered competition in training
activities. Air Force civil engineers also faced increasing responsibilities in managing the permanent
bases. New programs were established to comply with environmental and cultural resources laws, as
well programs to reduce pollution and to conserve energy.

Air Force civil engineers reshaped their organization during the 1990s as part of the radical
reorganization of the Department of Air Force. The reorganization was prompted by Department of
Defense and Federal government directives and initiatives. Overseas deployments for Air Force civil
engineers increased dramatically as the United States participated in Operation DESERT SHIELD/DESERT
Storm and follow-on operations. The lessons learned from DESERT SHIELD/DESERT STORM guided
the development of the Air Force civil engineer organization throughout the decade. Deployments
continued to support actions in Somalia and Bosnia and Kosovo. In addition, deployments for
training increased greatly as the civic action program was combined with training activities. As a
result, Air Force civil engineers gained valuable experiences in planning and constructing facilities,
while improving the lives of civilian populations both in the United States and overseas. Caribbean
and Central and South American countries, in particular, were the recipients of new medical clinics,
schools, and water supply facilities.
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The first decade of the twenty-first century was defined by the terrorist attacks on the United
States on September 11, 2001. After that event, Air Force civil engineers were engaged continually in
all aspects of the Global War on Terror — in defending the United States and in fighting terrorism in
Afghanistan and Iraq. Air Force civil engineers adapted to new roles in the joint Service environment
to accomplish U.S. missions. In March 2003, the United States, supported by Great Britain, initiated a
military action against Iraq, known as Operation IraQI FREEDOM. The initial fighting was over quickly
and the United States became involved in an insurgency and nation rebuilding program that ended
in December 2011. Air Force civil engineers adapted to new roles in nation building while deployed
in overseas missions. Meanwhile, at the U.S. permanent bases, Air Force civil engineers engaged in
transforming their organizational structure by adopting policies and procedures to work effectively
within funding and manpower limits.

Throughout their history, Air Force civil engineers have demonstrated talent, innovation,
and continual adaptation to fulfill their missions effectively. Their accomplishments truly have been
impressive. The authors wish to extend their thanks and gratitude to all Air Force civil engineers for
their military service. This is their history.

Authors

Dr. Ronald B. Hartzer, Historian at the Air Force Civil Engineer Center (AFCEC), served as overall
director for this book. He earned a Doctor of Philosophy degree in History from Indiana University
and has been a historian with the Air Force for more than 31 years. He has authored a history of the
Wilmington, North Carolina, District of the Corps of Engineers and written more than 50 articles
for numerous journals. He led the Gulf War Lessons Learned study for Air Force Engineering and
Services and co-authored Civil Engineering’s first doctrine manual.

Lois Walker retired from Federal Service in 2007 after completing a 27-year career as a historian and
holds an M.A. in American History from Wright State University. While serving at Wright-Patterson
Air Force Base, Ohio, she co-authored a widely respected history of the base. She later served at
the HQ United States Air Forces in Europe History Office and was instrumental in producing a 50"
anniversary publication on the Berlin Airlift. She served as Historian at the Air Force Civil Engineer
Support Agency from 1998 to 2007.

R. Christopher Goodwin & Associates, Inc., completed this project between 2008 and 2012 on
behalf of the Air Force Civil Engineering Support Agency under a contract administered by Air Force
Center for Engineering and the Environment through the United States Army Medical Research
Acquisition Activity. R. Christopher Goodwin & Associates, Inc., is an award winning cultural
resources management group with a national practice specializing in the full spectrum of historic

preservation disciplines.

Kathryn M. Kuranda is the Senior Vice-President of Architectural and Historical Services
for R. Christopher Goodwin & Associates, Inc, and served as editor for the book. She holds
a Bachelor of Arts degree in American Studies from Dickinson College and a Master of
Architectural History degree from the University of Virginia. She has directed numerous
architectural and historical research projects and nationwide cultural heritage studies,
including historic contexts for military properties from all the U.S. Armed Services.

Rebecca Gatewood obtained a Master of Historic Preservation through the University of
Kentucky, College of Design. She has been professionally active in the field of historic
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preservation since the late 1990s. She has extensive experience in historical research and
writing, survey, and cultural resource investigations to support a variety of clients nationwide.
She has particular experience in conducting historical research and documenting resources
for the United States Army, the United States Navy, the United States Air Force, and the
Air National Guard. She currently serves as an architectural historian for R. Christopher
Goodwin & Associates, Inc.

Katherine Grandine received a Master of Arts degree in American Civilization with
Emphasis on Historic Preservation from the George Washington University, Washington,
D.C. She has a Bachelor of Arts, History and Geography from the University of Delaware.
She has extensive experience in conducting archival and historical research and writing to
document cultural resources with a particular expertise in researching and documenting
Army, Air Force, and Navy installations in the United States. She currently serves as a senior
historian with R. Christopher Goodwin & Associates, Inc.

Additional Contributing Authors

Melissa Crosby has a Master of Arts in Historic Preservation from the Savannah College of Art and
Design in Savannah, Georgia. She has a Bachelor of Arts in History from Shepherd University in
Shepherdstown, West Virginia. She is experienced in historical research and technical report writing.

Dean Doerrfeld has a Master of Arts in Urban Affairs and Public Policy with specialization in Historic
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CHAPTER 1

LAYING THE FOUNDATION
1907-1947

For as long as there have been military airfields, there have been military engineers dedicated
to their design, construction, operation, maintenance and repair. Before the United States Air Force
became a separate service in 1947, construction personnel working with the Army Quartermaster Corps
and engineers assigned to the U.S. Army Corps of Engineers worked closely with the Air Service,
the Army Air Corps and, eventually, the Army Air Forces. Although not aviators themselves, these
military personnel formed a dedicated cadre of experts knowledgeable in the construction of airfields
and associated facilities critical to supporting flying operations. This knowledge became particularly
critical in times of war when military engineers were tasked to construct, on short notice, airfields
in war zones to support critical missions. By World War 11, this specialty branch of engineering was
known as aviation engineering and became the basis for the civil engineering function that evolved
when the Air Force became a separate service in 1947.

The history of Air Force civil engineering is incomplete without a discussion of the early evolution
of U.S. military aviation. This chapter explores this early history during the period from the initial
creation of a U.S. aviation function in 1907 through World War II. This period laid the foundation for
the creation of the U.S. Air Force and was crucial in the evolution of civil engineering as an aviation
function.

THE ARMY TAKES WING

The first U.S. government aviation function was established on August 1, 1907, when an Aero-
nautical Division was created within the Army Signal Corps. The Division was given charge of “all
matters pertaining to military ballooning, air machines, and all kindred subjects.” Construction related
to aviation was managed by the Office of the Chief Signal Officer. The Army purchased its first
heavier-than-air flying machine, designated Signal Corps Airplane No. 1, from Wilbur and Orville
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see the aeros up close. (Courtesy of College Park Aviation Museum)

Wright on August, 2 1909. Endurance and speed tests for the aircraft were conducted on the narrow
drill ground at Fort Myer, Virginia. Fort Myer was the first of a series of Army posts that granted the
Signal Corps temporary permission to use their parade grounds as makeshift airfields to support the
new and unusual mission.'

The first land leased by the Army Quartermaster specifically for a flying field was a tract owned
by the Maryland Agricultural College at College Park, Maryland, seven miles north of Washington,
D.C. The site was accessible by road but, more importantly, was situated on the Baltimore & Ohio
railroad line. The location was advantageous since early aircraft typically were disassembled and
shipped by rail. The Wright brothers instructed the world’s first military pilots at College Park. Lts.
Frank Lahm, Benjamin Foulois and Frederic Humphreys received pilot training in the operation of
the Army’s first aircraft in October and November 1909. The College Park flying field was short-lived
since the military held a temporary lease.?

In 1910, Lieutenants Lahm and Humphreys returned
to duty at their respective branches of the Army (the Cav- | Ajrdrome (ar’drom):
alry apd the U.S. Army Cor’ps of Englpeerg). Lt. Benjamln General term for a military
Foulois served as the Army’s only active pilot, flying from . . ..

Fort Sam Houston, Texas, in Signal Corps Airplane Number airfield, consisting of a

One.} He and his detachment erected a small hangar on | landing and take-off area for
the drill ground. Although modest, this temporary airdrome | aircraft and facilities for the
established San Antonio. as a military ﬂying center. Fort Sam servicing, maintenance, and
Houston served as the Signal Corps’ sole airfield for the next oc : g

year and a half. In April 1911, three more officers joined admlnlStr_atlon of the units
Lieutenant Foulois to form the Provisional Aero Company. there stationed.
They built a second hangar and operated the Army’s fleet
of six aircraft (five Wright Model Bs and one Curtiss IV Model D). On May 11, 1911, Lt. George
Kelly—for whom Kelly Field was subsequently named—crashed on landing and died when he was
thrown from his plane. The commanding general at Fort Sam Houston banned further flying. The pilots
and aircraft were forced to move in July, although the two hangars remained at the site.
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SUPPORT FOR THE TRAINING MISSION

Meanwhile, the Signal Corps recognized the need for a permanent facility dedicated to pilot
training. On March 3, 1911, Congress authorized the first appropriation for Army aeronautics in the
amount of $125,000 for fiscal year 1912. Most of the money was used to purchase aircraft, but some
was spent on facilities. The Signal Corps decided to return to the College Park site and to construct
expanded training facilities. The Quartermaster Department, historically responsible for construction
and supply to support the U.S. Army, executed a land lease for the tract used in 1909 and an additional
200 acres for a monthly rent of $325. The Quartermaster Department cleared the land and constructed
four wood-frame hangars. Lt. Col. Charles deForest Chandler, Officer in Charge of the Signal Corps
Aeronautical Division, served as commandant of what became known as the Signal Corps Aviation
School. The school operated at College Park during warm weather and moved operations to Augusta,
Georgia, during the winter months.*

One of the school’s more famous students in 1912 was Lt. Henry H. “Hap” Arnold, future com-
manding general of the Army Air Forces in World War II. He described the school’s facilities as
comprising the hangars near the B&O railroad tracks, a small administration building and an emer-
gency hospital tent, which was manned by Lt. John P. Kelley, recognized as the first Flight Surgeon.
By the end of 1912, the school boasted 8 hangars, 14 flying officers, 39 enlisted men, and 1 civilian
mechanic. In addition to experimenting with aerial photography and aerial gunnery, students devised
the first airfield lighting system. Acetylene signal lamps were set up along the landing strip to enable
experiments in night flying.’

In fall 1912, aviation pioneer Glenn Curtiss, who also sold airplanes to the Army, invited the
Signal Corps to send officers to his private flying school in San Diego, California, for winter flying.
The Signal Corps accepted the invitation and divided the winter assignments for Aviation School by
airplane type. The pilots and mechanics assigned to Wright airplanes returned to Augusta, Georgia,
while the Curtiss pilots and mechanics were sent to North Island in San Diego. The school at College
Park closed on November 18, 1912 and did not reopen. Although legislation to purchase the property
was introduced, the Chief Signal Officer recommended against renewing the lease when it expired
in June 1913.6

San Diego offered near perfect flying conditions and became home to the Army’s first permanent
aviation school. Five lieutenants and a detachment of eight enlisted men arrived for duty in November
1912. The Army paid Curtiss 25 dollars a month for use of his school and hangar space. The Signal
Corps’ quarters consisted of an old barn and a shed. The school staff eventually erected a canvas
hangar to house its three aircraft.

In 1913 the Signal Corps discontinued the agreement with Glenn Curtiss and negotiated directly
with the owner of North Island, the Coronado Beach Company, for use of a new camp independent
from the Curtiss school. Negotiations were successful and the school grew with construction assistance
provided by the Quartermaster Corps. In December 1913, the country’s first military flying unit, the
First Aero Squadron, was organized at North Island by War Department General Order No. 75. By
June 1915, squadron strength stood at 30 officers, 12 civilians, and 185 enlisted men; the squadron
maintained an inventory of 13 airplanes. Military aviation was here to stay.’

Site improvements supported the training mission. In addition to runway work to support pilot
training, construction of several more hangars allowed the school to offer technical courses in the
maintenance, repair, and operation of aircraft and engines. A notable innovation developed at North
Island was a portable field tent hangar for use during exercises and operations. The Army continued
to lease the North Island property through World War 1. In July 1919, Congress authorized $6 million
to purchase North Island, then known as Rockwell Field.®
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EARLY AIRFIELD SITES

Utilization of a site selection board to make informed decisions on the location for the permanent
school established an important precedent. The Army Appropriation Act of 1915 directed the Secre-
tary of War to appoint a commission to investigate land acquisition on the Pacific, Gulf, or Atlantic
coasts for an aviation school. Col. Samuel Reber of the Signal Corps and Capt. Richard Marshall
of the Quartermaster Corps visited numerous potential sites on the east and west coasts in search
of those that met the stringent criteria for flying. These criteria included obstruction-free acreage to
accommodate the flying field, favorable weather and wind conditions, regular topography, access to
utilities and transportation, and a cordial relationship with surrounding communities. Colonel Reber
and Captain Marshall worked with local chambers of commerce to arrange public meetings to solicit
sites for consideration. The experience gained through this process was applied in the development
of guidelines and procedures for future selection boards.’

Meanwhile, the Signal Corps established its first overseas air station, which was charged primarily
with conducting reconnaissance missions. In December 1911, the Chief Signal Officer shipped a Wright
B airplane with enough spare parts for six months to the Philippines. The Quartermaster in Manila built
a two-plane hangar on the edge of the polo field at Fort William McKinley to support the air station.
The hangar, complete with a concrete floor, was the first of its kind and cost $1,809.91 to construct.
Lt. Frank Lahm, then with the 7th Cavalry, was detailed to temporary duty in aviation with the Signal
Corps and opened the Philippine Air School in March 1912. The school operated sporadically until
January 1915. Another overseas aviation station also was established briefly in Hawaii between 1913
and 1914. The Hawaii station included tents for housing, temporary wood-frame airplane sheds, and
a rudimentary machine shop.'"

Interestingly, several National Guard units, most notably in the states of New York, Missouri, and
California, formed aviation detachments. The units purchased their aircraft or in some cases, aviation-
minded philanthropists donated aircraft to the units. Each unit operated on its own initiative in training
and in the construction of facilities to support their airplanes. The Signal Corps Aviation School at
North Island eventually admitted a limited number of National Guard pilots beginning in 1916."!

FACILITIES FOR THE FIRST OPERATIONAL UNITS

On July 18, 1914, the Army’s existing air wing received official sanction when Congress authorized
a separate Aviation Section within the Signal Corps. Although some argued that aviation should be
reassigned elsewhere, proponents for organizing the Aviation Section under the Signal Corps prevailed.
Authorization of the Aviation Section gave the fledgling function official recognition and its first
definite status. Previously, aeronautics was not among the official duties tasked to the Signal Corps.!?

The Chief Signal Officer in 1914, Brig. Gen. George Scriven, promoted the establishment of an
operational aviation center separate from the aviation school at North Island. He sought to avoid poten-
tial conflicts between operational and training units arising from shared funding and infrastructure.
The principal criteria for selecting a site for the proposed operational center were favorable flying
weather, an established troop presence, and available government land. The logical location was an
old target range located four miles north of Fort Sam Houston, Texas."

Lieutenant Foulois traveled to Fort Sam Houston to prepare plans and estimates for roads and
buildings. Enlisted men assigned to First Aero Squadron hauled supplies from Fort Sam Houston to the
site and worked for six months to build roads, walks, and drains, and to prepare the landing field. They
constructed two hangars, each accommodating five planes. Lieutenant Foulois secured authorization
to relocate the two old hangars from the drill ground at Fort Sam Houston to the new site.!*

In November 1915, the First Aero Squadron officially moved from San Diego to San Antonio.
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A bird s-eye view of the aviation post at Fort Sam Houston, Texas.
The squadron soon was ordered to Columbus, New Mexico, to join Brig. Gen. John J. Pershing in his
pursuit of Pancho Villa on the Mexican border. This assignment presented the first opportunity for an
Army aviation unit to operate under field conditions over a large area. The squadron made a total of
548 flights in the United States and Mexico.'

In his after-action report, then-Major Foulois identified one of the primary factors distinguish-
ing air operations from ground operations. While missions are conducted in the air, aircraft must
eventually land and thus are dependent on fixed bases. He opined that “one or more aero squadrons,
operating in the field should have a base, conveniently located, from which all supplies, material, and
personnel should be drawn.”'® He envisioned a base capable of both supplying and receiving, with a
maintenance capacity for testing and for building engines using materials gathered from around the
country. Major Foulois’s vision for dedicated aircraft facilities is obvious in hindsight. He was one
of the first to encourage and to promote fixed bases devoted to aircraft support. In his 1968 memoirs,
published posthumously, General Foulois described his view on the future of aviation, '’

I gave vent to my conviction that action had to be taken swiftly for the sake of Ameri-
can air power. I pointed out in great detail the immediate and general needs of the
Aviation service of the Army and recommended reorganization of the Washington
office of the Aviation Section, legislation for more efficient use of appropriations then
available, a survey of all military posts to determine their use as flying schools and
air stations, and legislation which would lead to the establishment of a flying corps,
separate and distinct from any other corps or branches of service.'®

Specifications for Army aircraft were becoming steadily more rigorous and the airplanes delivered
over the next several years became more powerful and complex. The facilities to support aircraft
needed to match the sophistication of the aircraft.!”

Three more flying units were activated in the San Antonio area—the 3d, 4th, and 5th Aero Squad-
rons. Additional units required new and expanded facilities, a common challenge at each aviation
outpost. By 1916, the 2d Aero Squadron, located in the Philippines, operated one company of aircraft
modified as seaplanes and was preparing to add a second. The 6th Aero Squadron was organized near
Fort Kamehameha in Honolulu, Hawaii. Capt. John Curry deployed to the islands in January 1917
and selected a site on Ford Island in Pearl Harbor for a seaplane base. The site was purchased for
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$235,000. The 7th Aero Squadron organized by Capt. Hap Arnold was established in Panama in Janu-
ary 1917. All of these activities required construction support. The Chief Signal officer requested that
the Quartermaster General fold funding for barracks for San Antonio and barracks, officer quarters,
a machine shop, and a storehouse for each of the overseas stations into his 1917 budget estimates.?

ESTABLISHING INFRASTRUCTURE FOR WORLD WAR 1

Despite significant progress, U.S. military aviation was still in its formative stages when World War
I broke out in Europe. Great Britain, France, Germany, and Italy were more advanced and visionary
than the United States in exploiting the military potential of the airplane. U.S. aviation strength com-
pared very poorly to the pre-war strengths of the major European powers. Based on the performance
of the 1st Aero Squadron during Pershing’s expedition against Pancho Villa, Congress appropriated an
additional $500,000 for military aeronautics, a paltry sum compared to the $45 million that Germany
appropriated for military acronautics in its last pre-war budget. In August 1916, Congress moved to cor-
rect this inequity and allocated nearly $14 million for military aeronautics. An additional $600,000 also
was approved to purchase land for aviation sites in anticipation of U.S. involvement in the European
War. For the first time, the Signal Corps had money to develop aviation and launched a nationwide
search to find suitable sites.?! Land for four important Army flying fields was acquired in late 1916:
Kelly Field near San Antonio, Texas; a New York National Guard site on Long Island which included
Mitchel Field; Ford Island Naval Reservation in Hawaii; and a field on the lower Chesapeake Bay
near Hampton, Virginia.?

In Hampton, Virginia, the War Department purchased 700 acres of land at a cost of $490,000 to
establish an experimental station that became Langley Field. While many sites previously were leased,
the Virginia land acquisition represented the first time that the government purchased land specifically
for an air installation.”® The general locale near Hampton was identified as suitable, but site work
and the construction of quarters and technical structures proved more difficult than anticipated. The
Quartermaster Corps retained noted architect and industrial planner Albert Kahn to design the major
buildings and general layout of the field. The United States entered World War I only five months
after the land was purchased. Once war was declared, the civilian construction contractor working at
Langley was given urgent orders to increase his work force and to accelerate operations. The pressure
to expedite work led to confusion and inefficiency. Construction actually slowed and Langley played
only a limited role in World War 1. The Navy, which was partnering in the endeavor, grew impatient
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and moved its operations to experimental bases elsewhere. The Aviation Section of the Signal Corps
decided to pursue a similar course and ultimately constructed a major experimental and test facility
at McCook Field in Dayton, Ohio.*

THE UNITED STATES ENTERS THE WAR

Despite pre-war preparations, the engineering force and the basing infrastructure required to sup-
port the massive wartime buildup were inadequate to meet initial demand. Premier Alexandre Ribot
of France requested that the United States provide a staggering 16,500 aircraft, 5,000 trained pilots,
and 50,000 mechanics for the first six months of the 1918 campaign. Congress initially appropriated
$4.5 million in May 1918 for the purchase and improvement of land and the construction of barracks
and technical buildings. In June 1918, a Deficiencies Appropriation Act provided another $9 million
to acquire land and to construct buildings and utilities at various aviation facilities. It was not until the
July 1918 appropriation of $640 million earmarked for aviation that the construction program truly
got underway. Section 9 of Public Law 29 addressed establishing, equipping and operating aviation
stations. The law was an omnibus measure covering all aspects of acquisition, procurement, and
construction, with no limits on funds that were to be expended in any area. According to historian Dr.
Jerold E. Brown, that act, more than any other, “was the platform on which the U.S. aviation program
was built.”?

During the course of the war, the Signal Corps Aviation Division and its successor, the U.S. Air
Service, oversaw the development of 33 major training installations, numerous auxiliary flying fields,
four aircraft acceptance parks, five aviation supply depots, three aviation repair depots, four balloon
fields, and a number of special schools. The names associated with airfields established during World
War I would become famous in Air Force history. Chanute Field at Rantoul, Illinois; Selfridge Field
at Mount Clements, Michigan; Scott Field at Belleville, Illinois; Kelly Field at San Antonio; and
Wilbur Wright Field at Dayton, Ohio, all served admirably during the war. More notably, the airfields
survived the interwar period and continued to operate during and after World War II as major Air Force
installations. Perhaps the best known engine repair depot was the one established on the infield of
the famous Indianapolis Speedway race course. That site was chosen because it was located between
Rantoul, Scott, Selfridge, and Wilbur Wright fields and because a landing field, complete with hangar,
was offered to the government at no cost.?

OVERSIGHT OF THE CONSTRUCTION PROGRAM

Prior to World War I, most construction activity in the U.S. Army was the purview of the Quar-
termaster Corps through its Construction and Repair Division. As a result of the highly specialized
character of aviation buildings, construction of those facilities eventually was assigned to the Construc-
tion Division of the Equipment Branch in the Office of the Chief Signal Officer. After war was declared
in April 1917, the Construction Division was separated from the Equipment Branch. It reported directly
to the Chief Signal Officer and was given an expanded mission that included the preparation of plans
for the construction, maintenance, and repair of flying fields required by the Aviation Section.”

Still further changes were in store as the war deepened. In October 1917, all emergency con-
struction, including aviation fields, was aligned under the Cantonment Division in the Office of the
Quartermaster General. Many believed that construction should be handled by a separate, stand-alone
organization. In February 1918, the Cantonment Division was removed from the Office of the Quar-
termaster General and placed directly under the Chief of Staff of the Army as part of the Operations
Division. One month later, in March 1918, the War Department designated the Cantonment Division
as a separate branch of the Army and renamed it the Construction Division.?®

On May 21, 1918, President Woodrow Wilson transferred the Army aviation function from the
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Signal Corps to two agencies under the Secretary of War, the Bureau of Aircraft Production and the
Division of Military Aeronautics. Together, those two agencies constituted what was known as the
U.S. Air Service. The Buildings and Grounds Section, which was commanded by Capt. E. 1. Eagle,
was part of the supply function in the Department of Military Aeronautics. By January of 1919, the
office had a staff of 24 officers, 11 enlisted men, and 19 civilians. Their assigned duty was to “super-
vise construction and maintenance of all buildings and grounds in the Air Service, both in the United
States and its foreign possessions.”?

CONSTRUCTION ON THE HOME FRONT

Within a few weeks after the United States entered the war, two Allied commissions visited the
U.S. One commission, representing Great Britain, was headed by Arthur J. Balfour and the other, rep-
resenting France, was headed by Gen. Joseph Joffre and M. Rene Viviana. The commissions advised
the War Department on requirements for training facilities and flying fields to support Europe. They
also made arrangements for the first ten squadrons of U.S. flyers to be trained at British schools. A
reciprocal agreement allowed some U.S. flyers to train at Canadian airfields and Canadian aviators to
use fields in the southern United States during the winter.*

Lt. Col. Clinton G. Edgar, a reservist called to active duty, was in charge of the Signal Corps
Construction Division. A businessman and assistant superintendent of the Detroit gas works, Edgar
again called upon fellow Detroiter, architect Albert Kahn, who had developed plans for Langley.
Colonel Edgar wanted Kahn to design a basic layout for aviation training fields patterned on a design
used in Canada. During a ten-day crash effort, Kahn and Colonel Edgar completed a basic design,
created blueprints, and rushed specifications to the various on-site Construction Division supervising
officers. The plan for a standard single-unit training field called for 54 buildings to accommodate 100
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Wilbur Wrzht Field civilian workers.

aircraft, 150 student pilots, and the training cadre. That design was used for early fields such as Scott
and Selfridge, but was later modified to conform to local needs and the availability of materials. The
typical flying field built in 1917 cost just over $1 million.*!

Wilbur Wright Field near Dayton, Ohio, was selected as a training airfield because it was a known
quantity. The field served as headquarters for the Wright School of Aviation from 1910-1915. Wilbur
Wright Field was programmed as one of the four largest U.S. aviation schools and supported four
school squadrons, 24 hangars, 1,700 personnel (including 300 flying cadets), and up to 144 aircraft.
Construction was expedited and began on May 25, 1917—a little more than a month after the United
States entered the war. The first contingent of flying cadets arrived on July 15.%

Due to the urgent need for manpower, construction contractors had to cast a wide net for workers.
At Chanute Field, for instance, carpenters and building mechanics were recruited from a 100-mile
radius to fill the labor pool. Appropriate vehicles for transporting construction supplies were inad-
equate at most sites, and farm wagons were employed to haul lumber when suitable transportation
was unavailable. Mud was a common bottleneck at many construction sites. It also took extensive
efforts to plan for and lay railroad spurs needed to support the new training fields. With construction
delays, it was not unusual for squadrons to arrive at the new fields before construction was complete.*

Despite difficulties, the construction program resulted in a solid network of ground installations
spread primarily along the eastern seaboard, in the Midwest, in the Gulf Coast states, and in southern
California. These hastily-built but effective installations allowed the United States to train thousands
of pilots and technicians, and to test, repair, overhaul, and outfit large numbers of aircraft.

THE ROLE OF MILITARY ENGINEERS

Although contractors were hired to complete most construction projects in the United States, the
use of troop labor did occur. In Texas, for example, troops at Fort Sam Houston awaiting training or
transportation aided with construction in the interim. Once facilities were built, the Engineering Depart-
ment was at the heart of the Signal Corps flying school. “The whole fabric of maintenance and operation
of the field” depended on the department.** Its main priority was procurement and maintenance of
aircraft for the school. The Engineering Department trained airplane engine mechanics, assembled
and repaired aircraft, maintained records on aircraft performance, and supplied aircraft with fuel and

9
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lubricants.** The second priority for the Engineering Department was repair and maintenance of the
buildings on post. Much of the workload related to this latter responsibility was precipitated by poor
construction workmanship, inferior materials, and expedited construction. Members of the Engineering
Department also performed many functions performed by civil engineers today: surveying, drafting,
utilities maintenance (electrical, water, and sewage), and road and grounds maintenance.*

ENGINEERS “OVER THERE”

On April 6, 1917, the United States declared war on Germany and the U.S. military forces officially
entered World War I. The engineering component available for immediate military service numbered
only 267 officers and 2,228 enlisted men. At the conclusion of the war, 19 months later, the force
claimed 10,886 engineer officers.*’

The bulk of engineer construction in France involved ports, roads, standard and light railroads,
fixed and floating bridges, storage depots, water supply, sewage facilities, remount depots, veterinary
hospitals, electrical installations, bakeries, lumbering and forestry operations, and oil and gasoline
storage facilities. Brig. Gen. Mason Patrick, an officer in the U.S. Army Corps of Engineers then serv-
ing as Chief of Construction and Forestry for the American Expeditionary Forces (AEF), directed all
engineer construction, from the smallest to the largest projects.*®

The Air Service was particularly interested in the construction of airdromes, supply depots, repair
shops, barracks, and training centers. In addition, the Air Service required aircraft assembly plants
where aircraft, which were delivered to France in sections, were assembled. These plants typically
comprised an assembly shed with an adjacent motor testing area, storage sheds, and a salvage shed. The
Air Service also needed training centers with landing fields, hangars, repair shops, and accommoda-
tions for personnel. Additional landing fields were prepared behind the front lines, which necessitated
cutting down weeds and grubbing out sites. Fields were made as level as possible and planted in grass.
Plows, scrapers, graders, rollers, and tractors were used when available.*

The 462d Aero Squadron was the first Army construction squadron dedicated to performing air-
field work for the Air Service overseas. It was formed at Kelly Field as the 48th Provisional Squadron
on August 4, 1917, and was converted to a construction squadron three weeks later. The squadron
entrained for Mineola, New York, in September, and shipped out for Europe on the Cunard ocean
liner Pannonia in October, arriving in France on November 1st. For the remainder of November,
the squadron, then designated the 435th Aero Squadron, helped build the Third Aviation Instruction
Center at Issoudun, the largest flying instruction center in France. They built barracks and shops out
of lumber shipped from the U.S. and erected French Bessoneaux hangars for the aircraft, as well as
other projects to bring the aerodrome on line. During the stay at Issoudun the squadron number was
changed to the 462d Aero Squadron.*

In December, the 462d helped build the Second Aviation Instruction Center at Tours and also took
on the job of building six fields around the main airfield at Issoudun. At both Issoudun and Tours the
squadron got the reputation of being one of the best all-around construction units in the American
Expeditionary Force. They performed whatever projects were need, from leveling flying fields and
building barracks and roads, to erecting hangars and laying out water systems.*!

In late April 1918, the squadron was ordered to the Front. At Roseires-en-Haye they helped build
the Second Day Bombardment Airdrome, consisting of 27 French barracks, 14 Nissen huts, and 15
Bessoneaux hangars. A force of 200 Moroccan laborers helped level the airfield. In August the squadron
was attached to First Army and moved to Vancouleurs to build another airdrome under rushed condi-
tions for the St. Mihiel offensive. In September they erected hangars on the airfields at Vadelaincourt,
Feucacourt, and Lisle en Barrois and helped other construction squadrons erect hangars on other fields.
The squadron was responsible for trucking hangars from location to location.*



Laying The Foundation

In the last two months of the war, the 462d built an airdrome of 12 hangars and 23 barracks at Parois
and reconstructed a captured German airdrome. Arriving while the infantry was still on site, they had
to wait for the doughboys to move on and then contend with airfields that were full of trenches and
shell holes. Following the Armistice, the squadron was attached to Third Army and moved to Treves,
where it was tasked to prepare the airfield for seven squadrons, which they did in three days. Upon
completion of its work in Europe, the squadron returned to the United States and was inactivated in
August 1919. The unit achieved a number of “firsts” in its short existence. The 462d Aero Squadron
was the first construction squadron formed for overseas duty, the first to land in England and France;
the first to reconstruct a captured German airdrome, and the first Air Service unit to enter Germany.*

The 462d and at least one other American construction aero squadron performed the same types
of heavy construction and repair work that their successors, the aviation engineer battalions in World
War II and RED HORSE squadrons in Vietnam, would perform. They were the earliest examples of
construction units dedicated specifically to provide real-time airfields and aviation-specific structures
to support combat flying operations. In recognition of their service, AEF General Order No. 29,
dated November 21, 1918, stated that the Army Air Service commander of First Army [Brig Gen
Billy Mitchell] wished to make a record of his “extreme satisfaction” with the conduct of the 462d.
It read: “[The] 462d Aero Construction Squadron during the advance of our troops in the St. Mihiel
and Argonne-Meuse offensives constructed five airdromes on the retaken territory with such alacrity
as to enable our flying squadrons to carry on operations without delay.”**

Air Service leaders voiced concerns during World War I, which ultimately were addressed, in
part, through the creation of aviation engineer battalions in World War II. Air Service leaders during
World War I argued that it was “absolutely vital” that construction materiel, as well as construction
personnel, be controlled directly by the Air Service in war zones. They observed that dedicated avia-
tion forces were needed to prepare airfields and to relocate buildings from one airdrome to the next
without the added delay of seeking authority from engineers further up the chain of command. When
engineers were not dedicated to airfield construction, they often were out constructing other military
requirements, such as bridges or roads, just when they were needed to support the Air Service. In
those instances, non-specialized troops assigned to all skills in the Air Service often were pressed into
service to accomplish these tasks.*

Maj. Gen. Mason Patrick, who was in charge of all construction for the AEF, eventually was
called upon to apply his engineering acumen for the sole benefit of the Air Service. By May 1918,
the Commander in Chief of AEF, Gen. John J. Pershing, expressed alarm at the lack of organization

Aviation Field #3, Issoudun, France.
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within the aviation corps in Europe. Nearly 35,000 Air Service troops were in France, England, and
Italy; another 35,000 were anticipated to arrive in France before the end of 1918. No coordinated plans
existed for housing, equipping, and organizing Air Service men and their aircraft into flying squadrons.
In addition, no provisions were made for support units, such as repair depots.*

General Pershing appointed General Patrick as Chief of the Air Service for the AEF and directed
him to apply a solid engineering approach to the problem. General Patrick reorganized the structure
of the Air Service overseas. He realigned the plan for managing, supplying, and transporting Air
Service troops in theater and placed all operations on an efficient working basis. As the number of
U.S. air units increased, General Patrick placed them along the French front under the Air Service,
First Army. The units were organized into three wings—pursuit, observation, and bombardment. The
new organization and the improved conditions at field bases contributed to the air superiority of the
Allies and to ultimate victory.*’

General Patrick’s success in organizing the Air Service overseas influenced his later career. His
last assignment with the U.S. Army Corps of Engineers was as commanding officer of the Engineer
School at Camp Humphreys, Virginia. In October 1921, he was selected as chief of the U.S. Air Ser-
vice in Washington and served in that capacity until December 1927, making major improvements
for Airmen everywhere.*®

SPIN-OFFS OF THE WAR

During World War I, the U.S. Army Corps of Engineers took a keen interest in a unique aviation ser-
vice, aerial photography. Aerial observation squadrons were responsible for over 18,000 photographs
of enemy positions during World War I. Photographic units used these aerial images to produce more
than 585,000 prints for war planners and engineers. Civil engineers recognized that aviation would
change dramatically the way wars were fought. In a 1920 issue of The Military Engineer magazine,
one engineer wrote, “Aeroplane photography secured much of the data required for the preparation
of new maps, and in my opinion, in future military operations, even in poorly mapped countries, the
basic means of securing information for the production of maps will be this agency.”*

The Society of American Military Engineers (SAME) was a direct result of U.S. military experi-
ence during World War I. Following the war, military engineers recognized the pronounced need for
such a professional organization. The primary purpose of SAME was “to conserve the teachings of the
World War in the field of military engineering and to maintain unimpaired the assets represented by
our late experience.” The goal of the society, founded in 1920, was to provide a professional resource
for those who “in a future national emergency must shoulder the engineering burdens of the country.”
By the mid-1920s, SAME chapters were active in Boston, New York, Philadelphia, and Washington,
D.C. on the east coast; in Chicago, Cincinnati, Milwaukee, Pittsburgh, and St. Louis in the Midwest;
and in Portland, Seattle, and San Francisco on the west coast.>

DREAMS VERSUS REALITY

Challenges lay ahead for civil engineering in the postwar period. In spring 1919, the Air Service
made plans for a moderately-sized aviation force of 24,000 officers and men. A budget request for
$60 million was submitted and there was speculation concerning the establishment of a separate
Department of Aeronautics. Congress approved approximately a third of the requested funds and the
proposed force strength was cut in half. The War Department made it clear that the Air Service would
remain part of the Army.

The first task in the postwar period was deciding the disposition of the properties developed to
support the war effort. Most leased properties reverted to their original owners. Buildings erected at
leased sites were, for the most part, temporary construction and were either abandoned or demolished.



Laying The Foundation

All military equipment was salvaged, sold, or shipped to Air Service depots for storage. Only Rockwell
airfield in California and Langley airfield in Virginia had any permanent construction at the end of the
war. McCook Field in Dayton, Ohio offered the only hard-surfaced (macadam) runway.

The government opted to purchase 15 World War I installations within eight months of the end of
the war and ultimately expanded the acquisition program to include a handful of additional stations.
Government owned property included Chanute (Illinois), Fairfield (Ohio), Kelly (Texas), Langley
(Virginia), Mather (California), Mitchel (New York), Pope (North Carolina), Rockwell (California),
Selfridge (Michigan), and several others, as well as the supply depot at Richmond, Virginia, and the
repair depots at Middletown, Pennsylvania and Little Rock, Arkansas. The Air Service also retained
McCook Field as its engineering center for research and development for aircraft, engines, and avia-
tion equipment. Flying training was consolidated at Brooks and Kelly in San Antonio, while technical
training was centralized at Chanute.

ARMY REORGANIZATION ACT OF 1920

On January 4, 1920, Congress passed the National Defense Act, amending the National Defense
Act of June 1916. The Air Service became a combatant arm of the Army, with an authorized strength
of 1,516 officers and 16,000 enlisted men. As was true throughout the services, however, assigned
strength perpetually remained well below authorized strength until World War I1. In 1926, when the
Air Service became the Air Corps, the service only had 919 officers and 8,342 enlisted.’!

Lack of personnel had a direct effect on the number of installations that could be adequately
manned and maintained; and postwar budgets did not support operations and maintenance. For FY21,
Congress appropriated $3.7 million for the Air Service to maintain 25 stations. The following year,
funds for improvements to stations were reduced by 90 percent and that budget continued to decline
in subsequent years. In 1928, the budget for improvements to stations was $1 million.*

As part of the new organization of the Army, several separate services developed during World War
I were eliminated. Among these services were the Construction Service, the Transportation Service,
and the Motor Transport Corps. All three services reverted to functions of the Quartermaster Corps. In
terms of civil engineering-related work, the Quartermaster Corps was charged with directing all work
pertaining to the construction, maintenance, and repair of buildings, structures, and utilities. Local
quartermasters also had responsibility for operating utilities on Army posts.

Within the Air Service, oversight of construction and maintenance conducted by the Quartermaster
at Air Service stations was still vested in the Buildings and Grounds Section; the section eventually
became part of the Property Division of the Supply Group at Air Service headquarters in Washington,
D.C. The Buildings and Grounds Section also had responsibility for real estate matters, which was a
very time-consuming assignment in the immediate postwar period. The section acted as the Air Service
liaison with the Construction Division of the Quartermaster Corps and prepared preliminary data and
recommendations for new projects, including design of buildings and utilities.*

Despite dismal appropriations and stiff competition for resources among different sections of the
Army, morale and enthusiasm was high in the Air Service, mainly due to exciting developments in
the world of aviation. New technologies were being developed and tested. New endurance, speed, and
distance records were superseded almost as quickly as they were set. The Air Service was challenging
and exciting. High-profile pioneers like Brig. Gen. Billy Mitchell, who served as Assistant Chief of
the Air Service from 1920 to 1925, ensured that the accomplishments of the Service were visible not
only to the War Department leadership and Congress, but to the public as well.
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AIR INSTALLATIONS IN THE EARLY 1920S

The story of airfields in the 1920s and 1930s was one marked by constant determination to keep
up with technology. Aeronautics was a rapidly-evolving science. Design changes in the size, weight,
power, speed, load capacity, and complexity of aircraft kept engineers busy developing facilities to
house, operate, and maintain them. In some cases, engineers built hangars and test facilities designed
to meet current aeronautical requirements only to have new developments force the immediate modi-
fication of those facilities or the construction of new ones.

Construction of World War I facilities tended to be simple and linear. The typical early military
airfield featured an open field for take-offs and landings, bordered by a linear development of hangars,
warehouses, and other support buildings. In 1923, the Buildings and Grounds Office in Washington
developed a general plan for Air Service stations that was described as “an ideal typical layout.”
The plan made maximum use of existing property and provided the longest possible runways in all
directions. A typical installation occupied one mile square with all support buildings concentrated in
one corner. A standard “Figure 4” runway pattern occupied the remainder of the field. March Field
was the first major field to implement the design during its major expansion in the late 1920s. An
equilateral triangular configuration was another standard runway design that was implemented. This
design assured runways within 30 degrees of the wind direction.>*

In the early 1920s, the Air Service continued to focus on establishing air power outside the United
States. In FY20, funds for overseas bases amounted to $350,000 for stations in the Philippines. In
FY21, Congress appropriated $1.3 million for the establishment of aviation facilities in Hawaii and
another $239,000 for aviation facilities in Panama.>

SUPPORT TO CIVIL AVIATION

The Air Service supported the parallel development of civil aviation in the United States, and
civil engineers helped encourage that goal. Private and municipal airfields provided additional land-
ing and servicing facilities for military aircraft when needed and also helped to support training and
proficiency requirements for active duty pilots and reservists. In 1920, the Aircraft Year Book listed
only 115 permanent airfields under U.S. control—including Army and Navy fields. These fields were
located in 32 states, the District of Columbia, the Canal Zone, and Hawaii.>

In 1919, the Air Service established a prototype Model Airway, an experimental airline service that
was the first in the nation to operate regularly-scheduled flights between fixed points. The Buildings
and Grounds Office undertook extensive mapping and data collection to support the system and to
ensure that all parts of the country eventually could be served under the system. Commuter service
initially was established between Washington, D.C., and Dayton, Ohio, with an intermediate stop at
Moundsville, West Virginia. When Warren G. Harding became President in 1921, he supported the
development of transcontinental airways and encouraged such activity. He directed the Air Service to
work with other government agencies to establish workable routes and to coordinate with individual
states to construct municipal airports. This work had the dual benefit of stimulating commercial
aeronautics and bolstering national defense by ensuring that Army aircraft could move quickly from
one part of the country to another.”’

When Maj. Gen. Mason Patrick became Chief of the Air Service in October 1921, he diverted
funds from other activities to establish a permanent Airways Section in his office. In 1922, the Model
Airway maintained regular service for both passengers and cargo between McCook, Bolling, Langley,
Moundsville, Selfridge, and Mitchel fields. In 1923, a southern division was added from Scott Field
to Kelly Field, by way of Kansas City and Dallas. By 1925, the Buildings and Grounds Office had
compiled information on nearly 3,500 landing places in the United States.*®

The Buildings and Grounds Office continued to conduct studies and to make plans for continental
air routes until that function was transferred to the Department of Commerce under the Air Commerce
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Act of 1926. In addition to the economic benefits of the Airways system, a tremendous body of infor-
mation was gathered on existing and potential landing fields, weather, and topography in the United
States.”

THE AIR CORPS ACT OF 1926

Developments in the Air Corps from 1920 to 1926 demonstrated the potential for air power to
support national defense and helped the Air Corps slowly but steadily gain stature in the eyes of War
Department and Congressional leaders. Several committees and boards studied the question of the
status of the Air Service in the early 1920s. The Morrow Board appointed by President Calvin Coolidge
studied the “best means of developing and applying aircraft in national defense.” Its findings were
translated into legislation known as the Air Corps Act, signed on July 2, 1926. The act served as a
watershed for the development of military aviation in the United States.

The Air Corps Act changed the name of the Air Service to the Air Corps, “thereby strengthening
the concept of military aviation as an offensive, striking arm rather than an auxiliary service.” The
act created an additional Assistant Secretary of War position to help foster military aeronautics and
established an air section in each division of the General Staff for a three-year period. Significant
internal reorganization accompanied the creation of the Air Corps. Three major divisions—Operations,
Materiel, and Training—were each headed by a brigadier general. The Operations Division was the
only one located in Washington, D.C. The Materiel Division eventually moved its headquarters to
Wright Field in Dayton and the Training Division was established at the Air Corps Training Center
at Kelly Field.®

The Buildings and Grounds Office in Washington became part of the Materiel Liaison Section in
September 1926. In 1927, it was made an independent section under the Executive, Office of Chief of
the Air Corps. Its mission significantly expanded over the next seven years and included supervising
the design of Air Corps technical buildings and installations, and all real estate transactions. The office
also acted as a liaison with the Construction Service of the Quartermaster Corps and carried out Air
Corps policies pertaining to construction, repair, and salvage of structural improvements at Air Corps
stations. It also was responsible for preparing estimates for all present and future construction, and
for managing the allotment of funds to carry out projects.®!

THE AIR CORPS EXPANSION PROGRAM

The Air Corps Act authorized a Five-Year Expansion Program to bring the Air Corps up to strength
and to modernize its aircraft fleet. The expansion program called for a goal of 1,800 serviceable air-
planes, 1,500 officers, and 15,000 enlisted men. As was normal with such legislation, the Air Corps
Act did not specifically mention ground facilities. It was clear, however, that increased personnel and
equipment would drive the growth and improvement of air stations that housed and trained personnel.®?

The Chief of the Air Corps produced a comprehensive development plan for ground facilities. It
proposed 32 fields for further development, two entirely new airfields, the development of a major
Air Corps Training Center at Randolph Field, and the construction of an additional airfield in Panama.
Planners estimated that $18 million in technical construction and 17,000 new housing units would be
required to refurbish and modernize Air Corps stations. Technical requirements included 125 hangars,
20 field shops, 8 depot shops, 24 field warehouses, 68 operations and headquarters buildings, 16 photo
buildings, 7 school buildings, petroleum-oil-lubricant storage units, and extensive improvements to
landing fields.®

The five-year expansion program was managed by the Quartermaster Corps. The Quartermaster
Corps employed a group of distinguished professionals, both uniformed and civilian, to apply the latest
theories in urban planning to the development of Air Corps posts. The team of planners, including
George B. Ford and 1st Lt. Howard Nurse, believed that a post design should be harmonious with the
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natural surroundings. The new permanent posts reflected the principles of the “garden city” and “city
beautiful” movements in urban planning. Ford argued that aviation had an impact on post designs.
The patterns formed by the buildings when viewed from the air were studied to present attractive
post plans. The new plans maximized the use of open space near the public areas of the post, while
integrating irregular street patterns where appropriate. The Quartermaster Corps incorporated regional
architectural traditions into the standardized designs. Generally, the Georgian or Colonial Revival style
prevailed in the northeastern states, while the Spanish Mission style was deemed most appropriate for the
southern regions. Other architectural styles found at Air Corps installations included French Provincial
and Tudor Revival.®

The Construction Division of the Quartermaster Corps worked with Air Corps personnel and
installation commanders to plan construction for Air Corps installations. Examples of this collabora-
tion are found in the designs of Randolph Field, Texas, and Barksdale Field, Louisiana. Capt. George
Lamb, Constructing Quartermaster at Barksdale Field, recalled that the decision to design the buildings
using the French Colonial style was made in consultation with the Chief of Air Corps.®® The dramatic
layout of Randolph Field is attributed to a young Air Corps officer, Harold Clark, who conceived the
design and presented it for approval to Brigadier General Lahm.® As reported by Maj. E.G. Thomas,

The Air Corps furnishes requirements as to the size of hangars, shops, warehouses,
etc.; the amount of gasoline storage needed; the size of runways to provide landing
and take-off facilities for its airplanes, to the Construction Division, Office of the
Quartermaster General. The relations between the services and the Construction Divi-
sion, O.Q.M.G., are much the same as when private industry furnishes the architect,
the engineer, and the contractor, with its requirements to permit of adequate plans and
specifications being prepared and facilities constructed.®’

In 1928, the Air Corps received $1 million for improvements to stations. These funds allowed for
construction of new barracks and non-commissioned officer (NCO) and officer quarters at Selfridge,
Maxwell, Mitchel, and France fields. In 1929 and 1930, that program was extended to three more
fields, and technical construction was accomplished at Fairfield, Langley, March, Middletown, and
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Scott. Among other technical advancements, night lighting was installed at five bases in 1929 and
another five bases in 1930.%

In San Antonio, the Air Corps secured title to the land that would become Randolph Field in
August 1928, after the city offered 2,300 acres at no cost to the government, and construction began
in October. The new headquarters of the Air Corps Training Center, touted as the “West Point of the
Air,” was dedicated in June 1930 and received its first cadre of training units from March and Brooks
Fields in 1931. The Taj Mahal at Randolph, originally constructed as the base administration building,
ingeniously enclosed a 50,000-gallon water tank and soon became the symbol of flying training.®

The Materiel Division’s aeronautical development and testing complex at Wright Field benefited
from the expansion program. Although the majority of the original technical buildings were completed
prior to the dedication of Wright Field in October 1927, construction continued on buildings to accom-
modate the design and testing of whole airplanes, parts, and equipment. Facilities completed in 1929
included the Aircraft Radio Lab, a facility to house the large wind tunnel that moved from McCook
Field, the post fire station, and the central heating plant. Earmarked appropriations of $300,000 in FY
1931 funded the construction of 18 buildings between 1930 and 1933 to house research, development,
and testing functions.”

The Five-Year Plan called for establishing a large base to house a full wing in the southern U.S.
The city of Shreveport, Louisiana, purchased more than 23,000 acres with local bond revenue and
donated the land to the federal government in November 1930. The Air Corps named the site Barksdale
Field and developed it to include a gunnery and bombing range. It ultimately became home to the 3d
Attack Group.”!

The construction at Barksdale, Randolph, and Wright Fields gave each airfield its own distinc-
tive architectural style. This reflected the Army’s intention in the late 1920s to infuse thoughtful and
comprehensive design into its military complexes. The Quartermaster Corps went to great lengths to
convey the seriousness of purpose that the technical acronautical buildings deserved, combined with
beauty and style, especially in the case of military housing. Wright Field with its neo-Classical brick,
factory-style design with large windows and minimal ornamentation; Randolph and March Fields
with their Spanish Mission style, arcades, balconies, and tile appointments; Patterson Field with its
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Quarters #1, an example of Patterson Fields English Tudor oﬁicer 5 quarters.
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English Tudor officers’ quarters; and Barksdale with its French provincial architecture reminiscent
of New Orleans, all made bold statements about the permanency and forward-looking determination
of the Air Corps.”

As the Air Corps prepared to enter the third year of the expansion program in June 1929, Chief of
the Air Corps James Fechet elevated the Building and Grounds Division to one of nine divisions at Air
Corps Headquarters charged with handling the Five-Year Plan. In FY31, a Plans Division was created
to keep the program on track; Brig. Gen. Benjamin Foulois served as chief. That division charted a
detailed chronological program to govern the remainder of the expansion program. Charts showed
that $12 million worth of construction was completed at Air Corps stations by the end of FY31, only
a small proportion of the total program originally envisioned. Ultimately, two stations were added to
the Five-Year Program—Rockwell and Middletown—and the end date for the program was extended
to 1933.7

Until 1932, the bulk of appropriations was directed towards barracks and new housing. During
the last two years of the program, flying field facilities and technical buildings received increased
emphasis. Significantly, the word “runway” was mentioned for the first time in the annual report of
the Chief of the Air Corps in 1932. The report also mentioned that hydraulic gasoline systems were
being installed at selected airfields.”

Both housing and technical construction programs fell short of their goals and Congress cancelled
or postponed a number of unfinished projects at the end of the program. Changing technology was
responsible for delays; program requirements were a moving target. Larger aircraft required larger
hangars, generally increasing hangar width from 110 to 120 feet. New fire prevention systems and
other improvements added to the cost of design and construction.”

Despite some shortcomings, the Five-Year Plan resulted in significant gains in the number and
quality of installations. The Air Corps oversaw the construction of more than $34 million worth of
housing units for its personnel and $20 million in research, development, and test facilities that endured
through the beginning of World War I1.76

Table 1.1 Construction Budgets During Air Corps Expansion Program

Air Corps
Fiscal Year Construction Budget | Quartermaster Corps Obligations
for Improvements to for New Air Corps Construction
Air Stations
1927 $300,000 $1,376,000
1928 $1,062,471 $2,124,000
1929 $1,736,619 $8,086,221
1930 $3,598,376 $9,100,981
1931 $5,144,175 $8,685,349
1932 $5,938,990 $13,955,220

Source: Lt. Col. Thomas E. Greacen II, “The Buildings & Grounds Olffice of the Army Air
Corps 1918 — 1944,” Mar 29, 1944, 13-19.

THE HEART OF THE DEPRESSION

When the Air Corps expansion program officially ended in 1933, the Air Corps still found itself
with many unfulfilled requirements for modernized construction. A significant amount of construction
was performed under the auspices of relief agencies established during President Franklin Roosevelt’s
“New Deal.” Beginning in 1933, funds appropriated to the Civil Works Administration, the Federal
Emergency Relief Administration, the Public Works Administration, and later the Works Progress
Administration helped accomplish projects that otherwise might have gone unfunded during sparse
economic times, and relief workers provided much of the labor involved. Approximately $1.5 billion
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in relief funds was channeled to construction and maintenance of airways and airports, both civil and
military, from 1933-1939, and monies from relief agencies continued to augment construction on Air
Corps bases through 1941.7

The Materiel Division at Wright Field, in particular, worked in harmony with national relief
programs to get projects done and employed a large number of personnel under various public and
civil works programs. In FY 1935 over $500,000 in projects was performed at Wright Field by public
contract under supervision of the Constructing Quartermaster. Those projects included construction
of a new static test building for aircraft structures and the large Technical Data building that became
the home of the Army Aeronautical Museum. In FY 1937, and again in FY 1938, $76,000 in projects
was allotted to Wright Field by the Works Progress Administration (WPA). A total of nearly $120,000
in WPA projects was performed in FY 1939 under supervision of the Chief of Maintenance, primarily
repairs and improvements to buildings, grounds, and public utilities. In FY 1940, WPA funds allocated
for work at Wright Field exceeded $221,000. The Civilian Conservation Corps also maintained camps
on a number of Air Corps installations. The young men living in the camps had no official relationship
with the military posts, but they did assist with grounds maintenance and other tasks.”

Another positive aspect of the Depression was that manufacturers, while business was at a very low
ebb, were able to place within the reach of the construction industry many new materials, particularly
non-corrodible alloys that retained their original luster, ceramic products in a wonderful range of
colors, and acoustical materials that could be used for sound absorption as well as interior decoration.
Those improvements showed up in many military buildings, especially those that featured Art Deco
architecture.”

The first fireproof hangars were developed, involving gypsum fireproofing of steel structures, and
were adopted for general use. A deluge-type automatic sprinkling system for protecting airplanes and
equipment in hangars was developed from tests at the U.S. Bureau of Standards for the Chief of the
Air Corps.®

By 1937, advancements in mechanical ventilating systems made it possible to maintain positive
pressure for sterile environments, and the air supplied to medical facilities could be heated, cooled,
cleansed by washing, humidified, or sterilized by ultra-violet rays. Air conditioning was beginning to
make an appearance in buildings with specialized functions, such as equipment repair and calibration
facilities.®!

GENERAL HEADQUARTERS AIR FORCE EMPHASIS ON NATIONAL DEFENSE

The creation of General Headquarters Air Force on March 1, 1935 led to an increased emphasis
on air bases as centers of air power for national defense. The General Headquarters Air Force con-
cept partially fulfilled the idea of a “combat air force” separate from the Air Corps’ aviation support
function assigned to Army units. General Headquarters Air Force did not come under the operational
jurisdiction of the Chief of the Air Corps but existed beside it, reporting directly to the Chief of Staff
of the Army. Brig. Gen. Frank Andrews commanded the “independent air striking force” from his
headquarters at Langley Field. The tactical units of the Air Corps were organized under three wings.
These wings were headquartered at Langley, Barksdale, and March fields. In July 1936, to further
delineate responsibilities, the Air Corps was given jurisdiction over its own permanent peacetime sta-
tions. Prior to this delineation, Army Corps Area commanders were in control of those installations.®

The location of Air Corps bases increasingly became integrated with general War Department plans
for defense. A number of boards and committees conducted studies to define the exact requirements to
assure an effective air defense. Those efforts included analyzing the number and types of aircraft for
procurement, and methods to build air bases. Planning and discussion culminated in the introduction of
several bills in Congress to establish air bases for the defense of the nation. The Wilcox Act of 1935 was
the most important piece of legislation affecting flying installations. Its provisions gave the Air Corps
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the latitude to determine which sites should be developed within available appropriations. Almost all
new installations and expansions of existing facilities after 1935 drew their authority from that Act.

In December 1935, Gen. Oscar Westover became Chief of the Air Corps. Brig. Gen. Henry “Hap”
Arnold served as his Assistant Chief beginning in January 1936. General Westover reorganized the
office of the Chief along typical Army A-staff lines (A-1, A-2, etc.). The Buildings and Grounds
Section came under the Supply Division of the A-4. In April 1936, General Arnold issued a memo
to the Chief of the Supply Division suggesting that priority be given to the construction of technical
buildings over housing. A special board of officers, including four brigadier generals, was convened to
consider the ways and means of accomplishing essential construction. The board established priorities
in line with Arnold’s direction. In order of importance, those priorities were: runways and airfields;
technical and operational construction; administrative and general supply construction; and finally,
housing and miscellaneous.®

The first major project to be approved was an air depot for the west coast in Sacramento, California.
Construction began on the Pacific Air Depot after the constructing quartermaster reported for duty in
June 1936. The repair facilities at the depot were the most modern and complete of their kind, featur-
ing all the machinery required to repair and reconstruct aircraft for a large portion of the Air Corps. A
120-foot traveling crane operated the full length of the engineering shop, and trenches and pits in the
concrete floor allowed for distribution of utilities from main junction points.%

In 1938, the depot was renamed Sacramento Air Depot and underwent a major expansion to repair
and overhaul P-38 and P-39 fighters. Support facilities at Sacramento, such as the administration build-
ing, the hospital, quartermaster buildings, barracks and quarters were unique and featured architectural
styles not found at other Air Corps installations. They featured reinforced concrete walls and flat roofs,
with a modern design aesthetic. The need for economy combined with favorable climatic conditions
influenced the choice of architectural style and construction materials.*

The second priority was the establishment of a base to defend the Pacific Northwest. In 1937,
the city of Tacoma, Washington, donated its municipal airfield for the purpose. The War Department
purchased the land between the airport and Fort Lewis, and construction began in 1938 on McChord
Field.¥

Hickam Field on the eastern shore of Pearl Harbor Channel was another complex base constructed
in the 1930s. Active development of the field began in late 1935, after a seven-year delay in purchasing
the necessary real estate. Hangars, operations buildings, and the field’s strikingly beautiful water tower
were built in 1937. In April 1938, the constructing quartermaster received word that the size of the
garrison was to be significantly expanded beyond original plans, necessitating revisions to the design
to accommodate additional barracks. Appropriations for FY39 included funds for constructing more
runways, repairing hangars, and installing additional gasoline and oil storage. The main barracks at
Hickam was designed for a complete 3,000-man Air Corps wing, all housed and fed under a single
roof. One-third of the officer and NCO quarters on base were multiple units in apartment-style build-
ings. By the end of 1940, the transformation of Hickam was complete and it became the home station
of the 18th Wing and the Hawaiian Air Depot.®®

Other important installations established in the late 1930s were the Air Corps Technical School
at Lowry Field, Colorado; advanced gunnery and bombing ranges in the Mojave Desert near Muroc,
California; and facilities on the Gulf Coast near Valparaiso, Florida. Maintenance and repair depots
were built at Brookley Field, Alabama, to serve east coast bases and at Hill Field, Utah, to service
western bases. Many operational fields received hard surface runways and modern navigational aids.
The first Army runways to be paved were at Barksdale, Selfridge, and Mitchel Fields in the mid-1930s.
The mission and image of the Air Corps reflected the development of the force and its serious com-
mitment to defending the nation.®
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THE LIFE OF A POST ENGINEER WITH THE AIR CORPS

Little has been written about the lives of the men who served as post engineers on Army Air Corps
bases in the 1920s and 1930s. Serving on an Air Corps base was distinct from serving on a traditional
Army base, which was home to an infantry, armored, or cavalry unit. Most engineers were graduates
of the U.S. Military Academy at West Point, where they had little exposure to the world of Army avia-
tion. Their experience likely was limited to visits to Stewart Field near Newburgh, New York, which
was the closest Air Corps installation and the site for primary training for aviation cadets from the
Academy. Once assigned to an Air Corps base, post engineers worked within a leadership structure that
differed from traditional Army bases—with rated pilots as commanders, a culture of technology and
new frontiers, and a mission keenly focused on the technical aspects of flying. This was a world that
revolved around new technologies, making and breaking records, and constantly improving aircraft
maintenance, aviation equipment, and airfields.

There is no evidence that future Air Corps post engineers received specialized training in air-
drome maintenance at West Point, Command and General Staff School or the Army War College; the
majority likely gained expertise through on-the-job experience. Construction and maintenance at Air
Corps stations included responsibility for real estate and utilities, which was the responsibility of the
Quartermaster Corps at the end of World War L. It is presumed that the post engineer either worked
for, or very closely with, the post quartermaster. Maintaining the flying field, flight line hangars, and
maintenance facilities would have been the highest priority followed by maintenance of administrative
buildings, barracks for Airmen, family housing, roads, and grounds. Response to crash fires on the
flight line, as well as to base fires, was also of critical importance. From existing records, it appears
that firefighters were largely a civilian force and worked directly for the post commander. Guidance
for fire marshals on military installations was provided by an Advisory Bureau of Fire Protection
organized and maintained by the National Board of Fire Underwriters.”

An early fire station at Randolph Field, Texas, built at a cost of $14,904 in 1930.
BUILDING FOR WAR

The United States was stunned by the fall of Poland in September 1939 and the German conquest
of Norway, Holland, Belgium, and France in spring 1940. In early 1940, a flood of appropriations
reached the War Department. Congress and the White House quickly approved funds for a massive
mobilization to defend the U.S. mainland and interests in the western hemisphere.

Despite the productive building program of the mid-1930s, the Air Corps lacked sufficient bases to
support the military build-up anticipated. The combined number of Air Corps bases and civil airports
in the United States were insufficient to accommodate the growing number of aircraft in production.
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Existing airfields and housing also were unable to handle the growing wave of training programs for
pilots, crews, and technical support personnel necessary to fill the ranks of a wartime Air Corps.”!

The Air Corps witnessed dramatic changes between 1940 and 1942. Army Chief of Staff Gen.
George C. Marshall signed the First Aviation Objective on June 26, 1940. It authorized the Air Corps
to expand from 24 to 54 combat groups by April 1942, with 12,835 aircraft and 220,000 officers and
men. In less than a year, President Roosevelt approved the Second Aviation Objective, which called for
a force of 84 Air Corps combat groups and 400,000 troops by mid-1942. The impact on the expansion
of ground facilities was profound.”

Few could foresee the total number of Air Corps installations that would be required to support
training programs and operational requirements. During 1940 and 1941, the number of facilities in
operation or under construction for the Air Corps doubled. Development of civilian airports also
proceeded at an accelerated pace to help meet the demand. Congress allocated $139.5 million for
the development of 399 civilian airports to meet military specifications. Personnel involved in the
construction of civilian and military airports learned the criteria for building an efficient airfield: good
siting, proper drainage, high-quality runway surfaces, airfield lighting, hangars, repair shops, fuel and
oil service, facilities for pilots, meteorological service, communications equipment, customs service,
concessions support, and good administration. All were accomplished with the greatest economy.”

The Air Corps program included installations both stateside and beyond U.S. borders. The new
B-17 bomber, with its 3,000-mile range, expanded the operational area of the Air Corps. Since the mid-
1930s, Air Corps planning had included the North and South Atlantic, Puerto Rico and the Caribbean,
Alaska, Hawaii, and Panama. With war on the horizon, the Air Corps began looking at potential airfield
locations in South America to support cross-Atlantic operations. In 1939, the Air Corps encouraged
Pan American Airways to develop civil airports in various Latin American countries. In 1940, the War
Department entered into a secret contract with Pan American Airways to build and to expand com-
mercial airfields in Central and South America. All development funds came from the U.S. government
and the U.S. Army Corps of Engineers oversaw the projects. Constructing the fields under the guise
of private commercial development circumvented formal military agreements with host nations.**

Organizational changes in Washington accompanied the construction program. General Head-
quarters Air Force was separated from the Air Corps in November 1940 and given separate status
under the commander of the Army Field Forces. On June 20, 1941, creation of the Army Air Forces
brought air combat forces back under the command of air leaders and consolidated control of both

Lt. Col. Manuel Asensio

Lt. Col. Manuel Asensio played an important role in construction
of wartime airfields in South America. Shortly after declaration
of war in December 1941, he was assigned as a resident engineer
in Brazil to oversee construction by Pan American Airways for
the U.S. Army Corps of Engineers. During his six-month tour, he
was responsible for monitoring construction at 17 airfields along
the South Atlantic Air Transport route from the United States to
Africa. He later served as the military attaché in Bogota, Columbia,
and as commander of the Airborne Engineer Training Center at
Westover Field, Massachusetts. He then deployed to the China-
Burma-India Theater. He became the staff engineer for Tenth Air
Force in Burma, where his engineers pioneered a method for cutting
heavy equipment into several pieces for airlifting and then welded
them back together after offloading. His last assignment during the war was as the Air Engineer
for the Army Air Forces in China. He had a distinguished career with the postwar Air Force, and
retired as a lieutenant general in 1960.
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the Air Corps and the Air Force Combat Command. With the creation of the Army Air Forces, the
War Department transferred direct responsibility for the selection of new stations to the Army Air
Forces Commanding General. Previously, the War Department had appointed site boards that recom-
mended final site approvals for Army aviation installations. General Arnold now gave the Buildings
and Grounds Division the job of evaluating site recommendations for his approval. The Division came
up with an elaborate scoring system based on several suitability factors, such as flying weather, terrain,
location in relation to ranges, and availability of housing. After the adoption of the Second Aviation
Objective, the Buildings and Grounds Division decentralized the selection process even further to
expedite procurement of new bases. The division appointed a site board for each numbered air force
and for each of the three Army Air Forces training centers.”

STATESIDE TRAINING BASES

Great urgency accompanied the construction of training bases in the continental United States.
Between 1919 and 1939, the largest number of Air Corps pilot trainees to graduate in a year was 246.
Under the First Aviation Objective, the goal for trained pilots rose to 12,000 a year after June 1940,
followed by an almost immediate increase to 30,000 a year under the Second Aviation Objective. The
demand for mechanics and technicians similarly escalated from 1,500 to 110,000 a year between 1939
and March 1941 to meet the goal for establishing 84 combat groups. All of those pilots and techni-
cians underwent intensive training; by July 1940 the Air Corps only had eight advanced flying schools
and three training centers. The Buildings and Grounds Division in Washington was responsible for
drawing up facility requirements and estimating costs to build the airfields needed to accommodate
the rapid expansion program.”

Fortunately, General Arnold foresaw the need for rapid training of a large number of pilots as early
as 1938 and persuaded Congress to approve a plan establishing civilian schools as the primary provider
of flight training for the Air Corps. Nine of the nation’s best civilian schools operated primary flying
training programs under contract to the Air Corps in the summer of 1939. By 1941, 41 schools were
providing invaluable training. With civilian schools handling primary training, the Air Corps turned
its attention to military basic and advanced flying training programs. These programs were held at the
existing schools at Randolph, Kelly, and Brooks until mobilization began in earnest in summer 1940.°

Flying training fields sprang up almost overnight, mostly in the “Sunshine Belt” of the South and
Southwest where favorable weather permitted year-round flying. Heading the list were multiple sites in
Texas, Arizona, New Mexico, Nevada, and southern California. Eight airfields were placed in operation
under the 54-group program, and 20 more authorized under the 84-group program were completed,
or under construction, by the end of 1941. According to General Arnold, “It was not unusual to find a
training field with dozens of planes flying above it, bulldozers on the ground finishing the earthwork,
cement mixers turning out concrete for runways yet to be built, and men in the open still clearing
brush from what had been grazing land.”® Facilities construction comprised standardized wood-frame
temporary mobilization buildings.

By early 1941, technical training facilities began to expand into the south. The sites of Keesler
Army Airfield at Biloxi, Mississippi, and Sheppard Army Airfield at Wichita Falls, Texas, were recom-
mended by a selection board. Land offered by those communities included local airports developed
with relief funds between 1935 and 1939.”

Among the pilot training airfields in the south were Tuskegee Army Airfield and Moton Army
Airfield in Alabama, where hundreds of African-American pilots were trained for service with the Air
Corps. Under Public Law 18, the Civil Aeronautics Authority (CAA) established civilian schools for
primary pilot training for African-Americans at the Tuskegee Institute and at three other locations in
1939. In 1941, the Air Corps was directed to organize a “Pursuit Squadron (Colored),” and the service
began searching for a location to set up an advanced training program. The President of Tuskegee
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Institute, Frederick D. Patterson, urged the Air Corps to consolidate the two programs at Tuskegee
and to expand the facility. The Air Corps agreed and requested WPA funds to build Tuskegee Army
Airfield as a separate, segregated facility near the Institute. Between 1941 and 1945, Tuskegee trained
over 1,000 African-American aviators for the war effort.'®

A second primary training field for African-American pilots was constructed near Tuskegee in
1941 to prepare cadets for the advanced training program at Tuskegee Army Airfield. Engineers from
Maxwell Field provided assistance in selecting and mapping the site, and Tuskegee Institute laborers
and skilled workers helped finish the field so that flight training could start on time. In addition to pilots,
thousands of African-American support personnel were trained as flight instructors, bombardiers,
navigators, radio technicians, mechanics, air traffic controllers, parachute riggers, and electrical and
communications specialists; many were trained at Chanute Field.'”!

The Air Corps also was involved in training British pilots on U.S. soil under a provision of the
Lend-Lease Act to ease pressure on over-taxed training facilities in the United Kingdom. The British
government located land to establish six flying fields, subject to approval by the Air Corps and the
Quartermaster General. The British then purchased the land, deeded it to the U.S. government, and
leased the airfields. The fields were operated by civilian flying schools for one dollar a year. The U.S.
Army Corps of Engineers supervised construction by private contractors, who were hired by the British
government. Materials purchased from Lend-Lease funds were utilized. The first contingent of Brit-
ish flying cadets arrived in June 1941, and in July, Britain requested additional training facilities. By
November 1941, about 3,600 British pilots were undergoing training at schools in Georgia, Florida,
South Carolina, Alabama, and California.'”

Although impressive, the pre-war construction from 1939 to 1941 was dwarfed by the airfield
construction program that followed the U.S. entry into World War II in December 1941. Tremendous
effort and extensive resources were expended on training facilities and operational bases, especially
in the first six months of 1942. All of the construction was managed by the U.S. Army Corps of Engi-
neers, which officially assumed responsibility from the Quartermaster Corps for Air Corps wartime
construction in November 1940.

The Buildings and Grounds Division, which became an independent division within the Office
of Chief of the Air Corps in August 1940, worked closely with the U.S. Army Corps of Engineers
to monitor the massive construction effort. On June 30, 1941, the division had a staff of 50 officers
and 75 civilians divided into six sections: Administrative, Planning and Maintenance, Airports, Real
Estate, Construction, and Foreign Projects. In December 1941, the Division moved from the Munitions
Building to the Maritime Building and, in June 1942, moved again to Army Air Forces Annex No.
1 at Gravelly Point near National Airport in Arlington, Virginia. Following the creation of the Army
Air Forces, the division became a section under the Supply and Services Division, which was under
the Assistant Chief of Air Staff for Materiel, Maintenance, and Distribution. Adding to its multiple
responsibilities in 1943, the section also was assigned procurement and distribution of all night lighting
equipment for the Air Corps, the Navy, and the CAA. On October 9, 1943, Col. James B. Newman,
Jr., the chief of the Buildings and Grounds Section, was promoted to brigadier general and became the
first general officer to head up the organization that would later become Air Force Civil Engineering.
He served in this position for only a few weeks before being transferred to Europe. Effective June 12,
1944, the Building and Grounds Section was reorganized as the Air Installations Division headed by
Brig. Gen. Robert Kauch, who arrived in September to become chief of the division.'®

One of the section’s highest hurdles was providing facilities for training programs. A partial solu-
tion was found in commercial hotels. Resort hotels in Miami Beach, St. Petersburg, Daytona Beach,
and Atlantic City were leased and converted for training programs while the famous Stevens Hotel in
Chicago was purchased by the government for a radio school. This strategy eliminated construction
of four new schools and saved an estimated $40 million. The facilities were available immediately,
thus avoiding construction delays and allowing vast amounts of critical war materials and labor to be
diverted to other urgent projects. At the peak of the war, the Air Corps had lease arrangements with
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Transfer of Wartime Construction from the
Quartermaster Corps to the U.S. Army Corps of Engineers

Following the dramatic German victories of early 1940, the U.S. Congress passed appropriations
acts totaling more than $9 billion in a five-month period. Of this money, $780 million was
earmarked for the construction of Army installations and airfields. The Construction Division of
the Quartermaster Corps rose to the challenge. The Quartermaster Corps had a heavy burden of
responsibilities aside from construction. Many argued that the construction program should be
aligned under an independent Construction Division or be transferred to the U.S. Army Corps of
Engineers, which was better manned and equipped to manage the massive program.

In the political maneuvering over roles and missions that ensued, Army Chief of Staff Gen. George
Marshall ultimately agreed that the pre-war construction load was more than the Quartermaster
Corps could handle. He suggested that the program be transferred to the U.S. Army Corps of
Engineers, although not all at once. On November 19, 1940, the U.S. Army Corps of Engineers
inherited the construction program for all Air Corps stations in the United States. The Quartermaster
Corps transferred 83 Air Corps construction projects to the U.S. Army Corps of Engineers between
November 1940 and April 1941. Despite initial predictions of mass disruption, the transfer went
relatively smoothly and actually led to better cooperation on the job by both agencies.

In the year between the initial transfer and the official U.S. entry into World War II, the U.S.
Army Corps of Engineers oversaw Air Corps construction work, including 42 new airfields in
the continental United States, complete with housing and technical facilities, and expansion of
facilities at another 25 existing Air Corps stations. In mid-1943, General “Hap” Arnold commended
the U.S. Army Corps of Engineers for completing 1,100 domestic military and civil airfield projects
for the Air Corps and Army Air Forces over the past two and a half years, commenting that the
work had been “prosecuted with outstanding efficiency and dispatch.”

In December 1941, Congress officially completed the transfer of responsibility by turning over all
domestic military construction to the U.S. Army Corps of Engineers. The President quietly signed
the legislation on December 1, 1941. The law went into effect on December 16, just in time for the
U.S. Army Corps of Engineers to launch the greatest military construction effort in U.S. history.

Source: Barry W. Fowle, ed., Builders and Fighters: U.S. Army Engineers in World War II, U.S. Army Corps
of Engineers Office of History, Fort Belvoir, Virginia, 1992, 20-25, 95.

464 hotels. Another program for which the section took responsibility was the Flight Strip Program,;
emergency landing strips were built adjacent to existing highways across the country and along the
Alcan Highway in Canada.'%

From 1939 to 1945, facilities for the Air Corps/Army Air Forces expanded to include 783 bases and
auxiliary airfields, 12 main depots, 68 specialized depots, and 480 bombing and gunnery ranges within
the continental United States (CONUS). Counting other support facilities, the Army Air Forces had
2,252 domestic installations. They covered a land mass equal in area to the states of New Hampshire,
Vermont, Massachusetts, and Connecticut. Army Air Force projects between June 1940 and August
1945 totaled $3.152 billion, or 29.5 percent of the total War Department construction expenditures.!'®.
The network of air installations in the continental United States was valued at $100 million in 1940
and grew to a complex worth 30 times that amount by 1945. The dollars allotted to the Army Air
Forces expansion accounted for almost 30 percent of appropriations spent by the War Department on
domestic military construction during the period.!%
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Officers of the Army Air Forces Buildings and Grounds Section, October 1943.
Pressure to build new installations in the United States eased in late 1943 as the requirements
for training bases were met and the need for continental defense diminished. Most new construction
beyond that date was related to the very heavy bombardment training program. The Army Air Forces
began identifying and closing excess installations, beginning with contracted functions and leased
properties, in 1944. By the end of 1944, Army Air Forces reduced hotel leases from a peak of 464
to 75 and placed most surplus airfields in caretaker status. Some installations were used for POW
camps, foreign laborers” housing, grazing leases, and other purposes. Army Air Forces transferred 84
stations to the Navy, which needed airfields near the coasts for carrier pilot training. From a peak of
2,252 installations as of December 31, 1943, the number declined to 1,811 by September 2, 1945. By
the end of 1945, the Army Air Forces retained only 429 installations in the United States, including
auxiliary fields.'”’
AVIATION ENGINEERS IN WORLD WAR 11

While civil engineers made critical contributions to the war effort through construction on the
home front, it was only part of the story. The other vital role that engineers played, of course, was in
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construction undertaken by combat engineer units in support of Army Air Forces flying operations in
all theaters of the war. General Arnold knew first-hand the importance for Airmen to have engineers
who trained with them, spoke their language, and understood their needs. He pushed for the creation
of aviation engineer regiments within the U.S. Army Corps of Engineers to provide dedicated con-
struction support to the Air Forces. In all, 157 Engineer Aviation Battalions saw duty during the war,
48 of which were segregated units composed of African-American troops. In addition, 16 Airborne
Engineer Aviation Battalions were trained to parachute in, near, or behind enemy lines with special-
ized small-scale equipment. They also trained in preparing landing fields for forward operations. Their
equipment was transported by C-47s or a combination of C-47s and CG-4A Waco gliders. Nearly
120,000 Aviation Engineers saw action in all theaters during the war. Together they built or improved
1,000 airfields around the world.'%

Aviation engineer units were versatile. They were specifically trained to rapidly construct advanced
airfields close to, or behind, enemy lines, but they also had the skills to maintain and improve existing
facilities. Aside from Fort Belvoir, much of their training took place at Westover Field in Massachusetts
and Eglin Field in the Florida Panhandle. They were masters in the art of camouflaging airfields and
constructing defensive works such as revetments to disperse and protect aircraft. They specialized
in rapid runway repair, quickly returning to service airfields that were damaged by enemy bombing.
Finally, to protect themselves from air and ground attack, aviation engineers were trained and equipped
for combat as well as construction. Each unit included trained riflemen and machine gunners who could
take active part in the defense of airdromes. Units were armed with a variety of weapons including
bazookas, antitank and antiaircraft guns, grenade launchers, armed half-tracks, antitank mines, and a
full complement of small arms.'®

The first such unit was the 21st Engineer Aviation Regiment, activated at Fort Benning, Georgia,
in June 1940 under the command of Lt. Col. Donald A. Davison of the U.S. Army Corps of Engineers.
The initial contingent comprised a handful of officers and 80 enlisted men, who moved to Langley
Field the same month to undergo specific training. Members of the regiment constructed their own
barracks and grounds, conducted experimental work on runways, and learned techniques for cam-
ouflaging airdromes. The experimental runway at Langley was constructed in sections with different
techniques to expose trainees to a range of technologies—soil-cement, soil-asphalt, two types of steel
landing mat, and soil stabilization with Vinsol resin.''?

The 21st became the parent unit for a wave of aviation engineer units. Each aviation engineer
regiment consisted of a regimental headquarters, a service company with headquarters, and three bat-
talions. Each battalion included a headquarters company and three lettered companies (A, B, and C
Companies). Total strength of a regiment was 79 officers and warrant officers and 2,207 enlisted men.
Regular engineer aviation battalions were self-contained, 800-man units. Airborne engineer aviation
battalions had 28 officers and 500 men. A few separate engineer aviation companies, not attached to
battalions, were organized to meet specific needs when limited personnel were available.!!!

Each engineer aviation battalion was authorized 220 pieces of heavy construction equipment—
diesel tractors with bulldozers, carryall scrapers, graders, gasoline shovels, rollers, paving equipment,
air compressors—and 146 vehicles, plus standard hand tools. Sets of specialized equipment, such as
additional asphalting and concreting equipment, rock crushers, draglines, pumps, and floodlights,
were available when needed. With three companies and supplemental labor and equipment, a battalion
could work on up to three airfields simultaneously. Each unit also had its own contingent of equipment
maintenance personnel, which was essential under combat conditions.''?

Before the attacks on Pearl Harbor, engineers from the 21st participated in the U.S. Army General
Headquarters Maneuvers, which were held to prepare troops for combat. They joined Company C of
the 810th Engineer Aviation Battalion from MacDill Field to take part in the Louisiana Maneuvers.''?
Maj. Gen. Lesley James McNair, who served as Chief of Staff for the Army’s General Headquarters,
along with his staff organized the Louisiana Maneuvers to provide the most realistic scenarios pos-
sible. General McNair supported unstructured maneuvers, where commanders were free to make their
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“Whereas a little over a year ago the term ‘aviation engineer’ had no real official significance,
we now recognize that it would be no wiser to send a long range bomber out minus a navigator
than to attempt to operate an air force without the specially trained aviator components of the
U.S. Army Corps of Engineers that had been assigned by the War Department to work intimately
with us.”

Maj. Gen. Henry H. “Hap” Arnold, “The Air Forces and Military Engineers,”
The Military Engineer, Vol 33, No 194, December 1941, 545.

own decisions and judgments about tactics. In addition, General McNair abolished practices such as
simulating the destruction of a bridge while using it for transportation. He required troops to find a
way around bridges designated as destroyed, which added realism and forced troops to consider other
options and strategies. He also eliminated rest periods that broke the mindset of troops from actual
maneuvers, claiming that it “lessens realism and training value.”'"* The Louisiana Maneuvers took
place between September 15 and 28, 1941 and covered 30,000 square miles of land in Louisiana.
Approximately 330,000 men participated in the maneuvers, which were considered one of the largest
Army versus Army challenge in history.'

The 21st Engineer Aviation Regiment was notified of its participation in the realistic training
opportunity. They traveled from Langley Field in Virginia to Louisiana and Texas. The engineers
arrived two weeks prior to the actual maneuvers and aligned with Company C of the 8§10th Engineer
Aviation Battalion. Their primary mission was to renovate and to provide support for landing fields
for the maneuver. They completed work on runways and taxiways and improved roads and parking.
They also fulfilled concealment duties, camouflaging aircraft shelters and airfields to evade “enemy”
assaults by ground or air. Their hard work was recognized. Lt. Gen. Delos C. Emmons, then Com-
manding General for the Air Force Combat Command, commented on their accomplishments, “these
exercises certainly justified the requirements for Aviation Engineers and the need for many additional
ones becomes more and more apparent.”!

One example of their construction efforts was the expansion of runways at Monroe Airport in
Louisiana. In order to complete the job, aviation engineers transported 1,500 cubic yards of gravel
from 10 miles away. The gravel was placed, packed down, graded and topped with asphalt. The runway
was increased by 500 feet within two weeks. Other work included the removal of vegetation and other
hazards located around runways. Work at the airfield in Natchitoches, Louisiana required hauling 2,000
cubic yards of fill-gravel from a location 21 miles away. In Beaumont, Texas, the airport runways were
extended by 1,000 feet using 10,000 cubic yards of shell provided by the municipality. Concealment
efforts at the Natchitoches airfield included the creation of fake hedgerows, creating the appearance of
a divided pasture. At Camp Beauregard, the 21st Engineers Aviation Regiment simulated farm houses
using webs of wire to mask the airfield. Another camouflage technique involved painting circles on
the runway to create the appearance of an orchard from the air. The engineers also created “dummy
planes” out of wood and burlap to serve as decoys for bombers flying overhead. These deception
techniques were ideal because the imitations were not detectable as decoys by cameras at 15,000 feet
or through visual observation from 10,000 feet. Reconnaissance flights were rarely flown below an
altitude of 10,000 feet because of the risk of attack by the opposition.!!

At the conclusion of the Louisiana Maneuvers, the 21 Engineer Aviation Regiment made its way to
the Carolinas to join the First Army (IV Corps) Maneuvers, where it constructed the first field airdrome
in the United States with a pierced steel plank runway. The runway was 3,000 feet long and was created
for use by the 1st Air Support Command. It was designated the “Marston Strip” and was located in
Hoffman, North Carolina. The runway took 11 days to complete and required 18 train cars of pierced
steel planks. The steel planks were developed by the Carnegie Illinois Steel Company to address the
need for transportable material for use in runway construction. When General Arnold reviewed the
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Soils School

The Army Soils Control School at Harvard University was an important contributor to winning the
air war. Sponsored by the U.S. Army Corps of Engineers, the school was the brainchild of Professor
Arthur Casagrande. As a consultant on airfield design during spring 1942, Casagrande realized
the Army needed men trained in soils engineering. He established a six-week course for officers;
the first class of 24 newly-commissioned lieutenants reported to Harvard on July 3, 1942. They
received a rapid but intensive survey of soil mechanics and related subjects, including laboratory
sessions, field trips, and lectures by top experts in the field. The course was given repeatedly until
mid-1944 and graduated 400 students. The Aviation Engineers made good use of their knowledge
at airfield projects around the world. As one general officer commented in late 1943, “What we
have learned in our civil works program about soil strengths . . . has contributed to feats of military
engineering that have astonished the world.”

Source: Lenore Fine and Jesse A. Remington, United States Army in World War II, The Technical Services,
The Corps of Engineers: Construction in the United States, Center of Military History, U.S. Army, Wash-
ington, D.C. 1989, 642-643.

completed runway at Hoffman, he declared it “the year’s greatest achievement in aviation.”'"® The 21st
continued its efforts in the Carolina maneuvers, camouflaging the Laurens and Spartanburg airports in
South Carolina and grading runway extensions at several other airfields. Afterward, the 21st Engineers
reported that the maneuvers lived up to the 21st regimental motto: “Expect Anything.” '’

The 803d and 804th Engineer Aviation Battalions were created from the 21st Engineer Aviation
Regiment cadres and were shipped immediately to the Hawaiian Islands in March and April 1941.
They did not have the advantage of taking part in exercise maneuvers or receiving initial training at
a technical training center. They became the first aviation engineers to see combat during the attacks
on Pearl Harbor and Hickam Field in December 1941.'%

Recognizing the increasing numbers of aviation engineer units, the Headquarters, U.S. Army Air
Forces in Washington, D.C., formally established an engineer component in 1940. The position of Air
Engineer was established by May 1941. The role of the Air Engineer was to advocate for specialized
training and equipment for aviation engineer units in airfield construction and to monitor the overall
functioning of the units for the Air Staff. Brig. Gen. Stuart C. Godfrey held the position of Air Engi-
neer from May 1941 until December 1943, when he was sent to India to supervise the construction
of B-29 bases. His successor, Col. George Mayo, then served as the Air Engineer until the end of the
war. During an Air Staff reorganization effective March 29, 1943, the Air Engineer became a separate
office within the AC/AS Materiel, Maintenance and Distribution office, which was one of six offices
reporting to the Chief of the Army Air Forces. The staff office in Washington was modest in size and
had no direct command authority over the aviation engineer units stationed in theaters of war. The Air
Engineer maintained liaison with the U.S. Army Corps of Engineers and the AAF Materiel Command
concerning training and equipment issues for the aviation engineers. He also published an excellent
journal, Aviation Engineer Notes, which served as a source of technical guidance for engineers dis-
persed worldwide and gave them a sense of identity and esprit de corps.'*!

Command authority over aviation engineer units was vested in the respective theater-of-war com-
manders where the units were stationed. In Washington, D.C., the Operations Division of the War
Department General Staff, rather than the Air Engineer, was responsible for distributing battalions on
the basis of strategic need and availability of shipping. As the war progressed, command and control of
in-theater aviation engineer units varied. The most common command structure in which aviation engi-
neers served was through the Supply of Services, where aviation engineers were grouped with Navy
and Army engineers and assigned to projects as needed, or through a theater engineer command.'?

In the period between the beginning of World War II in Europe on September 1, 1939 and the
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Brig. Gen. Donald A. Davison

The commanding officer of the first-ever aviation engineer unit was Col. Donald Angus Davison.
As the head Engineer for General Headquarters Air Force, he played a major role in organizing
aviation engineer battalions to support the Army Air Forces in World War II.

A 1915 graduate of the U.S. Military Academy, Colonel Davison F"-":'
had a broad background not only as an engineer but also as an
educator. He served with the 11th Engineer Regiment in Panama
and later as the District Engineer at the Louisville District of the U.S.
Army Corps of Engineers. He also spent two years as a professor
of Military Science and Tactics at Yale University and another two
years as Senior Instructor at the Engineer School at Fort Belvoir.
As a major and lieutenant colonel, he served as an instructor at the
Army Command and Staff College at Fort Leavenworth from 1932-
1936. One of his fellow instructors was Lt. Col. Lewis Brereton,
who later became commander of the Ninth Air Force during World
War II and a strong supporter of Colonel Davison and his wartime
engineers.

In June 1940, Colonel Davison was appointed commander of the 21st Engineer (Aviation)
Regiment, which was activated at Fort Benning, Georgia, in October 1939. In 1941, while serving
as the General Headquarters Air Force Engineer, he developed the plan to permit the Army Air
Forces, through the aviation engineers, to build their own bases in forward areas. After the United
States entered World War II, he served as the chief engineer under Gen. Dwight D. Eisenhower
for the Allied Force Headquarters in England. He also served under Gen. Carl A. Spaatz for the
Northwest African Air Forces in the critical early months of the North African campaign. He
established and took charge of the XII Air Force Engineer Command (later renamed Army Air
Forces Engineer Command, Mediterranean Theater of Operations) in late 1943. He was the first
aviation engineer to lead a dedicated Engineer Command. He also served as the Fifteenth Air
Force Engineer.

In March 1944, he was ordered to Washington, D.C. to serve as the Air Engineer at Headquarters
Army Air Forces. He was on detached service in Bangalore, India, when he fell ill and died on May
6. His untimely death came as a blow to his colleagues and deprived the engineering community of
one of its brightest leaders. He was buried at Arlington National Cemetery and was posthumously
promoted to Major General. Davison Army Airfield at Fort Belvoir, Virginia, is named in his honor.

attacks on Pearl Harbor on December 7, 1941, the Air Corps oversaw a series of dramatic construction
efforts throughout the western hemisphere. By 1941 the Army Air Corps was in a decidedly better
position to train combat air forces and to engage in actual combat than the nascent air arm of the Army
24 years earlier.

Alaska

The Air Corps recognized the strategic importance of the Territory of Alaska and began conducting
aerial photography and surveys for mapping during the late 1920s. The concern that Alaska might one
day come under attack was not new; plans for at least one military airfield in the unprotected territory
surfaced as early as 1935.
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The Air Corps was interested in the route to Alaska and in bases for the defense of Alaska itself,
including the expansive Aleutian chain that stretched toward Japan. In 1936, General Arnold ordered
a survey of possible sites for airway stations from Seattle to Juneau; at the time, there were only five
landing fields more than 2,000 feet long in the entire territory. The resulting report recommended five
sites that, if developed, would permit military aircraft to reach Alaska avoiding Canadian air space.

In late 1936, the War Department appointed a board of officers to select a site in the vicinity of
Fairbanks for an aviation base. As a result of funding restraints, it took three years for the plans to
move forward. The Air Corps wanted to establish two bases in Alaska, one for operations and one
for cold weather research. The original intention to host both missions at one base proved unrealistic.
Anchorage, which was strategically located along the southern Alaska coast, was selected as the site
for a main tactical base; it could be supplied much easier and had a more equable climate. Fairbanks,
which had the climatic conditions ideal for experimental flying, was selected as the home of the Army’s
major cold weather experimental station.

The first construction personnel arrived at Fairbanks in fall 1939 to begin building Ladd Field. To
the surprise of all, according to General Arnold, they accomplished what was previously considered
impossible. Concrete work and carpentry proceeded throughout the winter. By early summer 1940,
construction was well underway. Troops began arriving to man the Air Corps’ first aerial arctic outpost
in September 1940. They conducted tests to determine better methods of equipping aircraft for arctic
operations.'?

In June 1940, construction began on Elmendorf Field at Anchorage. The field was adjacent to
the principal Army headquarters at Fort Richardson. Plans for Elmendorf were coordinated with
the construction of Navy air and submarine bases in the Aleutians, at Sitka, Kodiak, and at Dutch
Harbor in Unalaska, which the Army would also use. A temporary hangar was ready by early 1941,
and flying units began to arrive from the United States. By fall, the field was capable of supporting
tactical operations.'?*

Troop labor helped construct needed bases along the route to Alaska. The War Department col-
laborated with the CAA, which had a program to build and improve airfields in the territory, to construct
two bases in the Alaska Panhandle. The first was at the southern tip of Annette Island and the second
was near the village of Yakutat at the northern end. With fields in those two locations, aircraft could
make the 1,500-mile trip from Seattle to Ladd Field in relative safety. Apprehensive that the CAA
would take too long to build the fields, the U.S. Army Corps of Engineers recommended that combat
engineers build the field at Annette. It assigned the job to the 28th Engineer Aviation Regiment.

Two battalions of the 28th Engineer Aviation Regiment accompanied by two companies of the
Civilian Conservation Corps from Oregon and California and 35 civilian technicians began work at
Annette in late August 1940. The regiment also sent a detachment to perform work at Yakutat. The
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(above) Construction on Elmendorf's runway.
(right) Construction at Elmendorf Field, 1941.
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U.S. Army Corps of Engineers, Seattle District, supervised the construction of two 5,000-foot asphalt
runways, concrete aprons and taxiways, a hangar, a dock, a seaplane ramp, roads, housing, and stor-
age facilities at Annette. Work continued into 1941, when the 802d Engineer Aviation Battalion was
occupied fully developing the airfield at Annette. Their work included lengthening the runways to
7,500 feet. Meanwhile, the 807th Engineer Aviation Company was making improvements at Yakutat.'?

The Air Corps also relied on the CAA to provide additional airfields in Alaska for emergency
landings and observation points. In 1939, the CAA began to build airports and airway facilities in
Alaska that conformed to military standards. In 1941, the CAA completed Class III defense airports
with 4,000 to 6,000-foot runways at Juneau, Northway, Big Delta, and Nome; work at seven other
sites also was underway. Construction at all of the Alaskan bases posed incredibly difficult challenges
for engineers.'?

Panama

The Air Corps considered the Canal Zone the most critical to defend of all the outlying U.S. ter-
ritories. In January 1939, when Secretary of War Harry Woodring and Army Chief of Staff Gen. Malin
Craig outlined their defense program before the House Committee on Military Affairs, they requested
$23 million to improve air power in Panama.'*’

France Field on the Atlantic side of the Canal Zone and Albrook Field on the Pacific side were
air bases of long standing. Howard Field, originally part of Fort Kobbe at the Pacific end of the
Canal Zone, was expanded dramatically starting in 1940. Rushed to completion by the Constructing
Quartermaster, 10,000 acres of impenetrable vegetation at Howard were transformed into a “thriving,
highly-industrialized city of 5,000 inhabitants.” The work was completed in less than a year and it
became an independent installation in June 1941. All structures were permanent buildings of concrete
and steel designed to withstand the rigors of the harsh climate. The concrete runway was constructed by
the Severin Company, which provided its own equipment and labor. The Constructing Quartermaster
oversaw the grading and supplied the needed materials. More than 85,000 square yards of concrete
were placed by Panamanian laborers in 21 days. The new concrete was first covered with water-soaked
burlap, followed by a coat of black asphalt emulsion to avoid cracking caused by high temperatures
and rapid evaporation during curing.'?®

The only U.S. defense installation outside the Canal Zone was Rio Hato Airfield, 50 miles south-
west of the Pacific entrance to the canal. The field, which originally was a private landing strip for a
nearby resort, was leased by the Air Corps for 200 dollars a month. By 1939, it had become so important
for defense that Air Corps commanders in the Canal Zone urged the War Department to buy the field
or to lease it on a long-term basis. In August 1939, the U.S. Army Corps of Engineers acquired $2.5
million to improve the road from the Canal Zone to Rio Hato, and, in late 1939, the 11th Engineers
began to improve the airfield. Construction accelerated in the summer of 1940 when materials and
heavy equipment arrived by sea. That year the rainy season lasted from May to December and Col.
Earl North, the Canal Zone’s department engineer, complained that “the clayey earth became a soft
sticky gumbo.” The 11th Engineers also built a 2,000-man camp for the 9th Bombardment Group,
which arrived in November 1940.'*

In 1941, Gen. Frank Andrews, commander of the Caribbean Air Force, pressed for the completion
of nine auxiliary airfields in Panama. Technically, the Quartermaster Corps was still responsible for
the construction. The Constructing Quartermaster was over-extended and the U.S. Army Corps of
Engineers insisted that engineers be allowed to complete the work. Beginning in March, two companies
of the 11th Engineers were assigned to the fields and were assisted by the 805th Engineer Aviation
Company. Their goal was to accomplish as much work as possible before the start of the rainy season.
By June, six emergency landing strips were graded and ready to receive aircraft.!*
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Atlantic and Caribbean Bases

In the North Atlantic, the United States was vulnerable to the action in Europe via Iceland, Green-
land, and Newfoundland, none of which had adequate air defenses. In the South Atlantic, Natal on
the exposed angle of Brazil, was only 1,600 nautical miles from the coast of Africa. The islands of
the Caribbean were poorly fortified, leaving the eastern approaches to the hemisphere vulnerable to
considerable German submarine traffic patrolling the waters.

Solidarity of the nations in the Western Hemisphere was reaffirmed in the Declaration of Lima in
December 1938. The declaration led to a series of inter-American agreements. Unlike the Pacific, plans
for defense in the Atlantic depended on such agreements to secure privileges from individual nations
or from friendly European powers that still had possessions in the region. The impetus to band together
for common defense became stronger after Germany invaded western Europe in early 1940. It appeared
that England might also fall under the Nazi advance, denying the Allies friendly bases within striking
distance of Germany. In August 1940, the governments of the United States and Canada established a
permanent joint board to coordinate defense measures for North America. The board decided that Air
Corps units should be stationed at Newfoundland Airport at Gander Lake as soon as possible, where
U.S. troops assisted with maintenance. Eventually the U.S. Army Corps of Engineers supplemented
Gander by building Harmon Field at Stephenville on Newfoundland’s west coast.

Construction in Iceland also received an early priority. England occupied the island in May 1940,
following an air attack by Germany in February. The United States agreed to supplement and eventu-
ally to replace the British garrison there. Army aviation engineers ultimately worked on four airfields
in the country. Two companies of the 21st Engineer Aviation Regiment, later designated the 824th
Engineer Aviation Battalion, arrived in Reykjavik on July 7, 1941 as part of the first Army contingent
on the island. They augmented the construction program begun by the British at Reykjavik Field and
at Kaldadharnes Airdrome 35 miles southeast of the capital. Although the airfields were usable, they
needed considerable work to conform to U.S. standards; they had to be expanded to accommodate
heavier air traffic. The first priority was to complete troop housing, covered storage, and hospital
facilities and to extend the docks in Reykjavik harbor. Once heavier construction equipment arrived,
they laid the foundation for a British prefabricated hangar, paved hangar aprons, and supervised con-
struction of perimeter roads surrounding the base. Iceland had no railroads, and the lack of roadways
made long-distance hauling of bulk supplies impossible. Other than rock, sand, and gravel, all engineer
supplies had to be shipped from the United States and Britain.'*!

In November 1941, U.S. engineers began working at the Kaldadharnes site. Survey parties began
laying out what was to become the largest airfield in Iceland at Keflavik, 25 miles southwest of the
capital. The Keflavik airdrome was just a grass field with a runway 1,000 yards long and 50 yards
wide, suitable for emergency use only. Two separate fields, Meeks Field for bombers and Patterson
Field for fighter aircraft, eventually were built and were ready for operation in early 1943.132

In mid-1941, the Air Corps Ferrying Command began ferrying American-built planes to friendly
nations overseas as part of the Lend-Lease program. Until the bases in Iceland were fully operational,
the northern route to Europe ran from Bolling AFB to Montreal, to Gander Lake, and then to Prestwick
Airport at Ayr, Scotland. In 1941, the United States entered into an agreement with Denmark, grant-
ing the United States the right to construct, maintain, and operate landing fields and other facilities
in Greenland, in exchange for limited defense responsibilities on the island. A company of the 21st
Engineers installed a temporary 3,500-foot pierced-steel plank runway at Bluie West 1 in Greenland
in fall 1941. The southern route to Europe initially ran from Miami to Trinidad, through Belem or
Natal in Brazil, and on to Bathurst, Gambia. Additional bases in British and Dutch Guiana became
available through yet another initiative.'*

In September 1940, President Roosevelt announced that he had reached an agreement with Great
Britain to transfer 50 aging U.S. destroyers in exchange for the right to establish air and naval bases
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Table 1.2 World War Il Bases in the Atlantic and Caribbean

Country Airfield(s)
Antigua (Britain) Coolidge Field
Aruba (Netherlands) Dakota Field
Ascension Island (Britain) Wideawake Field
Bermuda (Britain) Kindley Field
British Guiana (Britain) Atkinson Field
Cuba Batista Field
Curacao (Netherlands) Hato Field

French Guiana (France)

Rochambeau Field

Vernam Field

Borinquen Field; Losey Field

Beane Field

Zandery Field

Waller Field; Edinburgh Field; Xeres Field

Jamaica (Britain)
Puerto Rico

St. Lucia (Britain)
Surinam (Netherlands)
Trinidad (Britain)

at eight strategic British possessions in the Atlantic and the Caribbean. A 99-year lease gave the
United States access to Newfoundland, Bermuda, the Bahamas, Jamaica, Antigua, St. Lucia, Trinidad,
and British Guiana. By the end of October, a board of Army, Navy, and Marine Corps officers had
visited each location and selected sites for potential military installations. General Marshall assigned
construction at those locations to the U.S. Army Corps of Engineers. The Chief of Engineers formed
a Caribbean Division to direct the work and set up four new construction districts in Newfoundland,
Bermuda, Jamaica, and Trinidad. After the U.S. entry into the war, several more bases were added in
the Caribbean on Curagao, Aruba, Surinam, and Cuba.!**

The greatest progress in air defense in the Caribbean between 1939 and 1941 took place in Puerto
Rico, where the emergency strip at Borinquen Field was quickly transformed into a major air base
(renamed Ramey in 1948). Construction also began on Losey Field. By spring 1941, sufficient aircraft
and personnel were on the island to activate a composite wing. By the time Pearl Harbor was bombed,
Gen. Frank Andrews commanded 300 Army aircraft in the Caribbean area, but all heavy bombers and
most of the best fighters were stationed at bases in Panama.!

Hawaii and the Pacific

The United States had maintained air stations in Hawaii and the Philippines since the early years of
military aviation. By 1940, Wheeler and Hickam were the two major Army airfields located on Oahu
in the Territory of Hawaii. Army air units stationed there—the 18th Bombardment Wing at Hickam
and the 14th Pursuit Wing at Wheeler—existed primarily for defense of Pearl Harbor and other naval
and military installations on the island. Oahu also had an observation squadron at Bellows Field, 28
miles from Hickam, and a pursuit squadron in training at Haleiwa in the northern part of the island.'*

Planners knew that significant development and expansion of facilities would be required, both
to provide defense for the territory and to allow Hawaii to provide transit services for aircraft being
ferried to the Philippines and points in the Pacific. The Honolulu District of the U.S. Army Corps of
Engineers drew up plans to expand runways to at least 5,000 feet. Eight runways were to be enlarged
and modernized and two new ones were added. The Hawaiian Department commander lacked resources
and progress was slow. Engineers made up only three percent of his garrison, versus the more typical
eight to ten percent. The Department especially needed aviation engineers. The 804th Engineer Aviation
Company arrived in April 1941, followed by the 34th Engineer Combat Regiment in June. The 804th
was soon raised to battalion strength. By mid-summer work was underway on five military airfields:
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three on Oahu, one on the island of Hawaii, and one on Kauai. With the help of the CAA, emergency
and auxiliary fields also were established on each island in the Hawaiian group.'*’

In fall 1941, the United States began deploying B-17 bombers to reinforce the Philippines. The
existing ferrying route that traversed Midway, Wake, and Guam risked exposure to Japanese forces in
the Mandated Islands (former German possessions in the Marianas, Carolines, and Marshalls). The
Army Air Forces received approval to develop a more secure route via the South Pacific and Australia.
The War Department allotted an initial $5 million, and in mid-October 1941 construction was ordered
for Christmas Island, Canton Island, Fiji, and New Caledonia. Construction was also planned for
Australia at Townsville and Darwin, and at Fort Stotsenburg in the Philippines. The project received
the highest priority rating of A-1-a to meet an anticipated completion date of January 1942.13%

Each location initially had one 5,000-foot runway suitable for heavy bombers and all were eventu-
ally expanded to include three runways at least 7,000 feet long, with gasoline storage facilities and
buildings for servicing crews. Australia, New Zealand, and the Free French collaborated to complete
much of the initial construction, but the 804th Engineer Aviation Battalion aided by civilians com-
pleted most of the work on Christmas Island. The largest obstacle for all of the projects was delivery
of supplies and equipment to the remote Pacific outposts, particularly given the priorities system in
the military procurement chain.'*’

In the Philippines, there were only two Army airfields in 1940, Nichols Field south of Manila
and Clark Field about 50 miles northwest of the capital. Nichols had a paved runway but, like the
turf strips at Clark, was too small to handle B-17s safely. By October 1940, $4 million was allotted
to develop a network of modern airfields—four on Luzon, two on Mindanao, and a score of smaller
fields to disperse B-17s throughout the islands. The scope of the project was overwhelming for the
small engineer department in the Philippines, which struggled to get construction underway before
the start of the rainy season in June. With no construction troops available, the department retained
local construction firms. Work began in April 1941 on four projects on Bataan Field. In June, work
began on Kindley Field on Corregidor, and within the next three months ground was broken on new
airfields at Del Monte and Malabang on Mindanao and O’Donnell on Luzon. Crews battled mud and
torrential rains throughout the monsoon season and were hampered by the 7,000-mile supply line
from the United States.'*°

The arrival of aviation engineers in July boosted the airfield construction program. The 809th
Engineer Aviation Company reported to Nichols Field with a complement of modern equipment.
The engineers worked around the clock operating their own machinery and managed 800 unskilled
local laborers working on the project. At Clark Field, the 803d Engineer Aviation Battalion arrived in
October 1941 and began extending the turf runways. Company A of the 803d took over the project at
O’Donnell Field, and Company B of the 803d worked on Del Carmen Field on the Bataan peninsula.
Effective December 1, the 809th became Company C of the 803d. By late 1941, five airfields in the
Philippines stood ready to handle B-17s, three on Luzon and two on Mindanao. They would see action
much sooner than they anticipated.'#!

England

The first aviation engineers arrived in England in late spring 1942. Their mission was to help
general service regiments build bases for the scores of U.S. aircraft that were soon arriving. They then
turned their attention to how to support air operations for the invasion of the continent. The number of
bases required to bed down the U.S. force became a moving target, especially after planners decided to
base two numbered air forces in England (Eighth and Ninth); one was strategic and one was tactical.
In four short months, the number of aviation engineers in the country grew from 2,150 in July 1942
to over 40,000 in November, but nearly 19,000 of them were soon drawn off to support the war in
North Africa when that theater opened.!#?
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The engineers faced two principal challenges. The first was that they lacked sufficient training to
do the job. The number of recruits assigned to the U.S. Army Corps of Engineers doubled in the first
six months of the war and they deployed almost immediately. Many units were brought up to strength
only at the port of embarkation. Aviation engineers were lucky to receive even basic training, much
less specialized training. For example, the 830th Engineer Aviation Battalion received 82 percent of
its enlisted men and 50 percent of its officers in just ten days between July 29 to August 9, 1942; they
were en route to Fort Dix for embarkation on August 11. The hope persisted that basic training could
be completed in England and that troops could learn their special skills on the job. Aviation engineers
gained general construction experience; however, they were so busy building permanent bomber bases
they had no time to learn how to build rudimentary emergency airfields in forward areas, much less
specialized skills, such as removing mines and booby traps.'*

The engineers’ second challenge was lack of equipment. Generally, their Class Il equipment (trac-
tors, power shovels, road graders, etc.) did not reach them until weeks after they arrived in England
because it came by slower freighters. The 817th Engineer Aviation Battalion, which arrived in July
1942, reported that it had one transit, 100 axes, and 100 shovels for 800 men. They began clearing
land with hand tools. Two months after arriving in late summer, four battalions had received less than
one-third of their heavy equipment, which they had yet to learn how to operate. They borrowed British
equipment when it was available, but such loans were limited. It wasn’t until the end of 1942 that Army
engineer units in England had 90 percent of their heavy construction equipment and 70 percent of their
vehicles. Fortunately, the quality of equipment provided to the engineers was generally acceptable.
With their heavy graders, bulldozers, paving machines and other equipment, U.S. engineers usually
outperformed British engineers, who primarily used lighter equipment.'**

Mud became a real problem when autumn rains began in mid-October 1942, turning fields into
bogs and company areas into quagmires. During the summer, units worked double shifts to take
advantage of the long northern days. With the shorter days of fall, they worked under lights. Two,
and sometimes three, shifts kept heavy equipment running day and night. Lack of timber also posed

Members of the 831st Engineer Aviation Battalion at work in England.
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Strung out like notes on a musical score, members of the 834th Engineer Aviation Battalion construct a
hangar in England.

problems for construction. In the United Kingdom virtually no construction was wooden and every
piece of timber was under the control of the British Timber Control Board. One aviation engineer unit
traded food for enough lumber to build concrete pouring forms. Many structures at British airdromes
were of brick construction, which required training a large number of engineers as masons and con-

scripting men who were experienced in the trade as teachers.'*

The Army Services of Supply controlled all construction matters in England. Despite repeated
efforts, the Eighth Air Force was unable to gain control of the aviation engineers who were supporting
its needs. The most telling aspect of that arrangement was the lack of training that engineers received in
preparation for the upcoming invasion of Europe. The Services of Supply kept them so fully employed
that they were only allotted one hour a day for combat training. They also were assigned to perform
non-construction duties such as loading and unloading ships. Fortunately, that situation was rectified
by the creation of IX Engineer Command prior to the Normandy invasion. !4

North Africa

Three task forces spearheaded the campaign to break the Axis hold on North Africa in November
1942. The aviation engineer units supporting those task forces were the first to see combat and prove
their skills under combat conditions. The Western Task Force sailed directly from the United States to
Casablanca in Morocco. Its goal was to take the port and adjacent airfield at Casablanca then establish
communications with the Center Task Force, which had the primary mission of capturing the port of
Oran in Algeria. An Eastern Task Force, largely British, had responsibility for seizing Algiers and its
two airfields at Blida and Maison Blanche.
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The 21st Engineer Aviation Regiment accompanied the Western Task Force and landed directly
from the United States, as did two airborne aviation engineer units, the 871st Airborne Engineer Avia-
tion Battalion and the 888th Airborne Engineer Aviation Company. The latter two units were hastily
formed and trained at Westover Field just weeks before joining the convoy to Europe. Despite the lack
of experience of any of the engineers, and their complete unfamiliarity with the conditions of forward
airfield construction in a fluid campaign, they helped capture Port-Lyautey Airfield on November 10.
After Navy destroyers silenced enemy artillery, the engineers began repairs on the airfield.'*’

Four engineer aviation battalions from England—the 809th, 814th, 815th, and 817th—accompa-
nied the Center Task Force assault forces at Oran. Problems with equipment transportation quickly
became evident. The 809th’s equipment was on a ship that developed engine trouble and was forced
to return to England. When the 809th finally received its trucks, they had been stripped of spare tires
and tools. The 814th had its heavy equipment appropriated by another unit after it came ashore. The
ship carrying the 815th’s equipment was torpedoed by the Germans and sank. The 2d Battalion of the
21st Engineer Aviation Regiment found itself using secondhand French tools and improvised equip-
ment. Brig. Gen. Stuart C. Godftrey, Air Engineer, visited North Africa in January 1943 and reported,
“The outstanding factor as to the aviation engineer units is their shortage of heavy equipment.... It
cannot be too strongly emphasized that engineer troops without equipment are about as useful as pilots
without planes.”'*

Initially, U.S. units busied themselves resurfacing damaged runways near the larger cities and
supporting air operations along the coast west of Algiers. Few runways were capable of handling the
heavy invasion air traffic and they had to be maintained at all costs. Engineers also constructed six
airfields in Spanish Morocco, to counter any German intentions of attacking the Allied bridgehead
through the Spanish dependency.'*

The aviation engineer units faced the obstacle of mud when they began work in earnest to build
additional fields for the influx of aircraft. The engineers had landed during the rainy season. Brig. Gen.
Donald A. Davison, chief engineer of the Allied Force Headquarters, described efforts to expand the
airdrome at Tafaraoui in Algeria. “To any aviation engineer in North Africa, the word Tafaraoui does
not mean an airport alone, it means also a malignant quality of mud; something like wet concrete and
of bottomless depth. We still speak of any bad type of mud as Tafaraoui.”'*

Meanwhile, to give maneuvering room to the aircraft mired at Tafaraoui, Twelfth Air Force flew its
B-26 medium bombers to Maison Blanche, where the 809th Engineer Aviation Battalion began work
on a second runway. The engineers faced the same insidious mud, but were able to lay gravel-clay
taxiways and hardstands in a large dispersal area. In December 1942, Maj. Gen. (later General) James
Harold “Jimmy” Doolittle, the Twelfth Air Force Commander, called for additional fields in eastern
Algeria to bring Allied air power closer to the front lines. Acting on French advice that dry weather
prevailed at Telergma, General Davison flew to that airfield, located on a 3,500-foot-high plateau in
the mountains of eastern Algeria. There he found a platoon of the 809th Engineer Aviation Battalion
already working, having come by forced march from Maison Blanche. The 809th, assisted by Algerian
and French troops, prepared an earth runway to handle B-26s in just ten days and went on to develop
a complex of medium bomber fields in the Telergma area.'!

The aviation engineers that were specially trained for airborne operations got their first taste of
action at Biskra, a resort town farther south in Algeria on the fringes of the Sahara desert. General
Doolittle wanted an all-weather airfield to base B-17s and B-24s closer to the action in Tunisia. French
train control was so badly disrupted, he called on the 887th Airborne Engineer Aviation Company to
bring its air-transportable equipment from Morocco, a thousand miles away. A convoy of 56 transport
planes carried the engineers and their specially-designed miniature equipment to Biskra on December
13, 1942. Twenty-four hours later, the first B-17 arrived from Oran. Within four days the company
completed two new fields of compacted earth to give the heavies a dry home within easy striking
distance of the enemy. The main runway was so wide that three B-17s could take off abreast to launch
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attacks on targets in Tunis and Bizerte in northern Tunisia.'*

The airfield at Bone, Algeria, the easternmost port available to the Allies, was perhaps the most
difficult, but probably the most rewarding, to build. The only possible site for the all-weather airfield
was a delta in the Seybouse River mouth, but the area was pure mud. Sand was available along
the coast, but the sand dunes were on the opposite side of the river from the construction site. The
engineers constructed a causeway across the river, a roadway on the delta, and began to haul sand
for construction. A rare dry spell allowed them to transport the sand and finish the runway just hours
before a rainstorm washed away the causeway. Shortly thereafter, they received the most gratifying
of rewards. A B-26 returning from a mission became lost and was running out of fuel. While headed
to ditch his plane in the Mediterranean Sea, the pilot happened to glance down and see “the longest
runway he had seen in North Africa.” He made one sharp turn and landed at Bone without enough gas
left to taxi the plane off the runway.'™

Through active planning and cooperation between engineers and planners, the aviation engineers
were almost always on the front lines; sometimes they were even ahead of them. One night General
Davison was looking for the engineers of B Company, 814th Engineer Aviation Battalion. He was
stopped by sentries, who wanted to know if he was aware that he was going out in front of their
patrols. He said no but asked if a certain engineer company had come through and if they were out in
front. The sentries replied, “Yes, if you mean those damn fools who wouldn’t pay any attention to us
and took those big machines out, we think they are about 10 or 15 miles down the road.” He found B
Company dug in with its defensive weapons already at work.!>*

The aviation engineers proved themselves in North Africa. During the campaign, ten aviation
engineer battalions and two separate companies built or improved 129 airdromes. Gen. Carl Spaatz,
commander of the Northwest African Air Forces, reported to General Arnold that the aviation engineers
had proven themselves “as nearly indispensable to the Army Air Forces as is possible to ascribe to
any single branch thereof.”!>

Central to their success was the close working relationship forged between engineers and fliers in
North Africa. One lesson learned from the early days of the North African campaign was that aviation
engineer units were best aligned under the operational control of a single agency subordinate only to
the air forces. Otherwise, the engineers often received conflicting orders and experienced frustrating
delays between the time when airfield requirements were identified and when construction could
actually begin. General Davison convinced General Spaatz of the efficacy of streamlining the chain of
command. He was given permission to establish a separate aviation engineer command, which became
known as XII Air Force Engineer Command, Mediterranean Theater of Operations (Provisional). On
January 1, 1944, the name changed to Army Air Forces Engineer Command, MTO (Provisional).
That decision played an important part in the later creation of Ninth Engineer Command prior to the
Normandy Invasion. General Davison was appointed commanding general on November 4, 1943.
He appointed area engineers for Northwest Africa, Sicily, West Italy, East Italy, South Italy, Sardinia,
and Corsica.">

Sicily, Italy, and Southern France

At Casablanca in January 1943, Great Britain and the United States agreed that Sicily would be
the next objective in the Mediterranean. A major objective was to capture airfields so Allied air forces
could reach profitable targets in northern Italy, Germany, Austria, and the Balkans. The chief airfields
in Sicily were clustered on the northwest portion of the island near Palermo and on the opposite end
of the island on the southeast coast. Combat engineers were given the job of preparing landing strips
as soon as possible after the assault, having the runways at Comiso and Ponte Olivo Airfields ready
by D+8. They were also responsible for building bulk fuel storage and pipelines to supply aircraft that
would use the airfields."’
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Bucking Bulldozer

The Aviation Engineer’s
“Bucking Bulldozer” first
appeared in the summer of 1943
and represented the essence of
engineering support to the Army
Air Forces during World War
II. A rather ferocious-looking

wings, holds a piece of pierced f5

o
il

runways, taxiways, and parking
aprons around the world. The
engineer riding the bulldozer
wears a shovel on his back and
is ready to fire his weapon. This
was clearly a prototype for the ; .
RED HORSE emblem adopted R e
in the 1960s. : ‘-

Aviation engineers prepare to go to battle with “General Mud” at an airfield near Anzio, Italy.
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Information on Operation Husky was slow in flowing to the engineers. Unit commanders were
briefed only after embarking for Sicily on July 10, too late for realistic pre-invasion training. They
belatedly learned that the main assault had been redirected to the southeastern beaches of the island
instead of Palermo. Nevertheless, the aviation engineers from the 809th, 814th, and 815th Battalions
were able to keep up with the whirlwind campaign, repairing captured airfields at Comiso, Biscari,
Ponte Olivo, Gela, and several other fields. At Gela they also built dummy airfields to attract German
bombers. On the northern coast, the 815th cleared a captured airdrome near Palermo and scratched
out bases for fighters and transports east of the city. Once the Germans withdrew, engineers prepared
13 fields dispersed over Sicily to support projected troop-carrier operations. Permanent airfields were
completed at Comiso, Ponte Olivo, Borizzo, and Palermo.'s

The next goal in the Mediterranean was to eliminate Italy from the war. The first invasion forces
came ashore south of Salerno as part of Operation AVALANCHE on September 3, 1943. A detachment of
the 817th Engineer Aviation Battalion constructed three temporary landing strips for fighters, repaired
Montecorvino Airfield and moved air force supplies from beaches to airfields, to support fly-in squad-
rons of fighters.'*

The tough Italian land campaign lasted throughout the winter. U.S. aviation engineers laid emer-
gency airstrips for fighters again in Calabria and for the campaign at Anzio. They assisted British
engineers in building two all-weather bases in the Naples area. At Cercola, near the base of Mt.
Vesuvius, engineers experimented with fresh volcanic ash from the brooding volcano as a substitute
material for paving runways. When Mt. Vesuvius later erupted, immobilizing 82 B-25s, engineers
cleared a road so that the stricken aircraft could be taxied away. From late October until January
1944, they enlarged and strengthened six airfields and constructed eight others for heavy bombers in

el - : - L
Aviation engineers used every available source of materials. Here they construct aircraft revetments using
wooden wine barrels filled with dirt and sandbags near Anzio.
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the Apulia region, near Foggia and Cerignola. In both locales the heavy winter rains of “sunny” Italy
caused serious but not insurmountable difficulties.'®

The Allied offensive into northern Italy over the summer of 1944 was supported by the 815th,
817th, and 835th Engineer Aviation Battalions. They built a dry-weather field on the former Anzio
beachhead, rehabilitated a captured air base after removing several hundred Teller mines left by the
Germans, and followed ground forces into Rome. They also readied three airfields for transports and
medical evacuation aircraft. The 815th then continued northward, repairing cratered runways and doing
whatever was required to make captured airdromes usable by Allied forces.!®!

The burden on aviation engineers became even heavier when the decision was made to develop
airfields on Sardinia and Corsica. Again, rain and mud were their constant enemies. In Corsica, they
faced extreme difficulties transporting supplies and equipment because the Germans—as they had
in [taly—had destroyed every bridge and most roads. Engineers found themselves with insufficient
equipment and personnel to accomplish their work, which ranged from repairs and drainage to building
steel-plank or paved runways up to 6,000 feet in length. They augmented their limited personnel by
employing small numbers of French aviation engineers on Corsica and appropriating large numbers
of Italian prisoners of war in Italy and Sardinia. Despite all their difficulties, during November and
December they completed, or were in the process of completing, more than 45 airfields. Construction
of a medium bomber base at Decimomannu included widening the runway to more than 1,000 feet to
permit six B-26s to take off simultaneously.'®

All of southern Germany, including two of the largest German aircraft factories that produced
almost 60 percent of its aircraft, was within comfortable range of the bases in southern Italy; Ploesti
in Romania also was easier to attack. North of Naples, the aviation engineers built three new fields,
adding to eight already available. As the Allied front moved north, Pisa, Florence, and Pontedera
were captured and their airfields were repaired and enlarged. Aviation engineers prepared 45 tactical
airfields and 25 bases for heavy bombers in Italy. Air operations from Italian bases split the German
defenses. This became particularly important after the Normandy Invasion when the Eighth Air Force
began striking deeper into the heart of the Reich.!®®

NORMANDY TO V-E DAY

As the campaigns waged in North Africa and Italy, the Royal Air Force and the U.S. Eighth Air
Force prosecuted the Combined Bomber Offensive against Germany—the British flyers by night and
the U.S. flyers by day. At the same time, the planning staff at Ninth Air Force was finalizing calcula-
tions for Operation OVERLORD, the campaign to liberate Europe starting with the invasion at Normandy.

Advanced airfields clearly would be a determining factor in the success or failure of the mission
and aviation engineers would have to construct them as rapidly as possible. They had to consider such
factors as procedures for stockpiling materials in England and getting them delivered to France. French
harbors silted up during the German occupation so port conditions had to be determined. Ship-to-shore
pipelines would be needed to deliver fuel for vehicles, and the condition of local roadways, bridges,
and inland waterways also were a concern.

Initially, no separate engineer command was planned. In light of experience in North Africa where
aviation engineers functioned as an integral part of the air force, the Ninth Air Force commander, Lt.
Gen. Lewis Brereton, strongly pressed for an engineer command. He directed the engineer section
of the Ninth Air Force headquarters to assume the functions of a command. The Ninth Air Force
Engineer established a provisional command. Engineer aviation battalions and regiments in theater
under the control of the Services of Supply since 1942, were transferred to the command beginning
December 1, 1943.164

Early organization, planning, and training for the Normandy Invasion was carried out under the
direction of Col. Karl B. Schilling until the IX Engineer Command was officially activated on March
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30, 1944. The new organization, commanded by Brig. Gen. James B. Newman, Jr., had four regiments,
each with four battalions of engineers. In addition, IX Engineer Command headquarters retained con-
trol of three airborne battalions and a camouflage battalion. They also oversaw miscellaneous smaller
units, for a total of 20,000 men. Most battalions were veteran organizations with more than a year of
heavy bomber airfield construction experience in the United Kingdom.'®

The aviation engineers were assigned hefty goals in support of the invasion. The first was to go
ashore with the invasion force on D-Day, together with their equipment. Their mission was to establish
two emergency landing strips by the end of the first day, one on Utah Beach and one on Omaha Beach.
Members of Company A of the 819th Engineer Aviation Battalion were selected to land at Utah Beach.
Elements of the 820th and 834th Engineer Aviation Battalions were assigned to land on Omaha Beach.
Once the emergency landing strips were in place, battalions would concentrate on building refueling
and rearming strips on Omaha Beach by D+3 and multiple advanced landing grounds on both Omaha
and Utah Beaches by D+14. A total of 35 advanced landing grounds were called for in the first 40
days of combat to accommodate the operation of 58 squadrons of aircraft. A briefing officer at the
assembly area in England set the tone for the operation when he told members of the 834th Engineer
Aviation Battalion, “you engineers have the vital job of paving the way for the air cover to back us up
all the way to Berlin. Each base you build will be a stepping stone toward victory because the faster
you move and work, the faster ‘the air’ moves and gets at the enemy—up close where it counts.” The
engineers set out with purpose and determination, but soon were enmeshed in the reality of combat.'%

At 1050 hours on June 6, 1944, Lt. Herbert H. Moore led the first squad from Company A of
the 819th onto Utah Beach. They waded the final 200 yards from their landing craft to the beach in
waist-deep water with their waterproofed D-7 tractor close behind. Two more squads landed shortly
afterward, bringing with them two motor graders, a 2% ton truck, and another tractor. Men and equip-
ment dispersed on the beach with only one casualty from shrapnel and waited for the infantry to capture
the site of the emergency landing strip they were to build. As it turned out, they had dispersed their
equipment on mud flats, but they were able to extricate it and moved to the construction site by 1800
hours. In a little over three hours, by 2115, they completed their mission and finished the landing strip.
The weary engineers dug foxholes and spent their first night in France avoiding constant sniper fire.'¢’

The landings at Omaha Beach did not go as smoothly. Elements of the 834th made repeated
attempts to land but it was not until D+1 that they were able to beach at the nearest feasible location,
several miles east of the planned site. The remaining elements of the unit landed up and down the
coast. The scattered troops met at their in-transit area but found the planned sites for airfields still
under enemy control. The lead party of the 820th likewise did not make it ashore until the second day
of the invasion. On D+2, the two units found another suitable location near St. Laurent-sur-Mer. They
rapidly scraped out an emergency landing strip while waiting for the other sites to be captured. In the
meantime, the Army made an urgent request for an airstrip to evacuate wounded soldiers and to receive
emergency supplies, so the engineers developed the emergency landing strip into a transport strip. By
2100 hours on D+2 they had constructed a 3,500-foot by 140-foot runway that received its first aircraft
the following morning. Although unplanned, St. Laurent-sur-Mer became the first operational U.S.
airfield in France. For the next several weeks, an average of 100 C-47s landed at the airfield daily.
With nearly 15,000 wounded evacuated from the airfield, it was considered the principal transport
field in Normandy until mid-July.'®®

Engineers began constructing more extensive fields as soon as possible, and aircraft began flying
sorties under the roulement process. They departed from a base in England, completed a first mission,
and then flew one or more missions from a continental field before returning home. Fortunately, planes
could operate from continental bases when the airfields of southern England experienced bad weather.
Eventually, the engineers themselves received badly-needed cargo. They received critical spare parts
by June 20 and a shipment of 5,000 rolls of Hessian mat for runway surfacing on June 27. By the end
of June, 11 U.S. fields were in operation, with five more under construction. By August 5, the aviation
engineers had built or improved 17 fields in the liberated area.'®’
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Brig. Gen. James B. Newman, Jr.

Brig. Gen. James Newman brought a wealth of experience to
the position of Commander, IX Engineer Command. A native of
Talladega, Alabama, he graduated from the U.S. Military Academy
during World War I in 1918. By the time the United States entered
World War II, he had worked in five different district engineer
offices, had been a professor at two different universities, and
led the design and construction of Washington National Airport.
His first assignment with the Air Corps came in 1941, when he
served briefly as the District Engineer at Wright Field. In October
1941 he was transferred to the Office of the Assistant Chief of Air
Staff, where he was appointed chief of the Buildings and Grounds
Division. In November 1943, he joined Eighth Air Force in England
and, in March 1944, was appointed to head the newly-created X
Engineer Command. Under his leadership, the engineers assigned
to IX Engineer Command assured the success of the Normandy
Invasion and the conquest of Europe by building, repairing, and maintaining nearly 250 airfields
and performing essential engineer services for all U.S. and French air units. He retired in 1946,
only to be recalled to active duty two years later for service with the new U.S. Air Force. He served
as the Director of Installations from May 1949 to May 1950 in the rank of major general. The
Society of American Military Engineers’ Newman Medal is named in his honor.

Source: Department of Defense Office of Public Information Press Branch, “Major General James Bryan
Newman, Jr.,” June 5, 1950, 1-3, Files of AFCEC History Office, Tyndall AFB, Florida.

Original plans called for approximately two-thirds of the runways to be built to fighter specifica-
tions, 3,600 feet long. Given the Luftwaffe’s ineffectual reaction to the invasion, the Ninth Air Force
decided to base fighter-bombers in France. The bombers required 5,000-foot runways of stronger
construction to take off with full bomb loads. Fighter-bombers began operating from Normandy on
June 19, just 13 days after the invasion. The success of the air campaign was attributable, in large
part, to the fact that the aviation engineers were able to build and rehabilitate airfields in proximity
to the front lines. They moved in right behind the ground forces under conditions that were uncertain
and often dangerous. Engineers reported that they frequently came under enemy small arms fire or
artillery attack and, occasionally, air attack. In one location, they left a hedgerow standing at the end
of the field to screen their bulldozers from enemy snipers. Fortunately, casualties were few.!”

As the First and Third Armies moved across France, it became harder to exercise control over the
engineer units and keep them adequately supplied. To improve matters, IX Engineer Command was
split into the 1st and 2d Engineer Aviation Brigades, with its four regiments divided evenly. Operation
DraGooN, the invasion of southern France in August 1944, gave aviation engineers an opportunity
to demonstrate the expertise they gained in rapid airfield construction during the Italian campaign. A
pre-invasion bombing program began on August 10, with aircraft primarily launching from 14 airfields
on Corsica that had been prepared by the aviation engineers. The actual invasion touched off with an
airborne assault on August 15. Six battalions of aviation engineers went to work clearing everything
from mines to grapevines in order to construct four new airfields and to convert 21 existing bases for
Allied use. By the end of the first week of the operation, fighters and fighter-bombers were operating
from bases in southern France.'”!
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In August, airfields around Paris were reconnoitered . .
while the Germans were still withdrawing. Engineers were | Hessian Matting:
ahead of the infantry and working under sniper fire, which | Prefabricated Hessian
resulted in the unfortunate ('ieaths‘of two key IX Engigeer Surfacing, known as Hessian
Command officers as they investigated Le Bourget Field

north of Paris. Col. Augustine Patterson Little, Jr., was a Matting, was a Hessian cloth

regimental commander for the IX Engineer Command. On (a type of burlap) coated

August 27, 1944, Colonel Little, Col. James W. Park, Lt. | with bitumen. It had no load
Col. Gil Hall, and their driver, Corporal Gordon Farr, were bearing capacity, but served
completing reconnaissance efforts in an open vehicle at
the airfield when they came under machine-gun fire from a
wooded area. Corporal Farr was hit. In a rescue effort, the | TUDIWaYS.

as a waterproof cover for

others attempted to move Corporal Farr from the vehicle
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An emergecy landing strip built on the Normandy coast by members of the IX Egineer Command.
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to refuge in a ditch and to administer first aid. Both Colonel Little and Colonel Hall were fired upon.
Colonel Hall died instantly; Colonel Little was hospitalized and died days later. The French government
created a memorial plaque to honor Colonel Little and Colonel Hall; it was hung in the main terminal
of the airfield. During the 1970s, the plaque was damaged and subsequently lost when the building
was rehabilitated. These men were not forgotten; in 2002 the Le Bourget Lions Club initiated efforts
to have the plaque replaced and rededicated.'”

During the fall and winter, engineers focused on enlarging and winterizing airfields with large
quantities of pierced steel planking (PSP), the only surfacing, other than concrete, that would stand up
through the winter. Maintaining quickly-built airfields was a serious issue, as fields steadily deteriorated
under constant use. In August 1944, IX Engineer Command organized, out of its own resources, the
Ist Airfield Maintenance Regiment (Provisional) and attached it to the IX Air Force Service Com-
mand to maintain airfields in the rear areas. Some 10,000 French and Belgian civilians assisted in
the maintenance work to help ease the burden. In Holland, local laborers helped the engineers build
runways the Dutch way—out of brick. It took approximately nine million bricks to lay one runway,
which was done expertly by the Dutch under the supervision of Airfield Construction units. By the
end of August, six airfields were ready in the Orleans-Paris areas, and aircraft from England began
delivering food to the residents of a liberated Paris.'”

By the end of October, more than 90 percent of Ninth Air Force’s total strength was deployed on
continental bases thanks to the efforts of the aviation engineers. Even the Germans were impressed
by the early work of the engineers in France and Belgium, commenting that the rapid, large-scale
construction of airfields was a notable achievement of the Allied air forces. The engineers worked a
grueling schedule—seven days a week, 16-17 hours a day. In spite of the backbreaking work, morale
was high because the results of their efforts were evident immediately and clearly of tremendous
benefit to the overall campaign.'™

Sty

An airfield built by the 834th Engineer Aviation Battalion at St. Pierre Du Mont, France.
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Members of the IX Engineer Command build an airfield using Hessian Matting in Normandy, France.

As more and more fields were constructed and demands continued to increase, it became obvious
that providing continental airfields was more than just a IX Engineer Command problem—it was a
theater air force problem. In October, Gen. Hugh Knerr established an Engineer Command (Provi-
sional) at Headquarters U.S. Strategic Air Forces (USSTAF). In February 1945, IX Engineer Command
was transferred from Ninth Air Force to USSTAF. This placed all U.S. aviation engineer units under
one command and established the construction and maintenance of airfields as a responsibility of the
theater air force rather than of Ninth Air Force. By then, there were about 23,000 aviation engineers
in theater. Colonel Mayo, Army Air Forces Air Engineer, described the organization “as nearly ideal
as is practicable for a theater of this nature.”'”

In March 1945, Ninth Air Force followed the advancing Allied armies across the Rhine River and
to the Elbe. The greatest demand on aviation engineers from March to May 1945 was for supply and
evacuation strips immediately behind the U.S. armies. In April, 13 engineer battalions worked east
of the Rhine and another five worked west of the Rhine. They built 126 operational fields east of the
Rhine, 76 of which were used exclusively for supply and evacuation. Developing fighter-bomber fields
in Germany required large quantities of prefabricated surfacing materials, which had to be transported
by truck since the German railroads could not be used.!”

Overall, from D-Day until V-E Day, the activities of the aviation engineers were intimately
entwined with those of the tactical air forces and with those of the ground troops. Supply and trans-
portation posed continual problems, and aviation engineers struggled to keep up with the breakneck
pace of the ground troops. Major adjustments were required to build more fighter-bomber fields than
had been predicted and to base medium bombers on the continent. By V-E Day on May 8, 1945, the
aviation engineers had constructed or reconditioned 241 airfields in France, Belgium, Holland, Lux-
embourg, and Germany. During the peak of the offensive, IX Engineer Command put an airfield into
service every 36 hours. The easternmost field in Germany was constructed at Straubing in southeast

47



48

Leading the Way

Brlg Gen James B. Newman (rlght) Commander IX Engineer Command and Col Kal B. Schlllmg, Com-
mander, 1st Engineer Aviation Brigade, tour an airfield near LeMole, France, where a Butler Building is
under construction.

With snipers in the icinity of the Ville Coublay airfield in France, members of the 818th Engineer Aviatz'o
Battalion keep their weapons stacked nearby.
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The Development of PSP continued

damage. Developers eventually hit on the concept of a bayonet hook and with removable clips
that allowed for rapid assembly and disassembly.

Several conferences during 1940 and 1941 led to the conclusion that the plank did not need a
solid surface and that sufficient bearing on the soil would be available if the plank were pierced
with holes. Depressed rimmed holes would improve skid resistance. Holes would let rainfall seep
into the ground and also permit drying of the subgrade. Vegetation could grow through to provide
natural camouflaging.

In late spring 1941, the Chief of the Air Corps expressed satisfaction with the product and the
Chief of Engineers arranged for production. Contracts were let, and over four million square feet
were delivered in time for the Army maneuvers in the Carolinas in September and October 194 1.

The universal planks that were finally developed were 15 inches wide and 10 feet long and weighed
about 65 pounds per plank. They were one-piece stampings with interlocking and fastening devices
along both edges. They were manufactured of low carbon soft steel sheets to facilitate straightening
and reconditioning in the field. The soft steel eliminated the spring and bounce of harder steels.
The final product was known as USS Air-Dek and received a coat of standard Army olive drab
primer before being packed and shipped.

Prior to Pearl Harbor, only two manufacturers produced the mat. One year later, 29 plants were in
operation. By the end of World War II, two million tons of PSP had been manufactured, enough
to build nearly a thousand 150 x 5000-foot runways.

Sources: G. G. Greulich, “Pierced Steel Landing Mats for Airplane Runways,” The Military Engineer, Vol
35, September 1943, 445-452; Dr. Ronald B. Hartzer, “Expedient Runway Materials of World War I1,” Air

Force Civil Engineer, Vol 2, No 7, November-December 1994, 23; Richard K. Smith, “Marston Mat,” Air
Force Magazine, April 1989, 84-88.
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A heavy equipment operator of the IX Engineer Command works on a fighter-bomber airfield in Germany. .
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“I should say that the Aviation Engineers, along with the Combat Engineers, were among
the most important people we had in the European War.”

General Dwight Eisenhower,
Talk to the 925th Engineer Aviation Group, Fort Richardson, Alaska, July 30, 1947

Germany. Near Pilsen, Czechoslovakia, elements of the 834th put an airfield into operation on May
8, 1945. On V-E Day engineers put the first strip in Austria into operation at Salzburg. Behind the
aviation engineers was an array of stepping stones stretching westward to the coast of Normandy; a
constellation of airfields, exactly as predicted by the unnamed briefing officer just prior to D-Day. With
the campaign in Europe drawing to a close, all eyes turned toward the Pacific.'”’

Pearl Harbor and the Early War in the Pacific

When the Japanese attacked Pearl Harbor on December 7, 1941, the 804th Engineer Aviation Bat-
talion was hard at work. The 803d had already arrived in the Philippines. No engineers died during the
attacks but a considerable amount of engineering equipment was destroyed. As soon as the raids ended,
aviation engineers began clearing and repairing the runways at Wheeler and Hickam. Hickam was
especially important because it was the only airfield in the islands capable of safely handling B-17s.
The 804th responded to Bellows Field as well. One of 12 B-17s that happened to arrive in Hawaii
during the attack made an emergency landing there. Before day’s end on December 7, contractors
began lengthening the second runway to accommodate additional B-17s anticipated from the mainland
in the next few days. Within five days, the runway was lengthened from 2,200 to 4,900 feet.'”

The attacks at Pearl Harbor had the unexpected effect of reversing the defensive roles of the Army
and the Navy. The islands had to rely mainly on land-based aircraft for protection. Maj. Gen. Clarence
Tinker, commander of the Hawaiian Air Force, realizing the critical need for more protective and stra-
tegic airfields, ordered a speed-up of work on Oahu and on the outlying islands. On Oahu, engineers
built 15 large bases within a year of Pearl Harbor, with revetments carved out of volcanic mountains,
underground shops, miles of tunnels hewn in rock, tremendous aviation gas storage farms, and even
a complete bomber runway nestled in a deep ravine for protection against enemy air action.'”

Until the Battle of Midway in June 1942, when the threat of a Japanese invasion nearly was
eliminated, engineers also focused on airfield denial to eliminate the potential for usable runways
falling into enemy hands. Mine chambers were placed on the runways at Hilo Airport and Upolo Field
on the island of Hawaii, but were not armed. On Kauai, they also installed mines at Burns Field and
Barking Sands to prevent the Japanese from utilizing runways in the event of capture. After Midway,
emphasis shifted to developing Hawaii as a base to support offensives and as a staging area to move
troops westward.!%

North Pacific

The attack on Pearl Harbor greatly diminished U.S. Navy presence in the northern Pacific. It was
unknown whether the Japanese would attack Alaska and with what force. Defenses for Alaska and the
Aleutians had to be strengthened as quickly as possible without detriment to work in other theaters.
No new construction was contemplated in the Territory but the War Department directed expedited
completion of approved and planned projects. Improvements were approved for Ladd, Elmendorf,
Annette, and Yakutat Fields. Storage for aviation gasoline and for bombs and ammunition was pro-
grammed for all airfields, including those built by the CAA. Eleven aircraft warning stations were to
be completed, and work was planned for an airfield and an Army post on Umnak in the Aleutians.'®!

51



52

Leading the Way

SREE L 8
=i

A "- %i\, = g bt
‘ { ‘ g » e
(’ N P D G g vy

Buzldzngs under\cor;structzoh at the southern tip of Amchztka Alaska, 1943.

v .

On January 18, 1942, 64 officers and enlisted men from the 807th Engineer Aviation Company
arrived at Umnak. Winter was not the best time of year for unloading supplies or for building an
airfield. Equipment was moved in rough seas and bulldozer operators leveling the flying field were
sometimes lost for hours in blinding snow storms. By mid-March, the entire 807th, then an aviation
battalion, was working on the airfield. By March 31, a steel mat landing strip was completed and in
use for the first time.'®?

On June 3, 1942, two Japanese aircraft carriers launched an attack on Dutch Harbor in the Aleu-
tians, demolishing barracks and killing approximately 25 men. A repeat attack on June 4 caused
considerable damage and claimed the lives of eight men from Company C of the 151st Engineer
Combat Regiment. Meanwhile, two Japanese occupation forces approached the Aleutians. On June
7, one force landed on Attu, the most remote island in the chain. The other came ashore at Kiska on
June 8.'%

To meet the threat, the Joint Chiefs of Staff ordered airfields constructed on Atka and Adak and on
St. Paul Island in the Bering Sea. The 807th Engineer Aviation Battalion amassed men and supplies
at Unalaska and launched a “motley collection of some 250 craft, including tugboats, barges, fishing
scows, and a four-masted schooner” for the five-day trip to Adak.!® Under difficult conditions, they
built a sand landing strip covered with 3,000 feet of landing mat to accommodate B-18 bombers. On
September 13, 43 aircraft took off from Adak to bomb Japanese-occupied Kiska. A second runway
was completed five days later.'®

The 42d General Service Regiment completed a fighter strip on St. Paul, while Company A
of the 802d Engineer Aviation Battalion prepared the landing field at Atka. Construction began on
September 17 and a 3,000-foot steel mat runway was ready for operations two days after Christmas.
In early 1943, the 813th Engineer Aviation Battalion helped build a fighter strip and bomber runway
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to preclude Japanese occupation. The site was near Constantine Harbor on the island of Amchitka,
between Kiska and Adak.'8¢

In May 1943, 29 engineers were killed during attacks and counterattacks between U.S. forces and
the Japanese, who were entrenched on Attu Island. Afterwards, aviation engineers helped build an
airfield on Attu and on Shemya Island. By early June, both islands featured fighter strips; the runway on
Shemya later was lengthened for bombers. Although permanent expulsion of the Japanese effectively
ended any immediate danger to the Aleutians and Alaska, work continued at Ladd and Elmendorf
Fields on the mainland. Engineers built through the long Alaskan winter, encountering winds up to
100 miles an hour, heavy snow, and extreme sub-zero temperatures. Despite warnings that work would
be impossible during the winter, the engineers prevailed. They poured concrete at minus 15°F and
erected steel at minus 20°F. After suffering frostbitten fingers and toes, the engineers adopted apparel
from indigenous Eskimo culture to stay warm—boots were discarded in favor of three pairs of socks
and locally-produced hide moccasins.'*’

Necessity became the mother of invention in coping with the extreme conditions. Building designs
for airfield structures were modified to improve structural efficiency and conserve heat. Adapta-
tions included increasing the thickness of structural members, installing additional bracing, applying
diagonal sheathings, installing vapor barriers, and decreasing the distance between studs to combat
the wind. Air exhaust systems were added to large heating units to eliminate downdrafts in chimneys,
and vestibules or storm entrances were added to buildings as a buffer from the environment. Engineers
learned construction for areas with permafrost and how to maintain freezing temperatures to retain
load-bearing capacity.'®

AUSTRALIA

Australia assumed great importance in Allied strategy after Pearl Harbor. The decision was made
to establish a U.S. base of operations on the continent to supply the Philippines and to provide regional
air support. Unfortunately, very little planning data existed for the region. Before the war, few envi-
sioned the unique problems that confronted commanders in the Southwest Pacific. Immense distances
complicated all facets of operations. Long distances were compounded by shortages of shipping to the
area, production lags in the United States, and the priority of the war against Germany.

With a population of only seven million, mobilizing for war with Japan put a heavy strain on
Australia’s resources. In January 1942, Maj. Gen. George Brett of the U.S. Army Air Corps met with
the Commonwealth Chiefs of Staff to discuss plans for strengthening the continent and establishing
a base for operations against the Netherlands Indies and the Philippines. Gen. Brett’s program called
for the construction of air bases at Darwin, Brisbane, and Townsville. U.S. engineers counted on a
measure of support from the Royal Australian Engineers, the Royal Australian Air Force Engineers,
and from the Allied Works Council; however, the air base construction program was so ambitious
that the United States assumed the bulk of the work. The limited manpower and resources of Austra-
lia’s military and civilian construction industry already were engaged in the country’s own extensive
construction program.'®

The 808th Engineer Aviation Battalion was assigned to build airdromes in the Darwin area. The
battalion landed at Melbourne on February 2, 1942, just five months after it was activated. The bat-
talion arrived with three dump trucks, two tractors, and haphazard training. The nearly 2,000-mile
trip across the continent from Melbourne in the south to Darwin in the far Northern Territory was an
odyssey in itself.!*°

At Melbourne the battalion boarded a special train to Terowie, the terminus of the broad gauge
railroad. It transferred to the narrow gauge line that ran through the desert to Alice Springs, 1,000
miles to the north. The train operated at a top speed of 20 miles per hour. The railroad ended at Alice
Springs and trucks carried the troops to Larrimah, 635 miles away. At Larrimah, troops boarded yet
another train that comprised “cattle cars for personnel, small open cars for baggage, and a small
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wheezy locomotive which looked as though each hour of existence would be its last.” On February
19, the battalion finally left the train at Katherine, the site of one of the new bomber fields. Deep in the
Australian “Never-Never Land,” the battalion felt completely isolated but knew it had an important
mission to accomplish.'!

The 808th’s first assignment was to convert the civilian airdrome at Katherine into a medium
bomber field and to locate sites for constructing new fields in the area. The engineers were severely
handicapped by their lack of equipment but eventually obtained 11 cargo trucks and two old bulldozers
at Darwin. Seven trucks were dedicated to keeping the battalion supplied with food and water. The
remaining four trucks were used to haul gravel for the Katherine runway; the cargo trucks were emptied
by hand. In addition to completing the runway, the battalion improved the road so that supplies could
be trucked from Alice Springs. In the hot tropical sun, men only worked six hours a day and their
efforts were periodically interrupted by Japanese bombings. Despite the challenging conditions, the
Katherine runway was lengthened and surfaced with gravel within a month. They also began clearing
sites for three more airstrips. During mid-1942, a series of fields were built along the rail line between
Darwin and Birdum. The battalion departed for Port Moresby, New Guinea, in July 1942.1%

On March 17, 1942, Gen. Douglas MacArthur and his staff from the Philippines reestablished their
headquarters at Melbourne. Rather than wait for the Japanese to come to Australia, General MacArthur
decided to meet them in the islands north of Australia. MacArthur planned a major hub at Port Moresby
on the large island of New Guinea. He recognized aircraft would be essential for the movement of
troops and supplies in the mountainous jungle terrain. Airfields and ports were prerequisites to success;
the aviation engineers and the Seabees had to build these facilities from the ground up.'*?

General MacArthur anticipated an arduous drive to Japan accompanied by overwhelming engineer-
ing demands and an inadequate supply of resources. He insisted on the consolidation of all engineering
resources under Brig. Gen. Hugh J. Casey, who had accompanied him from the Philippines. Aviation
Engineers, regular Army combat engineers, and even Seabees worked on all types of engineering
projects—runways, roads, and harbors. Although commander of Allied Air Force, Maj. Gen. George
C. Kenney, complained bitterly, he could not persuade General MacArthur to change his mind about
the consolidation. The requirement for two engineering organizations and logistical supply channels
seemed a waste of resources. Engineers were a precious commodity in short supply. Their skills were
essential, prompting General MacArthur to comment, “Because of the nature of air and amphibious
operations, [this] is distinctly an Engineer’s war.”!*

For Port Moresby to serve as the main air base for operations, a string of supporting airfields was
needed along the coast of northern Queensland. Construction of these airfields fell primarily to the 46th
Engineers, who sailed into Melbourne in late February. After two weeks training in Melbourne, the
group began clearing and grading the three runways of a giant airfield at Woodstock near Townsville.
The first airplane landed four days after construction commenced. Company A built a 2,500-foot steel
mat runway at Torrens Creek southwest of Townsville in just five days, a possible record for the time.
Companies B, C, and F built a third airfield at Reid River.'*

Despite the challenges faced while building airfields in the bush country of northern Australia, the
experience provided excellent training for the troops, who lived under the most primitive conditions
and accomplished their work with minimal machinery. This was only a taste of the challenges to come.

South Pacific

Early in the war, the United States promised to strengthen Canton and Christmas Islands to rein-
force defenses in the South Pacific. The U.S. also offered to support New Caledonia and Fiji, should
Australia and New Zealand be unable to offer protection. In February 1942, task forces began arriv-
ing on the islands, accompanied by a sizeable force of engineers from the 810th and 811th Engineer
Aviation Battalions.
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New Caledonia was the linchpin in the South Pacific. By the end of 1943, the island had 12 Army
airfields—five major airdromes and seven satellite fields. The 810th built an additional runway at
Plaines des Baiacs and maintained a base to launch heavy bomber attacks against enemy forces moving
south from the Japanese base in the Solomons. The 811th took over the airfield at Tontouta in early
April 1942. It continued to rebuild, improve, and maintain the base until March 1944, assisted by the
873d Airborne Engineer Aviation Battalion and the 131st Engineers. Their efforts made Tontouta the
most important base on New Caledonia and one of the most highly developed in the South Pacific
theater. The 811th also built a fighter field further north at Bourake and completed additional work at
Oua Tom.'*

On December 28, 1942, the all-important South Pacific ferry route was declared officially open.
Engineers constructing airfields at Canton Island, Tontouta (New Caledonia), and Nandi (Fiji) had
achieved sufficient progress to accept heavy bombers. On January 12, 1943, the first flight of B-17s
completed the route, stopping at the three fields and finally landing at Townsville, Australia. Pilots
reported excellent runways. The airstrip on Christmas Island was added to the route in late January.

In May 1943, construction began to support a second southern ferry route via the Marquesas, the
Society, and Tonga Islands. Those areas were deemed less likely to be overrun by Japanese forces.
Meanwhile, the 822d and 828th Engineer Aviation Battalions worked with Seabees, Marines, and local
natives to improve airfields and to reinforce the New Hebrides. Construction in Fiji was boosted by
the 821st Engineer Aviation Battalion.'’

Sites for airfields were sometimes selected with minimal information. Supply and equipment
transport was incredibly difficult. These challenges made for unorthodox field engineering; standards
for airstrips in the South Pacific were far different than those demanded in the European theater. The
strips laboriously hewn out of jungles or laid on coral islands under enemy fire usually stood up to
the pragmatic test of hard use.

Road construction frequently became a necessary adjunct to airfield construction. As a result,
aviation engineers performed tasks bearing little relation to the air war. Establishing airfields also
involved considerable associated building construction for hangars, shop facilities, and housing. The
shortage of competent construction workers was a problem and engineers from all trades were some-
times pressed into duty. At one base undergoing expansion, General MacArthur observed a sea of
carpenters erecting hangars, warehouses, and camp buildings. When he asked the commander where
he got all the carpenters, the officer replied, “We gave each of the men a hammer and some nails.
Anyone who hit his thumb more than once out of five times trying to drive a nail was eliminated. The
rest became carpenters.”!%

Southwest Pacific

Army and Navy engineers, including aviation engineers, played a critical role in halting Japan’s
aggressive advance in the Southwest Pacific. They supported the slow, but sure, push of Japanese forces
back across the island of New Guinea and into the Philippines. Engineers were so valuable that they
accounted for 100,000 of the 700,000 troops in the Southwest Pacific by late 1944.'

In preparation for the drive to the Philippines, aviation engineers constructed massive basing
complexes at Port Moresby, New Guinea. After firmly securing the Port Moresby area and Milne Bay
on the southeastern tip of the island, engineer forces hop-scotched northwestward across New Guinea
toward Wewak and Lae, then on to the Japanese stronghold at Rabaul on the island of New Britain.
The offensive against Rabaul involved at least 24 squadrons, which would be based in New Guinea.
An additional 12 airdromes with dispersals and sealed runways capable of taking heavy bombers
were required.

The first engineers to arrive at Port Moresby were members of the 96th Engineer General Service
Regiment. Together with Royal Australian Engineers, they patched and extended runways heavily
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damaged by the Japanese. Using hand tools, they scraped out extensions at both ends of the runway
and created additional taxiways and hardstands. The group worked without specifications and without
construction instructions; as usual, it had no equipment. The engineers were led by officers with little
experience in airfield construction. The commander of Company D later described the operation as
“building fields with our fingernails.” Air raids were frequent and the men spent much time jumping
in and out of slit trenches.**

A major airfield was needed near the southeastern end of New Guinea to intercept enemy ships
rounding the tip of the island. MacArthur chose Milne Bay for the construction of a fighter field due to
the availability of fresh water, coral gravel, and native labor. Company E of the 46th Engineers, aug-
mented by 500 Australians, completed that first airfield. It soon came under attack by the Japanese.>!

During summer 1943, engineers labored to meet Lt. Gen. (later General) George C. Kenney’s
request for yet more airfields to support the long campaign to conquer New Guinea. Construction of
four fields near Port Moresby, four near Milne Bay, and another four near Buna on the northeastern
coast of the island proceeded through the summer with help from the 808th Engineer Aviation Bat-
talion. Conditions were much tougher than those encountered by the 808th in the Northern Territory
of Australia. Dense growths of timber had to be cleared. Trees, more than 75 feet high with trunks
two feet in diameter and large, deep roots, had to be chopped down or dynamited. The climate was
abominable and hordes of mosquitoes made life miserable. Air raids were common and the engineers
understandably became nervous and irritable from loss of sleep and personal discomfort.?®?

General Kenney ordered a total of nine fields and 227 revetments completed at Port Moresby by the
end of August. Work also needed to be done to upgrade the fields for all-weather operations before the
rainy season in November. General Kenney was frustrated with the speed of normal supply channels
and began procuring materials for air force projects himself and flying them directly to his units in
New Guinea. Outmaneuvering the supply process caused heartburn with the combat engineers but got
their attention, and additional troops were assigned. Originally, engineers were called upon to build an
enormous number of revetments on islands in the Southwest Pacific. The design called for hardstands
with 15-foot earthen walls extending along three sides. Experience demonstrated that it took three
D-8 tractors about three days to produce one such revetment. The structures were impractical to build
and eventually were eliminated from many airdrome plans.>®

During October 1943, great strides were made toward completing the New Guinea airfields but
the strain of the pace and enormity of the task had taken its toll. Men and machines were wearing out.
Engineer troops were tired and large numbers reported for sick call suffering with malaria, dengue,
dysentery, and skin ailments. When the autumn rains began, downpours made fields temporarily
unserviceable. Although the airstrips nearly were finished, the dispersals, hardstands, and access roads
were not. General Kenney once again pressed for operational control of the 808th Engineer Aviation
Battalion. He was unsuccessful but the ruckus he raised broke loose additional shipping to support
the engineers.?%

While construction was progressing in New Guinea, aviation engineers provided essential support
to Marines engaged in the battle for Guadalcanal. Allies captured and repaired the Japanese field on
Guadalcanal, which they named Henderson Field. The 810th Engineer Aviation Battalion then worked
on a second bomber field known as Carney. It also built a strip on Espiritu Santo, which was operational
during the early part of the battle. It then was used by bombers and reconnaissance aircraft and as a
staging point for transports. Seabees completed a bomber field at Pallikulo, near the southeastern tip
of the island; aviation engineers constructed a second one, with a 5,500-foot runway and two miles of
taxiways, at nearby Pekoa. Both undertakings, conducted during the heat of battle on the island, were
made difficult by frequent enemy bombings. In November 1942, the 822d Engineer Aviation Battalion
joined the work, building hardstands, taxiways, and a control tower at Pallikulo. Organized resistance
on Guadalcanal finally ceased in February 1943. Japan’s southward expansion had been stopped and
aviation engineers made a substantial contribution to the effort.?%
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Operation CARTWHEEL, the two-pronged campaign against Rabaul along the coasts of eastern
New Guinea and western New Britain and through the Solomons, was launched in June 1943 and
extended into the fall. U.S. and Australian troops were tasked with seizing a large portion of northeast
New Guinea, which involved capturing Salamaua, Lae, Nadzab, the Markham Valley, Wewak, and
Finschhafen. Meanwhile, the Sixth Army was to seize Kiriwina Island and Woodlark Island. Airfields
were built at all sites. The engineers, including two airborne engineer aviation battalions, made major
contributions to the success of the campaign.?®

The airborne aviation engineers performed yeoman duty at Tsili Tsili. Aviation engineer Lt. Ever-
ette Frazier penetrated enemy territory on foot with an Australian officer and several natives. In the
dense rain forest along the Watut River, they found an old field that could handle transport planes. With
native labor, they cleared the field well enough for C-47s to land. Over a span of 10 days a company of
airborne engineers transported their mobile bulldozers, graders, carryalls, and grass cutters to the site,
where they graded a 4,200-foot runway for transports and began another 7,000—foot runway. Engineers
also had the natives clear bogus airstrips in the vicinity to attract Japanese attention. The fake strips
were bombed, while the construction at Tsili Tsili went undetected. Airborne engineers likewise laid
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out four usable airstrips in an area that collectively became known as Gusap. An all-weather runway
eventually was constructed by January 1944 to support two fighter groups and a medium bombard-
ment group.?"’

The Hollandia Operation took place in April 1944. It was the largest landing on the island of New
Guinea. Engineers comprised 41 percent of the task force’s troops. Of the 25,000 engineers at Hol-
landia, 7,500 were aviation engineers. After the invasion, four aviation engineer battalions improved the
three captured Japanese runways and converted the area around Hollandia into a large air and supply
base. The 931st Engineer Aviation Regiment and the 836th Engineer Aviation Battalion improved
Japanese-built airfields in the Admiralty Islands and engaged in both combat and construction on
Bougainville. In the Palau Islands of the Caroline group, the 1884th and 1887th Engineer Aviation
Battalions hacked out a tangled jungle with 90 foot trees to build a 6,000-foot runway within striking
distance of the Philippines. In the summer and fall of 1944, the Southwest Pacific theater had a total
of 37 engineer aviation battalions in action.?*®

Central Pacific

In late 1943, offensives began to capture islands in the Central Pacific that the Japanese held for
many years. The first objective was the Gilbert Islands, about 2,500 miles southwest of Hawaii. Criti-
cal preliminary operations were necessary before the islands were attacked, including occupation and
construction of airfields on three small islands east and southeast of the Gilberts. The U.S. Marines
and Seabees were sent to two of the islands, and the 804th Engineer Aviation Battalion was tasked to
build an airfield on Baker Island. The field was complete within seven days, with 3,000 feet of pierced
steel plank in place; it eventually was lengthened to 5,500 feet. The battalion built hardstands and
parking mats to accommodate 25 fighters and 24 heavy bombers. Bombers launched from the field
could reach the western Marshall Islands.?®

An airfield on Makin Island, captured on November 20, was the next task for the 804th. In just
over two weeks, the battalion conquered a swampy area in the interior, built a compacted sand runway
surfaced with coral from the lagoon and Marston mat, and constructed a parallel coral taxiway. Fighter
aircraft arrived four days later and the 804th continued to develop the site. The runway was extended
to 7,000 feet and the engineers prepared hardstands, revetments, and some 40 prefabricated buildings.
Makin was one of many coral atolls that engineers encountered on the road to Tokyo. The airfields on
the little-known islands of the Central Pacific became stepping stones—in effect, stationary aircraft
carriers—which allowed the campaign toward Japan to move forward.?!

The Japanese retaliated violently to the seizure of the Gilbert Islands. Despite several air attacks,
the U.S. grip remained secure. By mid-January 1944, preparations were well underway for further
attacks against Japanese strongholds in the Central Pacific. These strongholds included the Marshall
Islands where the 854th Engineer Aviation Battalion, known as “The Spearheaders,” built a major air-
field for four medium bomber squadrons on Kwajalein. The island-hopping campaign across the Pacific
was a continuous struggle for air bases. Aviation engineers and Seabees worked together in healthy
competition to provide airfields on newly-captured islands. U.S. aircraft often were flying missions
from these new facilities before the Japanese were even aware that construction was underway. The
bases were critical because they practically eliminated the need for vulnerable Navy aircraft carriers
to linger in enemy-infested waters to support planes and eventually made possible the opportunity for
bombers to directly attack the Japanese homeland. The nature of the Pacific campaign often made it
difficult to anticipate the types of aircraft that would be assigned to particular airfields. As a result, an
expedient runway for fighters was constructed first, followed by a second permanent runway, located
parallel to the first, to support the largest anticipated aircraft.?!!

Carrying the war to the Japanese required a staggering logistical effort. Aviation engineers were
faced with constructing airfields in the heart of virtually impenetrable jungles. Hangars, shops, and tank
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Engineers construct a control tower on Biteo, Tarawa, January 1944.

farms were erected rapidly on coral atolls where every stick of lumber and every bar of steel crossed
three thousand miles of water. Heavy equipment was off-loaded rapidly through pounding surf and
without harbors. Potable water had to be secured on desert islands where fresh water was nonexistent
and attempts to dig wells were complicated by sea water at a depth of four feet. Engineers demonstrated
their ingenuity by solving these problems and many others, including the not-so-humorous task of
felling coconut trees without being bombarded by coconuts.?!?

With the capture of the Marianas in summer 1944, one phase of the Pacific war ended and another
began. While battles still raged in the Southwest Pacific, Seabees and aviation engineers landed on
Saipan, Guam, and Tinian to begin construction. The bases they established supported B-29s assigned
to the Twentieth Air Force to bombard the Japanese homeland. Five giant airfields were built in the
Marianas in late 1944 and early 1945 to support the heavy bomber fleet: two on Guam, one on Saipan,
and two on Tinian. Aviation engineers constructed the airfields on Guam and Saipan, while Seabees
built the runways on Tinian. In all, these airfields supported five B-29 wings, totaling some 720 air-
craft. Among that fleet were the Enola Gay and Bockscar, the aircraft used to drop atomic bombs on
Hiroshima and Nagasaki.?"?

Lt. Gen. Millard Harmon, commanding general of the Army Air Forces for the Pacific Ocean Areas,
was the driving force behind the program. He convinced General Arnold that the Pacific Islands Area,
only 1,500 miles from Tokyo, was the area to launch early mass bombing on Japan. He constantly
argued for higher priorities in shipping and construction. He impressed upon General Arnold his
belief that the engineering and logistical problems could be solved in time for five bomb wings to be
established and operating from the Pacific islands before the Philippine campaign was completed.?'*
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Constructing with Coral

Aviation engineers became experts at constructing roads and runways out of coral, which was
the only material readily available on the coral atolls of the Pacific. Coral had a hardness that
sometimes required mining operations using dynamite. Once quarried, engineers used sheepfoot
rollers to break down pieces sufficiently and fill interstices. After it was spread, sprinkled lightly
with water, and rolled several times, coral produced a smooth, hard runway capable of withstanding
heavy operational loads. Coral had to be kept
wet continuously to prevent it from becoming
dusty and blowing away.

Roads and runways subjected to heavy use
were surfaced with asphaltic concrete. In
some cases, engineers first applied a binder
or sprinkled the coral and immediately paved
over it. In other cases, they rolled a surface
until it was hard and tight and then applied

a coating of oil, which bound the surface "~ .
temporarily and made it waterproof. Such .~ . 3N =
runways had the disadvantage of requiring ‘.. o S e Sl 0 .

considerably more maintenance. -

Sources: Karl C. Dod, United States Army in World War II, The Technical Services, The Corps of Engineers:
The War Against Japan, Office of the Chief of Military History, United States Army, Washington D.C.,
1966, 385-386; Capt. L. Dean Waggoner and 1st Lt. M. Allen Moe, “A History of Air Force Civil Engineer-
ing Wartime and Contingency Problems from 1941 to the Present,” Thesis 85S-23, Air University, AFIT,
WPAFB, Ohio, September 1985, 72-73.

Original plans called for most of the airfields to be operational by October 1944. Japanese resis-
tance delayed the construction schedule somewhat and delays were compounded further by weather
during the rainy fall months. On Saipan, the schedule partially was met, with a temporary airstrip
in place by August. Five 800-man aviation engineer battalions—the 804th, 805th, 806th, 1878th,
and 1894th—Iabored around the clock for two months to extend the strip to 8,500 feet and widen it
to 200 feet. The first B-29 arrived in theater on October 12. Tropical rains pummeled the engineers
throughout the summer. For months they were without fresh food. Roads from the coral pits virtually
became impassable; men and equipment were diverted to construct a hard-surface road to keep trucks
in service. Hard coral formations just beneath the surface made blasting necessary for all cuts. In
October, a typhoon threatened the newly-arrived bombers. Aviation engineers devised rings in their
welding shops to anchor the aircraft. In the end, their persistence was rewarded. On November 24 the
first bombers took off from Saipan for a successful raid on Tokyo.2!®

Construction of Depot Field on Guam began in September, with an estimated completion date of
November 1. Torrential rains and the diversion of construction units slowed the work. The extraction
of coral on Guam was just as difficult hard as it had been on Saipan. Despite the challenge, a 7,000-
foot runway was operational by November 10. The first of four runways at North Field on Guam
was completed in early February 1945 and the first combat mission was flown the same month. The
remaining runways were not completed until May, June, and July, in time to host some of the final
missions of the war.?'¢

Airdromes on Tinian were built by the 6th Naval Construction Brigade. The first runway at West
Field was completed in March and the second in April. By the end of April, taxiways, hardstands,
and storage facilities for fuel and bombs were substantially ready. The principal tenant was the 313th
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As P-51s fly overhead engmeers wzden the south end of Number 1 azrstrlp on Iwo Jima, March 1945.

61



62 Leading the Way

Bombardment Wing, which crowded 122 B-29s onto the small island. The 509th Bombardment Group,
which was charged with delivering the atomic bombs, moved to the island in June and July. On July
20, the group began a series of combat strikes over Japan to familiarize crews with the target areas
and tactics for the final missions.*!”

Runway Construction for Heavy Bombers

Designing runways to accommodate

the giant B-29 heavy bomber was T
among the most difficult technical
missions accomplished by the U.S.
Army Corps of Engineers during
World War II. The long-range bomber
had a gross weight of 140,000 pounds
when fully loaded and required
smooth, finished runways of asphalt
or concrete 8,500 long and 200 feet
wide. To complicate matters, runways
often had to be constructed under
combat conditions in remote regions
of the Pacific and China-Burma-India
theaters. Depending on the availability
of resources, specifications for B-29 junways on Tinian Island
both rigid (concrete) and flexible

(bituminous) pavements were employed.

Design standards for such runways were non-existent prior to World War II. The heaviest pre-
war aircraft weighed only 25,000 pounds and standard highway methods served well enough in
pavement designs. As late as 1939, the Construction Division of the Quartermaster Corps had
not developed detailed engineering criteria for paved runways. When the U.S. Army Corps of
Engineers inherited the aircraft program from the Quartermaster Corps in late 1940, it also inherited
a complex and urgent technical problem that required significant research.

The U.S. Army Corps of Engineers consulted leading experts in pavement design at the Civil
Aeronautics Authority, the Public Roads Administration, the Portland Cement Association, the
Asphalt Institute and in the academic world. In January 1941, it hastily compiled a manual, Design
of Airport Runways, covering grading, drainage, runway layout and design of both rigid and
flexible pavements. At the same time, the Waterways Experiment Station (WES) at Vicksburg,
Mississippi mobilized a crash research and testing program of impressive proportions. WES also
assembled data on rainfall rates in prospective battle zones and prepared reports for the Joint Chiefs
of Staff on the bomber base potential of various Pacific Islands.

Lt. Col. James Newman, Jr., the district engineer serving Wright Field in early 1941, conducted
a series of experiments on reinforced concrete. Similar tests were conducted at Langley Field,
Lockbourne Field and Dayton Municipal Airport. The WES test site in Mound, Louisiana,
conducted studies of base course requirements under steel planking and Hessian mat.

The Boeing plant personnel at Marietta, Georgia, also participated in the runway development
program. At a test section established near the plant, they experimented with a variety of materials
continued
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Runway Construction for Heavy Bombers continued

never before considered for very heavy bombers. These included old fashioned hand-set Telford
stone, water-bound macadam, and sand-clay and sand-asphalt bases surfaced with bitumen or steel
landing mat. Based on results, blueprints were prepared and shipped directly to units overseas.

Thus, by the time Boeing began delivering the first B-29s in July 1943, stateside as well as deployed
engineers had the specifications they needed in hand. The training of very heavy bombardment
groups in the United States took place at four fields near Salina, Kansas. By late spring 1945,
operations had expanded to 40 major air bases. Overseas engineers constructed or extended
numerous runways to accommodate B-29 operations in the Pacific and CBI theaters.

Sources: Lenore Fine and Jesse A. Remington, United States Army in World War I1, The Technical Services,
The Corps of Engineers: Construction in the United States, Center of Military History, U.S. Army, Wash-
ington, D.C. 1989, 446-447, 614-616, 641-643; Anthony F. Turhollow, “Airfields for Heavy Bombers,” in
Barry W. Fowle, ed., Builders and Fighters: U.S. Army Engineers in World War 11, Fort Belvoir, Virginia,
U.S. Army Corps of Engineers Office of History, 1992, 207-214; “Specifications for B-29 Air Bases,” Avia-
tion Engineer Notes, No 34, April 1945.
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Aviation engineers construct steel frame for the roof on a Quonset hut on Saipan,
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An aviation engineer pulls a sheepsfoot roller during construction of an airfield on Saipan.
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Rollers smooth a runway surface as a B-24 Liberator lands following a long, overwater strike. This black-
topped airstrip gave an all-weather capability for the aircraft in the Bonin Islands.
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Engineers on Saipan Respond to Japanese Attack

Aviation engineers building the airfields on Saipan contended with many challenges, including
enemy attack. On November 24, 1944, the first flight of B-29 heavy bombers took off from Saipan
to conduct a successful raid on Tokyo. Retaliation was inevitable and, three days later, Japanese
Zeros bombed Isley Field on Saipan during the daylight hours. Engineers from the 804th Engineer
Aviation Battalion shot down one enemy airplane as it strafed their bivouac area.

On November 29, the Japanese returned and caused considerable damage. They struck a B-29 being
loaded for a 0515 takeoff. Bombs and burning wreckage were strewn all over the field, together
with the small anti-personnel fragmentation bombs dropped by the Japanese Zeros. Brig. Gen.
Haywood Hansell, commander of XXI Bomber Command, gave an eyewitness account of the
event in a letter to General Arnold, describing it as “the most violent explosion I have ever seen.”

General Hansell’s praise of the engineers was effusive. “Our engineers and our fire people did a
job that would warm your heart—the engineers in particular I cannot speak too highly of. They
took their large equipment, the big bulldozers and scoops and went to work immediately on the
flaming bomber and gas truck in spite of personnel bombs and exploding ammunition. They
piled the debris of the bomber into two heaps and pushed dirt on it. Later they drove their 20-ton
bulldozers over these flaming heaps. The flames came up through the tractors and all around the
drivers but it didn’t stop them.”

By 0230 the fires were under control, and the engineers were “cleaning up the mess.”

Sources: Karl C. Dod, United States Army in World War II, The Technical Services, The Corps of Engineers:
The War Against Japan, Office of the Chief of Military History, United States Army, Washington D.C., 1966,
518; Wesley Frank Craven, and James Lea Cate, eds., The Army Air Forces in World War II, Vol 7: Services
Around the World, Office of Air Force History, Washington, D.C., 1983, 305.

Philippines

Japanese fighters and bombers struck the Philippines on December 8, 1941, just hours after the
attack on Pearl Harbor. Engineers assigned to the 803d Engineer Aviation Battalion were deployed,
reinforcing engineers who were straining to build heavy bomber bases and strengthen fortifications.
The 803d had just completed a five-month journey from Hawaii to the Philippines, arriving only
weeks before the Japanese attack. The Japanese inflicted the greatest damage at Clark and Iba Fields.
The engineers immediately responded to repair the runways there and at Nichols Field. They also
accelerated completion of Del Carmen and O’Donnell Airfields.?'®

Once the Japanese invasion started in earnest, the aviation engineers found themselves heavily
involved in the fighting. They served as infantry troops during the defense of Bataan and turned back
a Japanese suicide attack. Two companies of the 803d became prisoners of war with the surrender of
Bataan on April 9, 1942. Company A of the 803d reached Corregidor, where they kept Kindley Field
in operation, in the hope that aircraft would arrive. Planes never came. The remnants of Company
A were among the last Americans to surrender at Corregidor on May 6, 1942. At least 20 men from
Company A and the company commander lost their lives in the fighting.?"

Combat engineers from the 61st, 81st, and 101st Battalions composed the Visayan-Mindanao force
during the battle for the southern Philippines. Most eluded the enemy by retreating into the mountains
of the southern islands. They helped organize guerilla forces that destroyed roads and bridges, making
overland transport by the Japanese almost impossible. They also gathered intelligence, which was
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Frantic activity at a Tacloban airfield as aviation engineers continue their work.

forwarded to General MacArthur in Australia. The guerillas still were harassing the enemy when U.S.
troops returned to the Philippines late in 1944.22

The return to the Philippines necessitated the capture and rehabilitation of numerous Japanese
airfields. New airfields were constructed on Wakde Island, Biak, Vogelkop, Owi Island, Morotai,
Kamiri, and other islands stretching from the coast of New Guinea to the southern Philippine islands.
Campaigns were launched throughout June and July 1944. Stiff Japanese resistance, rough terrain,
heavy vegetation, worn equipment, and delays in receiving equipment made the engineers’ job difficult.
The Japanese airstrips on Noemfoor and Kamiri were in shambles. At Kamiri, the engineers resorted
to dragging lengths of Japanese railroad rails behind trucks to smooth ruts and used abandoned rollers
to compact the airstrip. The 1874th Engineer Aviation Battalion worked around the clock to lay a coral
surface in order to open the airstrip for transport aircraft by mid-July.?*!

The landing at Morotai turned out to be one of the most difficult in the Southwest Pacific. What
appeared on aerial photographs to be beaches of white sand or coral proved, instead, to be three feet of
gray mud. The engineers built ramps and piers into the water to offload their equipment ashore. Within
40 days, three engineer aviation battalions and two Australian construction squadrons constructed a
fighter runway and a bomber runway on Morotai. They also completed 90 percent of a second bomber
strip and storage for 40,000 barrels of aviation gasoline.*?

In the steady northward progression from New Guinea to Leyte, Mindoro and, finally, to Luzon, the
Southwest Pacific Air Forces bypassed substantial enemy garrisons. Air attacks reduced the enemy’s
capacity to pose a serious threat to Allied operations and effectively isolated enemy forces from the
Japanese homeland.?*

The 1944 campaign against Leyte unfortunately coincided with the rainy season and the months
most prone to typhoons, October and November. Leyte was mountainous and heavily vegetated, except
for two principal lowlands marked by streams and numerous rice paddies. Engineers had little time
to plan and there were an insufficient number of bridging units and equipment available to conduct
bridging operations to support construction. Despite these difficulties, the assault was launched on
October 19 with the goal of capturing Tacloban airdrome and four fields in central Leyte as quickly
as possible.??*

At Tacloban, the 1881st Engineer Aviation Battalion and two other units bivouacked on the penin-
sula alongside the runway to be near their work. For five days they pumped coral from the ocean floor
to establish a sub-base solid enough to support steel mats for a 7,000-foot runway, in spite of hundreds
of aerial attacks. One night they withstood 71 separate passes by enemy aircraft. Air support virtually
was non-existent because of the major naval battle raging off Leyte. Many U.S. aircraft attempted
crash landings; most planes cracked up on the loose coral and sand of the runway. The engineers
bulldozed 25 wrecked airplanes into the ocean. Recruiting Filipino laborers was difficult owing to
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Engineers of the 1913th Engineer Aviation Battalion lay steel matting at Clark Field, Luzon, Philippine Islands.

their reluctance to work under air attacks. Working around the clock with lighting generated on site,
the engineers managed to ready the runway for fighters on the sixth day of the battle.?*

Thirty-five inches of rain fell during the first 40 days of fighting on Leyte. The island’s roads
disintegrated rapidly under military traffic, severely impeding supply routes. Construction of airfields
was restricted to Tacloban and Dulag. The air forces insisted on the completion of all four airfields in
central Leyte, but conditions made meeting their request impossible. With great difficulty, the engineers
finally were able to open the airfield at Dulag on November 18. They installed 4,100 feet of landing
mat. Headquarters, Sixth Army agreed to move from the relatively dry site that they occupied near
the town of Tanauan, one of the few other locations suitable for an airfield. Three aviation engineer
battalions completed a second steel mat runway by mid-December, thus removing a major obstacle
in the campaign against Mindoro and Luzon.?*

During the landing at Mindoro, the 1874th Engineer Aviation Battalion worked with an Australian
airdrome construction squadron to complete two B-24 airfields; both were ready for emergency use
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by December 25, 1944. Japanese kamikaze pilots launched a week of attacks in an attempt to deny the
Allies use of the island; these attacks resulted in significant losses in stocks of supplies, equipment, and
rations. Nevertheless, Fifth Air Force had made a commitment to bomb Formosa during operations on
Okinawa and continued to move air units forward as quickly as the engineers completed work. The
first 7,000-foot runway was ready by the end of January. Without steel matting, engineers improvised a
clay and gravel subsurface and coated the runway with gravel chips shot with asphalt. Sufficient PSP
was available to build a heavy bomber strip at Murtha Field, which opened in early March. Both bases
were heavily used during operations in the Philippines in summer 1945.2

The landing on Luzon began on January 9 at Lingayen Gulf. The 836th and 1879th Engineer
Aviation Battalions had seven days to build a 5,000-foot steel mat runway before Navy aircraft carrier
support was withdrawn. With the help of 400 Filipino civilians, they met the goal and began work
on a second runway two miles south near the town of Dagupan. They were assisted by the 828th and
864th Engineer Aviation Battalions. The 1876th Engineer Aviation Battalion built another strip near
the town of Mangaldan.?

The airfields constructed for Far East Air Forces at Lingayen and Marcelino were adequate for
the assault campaign on the Philippines, but were not adequate to support continued operations of
any magnitude. As the Allies made the drive down the Central Plains to Manila, they secured five
all-weather fields—Clark, Porac, Floridablanca, Nichols, and Nielson. Clark and Floridablanca had
dual heavy bomber runways capable of being extended for B-29s. Work began on all fields early in
March, and they were practically complete in May.?*

Many other requirements demanded attention besides airfield construction on Luzon. Fourteen
of the 36 aviation engineer battalions concentrated in the Philippines were commandeered to work
on other projects, primarily bridge building and repair. By the end of the Philippines campaign, over
half of the work performed by aviation engineers was estimated as construction unrelated to the air
forces. The conquest of Luzon further accelerated the Japanese retreat and paved the way for the Allied
attacks on Formosa, enemy airfields on the China coast, and, ultimately, on Iwo Jima and Okinawa.?*°

China-Burma-India

Although the war against Japan was fought and won primarily in the Pacific, the United States
also provided significant assistance via India and Burma. The goal was to keep China in the war and
to prepare for both ground and air offensives against enemy forces in eastern China and Japan. With
the Japanese controlling most of Burma by the end of May 1942, the Allies launched a campaign to
build seven airfields for transport aircraft. The airfields, primarily proposed in Assam Province in
northeastern India and Yunnan Province in southwestern China, were intended to support airlift opera-
tions over “The Hump” of the Himalayas. A series of bomber fields also were planned across northern
India to defend the sub-continent. Supplying the airlift to China meant building the most extensive
military pipeline system ever constructed across 2,000 miles of hostile territory.*!

At the Quadrant Conference in Quebec in August 1943, the United States and Great Britain
strategized to capture the northern part of Burma to increase flight safety over The Hump and to
restore overland communications between India and China. Aviation engineers, under Army Air Forces
control, supported the campaign in Burma and developed the important complex of bases around Myit-
kyina. Once northern Burma was secure, effort shifted to construction of the Ledo Road. The road was
planned to extend from northeastern India across northern Burma and intersect with the Burma Road,
which linked Burma with China. Col. Lyle Seeman became the first theater air engineer stationed at
headquarters for the CBI Air Service Command near Calcutta. He was responsible for support to the
Tenth Air Force in India and Fourteenth Air Force in China.?*?

The airborne aviation engineers played an important role in the pacification of northern Burma.
On December 25, 1943, the 900th Airborne Engineer Aviation Company was flown to Shingbwiyang,



Laying The Foundation

beyond the head of the Ledo Road. It proceeded to construct an airfield behind enemy lines. In March
1944, members of the same unit accomplished a difficult and stunning feat. They descended by gliders
at night deep into enemy territory to build five airstrips. Construction was undertaken in support of
commando operations led by Col. Philip Cochran and British Gen. Orde C. Wingate. General Wingate
led specially-trained guerilla forces called Chindits; they included British, Gurkha, and Burmese guer-
rillas. Loaded on the gliders were four bulldozers with attached blades, two scrapers, a grader, a jeep,
and hand tools. The equipment was smaller than typical machinery, making it easier to transport.?*?

The heavily-laden gliders were towed over the 7,000-foot-high mountains of the Indo-Burmese
border. Due to their weight, the gliders were forced to approach the landing clearing at high speeds.
Unfortunately, what previously had been identified as a grassy clearing during air reconnaissance turned
out to be crosshatched with ruts from logging operations. The ruts tore the landing gear off some of
the gliders and pile-ups occurred due to the numbers of craft landing. Capt. Patrick Casey, commander
of the 900th Engineers, was killed and about five percent of the landing force was lost. A bulldozer
and a scraper were wrecked. Nevertheless, the engineers leveled the clearing as rapidly as possible.
By the next night, approximately 70 C-47s safely landed to deliver troops and supplies on the runway,
which was already equipped with lights, radios, and radar. That same night, another detachment of the
900th successfully prepared another landing strip 50 miles further south. General Wingate’s brigades
were sent to two fields to push forward and dynamite the Burma Railway.?*

On March 21, a third airborne engineer operation established a landing strip for the Chindit forces
80 miles southwest of Mogaung. The engineers raced against time to construct the landing field for
land assault forces before the Japanese could respond to the incursion. The engineers won the race
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Airborne aviation engineers unload “Lucille,” a specially designed tractor, from a C-47 at Tamu, Burma.
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An airborne aviation engineer uses a tractor he just unloaded from one of the Waco gliders in the photo.

by two hours, in just enough time for Chindit guerrillas to intercept the approaching Japanese. Part of
their efficiency was due to the fact that the airborne engineers were trained in loading, lashing, and
unloading all of their own equipment into gliders and aircraft. Airborne engineer units received their
training at Westover Field, Massachusetts; Fort Benning, Georgia; and at the Airborne Center at Camp
Mackall, North Carolina. They were expected to be able to march continuously for 15 to 20 hours at
an average rate of six miles an hour and to be ready for combat at the end of such marches. They were
capable of sustained effort and prolonged physical exertion on limited rations, in addition to their
engineering skills. They received their final training at Troop Carrier Command airfields, where they
trained with the aircraft and personnel who transported them in theater.?*

On May 17, 1944, Company A of the 879th airborne engineers launched an operation to build
airstrips near Myitkyina. All of the gliders crash-landed but only four men were hurt. Under Japanese
attack, the engineers rallied and fought back. They successfully scraped out airstrips, which remained
in service throughout the summer. By early June, all of the 879th were at work on the airfield. Casual-
ties during the fighting were heavy and approximately 150 engineers were killed. The Tenth Air Force
eventually deployed four regular aviation engineer battalions with heavy equipment to the airfields.
They cut equipment as large as D-7 caterpillar tractors into pieces in order to fit it into C-47s; the trac-
tors were welded back together on the other end. Myitkyina became the only area in the CBI Theater
where the aviation engineers worked in strength under air force control.?¢

Although the airborne engineers achieved great successes in Burma, other campaigns were not as
positive. Theater commanders tended to doubt their reliability, primarily because of the inefficiency
of their light equipment. Some of the airborne troops began to regard themselves as orphan units. Late
in 1944 most of the airborne battalions turned in their undersized equipment for heavier machines or
were absorbed into conventional battalions.*’

Early construction of airfields in India was conducted by native laborers under British supervision,



Laying The Foundation

“[Gen Orde] Wingate and I think you should tell Godfrey that his airborne engineers
are superb, repeat superb.”
Air Marshall John Baldwin, Aviation Engineer Notes 24, Jun 1944, page 7.

but the United States was soon called upon to provide logistical and construction support. In December
1943, Brig. Gen. Stuart Godfrey, the Air Engineer in Washington, was transferred to the CBI theater
to supervise construction of B-29 bases in the Bengal area for the Tenth Air Force. He also kept tabs
on construction in China under the auspices of the engineering staff at Fourteenth Air Force, all part
of Operation MATTERHORN.23®

The 853d, 879th, 1875th, and 1877th Engineer Aviation Battalions enlarged and improved five
existing airfields in the flatlands west of Calcutta, using mostly borrowed equipment. The 853d expe-
rienced tragedy during its transfer from Algeria to India. More than half the battalion was lost when an
aerial torpedo launched by a German airplane struck its ship, the HMT Rohna, near Sicily on Novem-
ber 26, 1943. In mid-April 1944, the 1888th Engineer Aviation Battalion arrived, along with more
machinery, and progress on the fields in the Bengal region accelerated. Soon engineers were building or
maintaining some 45 airfields in India. In addition to runway construction, engineers erected hangars,
housing, and operational buildings salvaged from the Mediterranean theater. The first B-29s left for
Bangkok on June 5 to bomb railway shops, and the airdromes were fully complete by September.?*

Five African-American aviation engineer battalions—the 823d, 848th, 849th, 858th, and 1883d—
arrived in theater during 1942 and 1943. Sixty percent of the 15,000 U.S. troops assigned to construction
of the Ledo Road were African-American. The 45th Engineer General Service Regiment, like the 823d
Engineer Aviation Battalion, previously worked on airfields in Assam and elsewhere in India. By April
1945, 111,012 African-American engineer troops served overseas, including more than 50 separate
Aviation Engineer battalions. The 823d Engineer Aviation Battalion was dispatched to the critical
but remote Assam region in July 1942. The battalion helped with airfield construction before joining
combat engineering battalions in constructing the Ledo Road.?*® Begun by the British in early 1941,
Gen. Joseph Stilwell’s plan called for the United States to resume work on the road, which began on
December 25, 1942 .24
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Glider-borne aviation engineers use their equipment to haul the glider off the airstrip at Myitkyina in Burma.
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Airborne aviation engineers work on the Myitkyina airstrip for use by 10th Air Force pilots.

Construction of the Ledo Road was one of the great engineering feats of the war. The rudimentary
road ran east from Ledo, through the Patkai Mountains on the Burmese border to Shingbwiyang, then
veered south to the towns of Myitkyina and Bhamo, and east from Bhamo to the Burma Road. The
route spanned a total distance of 500 miles and ran through rugged country from Ledo to Myitkyina.
Approximately 275 miles extended through an area of largely uncharted jungle and through some of
the most difficult terrain in the world. Weather posed a further challenge. During the monsoon season
from May to October, northern Burma received an average of 140 inches of rain in the mountains and
120 inches in the valleys.**?

Getting to India and then to the construction site was a rigorous journey in itself. With no time to
bring new battalions from the United States, General Arnold recommended that the War Department
divert construction units from previous assignments. Battalions from North Africa traveled overland
across Africa, boarded ships to Bombay, and then journeyed for days on slow trains across India to
the Bhramaputra River. Steamers took them up river to a rail connection to Burma.?*

The 823d Engineer Aviation Battalion and the 45th Engineer General Service Regiment first built
warehouses, barracks, hospitals, and base roads at Ledo. By New Year’s Day 1943, the engineers were
making good progress on the road toward the Patkai Mountains. The 823d cleared a road trace and
the 45th followed, completing grading and applying gravel or crushed rock to stabilize the road. By
February, they reached the Pangsan Pass, where they were forced to increasingly rely on explosives;
they pushed on for the Burmese border. As the lead bulldozer crossed into Burma on February 28, the
823d and the 45th Engineers erected a sign—“Welcome to Burma, This Way to Tokyo.”?*

In March, the engineers were joined by the Chinese 10th Independent Combat Engineer Regiment.
March brought early monsoon rains; by April the monsoon was in full swing. Equipment skidded off
the road and even pack animals could not be used to transport food and gasoline to the road head.
Resupply was accomplished by airdrop. During the early monsoon season, March to May, the road
advanced only four miles. The engineers were plagued by equipment maintenance problems, shortages
of spare parts, and lack of trained supply personnel.?*
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Several new regiments were added to the workforce and the monsoon season finally came to a
close. The road progressed a mile a day. Around the same time, the engineers were placed under the new
leadership of Brig. Gen. Lewis A. Pick. As new units arrived—including the other African-American
aviation engineer battalions—General Pick dispatched one, and then another, beyond the road head
to open road sections and to blaze the way. By the middle of November, thanks to new equipment,
additional troops, and General Pick’s around-the-clock schedule, the road head connected with an
advanced section about 40 miles from Shingbwiyang. By the end of the month, another 20 miles was
complete. In addition to roadwork, detachments from the aviation engineer battalions also built a
number of landing strips alongside the route so that supplies could be delivered.?*

On December 27, 1943, five days ahead of schedule, General Pick announced that the 117-mile
section of road from Ledo to Shingbwiyang was open to truck traffic. He congratulated the men on
opening 54 miles of trace in 57 days. A convoy rolling over the road to Shingbwiyang delivered
candy, doughnuts, and 9,600 cans of beer to the troops. Brig. Gen. William E. R. Covell, the head of
the U.S. Task Force in China, responded that the Ledo Road would “stand forever as a monument to
the unstinting labor, courage, determination and ingenuity of both the living and those who gave their
lives in this remarkable accomplishment.”*’

Progress from Shingbwiyang south to Myitkyina was slowed by Japanese resistance and the
diversion of engineers to support the campaign in Myitkyina. That section of the road required the
erection of bridges across streams and rivers, especially difficult during the 1944 monsoon season.
After reaching Myitkyina, engineers were involved in a two-month combat campaign. The Japanese
finally capitulated and abandoned the town in early August. All engineers in the fight at Myitkyina
received the Presidential Unit Citation.>*®

The Ledo Road was completed to the junction with the Burma Road in autumn 1944. On January
12, 1945, General Pick led the first convoy of 113 vehicles—driven by representatives of all of the
engineer units that worked on the road—from Ledo to Kunming, China. Some 65 radio, magazine, and
newspaper correspondents accompanied the units. The convoy was welcomed by the Chinese Minister
of Foreign Affairs on January 28; the governor of Yunnan Province hosted a banquet in their honor.?*

After finishing touches, General Pick announced the formal completion of the Ledo Road on May
20, 1945. It was an assignment that he called the toughest job ever given to U.S. Army engineers in
wartime. At the suggestion of Chiang Kai-Shek, the road was renamed “The Stilwell Road;” to engi-
neers who built it, the road affectionately was known as “Pick’s Pike.” With the road finished, eight
construction battalions moved into China, transporting their heavy equipment over the famous road
they helped build. The 858th and 1891st Engineer Aviation Battalions were among those that made
the journey, stopping occasionally to patch the road as they went along.>

In China, airfield construction had been underway since 1943. Only a handful of aviation engineers
advised Maj. Gen. Claire L. Chennault, commander of the Fourteenth Air Force. Col. Herman Schull,
Jr., headed the Engineer Section at Chennault’s headquarters at Kunming, China, beginning in August
1943. He was later succeeded by Col. Henry “Hank” Byroade. Construction of B-29 bases at four
sites in Szechwan Province, northwest of Chungking, began in late 1943. By April 1944, Colonel
Byroade was overseeing maintenance of eight major fighter and bomber fields in eastern China, and
construction was underway on eight additional fields. Eventually, 25 fields were built or improved.
The Chinese Military Engineering Commission controlled the construction program. U.S. engineers
mainly performed engineering staff work. They also assisted in organization, administration, and
payment of the 300,000 to 500,000 local workers conscripted by the governor of Szechwan to work
on the airfields.>!

Airfield construction was conducted by hundreds of thousands of Chinese laborers, using whatever
methods were available. Chinese men and women carried heavy loads of earth, stone, or other building
materials in twin baskets slung from poles across their shoulders. Rollers to compact airfields were
drawn by teams of Chinese, often a hundred or more to each roller. Excavation was completed using
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hand tools. The U.S. principle of installing drainage first to protect the subgrade from the softening
effect of standing water was often difficult to enforce. The Chinese engineers, accustomed to installing
the drainage system last, clinched the argument with the inscrutable reply, “We’ve been doing it like
this in China for two thousand years.”>?

During summer 1944, aviation engineers had the heartbreaking experience of performing airfield
denial against some of the newly-built fields in eastern China. A major Japanese offensive in late May
resulted in attacks on the airfields used by Fourteenth Air Force to strike Japanese shipping. As the
offensive advanced, Chennault’s engineers had the painful duty of destroying the fields before they
were overrun. They detonated bombs in the taxiways and runways, while other air force personnel
burned buildings. The loss of those airfields created the need for new ones in central and southern
China. In October 1944, the Fourteenth Air Force engineer arranged with the Chinese to build two
medium bomber bases west and northwest of Kweilin.>*

After the Ledo Road was open in early 1945, aviation engineers reached China in significant
numbers with heavy equipment. Unfortunately, by then the B-29s had moved out of China. In the final
months of war, no new large scale engineering projects were undertaken. Meanwhile, the war in the
Pacific rapidly was reaching its conclusion.>*

Iwo Jima and Okinawa

Iwo Jima was seized between the two major invasions of the Philippines and Okinawa. The island
was valuable strategically as a staging base for B-29s attacking Japan and as an emergency landing
site for crippled aircraft returning from bombing runs. The initial schedule for capturing and expand-
ing airfields on Iwo Jima was predicated on securing the island after a three or four day battle; it took
four weeks to clear the island. Heavy spring rains caused significant delays once construction began;
engineers faced other problems, such as volcanic steam pockets that had to be avoided when laying out
runways and gasoline lines. The volcanic ash on the island was easier to work with than the coral often
encountered in the Pacific; however, the ash eroded easily, even when compacted, and asphalt could
only be laid on a thoroughly dry ash base. In June, an asphalt area approximately 80,000 square feet in
size was ruined by water penetrating into the sub-base, causing significant delay. Construction on Iwo
Jima was assigned to the 9th Naval Construction Brigade and the 811th Engineer Aviation Battalion.?*

Once completed, airfields on Iwo Jima covered nearly four square miles and half the surface of the
island. Fighter strips at North and South Fields were paved and augmented by taxiways and hundreds
of hardstands. The main B-29 runway was paved and extended 9,800 feet. A second strip was graded
to 9,400 feet by V-J Day but was never surfaced. An old east-west runway served as a 6,000-foot
fueling strip. During the six months between the landing of the first B-29 on Iwo Jima and the formal
surrender, the island was in constant use by long-range bombers. Its function as a recovery base also
proved important. By the end of the war, B-29s made an estimated 2,400 emergency landings on its
runways.>¢

Construction plans for Okinawa and other islands in the Ryukyus were initially massive in scope,
involving 93 aviation engineer battalions and extensive airfield construction to support the anticipated
invasion of Japan. If Japan had not surrendered, many of the veteran aviation engineer units from the
European theater would have been assigned to the mammoth construction program.

When the attack on Okinawa lagged after the initial April 1, 1945 landings, priority shifted to
seizing nearby Ie Shima and its three Japanese airstrips. Ie Shima became known as the “most valuable
eleven square miles of land in the western Pacific.” By April 30, Japanese airstrips were restored, and
by May 12, an all-weather strip was ready. In June, two all-weather strips with crowded parking for
over 450 planes were operational >’

On Okinawa, engineers found that the old Japanese airfields were surfaced lightly and badly dam-
aged. At Kadena Field, they exerted great effort to haul coral for resurfacing the runways. One airstrip
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was ready for dry weather use in two days, and by May 1, converted to an all-weather runway despite
continuous bombing, strafing, and shelling. By June 22, only 31,400 of 80,000 scheduled construction
troops had reached Okinawa. General Arnold interceded with Admiral Chester Nimitz and aviation
engineer shipments were accelerated. On July 11, General Kenny wrote to General Arnold that new
fields were “appearing like magic and construction is going on faster than I have ever seen it before.””®

Air Force and Marine flying units, some redeployed from Europe, moved into the Ryukyus as
quickly as airfields were ready. Three bombardment groups began flying missions in early July. They
concentrated on attacking shipping lanes, and destroying or neutralizing installations in Kyushu and
western Honshu. They also provided air protection for naval forces. Some bomb groups used Kadena
until Machinato could be captured and repaired. Heavy bombers were based at Yontan, while fighters
were crowded onto airfields at Ie Shima. The aviation engineers in the Ryukyus, like the air crews,
seemed to come from everywhere—the Philippines, Guadalcanal, Alaska, Guam, and the United
States.>

The War’s End

By July 1945, 33 aviation engineer battalions were assigned to the Army Air Forces Pacific Ocean
Areas. They were organized into the 927th Engineer Aviation Regiment on Guam, the 933d Engineer
Aviation Regiment on Okinawa, and the 935th Engineer Aviation Regiment on Ie Shima.?*

The air campaign against Japan steadily increased in intensity during spring and summer 1945.
It climaxed with the atomic bomb attacks on Hiroshima and Nagasaki on August 6 and 9. The Allies
declared August 15 as V-J Day, and the occupation of Japan began with the landing of U.S. paratroops
at Atsugi Airfield on August 30. The official surrender on September 2 came as engineers were still
building the garrison in the Ryukyus. On Okinawa, 26 battalions were finishing construction on six air-
fields, which totaled 25 miles of paved runways and enough taxiways, hardstands, and parking aprons
to equal 400 miles of two-lane highway. The long war against Japan was over. Aviation engineers
were an integral part of the effort, building airfields to support Army Air Forces operations from the
barren reaches of Alaska to the deserts of Australia, and from the remote islands of the Central Pacific
to India and China. Hundreds had given their lives to achieve a timeless victory.?®!

The experiences of aviation engineer battalions in the Pacific and CBI theaters were notably dif-
ferent from those of battalions that served in Europe, the Mediterranean, and North Africa. In those
theaters, engineers were under the direct control of Army Air Forces commanders and were used almost
exclusively on airfield construction. The chain of command in the Pacific resulted in the consolida-
tion of engineers from all services in general support of the combat effort. Aviation engineers worked
closely with Navy Seabees to build more than 200 runways from Australia to Okinawa. They were
diverted from aviation-related construction to unusual projects such as the Ledo Road, and bridge and
road projects in the Philippines and New Guinea. They saw considerably more direct combat than
their comrades in Europe. In an immense theater, they performed remarkable engineering feats in the
face of almost unspeakable obstacles. Their superhuman effort played a major role in winning the
war in the Pacific and set a standard for all future expeditionary engineers to admire and to emulate.

Worldwide during World War II, the number of U.S. aviation engineers peaked at 117,851 person-
nel in February 1945. This number accounted for approximately five percent of the total Army Air
Forces.?* In all, U.S. aviation engineers serviced, built, or improved 1,435 airfields for the Army Air
Forces in 67 foreign countries.2

Occupation Forces

The majority of aviation engineers returned to the United States and were mustered out of ser-
vice. Many remained in theater as part of the Armies of Occupation in Germany and Japan into 1946
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and even 1947. Temporary airfields that supported combat operations needed to be dismantled and
huge depot facilities had to be maintained to accommodate the vast quantities of war materiel being
processed and dispersed. Airdromes that the Army Air Forces retained as the base of permanent opera-
tions in Europe and Asia required post engineer organizations to assume responsibility for day-to-day
operations and maintenance. At the same time, several aviation engineer battalions remained on board
to perform major repairs and accomplish additional construction.

In Europe, Operation EcLipsk outlined plans for the occupation of Germany following the defeat
of Nazi military forces. The U.S. Occupation Air Forces (OAF) required a balanced combination of
bomber, fighter, and transport bases—some existing and some new. Decisions awaited action on the
Occupation Zones among the Allies. Tasks facing the aviation engineers included identifying bases
and divesting them of camouflage networks, repairing runways and taxiways, extending runways at
those bases projected to host heavy bomber units, reclaiming or building housing for troops, restoring
rail facilities and roadways, and constructing depot and storage facilities.

The IX Engineer Command remained responsible for construction in Germany following V-E Day,
until the command was succeeded by the European Aviation Engineer Command (EAEC) in January
1946. In April 1946, the commander of the EAEC activated three Air Engineer Districts to supervise
and to coordinate construction activities: Frankfurt, Nuremberg, and Munich. In November 1946,
the Air Engineer Section of the U.S. Air Forces in Europe (USAFE) assumed responsibility for the
construction program on European air bases. When the USAFE Air Engineer took over, he reduced
the districts to two, the Eastern Air Engineer District at Landsberg Air Base and the Western Air
Engineer District at Wiesbaden Air Base. Engineer Aviation Battalions assigned to accomplish major
construction in Germany were the 83 1st, the 850th, and the 862d. They were augmented initially by
500 prisoners of war, 8,500 local civilians, and the 332d General Service Regiment.?**

Overall, 33 OAF airfields were built or rehabilitated in Germany. Original plans called for nine
heavy bomber bases, three light bomber bases, one medium bomber base, four major transport bases,
a generous number of fighter bases, and airfields to accommodate liaison and reconnaissance units.
Firm planning was difficult as a result of the fluid postwar situation and because basing plans shifted
as missions evolved.?®

Engineers encountered a new set of problems in conducting postwar construction. By directive,
they were supposed to employ German civilian labor and materials from German stocks or production
to the maximum extent possible. Although these objectives were good in theory, engineers did not know
which manufacturing plants would be restored to production in time to meet construction demands.
Reparation demands of the Allied powers also hindered the availability of resources.

Cement was a key requirement for construction. Aside from finding plants to manufacture cement,
very little rail transport was available in the early months following the war. Materials had to be trucked
forward from the Rhine River. By summer 1945, basic rail service was restored to the Nuremberg,
Stuttgart, and Munich areas, although local track and sidings still needed to be laid. Engineers devel-
oped their own cement production capability to meet the total demand.?%

Labor was a continuing problem. Although plans called for using German civilian labor to supple-
ment aviation engineer battalions, in summer 1945, no one knew how many qualified German workers
were available. By mid-1946 the program hit its stride; that summer, EAEC units performed construc-
tion on 50 major projects. Battalion commanders focused first and foremost on finishing runways and
taxiways. They then turned their attention to support facilities and troop housing, which was in short
supply and had its own impact on operations.?*’

In fall 1946, the rehabilitation of Rhein Main airport to create a major transportation hub had the
highest priority. In October, 2,500 men were employed on the project, making it the largest construc-
tion project in the U.S. zone of occupation. The other project of great significance was Tempelhof
Airport in Berlin. The 852d Engineer Aviation Battalion was given the job of constructing an east-west
runway out of pierced steel planking. The PSP was laid over a rubble base topped with concrete. It
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was completed in September. The 852d was withdrawn by the end of 1945; a force of 1,400 largely
German civilians carried out rehabilitation work on the seriously damaged airport buildings and
facilities for the next two years.??

By the time the Air Force gained recognition as a separate service in September 1947, most major
construction in Germany was complete. The work transitioned from a higher percentage of heavy
construction to a higher percentage of small-scale repair projects accomplished by the installation
squadrons assigned to the respective operational bases.

Meanwhile in Asia, postwar reconstruction began first in the Philippines and followed General
MacArthur’s re-capture of the islands in spring 1945. Much energy was put into restoring facilities
in and around Manila, not only to reverse wartime damage but to prepare a main staging area for
the anticipated invasion of Japan. The Engineer reconstruction mission in the Philippines was more
robust than in Germany or Japan. As a former U.S. commonwealth, the Philippines also received
more assistance than the defeated enemies. As the war in Europe drew to an end, the redeployment of
significant engineer resources from Europe to the Pacific was a boon to construction in the Southwest
Pacific, but had a negative impact on postwar construction in Germany.2*

An Engineer Construction Command (ENCOM) was established on March 9, 1945 under the
Services of Supply for the Southwest Pacific. The two existing engineer districts on Leyte and Luzon
were assigned to ENCOM. The Luzon district peaked at 20,000 engineer troops and a similar number
of civilian laborers in July 1945. Engineers in the Philippines, including aviation engineer battalions,
simultaneously worked on restoring port facilities destroyed by the Japanese, who left 600 sunken ves-
sels in the Manila harbor. They also assisted with public utilities and roads and repaired or constructed
20 airfields on Luzon and 25 on the rest of the islands. They built extensive new fuel storage facilities
and hospitals, installed 500 miles of pipeline, constructed nine million square feet of covered storage,
and created a staging area for 350,000 soldiers.*"

ENCOM transferred from the Philippines to Japan on September 1, 1945. The projects of greatest
immediate concern were airfields and troop housing. Engineers found that Japanese airfields were
poorly constructed and could not accommodate heavy use by forces. Although many Japanese barracks
were available, they suffered from inadequate heating since boilers and radiators had been removed
to provide scrap for the Japanese war effort.?”!

Aviation engineers also divided their efforts between Japan and Korea. At the request of theater
commanders, the Chief of Engineers established a separate Western Ocean Division with four districts.
Manila, Okinawa, Honolulu, and Guam were designated to handle construction outside the occupied
areas. As in Europe, by 1947 the major construction program ramped down, and repairs and mainte-
nance became the responsibility of small installation squadrons assigned to Far East Air Forces units
on Japanese and Korean bases.?’

LESSONS LEARNED FROM WORLD WAR 11

Aviation engineers made a concerted effort to capture all of the lessons learned through hard-
won, and sometimes painful, experiences during the war. In late June 1946, nine senior officers with
extensive wartime aviation engineer experience were appointed by the Secretary of War (at the request
of the Army Air Forces) to a special Board of Officers assigned to compile and analyze those lessons.
Their task was forward looking in nature. The ultimate purpose of their report was to recommend the
most effective doctrine, organization, and policies to govern future aviation engineer support to Air
Force operations. The report board was specifically asked to “make appropriate recommendations as to
organization, equipment, employment, and control of Aviation Engineers in support of an autonomous
Air Force.”?”

Probably the most direct lesson learned from the war was that centralized control of aviation engi-
neer construction forces was required to ensure the efficient prosecution of major projects. Dispersing
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IX Engineer Command Remembered

On May 30, 1946, a bronze plaque commemorating
the accomplishments and sacrifices of the IX Engineer
Command was dedicated at the headquarters for
the European Aviation Engineer Command at
Schlangenbad, Germany. The plaque lists the names
of 31 aviation engineers who gave their lives in the
line of duty while assigned to the command. Among
the IX Engineer Command members present at the
ceremony was Col. (later Maj. Gen.) Robert H. Curtin.
He later served as the Air Engineer for U.S. Air Forces
in Europe and completed his career as the Director of
Civil Engineering at Headquarters USAF from 1963
to 1968.

The plaque remained in place until 1963, when the
building was scheduled to be returned to the German
government. Brig. Gen. Oran O. Price, the USAFE
Director of Civil Engineering at the time and a former
IX Engineer Command member, was preparing to
leave Europe to become General Curtin’s
deputy at Headquarters USAF. He transported
the plaque to Wright-Patterson AFB, where
it found a new home in the lobby of the
School of Civil Engineering at the Air Force
Institute of Technology. General Price helped
rededicate the plaque on June 6, 1963, the 19th
anniversary of D-Day. Twenty-two years later,
it was rededicated again on May 16, 1985 to
commemorate the 40th anniversary of V-E Day.
Once again, General Price attended to bring
the legacy of IX Engineer Command to life for .
attendees. In December 1994, the plaque moved Col. Marshall W. Nay, Jr., dean of the School of Civil

to its current home in Building 643 at AFIT, E£ngineering in 1985, and Brig. Gen. Oran Price

5 s g g ] (USAE ret) examine a map showing the locations of
home of the Civil Engineering and Services air bases built by the engineers of IX Engineer Com-

School. mand following the Normandy Invasion.

“The centralization of command of all Aviation Engineer units under one Engineer
Command, directly responsible to the Air Force Commander was the only method of control
which would and did enable the construction, rehabilitation, and maintenance of airfields to
be performed in accordance with the overall requirements of the Air Force commander in his
area of responsibility.”

“Report of a Board of Officers on Aviation Engineers,” submitted to the Commanding General,
Army Air Forces, July 29, 1946, Tab B, 4.
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engineer forces under subordinate commands led to inefficient employment of construction forces
and to delays in completing vital operational projects. When engineers were pooled in a theater, in a
Services of Supply construction agency, or under Air Service Command, Army Air Forces commanders
were dissociated from construction programs being conducted specifically to support their missions.
On the other hand, when Theater Air Forces had direct control of aviation engineer units, as they did
in the Twelfth and Ninth Air Forces, results were vastly improved. Establishing a separate Engineer
Command illustrated the value of having a senior aviation engineer with dedicated staff to advise and
assist Army Air Forces commanders. When the Engineer Commands were involved in tactical and
logistical planning, the Chief Engineer was able to coordinate engineer activities in support of opera-
tions. Chief Engineers could also monitor the supply status of units in the field, and use their influence
as members of the Command Staff to secure essential supplies.?’

Other key lessons learned identified by the Board of Officers are summarized as follows:

e There was a tendency to approve construction projects for the aviation engineers
based on what was desired, without considering what was actually possible. Fail-
ure to include aviation engineers in initial planning resulted in underestimations
of engineering efforts and the equipment support requirements needed to support
operations.

e Theaters lacked a clear, published construction policy that spelled out for opera-
tional commanders the capabilities, limitations, and responsibilities of aviation
engineers, as well as the channels and procedures for submitting construction
requests and setting priorities for different types of projects. When policies
did exist, they were not effectively enforced by the Army Air Forces theater
commanders.

e Reconnaissance and site selection procedures were not well coordinated, and there
was insufficient cooperation between ground and air elements. Engineers on the
ground were not qualified to look for potential restrictions to flying operations,
and pilots were generally not qualified to identify potential engineering difficul-
ties. Reconnaissance parties ideally included a flying officer, an aviation engineer,
and a weather officer.

e Aviation engineers learned that they needed their own organic equipment main-
tenance capability. Significant downtime for maintenance occurred due to rugged
terrain, 24-hour operations, and vehicle abuse by inadequately trained operators.
Equipment maintenance units were largely assigned to organizations not involved
in supporting Army Air Forces operations. Other major problems with equipment
included coordinating deployments of men and equipment so they arrived at the
same time and avoiding theft or diversion of equipment and supplies en route or
at construction sites.

e Training for aviation engineers was deficient in a number of areas and was not
timely. Subject areas where training was lacking included: operation and care of
equipment, planning for around-the-clock operations, technical practices such
as preparation and drainage of subgrades and surfaces, erection of prefabricated
facilities, site selection procedures, and bomb and mine removal.

e The premise that there would always be enough local labor to supplement small
military construction forces proved to be false, particularly in remote areas. Proj-
ect planning should stipulate sufficient numbers of skilled, trained engineers to
do the job.

e Extensive experience in heavy construction was obtained only from actual work.
More effort was needed to recruit men from industry who were already proficient
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and to ensure that enlistees with experience were channeled to the engineers.
Heavy operations should be accomplished only by experienced, mature commis-
sioned and enlisted personnel.

e Acquisition, storage, and issue of engineer supplies needed to be controlled to
protect assets and expedite transportation, based on the Theater Air Commander’s
priorities. The Services of Supply controlled the distribution of common items
such as lumber, asphalt, and corrugated sheeting. The Air Force Service Command
controlled special construction items peculiar to the Army Air Forces, such as steel
planking and portable hangars. Even when materials were successfully ordered
and received in theater, there was generally not enough rail space authorized for
the Air Forces to transport heavy supplies to aviation engineer units in the field.
The units themselves did not have sufficient organic transport to haul supplies
from the depots to their sites.

e Building revetments required extensive effort and then provided reasonable pro-
tection only against general-purpose bombs. The decision to construct revetments
should be carefully weighed against the advantages afforded by construction of
better dispersal facilities or even additional airfields.

e  Aviation engineers needed a comprehensive plan for gathering information on new
developments in the engineering field, as well as regular channels for disseminat-
ing information on new developments and lessons learned through experience.

e Engineers suffered from a number of health problems due to poor living condi-
tions, long hours or rigorous work (10-12 hours a day, 7 days a week, for 3-4
years), harsh environments and climates, lack of food and clean water, and dis-
eases such as dysentery and malaria. Those areas needed to be addressed, and
engineers should be allocated extra rations to help them sustain heavy construction
for extended periods.

e Engineer units should be maintained intact and not be required to surrender skilled
personnel to perform other duties, such as fill vacant infantry positions. It was also
inefficient to divert troops specially trained for airfield construction to perform
road, bridge, and other miscellaneous construction projects. Ensuring control of
aviation engineer units by the Army Air Forces was the best way to counter that
problem.?’

The list of specific recommendations submitted to the Commanding General of the Army Air
Forces contributed greatly to discussions already underway at the highest levels. At the heart of those
recommendations was the assumption that any engineer force needed to be immediately available for
participation in operations. Waiting for engineer troops to be organized and properly trained prior to
deployment was not an option given the fast-paced nature of air operations. That message was clearly
reinforced by the Army Air Forces major commands when they coordinated and commented on the
draft recommendations. Projecting U.S. air power to the far reaches of the globe called for prompt,
effective engineer support. Although it would be years before a dedicated emergency engineer force,
the Prime Base Engineer Emergency Force (Prime BEEF) and Air Force Civil Engineer Rapid Engineer
Deployable Heavy Operational Repair Squadron, Engineer (RED HORSE), were created using many
of the lessons learned during World War I1.77¢
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Col. Rudolph E. “Jerry” Smyser, Jr.

One of the key members of the Board of Officers convened to study Aviation Engineer lessons
learned was Col. Rudolph “Jerry” Smyser. He had recently returned to the United States from
his post as commanding officer of the European Aviation Engineer Command (EAEC). The son
of a career Army officer and a 1928 graduate of the U.S. Military Academy, Colonel Smyser
had been involved in organizing and defining the role of Aviation
Engineers from the very beginning. As executive officer to Col.
Donald Davison at General Headquarters Air Force and later
Assistant Engineer for Air Force Combat Command, he helped
define the structure and proper equipping of aviation engineer
battalions in preparation for their wartime support role. He served
as chief of the Engineer Section at Eighth Air Force for two
years, where he worked on Operation Overlord plans and helped
establish IX Engineer Command. He then served as the A-4 for
Ninth Air Force, before succeeding Brig. Gen. James Newman as
commanding officer of IX Engineer Command. He became the
first EAEC commander in January 1946. With nearly five years of
service with the aviation engineers in Europe, he brought a wealth
of corporate memory to the Board of Officers’ deliberations.

The major command engineers were also forward-looking in their analysis when they recom-
mended that any future planning for engineer support should be “polar-minded” to support strategic
defense of the nation. They also recommended that every consideration be given to establishing an
Aviation Engineer organization in the Air Reserve capable of meeting the requirements of sudden
emergencies.?”’

SETTING SIGHTS ON AN INDEPENDENT AIR FORCE

The dream of Airmen to see an Air Force established as an autonomous service, co-equal with
the Army and the Navy, was at last within sight at the end of World War II. Army Air Forces leaders
felt their wartime record clearly demonstrated, once and for all, the effectiveness of air power and
had earned them an equal position in the national defense establishment. Support for the change came
from several important quarters. Army Chief of Staff Gen. George Marshall had worked closely with
General Arnold during the war and backed the concept. Gen. Dwight Eisenhower, who succeeded
General Marshall as Chief of Staff in November 1945, was convinced of the strategic value of air power
from his wartime experience and also supported the drive for independence from the Army. He was
quick to remind people that the successful invasion of Europe would have been impossible without air
superiority. Moreover, President Truman, who clearly articulated that he wanted the services unified
under a single department of national defense, felt that the air arm should have parity.?’®

As early as 1943, General Arnold began setting the stage by appointing formal groups to engage
in postwar planning. They primarily looked at the force levels required in the postwar era and how
Army Air Forces headquarters and the major commands should be organized. In August 1945, the
Army Air Forces adopted a “70-Group Objective,” which became the foundation for the postwar Air
Force. In March 1946, Army Air Forces Chief of Staff Gen. Carl “Tooey” Spaatz instituted a major
reorganization that ultimately resulted in functional changes for many installations. The reorganization
was based on extensive planning and was done in such a way that when the Army Air Forces became
an independent service, it would not have to immediately revamp its major commands once again.?”

With General Eisenhower’s concurrence, three major combatant commands were established:
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Strategic Air Command, Tactical Air Command, and Air Defense Command. Eleven of the 16 wartime
numbered air forces were assigned to these commands. Five other major commands and three theater
commands rounded out the force. At Headquarters Army Air Forces, General Spaatz organized his
staff into a structure analogous to the War Department General Staff system, including five assistant
chiefs of air staff. The Director of Air Installations, Brig. Gen. Robert Kauch, reported to the AC/AS-4
(Materiel), formerly known as the AC/AS for Materiel, Maintenance, and Distribution. Separate from
the Director of Air Installations, the Air Engineer also reported to the AC/AS-4. The Air Engineer was
concerned with aviation engineer battalions and troop construction rather than post engineer operations
and responsibilities.?

Between mid-1947 and September of that year, Strategic Air Command began its dramatic era of
growth. It expanded from 6 air bases to 11 in the United States, with an ultimate goal of 25 bases to
house the strategic deterrent force. Engineers at those bases and at others across the country struggled
to maintain facilities and housing, most of which had been constructed as temporary wartime structures.
Postwar dollars were scarce, and manning was headed to an all-time low. Regardless of whether they
belonged to the Army or Air Force, post engineers who elected to stay in the service after the war
knew that they had a tough job ahead of them.?®!

As the march toward independence progressed, the Army Air Forces looked forward to new mis-
sions, a new basing structure and new organizations—in general, new horizons. The future looked
exciting as an independent Air Force prepared to take control of its own destiny. The Army engineers
who had been serving the air arm since 1907 did not know exactly what shape their future would take,
but they knew for certain that engineers would play a big role in determining the success of the new
Air Force’s endeavors.
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CHAPTER 2

ESTABLISHING INDEPENDENCE
1947-1959

INTRODUCTION

On July 26, 1947, President Harry S. Truman signed the National Security Act into law. This act
created the U.S. Air Force as an independent branch of the U.S. armed forces and established the office
of the Secretary of National Defense. The authorization of the separate Air Force marked a major, and
long anticipated, achievement.

The period from 1947 to 1959 was a time of unprecedented challenges for Air Force engineers.
Engineers assigned to the newly formed Air Force began careers as air installation personnel, then
installations engineers; by 1959, the function formally was renamed civil engineering. Air Force
installations engineers welcomed the opportunity to forge a distinct identity within the new branch of
the U.S. Armed Services. While mindful of their Army heritage, engineers took pride in defining the
role and mission of Air Force civil engineering and in crafting the internal regulations and procedures
to support new functions.

The Cold War dramatically impacted the engineering community. The hardline stance of the
U.S.S.R. and U.S. foreign policy response led the United States to maintain a sizeable overseas military
presence and to reaffirm commitments to the defense of Europe and Asia. Basing decisions during
the Cold War relied heavily on civil engineer support. Air Force installations personnel managed an
increasing number of permanent bases in the continental United States (CONUS) and in Europe, North
Africa, the Middle East, Iceland, Greenland, Korea, Japan, and Taiwan. From 1950 to 1953, Air Force
installations engineers and Army combat engineers assigned to the Air Force also built and maintained
the bases needed to support air power during the Korean Conflict.

Civil engineers joined aeronautical engineers in supporting a wave of new technologies adopted by
the Air Force in the 1950s. The advent of nuclear weapons and missile technology was accompanied
by a new perspective on national defense. Civil engineers became involved closely in the development
of radar early warning systems across the Arctic and oversaw planning and programming for complex
facilities to deploy successive generations of missile systems. Engineers were indispensable in the
development of new weapon systems; in many cases, support facilities were integral to the operation
of these systems.

At the same time, civil engineers improved and maintained bases for the Air Force. Air Force
size peaked in 1956 and included 183 wings (143 combat wings) located on 162 major operational
installations. Air Force civil engineers met myriad challenges related to increasingly more powerful
jet aircraft — fighters, nuclear-capable bombers, and transports — and growing Air Force communities.
They redefined the world of fire-crash rescue. They implemented the Wherry and Capehart housing
programs to provide modern, affordable housing for Air Force personnel and their families. From 1954
to 1958, they planned and oversaw construction of the U.S. Air Force Academy.’

Air Force civil engineers were keenly aware of their professional role in the growth and devel-
opment of the postwar military. Successful Air Force careers were assured through commitment,
educational advancement, and professional development. Leaders of the Air Force civil engineering
community strove to implement a wide range of engineering programs to advance the growth and
maturation of the new Air Force.



Establishing Independence

THE NEW AIR FORCE
Air Staff Organization 1945-1947

The civil engineer organization at Headquarters U.S. Army Air Forces from 1945-1947 was similar
in structure to that which existed at the end of World War II. Two separate departments were in place;
both reported to the Assistant Chief of Air Staff for Materiel (AC/AS-4). The Air Engineer, Brig. Gen.
Samuel D. Sturgis, Jr., was responsible for aviation engineer units and troop construction in the over-
seas theaters of war. After September 1944, a new organization was established to oversee the repair
and maintenance of real property and to operate utilities at CONUS Army Air Forces installations.
The Director of Air Installations, Brig. Gen. Robert Kauch, was responsible for matters pertaining
to construction, real estate, repairs, utilities, fire protection, and other post engineer responsibilities.?

General Sturgis argued vehemently in favor of a comprehensive engineer force, not only to build
and to maintain Air Force bases, but also to perform all functions previously assigned to aviation
engineer units. He advanced his position in correspondence with the Air Board and with the secretary-
general of the board, Maj. Gen. Hugh Knerr. In May 1947, General Sturgis submitted an Air Engineer
Plan that called for the creation of an Air Engineer Service with clearly defined functions.?

The Army Air Forces argued for maintaining an organic construction capability within its engineer
organization based upon several valid assumptions. The first assumption was that the next war would
begin with a sudden attack. Oceans and distance no longer safeguarded the United States. Mobilized
forces within striking distance of potential enemies were required to be ready to project force at a
moment’s notice. A large engineer force was needed to support these requirements. The pre-World
War II concept of maintaining an engineer component at five percent of the total force was too low
to meet projected Air Force requirements. Most importantly, wartime experience had demonstrated
the importance of centralized control by the Air Force over the engineers who built and maintained
air bases, so that those engineers functioned as a strong organic part of the Air Force fighting force.*

General Sturgis’s Air Engineer Plan addressed both the requirements for engineer forces on the
home front and in expeditionary environments. He proposed creation of an Air Engineer Service,
headed by the Air Engineer in Washington, and comprising elements at all levels of the Air Force com-
mand structure. The Air Engineer Service would be responsible for constructing all bases and facilities
in active theaters of war and in occupied areas in time of peace. The engineer aviation battalion would
form the basic unit. The Air Engineer Service also would be responsible for training and coordinating
all manning, activation, and movement of Air Engineer units. For construction in CONUS, General
Sturgis’s plan advanced the establishment of a new Engineer Force at the National Defense level to
execute construction for all three U.S. Armed Services. Under this scenario, new construction for the
Air Force would continue to be undertaken through the U.S. Army Corps of Engineers until the new
Engineer Service was created.’

General Sturgis proposed a manpower structure that called for 33 Engineer Aviation Battalions
with subordinate aviation engineer maintenance companies, depot companies, firefighting detachments,
and several other supporting companies. He called for a parallel structure in the Guard and Reserve.
The total manpower requirement was 149,434 troops - 43,674 in the active Air Force and the balance
in the Guard and Reserve. His estimates for the active force were close to the figure projected by other
leaders planning for the independent Air Force. The proposed 70-group structure for the new Air Force
called for a 400,000-strong active force, including 46,958 slots designated for the Engineer Service.®

Unfortunately, the Air Engineer Service proposed by Sturgis had little chance of being realized.
The Army Air Forces, like the other U.S. Armed Services, based postwar planning on the pragmatic
military experience of World War II. The political reality of postwar America was influenced by
the sentiments of a country tired of war and national budgets that had been stretched to finance the
recent world conflict. Demobilization, economy, and reduced duplication among the Services were
the watchwords of the day.

85



86

Leading the Way

Establishment of an Independent Air Force, 1947-1951

The creation of the independent Air Force was made possible through three legislative acts: the
National Security Act of 1947, the Army and Air Force Authorization Act of 1949 passed in July 1950,
and the Air Force Organization Act of 1951. These laws addressed the structure of defense forces,
the organizational framework of the branches of the military, and the reallocation of aviation assets
and personnel.

The National Security Act of 1947 (Public Law 253), signed by President Harry S. Truman on
July 26, 1947, provided “a comprehensive program for the future security of the United States™ and
established “integrated policies and procedures for the departments.”” The Act established a National
Military Establishment with three departments: the Department of the Army, the Department of the
Navy, and the Department of the Air Force. Each department had its own civilian secretary. The first
Secretary of the Air Force was W. Stuart Symington, who previously served as the Assistant Secretary
of War for Air. On September 18, 1947, Symington was sworn into office and the Air Force came
into being.®

However, the National Security Act did not assign functions to the separate Air Force that were
equivalent to those assigned to the Army and the Navy. Initially, the Secretary of the Air Force assumed
only those functions that had been assigned to, or had been under the control of, the Commanding
General of the Army Air Forces. The transfer of functions and personnel was completed through a series
of Transfer Orders, which were Army-Air Force agreements submitted to the Secretary of Defense for
approval. Transfer orders occurred between September 1947 and July 1949.°

Civil engineering functions assigned to Air Force were detailed under Section V of the initial
implementation agreement dated September 15, 1947. The Air Force, as expected, was granted
authority to operate and to maintain its own airfields. This function had been under the control of
the Army Air Forces pursuant to War Department Circular 388 dated September 27, 1944. The Air
Force gained responsibility to “administer, direct, and supervise repairs and utilities activities at its
own installations.” Technical standards for repair and operations of utilities were to be developed by
each department acting jointly, if feasible. The Air Force was required to formulate requirements for
real estate and construction, to provide budget estimates, and to justify those estimates to the U.S.
Congress.'?

The U.S. Army Corps of Engineers was designated as the construction contracting agent for
permanent Air Force construction overseas and CONUS and for all contingency situations. This role
was formalized in Transfer Order 18 dated July 7, 1948, and Air Force Regulation 88-3 dated July 31,
1950." The Air Force role in facilities construction was limited to programming funds; to preparing
specifications, site layouts and architectural designs; and, to reviewing and approving contracts prior
to award. The transfer order specified that if Air Force requirements were not met, the Air Force had
the option to undertake the job internally or to contract for the work. Selected functions were retained
by the Army and gradually transferred to the Air Force over the next several years. For example,
although the Air Force had lobbied for responsibility for real estate affairs, the agreement stipulated
that the Army initially would continue to act as agent for the Air Force in the acquisition and disposal
of real property."

The division of troop construction responsibilities between the Air Force and the Army during
peace and wartime also were addressed. The agreement provided that service units organic to Air
Force wings automatically became Air Force units, while units that performed services common to
both the Air Force and the Army, such as engineer aviation battalions, remained Army units attached
to the Air Force. Simply stated, the Army retained the responsibility for troop construction forces for
the Air Force until the Air Force and the Army hammered out an agreement to the contrary.'

An agreement specific to troop construction was not forthcoming for several reasons. As previously
noted, the American public and U.S. Congress supported reductions in military forces and the defense
budget. Army construction battalions appeared capable of meeting the peacetime needs of both the
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Army and the Air Force. This contention was reinforced by the position advanced by the U.S. Army
Corps of Engineers, which held that its construction troops were established, well-trained, and acces-
sible worldwide wherever the Air Force might need them. On the Air Force side, the engineering force
was not yet well established. Almost all Air Force engineers had transferred from the Army and the Air
Force did not possess the personnel to oversee its own construction program or to manage construc-
tion troops. The Air Force faced the immediate challenge of building an organizational structure and
recruiting engineers to staff all echelons. Air installation officers (AIO) and personnel for installations
squadrons at Air Force bases particularly were needed. Recruitment was challenging due to the keen
competition for civil engineers among the military and private sectors in the postwar years.'

Although the National Security Act of 1947 established the U.S. Air Force, the legislation provided
no statutory authority for Air Force operations, which later was established under the Army and Air
Force Authorization Act of 1949, and became law in July 1950. This Act addressed the shortcomings in
the National Security Act. Title II of the Act defined the Air Force as comprising the regular Air Force,
the Air National Guard (ANG) while in the service of the United States, and the Air Force Reserve.
The Act set the authorized manpower for the active-duty Air Force at 502,000 personnel and 24,000
serviceable aircraft organized into 70 groups.'> Research and development activities were identified as
legitimate Air Force activities in Section 205 of Title II. This law also renamed the National Military
Establishment as the Department of Defense (DoD).!¢

The Air Force continued to fight for its own civil engineer force. In late 1950, the Director of
Installations prepared a detailed rebuttal to the “Vinson Proposal” contained in the draft Air Force
Organization Act of 1950. One proposal in this draft legislation was the transfer of the Air Force engi-
neering function to the Department of the Army.!” The legislation enacted, the Air Force Organization
Act of 1951, provided the statutory framework for the internal organization of the Air Force. The Act
codified organizational and management policies through administrative action and established the
three major Air Force commands: Air Defense Command (ADC), Strategic Air Command (SAC),
and Tactical Air Command (TAC). The legislation also codified the internal organization of the Air
Force. The Air Staff was established and comprised the Chief of Staff and the Vice Chief of Staff.
The Chief of Staff was given command over the major commands. The Air Force Organization Act of
1951 completed the creation of the Air Force as a separate and distinct branch of the U.S. military.'®

Directorate of Installations at Air Force Headquarters

The importance of installations engineers in the new postwar Air Force was acknowledged by
Secretary Symington:

As air power grows in importance and complexity, it becomes increasingly dependent
upon the facilities and services provided by the military engineer...The elements of
Air power are constantly changing. The techniques and equipment of World War 11
are already obsolete. Our new bombers are bigger; our new fighters are faster. In the
air world of tomorrow, we must work with such things as atomic weapons, guided
missiles, supersonic jet speeds, jet and rocket propulsive devices, and ever-longer
ranges. These, in turn, will require air bases and testing facilities on a much greater
scale than ever. With each passing day it becomes more apparent that the nature of our
air world of tomorrow depends to a large degree on the skill, energy, and resourceful-
ness of the military engineer. Air power can never be greater than the construction
power that backs it up."

The October 1947 organization of Air Force Headquarters integrated engineering duties into the
overall organizational structure. Air Force Headquarters comprised three deputy chiefs of staff adminis-
tering personnel, operations, and materiel. Engineering functions were placed in the Directorate of Air
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Installations within the office of the Deputy Chief of Staff for Materiel. By March 1948, the directorate
was named simply Directorate of Installations. This directorate corresponded to the U.S. Army Corps
of Engineers and the Navy Bureau of Yards and Docks. The Directorate of Installations supervised
and planned building acquisition, construction, utilization, preservation, repair, and disposal, and pro-
vided and maintained utilities. The Air Force planned and oversaw construction through its Air Force
Liaison Offices, renamed Installations Representative Offices in 1951, while the U.S. Army Corps of
Engineers acted as the Air Force’s agent for contract construction and for the acquisition and disposal
of buildings and improvements.? Although the U.S. Army Corps of Engineers oversaw Air Force
design and construction projects, the Air Force identified the need to establish its own cadre of expert
engineers to ensure that engineering specifications were appropriate for bases and support facilities.
This “in-house” engineering expertise was particularly important due to the increasing complexity of
sophisticated jet aircraft, new weapons, and guided missiles.

The Director of Installations was the staff officer with authority to supervise, approve, and disap-
prove engineering projects and functions. The directorate was organized into three divisions and two
offices.

e Engineering Division oversaw installation planning, construction, repair,
and preservation;

o Facilities Division handled acquisition, use, evaluation, and disposal of
buildings and improvements;

e Operations Division oversaw strategic war plans, units, personnel, and
equipment related to the Directorate.

e Cost and Budget Office

e Policy Office.?!

On March 19, 1950, the Operations Division was designated the Troops Division and was divided
into three branches: Mobilization Planning, Operations and Training, and Organization and Equipment.
This division was responsible for the formulation and establishment of policies and procedures, and
staff supervision over all matters pertaining to the utilization and equipping of engineer aviation units.?

Engineering functions were organized by command below the Air Staff. Each major command
had an organization similar to the Air Staff. Air Installation officers served in the command level
headquarters and had control over technical and administrative matters related to engineering on the
bases under their major command. At the installation level, the AIO served on the staff of the Wing
Commander. The AIO oversaw construction requirements, repairs, maintenance of base facilities, as
well as utilities, services, and fire protection/crash rescue services. The day to day work at the bases
was performed by the air installations squadron. The squadron staff usually comprised four officers,
supervising 80 to 100 enlisted and 100 to 200 civilian personnel.?

The Air Force actively recruited personnel to fill engineering positions. By October 1948, 53 offi-
cers had transferred from U.S. Army Corps of Engineers to the Air Force. These included 14 colonels,
23 lieutenant colonels, 12 majors, and 4 captains. Approximately 100 Engineer Reserve officers also
transferred from the Army to the Air Force. Air Force engineer staffing was further augmented through
temporary duty assignments of 170 regular and 900 reserve officers from the U.S. Army Corps of
Engineers. Three hundred fifty vacancies for AIOs remained.?* “Giving up the castles,” the symbol of
the U.S. Army Corps of Engineers, was a major career decision. Officers transferred to maintain or
improve their permanent rank. One officer, then-Col. William E. Leonhard, learned of his transfer to
the Air Force when his commanding officer bought him a blue suit.” The decision to transfer from the
U.S. Army Corps of Engineers was made often with regret, but with excitement about new opportuni-
ties offered in the Air Force.? Personnel transfers from the Army to the Air Force were completed in
1949. In FY50, Air Force civil engineering manpower numbered 25,572, comprising 5,050 officers
and 20,522 enlisted personnel.?”



Establishing Independence

Brig. Gen Robert Kauch

The directors of Installations during this time period were seasoned officers who had served during
World War II in either the Army Air Forces or with the U.S. Army Corps of Engineers. Brig. Gen.
Robert Kauch became the first director in 1944 and oversaw the transition from the Army Air Forces
to the independent Air Force. The air installations squadrons were organized under his leadership.
Between June 1948 and December 1952, four officers rotated through the director position: Maj. Gen.
Colby M. Myers, Maj. Gen. Grandison Gardiner, Maj. Gen. James B. Newman, and Lt. Gen. Patrick W.
Timberlake. Generals Myers, Newman, and Timberlake were graduates of the U.S. Military Academy
at West Point. Generals Myers and Newman held university degrees in civil engineering.”® General
Newman, who had retired in 1946 after having commanded the Ninth Engineer Command in Europe
during World War II, returned to active duty to serve as Director of Installations between March 1949
and May 1950. He went on to become the president of the Society of American Military Engineers
(SAME). In 1956, General Newman instituted the first annual award to recognize the most outstanding
Air Force installations engineer or civilian contribution to military engineering through achievement in
design, construction, administration, research or development connected with military engineering.”
The award was presented by SAME and named the Newman Medal. The first Newman medal was
awarded in September 1956 to Mr. William T. Smith, Chief of Refrigeration and Air Conditioning
Section, Maintenance Division, Assistant Chief of Staff, Installations.*

During its early years, the Directorate of Installations continued to expand. In July 1949, the Hous-
ing Office was established to oversee the Wherry family housing program. In March 1950, the Air
Staff structure was reorganized into five divisions: Real Estate (new), Troops (formerly Operations),
Construction (formerly Engineering), Maintenance (branch elevated to division), and Installations
Planning (new) (Figure 2.1). The Control Office assumed the functions of the former cost and budget
and policy offices. The Directorate of the Installations was the largest organization at Air Force HQ at
the time; personnel totaled 242 and comprised 60 officers, 4 Airmen, and 178 civilians. The mission
of the directorate was planning, acquisition, development, utilization, preservation, repair, construc-
tion, and disposal of property, as well as providing maintenance and utilities services. The Directorate
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Figure 2.1 Director of Installations Organization, 1952
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Source: Air Installations, Vol 1, Continental Air Command Manual 50-10, January 1952, 5.

of Installations also was responsible for Air Force family housing provided by private enterprise or
by other governmental agencies. On April 3, 1951, the Troops Division was discontinued and its
components were folded into the Plans Division and the Aviation Engineer Office.’! By May 1951,
the number of personnel in the Directorate of Installations increased to 327 to direct the expanding
multi-billion dollar Air Force construction program.*?

The Directorate of Installations was relocated within the Air Staff administrative structure on Janu-
ary 1, 1952. The directorate was transferred from the Deputy Chief of Staff, Materiel to the Deputy
Chief of Staff, Operations to reflect the close ties between operational readiness and base develop-
ment.** This move facilitated collaboration between the Directorate of Plans and the Directorate of
Operations in developing facility requirements for an expanding number of installations.

In June 1952, Maj. Gen. Lee Bird Washbourne became Director of Installations and served in
the position until July 1957. General Washbourne was born in the Cherokee Nation, Indian Territory
(now Oklahoma). General Washbourne graduated from the U.S. Military Academy, West Point, in
1927 and served in the U.S. Army Corps of Engineers. He earned a civil engineering degree from
the University of California at Berkeley and completed the Engineer School at Fort Belvoir, Virginia,
in 1930. He attended the Air Corps Primary Flying School at Brooks AFB, Texas, in 1931. In 1940,
General Washbourne served with the 20th Engineers (Aviation) at MacDill Field, Florida. In 1941, he
assumed command of the 805th Engineering Battalion and was stationed in Panama as engineer staff
officer with the Sixth Air Force. By the end of 1944, General Washbourne was serving in the Pacific
Theater, where he commanded the 933d Engineering Aviation Regiment. General Washbourne was
stationed in Japan at the end of World War II. He transferred to the Air Force in April 1948 and became
the AIO for the Strategic Air Command headquartered at Andrews Air Force Base, Maryland. When
the SAC headquarters moved to Offutt AFB, Nebraska, General Washbourne moved with the command
headquarters and served as Director of Installations for SAC between June 1948 and June 1952.3

Changes to the organizational structure of the Directorate of Installations continued under the
direction of General Washbourne. In mid-1952, the dual deputy director structure was adopted. The
Office of the Deputy Director for Engineering and Construction was established July 31, 1952. Col.
(later Maj. Gen.) Robert H. Curtin was appointed deputy director and Lt. Col. C. A. “Bud” Eckert
was named assistant. The new deputy director coordinated the efforts of the Construction Division,
the Architectural and Engineering Division, and the Real Estate Division. The Architectural and Engi-
neering Division was established in August 1952 to execute effective architectural, engineering, and
research and development functions. The Office of the Deputy Director for Planning and Program-
ming was established July 21, 1952. Col. J. F. Rodenhauser served as deputy director and oversaw
the Planning and Programming, and Maintenance Divisions. The Public Works Program, renamed
Military Construction Program (MCP) in February 1955, and supplemental appropriations programs
were prepared under this deputy director.*
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Mayj. Gen. Lee B. Washbourne

In late 1953 and early 1954, a comprehensive study was completed on the relationship of the
Directorate of Installations to the command and staff elements at all echelons. The purpose of the
study was to determine the most efficient and effective organizational position for the Directorate
of Installations within Headquarters, Air Force. The position of the Directorate of Installations as a
subordinate organization within a deputy chief of staff did not allow the directorate to have authority
commensurate with its delegated responsibility. General Order No. 9 issued on March 16, 1954 elevated
the directorate within the Air Staff structure and established the Office of the Assistant Chief of Staff,
Installations with three directorates: Construction (divisions: Air Force Installations Representative
(AFIR) Office, Engineering, Construction); Real Property (divisions: Real Estate, Plans and Programs),
and; Facilities Support. The Directorate of Construction was responsible for “engineering, design, and
construction of Air Force real property facilities and the development and preparation of engineering
manuals, criteria, plans, and specifications.” The Directorate of Real Property was responsible for
the “planning, programming, and acquisition of real property.” The Directorate of Facilities Support
was responsible for the “management and preservation of Air Force real property facilities.” The Air
Force Academy Construction Agency also was part of the office. In the Office of the Secretary of
the Air Force, a Special Assistant for Installations was established, as well as an Office of Properties
and Installations in the Office of the Secretary of Defense. By June 1954, the number of personnel
authorized for the Assistant Chief of Staff, Installations increased from 455 to 531.3¢

When Maj. Gen. Augustus M. “Gus” Minton succeeded General Washbourne in July 1957, the
Directorate of Installations again was restructured.>” On July 1, 1957, the directorate was realigned back
under the Deputy Chief of Staff, Operations.*® The director was supported by the Deputy Director of
Installations, Brig. Gen. William E. Rentz, and deputy directors who oversaw four divisions: Real Prop-
erty, Construction, Facilities Support, and Air Force Academy Construction. The Air Force Academy
Construction Agency was located in Colorado Springs, Colorado. Air Force Installations Representa-
tives in nine offices operated as extensions of the director’s office to oversee and coordinate Air Force
construction projects.** The authorized personnel strength of 629 for the Directorate of Installations
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Maj. Gen. Augustus M. (Gus) Minton

was reached in June 1957.* Worldwide, Installations Engineering personnel numbered 97,800 and
included 1,800 officers, 37,000 Airmen, 36,000 U.S. civilians, and 23,000 foreign nationals.*!

Programming

The early days in the Air Force were exciting and challenging. New systems and procedures were
developed for nearly every task, but the parameters for performance constantly were changing. In 1947,
the Air Force inherited approximately $6 billion in real property from the Army. The initial operating
budget for the Air Force was $2 billion.*> The few permanent bases in the Air Force inventory were
constructed for the Army Air Corps during the 1930s. Most bases inherited by the Air Force were
established during World War II and built with temporary structures. Complicating matters further
was the dynamic mission, which affected the size and role of the new Air Force. New or updated
facilities were needed on all installations and new classes of installations were necessary to support
the missions assigned to the Air Force.

Initially, the newly independent Air Force was authorized to implement a program encompassing
48 combat wings. In September 1950, the Joint Chiefs of Staff approved a 95-wing program. President
Truman endorsed a 143 combat wing program at the end of 1951. Each program was accompanied
by vastly different requirements for fighter, bomber, transport, and training forces and for bases to
support those forces.®

Within this dynamic environment, programming of funds and contracting for new construction
were continuous challenges. During 1950, the Air Force prepared its first separate budget for presenta-
tion before the U.S. Congress. The FY52 budget included funding requests for new construction and
operations and maintenance activities.* Capt. (later Brig. Gen.) William T. Meredith was instrumental
in programming in those early years as the Officer in Charge of Master Planning at HQ Military Air
Transport Service (MATS) at Andrews AFB, Maryland. His job was to assemble the construction
program to expand operations at 27 Military Air Transport Service (MATS) bases worldwide. He
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recalled, “Of course, no one had experience with programming, because after the war (World War II)
all the budgets were shut down and they weren’t authorizing anything.” Captain Meredith quickly
learned about wind roses and the lengths of runways required by specific aircraft. As he reflected,

We applied all the different criteria we knew, with specific types of aircraft, mainte-
nance facilities, support facilities, and we made up a program list. I guess it took it
about month. Then we overlaid it on all those MATS bases worldwide. We developed
our first go at a program based on those criteria. I went back in to my boss and gave
him a quick rundown on it. He looked at it and said, “It looks good to me. Take it to
the Pentagon.”*

At the Pentagon, Captain Meredith explained the MATS construction program to the head of
Programming, Mr. John R. “Jack” Gibbens. Gibbens had worked in the Installations Directorate
since 1946 after serving in World War II with the U.S. Army Corps of Engineers. During the 1950s
and early 1960s, Gibbens oversaw the Air Force construction program and would later become the
Associate Director.* MATS was the first major command to develop a program and the directorate of
installations was interested in how the construction program was crafted and its interface with base
master planning. After the Pentagon meeting, Captain Meredith was directed to submit the MATS
programming package to the U.S. Congress. Gibbens called the House Armed Services Committee
and sent Captain Meredith to the Capitol Building. Captain Meredith conferred with two congressional
staff members followed by a Congressman. As he recalled,

I said, “What do I have to do to get Armed Services approval?” He said, “You just
got it.” Ended up we didn’t talk about the program, other than I told him what was
in there and what it would do and why we needed it. He said, “We’ve got to start.
We’ve got a 48-wing buildup. We’ve got to start on the existing bases and then expand
those bases.”’

Captain Meredith met with the same positive reception at the House Appropriations Committee and in
the U.S. Senate. The entire $10 million MATS program was approved. Other major commands soon
presented their construction programs to the Pentagon for review and approval.*®

Between 1950 and 1954, the Directorate of Installations sought to establish an orderly internal
programming process to develop integrated packages to support Air Force requests for funding under
“acquisition and construction of real property.” The period from 1950 through the summer of 1953
also was a time of escalated expansion precipitated by the Korean Conflict, the increased number of
authorized combat wings, continuous changes in base missions, and the urgent construction require-
ments for the major commands. While the numbers of aircraft and personnel increased rapidly between
1950 and 1953, the preparation of bases lagged.*

The Air Force construction program was defined by the military missions established at the highest
level of the military hierarchy. The resulting policy directives and instructions then informed deci-
sions on facilities requirements at each base for inclusion in the military construction program. The
Air Force engineers, from the Air Staff through the installation-level, identified the physical facilities
necessary to meet the Air Force missions. Until the FY53 budget, funding requests for the Air Force
construction programs were presented as line items for specific projects tied to specific locations and
air bases. New programs, such as the communications systems, were initiated from planning through
programming and construction, while air base facilities required continuous upgrades to meet the
advancing technologies and operational requirements for sophisticated aircraft and to support the
increasing numbers of Air Force personnel. The construction program was balanced against competing
funding priorities for facility requirements.*
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The process for developing the annual military construction program incorporated multiple levels
of review. The Directorate of Installations issued design directives to guide base development of
projects and budget estimates. Major commands prepared requests for facilities based on the needs
identified by the air bases under their command. On the base level, construction projects were proposed
and submitted for review by the base Installations Planning Board. The board reviewed each project
proposal for compliance with the base master plan and the capacity of the existing inventory of base
facilities. Each major command compiled base-level program requests, which then were reviewed by
the major command review panel. The resulting program was hand delivered to the Directorate of
Installations.!

The Directorate of Installations received all proposed programs from the major commands. All
submittals were reviewed by working groups to ensure that the proposed projects complied with Air
Force policies and guidance, supported base master plans, and included accurate cost projections and
thorough justifications. Following review by the working groups, the proposed program was reviewed
again by the Ad Hoc Committee of the Installations Board. Higher echelons of review included the
Installation Board, the Budget Advisory Committee, and the Air Council. Once these reviews were
complete, the Air Force Public Works Program was subjected to review by the DoD, the Bureau of
Budget, and then by the U.S. Congress. The estimated time for the preparation and review of an Air
Force military construction program was approximately 10 months. The programming phase was fol-
lowed by the legislative phase, during which the budgets and justifications were reviewed and approved
by the U.S. Congress. Once the funds were authorized, projects were designed, approved, and contracts
were issued for construction. The final phase of the process was construction and acceptance of the
completed facility by the Air Force.>

Prior to 1950, approximately $310 million was appropriated to expand and to modernize Air
Force bases. Approximately 20 percent of this total appropriation was available at the beginning of
the Korean Conflict. By June 1951, appropriations rose to $1.65 billion and the Air Force had approxi-
mately $1 billion of work under contract. In the FY52 programming cycle, the Programs Branch of

Table 2.1 Air Force Military Construction Program Appropriations, 1951-1953

Appropriations Amount Date Purpose

FY51 Basic Program $139.8 million | September 1950 | Tied to 48 wing force

FY51 $227 million September 1950 | Covered essential pavement
1st Supplemental Program upgrades, fuel storage and

communications facilities for Air
Defense Command interceptor
fighters in CONUS and some
overseas construction

FY51 $804 million Fall 1951 Geared to 68-84 wing force

2d Supplemental Program

FY51 $282 million May 1951 Anticipated 95 wing build up,
4th Supplemental Program expansion of 12 training bases,

and overseas construction in
the United Kingdom and
Thule, Greenland

FY52 Basic Program $102 million Fall 1952 Basic Program

FY52 $2.071 billion Fall 1952 To build up to 95 wings
2d Supplemental Program

FY53 Basic Program $1.2 billion Fall 1952 To build up to 143 wings

Source: Col. Robert H. Curtin, “Air Force Construction, Its Organization and Planning,” Thesis submitted
to the faculty of the Air War College, Air University, Maxwell AFB, Alabama, 1954, 96-102.
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the Construction Division submitted an internal request for $7.7 billion to address deficiencies at Air
Force bases and for construction required to accommodate the expanded Air Force size of 95 combat
wings. During internal reviews, the Air Staff reduced this amount to $5.5 billion; the DoD further
reduced the amount to $3.58 billion. The FY52 Air Force appropriation approved by Congress totaled
$2.173 billion.> Table 2.1 presents Air Force military construction program appropriations between
FY51-FY53.

The amount of funding appropriated for construction, the large number of facilities required, and
continuous changes in base uses overtaxed the Air Staff procedures to program, design, contract, and
monitor construction work. The announcement to increase the number of combat wings to 143 by
1955 prompted a comprehensive review of the current Air Force MCP in early 1952. Adopting the
name Operation SNowBaLL I, the Air Staff, AFIR offices, and major command staffs reviewed the
appropriated MCP budgets line by line and project by project and determined that half of the projects
required revisions to support the increased number of combat wings and charges in base missions.
Under Operation SNowBALL 11, design directives were revised and reissued. In fall 1952, construction
projects were ready to be fielded. As a result of the FY52 program review, management controls were
strengthened and funding restrictions imposed. Thorough justifications for expenditures were made
mandatory and greater attention was paid to management and cost containment.**

Time constraints for the preparation of the FY53 budget, submitted in April 1952, necessitated that
expenditures be justified after the budget approval. The Air Force was afforded maximum flexibility
in allocating the appropriation, provided that an average of $120 million in funds was contracted
per month. Failure to meet this contracting average would result in a zero appropriation for FY54.
Operation SNowBALL 11T was activated to support this goal. Between October and December 1952, a
total of only $265 million of construction contracts was awarded. In January and February 1953, the
numbers of construction contracts rose as projects were cleared and design directives were sent to
the field. However, the Eisenhower administration imposed a freeze on all construction projects in
February 1953. Directed by the Bureau of Budget and the Office of the Secretary of Defense, the freeze
affected all projects not yet under contract and projects under 20 percent completed. The purpose of
the freeze was to review all programs for “essentiality.” This review delayed Air Force construction
projects for several months. As funding was released for contracting, the number of Air Force wings
was revised downward to 127. This change in overall size of the Air Force necessitated yet another
round of redesign and reprogramming of the available construction funds.>

During 1954-1955, the Air Staff worked to commit the $5 billion in funds appropriated between
FY51 and FY53. In FY55, the MCP received a new authorization to expend $398.7 million and the
authority to reprogram $436.5 million.*® For the FY56 budget cycle, the Air Staff implemented a
change in procedures. Beginning with this cycle, the Air Staff programmed complete project pack-
ages that included construction costs, as well as supporting costs for each facility. Supporting costs
included such items as parking lots, sidewalks, and utility connection costs.’” A further improvement in
programming process was introduced with submittal of the FY61 MCP prepared in 1959. Each major
command presented its program to the Air Staff MCP panel, which greatly assisted in justifying the
overall program to the DoD and the U.S. Congress.*®

Beginnings of a Professional Development Program

Maj. Gen. Lee B. Washbourne’s vision for the Air Force installations engineers was one of pro-
fessionalism. Civil engineers were “no longer just the plumbers and things like that. His vision was
that the civil engineers were as important to the Air Force as other functions and they needed to build
themselves up into that posture.”® General Washbourne convened the first worldwide Installations
Command Conference in November 1954 in Washington, D.C. Installations engineers from all major
commands attended. The purpose of the conference was to familiarize all command engineers with the
latest developments in personnel, equipment, construction, real estate, programming, maintenance, and
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related functions, as well as to facilitate discussion through question and answer sessions.®® When the
second worldwide conference was held in 1955, 72 officers and civilians participated in a three-day
event.®! General Washbourne also instituted a monthly newsletter for circulation among all installations
engineers entitled the Installations Engineer Beacon.

Installations Engineer Beacon

During the mid-1950s, efforts were made to improve [ T
communication among Air Force engineers. One effort was the INSTALLATIONS
monthly newsletter entitled Installations Engineer Beacon. The eng ineer

firstissue was published in March 1954. Assembled and published BEAC ON
at Air Force Headquarters, the purpose of the newsletter was A
to “spread vital knowledge of the latest developments in the \’.J

L
o

Installations Engineering field” to far-flung field personnel. The
newsletter informed Air Force installations engineers about the i i s
latest policies, procedures and trends in planning, design and | . =_--_——..-“| Ah 0
engineering, and facilitated the exchange of ideas and solutions |-~ « . &&=
to common challenges. The 8-to-12-page newsletter contained ? F— = 3
announcements of the publication of new regulations and | g " = ==
updates in the areas of planning and programming, architectural M 1
engineering, construction, maintenance, and real estate. The Eleadguariens LEAY
newsletter was published monthly between March 1954 and
August 1958. After that, the number of pages increased, but the frequency of publication decreased
to every two to three months from late 1958 and through 1959. In February-March 1959, the
newsletter was renamed Civil Engineering Beacon to reflect the new name of the Directorate of
Civil Engineering. In all, 61 issues were printed between 1954 and 1959. In its final issue dated
November-December 1959, the Beacon described its replacement, Air Force Civil Engineer, as “a
new technical publication of professional caliber, aimed directly at the Civil Engineer throughout
the Air Force.”®

A major restructuring of the installations engineering officer career field occurred during 1955 and
1956. A study conducted in late 1955 found that professional training requirements in the installation
officer career field were inadequate and that the field lacked Air Force Specialty Codes (AFSC) com-
mensurate with its widely varied duties. As a result of the study, the AFSC 5524-Installation Officer
was withdrawn and replaced with five new AFSCs: 5525-Installations Engineer; 5534-Construction
Engineer; 5544-Maintenance Engineer; 5554-Utilities Engineer; and, 5564-Planning Engineer. Brig.
Gen. C. Brown Pratt, Deputy Assistant Chief of Staff, Installations, praised the expansion of the
career field classifications. The move, he said, was designed to “give more professional status to our
Installations Engineers, provide higher educational opportunities for them and generally make our
career field more attractive [for recruitment]. We also expect that these changes to the career field will
identify our engineering talents and enable us to better classify our people, better assign them and get
the right man on the right job.”*

The new AFSCs carried the requirement that officers have a Bachelor of Engineering degree. An
advanced degree in either engineering or management became a prerequisite for advancement in some
fields. By 1958, only 46 percent of officers held bachelor degrees and only 5 percent of officers had
advanced degrees. Another study of the Air Force civil engineer career field revealed an imbalance
between the numbers of military and civilian personnel. A plan to correct the problem within three years
was developed. The plan was designed to make the installations engineer officer and Airman career
fields more attractive in an effort to retain personnel. The study also revealed an imbalance between
low and high skill level authorizations in CONUS to support overseas requirements.*
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The focus on increasing professionalism in the career field intensified after Maj. Gen. Augustus M.
“Gus” Minton was appointed Director of Installations in July 1957 and continued through his tenure
as Director of Civil Engineering. General Minton transferred to the position after serving as base
commander at Chanute AFB, Illinois. Though educated as an engineer, General Minton received a
Bachelor of Science degree in education. He held a Master of Science degree in business administration
conferred by the Harvard Business School. General Minton also was a registered mechanical engineer.
During World War II, he was instrumental in building the Army Air Corps training program. He then
served as deputy chief of staff of administration for the Twentieth Air Force stationed in Guam.%

During his tenure, General Minton continued the worldwide conferences. Beginning in 1958, the
worldwide conferences were held at Ramey AFB, Puerto Rico. General Minton also established the
new professional publication entitled 4ir Force Civil Engineer. He led a concerted effort to instill all
civil engineers with the values of professional development, higher education, continuing education,
and professional registration. Reflecting on the training level and role of civil engineering, General
Minton noted “a frightening decline in educational quotient of our people, and it has become evident
at a time when the volume and complexity of the Civil Engineering tasks are increasing profoundly.
The situation has become quite serious; for I regard education, competence and capability as somewhat
synonymous.”

On November 20, 1958, General Minton, at the direction of Headquarters U.S. Air Force, inaugu-
rated a formal professional development program. In a letter to all major commands, General Minton
requested each major command civil engineer “to undertake and pursue an active plan to have our
eligible engineers become registered as Professional Engineers and affiliated with professional societ-
ies.”®” The professional development program was a major topic at the 1958 World-Wide Installations
Engineer Conference held at Ramey AFB, Puerto Rico. There, Col. Clarence A. Eckert, Director of the

> - -

A group photo from an early Air Force Civil Engineer worldwide conference at Ramey AFB, Puerto Rico.
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Installations Engineer School at Wright-Patterson AFB, Ohio, outlined a program which comprised
four components:

Establishment of professional goals and standards;

Improved availability of educational opportunities to reach established standards;
Control over input and upgrading of all officers; and,

Effective utilization of skills obtained through professional education.®®

b S

In 1959, the Air University Civil Engineering Center unveiled two resources to support officers
and civilians interested in formal registration as Professional Engineers. The center targeted recent
engineering graduates and engineers active in the Civil Engineer career field; both were encouraged
to prepare for the State Professional Engineer Examination, to qualify for an Engineer-in-Training
Certificate, or to pursue a Professional Engineer License. One resource offered by the center was a
two volume “Self Study Guide;” the second resource was professional engineer preparatory courses.
The study guide was intended for those requiring a refresher course to prepare for the exam. The
guide offered general information on applying for registration as well as sample questions gleaned
from state exams.®

Preparatory courses covered conventional engineering topics. Students selected from a variety of
courses, depending on their interests and needs. One group of courses was categorized as refresher
courses and included electricity II, hydraulics 11, mathematics and measurements II, and a course in
reinforced concrete. The second group of courses focused on the application of engineering principles
and included chemical engineering, civil engineering, electrical engineering, and land survey. A course
in engineering economics and practice was recommended to students, since the subject applied to many
aspects of engineering covered in the examination. Students and practicing engineers were supported
as they prepared for professional registration. They were encouraged and afforded the guidance neces-
sary for registration to be an achievable goal.”

BUILDING THE PERMANENT BASES

On June 30, 1950, the 210 Air Force installations supported 48 groups. By June 30, 1951, the Air
Force maintained 232 major installations and was requesting authorization for 77 additional bases to
accommodate the 95-wing program. When the expansion to a 143-wing Air Force was announced in
late 1951, the Air Force found itself “sadly behind in its installations, both in the United States and
abroad.”” The inventory of CONUS bases included the 232 active air bases, 33 industrial plants, 45
inactive bases, and 14 excess bases; 85 bases were located overseas. Only a handful of permanent air
bases in CONUS were constructed prior to World War II. Most World War II air bases were designed
for training and not suitable for conversion to operating bases, particularly for highly specialized
SAC and ADC facilities. In addition, surviving World War II air bases were not strategically located
to support then-current national air defense objectives or within efficient striking distance of potential
enemy targets.

The building stock on the World War II bases comprised temporary wood-frame mobilization
buildings, which did not meet the design criteria to support the sophisticated aircraft in use by the
modern Air Force of the early 1950s. High-performance jet aircraft, long-range heavy bombers, and
military transport aircraft required long runways, strong pavements, large taxiways and parking aprons,
runway overruns, long clear zones and established approach corridors, and large hangars; these features
were not available on the World War II temporary bases. Fuel consumption rates of high-performance
aircraft were nearly three times that of World War II aircraft necessitating large fuel storage facilities
and high-speed refueling systems. In addition to operating bases, modern training bases also were
needed with facilities for individual and combat crew training, including classroom buildings, and link,
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bomb, and navigational trainers. Troop and family housing, operating and administrative facilities,
medical facilities, and shops also were required to support the modern Air Force. New facility design
criteria also included climate controls, advanced fire suppression systems, and noise controls. Apply-
ing the minimum requirements for contemporary air bases, every CONUS and overseas base required
substantial expansion and/or facility improvements to accommodate new aircraft, new missions, and
the new Air Force. The first base to be developed following modern design criteria was Limestone
AFB, Maine (renamed Loring AFB in 1954), which was under construction in 1950.7

Air Force Installations Representatives

The U.S. Army Corps of Engineers or the U.S. Navy acted as construction agents for the Air Force
MCP. The MCP relied entirely on contracts with architect-engineer firms and construction firms to
execute projects. Ninety percent of Air Force construction was contracted through the U.S. Army Corps
of Engineers. Approximately 85 percent was handled by state-side district Corps offices, while the
remaining 5 percent was administered through overseas Corps offices, such as the Joint Construction
Agency in Europe or the Okinawa Engineer District in Japan. The remaining 10 percent of Air Force
construction was administered through Air Force major commands, primarily the Air Materiel Com-
mand (AMC), the Far East Air Forces (FEAF), and the U.S. Air Forces in Europe (USAFE). AMC
contracted directly with firms for the construction of specialized test facilities, such as engine test cells
and other highly technical maintenance facilities.” As the 1950s progressed, the Bureau of Yards and
Docks of the U.S. Navy assumed approximately 10 percent of the Air Force construction program.”

Air Force Installations Representatives (AFIR) served as liaisons between Air Force units, which
developed the project construction requirements, and the construction agents, who contracted the work.
Known as Air Force Liaison Officers during World War II, the AFIRs played an increasingly important
role in executing the Air Force MCP. The AFIRs’ primary responsibility was to ensure that funds
appropriated through Congress were used properly and that Air Force construction was completed
according to specifications and within budgets. The AFIR offices originally were co-located with the
U.S. Army Corps of Engineers District offices. During 1951, 10 AFIR offices were operational and
located in Boston, Massachusetts; New York, New York; Atlanta, Georgia; Cincinnati, Ohio; Omaha,
Nebraska; Dallas, Texas; Portland, Oregon; San Francisco, California; Casablanca, Morocco; and,
Anchorage, Alaska.

Staffing levels were increased substantially. In 1950, 13 officers and 8 civilians served as liaison
officers; by May 1951, AFIR staff was increased to 64. By the end of 1951, AFIR field offices were
manned by 60 officers and 65 civilians. Field offices typically were directed by a Colonel who oversaw
an average of 7 officers and 13 civilians. Additional AFIR offices were established to meet growing
construction demands related to the Korean Conflict.”

In March 1952, AFIRs were placed under the Operations Branch in the Construction Division
within the Directorate of Installations; the following month, AFIRs were re-aligned to report directly
to the Chief of the Construction Division.” Among the responsibilities vested with AFIRs was the
“authority for the approval of site location plans, preliminary construction plans and outline specifica-
tions for Air Force construction financed from ‘acquisition and construction of real property’ funds.””’

In 1952, the Vice Chief of Staff for the Air Force authorized an expanded number of AFIR offices
and increased the staff size. This action raised the number of personnel in AFIR field offices to 77
officers and 129 civilians to keep pace with the increased construction demands. A new office was
established in Paris. The duties of the AFIR offices were expanded on 10 March 1952. AFIRs were
given the final review authority for preliminary plans and specifications, and authorized to approve
line item cost modifications to awarded contracts within a 20 percent ceiling.”

AFIR responsibilities were codified in Air Force Regulation (AFR) 93-17, which was first issued
in December 1953, and re-issued in 1954. Selected responsibilities detailed in this AFR were:
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General field surveillance of construction being carried out by a construction agent;
Assigning priorities to the construction agent;

Ensuring that Air Force design criteria were received by the construction agent;
Approving site selection for facilities in accordance with installation master plans;
Reviewing installation master plans;

Coordinating all phases of design and planning of facilities with the construction agent and
major commands;

Approving preliminary construction plans and cost estimates;

Reviewing bidding documents;

Authorizing and approving design and program adjustments and change orders;
Conducting field visits to monitor construction progress;

Maintaining adequate and continuous surveillance of project costs; and,

Reviewing monthly reports on the progress of maintenance projects for installations.”

A major addition to AFIR responsibilities was writing design instructions for the construction
agents. While this function increased the workload within the offices, it also increased efficiency in
communicating directly with the construction agents. The South Atlantic AFIR was the first office to
issue a written design instruction in April 1954. By June 30, 1954, that office issued over 390 design
instructions and/or modifications for 825 line items for new construction. AFIRs also became more
involved in the overall programming process. AFIR personnel assisted base and major command
personnel in developing program submissions, project siting, and design criteria. AFIRs were heavily
involved in formulating the FY55 and FY 56 military construction programs. The advance knowledge

i F : o
= - : <

Members of the Air F rce Installations Representative Office, Southwestern Division, Dallas, Texas, 1954.
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of proposed projects gained through this involvement was an advantage to the AFIRs once funds were
approved to contract selected projects.®

By 1954, AFIR offices were located in the Missouri River Region, New England Region, Ohio
River Region, Southwest Region, South Atlantic Region, North Atlantic, North Pacific Region, South
Pacific Region, East Ocean Division, and Mediterranean Division.®! As the range of Air Force construc-
tion programs expanded, so did AFIR responsibilities. Additional programs included the construction
of communications stations and family housing.®* AFIR responsibilities in the family housing program
extended to the coordination of real estate acquisition, approval of siting, consultation on utilities
requirements, and technical advice on engineering problems.? In 1959, AFIR was renamed Air Force
Regional Civil Engineer (AFRCE).

Construction Programs

All major commands required the addition of new installations or new or improved facilities at
existing air bases to execute their missions. Between 1951 and 1953, the Air Force MCP was allo-
cated over $5 billion in appropriations. Of this total amount, 56 percent was spent in CONUS and 46
percent was spent for construction overseas. Fifty-five percent was spent on permanent construction
while the remaining 45 percent was directed towards temporary facilities.* A breakdown of Air Force
expenditures per dollar is detailed in Table 2.2. In CONUS, work in the Northeast and Atlantic areas
accounted for a higher percentage of the total construction budget.?’ In 1951, the Air Force MCP was
compiled on a few sheets of letter-sized paper. By 1954, the Air Force MCP comprised “volumes
of machine record productions that listed the hundreds of locations and the scores of line items of
construction” planned for each location.

The Directorate of Installations formulated construction standards, definitive designs and outline
specifications, installations facilities requirements, standard nomenclature and coding for facilities, and
costing instructions to manage the MCP during the early 1950s. Permanent construction was defined
based on a life expectancy of 25 years. The useful life of semi- permanent construction was 10 years.
These construction standards were introduced in the FY51 2d Supplemental Program.®’

The development of definitive designs and outline specifications supported the Air Force MCP.
The first design manual for standard definitive designs was issued by the Architectural Branch of
the Construction Division in 1950.%8 In 1951, the Architectural Services Branch of the Directorate

Table 2.2 Typical Air Force Construction Dollar (FY50-51)

Airfield pavements 20 cents
Liquid fuel storage/dispensing facilities 8.9 cents
Communications, navigation aids facilities 4.6 cents
Operational and training facilities 17.5 cents
Maintenance facilities 2.1 cents
Troop Housing/messing 15.9 cents
Family Housing 2.2 cents
Utilities 12.9 cents
Real estate acquisitions 1.3 cents
Medical facilities 2.9 cents
Storage facilities 6.2 cents
Operational Shops 1.6 cents
Administration and community facilities 3.9 cents
Total $1.00

Source: Col. Robert H. Curtin, “Air Force Construction, Its Organization and Planning,” Thesis submitted to
the faculty of the Air War College, Air University, Maxwell AFB, Alabama, 1954, 107.

101



102

Leading the Way

of Installations released definitive design drawings developed by Mills & Petticord. The U.S. Army
Quartermaster Corps historically employed standardized designs during peacetime for a variety of
permanent common cantonment buildings. Standardized plans also were developed by the U.S. Army
Corps of Engineers during World War II for temporary mobilization construction to facilitate rapid
construction and economy in materials. The purpose of Air Force definitive drawings was to develop
standardized floor plans, building requirements, and space allotments to guide final design and con-
struction. The definitive drawings and outline specifications provided the Air Force instructions to
the U.S. Army Corps of Engineers and to the architect under contract for each project. Architects
selected for projects were responsible for developing site plans, working drawings, utility layouts,
and detailed specifications. The outline specifications provided general guidance for the selection
of building materials within the parameters of function and budget. Functional and efficient designs
without embellishments were preferred. Prefabricated construction was encouraged, as well as the use
of new materials and construction methods. The Outline Specifications in Air Force Manual (AFM)
88-15 also directed:

It is not considered essential that new structures conform with the established style at
existing installations. It is desirable instead that the designs be consistently economical
and generally in harmony with the simple contemporary architectural trends, devoid
of any details or ornamentations, applied purely for the sake of embellishment. Full
advantage should be taken of the use of the natural textures and color of the materials
employed as well as of the variety afforded by the properly selected color schemes
where paint is applied.¥

Definitive designs were issued for common building types found at typical Air Force bases. These
building types included dormitories, mess halls, guardhouses, chapels, theaters and administration
buildings. Operations buildings included a wide range of buildings to support new aircraft. Unlike
the single, all-purpose hangar design used throughout World War I, definitive designs were prepared
for various hangar types: alert, readiness, double cantilever, and nose. New building types included
the armament and electronics building, aircraft maintenance building-engine build-up building, and
celestial navigation trainer building. Specialized building types included communications buildings,
operations buildings, and technical training buildings. Designs for the range of building types were
developed using modern materials with minimal ornamentation.”® The definitive designs were dis-
tributed to all U.S. Army Corps of Engineers district offices and AFIRs. Definitive designs were
implemented with the FY51 construction program and published in AFM 88-2.”!

Following the Korean Conflict, the Air Force’s definitive designs were substantially revised based
on field experience and peacetime facilities requirements. In December 1954, the Assistant Chief of
Staff, Installations initiated the review of existing definitive drawings and the preparation of revised
definitive drawings and standard working drawings, as appropriate. The revised plans emphasized
improved livability standards and more aesthetically pleasing architectural designs for personnel
support buildings, including dormitories, chapels, post exchanges, theaters, and other community
buildings. In 1956, 200 definitive drawings were scheduled for development or revision by the seven
architect-engineer firms engaged in the program. The architect-engineer firms prepared definitive work-
ing drawings and other studies to support the development of designs for facilities included in the MCP.
Definitive designs were prepared for standard Air Force family housing, hospitals, Air Force Reserve
facilities, and support facilities for guided missiles and other engineering structures. New and revised
design criteria also were released for alert hangars, shelter ready fighter aircraft, maintenance docks,
and aircraft weapons calibration shelters. By mid-1957, nearly all the definitive drawing designs were
completed, approved, and distributed to field agencies. Units in the field reported that the drawings
were satisfactory and contributed to substantial savings in construction costs.”
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Selection of the appropriate plans from the definitive drawings for construction on specific air
bases was guided by the publication entitled USAF Installations Facilities Requirements issued in July
1951. The requirements book specified facilities by mission and base function.”® The book contained
data on the quantitative fixed facility requirements for specific missions at Air Force installations.
These data were used throughout the Air Force as a yardstick for developing the FY53 budget. This
publication was continuously revised.’

Standard nomenclature was introduced to facilitate consistent recordkeeping for the entire Air
Force construction program using business machines. The nomenclature was published in AFM 93-2:
Installations Facilities and Structures Manual, which was retitled in 1956, Real Property Standard
Codes and Nomenclature.*

Accurate cost estimates were critical in managing the Air Force MCP. Budgeting concerns included
estimating methods and the calculation of cost escalations to adjust budgets for cost increases from
the construction estimate and actual construction. Initially, national average unit costs were adopted;
these averages were later refined to account for area cost factors. Overseas construction was linked
to an overseas cost index. In some situations, on-the-ground costing methods were employed by the
U.S. Army Corps of Engineers and the AFIRs.”

The MCP and operations and maintenance funds financed new construction and modernization
programs instituted by the Air Force in response to changing mission requirements. As the 1950s
progressed, several major factors affected the construction program. One was the 1954 adoption of
the Emergency and Long-Range Dispersal policy that affected the positioning of SAC and ADC units
in the United States. The objective of this policy was to reduce the vulnerability of U.S. aircraft to
enemy attack by limiting the number of aircraft at each base and by widely dispersing units at strategi-
cally located air bases. The dispersal strategy was intended to increase the number of intact aircraft
available to launch in a retaliation following a nuclear attack. New air bases were required to adhere
to this policy, particularly in the northern United States. In April 1955, a program was proposed to
implement the Emergency and Long-Range Dispersal policy. The proposed program would disperse
the strike force based on a formula of one heavy bomber squadron per base or one medium bomber
reconnaissance wing per base; SAC, alone, needed 34 new bases for implementation of the program.
The total estimated construction cost for the 69 new installations necessary to support the complete
program was $786 million for facilities and $58.5 million for family housing. Air bases were examined
for their potential to support multi-mission capabilities.”’

The Air Force also worked to upgrade and modernize airfields throughout the 1950s. Runways and
support facilities were vital to all Air Force operations. During the 1950s, runways were reconfigured
radically and support facilities were expanded. The intersecting runway configurations favored prior to
1945 were replaced by straight runways of greater length. Jet aircraft required runways measuring 200
feet wide by 10,000 feet long, while bombers required runways measuring 300 feet wide and extending
11,000 feet. In the early 1950s, asphalt was the primary material used to construct permanent runways.
As new aircraft exceeded the weight limitations of the material, the asphalt runways failed. The larg-
est aircraft flown in World War II, the B-17, weighed 75,000 pounds, while the B-52, which entered
service in 1955, weighed over 385,000 pounds. Aircraft tire pressure increased from 65 pounds per
square inch to 300 pounds per square inch for some aircraft. In addition, heat blasts from jets caused
pavement to break down and broken pavement damaged aircraft engines. Fuel spills contributed to
asphalt failure. In response to these problems, the Air Force unveiled a policy on January 18, 1956
to build all primary airfields in concrete using Portland cement. On May 25, 1956, airfield pavement
criteria were refined to incorporate standards for heavy duty load pavement. Such pavement accom-
modated a dual-tire B-52 aircraft weighing 456,000 pounds. Runway construction was expensive and
often reached $3 million per air base. Air Force civil engineers examined the problem and proposed
a cost effective solution. Engineering requirements did not mandate a consistent concrete thickness
throughout a runway. A successful structure only needed a thick center keel of approximately 50 feet
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Barracks constructed in 1959 at Selfridge AFB, Michigan.

in width and keels of similar dimension along each side of the runway to support wing gear. This
design modification saved money and reduced downtime for base operations.*®

Modernization of Airmen dormitories was another long-term project initiated by the Air Force civil
engineers. Until the 1950s, Airmen occupied traditional Army barracks. Airmen lived in large, open
squad rooms and shared communal showers and bathrooms. The Air Force Directorate of Installations
campaigned for quarters affording privacy and an end to communal bathrooms. SAC designed and
constructed a barracks prototype in steel with semi-private baths shared by flanking rooms. The Air
Force requested permission from the DoD to develop a masonry version of the SAC dormitory. The
DoD initially granted approval to the Air Force and a finite number of new style dormitories were
constructed between 1953 and 1955.%

In 1955, the DoD completed a tri-service study of dormitories and rejected the dormitory design
with bathrooms flanked by dorm rooms. The ceilings for dormitory construction in FY55 were $1,700
per man for permanent and $1,400 per man for semi-permanent dormitories.'® The Air Force continued
to argue for modern dormitories. The DoD authorized the Air Force to procure bids for two dormitory
designs, including the SAC steel type dormitory, at three representative locations. Construction bids for
the preferred Air Force option, masonry dormitories with bathrooms flanked by dorm rooms, were the
lowest bids received for two sites. In March 1957, the Assistant Chief of Staff, Installations presented
the cost evaluation of all bid abstracts to the DoD with the request for authorization to proceed with
construction of the masonry SAC type dormitory. The Secretary of Defense ultimately denied the
request.'® In 1959, the Directorate of Installations again requested permission to construct dormitories
with semi-private baths as opposed to the traditional communal toilets. The DoD authorized a pilot
project to secure cost data for the two designs through competitive bid. The pilot study revealed that
construction costs for dormitories with semi-private baths were $2,018 per man versus $1,823 per
man for communal toilets.'??

Since permanent replacement dorms were removed from the MCPs, the Directorate of Installations
initiated an extensive modernization program for existing facilities. In early 1959, a prototype dormi-
tory modernization project was underway at Bolling AFB, Washington, D.C. A Barracks Modernization
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Program further was developed in fall 1959, from requirements identified by the major commands. The
objective of the program was to produce high standard living quarters for Airmen at approximately
half the cost of new construction. In 1959, 386 buildings containing quarters for 15,109 men were
modernized at a cost of $15 million secured from the O&M appropriation.'®

Air Force civil engineers also pushed for the use of pre-fabricated buildings during the 1950s. In
1951, a study was conducted to assess the utility of pre-fabricated structures; it was concluded that
such structures were suitable for shops, warehouses, and general purpose buildings. By the end of the
1951, 1,200 prefabricated structures were purchased at a cost of $3.3 million and installed. Policies
for appropriate use and revised criteria for pre-fabricated buildings were formulated during 1953 and
published in 1954.1%

SPECIAL PROJECTS

Air Force civil engineers at the directorate and major command levels were involved in plan-
ning, programming, and monitoring for a variety of special projects throughout the 1950s. These
projects included family housing, communications facilities, missile facilities, and the U.S. Air Force
Academy. In some cases, such as family housing and the U.S. Air Force Academy, Air Force civil
engineers assumed responsibility for all aspects of the project. In others, they served as part of the
team that planned and supported the completion of facilities critical to U.S. national security. In all
cases, Air Force civil engineers managed and maintained all facilities that were encompassed under
the Air Force mission.

Wherry and Capehart Family Housing Programs

Following World War I1, military service personnel faced severe family housing shortages. Several
factors contributed to this shortage. One factor was the increased number of personnel required to
maintain the post-World War II permanent U.S. military establishment. These numbers were much
larger than in any previous time of peace. At the same time, the number of families increased, particu-
larly after the higher ranks of enlisted personnel were allowed to serve accompanied by families. In
addition, personnel serving in the Air Force supported increasingly sophisticated weapons systems that
required high levels of technical skills. Providing military family housing comparable to contemporary
civilian housing was one strategy used to attract and retain qualified personnel in military service. %

The newly created Air Force had the least number of family housing units at air bases. In 1949, the
Air Force inventory contained 17,954 family housing units at its air bases; 6,397 of these units were
deemed substandard. In comparison, the Air Force estimated that 121,000 family housing units were
required to house its personnel. This housing had to be supplied against the backdrop of supplying
an estimated 20 million homes to the civilian population over a twenty-year period. By 1949, only
5,225 new housing units had been constructed for the Air Force through Congressional appropriations,
and the necessity for a new housing program was recognized fully.’°® The Air Force Family Housing
program of the 1950s became the largest housing effort ever directed by a single Federal entity.*”

The military family housing shortage attracted the attention of Senator Kenneth Spicer Wherry
of Nebraska when military installations located in his state were affected by the housing shortage. On
February 21, 1949, Senator Wherry proposed a bill to encourage private sector developers to construct
military family housing. Wherry’s bill authorized the Federal Housing Administration (FHA) to insure
private rental housing on or near permanent military installations. Previously, the FHA had determined
that rental housing developments near military installations presented unacceptable mortgage risks
due to continuous military transfers and the uncertain status of military installations. Senate Bill
1184 established a Military Housing Insurance Fund administered by the FHA to underwrite loans
for projects near military installations certified as meeting a genuine need for housing at a long-term
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installation where no personnel cuts were anticipated. Senate Bill 1184, Wherry Act, was signed into
law on August 8, 1949 by President Harry S. Truman and extended to July 1, 1951.1%8

While Congress debated the Wherry Act, the Air Force developed guidelines during 1949 to
implement the anticipated legislation. Many of the preliminary guidelines were codified formally in
AFR 93-7, Installations-Control Procedures, Air Force Implementation of Title VIII of the National
Housing Act. The AFR outlined responsibilities for all parties involved.'®

Once the Wherry Act was officially adopted, installation commanders appraised their base housing
situations and estimated the number of Wherry units needed to satisfy housing demand based on current
and past demographics. Air Force installations were found eligible for the program following formal
approval by the Vice Chief of Staff of the Air Force and high-level deputies. The Housing Office in
the Directorate of Installations monitored the program closely. Initially, 39 Air Force installations were
selected for the program. Following formal approval, bids were solicited to construct Wherry projects.
Private contractors were selected based upon the proposal that best met cost and design requirements.
Initially, the U.S. Army Corps of Engineers acted as the construction agent and manager for Air Force
projects. In November 1953, the Air Force successfully lobbied to transfer responsibility from the U.S.
Army Corps of Engineers to the Secretary of the Air Force. Under DoD Directive No. 4165, the Air
Force assumed responsibility for selecting successful bids and for contracting for architect-engineer
services for Wherry housing projects. These responsibilities included preparing bids, soliciting bids,
and processing payments to architect-engineer firms. The process authorized under DoD Directive No.
4165 expedited schedules and reduced overhead expenses by about $5,000 per project.!'

The majority of Wherry housing was constructed on government-owned land that was leased to
the sponsor for a period of 50 to 75 years. The sponsor owned and maintained the Wherry units, which
were not classified as government housing. Military personnel rented the Wherry units using their
base housing allowance.""' The average size of a Wherry housing unit was 959 square feet. The first
Wherry project comprised 250 units at Maxwell AFB, Alabama, which were constructed in 1950. By
August 31, 1951, the Air Force inventory included 9,050 Wherry family housing units; an additional
17,788 units were under construction.!'? By June 1954, 33,217 Wherry family housing units were
added to 55 Air Force installations. An additional 800 units were sponsored prior to the expiration of
the Wherry Act on June 30, 1954.13

Notwithstanding the construction of Wherry housing units, the Air Force still confronted a family
housing shortage due to manpower levels necessitated by increased Cold War tensions. Senator Homer
Earl Capehart of Indiana sought to correct shortfalls identified in the implementation of the Wherry
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Act and to renew private sector interest in investment in housing for the military. The Capehart Act
was signed into law on August 11, 1955. Under the Capehart Act, family housing was constructed on
government-owned land and completed units were turned over to the government for administration
as public quarters.'!

The DoD required that all military branches purchase Wherry units from the sponsors under the
Wherry Acquisition and Rehabilitation program enacted in 1956 prior to the initiation of the Capehart
housing program. Col. Rio G. Lucas, chief of the Family Housing Programming Branch from 1957
to 1962, explained, “When we realized we weren’t getting the kind of service out of contractors who
owned them for maintenance and upkeep, we decided to try to buy them.... They just didn’t get any
kind of maintenance at all and were in very bad shape.”''> By December 30, 1959, the Air Force had
acquired 31,380 Wherry units and Congress allocated $3.6 million for acquisition of an additional
1,754 units."'* Wherry housing construction often was substandard due to the modest budgets estab-
lished by the legislation. Once acquired, the Wherry housing units were upgraded to accommodate
more amenities. Congress ultimately appropriated $70 million for all military branches to renovate
Wherry housing through the Wherry Rehabilitation and Improvement program.'!’

Col. (later Maj. Gen.) Guy H. Goddard was assigned to the Air Staff in 1957 to lead the family
housing division. He was given strict orders by Maj. Gen. Augustus Minton, Air Force director of
Installations,

I told him, in just a few words, that we wanted every dollar spent on every house that
you could spend on it. We wanted to get them air-conditioned where they should be
air-conditioned. In those days, there was a line of demarcation drawn for air condition-
ing. I told him, “Do whatever we can to get that changed. We don’t want any straight
streets; make them curved.” The [U.S. Army] Corps of Engineers would build them
straight. “We don’t want the houses all white. We don’t want any gaudy colors, but
tasteful blending, with winding streets.”... He worked out very well. We had the best
housing program—there’s no question about it, air-conditioning, and so forth. And
the other services complained.'®

General Goddard’s assessment of the available military housing inventory was not favorable. The
oldest housing stock was inherited from the Army and comprised masonry houses constructed between
the late nineteenth century and the 1930s. The 35,000 Wherry units “were built under a very low
standard...and were in need of renovation and air conditioning.”!"® General Goddard became the
foremost advocate for improving Air Force family housing and earned the moniker, “Mr. Family
Housing.” Maj. Gen. William D. Gilbert, director of Engineering and Services from 1978 to 1982,
noted, “[General Goddard] did more for housing in the Air Force than any other human has done in
the history of the Air Force.”'*

The Air Force, through the Housing Office, supervised all facets of the Capehart housing program
rather than relying on the services of the U.S. Army Corps of Engineers. The Air Force established the
general design criteria, including site design, exterior design, interior layout, construction standards,
and utilities. The Air Force established the number and types of housing based on occupant rank
required at each air base.'?! The process was successful according to Colonel Lucas, who summarized
the Capehart housing program,

We would advertise for architects and engineers from the region where the housing
was going to be built, so that we would be able to get the right kind of construction
for the climate and for the area. We would have a review committee and select the
architect/engineers, and we would indicate the area and the number of houses we
needed and what the types would be, based on the rank that would be living in those
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cted in the late 1950s at Vandenberg AFB, California. -

Rows of Capehart Housing constru

houses. Then we would get them to draw up the plans. And then we would advertise
for a civilian contractor, generally again in that area if we could.'?

Commanding officers continued to review and to manage the projects through the construction
phase. During 1959, nearly 22,000 Capehart units were erected at Air Force bases.!?> When the Cape-
hart housing program expired in 1962, the number of housing units added to the Air Force inventory
totaled 38,014 Wherry and 62,816 Capehart units.'**

Radar and Communications Facilities

Air Force civil engineers were called upon to support the construction of a series of complex radar-
based detection and warning systems, which were developed in response to increasingly sophisticated
military armaments. From the early years of the Cold War to the mid-1950s, the threat of Soviet
attack evolved from that posed by World War II-era bombers armed with conventional weapons to the
threat posed by hundreds of turboprop and jet bombers armed with nuclear weapons attacking from
different directions. Early detection of potential attack became critical to U.S. national defense. The
communications technology to support the early warning mission advanced rapidly. The sophisticated
communications systems necessitated that civil engineers design and oversee the construction of
complex facilities and infrastructure. The establishment of several networks of radar facilities repre-
sented a national investment of billions of dollars and presented significant construction challenges,
particularly for construction in remote arctic areas.
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Aircraft Control and Warning (AC&W) Sites

The earliest detection system, the Radar Fence Plan, was designed in 1947 and comprised a series
of 85 radar stations and 11 warning centers located in CONUS and Alaska. President Truman signed
Public Law 30 on March 30, 1949, authorizing $85.5 million to construct this system of aircraft
control and warning stations. Congress appropriated an additional $54.3 million in October 1949, and
construction was initiated in accordance with an aggressive schedule approved by the Joint Chiefs of
Staff. At Headquarters, U.S. Air Force, the Architectural Branch of the Construction Division at the
Directorate of Installations oversaw preparation of the criteria and definitive plans for the stations.
Most sites were built under contracts awarded to the private sector; the U.S. Army Corps of Engineers
in cooperation with the AFIR offices managed the construction effort.!?

Construction of the AC&W sites went into high gear following North Korea’s attack on South
Korea in June 1950; the majority of the sites were completed by the end of 1950. Work in Alaska,
however, lagged behind construction in CONUS. Site selection proceeded slowly due to the rugged
terrain. Construction was plagued by obstacles. One contractor’s financial failure forced contract
changes and substantial budget increases to correct construction deficiencies, mainly in heating sys-
tems. Three AC&W sites were located north of the Brooks Range and were built by the Navy. Despite
these challenges, 12 stations in Alaska were operational in 1953 and an additional 10 stations were
completed by 1955.1%

Each AC&W site comprised a complex of 10 to 15 wood-frame buildings that were connected by
enclosed passageways. The buildings included geodesic radar domes known as radomes, operations and
administrative space, dormitories, a power plant and utilities, and storage for fuel, food, and supplies.'?’

Special Category Army Personnel with Air Force (SCARWAF) troops built two AC&W sites in
the interior of Alaska. The 813th Engineer Aviation Battalion built the three-way tropospheric relay
station located atop Mt. Sparrevohn, 200 miles west of Anchorage, to link the sites on Big Mountain,
Aniak, and Tatalina. The site, perched on the 3,400-foot peak, was accessible only by air. In June
1951, Engineers, who had been transported by helicopter, used an air-dropped D-4 bulldozer to carve
out a runway. The cleared airstrip sloped 12 degrees and a sheer cliff marked one end. Because the
area was so poorly mapped, survey equipment was dropped on the wrong summit at least once. On
another occasion, a D-9 Caterpillar was hurled onto the top of the mountain during an air drop when
the lowering cable snapped. Despite difficulties, the 813th completed work in just six months, and the
mobile radar went into operation on December 13, 1951. Five days later, 100-mile-per-hour winds blew
the antenna down. Geodesic domes were constructed to protect the radar sites from future damage.'?

The 807th Engineer Aviation Battalion established the radar site on top of Indian Mountain,
Alaska. An existing airstrip that had once served a gold mine was upgraded and an eight-mile road
to the mountain top radar site was built. Construction began in July and was completed in November
1951. The SCARWAF units completed the Indian Mountain and Sparrevohn sites for a unit price of
$1.5 million, approximately half the cost of sites built by private contractors.'*’

Although the majority of AC&W stations were built in the United States, these sites were part
of a worldwide radar warning network that included facilities in many other countries. Ten stations
were built in the Northeast Command area in Canada. In Asia, 25 radar stations were built in Japan
and another six on Okinawa and outlying islands. In North Africa and the Middle East, construction
of 28 stations was approved for French Morocco, Libya, Algeria, Tunisia, and Saudi Arabia. Another
12 sites were built in Spain, 4 in Iceland, and 3 in Greenland. The U.S. Army Corps of Engineers and
AFIR offices were involved in these projects, all of which were completed by 1954. Stations were also
a high priority for the Special Projects Branch in the Assistant Chief of Staff, Installations. Regular
quarterly field conferences, attended by Air Defense Command, the AFIRs, the U.S. Army Corps of
Engineers, and Headquarters, U.S. Air Force representatives, were held in each Air Defense Force
area beginning in July 1954. These conferences were very effective in speeding completion of the
entire AC&W program.'3°

109



110

Leading the Way

Construction of the Pinetree Line, another series of radar warning sites, was undertaken as a joint
program with the Canadian Air Force, which partnered with the United States to build the radar detec-
tion facilities and to train and equip effective air defense squadrons. The Pinetree Line comprised 33
stations built across southern Canada to support warning and ground control/intercept activities. The
United States funded 22 stations; 12 were financed by the Canadians. The U.S. Army Corps of Engi-
neers contracted for the construction of 10 stations in northeast Canada. All were completed by 195413

Distant Early Warning (DEW) Line

The DEW Line was yet another joint U.S.-Canadian radar system. Construction of the system
faced formidable challenges due to its location inside the Arctic Circle to provide the earliest possible
advance warning of an attack. The DEW Line followed an irregular path approximating the 69th
parallel from Cape Lisburne on the western coast of Alaska below Point Barrow, across the northern
reaches of Canada to Cape Dyer on the east coast of Baffin Island near Greenland. It was the largest
construction project ever attempted in the arctic.'>

In December 1953, the Air Force awarded a contract to Western Electric Company (WECO), a
subsidiary of the Bell System, to manage the entire project, including all site construction and instal-
lation of equipment. The Office of the Secretary of Defense approved a Management Fund for all
project funds, with an initial construction authorization of $42 million. The project became a primary
effort of the Special Projects Branch in the Assistant Chief of Staff, Installations, which was tasked
with accelerating construction for the radar program in 1954. The deadline for transfer of the DEW
Line to the Air Force was July 31, 1957. The estimated cost of the system was almost $400 million.'*?

Working with the Lincoln Laboratory of the Massachusetts Institute of Technology, the Air Force
conducted preliminary tests in the vicinity of Point Barrow, Alaska, to determine the feasibility of
constructing the DEW Line so far north. In early 1953, airfields were scraped into the ice and snow
so that cargo planes could deliver tractors, machinery, building materials, and other supplies. When
the ice broke in summer, the Navy transported the bulk of the construction materials by sea through
the Bering Strait. Work began on six preliminary radar stations in August 1953; the stations were
completed and tested by the end of 1954. The results were promising, and work continued.'**

The Assistant Chief of Staff, Installations provided programming and planning support. Rufus D.
Crockett, who then served as Deputy Chief of Construction Division of the Special Projects Branch at
Air Staff, was instrumental in the success of the project. Crockett appeared before Congress to request
funding for the DEW Line. He calculated project cost estimates based on the use of metal pre-fabricated

Engineering Research in the Arctic

The Army and the Army Air Forces had undertaken research in the Arctic since before World
War II. Aviation engineers building wartime airfields in Alaska and Army engineers building the
Alaska Highway confronted problems associated with permafrost, or perennially frozen ground.
In the late 1940s and early 1950s, renowned soils engineer Karl Terzaghi worked on the physics
of permafrost to support the construction of airfield foundations in Alaska. By the early 1950s,
the Air Force also benefited from the work of the U.S. Army Corps of Engineers Research Area
near Fairbanks, Alaska, which conducted intensive studies of the structure of permafrost and had
developed designs for airfield runways, buildings, and facilities in that delicate environment. The
engineers worked with the knowledge that the Russians had been conducting organized research
on permafrost for 15 years, particularly in Siberia where they experienced failures along the Trans-
Siberian Railroad. Not all permafrost was created equal and it varied considerably depending on
the type of soil that was frozen.'*
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structures. According to Crockett, “At one point we had all the aluminum factories in the United States
tied up with just that one project. We tied up the aluminum industry for quite a while.”!%

In February 1955, the job of selecting sites and constructing the main stations of the DEW Line
was under way. The DEW Line project was divided into three sections: an Alaskan section, a western
Canada section, and an eastern Canada section. Site selection was difficult, due to the arctic dark and
limited topographic data. The 3,000-mile route passed through a variety of terrains from the flat tundra
of the arctic slope in Alaska and western Canada, to rugged mountains on Baffin Island. Engineers
used available aerial photographs, but photo coverage was limited. Many maps were inaccurate or
incomplete. Extensive aerial reconnaissance was conducted over a number of alternative routes to
select suitable sites. Each area then was surveyed for landing strips, building locations, and to identify
sources for gravel used in construction. Ground crews were flown into the area using ski planes and
made final site selections. Site data were used to generate site plans for construction purposes.'’

Construction began on approximately one-third of the stations by June 1955. Three types of sta-
tions were built: small, unmanned “gap filler” sites that were checked by aircrews every few months
during the summer; intermediate stations manned by a chief, a mechanic, and a chef; and, larger stations
manned by a variable number of operators and employees. Each main DEW Line facility comprised a
main building to house equipment, power plants, and living accommodations for personnel. A garage
housed motor vehicle equipment. The remainder of the site was devoted to towers for the antennas,
fuel storage systems, roadways, the airstrip, and, at selected locations, hangars to protect supplies and
maintain aircraft.!*® David Neufeld, Yukon and Western Arctic Historian for Parks Canada, documented
one typical station of the system:

Construction at a Distant Early Warning site.
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The station consists of a main building including residences, mess hall, radar, work-
shops, and power generators. A large warehouse and a fully equipped garage supported
the station’s activities. These buildings, a network of connecting roads, a year’s supply
of fuel oil and diesel, and an airstrip are built on a three-meter-thick pad of gravel
floating on top of the permafrost. The station is visually dominated by the various
radar and communication antennae surrounding it.'**

One innovation in building the radar sites was the use of modular, prefabricated building units.
Main buildings were erected by assembling a number of modular units end to end in train-like fashion.
Each modular unit was made of factory-built pre-insulated panels designed for easy assembly and
to withstand arctic ice, snow, and wind conditions and to conserve heat. The modular sections were
shipped to the site, and assembled to meet the design requirements of the station. Gap filler sites used
5 modular buildings, intermediate stations had 25, and main stations required 50.'*

The Bureau of Standards conducted extensive tests on the buildings used for the DEW Line,
including fire tests, vapor barrier tests, and decomposition value tests for 30 combinations of surface
materials. The structures also underwent climatic and structural tests under the supervision of engineers
at Eglin AFB, Florida.'*! Testing on acceptable pre-fabricated alternatives for replacement structures
for the DEW Line continued throughout the 1950s.

Construction of the main portion of the DEW Line from Cape Lisburne to Cape Dyer was com-
pleted by July 1957. A total of $297 million was expended in construction. The Air Force took beneficial
occupancy at 40 DEW Line stations between July and December 1956; 20 stations were accepted by
May 15, 1957. The system was operated under a modified industrial-type contract by AMC until the
completion of facilities, then turned over for operation to ADC. Transfer of operational facilities of
the DEW Line was complete by May 1958.14
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The arctic January hits a Distant Early Warning line construction camp.
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The Pinetree and DEW Lines were integrated into the Semi-automatic Ground Environment
(SAGE) system through a system of relay stations. SAGE was an automated system for the collec-
tion, dissemination, and display of radar data that was developed concurrent with the DEW Line for
an estimated total construction cost of $300 million. The entire United States eventually was covered
by the system. The Air Force awarded a comprehensive contract to the Western Electric Company for
the design and construction of the SAGE sites. A Joint Project Office was established to monitor the
DEW Line and SAGE projects, with representation from all interested commands. The North Atlantic
Region AFIR office served as the AFIR for both projects. Construction at the first two SAGE sites
began in late 1954, and the system was declared operational on June 26, 1958, when the New York
sector came on line. Air Force enthusiasm for SAGE led to the planning of an intricate network of eight
air defense regions within the CONUS and 32 SAGE direction centers. Information from the various
radar networks fed into the headquarters for the North American Air Defense Command (NORAD) at
Ent AFB, Colorado, where command of the air defense network was linked to 54 fighter-interceptor
squadrons backed up by 66 Nike-Ajax missile battalions.!*

DYE Stations

As the DEW Line neared completion in May 1957, the DoD decided to extend the project east
from Baffin Island across the Davis Strait to Greenland and then on to Iceland. Despite the knowledge
gained through past work in the far northern reaches of North America, construction on Greenland’s
polar icecap was accompanied by a new set of challenges.'*

The eastern extension included five stations: DYE-1 on the west coast of Greenland near Son-
drestrom AB, DYE-2 and DYE-3 on the icecap, DYE-4 located 35 miles off the east coast of Greenland
at the southern tip of Kulusuk Island, and DYE-5 on the southern coast of Iceland near the U.S. Navy
base at Keflavik. Engineers contended with arctic conditions and high elevations. DYE 1 was sited
at an elevation of approximately 4,800 feet, DYE 2 and DYE 3 at 7,600 and 8,600 feet respectively,
and DYE 4 at an elevation of only 1,100 feet, but on the rugged east coast where the shipping season
began and ended in the month of August.'*

Design of the two coastal stations began in early 1957. At the same time, a feasibility study was
conducted to inform decisions on construction on the icecap. The top 60 feet of the icecap comprised
compressed snow with a dry, crust surface. Beneath the snow was solid ice extending to an estimated
depth of two miles at the center. The rim of the icecap rose sharply, was deeply crevassed, and danger-
ous to traverse.'*® In the interest of increased efficiency, engineers developed designs for two-story
buildings for the stations. The building measured 107 x 176 feet and consolidated station functions in a
single structure. A radome was mounted on a seven-story central tower to enclose the four tropospheric
reflector antennas. A separate survival building was located at a safe distance from the main station
to serve as a personnel shelter in the event of emergency. Construction oversight was handled by the
East Ocean Division of the U.S. Army Corps of Engineers, whose jurisdiction extended from British
Columbia to the Azores and from the North Pole to Bermuda.'¥’

All labor and materials for the construction in Greenland were imported from the United States
and Europe. Tilt-up construction techniques were employed, similar to those used previously for the
construction of warehouses at Goose Bay Air Base in Canada, to reduce construction time to a mini-
mum. Aluminum-clad plywood wood-frame panels, known as Clement panels, were assembled in the
field. An exhaustive search for suitable prefabricated buildings eventually identified the Schokbeton, a
modular, reinforced concrete panel-and-frame structure. Panels, beams, girders, and truss members for
station buildings were cast in modular molds using pre-stressed high-strength, reinforced concrete in a
factory in Holland and then shipped to the DYE sites accompanied by erection equipment and crews.'*

Engineers also addressed unique climatic and site conditions during the project. Snow accumula-
tion, which averaged three to four feet per year on the icecap, presented a particular design challenge.
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Wind tunnel tests revealed that structures elevated on stilts allowed snow to pass underneath the
buildings, thus minimizing structural damage from drafting snow. As a result, the main DYE buildings
were elevated structures that were raised annually to accommodate the rising surface level of the ice
pack and to compensate for settlement in the structures.'*

The main structures at each installation were supported on massive columns along each elevation
designed to extend 30 feet below the icecap surface. The columns rose approximately 90 feet above
the surface of the ice. Lateral movement was controlled by interconnecting steel trusses. Each pair of
columns enclosed two 350-ton jacks. The building load was transferred to the jacks and “floated” to
correct differential settlement and to raise the structure, as necessary, above the snow. Prefabricated
column extensions made raising a building possible to a height of 30 feet, or a level sufficient to
accommodate 10 years of anticipated icecap build-up.'*

Each site also was equipped with four 100,000-gallon storage tanks for fuel oil. These tanks were
installed in the icecap and designed to withstand the pressure associated with 15 to 10 years of snow
accumulation. Fuel was delivered to the sites by air in collapsible rubber storage tanks. The icecap,
itself, was the source of potable water. Snow harvesters, consisting of cables and drag-line buckets,
operated from inside the buildings. The snow was dumped into hoppers and fed into snow melters.
Electric power at the sites was provided by 150 kW diesel generators. Nine generators were employed
at DYE 4 and six at each of the other sites."!

Construction of the two coastal DYE stations began in 1958, and work on the icecap stations was
underway in 1959. Fixed fee contracts were awarded to Danish Arctic Contractors for construction of
the coastal DYE stations and to Peter Kewit & Sons for the icecap stations. Contract provisions speci-
fied that construction equipment used in Greenland was to be provided by the government, while local
labor and materials obtained by the contractor were to be used in Iceland. Roads, airstrips, helipads,
and beaching areas were constructed during summer 1958; construction equipment and material were
purchased to initiate station construction in 1959. Contract personnel arrived on-site in early July 1958
and worked until mid-November.'>?

Construction work resumed in early April 1959 with foundation excavations. The short construc-
tion season necessitated an intense work schedule—two 10-hour shifts a day, seven days a week. All
outside construction work was completed on schedule by October 1. The stations were 63 percent
complete by that date. Interior work continued throughout the winter months. During the 1959 con-
struction season, about 13,000 tons of materials were airlifted from Sondrestrom to the icecap sites.
The contractor was responsible for maintaining the snow runways.'>

All five DYE stations were completed during the 1960 construction season. Following the instal-
lation of antennas and operating equipment, the complexes were turned over to the Air Force on
December 30, 1960.1>

Texas Towers

Despite excellent radar coverage to monitor air traffic from the north, the United States still lacked
radar coverage to ensure adequate warning of air traffic approaching from the east. Sea-based radar
platforms located 100 miles off the coast of New England provided a solution. These stations were
known commonly as the Texas Towers, because their designs resembled oil-drilling rigs used in the
Gulf of Mexico.

The Air Force proposed the construction of five off-shore platforms; three were built. They were
designed by the U.S. Navy Bureau of Yards and Docks, which also acted as the construction agent. The
New England Region AFIR monitored the project. The contract for the Texas Towers was awarded to
Raymond-Delong, a joint venture with extensive prior experience in erecting docks and oil drilling
platforms using equipment known as the Delong Air Jack.'*



Establishing Independence

The selected sites were located along the continental shelf where the elevation of the ocean floor
was shallow enough to permit construction of the platforms and far enough at sea to be strategically
important. In contrast to the medium-range radar sets used aboard Navy picket vessels, the fixed
installations made possible the installation of heavy duty, long-range radars identical to those used
at land sites. In conjunction with the other AC&W sites, the Texas Towers extended contiguous east
coast radar coverage approximately 300 to 500 miles seaward, affording at least 30 extra minutes of
warning time of an inbound enemy bomber attack.'*

Lincoln Laboratory had recommended the installation of five Texas Towers and identified the sites
best suited for positioning the radars:

TT-1 Cashes Ledge
TT-2 Georges Shoal
TT-3 Nantucket Shoal
TT-4 Unnamed Shoal
TT-5 Brown’s Bank

In autumn 1953, the Secretary of the Air Force, on ADC’s recommendation, authorized construc-
tion of all five. Funds were budgeted in fiscal years 1954 and 1955. The Bureau of Yards and Docks was
vested with the authority to conduct ocean surveys, execute design engineering, develop specifications,
and perform other services requisite to issuing a construction contract.'*’

Each platform comprised three decks, configured as equilateral triangles. The sides of the decks
measured 210 feet providing an overall surface area of approximately one-half acre. The top deck was
fitted with three pressurized radomes and a 23 x 60-foot deckhouse, which housed the radar operation
and equipment rooms. The second deck contained quarters for 54 Air Force personnel, a large mess
hall and recreation room, and two engine rooms for the four 100 kW diesel generators. The lower
deck was elevated 63 feet above sea level and out of reach of the highest anticipated storm seas. This
level housed operating equipment, such as pumps, boilers, evaporators, and storage tanks for fresh
water and fuel oil.'s®

The superstructure of the first Texas Tower (TT-2) was completed by the Bethlehem Steel Company
at its Quincy, Massachusetts, facility and was launched on May 20, 1955. The superstructure was
towed by Raymond-DeLong to the platform site on the Georges Shoal, 110 miles east of Cape Cod
with a depth of 56 feet of water. The first stage of the installation involved sinking three permanent
steel caissons 48 feet below the ocean floor. Once the caissons were sunk to grade by jetting and
excavating, the outer shells and the inner caissons were filled with concrete to a depth of 40 feet. A
steel tube measuring six feet in diameter was then anchored inside each 10-foot diameter caisson and
the concrete was placed between the two tubes. The inner circular well of the caissons housed utilities,
such as salt-water intakes, sanitary discharges, and connections for supplying fuel oil and fresh water
from tankers. The steel supports extended approximately 140 feet to support the main deck level.'>

Despite hurricane-force winds and high seas during the erection of TT-2, the platform performed
successfully and met design expectations. The Air Force assumed beneficial occupancy and the site
began operation in December 1955. By that date, off-shore radar coverage was anticipated to be
expanded by coastal AC&W squadrons in the vicinity of Cashes Ledge and Brown’s Bank, leading
the Secretary of the Air Force to cancel the fabrication and installation of the TT-1 and TT-5.1%

By November 1955, bids for the next two towers, TT-3 and TT-4, had been accepted. Construction
contracts for both platforms were awarded to J. Rich Steers, Inc., in collaboration with Morrison-
Knudsen, Inc. The platform and legs for TT-3 were launched for installation in August and towed to
Nantucket Shoal. ADC assumed beneficial occupancy in November 1956. The TT-4 platform was
constructed at South Portland, Maine, and towed to sea and placed at Unnamed Shoal in June 1957.
ADC assumed occupancy in November of that year. Eventually, all three towers were converted from
manual operation to SAGE control.!®!
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One of the Texas Tower sites under construction.

On January 15, 1961, in the wake of a severe winter storm, 28 members of a caretaker crew aboard
TT-4 were killed when the tower collapsed to the ocean floor. This tragedy sealed the fate of the two
remaining Texas Towers. Both towers were phased out as more sophisticated systems were installed
aboard airborne early warning aircraft, thus eliminating the need to assume the risk and expense of
operating the towers. In January 1963, the Joint Chiefs of Staff authorized inactivation of the Texas
Towers, and ADC ordered them dismantled. TT-2 was decommissioned in January 1963 and TT-3
was decommissioned in March.!®?

Ballistic Missile Early Warning System (BMEWS)

While highly sophisticated in detecting aircraft, the DEW Line was not designed to detect incoming
missiles. Following the Russian launch of Sputnik in October 1957, this shortcoming became a major
concern. The experience gained in building the DEW Line was invaluable during the construction of
the Ballistic Missile Early Warning System (BMEWS), which began in 1958 and was completed in
1963. The three detection sites in the system were located at Clear Air Station in Alaska, Thule AB in
Greenland, and RAF Fylingdales in England. These three sites were able to detect a missile 3,000 miles
away and track it from a distance of over 1,000 miles. The infrastructure of the earlier radar detec-
tion systems helped provide coverage. The rearward communication system for BMEWS involved
a sub-marine cable extending from Thule to Cape Dyer, with communication links from Cape Dyer
to Melville and Newfoundland. The communication links from Clear Air Station in Alaska extended
to Pedro Dome and Tok Junction, and from Boswell Bay to Annette Island. ADC was the design and
construction agent for all rearward communication sites with the exception of Cape Dyer. !¢
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Congress approved $1 billion for the construction of BMEWS in late 1957 and construction funds
for the first warning station near Thule AB were issued to the U.S. Army Corps of Engineers in Febru-
ary 1958; construction began in June. The U.S. Army Corps of Engineers served as the design and
construction agent, using criteria furnished by the Radio Corporation of America (RCA), the systems
engineer. An Air Materiel Command project office in New York City was charged with implementing
the entire system. Design and construction activities were under the supervision of the North Atlantic
Region AFIR and the Alaskan Air Command.'**

Both the design and construction aspects of BMEWS were pioneering efforts. The system featured
four billboard-type detection radars, each larger than a football field turned on edge and weighing
more than 1,000 tons. The scale and weight of the BMEWS equipment required advanced construction
techniques. Building on permafrost required that the foundations be maintained in a frozen state using
mechanical refrigeration. The structural stability of the scanner buildings was critical. Safeguards
were implemented to avoid sinking or settlement due to melting of the permafrost. The massive radar
screens were designed to withstand winds up to 185 miles per hour. !¢

The Alaska and Greenland BMEWS stations were completed ahead of schedule and became
operational in 1961. The station in England was not completed until 1963. In addition to the major
construction at the three detection sites, limited construction to support communications for the system
was undertaken at 26 locations in Alaska and Canada.'®
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Hot air inside an air-supported tent protects construction workers from falling temperatures at a base of the
Ballistic Missile Early Warning System.
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Into the Missile Age

The development and fielding of missile systems during the 1950s was driven by international
politics and the urgency underlying national security policy during the Cold War. Defensive systems,
such as the Air Force’s BOMARC and the Army’s Nike and Nike Hercules, were linked to early warn-
ing systems designed to intercept U.S.S.R. heavy bombers en route to the United States over the polar
cap. The goals of offensive ballistic missiles, such as the Thor, Atlas, and Titan, were to strengthen the
nation’s military posture and to serve as deterrents to adversaries considering attack.

Rapid change in military technology as the United States entered the nuclear age marked this period
of excitement tempered by concern over domestic security. In this climate, Air Force civil engineers
were afforded new opportunities to support the Air Force mission. Through the design and construc-
tion of facilities for emerging missile systems, Air Force civil engineers participated closely in the
development of each weapon system. To do so, Air Force civil engineers advanced their education to
master the engineering intricacies of missile technology. Many attended schools offered by the missile
manufacturers—Boeing, Convair, and Douglas. Some returned to college to study aligned fields, such
as advanced soil mechanics. All learned on the job and gained invaluable experience. The missile field
was a challenging assignment that broadened skill sets significantly. The opportunities influenced the
direction of many Air Force officers’ careers. Most officers associated with the program proudly wore
the Missileer badge on their uniforms.'¢’

Missile development for the Air Force was managed by the Western Development Division (WDD)
of Air Research and Development Command (ARDC), located in Inglewood, California. Gen. Bernard
Schriever became the first commanding officer of the organization in August 1954. He was given com-
plete control and authority over all aspects of the Air Force missile program. His unprecedented and
extraordinary powers included the authority to bypass Headquarters ARDC and communicate directly
with other Air Force major commands, the Air Staff, and the Secretary of the Air Force. He was also
given latitude to hand-pick the engineering officers who managed facility design and construction for
the missile programs under his command.'®®

In 1956, General Schriever selected Col. (later Brig. Gen.) William E. Leonhard as his assistant for
installations following his astute questions during a Pentagon briefing. When approached by General
Schriever, Colonel Leonhard was working at the Pentagon as chief of the construction division and
as deputy director of construction. In April 1958, Colonel Leonhard became the Deputy Commander,
Installations, and was later named Deputy Commander, Civil Engineering and Assistant for Site
Activation. Colonel Leonhard organized the civil engineering staff to mirror the missile development
organization, with a senior officer in charge of construction for each individual missile system.'®®
General Leonhard summarized his responsibilities at WDD between 1956 and 1961:

I was the senior engineer [Assistant for Installations]. Not for the missile but for the
facilities — the test stands, the launch pads, all of that stuff...I had budget responsi-
bility for all funds that we got from the Congress for engineering services and for
construction. That was my job, to get the money, and I made all the presentations to
congressional committees, and the House and Senate Armed Services Committee, and
the House and Senate Appropriations Committee. I got to know all of those people
extremely well.

Then I had responsibility for all the engineering and design work for the test facilities
at Cape Canaveral, Florida, and test facilities out at Vandenberg Air Force Base on
the West Coast. It was my job to get the money for the design work and to get the
money for the construction.
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When I got into the deployment of an operational force, I was responsible for plan-
ning, selecting, and constructing deployment sites for the Atlas, Titan, and Minuteman
ICBMs. 1 was not very involved in the selection of the parent Air Force Base or
anything like that, but in situating the launch sites and so forth. That was my job—
acquiring the real estate for every one of these. And remember, we had a thousand
minuteman sites and 50 to 100 Atlas and Titan sites.

The site construction process was complicated by the fact that the missiles’ specifica-
tions seemed to change weekly. Atlas, for example, was a stage and a half, burning
kerosene and liquid oxygen. Titan had two full stages and burned a hypergolic mixture
of two fuels that burst into flame when they came in contact with each other. The
Minuteman had solid fuel. A launch platform designed for one missile could not be
used by another.

Then the construction contracts were placed by—most of them were placed by the
[U.S. Army] Corps of Engineers in the various districts where the work was to be
done, and I would transfer money then to that district for the construction. I kept the
engineering. All the engineering work was done out of my office. We had to place
contracts with engineering firms throughout the country for engineering services, but
that was done directly out of our office.

When [ would sit down with the district engineer in whose area we were going to build
facilities—launch facilities, I said, “Our schedule calls for us to move in and occupy
this site, and have it online by June of next year,” whatever the date was. And if they
said, “No, we can’t do that because that’s too quick, we need another three years for
construction,” I said, ““You’re not going to do the construction.” And in those cases,
I handled—placed the construction contracts myself’. '7

General Leonhard remained active in oversight during the construction of launch facilities. Accord-
ing to General Leonhard, the majority of personnel working in WDD were civil engineers:

the organization was structured such that one group looked after the Atlas facilities,
another group looked after Titan facilities, another group looked after Minuteman,
and another group looked after Thor. At the height of the WDD program, I had 100
people working directly for me. My domain included design, engineering, and budget
responsibility for all ground facilities.'”!

In 1954, the original WDD staff numbered 12 officers and 3 enlisted personnel. In just over a year,
by December 1955, the staff had grown to 166 people. In the next three years, the missile program
grew exponentially. In June 1957, the WDD was redesignated as the Air Force Ballistic Missile Divi-
sion (AFBMD). By early 1959, AFBMD had a military and civilian staff of 1,200. The job of the civil
engineers assigned to the organization was to work closely with the aeronautical engineers develop-
ing each missile type to design the ground support facilities that each system required. Once designs
were completed and approved, the Air Force turned them over to the U.S. Army Corps of Engineers
to contract for the actual construction.'”

Each missile program required unique ground support facilities. In addition, successive generations
of missiles developed under a program also required different ground support facilities. The following
narrative summarizes major elements of the programs.
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BOMARC

During the first half of the 1950s, national security concerns focused on the potential threat from
manned bombers from the U.S.S.R. rather than the threat posed by long-range missiles. As a result,
early emphasis was placed on developing anti-aircraft missiles. The Air Force’s long-range anti-aircraft
missile was the BOMARC, a joint U.S.-Canadian effort named for the two organizations that supported
the development of the missile, Boeing and the Michigan Aeronautical Research Center. Design of
the missile began in 1946 and it was ordered into production in 1955.'7

Testing and training for the BOMARC was conducted at Eglin AFB, Florida. Missile tests were
undertaken using the Eglin Test Range over the Gulf of Mexico due to the prohibition on firing missiles
at operational bases except in the event of enemy attack. The first test flight of a BOMARC occurred
in February 1955. The following spring, the Air Force issued instructions to construct an Operational
Suitability Test and Training Facility for the BOMARC program on Santa Rosa Island at Eglin AFB.
Lessons learned during the design and construction of the Santa Rosa facilities were incorporated
into design for the first tactical BOMARC base. Three different architect-engineer firms adapted the
Eglin AFB plans for use in the construction of the first three BOMARC bases. The U.S. Army Corps
of Engineers developed standard plans for subsequent site adaptation based on Air Force criteria.'™

The BOMARC program pioneered several firsts in relation to support facilities. It was the first
large-scale missile program that was critically dependent on complex support facilities procured
through the MCP. It also marked the first time that the Air Force, the U.S. Army Corps of Engineers,
and a weapon system contractor worked collaboratively to execute a complex missile program. As
the first such large-scale program, BOMARC addressed a number of compatibility issues between
the missile and the launch facilities that foreshadowed challenges encountered during the Atlas and
Titan intercontinental ballistic missile (ICBM) programs. The development of a process to resolve
such issues was one of the valuable contributions of the BOMARC program.!”

In early 1958, the Air Staff approved the establishment of 10 BOMARC units, and site surveys
were completed to identify the appropriate locations. The first four BOMARC complexes were sited
at Dow AFB, Maine; Suffolk County AFB, New York; McGuire AFB, New Jersey; and Otis AFB,
Massachusetts. Eight BOMARC squadrons eventually were deployed along the eastern seaboard and
in the Midwest. The additional four complexes were sited at Niagara Falls, New York; Kincheloe AFB,
Michigan; Duluth AFB, Minnesota; and Langley AFB, Virginia.'”

Model “A” of the BOMARC used a liquid-propellant rocket, while the more advanced “B” model
employed a solid-propellant booster rocket. All BOMARC sites included a missile launch area, an air
munitions building, and one or two buildings to house gas compressors. Model A sites contained a
chilled-water generating and distribution system, a propellant acid facility for storing and dispensing
inhibited red fuming nitric acid (IRFNA), a propellant fuel facility for storing and dispensing JP-X and
80-octane gasoline and Aniline Furfuryl Alcohol (ANFA), and a decontamination facility for purging
liquids from the missile. The transition to the solid-fueled rocket eliminated the need for liquid fuel
facilities. These facilities were extremely troublesome in the “A” program and required high-pressure
helium, which was expensive and had to be tightly controlled to minimize losses.!”’

The shelters designed to house both models of the missile were similar in size and featured a
distinctive roof design incorporating two cantilevered planes that were controlled by a hydraulically-
driven rolling system to open and to close the roof during launchings. The Model A shelter was marked
by massive, reinforced-concrete longitudinal walls that supported the rolling roof and were designed
to resist acceleration and deceleration forces. Model A shelters included tight weather seals on the
end doors and roof to support an interior controlled environment. In the Model B shelter, steel frames,
precast-panel walls, and other improved design features, including the elimination of environmental
controls, were introduced to reduce costs.'”
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The complex, automated launch system for the BOMARC comprised sensitive controls that were
easily fouled by contaminants in gas or hydraulic systems. Stringent cleaning protocols for the piping
system were imposed that exceeded those normally employed in the construction industry. After initial
cleaning, the clean piping system was maintained until all components were connected to form the
complete subsystem. Gas piping was maintained through positive pressure with nitrogen; hydraulic
piping was filled with hydraulic fluid.'”

The first BOMARC operational base was completed at Dow AFB, Maine, in late 1959. The general
contractor on the $9 million, 56-missile project was the John A. Volpe Construction Company. The
missile area containing the launch shelters and shops was supported by a separate area for utilities,
security, and storage. A new element, the utilidor, was installed beneath the missile area and comprised
a series of reinforced concrete tunnels that housed the network of wires, pipes, and tubing that sup-
ported the missile system.'® Despite challenges, all BOMARC “A” sites were operational on schedule.
In 1959, the Air Force’s new air defense master plan reduced the number of BOMARC operational
bases from 32 to 16. Each base was armed with 60 missiles.'®!

This first large-scale missile program was a milestone for Air Force civil engineers and their
involvement in the weapon system acquisition process. Several key lessons were derived from the
experience that informed the development of future programs. First, early participation by Air Force
civil engineers in the weapon system program was critical to assure timely consideration of fully sup-
porting real property requirements. Second, aggressive participation by engineers in all phases of the
weapon system program was desirable from development, to design, and through implementation.
Third, indoctrination in the weapon system management concept and keen awareness of the unusual
facility requirements were important to the success of Air Force civil engineer personnel. Finally,
clear and effective communication between developers and civil engineers was necessary to ensure
the appropriate development and prioritization of elements within support facilities.'®

Intercontinental Ballistic Missile and Intermediate Range Missile Programs

Intelligence reports in the early 1950s indicated that the U.S.S.R. possessed not only atomic
weapons, but also was developing ballistic missile capability. In 1953, Trevor Gardner became special
assistant for research and development to the Secretary of the Air Force. He organized a “Strategic
Missile Evaluation Committee,” commonly known as the Teapot Committee, to review the Air Force’s
long-range missile program and to make recommendations for improvements. The committee’s report,
submitted to the Secretary of the Air Force in February 1954, identified technical and managerial
problems related to the Atlas Intercontinental Ballistic Missile (ICBM) program. That report gave
Gardner and General Schriever leverage to accelerate the program. In May 1954, Air Force Vice Chief
of Staff Gen. Thomas D. White assigned Project Atlas as the highest Air Force priority.'8?

The results of an overall assessment of the nation’s defenses were issued in the February 1955
Killian Report, which was compiled by the Technological Capabilities Panel of the Science Advisory
Committee established by President Eisenhower. The Killian Report warned of the consequences
of the U.S.S.R. achieving an operational ICBM force before the United States. The report urged the
National Security Council (NSC) and the President to recognize the ICBM development program as
a “nationally supported program of the highest order,” with the goal of achieving a full-scale test of
an ICBM by 1958. On September 8, 1955, President Eisenhower approved NSC Action No. 1433,
which designated the ICBM program as the nation’s highest R&D priority and directed the Secretary
of Defense to prosecute the priority with maximum urgency. Three months later, on December 1,
President Eisenhower assigned the highest national priority to the Thor intermediate range ballistic
missile (IRBM), as well.'
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Construction of Missile Testing Facilities

Testing facilities at Cape Canaveral, Florida, and Vandenberg AFB, California, were among the
first elements constructed to support the missile programs. While selective missile testing had occurred
at Cape Canaveral as early as 1950, the ballistic missile program led to rapid and extensive expansion
of facilities there and at Vandenberg AFB. In later years, as the missile program grew in size and com-
plexity, time was a priority in bringing new test facilities on line. As a result, the Air Force assumed
responsibility for overseeing the design and construction at Cape Canaveral and Vandenberg AFB.'%

Cape Canaveral had been under Air Force jurisdiction since 1948. In May 1949, President Truman
authorized the establishment of a joint long-range proving ground at the site. In 1950, the Long Range
Proving Ground Base was renamed Patrick AFB in memory of Maj. Gen. Mason Patrick. Cape Canav-
eral, about 20 miles north of Patrick AFB, became the Cape Canaveral Missile Test Annex, also known
as Station No. 1 of the Atlantic Missile Range.'*® The Air Force sought Congressional approval to apply
$44 million from a general authorization to urgent construction at Patrick AFB, Cape Canaveral, and
downrange auxiliary bases in the Caribbean and South Atlantic, and to engine test facilities at Hollo-
man AFB, New Mexico. The construction program at Cape Canaveral continued to grow, peaking at
nearly $50 million a year in 1957 and 1958.'%

The U.S. Army Corps of Engineers, Jacksonville District, was responsible initially for construc-
tion at Cape Canaveral and Patrick AFB. In 1950, the U.S. Army Corps of Engineers built the first
concrete missile launch pad, which was used to test a World War II surplus V-2 rocket. Between 1950
and 1960, Cape Canaveral and Patrick AFB were transformed into a city of launch facilities, control
centers, and assembly buildings serviced by miles of underground utilities.'®® To accommodate larger
missiles with more powerful engines, civil engineers designed complex launch stands, which were
supported by robust foundations. On such stands, missiles were housed on concrete and steel structures
elevated approximately 30 feet above grade. Launch stands were built to withstand up to one million
pounds of thrust; up to 13,000 feet of steel piling were used to anchor a single pad. Engineers designed
static test towers at Cape Canaveral to enable the test firing of large missiles while secured firmly in
place. All of these new facilities required the development of detailed specifications for construction,
as well as maintenance.'® By 1960, approximately 20 launch complexes were constructed at Cape
Canaveral. These facilities were used to launch almost every type of missile in the Army, Navy, and
Air Force inventories.

The IRBM and ICBM programs also necessitated reactivation of several Caribbean installations
to support the downrange missile program. These installations were inactive since the end of World
War 11, but retained by the United States under a 99-year lease agreement with the United Kingdom.
Several bases were transferred from Caribbean Air Command to ARDC for facility upgrades. Potable
water was a challenge in the islands. ARDC used P313 Military Construction design funds to investi-
gate the best methods of providing permanent fresh water to all off-shore stations with help from the
U.S. Geological Survey. In 1954, the U.S. Navy began construction on 5 of the 12 off-shore auxiliary
bases in the Caribbean and the South Atlantic.'®

As IRBM and ICBM development accelerated, the Air Force sought a location for testing missiles
under operational conditions. A nationwide search of 100 potential locations concluded in 1956 with
the selection of Camp Cooke, later renamed Vandenberg AFB, California. Located on the Pacific Coast
about 120 miles northwest of Los Angeles, the 65,000-acre site afforded favorable weather for launch
operations year-round in an area that was relatively remote, yet within commuting range of southern
California’s aerospace industry.'”!

In early 1957 a small contingent of civil engineers lead by Lt. Col. Fred Smith literally reopened
the gate at Camp Cooke to begin master planning, design and construction of infrastructure, support
and very soon operational missile complexes. Lt. Col. Smith reported directly to then-Colonel Bill
Leonhard at AFBMD in Inglewood, California. At the time, Camp Cooke consisted of hundreds of
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World War II mothballed, temporary mobilization buildings. Many of the existing buildings were
moved, connected, and renovated to meet the new architectural program as expediently as possible.
Groundbreaking for the first new facilities took place in May 1957. Construction was managed through
the cooperative efforts of the U.S. Army Corps of Engineers, San Francisco District, the AFIR office
in San Francisco, and the WDD (later AFBMD).'*?

With the help of Holmes & Narver, a Los Angeles architect-engineer firm, the civil engineers at
Cooke reconfigured the existing building stock into a headquarters complex for the 1st Missile Wing,
operational and training facilities, a community center, a base exchange and commissary, a motor
vehicle maintenance complex, and other facilities. This effort, combined with the construction of the
Thor, Atlas, and Titan launch facilities during 1957 and 1958, rendered the base one big construction
site.!”® Over the next three years, the Air Force expended over $200 million on new construction and
upgrades to existing support facilities. The project was a monumental effort.!** Two young lieutenants,
Clifton D. “Duke” Wright and Joseph A. “Bud” Ahearn, were among the first civil engineer officers
to be assigned to Camp Cooke in 1957 and 1958. Later in their careers, they both became two-star
general officers and leaders of Air Force Civil Engineering.'*

The intense construction program led to repeated discussions between civil engineers and missile
developers regarding the classification of real property installed equipment (RPIE) and systems-related
equipment, owing to the close integration of weapon systems and the buildings. Such classifications
defined operations and maintenance responsibilities for equipment and had implications on future
budgets. The integrated system associated with the weapons projects at Vandenberg AFB were the
first to be operated and maintained by the base installations engineer. This responsibility typically fell
to an aircraft maintenance squadron.'®

Many facilities at Vandenberg were sited in the dunes close to the Pacific Ocean. These landforms
presented technical challenges in construction. Initial surveys documented that the contours of the
dunes shifted as much as 20 feet per week during strong winds. General Leonhard identified stabiliza-
tion of the sand dunes as an objective and assigned the project to a young Air Force engineer named
Capt. (later Brig. Gen.) John Peters, who developed a solution to the shifting dunes using sustainable
vegetation. Working with a colleague who was employed at an oil company, Captain Peters assembled
a team that built a small wind tunnel using an old tank sweeper, a pitot tube, and an old airspeed
indicator from the junkyard. Through trial and error, it developed a process for spraying a mixture of
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Lt. Clifton D. “Duke” Wright, Jr. in front of his first home at then-Cooke AFB. One of his first assignments

was as the on-site project officer for the first Atlas ICBM training and launch complex. (Courtesy of Maj.
Gen. Wright)
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water, sticky resin emulsion, liquid fertilizer, and grass seed onto the salt-rich sand. The grass cover
stabilized the dunes and the thorny problem of the “Galloping Sand Dunes” was solved.'"’

Seven launch pads and three blockhouses for Thor IRBM testing were the first facilities completed
at Vandenberg. The first Thor was launched on December 16, 1958. Prototype launch pads, control
facilities, and silos for every generation of ICBM eventually were built and tested at Vandenberg
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Lt. Joseph A. “Bud” Ahearn performs system testing at the Atlas missile launch complex at Vandenberg AFB,
California, 1958. (Courtesy of Maj. Gen. Ahearn)
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AFB. By the late 1950s, attention was focused on the construction of the Atlas and Titan complexes.
Complex 576A at Vandenberg was outfitted with three above-ground gantries for the Model D, while
Complex 576B included three above-ground coffin launchers. Each complex had its own launch con-
trol center. The first Atlas launcher was completed by the contractor and accepted by the Air Force in
October 1958; the first Atlas D missile arrived on base in February 1959. The Atlas D first was fired
from Vandenberg on September 9, 1959.'%

Missile development required extensive testing of rocket engines. In the late 1950s, civil engineers
oversaw the construction of massive engine test facilities in the Mojave Desert at Edwards AFB, Cali-
fornia. The first static test stand for handling rocket engines with up to one million pounds of thrust
was completed at a cost of $10.1 million. The 200-foot-long test stand was similar to a reinforced
concrete bridge in design and protruded 150 feet above the flame deflector pit. The test stand included
a 54-foot concrete cantilever anchored some 60 feet into solid rock. A multi-story instrumentation and
control building was connected to the test stand by a 300-foot underground tunnel.'*

Thor

The 1955 Killian Committee had recommended the development of a class of intermediate range
ballistic missiles with a 1,500-mile range as a stop-gap defense measure until the ICBM program was
operational. In December 1955, the Air Force awarded the contract to develop this type of missile,
named Thor, to the Douglas Aircraft Company.>®

After undergoing missile testing at Cape Canaveral and operational testing at Vandenberg AFB,
Thor entered the active inventory in September 1958 and was deployed to four bases in England. The
commander of SAC’s 7th Air Division at Royal Air Force (RAF) South Ruislip near London was
designated as the executive agent for the Thor site activation program in England. Civil engineers
assigned to 7th Air Division worked intensively with representatives from the British Air Ministry
Works Directorate and with engineers from Third Air Force, who were responsible for the design and
construction of Thor facilities.*"!

Four RAF installations were selected as sites for the Thor: Feltwell, Shepherds’ Grove, Tuddenham,
and Mepal. Sites were selected through strict application of stringent criteria. A sense of urgency was
introduced by the short two-year schedule for construction and activation of the missiles. Sixty mis-
siles were to be sent to the U.K. The RAF activated 20 missile squadrons; each squadron controlled
three missiles. President Eisenhower and British Prime Minister Harold Macmillan reached accord in
1957 regarding the Thor missiles. Under the agreement, the rockets were the property of the British
government and missile sites were manned by British troops. Warheads, however, remained under
U.S. control. A dual key system allowed the RAF to initiate a countdown, but missile launch required
that a U.S. Air Force officer arm the warhead.**

The 65-foot Thor had a single-stage liquid oxygen rocket motor that provided 150,000 pounds of
thrust. It was launched from a combination transporter-erector vehicle, which required an absolutely
level surface during operation. The amount of excavation and fill required at each missile site varied
according to ground conditions and topography. Overall construction of the four complexes required
the excavation of approximately 600,000 cubic yards of earth and the installation of 80,000 cubic
yards of base concrete, 60,000 yards of vibrated concrete, and 90,000 cubic yards of high-quality
concrete. Once the concrete was cured, the erection of a steel frame for the retractable missile shelter
and installation of 18,000 feet of steel rails followed. All construction work was executed within very
exacting tolerances.?®

Electrical service to the launch pads included standby generating 200 KVA frequency chang-
ers, which converted U.K. electrical current to U.S. standards. An aircraft hangar at each base was
renovated to house maintenance and technical facilities and included full air-conditioning and dust-
proof floors. Electrical service to the hangars was provided by several sources as a safeguard against
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power outages. The hangars also were fitted with overhead cranes and high-pressure air and nitrogen
systems. 2%

The first complex was completed in December 1958. The second and third complexes were
finished in April and September 1959, and the fourth in January 1960. The first Thor missile arrived
in England in September 1958 aboard a C-124 Globemaster. To prepare for their new mission, RAF
missile squadrons completed training at the Douglas Aircraft Company school in Tucson, Arizona,
and operational training at Vandenberg AFB. The first launch of a Thor missile by a RAF strategic
missile squadron occurred at Vandenberg AFB on April 16, 1959.2%

Deployment of the Thor IRBM was intended as an interim security measure. As the Atlas and
Titan ICBMs entered the arsenal and were placed on operational alert in 1960, IRBMs gradually were
withdrawn from service. The Thor missiles in England were removed from operational alert in August
1963 and the RAF Thor squadrons were disbanded. The program had achieved its objective as an
interim security measure and provided in-field experience for a number of Air Force civil engineers
who later made valuable contributions to the ICBM program.2%

Atlas and Titan

In August 1957, the U.S.S.R. successfully tested the world’s first ICBM, the SS-6, following the
launch of the satellite Sputnik. These launches demonstrated that the U.S.S.R. possessed the rocket
technology that made a nuclear strike on the United States possible. The United States was alarmed
to learn that its own missile development program lagged behind that of the Soviet Union. As a result,
a new “emergency”’ ICBM plan was approved by President Eisenhower and the NSC on January 30,
1958.27

The first U.S. ICBMs, the Atlas and the Titan I, were large, liquid-fueled missiles. The one-and-
a-half stage Atlas and the two-stage Titan shared many interchangeable systems. One objective of
the newly adopted plan was to broaden the knowledge base and stimulate competition to turn out a
weapon in the shortest time possible. The Convair Division of General Dynamics held the contract to
develop the Atlas, a missile with a military application that also advanced the manned space program.
The contract to develop the Titan ICBM was awarded to Glenn L. Martin Company in late 1955, as a
safeguard against failure of the Atlas. Titan ultimately became the Air Force’s principal liquid fueled
missile and remained on alert with SAC well into the 1980s.2%®

Brig. Gen. Bernard Schriever at AFBMD was authorized to implement an innovative policy,
which he called concurrency, to expedite missile development. Under the policy, many aspects of the
plan were conducted simultaneously—missile development, testing, production, crew training, and
base construction. General Schriever described the new policy as “moving ahead with everything
and everybody, altogether and all at once, toward a specific goal.” Program developers compressed
schedules from an estimated 13 years to 5 years. The typical sequence of designing ground facili-
ties following the final missile design was abandoned; construction of ground facilities proceeded
concurrently with missile development to meet the overall program deadline. Technology advanced
with dazzling speed. Weapons systems often were obsolete and replaced by the next generation before
support facilities were completed.>”

Concurrent development expanded the challenges faced by Air Force civil engineers as plans,
programs, and designs for site facilities proceeded on a parallel track with missile development so
that launch and support facilities would be operational as soon as missiles came off the assembly line.
Construction was initiated using untested, and sometimes incomplete, plans with the expectation that
construction documents would be revised and refined as development of the missiles progressed.
Construction on several Atlas and Titan bases preceded the first full test firing of either missile.

The cost of concurrent development was unavoidably high. Change orders mounted rapidly and
were a source of concern and frustration for Air Force civil engineers and contractors alike. During
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construction of the Atlas base at F.E. Warren, for example, 70 design changes were issued in the 30
days between the issuance of initial construction plans to prospective bidders and the opening date for
proposals. As construction advanced, change orders often required alterations to completed work.2!°

Under the Atlas program, technological advances and improvements led to the production of
several successive generations of weapons. The A, B, and C missile models and initial development
and test vehicles, were followed by three operational missiles, the D, E, and F models, each with its
own specialized launch and control facilities. Atlas D missiles were stored horizontally above ground
in containers called “coffins” that provided blast protection against overpressures of only 5 psi. They
had to be raised upright to load fuel and liquid oxygen prior to launch. The Atlas E was also deployed
horizontally, but the majority of the semi-hardened launcher was buried underground. The coffins
were of heavier construction and had concrete overhead doors that were flush with the surface. They
were designed to withstand overpressures of 25 psi.2!!

The Atlas F was stored vertically in underground silos measuring 174 feet deep and 55 feet in
diameter. Built of heavily-reinforced concrete, the huge silos protected the missiles from overpressures
of up to 100 psi. The Atlas F had fuel stored on board the missile. It was loaded with liquid oxygen
at the beginning of the countdown and raised to ground level by elevator for launch. The hardened
silos increased survivability, but also raised the complexity of construction. Approximately 2.7 mil-
lion cubic yards of earth were moved. Construction materials included almost 100,000 tons of steel
and 565,000 cubic yards of concrete. Site excavations to the depth of 60 feet were required to reach
the level where the launch control center was constructed. The shaft for the silo then was mined to its
final depth of 174 feet. Contractors erected the silo walls using steel beams, wire mesh lagging, and
sprayed-on concrete. A monumental steel frame equivalent in size to a 15-story building then was
installed in the silo to support the missile and its ancillary equipment. The underground Titan complexes
had separate launch control center silos that measured 40 feet wide and 40 feet deep; personnel tunnels
and cableways connected the missile and control center silos.??

The unique requirements of the ICBM program and the compressed program schedule affected the
construction effort beginning with the site selection process. Dozens of survey teams, comprising Air
Force civil engineers, U.S. Army Corps of Engineers representatives, members of architect-engineer
firms, and AFBMD personnel, combed the country in 1956-1957 during the selection process. Over
250 possible sites were investigated for the Atlas program alone. The teams surveyed sites from
Washington State to Georgia and from New Mexico to New York.?"?

Site selection criteria were demanding and uncompromising. Optimum soil and geological con-
ditions were required to enable the construction of underground silos that housed the Atlas F and
the Titan missiles. Geography also was a criterion. Requirements established an 18 mile minimum
distance between the missile complex and support base and between the missile complex and towns
with populations of more than 25,000. Silos were spaced at seven mile intervals to ensure that each
site constituted a separate target for incoming missiles. In addition, minimum buffers of 1,875 feet
from inhabited dwellings and 1,200 feet from public highways were maintained.?'*

Final sites were selected from among the potential sites meeting technical criteria based on eco-
nomic feasibility. Cost factors included a range of considerations such as the cost to dewater a silo or
to construct roads. Costs for dewatering a silo could range from $50,000 to $200,000. Securing water
in remote arid areas, such as eastern New Mexico, increased costs. Road construction could run as
high as $70,000 per mile. Missile complexes located in remote areas from main bases necessitated
extensive and costly expansions of base utility systems, and, in some instances, the construction of
independent systems. Occasionally, construction at remote sites required upgrades to access roads
and bridges used for construction equipment and to transport missiles to the finished silos. Final site
evaluations entailed detailed analysis of all factors involved.?'s

On November 21, 1957, DoD announced that F.E. Warren AFB, Wyoming, would become the
nation’s first ICBM base, hosting six Atlas D missiles housed in two above-ground launch com-
plexes. Each complex contained three launchers, known as a 6 x1 configuration. Bid packages for the
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Table 2.3 Sites Selected for Atlas and Titan ICBMs

Atlas D F.E. Warren AFB, Wyoming
Offutt AFB, Nebraska

Atlas E F.E. Warren AFB, Wyoming
Fairchild AFB, Washington
Forbes AFB, Kansas

Atlas F Altus AFB. Oklahoma
Dyess AFB, Texas
Walker AFB, New Mexico
Schilling AFB, Kansas
Lincoln AFB, Nebraska
Plattsburg AFB, New York

Titan | Lowry AFB, Colorado

Larson AFB, Washington
Mountain Home AFB, Idaho
Ellsworth AFB, South Dakota
Beale AFB, California

construction of the launch and control facilities, located 23 miles northwest of Cheyenne, were opened
seven months later on July 15, 1958. The Omaha District of the U.S. Army Corps of Engineers oversaw
construction. The George A. Fuller Company was selected as the prime contractor. New construction
techniques, the remote location, a compressed 190-day schedule, harsh weather, and constant design
modifications combined to increase the difficulty of the assignment. Despite these challenges, the
first Atlas D missile was delivered to the site on September 15, 1959 and the complex was declared
operational on August 9, 1960.%!¢

In February 1959, bids were opened for a second three-site missile complex near F.E. Warren.
The Blount Company of Alabama submitted the winning bid to build Annexes B, C, and D. Each site
accommodated three launches in the first 3x3 configuration. A third complex, under the jurisdiction
of F.E. Warren, hosted nine Atlas E missiles built in the 9x1 configuration. Work began on December
7, 1959.217 The selection of other ICBM sites followed (Table 2.3).

Three Atlas D locations associated with Offutt AFB near Omaha, Nebraska, were built as part
of the FY59 MCP. ICBMs were to be deployed at three sites in the area, at Arlington and Mead in
Nebraska and Missouri Valley in Iowa. The Malan Construction Company of New York City won
the contract for the support facilities in March 1959. The main contractor subcontracted work to 46
subcontractors creating challenges in project coordination. The deteriorated condition of access roads
to the sites caused delays in transporting equipment and workers. Labor unrest resulted in 20 work
stoppages and delayed progress by at least a month. Construction also was affected by the nationwide
steel strike in summer 1959. Despite these difficulties, the project was completed July 28, 1960. The
schedule delay of only four months was a testament to the excellent working relationship between the
Air Force and the U.S. Army Corps of Engineers. *'®

Two problems confronting engineers during the Atlas program related to power for the launch sites
and the design of the overhead doors for the Atlas F silos. Engineers evaluated several alternatives for
power generation, including diesel engines, nuclear, fuel cells, batteries, gas turbines, and various com-
binations available from commercial sources. The power supply had to be highly reliable, constant, and
self-contained within the launch complex. The power supply source also had to be designed to absorb
extremely high accelerations from nuclear blast-induced ground shock, or designed to be mounted on
shock mounts. Both initial cost and on-going operating and maintenance costs were considered in the
evaluation of potential systems. Reliable diesel engines were selected to provide the principal power
to the sites. A typical Atlas site was powered by four 1,000 kW units supporting a cluster of missiles.?!
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An Atlas F underground silo under construction at Plattsburgh AFB, New York, ca. 1961.

The design of the overhead doors for missile silos also posed a special engineering problem. The
doors sealing the 300-square-foot opening for the Atlas F silo protected the missile from extreme
weather, from nuclear blast waves and radiation, and from structural rebound. The doors could not
affect the firing and guidance of the missiles, had to open fully within 30 seconds, and operate in
sequence with the missile countdown procedure. The design also had to enable assembly, installa-
tion, and testing in the field. Many door designs were evaluated, but all had drawbacks that led to
their elimination. Finally, a double-hinged, double-leaf, flat door design was accepted. A secure seal
between the two door leaves was achieved through a wedge design. The door seal was reinforced by
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This mammoth excavation near Denver, Colorado, will soon be an almost invulnerable underground launch
site for the Air Force Titan ICBM.
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a step mesh with a neoprene gasket. Heavy instantaneous loads on the main actuating mechanisms
were eliminated by four short-stroke hydraulic actuators that operated in sequence prior to the main
actuators and broke the door seal. The small actuators were effective particularly in icy weather or
similar conditions leading to extremely tight seals in the door units.?*’

The Titan ICBM introduced a further level of sophistication in underground construction. A Titan |
complex was a self-contained, underground village. Hardened to survive a nuclear attack, the complex,
including the silos, control center, power house, and other support facilities, was constructed more than
40 feet underground and connected by over a half mile of tunnels. The tunnels comprised corrugated
steel tubes 10 feet in diameter. Joints within the tubes gave the tunnel system flexibility and made it
less vulnerable to damage from earth shock or blast. Blast locks with massive blast-resistant doors
were installed at critical points in the tunnels to isolate shock waves.?*!

In March 1958, the Air Force selected Lowry AFB to be the first Titan I base. A joint venture led
by Morrison-Knudsen was awarded the construction contract and work on three, three-silo complexes
began May 1, 1959. Morrison-Knudsen completed the project on schedule and achieved the lowest
construction costs of any ICBM base in the country at the time. SAC activated the first Titan I squadron
at Lowry in 1960, construction was completed in August 1961, and the first Titan I missile squadron
was declared operational on April 18, 1962.72

Construction to support the missile program extended beyond the launch bases. The FYS58 and
FY59 budgets for the Directorate of Installations also included provisions for facilities to support
control operations at Sunnyvale, California; tracking and telemetry in Hawaii; Alaska; Point Mugu,
California; and New Boston, New Hampshire; and, a defense alarm readout station in Alaska.??

Minuteman

As the Atlas and Titan programs unfolded, the Air Force recognized that that first generation of
cryogenic liquid-fuel missiles developed under these programs was of limited use. The early Atlas
and Titan missiles were dangerous to operate, expensive to maintain, and difficult to deploy due to the
hazards of their caustic, volatile liquid-fuel systems. The silos that housed the missiles were oversized
to accommodate the complicated propellant-loading system, which included storage tanks, piping,
and pumps to handle hundreds of thousands of pounds of gaseous helium, liquid oxygen, and RP-1
fuel. Tt took 15 minutes to pump 249,000 pounds of propellant aboard the “quick firing” Atlas F.?**

By 1957, propulsion engineers at the WDD were convinced that solid fuels were superior propel-
lants for future missiles. Col. Edward Hall designed a family of relatively small, low-maintenance,
solid-fuel missiles of tactical, intermediate, and intercontinental range, dubbed the Minuteman. In
February 1958, Colonel Hall briefed the Secretary of the Air Force, the Secretary of Defense, and SAC
commander Gen. Curtis LeMay that an arsenal of 1,600 Minuteman missiles could be manufactured
and deployed by 1965. Typifying the speed of the missile program, the Air Force authorized AFBMD
to begin limited R&D on the Minuteman within 24 hours.?>

The Minuteman relied upon solid fuel in each of its three stages, thus eliminating many of the
storage and handling problems associated with liquid fuels. Minuteman missiles launched immedi-
ately from silos, which were considerably smaller than the Atlas and Titan silos. The Secretary of
Defense approved construction of the R&D test facilities of the Minuteman program at Patrick AFB
and Edwards AFB in January 1959. In September 1959, the Boeing Airplane Company was selected
as the Minuteman assembly and test contractor.??

Surveys for possible locations to base the Minuteman were initiated in late 1959. The majority
of the strategic Soviet targets fell within the range of Malmstrom AFB, Montana, making the former
World War II airfield the logical choice for conversion into a missile control base. The Air Force
selected Malmstrom AFB to host the first Minuteman ICBM wing on December 23, 1959. The U.S.
Army Corps of Engineers, Seattle District, handled land acquisition for the required base expansion.
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Some 5,200 separate tracts scattered across 20,000 square miles of north-central Montana were secured.
Groundbreaking for Minuteman construction at Malmstrom took place in March 1961.2%

Air Force civil engineers executing the missile facility programs, from early anti-aircraft missiles
to the complex ICBMs, demonstrated their professionalism, engineering acumen, and ability to meet
complex engineering challenges within demanding schedules. Their stellar performance expanded
the role of civil engineering in support of the Air Force mission, as well as enhanced the professional
profile of Air Force civil engineers among their counterparts in the other U.S. Armed services.?*®

Construction of the U.S. Air Force Academy

The U.S. Air Force Academy (USAFA) established two important precedents in Air Force Civil
Engineering. For the first time, the Air Force was authorized to act as its own design and construction
agent for a major construction project. The U.S. Air Force Academy also marked the first time that a
service academy was designed and built in its entirety as a holistic project.??

Since its inception, Air Force leaders had promoted the establishment of a separate Air Force Acad-
emy to educate young people for service as Air Force officers and leaders. In August 1948, a board was
formed to discuss the creation of an air academy. The recommendations issued by the board included
the creation of an undergraduate air academy that did not include flight exercises. In 1949, Secretary
of Defense James Forrestal appointed a Service Academy Board to study the proposal. The board was
chaired by Dr. Robert L. Stearns, president of the University of Colorado. Dwight D. Eisenhower, then
president of Columbia University, served as vice chairman. Completing the membership of the board
were the superintendents of West Point and Annapolis and several leading U.S. educators. The board
heartily endorsed the proposal for a separate academy for the new service.*

The Engineering Standards Branch of the Planning Division at the Directorate of Installations was
involved initially in site planning; investigational engineering and advance design for the academy
commenced soon thereafter. All efforts came to fruition on April 1, 1954, when then President Eisen-
hower signed Public Law 325, officially establishing the USAFA. The law authorized the appropriation
of $126 million for the school’s construction.?!

Communities across the country vied for selection as the permanent home of the USAFA. The Site
Selection Committee traveled more than 20,000 miles and inspected potential sites in 22 states. The
committee eventually narrowed the field of candidates to three locations, which were recommended to
Secretary of the Air Force Harold E. Talbott for final action: Lake Geneva, Wisconsin; Alton, Illinois;
and Colorado Springs, Colorado. Following numerous surveys and engineering studies, the Secretary
announced the selection of a 15,000-acre site north of Colorado Springs in June 1954. Secretary Talbott
also announced that interim classes would be held at Lowry AFB, Colorado for the first three classes
of cadets while construction of the USAFA was underway.*

The Air Force created a new organization to oversee the high-profile project: the Air Force Acad-
emy Construction Agency (AFACA). Activated on June 4, 1954, the AFACA was assigned to the
1130th Air Force Special Activities Group, 1020th Air Force Special Activities Wing, Fort Myer,
Virginia, for administration, with operational control vested in the Assistant Chief of Staff, Installa-
tions, Maj. Gen. Lee B. Washbourne. The AFACA’s mission was to “direct the planning, designing,
and construction of an Air Force Academy and to simultaneously assist in the provision of facilities
for the interim Academy.” Col. Leo J. Erler, formerly the Director of Construction for the Assistant
Chief of Staff, Installations, became the first AFACA Director. Lt. Col. Clarence A. “Bud” Eckert and
Mr. John P. Huebsch also were reassigned to the new agency. Col. James A. Barnett served as chief
of the AFACA’s Construction Division from 1954 to 1958.2%

In October 1954, AFACA personnel was authorized at 15 military and 58 civilians, but that
number soon increased to 17 military and 88 civilians, who worked from two offices—Washington,
D.C., and Colorado Springs. At the end of January 1956, Colonel Erler stepped down as Director and
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was succeeded by Col. Al Stoltz, who remained in the job until the USAFA was complete. Colonel
Erler retired from active duty and later accepted a civilian position as Liaison Representative in the
Washington, D.C. office of the AFACA.?*

Although a location had been selected, real estate acquisition proved to be a lengthy process. The
State of Colorado, which enthusiastically had lobbied to become the home of the USAFA, created the
Colorado Land Acquisition Commission to secure the required land and property rights. The Colo-
rado legislature generously authorized $1 million to acquire land through purchase or condemnation,
which would be subsequently donated to the Federal government. The Air Force agreed to cover all
acquisition costs over $1 million.?

More than 300 architect-engineer firms expressed interest in the USAFA project. A board of key
officers and civilians reviewed proposals and heard presentations from numerous companies. On
August 15, 1954, Secretary Talbott selected the firm of Skidmore, Owings and Merrill (SO&M) of
Chicago, Illinois, as the architect-engineer for USAFA. Three other firms were associated with SO&M
on the project: Syska & Hennessy; Moran, Proctor, Mueser & Rutledge; and, Roberts and Company.?*

AFACA personnel established the project requirements, which served as a guide for the design
and construction of the USAFA. Members of the agency and representatives of the architect-engineer
team visited other U.S. institutions of higher learning, including the U.S. Military Academy and U.S.
Naval Academy, to gather data that informed planning for the facility.

On May 14, 1955, SO&M presented the USAFA’s architectural concept to the public. In attendance
were more than 100 members of the media and more than a dozen congressmen and senators. The
architect-engineer firm showcased architectural renderings and a scale model at the Fine Arts Center
in Colorado Springs. Some 25,000 people viewed the exhibit during the month that it was on display.
The architectural vision for USAFA was rooted in the International Style and captured the public’s
interest. Glass, masonry, and aluminum were the principal materials of the building facades, while
reinforced concrete and steel were used as principal structural materials. The buildings, although
monumental in scale, were dwarfed by the majesty of the towering Rocky Mountains and augmented
the natural beauty of the site.?’

The International Style was a compatible image for the Air Force, the country’s newest military
service and one that defined itself by looking to the future and new possibilities. The modernist aesthetic
spoke to that vision. The overall design was based on a seven-foot grid. Variations on the grid united
the USAFA campus and created linear connections throughout its buildings that extended even to the
buildings in the support area. The heating plants were described as being among the most handsome
buildings at USAFA 2%

Comments on the design generally were favorable and the concept design received critical support
from the nation’s leading architectural magazines. However, as the official history notes, “the model
representing the cadet chapel stimulated some criticism.” The extensive use of glass in USAFA’s design
prompted the House of Representatives to withhold approval for construction funding for fiscal year
1956 until the design could be further reviewed and “more firmly established.” Plans were revised and
the Air Force presented an acceptable design to Congress before final passage of the 1956 appropria-
tions bill; an initial $20 million for construction was appropriated.>’

Meanwhile, work to support the interim academy at Lowry AFB proceeded. Almost all of the
buildings necessary to support the interim academy existed, although many required modification for
academic use. The Denver office of Wilson & Company of Salina, Kansas, received the architect-
engineer contract for the work at Lowry AFB. The majority of the contracts were awarded by the end
of December 1954. Construction was completed on schedule by June 1, 1955 and within the $1 million
budget. The first class of 306 cadets was sworn in and enrolled in July.>*

The Air Force began to award contracts for utility and road construction at the USAFA site in June
1956. This initial work included the construction of the first 25 of the anticipated 70 miles of roads and
three 800,000-gallon potable water reservoirs, as well as the construction of a 400-foot tunnel through
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the Rampart Range, which was part of the water supply system. Water to the site was provided by the
City of Colorado Springs; the high-temperature hot water system for USAFA, when complete, was
expected to be the largest of its kind in the United States.?*!

As work progressed, it became clear that the original design and construction schedule established
by AFACA, and agreed to by the architect-engineer, was completely unworkable. After a lengthy
analysis, which included review of the construction industry capability and the availability of critical
materials, all parties agreed to a revised schedule. With the concurrence of the Secretary of the Air
Force, the opening of USAFA was rescheduled from 1957 to September 1, 1958.242

The all-important work on roads and utility systems continued throughout 1956. Graders carved
roads into the forested mountainsides. New water lines and sewer mains formed an underground
network throughout the site. Land acquisition neared completion as the final tracts were acquired
through condemnation. In all, 18,514 acres were acquired and included 632 acres of right-of-way
for two railroad lines, U.S. Highway 85-87, and the City of Colorado Springs. The total cost of land
was approximately $4.75 million, of which, about $4 million was reimbursed to the Colorado Land
Acquisition Commission by the Federal government.?*

The Secretary of the Air Force approved the final exterior designs for nearly all buildings in the
academic area in March 1956. Final designs for the chapel were not selected, but its general size and
location were approved. The revised site plan called for the chapel to be located among the academic
buildings, rather than isolated on a hillside as initially proposed. The Secretary toured the site in early
1957 and approved the final design for the chapel on May 15, after receiving the joint approval of his
consultants.?**

USAFA was designed for a cadet wing of 2,500, although the initial number would be much
smaller. The principal buildings in the academy included a dining hall, cadet quarters (Vandenberg
Hall), academic complex (Fairchild Hall), administration building (Harmon Hall), theater (Armold
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U.S. Air Force Academy under construction with the Colorado Rockies as a dramatic bckdrop.
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Hall), physical education facility, and chapel. In addition, 1,200 family housing units (650 enlisted
and 550 officers) under Title VIII Capehart were planned as dwellings for faculty members and to
house the officers and Airmen of the support organization. Plans also called for an athletic area, a
hospital, and a community center. A jet-capable airfield to support cadet flying training was eliminated
from the original construction program due to cost. Luckily, the USAFA property encompassed the
former Pine Valley Airport, which was adequate for basic flight training. An early agreement provided
that Federal funds would not be used to build the football stadium. Fundraising for the stadium was
undertaken primarily by the Air Force Academy Foundation, which was chartered in July 1954. The
renowned designer Robert Trent Jones, Sr., was commissioned to design the golf course, which was
financed by non-appropriated funds.**

Construction accelerated rapidly with the award of contracts. By mid-1957, 2,400 people were
working on the site. The number grew to 5,500 in mid-1958. Congress increased the authorization
for USAFA construction to $133.5 million; work under contract in the last half of 1957 rose from
$75 million to $118 million. Construction experts from all over the United States helped build the
nearly self-sufficient city capable of supporting a population of more than 10,000 students, faculty,
and operations staff. Colorado Springs, normally a quiet city during the winter months, became a
year-round boom town. Thousands of construction workers, many accompanied by families, swelled
the local population. With the influx, local merchants began to appreciate the economic benefit that a
permanent Air Force presence would bring to the larger community.?*®

The challenge of relocating the roadways and railroads previously established on the USAFA site
led to innovative solutions. Pre-stressed concrete girders with 120-foot spans and weighing 96 tons
were fabricated and shipped to the site. The girders, billed as the world’s largest at the time, were used
to create one of the longest span railroad bridges in the United States.?*

Extraordinary construction techniques also were employed to construct the cadet dining hall,
which featured a unique 1,150-ton roofing system. The roof was supported by 16 monumental columns
spaced with 266-foot spans to create a large unobstructed space to accommodate the assembly of the
entire cadet corps at one time. With overhang, the roof covered 308 feet square. Workers assembled
12-foot trusses on the dining hall floor and then raised the roof in January 1958 using the concrete
slab method. It was reported to be the first time that the process was applied in the construction of a
large steel structure.?*®

Contractors faced numerous obstacles as they worked to meet the September 1, 1958 deadline.
The weather did not cooperate and 1957 was one of the wettest years in the region’s history. Precipita-
tion totaled 25.07 inches, compared to normal annual totals of 14.26 inches. Two April snowstorms
deposited 36 inches of snow on the high-altitude site, and May was the fourth wettest month on record.
During one of the heavy snows in April, members of the Academy Board of Visitors, composed of
prominent civic and government leaders appointed by President Eisenhower in February 1956, visited
the site by helicopter. They expressed concern over the approaching deadline, but AFACA assured
them that obstacles would not affect the overall schedule.?

High public interest in USAFA translated to a large volume of official and unofficial visitors. An
estimated 125,000 people visited the construction site in 1957 alone. Another notable challenge in
1957 was posed by a five-week steel strike that caused delays in delivery of steel columns and girders.
February 1957 was marked by the death of Lt. Gen. Hubert R. Harmon, the first superintendent of
USAFA, who oversaw the completion of the interim campus at Lowry AFB and welcomed the first
class of cadets. A decorated World War II veteran, General Harmon had retired twice from the Air
Force, but returned to active duty at the request of fellow West Point classmate, President Eisenhower,
in November 1953 to serve as the special assistant to the chief of staff for academy matters. General
Harmon retired as superintendent in July 1956 and died at Lackland AFB the following February. He
was succeeded as superintendent by Maj. Gen. James E. Briggs.?°
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The pace of construction accelerated in 1958 as AFACA directed efforts toward completing suf-
ficient facilities to permit operations to begin by September. On January 1, the value of completed
construction work stood at $60 million. Six months later, that figure reached $90 million—an average
of $5 million of completed work per month. On December 31, the total of the work completed had
risen to $108 million.?! During 1958, work focused on the principal academic area buildings. Most
major facilities, such as the cadet quarters, academic complex, science building, cadet dining hall,
heating plants, parade ground, and support personnel facilities, were completed or nearing completion
by the end of the year. Rapid progress continued on the Capehart housing complexes in Pine Valley
and Douglass Valley, which were built at a cost of $19 million through a joint venture between the
Del E. Webb and Rubenstein Construction companies.?>

Gradually, AFACA turned responsibility for facilities over to USAFA. In early 1957, the USAFA’s
7625th Support Squadron was activated as the base support organization. The unit began receiving
and storing supplies and equipment and assumed the job of operating and maintaining permanent
facilities. On June 30, 1958, command jurisdiction of the site was officially transferred to the USAFA
superintendent. On the same date, the AFACA contract with the General Services Administration for
interim security and fire protection was terminated, and the USAFA assumed full responsibility for
those services.?*

Labor Day weekend in 1958 was a memorable occasion for the Air Force, especially for those
Air Force engineers who had worked on the USAFA since 1954. Over that weekend, General Briggs
and the entire Cadet Wing moved to the USAFA from the interim campus at Lowry AFB. The first
graduating class completed its final year in the new academic complex and graduated in June 1959.
The festivities attracted hundreds of thousands of visitors.>**
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The U.S. Air Force Academy's iconic Chapel takes shape as the spires are set in place.
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Behind the scenes, construction continued in the housing areas and contractors put the finishing
touches on the cadet physical education complex, the cadet social center, and the USAFA’s landscape
plan. By the end of 1959, all but two projects had been completed: the chapel and the hospital. B.H.
Baker, Inc. of Colorado Springs was awarded the $3.5 million contract for the hospital.>

The USAFA chapel continued to attract controversy. Bids were opened on July 21, 1959 and
AFACA awarded the $3.33 million chapel construction contract to Robert E. McKee, General Contrac-
tor, Inc. The chapel would become the dominant feature of the campus and an architectural icon. Work
began in September 1959, but was plagued by defective aluminum roof panels. Selected interior work,
financed by Chaplain funds, was rescheduled to coordinate with the building construction sequence.?*

AFACA extended the construction contract by 97 days. The beneficial occupancy date was set
for December 31, 1961, then moved to February 1962, and reset for March 17, 1962. Construction
deficiencies in the weather tightness of the structure delayed final acceptance of the building. After
extensive review of the proposed remediation, a final solution to water penetration into the chapel was
identified and a change order in the amount of $237,550 was negotiated with the contractor. Formal
dedication of the chapel took place on September 22, 1963.%%

During 1960, AFACA decreased its staff commensurate with the level of outstanding construction
work. From a high of more than 120 personnel, the staff had shrunk to 8 civilians and 9 military by
mid-1961. The remaining personnel closed out projects and completed as-built drawings and operations
and maintenance manuals for the last few outstanding buildings. The agency incrementally ceded office
s