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i | ABSTRACT

ABSTRACT

This documentation was prepared in accordance with a Memorandum of Agreement (MOA) signed by the Department
of Energy-Savannah River (DOE-SR) and the South Carolina Historic Preservation Office (SHPO) dated February 27,
2003, as well as the Consolidated MOA of August 2004. The MOA stipulated that a thematic study and photographic
documentation be produced that told the story of 300/M Area’s genesis, its operational history, and its closure. New South
Associates prepared the narrative and Westinghouse Savannah River Company (WSRC) completed the photographic
documentation. M Area is the site of Savannah River Plant’s fuel and target fabrication facilities operated from 1955
through the end of the Cold War, producing fuel elements to be irradiated in the Site’s heavy-water moderated and cooled
reactors. This effort called upon the expertise of scientists, engineers, and operations personnel. Over time, the physical
characteristics of the fuel elements changed in size and configuration allowing greater area for heat transfer that was
needed for increased reactor powers. These changes were accompanied by further changes in cladding technology. With
the shutdown of the plant’s reactors by 1988 and the end of the Cold War, fuel element production ceased. Deactivation
and decontamination of the M Area facilities began in the 1990s. The photographic documentation and oral history were
completed between 2003 and 2005 and the research and compilation of the narrative history were completed in 2005.
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. INTRODUCTION

This documentation was prepared in accordance with a Memorandum of Agreement (MOA) signed by the
Department of Energy-Savannah River (DOE-SR) and the South Carolina State Historic Preservation Office
(SHPO) dated February 27, 2003 and a Consolidated MOA dated August 2004. The agreements stipulated
that a thematic study and photographic documentation be produced that told the story of M Area’s genesis, its
operational history, and its closure. M Areq, also known as the 300 Area, was the site of the Savannah River’s
fuel and target fabrication facilities constructed as part of the Savannah River Site (SRS) between 1950 and 1955
and expanded in the late 1950s. It operated until the end of the Cold War. SRS was known as the Savannah
River Plant (SRP) until 1989. The impetus for the study was the imminent decommissioning of manufacturing
buildings 313-M, 320-M, and 321-M. These facilities are considered eligible for listing on the National Register

of Historic Places as contributing resources to a proposed SRS Cold War Historic District.

SRS is located on 198,344 acres in Aiken, Barnwell, and Allendale counties of South Carolina. The Savannah
River is its western border. The rural site comprises roughly one percent of the state of South Carolina and
contains approximately 310 square miles within the upper coastal plain of the state. Historically, the area that
became the Site was mostly agricultural and its current physical setting remains fairly rural. The county seat of
Aiken County, the City of Aiken, lies 12 miles to the north; the Augusta, Georgia metropolitan area lies 15 miles
to the northwest. The cities of Jackson and New Ellenton are located on the Site’s northern perimeter. SRS is
considered to be part of the 18-county Central Savannah River Area (CSRA) adjoining the Savannah River in both

South Carolina and Georgia.

SRS GEOGRAPHY

SRS's role within the DOE weapons complex was the manufacture of plutonium-239 and tritium, raw materials
needed for the production of nuclear and thermonuclear weapons. The weapons produced in this complex were
the foundation of our nation’s military and foreign policy between 1942 and 1992.* Nine industrial plants - five
heavy water moderated reactors, two chemical separations plants, a heavy-water production area, and a fuel and
target fabrication area — were built to accomplish the production mission as well as administration and support
areas. Today there are sixteen building areas on the SRS. Those building areas directly involved with fissile
production materials — reactor areas R, P, L, K, and C and chemical separations areas F and H - are clustered at
the site’s center within a deliberate arc-like arrangement with 2.5-mile intervals between building areas. Recently
created areas for waste management, E, S, and Z are also within the site’s interior. Pilot plant activities (T Areq)
and the heavy water production area (D Area) were situated by the river and west of the process area. Building
Areas A/M, which are integrated together, are located at the site’s northwestern perimeter; A was the site's
administration center while M Area, the focus of this report, was the fuel and target fabrication area. Area B and

Area N, known earlier as Central Shops, fall roughly within the core process area. G Area refers to facilities not



CHAPTER 1
INTRODUCTION

300/M AREA’s
Historic BuiLbiINGs




300/M AREA | 3
FUEL AND TARGET FABRICATION

——

E"" o i |:|-..




4 | CHAPTER 1
INTRODUCTION

A=

W,
—y
¢ "

b VT R TN Sy, R T e =L I
STRT N TR e i

b"-" .- ;ji\urd'- 5 ﬁ' =

t F

o=

L e

¥

= ol R -
G
|.ll..-,,'t - .‘-:5.?“ .:"‘,‘I‘T'J ) o ._..Ir o
Yo e

1 'F'I;' A & N : ...’ - e

e 3%




300/M AREA |5

FUEL AND TARGET FABRICATION

SRS Location Map

GA

2 Miles

orth
Source: USGS J0XA0 Minule Guadra

ngle
Building Areas

Bornwell, 5.C., GA, 1962

Y Bt s S




6

CHAPTER 1
INTRODUCTION

within the aforementioned areas. Finally, the site’s infrastructure includes a road system, a railroad system (under

demolition), and on site utilities that furnish the site’s energy needs.

SRS COLD WAR HISTORIC DISTRICT AND ITS SIGNIFICANCE

The SRS is an exceptionally important historic resource containing information about our nation’s twentieth-century
Cold War history. It contains a well-preserved group of buildings and structures placed within a carefully defined
site plan that are historically linked, sharing a common designer and aesthetic. The site layout, predicated on
environmental safety best practice in 1950 and a functional industrial approach, is intact. The site, its buildings,
structures and its layout, constitute a unique cultural landscape that possesses historical significance on a national,
state and local level in the areas of engineering, military, industry, and social history. The Site is directly associated
with the Cold War, a defining national historical event of the twentieth century that lasted over four decades. This
association satisfies National Register Criterion A or the association of a property with events that have made a
significant contribution to the broad patterns of our history. The Site’s process and research facilities were also
used to further research in pursuit of peaceful uses of atomic energy. The Transplutonium Programs, the discovery
of the free neutrino, the production of plutonium-238 for heat sources, and the production of heavy water for
research were all notable achievements. The Cold War and the development of atomic energy for weapons and
for peaceful purposes have received considerable scholarly attention as definitive forces within twentieth-century

American history.

The proposed Cold War district also satisfies National Register Criterion C as it embodies best practice principles
of nuclear design and safety when constructed. It represents the work of a master in that Du Pont was the designer
of the unique and unprecedented complex that required the simultaneous construction of five nuclear production
reactors, two separation plants, an industrial size heavy water plant, and a fuel and target manufacturing plant.
Du Pont was considered the single American firm with the capability to handle the enormous job entailed in the
Site’s construction and operation. While this facet of Criterion C is usually applied to an architect or architectural
firm, it is appropriate here. Du Pont brought its corporate culture, management skills, adherence to flexible design
and its deep atomic energy experience to the job. A letter from President Truman to Du Pont requesting they take

on the project underscores the fact that Du Pont was considered uniquely qualified to build and operate SRP.

The historic district is also considered eligible under Criterion C for the methods of construction used that involved
flexible design, an innovative approach that was characteristic of Du Pont and its management style and that
directly contributed to the Site's success. The proposed district’s buildings and structures reflect unique architectural
and engineering attributes that were consonant with their mission. These include special construction materials,
functional design, and special design criteria for radiological shielding, personnel safety, and the ability to sustain
a military attack. The engineering required to bring the nine Savannah River plants online was innovative and
was successfully completed under rigorous schedules unparalleled in our nation’s twentieth-century history. For all

the above reasons, the proposed Cold War District amply satisfies National Register Criterion C.
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SRS'’s historic district may also fulfill National Register Criterion D, the potential to yield information in history.
While this criteria is usually reserved for archaeological resources it is applicable here. Much of the historical
data that elucidates Savannah River’s full Cold War history is held as classified information. When these records
are declassified and open to the American public, new information disclosed might yield important information

about the Site’s Cold War past that is unknown or imprudent to publicly release at this time.

While its national importance to the Cold War is evident, SRS also gains National Register standing for its impact
on South Carolina as a whole and on the Central Savannah River Area (CSRA) as a region. The selection of the
site along the Savannah River for the construction of what would be known as the Savannah River Plant had a
profound impact on the state, although one less readily quantified. It shifted the image of South Carolina from that
of a rural agrarian state to one that was more progressive and industrialized. The training and inclusion of locals
within the SRS" workforce demonstrated the ability of southerners to work within modern industrial highly technical
facilities. Du Pont's management of this labor force, and the harmonious relations between races at the Site,
further diminished northern concerns about establishing factories in the South. SRS’ existence, and the efforts of
local politicians, would result in additional nuclear facilities coming to the region. Interstate and regional pacts on
nuclear topics were developed that would become models for interstate cooperation. The presence of SRS would
begin to shift state university curriculums from solely an agricultural focus to a new emphasis on engineering,
raised the hopes and self esteem of its citizens, and placed the state at the forefront of the march to a New Age.
No other single construction, site or event would so affect South Carolina’s history in the Cold War era, and the

SRS derives National Register standing at the state level from this influence as well.

No other construction would so dramatically alter a region. By its very construction, the SRS rewrote the history of
the CSRA. Communities, like Ellenton and Dunbarton, vanished in its wake, as did the rural areas that surrounded
them. Other communities, like Aiken, changed almost overnight. As the first “open” nuclear site, the SRS brought an
immigration of scientists and engineers the likes of which few regions in the nation would ever experience, changed
the housing stock and appearance of the towns these atomic immigrants would move to, changed the make-up of
their schools, political parties, and other social organizations, and rewrote local history. Itis difficulttoimagine anyone
within the CSRA, if asked about the history of their region, not mentioning the SRS within their first thoughts and

words. The SRS was extremely significant regionally as well as nationally and at the state level.

DOCUMENT ORGANIZATION

The MOA s stipulated that a written narrative should be developed based on primary sources to the greatest extent
possible, including but not limited to oral history, archival history, and drawings. A companion documentation
mitigation strategy was further stipulated - capturing the buildings and its interior process areas using large
format photography when intact interiors were present and 35 mm black and white photography for exterior
photographic documentation and for interiors that had compromised historic integrity. New South Associates was
responsible for the historical research, oral history and the compilation of a narrative. WSRC was responsible for

the photographic documentation, its archival processing, and its compilation. New South’s HABS photographer

7
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completed the large format photography for installed equipment in 313-M, WSRC's photographers completed
the remaining photography.

This narrative provides an overview of the historic processes carried out in M Areq, followed by specific building
descriptions and photographic documentation. It is a section within a developing portfolio of similar studies that
address the historic production mission of the Savannah River Site during the Cold War and its role during the

Atoms for Peace Program.

After this introduction, there are six chapters. Chapter Il provides a historic context for the Site’s Cold War history
from a national and local perspective. The remaining chapters deal exclusively with the history of fuel and traget
fabrication at SRP. Chapter lll gives a short history of fuel and target development prior to 1950 in the production
complex. The following chapter deals with the construction phase and focuses upon the 300/M Area buildings.
Chapter V describes the original equipment installed in the buildings. An operational history is presented in

Chapter VI and conclusions are given in Chapter VI.

For clarity, the 300 Area will be referred to as the 300/M Area in this document. Two main facilities that have
received building number changes will be referred to by their historic number designations in the overview. 305-
M and 777-M were renumbered after their production mission ended to 305-A and 777-10A, respectively, in

recognition of their new uses for research, development, and administrative functions.
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1. SAVANNAH RIVER SITE COLD WAR
CONTEXT

The SRS, built by E. I. Du Pont de Nemours and Company for the U.S. Atomic Energy Commission, had its origins
in the early years of the Cold War as a facility for the production of plutonium and tritium, materials essential to
the nation’s nuclear arsenal. From the beginning, its mission was military. It was designed primarily to produce
tritium, and secondarily to produce plutonium and other special materials as directed by the Department of
Energy (DOE) and its precursor organizations, the Atomic Energy Commission (AEC) and the Energy Research
and Development Administration (ERDA). Because of this mission, SRS has been an integral part of the nuclear
weapons production complex. The production goal of the complex was to transform natural elements into explosive
fissile materials, and to bring together fissile and non-issile components in ways that would best meet the goal of
Cold War deterrence. SRS provided most of the tritium and a large percentage of the plutonium needed for the

production of fissile components from 1953 through 1988.

In addition to the Cold War defense mission, there was another, almost parallel, story of research and development
using Site technologies and products for peaceful uses of atomic energy. Such government-sponsored research
was strongly supported by the AEC, which was a civilian organization independent of military control. Although
many of the non-defense programs conducted at SRS did not develop with the promise hoped for in the 1950s
and 1960s, this was not for want of effort on the part of the AEC, Du Pont, or the scientists who helped operate
SRS.

The two basic missions at SRS, nuclear materials production for defense, and production for non-defense programs,
are explored in greater detail below. Both were considerable achievements. The defense mission produced much
of the material required for the nuclear bombs and warheads constructed during the height of the Cold War. The

non-defense programs generated new materials and increased the general knowledge of nuclear science.

COLD WAR DEFENSE MISSION

The defense mission of the SRP, as it was known prior to 1988, was an integral part of the AEC program to
create weapons-grade plutonium and tritium for incorporation into fission and fusion bombs, known respectively
as atomic and hydrogen bombs. The defense mission of SRP, and for that matter, the AEC, had its origins in
the Manhattan Project, the World War Il program that manufactured the world’s first fission bombs, using both
uranium and plutonium. It was the use of these devices against Japan in August 1945 that ended World War I,
and ushered in the Atomic Age. The Manhattan Project, a vast and secret enterprise, set the tone for its successor,

the AEC, even though the two were organized in different ways.
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AND WE DON'T MAKE BOMBS,

PLutoNnum-238
ﬂmz ﬂ?@@?ﬁgf Produced by neutron irradiation of neptunium-

237, a byproduct of uranium irradiation.
Valuable for its heat generating capacity.

Curium-244

FUEL AND TARGET
FABRICATION

Properties and applications similar to
plutonium-238.

PLuTONIUM-239

Usedasanuclearexplosive, abreederreactor
fuel, or as the starting target material for
production of heavier radioisotopes.

Heavy WATER

ExTRACTION TRITUM (Hydrogen-3)

A radioactive isotope of hydrogen,
component of thermonuclear
explosives, and a potential fuel
for thermonuclear fusion power
generation.

CoaLT-60

Known radiation source and has long been
used for radiotherapy.

CALIFORNIUM-252

Oneoftherarestman-madeisotopes,hasgreat
potential value in medicine, industry, research,
and education.

REACTOR IRRADIATION

Heavy WaATER (D,0)

Important  nonradioactive  product  of
the Savannah River Plant. It occurs at a
concentration of 0.015% in natural water and
must be concentrated to 99+% to be useful in
reactors as a neutron moderator.

SEPARATIONS

AND OTHER RADIOACTIVE
IsoToPES

Depiction of Plant Processes and Products Compiled from Savannah River Laboratory’s Nucleonics of Tomorrow in the Making Here Today
(Aiken, South Carolina: E. I. Du Pont de Nemours and Company, not dated).

WasTE MANAGEMENT




300/M AREA
FUEL AND TARGET FABRICATION

The Manhattan Project

The Manhattan Project, formally known as the Manhattan Engineer District (MED), was established in August

of 1942, more than half a year after Pearl Harbor.

lts mission was to beat the Germans in what was widely
assumed to be a race for the atom bomb.? Unlike other Army Corps of Engineers districts, the MED had no
specific geographical boundaries and virtually no budget limitations. General Leslie Groves was put in charge
of the operation, and he was allowed enormous leeway. As Groves himself would state after the war, he
had the role of an impresario in “a two billion dollar grand opera with thousands of temperamental stars in

all walks of life.”®

In organizing the MED, Groves established a precedent that would carry over to the AEC:
scientific personnel and resources would be culled from the major universities, but production techniques would

be obtained from corporations familiar with the assembly line.* The Manhattan Project could not

have succeeded without a willing army of brilliant physicists (many of whom were refugees
from Hitler’s Europe), the nation’s huge industrial base of capital and personnel skills, and the
leadership and construction skills provided by the Army Corps of Engineers.®
The last half of 1942 saw the groundwork laid for the  , memorative Manhatian Project Button “A” Bomb
development of the Manhattan Project. Groves and others ~ Buffon. Couriesy of Oak Ridge National Laboratory.

selected the methods and sites to be used to produce the bomb.
For both speed and economy, Groves wanted to concentrate
on one single method for bomb production, but science would
not oblige.® In the fall of 1942, there were a number of

equally valid and equally untried methods for obtaining the

fission material for an atomic bomb. There was even a choice

of materials: uranium-235 and plutonium.

The methods best known to the scientific community at the start
of the Manhattan Project dealt with the collection of isotope
uranium-235, which comprises only a very small percentage of
natural uranium. There were at least four possible methods for

removing uranium-235 from the matrix of natural uranium: the

General leslie Groves (left], Manhattan Engineer District
Leader and Robert Oppenheimer (right), Scientist, Los

electromagnetic separation. Alamos.

centrifuge method; thermal diffusion; gaseous diffusion; and

To complicate matters, there was also a new method based on the production of a man-made element, plutonium,
discovered and named by Glenn Seaborg and others in 1941. Plutonium could be produced by irradiating
natural uranium in a pile or reactor, after which it could be separated from uranium chemically, something not

possible with isotopes like uranium-235.7

By the end of 1942, the field was narrowed to three main methods in the race to produce nuclear materials:
gaseous diffusion, electromagnetic separation, and plutonium production. In December 1942, when President

Roosevelt gave his final approval for the all-out push, it was decided to proceed with all three.® The last of

11
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these methods certainly got a boost on
December 2, 1942, when ltalian refugee
Enrico Fermi, working at the University
of Chicago, created the world’s first self-
sustaining chain reaction in a graphite

reactor.?

By this time, three huge test and production
sites had been selected for MED’s work.
The first was Oak Ridge in Tennessee,
then known as “Clinton Engineer Works,”
selected as the site for a fullscale
electromagnetic plant (Y-12), a gaseous
diffusion plant (K-25), and a plutonium pile
semi-works (X-10).1° Constructed in 1943,
X-10 became the world's first production
reactor when it went critical on November
4, 1943."  Hanford, in Washington
State, was selected as the main plutonium
production site, while Los Alamos in New
Mexico, under the direction of Robert
Oppenheimer, was chosen to be the

nerve center of the project and the bomb

assembly site.?

X-10 Pile Constructed by E. I. Du Pont de Nemours & Co. at Oak Ridge, Tennessee,
now designated as a National Historic Landmark. Courtesy of Oak Ridge National ~ While Los Alamos may have been the

Laboratory

center of the MED, Hanford was the key
to the plutonium bomb, which required the new element in quantities unimaginable before the war. For the
construction of the X-10 at Oak Ridge and the full-scale reactors to be built and operated at Hanford, Groves
picked Du Pont. This was done not only because of Du Pont's history of explosives manufacture and its association
with the U.S. military, but also because it was a large chemical firm that had the personnel, organization, and
design capabilities required to do the job.!® Most importantly, it had a tradition of translating scientific ideas and

laboratory techniques into assembly line production.!*

To do so in a field of endeavor in which they were not expert, Du Pont was to depend heavily upon the Metallurgical
Laboratory of the University of Chicago for nuclear physics and radiochemistry experience. Du Pont's key technical
employees were sent to Chicago and to Clinton to learn from the research scientists about problems that would
bear on the design and operation of the semi-works and the full-scale production plants. This dialogue between the
industrial engineers and the academic scientists would be the basis for the selection of processes, and the design

of the equipment needed to carry them out, at both the semi-works and at Hanford.*
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Hanford's three reactors (B, D, and F) and two separations buildings were constructed in 1943-1944. The reactors,
water-cooled and graphite-moderated, went on line between September 1944 and February 1945.% One of the
first crises in the plutonium program occurred shortly after the Hanford B reactor went critical in September 1944,
The reactor would go critical and then shut down in a totally unexpected series of oscillations that threatened to
ruin the production schedule. After frantic research, it was determined that the reaction had been killed by a
periodic build-up of xenon that proved to be a huge neutron absorber with a nine-hour half-life.” An engineering
feature added by Du Pont was instrumental in solving the problem of xenon poisoning. When scientists at the
University of Chicago’s Metallurgy Laboratory insisted that only 1500 tube openings were needed in the reactor
face, Du Pont added an additional 500 openings as a precaution. This spare capacity, built into every Hanford

reactor, made it possible to load the extra openings and simply overpower the effect of the xenon.*®

By early 1945, Hanford was shipping plutonium to Los Alamos for bomb assembly work.!® With a detonation
device based on implosion, which was more complicated than that required for the uranium bomb, the plutonium
bomb had to be tested near Alamogordo, New Mexico, in July 1945. One month later, a similar device was

dropped on Nagasaki, only three days after the uranium bomb was dropped on Hiroshima.

The Manhattan Project had been a purely military undertaking, conceived and successfully concluded as a top-
secret operation of the Second World War. In the year that followed the war, the project began to unravel as top
scientists and others left the project to return to civilian life, and the government considered different proposals for

dealing with the awesome power that had ended the war.

Onset of the Cold War

Relations between the United States and the Soviet Union, guarded during WWII, began to chill in the aftermath.
The Cold War had its “official” beginnings in February and March of 1946, with three critical events. The first
was Stalin’s speech (February 9) to Communist Party stalwarts, reaffirming the Party’s control over the Soviet
Union, and promising more five-year plans and an arms race to overtake the capitalist powers. This was followed
on February 22 by George Kennan’s famous telegram describing the expansionist worldview of the Soviet
leadership, and suggesting “containment” as the best solution. Last but certainly not least, on March 5, was
Churchill’s “Iron Curtain” speech at Fulton, Missouri.?

The beginnings of the Cold War in early 1946 quickly derailed initial talk of international control of atomic
energy. By the time the AEC was created by Congress in the summer of 1946, atomic energy had become the
cornerstone of the nation’s defense against the Soviet Union’s preponderance in conventional land forces. For
this reason, President Truman was shocked to discover that when the AEC took over Los Alamos in early 1947,

the United States did not possess a single assembled working bomb.?

Between 1947 and 1950, during the chairmanship of David Lilienthal, the main mission of the AEC was the
re-establishment of the nation’s nuclear arsenal. The AEC was created as an umbrella agency to control all of
the nation’s nuclear research and materials production. In this capacity, by early 1950 the AEC oversaw a
virtual nuclear empire that not only included old MED facilities at Oak Ridge, Hanford, and Los Alamos, but also

encompassed offices in Washington, D.C. and facilities at Argonne National Laboratory (Chicago); Schenectady,
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New York; Brookhaven National Laboratory, New York; and the University of California Radiation Laboratory at

Berkeley, in addition to other small facilities around the country.??

During this same period, international events conspired to make the AEC’s defense mission even more critical, as
international relations slid further into the deep freeze. Concerned that a devastated postwar Europe might drift
into the Communist camp, the U.S. government introduced the “European Recovery Program,” first espoused by
George Marshall in June of 1947. The “Marshall Plan,” as it was commonly known, was worked out between the
U.S. and various European nations months before it passed Congress in April of 1948. Although offered to all
European nations, Stalin saw fo it that his side refused to participate. When middle-of-the-road Czechoslovakia
expressed interest in the plan, the local Communists, aided by the Red Army, staged a coup in February 1948.
This move also gave the Soviets direct access to the rich Joachimstahl uranium mines, desperately needed by
Stalin’s nuclear program.?®

Unwilling to cooperate with the Western allies in the postwar
reorganization of Germany, Stalin initiated the Berlin Blockade,
which began in the summer of 1948 and lasted almost a year.
It was the first direct confrontation between the United States
and the Soviet Union, and it led to the creation of the North
Atlantic Treaty Organization (NATO) in 1949.2* Other crises
soon followed. In May of 1949, the Chinese Nationalists, still

devastated from the Japanese invasion during World War I,

collapsed before Mao’s Communist insurgents. Even more  scngior and Brigadier General in the U.S. Army Reserve

Strom Thurmond, Representative Leroy Anderson and
Captain Harry Peters, 1957. “Along the Iron Curtain,
first atomic bomb (a plutonium device), an achievement that  Looking ‘info Communist East Germany from 11th

Armored Cavalry Regiment Observation Post.” Courtesy
Truman and most of the U.S. nuclear establishment thought of the Special Collections, Clemson University Libraries,
Clemson, South Carolina.

ominous, on August 29, 1949, the Soviet Union detonated its

would elude the Soviets for years to come.?® At the end of 1949
and beginning of 1950, in the wake of the Soviet bomb, Truman and the AEC made plans for the development
of the hydrogen bomb, the so-called “Super.”?® Almost simultaneously, Klaus Fuchs, a German émigré who had
served in the British Mission to the Manhattan Project at the highest levels of plutonium bomb research, confessed
to spying for the Soviets. This revelation in February 1950 sent shock waves through the nuclear community in
both Britain and the United States, and seemed to reinforce the decision for both the Super and tighter security.
Senator Joseph McCarthy began his accusations just days after news of Fuchs’ confession, and four months later,
on June 25, 1950, North Korea invaded South Korea.

During the Korean War (1950-1953), the AEC's defense mission was paramount, as witnessed by the explosion
of the first H-Bomb in November 1952, and the growth of the nation’s nuclear arsenal from 300 to 1000 bombs.
The military mission remained strong long after the war, with the official U.S. policy of “massive retaliation”
announced by Secretary of State John Foster Dulles in January 1954.%” The centerpiece of the nation’s nuclear
arsenal was the H-Bomb, a thermonuclear device that relied on a complex combination of fission and fusion,
with fission required to heat and fuse atoms of hydrogen isotopes like tritium to release the high-energy neutrons

required for the blast. During the 1950s, a number of thermonuclear devices were detonated, first by the United
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States and quickly followed by the Soviet Union. These new bombs required increased supplies of plutonium as
well as tritium, which had a halflife of 12 to 13 years. The push for the hydrogen bomb led to the expansion
or establishment of new AEC facilities, beginning in 1950. Foremost among these new or improved facilities
were the Los Alamos Scientific Laboratory, the Lawrence Livermore Laboratory in California, and the SRP in South
Carolina.?® The SRP was first conceived to produce tritium, but was designed to be versatile in its production

capacity, accommodating the production of both tritium and plutonium, in addition to other nuclear materials.

The first U.S. thermonuclear device, Mike |, was detonated in November 1952, before the completion of SRP.
However, for at least a decade after the first SRP reactor went critical in December 1953, the main, if not
overwhelming, mission of the Plant was the production of plutonium and tritium, in the percentages required by
annual AEC quotas. SRP played a crucial role in the production of nuclear materials for both fission and fusion
bombs, first for Air Force bombers, and finally for the long-range missiles that became prevalent in the late 1950s
and early 1960s. During the period when the Cold War was at its peak, between the Korean War (1950-1953)
and the Cuban Missile Crisis (1962), SRP was a main contributor to the AEC's defense mission.

Mike Shot. Courtesy of the Los Alamos National Laboratory

Savannah River Plant as Part of the Big Picture

Cold War nuclear weapons production in the United States can be divided into four phases: (1) a research phase,
(2) a growth and production phase, (3) a stabilization phase, and (4) a second growth and production phase.
The first research phase lasted from the end of World War Il until 1955. The second phase witnessed a period
of growth and production that lasted from about 1955 through approximately 1967. It was in preparation for

this production that the Savannah River Plant was constructed, and this period approximates the more productive
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era of reactor operations at the site. The primary mission of the Savannah River Plant has been first to produce
tritium, and second to produce plutonium and other special materials as directed by the Department of Energy

and its precursor organizations.

Complex-wide, plutonium production reached its peak in the early 1960s. The third period was one of stability,
during which the concentration of effort was on the improvement of performance and operations of the nuclear
arsenal; this phase lasted from about 1967 until 1980. During this period, eight of the nine Hanford reactors
were closed down, and the ninth reactor that remained in operation was used to produce fuel-grade plutonium.
This left Savannah River as the primary source of weapons-grade plutonium during the period. The fourth phase
was a second period of growth, which began in 1980 and saw the restart of L reactor at SRP and the return of
Hanford’s N reactor to weapons-grade plutonium production. In addition, SRP’s C, K, and P reactors were used
to produce super-grade plutonium that could be blended with excess fuel-grade plutonium that had been produced

in the Hanford N reactor. This phase ended in 1988, when all plutonium production was halted.?

The following context, which is specific to Savannah River Site, is based generally on this chronological framework.
The plant's construction (1950-1956) is treated as a separate phase in the Site’s history, followed by a stable
period of production and performance improvement that lasts through 1979. Between 1980 and 1989, SRS
experienced dramatic change. The decade began with expansion but this was soon sharply curtailed by shifts
in the public’s perception of nuclear technology and the abbreviation of the Site’s defense mission with the fall of

the Iron Curtain.

Savannah River Project, 1950-1955

The Soviet Union detonated its first atomic bomb on August 29, 1949. Labeled “Little Joe” by American journalists,
the bomb’s unpublicized detonation was confirmed through the AEC’s program of sampling rainwater. As
a consequence, production needs were increased by the Joint Chiefs of Staff who established new minimum
requirements for the atomic stockpile. Programs that had been stalled were now begun with vigor. To accommodate
the perceived production needs, new “production piles” were required and the Joint Committee on Atomic Energy

(JCAE) decided to build new reactors rather than upgrade those at Hanford.

Enlarging the stockpile was the first response to the Soviet bomb. The second was the decision to produce a
hydrogen bomb, a weapon many times more powerful than the uranium and plutonium devices dropped on Japan
at the end of World War Il. On January 31, 1950, Truman signed a presidential directive that directed the AEC
to continue work on all forms of nuclear activity, including the development of the thermonuclear bomb, stating,
“We have no other course.”*® A program jointly recommended by the AEC and the Department of Defense to
produce materials for thermonuclear weapons in large quantities received presidential approval in June. The
AEC had already estimated the construction costs for a new production center at approximately $250,000,000
and Sumner T. Pike, Acting Head of the AEC, immediately began negotiations with Crawford H. Greenewalt,
president of E. |. Du Pont de Nemours & Co.3! Truman requested funds from Congress for the construction of two
heavy water reactors for the production of thermonuclear weapons on July 7 and shortly after the AEC drafted a

letter contract framed in anticipation of Du Pont's acceptance of the project.®
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Du Pont Signs On

With the passage of the appropriations bill in early 1950, the AEC opened negotiations with Du Pont to build and
operate the new plant. Du Pont had built the X-10 reactor and semi-works for the separation of plutonium from
irradiated fuel slug facility at Oak Ridge and had built and operated Hanford during World War Il through 1946.
Both ventures left an indelible print on the corporation headquartered in Wilmington, Delaware, and the success
of both Du Pont efforts had left an equally indelible print in the minds of the MED’s Leslie Groves and the AEC.
In the field of atomic energy industry, they were seasoned players with a pennant under their belts. Crawford
Greenewalt and his staff had participated in a period of intense creativity in which the labors of atomic scientists
in their laboratories were duplicated on the production line under wartime conditions. Between 1942 and 1946,
Du Pont's engineers and scientists had become experts within the atomic energy field. No other American firm
could match Du Pont’s expertise in the design and construction of production reactors and chemical processing
facilities.®

AEC representatives visited Greenewalt formally in May of 1950 to apprise him of the proposed project and on
June 8th the Wilmington firm was asked to complete the following; finish the site survey; design, construct, and
operate a new reactor installation; and act in a review capacity for the technical aspects of the reactors and
the processes for the production of heavy water.** The Commission also asked Du Pont to find a location that
would not warrant the construction and management of a “company” town, a significant departure from previous

military atomic energy plants established by the government.

Du Pont replied that it would consider the project if it had full responsibility for reactor design, construction, and
initial operation. The “flexible” reactor design specified by the Commission called for a heavy water moderated
and cooled reactor and Du Pont wanted to delay commitment to the project until they were able to review initial
plans, particularly for heavy water production, and get a sense of proposed schedule. Greenewalt added a final

proviso - that Truman himself request Du Pont’s involvement in

the project because of its urgency and its importance to the
nation’s security - which was done in a letter dated July 25,
1950.% Greenewalt’s request was aimed at squelching any
associations with the “merchants of death” label that lawyer
Alger Hiss had leveled at the corporation in the 1934 U.S.
Senate investigation of the munitions industry. Truman’s letter,

briefly written and to the point, would become an industrial

icon for Du Pont. On July 26, Du Pont's Executive Committee

adopted a resolution to undertake the project. The internal . 3{;
‘!LH'L L] . -
resolution also established the Atomic Energy Division (AED) ¥ e s

within Du Pont's Explosives Department. The AED would be e

F res s
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responsible for the new project.®® Wilmingion 98, Dbt se

A letter contract, backdated to August 1, 1950, was signed
between Du Pont and the AEC.*" The letter, which would be

17




18

CHAPTER Il
SAVANNAH RIVER SITE COLD WAR CONTEXT

superceded by a formal contract three years later, specified that there would be no “facility village” associated
with the project and that Du Pont would not be held liable for any lawsuits that might result.®® On October 18,
Greenewalt wrote the company’s stockholders that Du Pont would assume responsibility for the construction and
operation of the new facility. As at Hanford, the government would pay all costs and receive any patents that
might develop out of the work; Du Pont would get an annual fee of just one dollar.®® Some of the contractual
clauses that were first written into the Hanford contract and were duplicated in the SRP contract would become

standard in operating contracts undertaken in the modern nuclear industry.*°

At the time of the letter agreement, the AEC wanted Du Pont to build a tritium plant with two reactors, each to
operate at an energy level of around 300 megawatts (MW). The AEC had selected the reactor type advanced
by Argonne National Laboratory that was cooled and moderated with heavy water and Du Pont after review
accepted the design. By 1950, heavy water reactors were considered more versatile than the graphite reactors
Du Pont had built at Hanford and had better neutron economy.** As early as August of 1950, Du Pont's Atomic
Energy Division had made preliminary improvements to the basic heavy water design proposed by Argonne and

was on a pathway to construction.*?

Site Selection

The proposed site, referred to as “Plant 124,” was selected after a sixmonth investigation launched by Du Pont's
Engineering Department and aided by the U.S. Army Corps of Engineers (COE). Truman had advised AEC's
Gordon Dean not to brook any political pressure in the decision-making process and the selection process began
on June 19, 1950.%

The AEC had first contacted the COE and asked them to prepare a list of sites including government-owned
lands that might be suitable. This preliminary data was reviewed in the Cincinnati Corps Office of the Great
Lakes Division but was found lacking in definition. The following methodology was agreed upon: all rivers with
a recorded minimum flow of 200 cubic feet per second (c.f.s.) were marked on sectional maps prepared by
the Corps and locations within 20 miles to a river were considered. Bands were drawn along selected rivers
and potential sites were located within these bands. The preferred site would also be located in the “The First
Defense Zone” for strategic reasons imposed by the Department of Defense. This zone encompassed area that
stretched from Texas to Virginia and north to lllinois. Embracing the central portion of the Southeast, it included
84 candidate sites. A second band of area that stretched from Arizona to New Hampshire was considered
the “Second Defense Zone.” The latter had six candidate sites. C. H. Topping, Principal Architect and Civil
Engineer within Du Pont's Design Division, further described the selection process that was guided by “basic site
requirements” that were jointly arrived at by Du Pont and the AEC. The requirements were: a one-square mile
manufacturing area; a 5.6-mile buffer zone enclosing the manufacturing area; a 10-mile distance to neighboring
communities of 500 individuals and a 20-mile distance from communities with 10,000 individuals; presence of
supporting populations to absorb the incoming workforce; ample water and power supplies; accessibility by
rail and highways; favorable meteorology and geology; and positive conditions for construction and operating

costs.*
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Sixty-five sites were eliminated when progress in reactor design studies established that the minimum acceptable
water supply was 400 c.f.s. By August 2, the list was pared down to seven sites. Members of the AEC, Army
Corps of Engineers staff, and the Du Pont team, between August 6 and 17, chose these as candidates for a
field inspection. Three local sites made it to this shortlist: two in South Carolina and one in Georgia. The site
in Georgia was eliminated when it was learned that the Clark Hill reservoir would put a portion of the desired
site under water and a site in northwestern South Carolina was considered too isolated. Site #5 in Aiken and

Barnwell counties stayed in the running.

Changing water requirements also led to searches in colder climate areas both within and outside of the Second
Defense Zone. These sites were put into the selection mix and similarly eliminated as the selection criteria were
applied. In mid August, the requirement for the minimum water supply was increased to 600 c.f.s.** The
Special Committee of the National Security Council on Atomic Energy had called for the construction of three
additional reactors.*®

A final evaluation of sites using the original and expanded criteria focused on four locations. These were Site
#125, which was located along the Texas and Oklahoma border on the Red River; Site #59 which was located
on the border of lllinois and Indiana on the Wabash River; Site #205 which was located on the shores of Lake
Superior in Wisconsin; and Site #5 located in Aiken, Barnwell and Allendale counties on the Savannah River
in South Carolina. Essentially, three factors were compared. The first was the availability of large quantities of
reasonably pure water for process capability, the second was the presence of towns of sufficient population that
could absorb the proposed labor force but were at a sufficient distance to minimize any impacts, and third, the
presence of sufficient land that was suitable to the construction of production areas. During the week of August
24th, these sites were field checked by the AEC's Site Review Committee composed of five experts drawn from

American engineering firms such as Black and Veatch, Sverdrup, efc., that were authorities on site selection.

Site #5, a rural site along the Savannah River in South Carolina, was recommended to the Site Review Committee
on November 13, 1950 as the final selection. In the words of Du Pont Engineer, C. H. Topping, it “more nearly
meets the requirements than do the others.”*’ The Site Review Committee concurred with the recommendation
and Site #5 was selected. The AEC formally confirmed the decision on November 28 and the public was notified
by an AEC press release on the same day. AEC's Curtis A. Nelson was named as the plant first local manager
in August. Nelson, a Nebraska born civil engineer and colonel in the Manhattan Project, was familiar with
heavy water technology through his work as a liaison with Canada’s Chalk River Plant. He also brought strong
construction experience to the new project from his years in the Civilian Conservation Corps and as engineer in
the Corps of Engineers where he had supervised the construction of the Joliet Illinois Ordnance Plants.*® He was
charged, along with Bob Mason, Du Pont's Field Manager for Construction, with moving the project off the Du
Pont Company’s and their subcontractor’s drawing boards and placing nine industrial plants into the rural South

Carolina landscape. Mason, a Hanford veteran, was assigned to the project on September 25.
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Site Selection Map Showing Military Defense Zones and the Location of Candidate Sites. Site No. 5 is the future Savannah River Plant.

Announcement

The swiftness and military execution of the site selection announcement attests to the months of planning involved
in its preparation. At 11 o’clock on Tuesday morning, November 28, 1950, the announcement was made
simultaneously at press conferences held in Atlanta and Augusta in Georgia; at Columbia, Charleston, and
Barnwell, in South Carolina; and to mayors, presidents of chambers of commerce, state, city, and county officials.
During the day, teams representing both AEC and Du Pont called on city, county, and state officials in Atlanta,
Columbia, Augusta, Aiken, Barnwell, Ellenton, Jackson, Dunbarton, Snelling, Williston, White Pond, Windsor,
and Blackville. Later in the day further details were released concerning the project by the AEC in Washington,
D.C. Teams gathered that evening in the office of the Du Pont Field Project Manager at the Richmond Hotel to

compare notes.*

AEC Field Manager Curtis Nelson and Du Pont’s Chief Engineer formally delivered the news to Governor Strom
Thurmond and Governor-elect James F. Byrnes in Charleston, South Carolina, where they were attending the

Southern Governors Conference. Governor Thurmond invited Georgia’s Governor Herman Talmadge to join
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for the country, the CRSA, and for those displaced by the

effort. The Savannah River Project was complex and atypical oroposed land acquisition.

as it was fo be constructed during peacetime, its mission still

required secrecy, and a government town was not to be constructed. The latter meant that the surrounding
communities, which were fairly settled, were to absorb the new workforce estimated in the thousands and to
create the infrastructure and services needed for this population increase. Public disclosure was warranted and
unavoidable. A straightforward approach was chosen in which public outreach and partnership initiatives were
advocated. Public meetings, lectures, project managers working with community development and business
leaders, and the airing of a movie called The Du Pont Sory in Augusta for business leaders and new employees

were just some parts of the AEC and Du Pont’s well-orchestrated strategy for strong and positive public relations.

Site Description

With the site survey behind them, Du Pont moved forward with site definition and acquisition strategies. When
acquired, the site would contain about 200,646 acres or 310 square miles within Aiken, Barnwell, and Allendale
counties situated within two sub-divisions of the Atlantic Coastal plain: the Aiken Plateau and the Alluvial terraces
that lie along the river. Eighty percent of the site was situated within the Aiken Plateau, where elevations ranged
between 300 and 385 feet. The terraces are composed of three tiers of varying widths banding the river. From
north to south, six streams dissected the tract: Upper Three Runs Creek, Four Mile Creek, Pen Creek, Steel Creek,
Hattie Creek, and Lower Three Runs Creek. Five streams empty into the river in a southwesterly direction, the
sixth, Lower Three Runs, flows to the southeast and drains the eastern portion of the proposed site. Although

irregular in shape, the site measured roughly 22 miles in width and 22 miles in length.

The proposed site was rural but not isolated. The nearest large urban centers in Georgia were Augusta (20 miles
northwest), Atlanta (155 miles west and north), Savannah (85 miles to the southeast) and in South Caroling,
Columbia (65 miles northeast). In addition, data was gathered on towns with populations of over 1,000 individuals

within a 50-mile radius to the site. The project area contained seven communities: Ellenton and Hawthorne in
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Meeting at Ellenton Auditorium, December 6, 1950. The U.S. Corps of Engineers real estate officers responsible for the land acquisition
called a public meeting in Ellenton. A representative from each family was asked to attend the question and answer session. Reportedly, over
500 individuals attended what appears to have been a segregated meeting with attendees, both black and white, spilling out of the main
hall into the building entries and lobby. Courtesy of SRS Archives, negative 1221-1.

Aiken County, and Dunbarton, Meyers Mill, Robbins, Leigh, and Hattieville in Barnwell County. Ellenton, a post-
Civil War railroad community and local trading center, was the largest with a population of 600. Dunbarton,
also a railroad town, had a population of 231 individuals. The remaining communities were smaller. Meyers
Mill possessed some stores and a cotton gin while Leigh was synonymous with a box and crate manufactory, the
Leigh Banana Case Company, that operated at that site between 1904 and 1954, employing about 300 people
in 1950.%

Camp Gordon, Oliver General Hospital and its annex, Daniel Field, and the Augusta Arsenal were military
installations less than 26 miles from the proposed site and six airports, five municipal fields on which there was
a recapture clause in case of war and one USAF inactive airfield, that were within 40 miles.®? The existing road
system was composed of state highways that intersected with U.S. highways and in addition, there was a well-
defined network of unpaved “farm to market” dirt roads. Rail service was already in place. The Charleston and
Western Carolina (CWC) Railroad paralleled the river, providing service from Savannah to Augusta and the
Atlantic Coast Line Railroad ran from Barnwell to Robbins where it joined the CWC line. The CWC ran through

Ellenton and Dunbarton and the smaller communities were railroad stops on the line.
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Three companies provided power to area residents and businesses: the South Carolina Electric and Gas Company,
the Aiken Electric Cooperative, and the Salkahatchie Electric Cooperative. Two phone companies, Southern Bell
and Cassels Telephone Company, were communications providers as were telegraph offices in Ellenton and

Dunbarfon. U.S. post offices were located in Meyers Mill, Ellenton, and Dunbarton.>

The acquisition process was handled over an 18-month period by the South Atlantic Real Estate Division of the
U.S. Army Corps of Engineers on behalf of the AEC. The process formally began the day after the announcement
so that the government would have the necessary lands either by declaration of taking or through actual purchase
by June 30, 1952. The acquisition process was staged to accommodate construction requirements. Priority
zones were established, rights of entry obtained, and property transfers swiftly occurred. Ultimately, 123,100
acres situated in Barnwell County, 73,462 acres in Aiken County, and 4,084 acres in Allendale County were
acquired. Boundary realignments occurred as the acquisition process progressed, eliminating two of the four
communities (Jackson and Snelling) that were originally within the project area and adding on a 4,453 acre

corridor of land on both sides of Lower Three Runs Creek in Barnwell and Allendale counties.

Six thousand individuals were evacuated from their homes
and homesteads. Some displaced owners moved their
homes, joined neighboring communities, and worked at
the plant. Business owners relocated and new businesses
were spawned by the influx of plantemployees, particularly

during construction. Others sold their properties and left

the area viewing the change as an opportunity. While
a sense of patriotism motivated most of the project area
residents, it was difficult for all involved as government

appraisals were guaranteed to fall short when values

Some residents preferred to move their homes to locations
were attached to land that had generations of forming outside the new federal site. Du Pont designated a House Moving

Coordinator to handles the moves. All land was acquired by June
and family life invested in its soil. 30, 1952. Courtesy, SRS Archives.

Site Layout

SRP was originally organized into nine manufacturing areas, a central administration area, and two “service”-
building building areas known as the Temporary Construction Area (TC Area) and Central Shops. Between
building areas, buffer areas were forested, masking the earlier landscape and providing a sense of distance and
isolation. The areas were linked by a well-designed transportation system that included 210 miles of surfaced
highways, a cloverleaf that was the first constructed in the state, and 58 miles of railroad track. Previous road

names were erased and letter designations, such as Road A, Road B, etc., were assigned.

Each area was given a number and a unique letter designation (Table 1). Function was reflected in the area
numbers; letters identified site geography. This code-like system, used first at Hanford for the identification of
building areas and their associated facilities, and the road lettering system heightened the anonymous and

utilitarian character that evolved aft the site.
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1956 Basic Information Map- General Areas.
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Table 1. Area Nomenclature

100 - Reactor Area 100R, P L, K, and C
200 - Separations Areas 200-F, H

300 - Fuel and Target Fabrication Area 300-M

400 - Heavy Water Production Area 400-D

500 - General (lighting, transmission lines, substations, etc) 500-G

600 - General 600G

700 - Administration Area 700-A

Each 100 area, 100R, T00-P, 100-L, 100K, and 100-C, was situated within the manufacturing core in the central
part of the site, aligned in an arc. After considerable discussion, the reactor areas were purposely dispersed at
2.5-mile intervals from each other and é miles from the site boundary to minimize the impact of an “atomic blast.”
Early maps show the site layout process and the reservation of space or alternative sites for future expansion.
The Engineering and Design History notes that much discussion occurred between Du Pont and AEC consultants on
where the process buildings should be located, however it was the U.S. Air Force that had the final word on their

dispersal, suggesting that the pattern chosen had military ramifications.>* Two river water pump houses, one at
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the mouth of Upper Three Runs Creek and a second two miles upstream from the first, supplied water to the 100

areas, primarily for cooling the heavy water coolant.

The 200 Areas, 200-F and 200-H, were also centrally located within the site’s core area, approximately 2.5 miles
from the closest reactor area and about 6 miles from the project area perimeter. The canyon buildings, massive
concrete buildings, would dominate each separations area. F area contained four process buildings originally
and was built to be self-sufficient. H Area did not contain the same process buildings but space was allotted for

future expansion. Water to both 200 areas was supplied from deep wells.

The 400-D Areaq, located near the site’s southwest perimeter approximately one mile from the river, housed heavy
water production units and support buildings. Resembling an oil refinery, the 400 Area was characterized by
three steel tall tower units, a flaretower, a finishing facility and other support buildings including a powerhouse.
After SRP was closed to the public, this area was viewable from outside the site boundaries and the GS towers
and flare tower was the visual image most area residents connected with SRP. A third river pump house supplied
water to 400 Area.

The 300-M Area was situated near the northwest perimeter of the project area where it was laid out in a
rectangle that adjoins the 700 Area. It contained testing and fabrication facilities for reactor fuel and targets.
Two buildings, 305-M (now 305-A) and 777-M (now 777-10A), contained test reactors that were used fo test the

components manufactured in the 300 Area and to aid development and testing for SRP reactor design.

The 700-A Area was SRP’s administrative and “service” center. It contained the main administration building
noted in the excerpt above, the medical facility, communications facilities, patrol headquarters as well as a variety
of maintenance and storage buildings. A Area also contained the Main Technical Laboratory, now Savannah
River National Laboratory, in which plant processes were researched, designed, and tested, and other research

facilities.

Finally, two pilot plant facilities, CMX and TNX, were located near the 400 Area. The former was designed to
run corrosion tests on heat exchanger equipment installed in the reactors and to investigate what types of water
treatment processes were needed for plant operations. A small pump house accompanied it. The latter was a

pilot plant for processes completed in the 200 area canyons.

Nine coal-burning powerhouses located in the building areas supplied steam to the process areas and the overall
site. The large pipes that carried the steam are above ground, arching over roadways where necessary and
paralleling the road system. Outside the manufacturing and service building areas, general facilities needed
for either process support or general site support included three-river water pump houses, a pilot plant, railroad

classification yard, and burial ground for solid wastes.

The first generation of buildings at SRP was simply designed using a functional ethic. The AEC’s specification that
the project’s buildings be spartan in their design was a done deal given the climate of American post-war industrial

architecture. The choice of building materials, reinforced concrete and transite paneling, were mandated by the
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building code. Articulated in reinforced concrete or steel frame with transite panels, the majority were beige or
gray boxes built for maximum flexibility and for government service. Their uniformity in color, their number and
size, and their geometric forms create a harmonious grouping of buildings within an ordered industrial landscape
where form reverberates function. This functional perspective is further emphasized by the placing of the Site
utilities aboveground so that massive pipes parallel roads or arch over them. Economically motivated, this design

feature has strong visual impact.

Subcontractors

It was recognized from the start that Du Pont Engineering Department would need supporting organizations
to complete the project given its size and schedule. Temporary use was made of the Bush House located on
Highway 19 as the Field Construction Office and a tenant farmer’s dwelling was adapted for use as the Field Cost
Office. The need for immediate construction buildings while Du Pont was organizing called for the hiring of a
local architectural and engineering firm, Patchen and Zimmerman of Columbia, SC, to get things off the ground.*®
This firm’s design work at the TC Area with its two massive cartwheel buildings and the adjacent cloverleaf

created one of the most visually appealing layouts on site.

Engineering and design assistance to Du Pont was provided by the following subcontractors: American Machine
and Foundry Company, Blaw-Knox, the Lummus Company, Gibbs & Hill, Inc, and Voorhees, Walker, Foley &
Smith. Each of these firms had demonstrated experience in their respective areas and each made significant

contributions to the equipment and SRP building stock.

Architectural Rendering of the Main Administrative Area (700-A) and the Fuel and Target Fabrication Area by Architects Voorhees Walker,
Foley & Smith, ca. 1951
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Table 2. Subcontractorsfor Du Pont Project 8980.

American Machine and Foundry ([AM&F) - This firm was charged with the design and fabrication of special
mechanical equipment for use in the 100, 200, 300, and 400 area process facilities. AM&F described
their firm as manufacturers of machines for industry. In 1950 they were considered the world’s largest

manufacturer of cigarette and cigar making equipment.®®

The Lummus Company - This firm was requested to design and partially procure six “GS” units (towers

116" in height) including the DW and finishing plants for the 400 area heavy water production facilities.
This firm brought strong petroleum, petrochemical, and chemical experience to the project. Self described
as a network of men, minds, and machines that were dedicated to transforming ideas and capital into
profit earning processes and equipment, the Lummus Company, international in scope and headquartered
in New York, were expert in the design of distillation processes.®” The 400-area design benefited from
an agreement between the Girdler Corporation, which had designed the Dana Plant, and the Lummus
Company for the exchange of technological information gained from the Dana Plant that could be applied
at SRP.%®

Blaw-Knox Company - Design of process buildings and equipment required in 200 area facilities, general

area facilities (600 areaq) related to 200 area processes.

Gibbs & Hill, Inc. - Design of steam, water, and electrical facilities for process areas and overall plant. This

engineering firm based in New York was subsumed by Dravo Corp of Pittsburgh in 1965 then later sold to

Hill International, a New Jersey based firm.

Voorhees, Walker, Foley & Smith - This New York architectural/engineering firm was responsible for the
design for all “service” buildings including laboratories and general facilities including roads, walks,
fences, and parking areas; the manufacturing buildings in the 300 area; laboratories; some design work
for 200 areas and overall site clearance at SRP. It was also responsible for Du Pont’s Experimental Station

in Wilmington, the MED laboratories at Columbia University and Argonne National Laboratory.>®

New York Shipbuilding - This firm was responsible for fabricating the five reactor vessels that were transported

by barge to the South Carolina site. Known as the NYX Program, this effort produced the cover plate of
the reactor vessels known as the “plenum” (a laminated steel plate 19 feet in diameter, four feet thick,
weighing about 100 tons, and drilled with 500-4-inch tubes), the reactor vessels, and the primary piping.®
Organized in 1899, New York Shipbuilding was located on the banks of the Delaware River in South
Camden, New Jersey. The firm brought its experience in the fabrication of heavy industrial equipment and
machinery to the task. A company history notes that the firm had taken on projects as “a public service
where the facilities of the Yard provided the only available means for constructing unusual items. Its location
on tidal waters, with weight handling equipment up to 300 tons, makes it possible to load assemblies which

61

may be beyond the size or weight limitations for shipment by rail.”®* These qualities were probably well

known to Du Pont who also had a plant in the Camden area.
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Unfolding Scope of Work and Flexible Design

By Hanford standards, the 38 months from start of construction to operation for C reactor at Savannah River was
quite slow. However, by the standards of a later generation of nuclear engineers, such a pace would appear
incredibly rapid. The placing of R reactor in operation in December 1953, when the conceptual design had
only been sketched out in December 1950, seemed to later nuclear specialists a remarkable achievement in
engineering and management.®2

The scale, shape, and funding of the Savannah River Project and the mix of plutonium, tritium, and other
radioisotopes to be produced in its reactors was determined by the AEC. The schedule was set by world events.
Du Pont’s design team, in association with their primary subcontractors, was responsible for translating the larger
conceptual design outline by the AEC into reality within an atmosphere of “urgency and commitment.”®* Dy Pont
designers accomplished their goals using a “flexible design” approach. This approach operated at two levels:
the first entailed postponing design decisions until the best design could be determined by research or through

consultation, and the second was to build in the potential for future design options should AEC policy change.

In the first scenario, Du Pont designers based some design decisions on their experience from previous atomic
energy plant construction projects and from scientific research completed at the AEC's national laboratories. This
allowed them to move forward with production in some areas while alternative design choices were researched
for others. In the second scenario, postponement of design was necessary as part of the current and future
clientcontractor relationship. AEC directives,
based on Department of Defense guidance
on what product or product mix was needed
for its weapons program, directly translated
info design decisions. Du Pont recognized
this as an integral feature of their contract Y x ..v % ’
and responded with aplomb to an evolving v ¥r ¥ v
scope of work. Their ability to do so was v ¥y

characteristic of the firm’s management that
had an internal set of departmental checks
and balances and well-honed procurement

strategies.®

SRP Operations, 1955 - 1989 . M y

As an integral part of the nuclear weapons
production complex, SRP’s primary mission
has been first to produce tritium, and second
to produce plutonium and other special

materials as directed by DOE and its precursor

orgonizoﬁons.Gs lts role was not one that Bar Graph showing the construction schedule and the milestones reached.
Source: Engineering Department, E. I. Du Pont de Nemours & Co. ,
can be described as one step along a linear Savannah River Plant Construction History, Volume I, DPES 1403, 1957.
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process, but rather as one of the hubs of material movement through the complex. Table 3 shows how the site
was integrated into the overall nuclear weapons complex and the direction of material flow that established the

relationship.

Table 3. Direction of Flow of Materialsinto and from the Savannah River Siteto other Sites Within
the National Nuclear Weapons Production Complex

Other Sites Within Complex  Direction of SRP Area Type of Material
material flow

FMPC and Weldon To 300 Area Raw Materials: natural and low enriched
uranium for fuel and target manufacture

Oak Ridge Site Y-12 Plant To 300 Area Isotope enrichment: highly enriched
uranium for fuel and target manufacture

Oak Ridge Site Y-12 Plant To 300 Area Isotope enrichment: Lithium for target
manufacture

Oak Ridge Site Y-12 Plant From 400 Area Isotope enrichment: Heavy Water for
deuterium production and deuterium gas

Dana Plant To 100 Area Isotope enrichment: Heavy Water for
moderator and coolant

FMPC and Reactive Metals, From 300 Area Fuel and Target Fabrication: depleted

Inc. uranium for fuel

Weldon Spring Plant, FMPC,  From 200 Areas Separations (for raw materials recycle):

Oak Ridge Site K-25 Plant, low enriched uranium for recycle

and Paducah Gaseous
Diffusion Plant

Oak Ridge Site Y-12 Plant From 200 Areas Separations (for raw materials recycle):
highly enriched uranium for recycle

Rocky Flats From 200 Areas Separations: plutonium metal buttons for
pit production

Mound Plant To 200 H Area  Separations/component manufacture:
recovered tritium for purification and
reuse

Pantex Plant and lowa Army ~ From 200 H Area  Separations/component manufacture:

Ammunition Plant filled tritium reservoirs ready for assembly

Source: USDOE Office of Environmental Management, Linking Legacies: Connecting the Cold War Nuclear Weapons Production Processes to
their Environmental Consequences (Washington, DC: USDOE Office of Strategic Planning and Analysis, 1997), 18-19, 154-155.

Heavy Water Production and Rework

The Heavy Water plant at SRP (the D Area) used the Girdler Sulfide (GS) process of hydrogen sulfide-water
exchange. This portion of the plant, completed in 1952, included 144 process towers ranging from 6.5 to 12
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feet in diameter, each 120 feet tall.®® Between 1952 and 1957, the D Area plant and the heavy water plant
at Dana, Indiana, supplied most of the heavy water for the nuclear weapons production complex. A sufficient
stockpile of heavy water had been accumulated by 1957 to allow the closure of Dana and of two-thirds of the
Savannah River units. The remaining units continued to operate until 1982, primarily to reconcentrate heavy
water that became diluted during reactor operations. During its 30 years of operation, D Area produced over

6,000 tons of heavy water.®’

In the spring of 1953 a small plant was constructed in D Area to produce deuterium gas from heavy water by
electrolysis. Some of this deuterium was used at Savannah River in the Tritium facility (tritium reservoirs were
actually filled with a mixture of tritium and deuterium), and some was sent to the Oak Ridge Site to be converted
to the lithium deuteride used in the secondary assemblies of thermonuclear weapons. A second, larger deuterium

plant was constructed in D Area in 1954.%8

Fuel and Target Fabrication

The manufacture of early reactor fuel elements, or slugs, was fairly straightforward. Although there had been
problems in the early fabrication process at Hanford, the lessons learned there allowed SRP production in the
M Area to proceed with relatively few problems. The slugs were solid natural uranium rods about one inch in
diameter and eight inches long, clad in aluminum. The uranium rods were fabricated by the FMPC and shipped
to Savannah River. The metallurgical structure of the uranium rods was adjusted (first at Savannah River, later at

FMPC prior to shipment); the slugs were then sealed in aluminum.

Lithium target slugs were also needed for the production of tritium, and for use as control rods in the reactors.
Lithium was sent from the Oak Ridge Site to Savannah River Building 320-M, where it was alloyed with aluminum,
cast into billets, extruded to the proper diameter, cut to the required length, and canned in aluminum. The lithium-
aluminum slugs were also encased in aluminum sheaths, called raincoats. At Savannah River, tritium was initially
produced as a reactor byproduct in the lithium-aluminum control rods. As AEC requirements for tritium increased,
reactor elements specifically designed for tritium production were needed. Driver, or fuel, elements of highly
enriched uranium were used to provide the neutrons for irradiating the lithium-aluminum target elements. Enriched
uranium drivers were extruded in 320-M until 1957, after which they were produced in the newly constructed
321-M, built specifically for this process.®

The M Area at Savannah River continued to produce most of its own fuel and target assemblies until the end of the
Cold War. Revisions and upgrades were made to the facilities, as needed, one of the most important being the
change from solid slugs to tubular elements. The production of solid slugs ended late in 1957. Production in the
M Area increased and decreased with the needs of the reactors. The last large increase was in 1983, when the
operations in 321-M went to 24 hours a day. Operations fell off as the reactors closed, and for the most part have
ceased altogether since 1989, when the last reactor was taken off line.” This report provides a more detailed

account of SRP’s 300/M Area’s genesis and operations history in the following chapters.
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Reactor Operations

There were five production reactors operating at the Savannah River Plant during the Cold War, identified as C,
K, L, P, and R reactors. The first SRP reactor to go online was the R reactor, which was tested for integrity and
operability during the fall of 1953 and brought to criticality in December. The first few months of operation were
problematic because instruments triggered frequent automatic power reductions and “scrams,” or unscheduled
emergency shutdowns. Improvements to the instrumentation and signal systems mitigated these problems, and the
number of scrams, one a day in February 1954, fell to an average of one in three days in May. P reactor was the
second to go critical, the event occurring on February 20, 1954. The first irradiated fuel was discharged from R

reactor the following June, and all five reactors were operating by the end of March 1955.™

Changes were quickly made to both how the reactors operated and to the reactors themselves. Although Savannah
River was originally intended as a tritium production site, the lithium-aluminum slugs from which tritium was
produced were at first used only as control rods, and tritium was produced as essentially a byproduct of plutonium
production. However, AEC requirements for tritium production had increased by 1955, and that year the reactors
were loaded in configurations specifically meant to produce tritium. As operators found they could increase the
power levels at which the reactors operated, they began adding extra heat exchangers to eliminate the increased
heat. C reactor had 12 heat exchangers, but the other four reactors only had six, a necessary shortcoming due
to limited supplies of heavy water and vender production capabilities during the construction period. The number
of heat exchangers was increased to 12 on all reactors in 1956, and the original power output of 378 megawatts
was increased to 2,250 meg(:|w<:|tts.72 A megawatt, as used in reference to production reactors, is not a measure

of electrical generation but of thermal output, a convenient measure of the operation of a reactor.

To further increase the capabilities of the cooling system, a large retention lake was created. Heavy water was
used to remove heat from the reactors, and light water from the Savannah River was used to remove heat from
the heavy water. The increase in the amount of heat being removed via the heavy water meant a concurrent
increase needed to be made in the amount of heat being removed by the light water. Unlike the heavy water,
the light water was returned to the river, so a means of dissipating its heat before returning the light water to
the environment was necessary. The 2,600-acre P and R (PAR) Pond was constructed for this purpose, and was
integrated info the cooling system in 1958. All the cooling water from R reactor then was routed to Par Pond, and
a portion of P reactor water was sent out via Par Pond. The new reservoir not only served as a means of cooling
water, it also created an additional source of cooling water for P and R reactors, which produced savings in
pumping costs. Since they would then be drawing less water from the Savannah River, more would be available
for the other three reactors. This and further improvements in the light water circulating system allowed C reactor
to be brought to a power level of 2,575 megawatts in 1960, and to eventually reach its alltime peak of 2,915
in 1967.7

Another major change in reactor operations came with the use of computers. Computers were first used to monitor
the 3,600 reactor process sensors on an experimental basis in K reactor beginning in 1964. The experiment was
successful, and the system was added to the three other then-operating reactors (R reactor had been placed on

standby in 1964) by the end of 1966. In 1970, a closed loop control system began trial operation at K reactor.
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Computers were used to assess information from the sensors, and to make adjustments to groups of control rods
based on that information. Using computers to do this was another means of optimizing reactor performance.
In the late 1970s, new computer systems were installed to provide safety functions and to monitor and add

additional control over reactor operations.’

By 1970, the heyday of reactor operations had passed. R reactor was shut down in 1964 due to a lack of
demand for reactor-produced products, and L reactor was placed on standby status in 1968 for the same reason.
C, K, and P reactors continued to produce tritium, plutonium, and other isotopic elements as directed by the AEC

in pursuit of both military and non-military programs.

Separations

Operations at the Savannah River Plant included two main types of separations: combined plutonium and
uranium extraction, and tritium extraction. The former was conducted primarily in the canyons in F and H areas.
The F Canyon went into operation in November 1954, and the H Canyon was online the following July. In these
two buildings, the fuel elements that came from the reactors were dissolved in acid to separate the uranium and
plutonium from waste fission products by chemical extraction in solution. Tritium separations took place in two
much smaller areas. Slugs irradiated to produce tritium were initially sent to a building in the F Area, which
started operating in October 1955, where the slugs were melted, instead of dissolved, to release the gaseous
tritium. After melting, the tritium was purified by a process known as thermal diffusion. Tritium extraction was

moved to its current location in H Area a few years later.”

The two canyons were originally designed to operate using the Purex process by remote operation and
maintenance—which meant that the process areas were not designed to be entered by personnel on a routine
basis. During the first year of operation, the F Canyon attained its designed throughput level of three metric
tons of uranium per day. Modifications to the H Canyon by applying lessons from early operations in F Canyon

allowed H Area operations to see a throughput of seven tons per day.”

In early 1957, the F Area canyon was closed down so that substantially larger equipment could be installed to
increase throughput, and so that a new facility to convert the plutonium to metal could be built on the canyon
roof. This would more than double the capacity of the canyon. The modifications took two years to complete,
and the F Canyon went back into operations in March 1959, with a capacity to process 14 tons of uranium each
day.”” As soon as F Area was back in operation, H Area was shut down for conversion to a modified Purex
process designed to safely recover enriched uranium from target elements then beginning to be used in the SRP
reactors, a change that took only three months. H Canyon was back in operation by June.”® Many more minor
modifications of the canyons followed over the years to allow products other than uranium and plutonium to be
recovered, but the fundamental processes for extracting plutonium and uranium remained essentially the same
throughout the Cold War.

The first tritium facility was located in Building 232-F. A 232 building was also constructed in the H Areq, but it
was not completed during the initial phase of construction. The H Area tritium building was outfitted for production

in 1956, and by the end of the year two lines were operating. Tritium was originally shipped elsewhere for
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placement in the reservoirs, but by 1957 this was completed in Building 234-H. In August of the following year,
tritium began being recycled in this facility as well. Tritium processing capacity in the H Area facilities was
doubled in 1958, and the F area 232 facility was closed that autumn. A new facility, the Replacement Tritium

Facility, went into operation in 1993, and it continues to perform the tritium mission today.”

Waste Management

In general, the waste facilities at Savannah River were modeled on those at Hanford but modified somewhat since
the radioactivity of the high-level wastes would be greater than those at Hanford. The original tanks each had a
capacity of 750,000 gallons, were supported by internal columns, set on top of a steel pan to catch any leaks,
and encased in concrete. Separate tanks were provided for high- and low-level wastes, and the high-level units
were provided with cooling coils to remove heat generated during the decay of the wastes (cooling coils were
added to all these tanks in 1955). Waste evaporation facilities were also provided as a means of reducing waste

volume.®°

Eight such tanks were originally built in the F Area, and four in the H Area (with space for four additional tanks
set aside), each buried under at least 9 feet of soil. Four more tanks were approved for H Area in 1954, due to
expected increases in the throughput of H Canyon. These four tanks were larger, each having a capacity of 1.07
million gallons, but other details of design were essentially the same as that of the original 12 tanks. They were
constructed in 1955 and 1956. By June 1955, the first high-level waste tank was already full, prompting efforts

to reduce the volume of waste sent to storage.®!

Four single-wall tanks for low-heat high-level wastes were constructed in the F Area in 1958, and four in the H
Area in 1962. These tanks have caused numerous problems due to leakage through fine cracks caused by the
reactions of the solutions stored there with the materials in the tank walls. However, only one of the original
12 tanks has leaked substantially. Four others have deposits on the outside of the tank walls that may indicate
leakage, but no leaks have been found. An additional 27 tanks, each with a capacity of 1.3 million gallons, have
been constructed since 1962. These are all similar in design to the initial tanks, except the catch pans extend the

full height of the tanks, rather than only five feet, as with the initial design.?

Two burial grounds serve as the disposal site for solid wastes. The original burial ground occupied about 76
acres and was used from 1953 until 1972. The second, larger burial ground has been used since 1972; it
covers approximately 119 acres. Solid low-level waste from all plant areas were buried there, with special areas
set aside for items with higher levels of radiation or with plutonium fission products. The TRU solid wastes were
buried in designated sections of the burial ground early on but, by the early 1980s, they were being stored on

concrete pads in containers that allowed for later retrieval

Research, Development, and Testing

The scientists and researchers at the Savannah River Laboratory (SRL) were responsible for research and
improvements in process design in support of SRP’s operations. From the beginning, it was noted that neither

heavy-water moderated reactors, nor the Purex process, had ever been operated on an industrial scale.®* Also,
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1. Pile Physics Laboratory floor plan. This facility
housed three test reactors used by SRL researchers.
The reactors were placed under the high-hat area
of the building. Courtesy of SRS Archives, negative
DPSTF-83. 2. Pressurized Subcritical Experiment (SE)
test reactor in Pile Physics Laboratory that was used
to measure nuclear parameters at high pressures and
high temperatures. When built, it was the first of its
kind. Courtesy of SRS Archives. The Standard Pile (SP)
was designed and constructed by the General Electric
Company and was similar to the Thermal Test Reactor
at Knolls Atomic Power Laboratory. (Not shown). 3.
Fuel elements were placed in the Process Development
Pile (PDP), a zero-power test reactor used for physics
research. Courtesy of SRS Archives, negatives DPSTF
1-2613, 1-2536. 4. PDP control room. Courtesy of
SRS Archives, negative DPSPF-8929-13.
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5. Graphite Test Pile control room in 305-M.
Courtesy of SRS Archives, negative 2023.
6. Face of Graphite Test Pile, Courtesy of
SRS Archives, negative 38887-1. 7. Interior
of Heavy Water Components Test Reactor.
Courtesy of SRS Archives, negative DPSTF-
6027. 8. Aerial of Heavy Water Components
Test Reactor (HWCTR). This test reactor facility
was decommissioned in 1997. Courtesy of

SRS Archives, negative 7885-G.
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the versatility of the reactors called for the development of new fuel and target elements. The need to explore the
safety and process issues involved called for the installation of laboratory facilities that were fully equipped to
allow research and experimentation on a laboratory or micro scale of the processes that were writ large in the
process buildings. Consequently, the general laboratory area that was established in A Area was fitted out with
sand filter systems and waste treatment facilities. The main research facilities were: the main laboratory; 777-M
(later 777-10A), an experimental physics laboratory; process pilot plant facilities CMX and TNX (also referred to
as semiworks); 735-A, the Health Physics Laboratory; and 723-A, the Equipment Engineering laboratory.

SRL, the main laboratory, was the focus of separations technology studies, metallurgical research and development,
heat transfer studies, and radiation monitoring. Its “High Level Caves” allowed chemical and metallurgical
equipment studies on highly radioactive materials behind heavy shielding windows and the Isotopes Process
Development Laboratory allowed radionuclides to be encapsulated for use as targets.2 After 1983, the testing
of new fuel and target elements was moved from CMX to SRL. The TNX Semiworks Facility, a pilot plant, was
equipped with instrumentation and stainless steel equipment for “cold” processing for chemical engineering

studies on a larger scale afforded by the main laboratory facilities.

777-M, later designated 777-10A, the Physics Laboratory, contained three test reactors: the Process Development
Pile, the Standard Pile, and the Subcritical Experiment. These test reactors allowed scientists to provide experimental
measurements needed to fest reactor charge design. While computers would eliminate the need for these test
reactors in the 1980s, they were integral to the safe and successful operation of SRP’s five reactors, as reactor
charges were first tried out in the laboratory environment prior to their use in reactor operation. The reactor
designers who used the test reactors in 777-10A used slide rules, mathematical tables, and desk top calculators

to make the calculations that would later be generated by computers.

In addition to the central mission of supporting plant operations, a second laboratory system was established
at SRP devoted to environmental studies. Savannah River Ecology Laboratory (SREL) was first housed in the
Forest Service area but was given a new building in 1977 in A Area where it is surrounded by a complement of
environmental laboratory facilities that range from duck pens to greenhouses. SREL and a consortium of other
research programs conducted by the Savannah River Forest Station (SRFS), Savannah River Archaeological
Research Program (SRARP) and Du Pont conduct research on disparate ecological topics that range from reptile
studies, aquatic insects, restoration of degraded habitats, reintroduction of endangered species, and investigations
into the Site’s cultural history. SRS was designated as the first National Environmental Research Park (NERP) in
1972 as a result of the National Environmental Policy Act (NEPA), the Energy Reorganization Act and the Non
Nuclear Energy Research and Development Act. Under these acts, the Site area became an outdoor laboratory
set aside for national environmental goals in ecological research, research into the effects of nuclear energy on

the environment, and finally, the disposition of this area is reportable to the public.
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DEVELOPMENT OF PEACEFUL USE OF ATOMIC ENERGY, AND ITS IMPACT
ON SRP

The tug-of-war between military and non-military applications of atomic energy was present at the inception of the
AEC. Senator Brien McMahon of Connecticut championed civilian control over atomic power, and his bill, which

.8 Congress

became the Atomic Energy Act of 1946, barely beat out others that championed direct Army contro
passed the McMahon Bill in July, and Truman signed it into law the following month. According to this act, the

AEC was to become effective December 31, 1946/January 1, 1947.

After advice or directives had filtered through the Commission, the Office of the General Manager carried out
the directives, with work divided into various divisions, such as Production, Raw Materials, Military Application,
Research, Engineering, Biology and Medicine, and Administrative Operations.®” Even though the AEC’s main
mission was defense-related (peaceful use of the atom was not even a formal part of the Atomic Energy Act of
1946), civilian control meant that there was always a push at the AEC to justify atomic energy use for non-military

purposes.

The early leadership of the AEC certainly demonstrated this interest in the non-defense mission. David Lilienthal,
appointed as the first chairman of the AEC by Truman in October 1946, was himself a strong proponent of the
peaceful use of atomic energy, taking his case to the public in a number of articles that tried to correct the popular
perception that nuclear energy was just for bombs.28 Among the peaceful uses of the atom listed by Lilienthal
were the control of disease, new knowledge of plants and the workings of the natural world, and even incredibly

cheap electricity provided by nuclear power plants.®

During the Korean War, 1950-1953, litle was heard about the peaceful use of the atom. With the close of that
conflict, however, President Eisenhower reopened this potential with his “Atoms for Peace” address at the United
Nations on December 8, 1953.%° In direct response to this initiative, Congress passed a new Atomic Energy
Act in 1954 that essentially amended the original act to allow for international cooperation in the development
of atomic energy and in the civilian use of atomic energy. This allowed domestic utility companies to build and
operate nuclear power plants.”! The 1954 Atomic Energy Act not only broadened the scope of the AEC, but also
allowed nuclear energy to be used outside of its purview. While peaceful uses of the atom had always been an

interest of the AEC, it was now an official part of its charter.%?

Purely scientific studies, like the neutrino research conducted at SRP in 1955-1956, were just the beginning of
the non-defense mission conducted at AEC facilities. In addition to the Oak Ridge School of Reactor Technology,
established in 1950, the AEC sponsored a five-year reactor development program in the mid-1950s, designed
to test five experimental reactors for potential use.®® Out of this work came two broad agendas: the breeder
reactor program, which was largely for the Navy, which was keenly interested in nuclear power for ships and

submarines; and power reactor research for civilian use.

The use of nuclear power for the production of electricity was first done in December 1951 at the National Reactor

Testing Station (later, the Idaho National Engineering Laboratory). In 1955, this capability was expanded to
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Arco, Idaho, the first U.S. town to be powered by nuclear energy.®* The development of commercial power
reactors soon spread to selected spots throughout the country, using reactor types that varied from the heavy-water
cooled and moderated variety found at SRP and favored by the AEC, to the light-water reactors favored by the
Navy. Other reactors, like Hanford’s N-Reactor, were dual purpose, capable of both nuclear materials production

and power.

The AEC favored the development of heavy-water power reactors, and the SRP was closely involved in the AEC
plans to provide this technology to commercial utilities throughout the country. By the late 1950s, heavy-water
power reactor studies were commonly produced at the Savannah River Laboratory, and these studies culminated
in the design and construction of the Heavy Water Components Test Reactor (HWCTR), built and operated at
SRP in the early 1960s.% During this same period, and drawing on technical data obtained from HWCTR, the
Carolinas-Virginia Tube Reactor, near Columbia, South Carolina, became the first heavy-water moderated power

reactor in the U.S.%

Despite AEC efforts to push heavy-water power reactors, the example of HWCTR and the Carolinas-Virginia
Tube Reactor was not generally emulated in the United States (HWCTR itself was closed down in 1964).9" As
early as 1962 U.S. utility companies showed a clear preference for lightwater reactors.®® These reactors, using
pressurized light water, were based on research that came out of the U.S. Navy's reactors program, especially
the Navy's light-water reactor at Shippingport. Ironically, the AEC “Atoms for Peace” program, which provided
partially enriched uranium to commercial reactors, worked against the AEC heavy-water reactor program: heavy-

water reactors might have been more popular if utility companies had been forced to use natural uranium.*

Speakingin 1963, Lilienthal described Eisenhower’s “ Atoms for Peace” initiative as “still alive, butin a wheelchair. "%

While almost surely in reference to the international aspect of that initiative, Lilienthal’s comment could be said to
apply to the AEC’s program to spread heavy-water power reactor technology to U.S. utility companies. Despite

considerable research and achievements, the program simply did not progress in the direction intended.

With the reduction of the AEC’s military mission in 1964, the stage was set for another series of programs to
further develop the peaceful use of the atom. These new initiatives were two-fold: provide isotopic heat sources for
the U.S. space program, then becoming a major national concern; and contribute to the transplutonium programs
that were pushed by Glenn Seaborg, one of the discoverers of plutonium and chairman of the AEC from 1961
to 1971.

Among the isotopic heat sources produced for the space program was cobalt-60, desirable because it did not
produce a decay gas.’®* Another isotopic heat source requested of the AEC was curium, and the production of
this material dovetailed with the transplutonium program.®

The heavy-water reactors at SRP were pivotal to the transplutonium campaigns, which began with the production
of curium during the Curium | program (May-December 1964). The successful attempts to produce curium and
other heavier nuclides led to a succession of programs conducted at SRP and coordinated throughout AEC

facilities nationwide. These programs included the High Neutron Flux program, both at SRP and at Oak Ridge,
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where the High Flux Isotope Reactor (HFIR) began operation in 1965.1% Curium Il (1965-1967) completed the
required production of curium, and provided a start for the most ambitious of the transplutonium campaigns: the
production of californium. The Californium | program (1969-1970) was designed to produce enough californium

to make the isotope available to industry and private sector interests.

The production of californium went hand-in-hand with the Californium Loan Program, sponsored by the AEC to
help create a potential industrial and medical market for this powerful neutron source.’® Despite the best of
infentions, however, most of this work was in vain. Even though samples of californium were distributed to willing
participants throughout the country and elsewhere in the 1970s, no viable market developed for what was still an

expensive isotope with a relatively limited application.

The problems inherent in the Californium Loan Program were ones that plagued other potential applications
of atomic energy for non-military use: the expense was simply more than the limited market would bear. The
transplutonium programs, while wildly successful as scientific endeavors, failed to take up the slack left by the
reduction in the defense mission. In the case of SRP, the production reactors were just too expensive to maintain

and operate for the production of non-defense nuclear materials.

When the defense mission went into eclipse in the late 1980s, the non-defense mission, especially that for
production reactors, went into decline as well. The close of the Cold War in 1989 solidified the forecast for
Savannah River and the other production sites. The rise of environmentalism in the 1970s had already made
inroads into nuclear progress, changing American attitudes about the safety of nuclear production plants and
nuclear power plants. The promise of nuclear energy was increasingly called into question and new regulators
and environmental regulations were placed into effect. While the ramp up of military might under Reagan
characterized the start of the decade, by its close, world affairs and changing public opinion created new

missions related to environmental clean-up and restoration rather than nuclear materials production.

ENVIRONMENTALISM, EXPANSION, AND CHANGE AT SAVANNAH RIVER

At the end of the Carter Administration and throughout the Reagan years (1980-1988), there was a resurgence in
the production of nuclear weapons materials. This reaffirmation of the nuclear weapons complex was opposed by
the environmental movement and then halted by the end of the Cold War. All of this led to conflicting changes at
Savannah River Plant, especially in the 1980s. The decade opened with new requirements set by the Department
of Defense for plutonium and tritium that directly translated into physical change for the plant. New construction
occurred in the process and administration areas to house new programs and personnel, worn facilities were
repaired, and technical upgrades were made to operating systems and equipment. Updated security provisions
and other physical changes were made with the installation of Wackenhut Services Inc. as the on-site security

force.
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While SRP expansion was gaining momentum, the environmental movement was also becoming a force that
ultimately changed the nature of how the expansion would take place. The accident at Three Mile Island in 1979
drew national attention to the nuclear power industry and reactor safety. The environmental movement hastened

change but it was the end of the Cold War in 1989 that shaped new missions for the Savannah River Site.

Rise of Environmentalism

In December of 1974, the Environmental Protection Agency issued the first sanitary NPDES permit for the Savannah
River.1%® While this was largely pro forma, it was a harbinger of things to come. In subsequent years, there would
be an increase in environmental regulation on federal lands, and Savannah River was not exempt from this trend.
In 1976, the Resource Conservation and Recovery Act (RCRA) gave the EPA authority to enforce environmental
laws on all Department of Energy weapons-production sites. As a result, regulatory agencies began to weigh in
on the previously “closed” controversy over the relative merits of confinement and containment at nuclear reactors,
as well as the need for towers to cool reactor effluent water, a feature that was already standard for commercial

power reactors.

Despite a promising collaboration in the early 1970s, environmental regulation and the nuclear community did
not have the same agenda, and this became clear during the mid- to late-1970s. Environmental regulators soon
moved beyond a balanced concern for the environment and the search for new energy sources, and began to
micromanage commercial and DOE facilities solely for the benefit of the environment. The nuclear community,
long sustained by public awe of atomic power, now began to find itself under attack by a public that increasingly
feared the atom and its residual effects. By the late 1970s, the average environmentalist was antinuclear and

environmental regulators were responsive to that shift.

Carter, an “environmental president,” was the first to promote alternative sources of energy, such as solar and
wind power. The exploration of such avenues was in fact one of the main reasons for the establishment of the
Department of Energy in 1977. This exploration did not extend to the nuclear industry. In addition to banning the
reprocessing of spent nuclear fuels for commercial reactors, Carter put a stop to the breeder-reactor demonstration

program started by Nixon.

In the early 1980s, President Reagan would attempt to revive both the commercial reprocessing of spent fuels
and the breeder reactor program, but by this time interest had flagged both in Congress and within the U.S.
commercial nuclear industry. The demonstrated abundance of natural uranium certainly played a role in this shift
of opinion, but the biggest change would be the accident at Three Mile Island. Even though it was the worst
accident to befall the U.S. nuclear industry, its most disastrous impact was in public relations.*%®

The impact within the industry was great. Many of the energy concerns and conservation programs conceived in
the early 1970s were simply abandoned by the late 1970s and early 1980s. Due to environmental regulations
and a lessening demand for nuclear energy that was apparent even in 1979, there was less concern about
the uranium supply or the discovery of new uranium sources. This spelled the end of projects like NURE, and

effectively put an end to any real demand for the reprocessing of spent nuclear fuels for commercial reactors.
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Three Mile Island also had an impact on the nation’s production reactors. Up to that point, reactor safety had
concentrated on the prevention of major accidents, with an acceptance of certain low-level risks as a requirement
of the job. In the wake of Three Mile Island, however, more thought was given to low-probability accidents, and
to ways of reducing reactor power levels as well as levels of radioactivity. With this new emphasis, “Loss of
Coolant Accidents” (LOCA) became a major concern of the 1980s.2%” With LOCA raised to greater significance,
there was a corresponding rise in the importance of Emergency Cooling Systems or ECS. The idea behind the
Emergency Cooling System was that even after shutdown, the ECS could still supply cooling water to a reactor in
the event of an emergency. Throughout the nuclear industry, and certainly at Savannah River, Emergency Cooling

Systems were added to reactors or were augmented in the years after 1979108

At the other end of the nuclear process, Three Mile Island also focused attention on the problem of radioactive
waste, a dilemma that had never been permanently resolved. There were two types of radioactive waste, low-
level and high-level, and both had their unique problems and potential solutions. The Low-level Radioactive
Waste Policy Act of 1980 made every state responsible for the low-level waste produced within its borders. Even
though the solution to most low-level waste involved burial, progress in implementing this law was so slow that
Congress was forced to amend the act to give several states more time to comply.*®

The problems associated with high-level waste, especially those of the defense industry, were greater and more
intractable. Here, simple burial was not adequate, even though the idea of “geological disposal” of high-level
waste had been proposed in underground salt deposits and at Yucca Mountain, Nevada, since at least 1957.
Storage in high-level radioactive waste tanks was the preferred method of disposal, but this was recognized to
be a temporary solution, and never more so than when the first serious leaks began to compromise the tanks in
the early 1970s.% By the end of the decade, it was acknowledged that there would have to be some sort of

“Defense Waste Processing Facility” to provide a more permanent solution to the problems of storage.

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, also known as
the “Superfund” legislation, helped provide the resources to clean up radioactive waste sites around the country.
The money came with strings attached. The EPA and the states under authority delegated by the EPA, were
given more authority to regulate DOE weapons production sites. The Nuclear Waste Policy Act of 1982, which
President Reagan signed into law in January 1983, followed this law two years later. Robert Morgan, manager
of Savannah River Operations Office (SROO) between 1980 and 1988, played a significant role in carrying out
this act, which required the Department of Energy to establish a long-term site for the permanent disposal of the

waste generated by nuclear power plants.

Reactor Upgrades, L-Restart, 700 Area Expansion, and Close of Heavy Water Facilities

Only four of the nation’s production reactors were in operation in 1980: SRP’s P, K, and C and Hanford’s N
reactor. Plutonium irradiated in N reactor had a high concentration of plutonium-240 that was unsuitable for
weapons grade material. This shortcoming could be corrected by blending it with plutonium that had a lower
concentration of plutonium-240 and SRP was directed to produce the proper plutonium for blending. A program

to recover scrap plutonium at Rocky Flats in particular also had ramifications for SRP Operations. In order to
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comply with the change in product needs, SRP was compelled to upgrade and modernize its three operating
reactors to allow them to attain higher power levels within shorter cycles. In 1980, one assessment cited the
following problems: one-quarter of the reactor heat exchangers were irreparable due to wear and aging; plant
facilities had obsolete and worn out instruments and controls, not only in the reactors but in other plant areas as
well; that the needed parts could seldom be replaced in kind; and finally there were too few engineers available

to design modern equivalents.

To begin to refurbish the Site's facilities, a five-year Restoration Program was established and funded at $350
million dollars, which was to be dovetailed with a $300 million dollar Productivity Retention Program by Du Pont.
The Restoration Program did not include capital funds needed for new construction such as the Defense Waste

Processing Facility (DWPF) discussed below but was the source of funding for L-restart and other upgrades.

By 1983, SRP’s engineers were

successful in this endeavor as the

reactors reached the needed power

levels, exceeding expectations. In

addition, Du Pont was directed
in 1981 to reactivate L reactor, a
project that, when completed in
1984, brought L reactor to a safety

o The L Reactor Startup Team was the first management group to be placed under Du Pont’s
and dependcblhfy level comp0r0b|e "program management" organizational philosophy. The program management structure
was applied plantwide in 1982. Courtesy of SRS Archives, negative 34872-3.

to that of the three reactors that had
remained in operation and had been continually upgraded. Employees in the 300 Area worked a seven-day
workweek to keep up with the pace the higher power level in the reactors warranted and in anticipation of L
reactor startup.**! This was a major initiative budgeted at $214 million, employing a peak workforce of 800 for
the renovation efforts, and projected to employ an operating workforce of 400 to run the reactor. It was also
the first time that a reactor on standby had ever been refurbished and restarted after being out of service for
more than a decade. The reactor was refurbished with new heat exchangers, replacement piping, removal of
aluminum-nitrate from the reactor tank and nozzles, and the addition of safety upgrades. The challenges for the

Restart Program stemmed from environmental rather than technological challenges.

DOE had completed an internal study of all associated environmental issues involved with the restart program,
but chose not to follow the Environmental Impact Statement (EIS) procedure that provides for public hearings.
This choice, characteristic of an agency committed to the “need to know” ethic, led to great controversy as local
and national environmental groups called for action. Senator Strom Thurmond held local hearings in response
as part of the Armed Service Committee’s responsibilities that demonstrated the controversy production reactors
could evoke by the 1980s.1? By the close of 1983, it was recognized a lake would have to be constructed,
not to impound cooling water, but to cool effluent water leaving the reactor before it would enter the Savannah
River Swamp. L Reactor was finally re-started in 1985. It operated less than three years before it was shut down
again. During its period of operation, its output was often constrained by the environmental requirement to limit

the temperature in L Lake to 90 degrees F in the summer months.



300/M AREA 43
FUEL AND TARGET FABRICATION

“When we started using
these reacfors down here, the
commercial nuclear  business
hadn’t been invented yet. We
had five reactors going—and
commercial power reactors were
just a gleam in the scienfist’s
eye. So everything we did was
pioneering—there was no real
road map for us.”

- Gerry Merz

Source: “Reacting fo Change,” The Augusta
Chronicle, November 6, 2000.

(Above) Aerial View of P Reactor,
1989. Courtesy of SRS Archives,
negative 89-2074-7

(Right) Detailed Aerial View of P
Reactor.

(Below) At the close of the decade
all five of Savannah River’s reac-
tors were shut down. P Reactor had
earned the designation of "World's
Safest Production Reactor" with its
impeccable safety record spanning
almost three decades.

for 29 YEARS
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The process areas were not the only focus of upgrades and new construction in the 1980s. The main Administration
area was expanded under a long-range building program that aimed at replacing trailers with administrative
facilities.™® Between 1980 and 1989, nine buildings were added to the Upper 700 Area to ameliorate working
conditions. Others were also added to F and H areas. The design and building materials used in this construction
was based on obtaining the most space for the available money. The buildings were considered “Local Practice

Commercial Standard Office Buildings” and were let to bid as “Design-Build” projects.

Another change in the 1980s was the closure of the last of the Heavy Water production units in 1982. The area
was in operation for slightly over 29 years, and had produced a sufficient amount for the needs of the Site's three
operating reactors. Heavy water produced at SRP was sold to foreign countries and domestic consumers for a
variety of uses and it, along with timber, was a revenue producer for SRP. For example, the AEC negotiated the
sale of 450 tons of heavy water valued at $42 million dollars in 1969.14 Over 6,000 tons were produced during

D Area’s years of operation.™®

Defense Waste Processing
Facility (DWPF) and Naval
Fuels Program

Two additional programs were also
started in the 1980s concurrent

with  the restoration program

further  exacerbating  financial
and manpower deficiencies. The
DWPF got underway as did the

Naval Fuels Program.

The long term problem of defense
wastes was tackled in the early
1970s when scientists began to
research for a solid waste form
and a process by which defense

wastes could be converted and

stored in that form. Glass was

Aerial View of DWPF Building 1977. Courtesy of SRS Archives, Negative 97-1527-1.

selected after much research. The
converted waste once vitrified would be encased in stainless steel canisters for permanent storage. Radioactive
materials in the waste tanks were separated from nonradioactive materials through chemical separation processes
that allowed the remaining sludge of radioactive materials to be sent to the DWPF Building, a monumental
reinforced concrete building about 360 feet in length, 115 feet in width and 90 feet in height, for vitrification.
Modeled after the canyons, most of the process work that occurs in this facility is conducted remotely behind heavy
shielding. The salt that remains after the separation process is dissolved in water, cesium-137 and strontium-90

are precipitated and filtered then sent over to DWPF as a slurry for vitrification. The remainder, a salt solution,
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is hardened into a cementlike substance by mixing it with fly ash, furnace slag, and Portland cement. The final
product called “saltstone” is placed in long concrete enclosures in Z Area. Construction began in 1984 but
would be hampered by a lack of funding. The facility was complete in 1989 and actual vitrification began in
1996.116

The Naval Fuels program was aimed at converting uranium feedstock into useable fuel in support of the Navy's
nuclear propulsion program. Facility 247-F housed the processes involved in this conversion; it was constructed

and deactivated before it went into operation.

The scale of the needed repairs and the new construction engendered by the Naval Fuels and the DWPF facilities
was prodigious. Moreover, the timing was awkward. In historian Bebbington’s words, all of these programs
were coincident with the first generation of SRP employees reaching retirement age, compelling Du Pont to hire
and train a new workforce that was in size and in scope comparable to that of 1950. The major departure in the

1980s from the 1950s was the hiring of outside contractors to fill the needed gaps in the Du Pont team.

A second large change in staffing came about in 1984 when DOE requested that a specialized security force be
designated for plant protection that would be able to respond to the changing world order. Prior to 1984, Du
Pont handled site security. The Du Pont security force was disbanded and security of the plant was transferred to
Wackenhut Services, Inc. in 1984. At this time, physical barriers protecting restricted areas were enhanced and

security measures were updated.*’

Reactor Shutdowns and Du Pont's Departure

In 1986, a coolant system assessment indicated a situation could arise in which insufficient amounts of cooling
water would be available to the reactors in an emergency situation. The power levels of the reactors were
decreased by 25 percent in November of that year. Then, in early 1987, a special panel of the National

Academy of Science set maximum reactor power levels to about 50 percent of normal full-power operations.

By this time, Du Pont was clearly interested in pulling out of the atomic energy business. In October 1987, Du
Pont formally announced that it would not seek to renew its contract with the Department of Energy, scheduled to
expire in early 1989. The rationale for their departure was first that the government no longer appeared willing
to guarantee the work and that Du Pont was no longer uniquely qualified to do it. Following almost immediately,
there were safety hearings before a House subcommittee.’® Since the mid 1980s, DOE and its contractors
had been under examination in Congress for allegations of poor safety practices at federal nuclear facilities.
In hearings before the Subcommittee on Oversight and Investigations of the House Committee on Energy and
Commerce, Savannah River was noted for its poor fire prevention procedures. Congress wanted sprinkler systems
installed in the reactor buildings, and this was a government expenditure that SROO and Du Pont management

had resisted for the simple reason that the all-concrete reactor buildings could not burn.

The concern over fire prevention was eclipsed by a news story reported on the front page of The New York Times
in 1988. A report, “SRP Reactor Incidents of Greatest Significance” compiled three years before, which detailed

and categorized 30 significant incidents in the history of the five Savannah River reactors, was released to the
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public. Most of the incidents in the 1985 report had been summarized in an earlier ERDA document. An internal
memorandum initially, the report’s purpose was to show that the serious reactor incidents at the Savannah River
Plant were largely confined to the early years of operation, and that the safety precautions of later decades had
greatly reduced the incidence of error. The 1988 report was released in an effort to show that nuclear work was
in fact becoming safer. This was not how the information was received, and the national media immediately
interpreted 30 “incidents” as “accidents.” The outcry over the disclosure led to further congressional hearings

over perceived problems at Savannah River. Media attention reached a peak in late 1988.

Responding to evertougher safety regulations and a relatively large stockpile of nuclear materials, the Department
of Energy shutdown the three remaining reactors, P, K, and L in 1988. The fact that the Savannah River reactors
had all been shut down was almost lost in the public debate. Although this shut down was initially intended to
be temporary, it soon became permanent. In March 1987, administrative limits were placed on the power levels
at K, L, and P reactors due to lingering uncertainties over the Emergency Cooling System (ECS). The following
year, all three were shut down due to continuing concerns over the ECS, as well as the possibility of a “loss of
pumping accident” or a “loss of coolant accident.” K reactor was the first to go, in April 1988, followed in rapid
succession by L in June and P in August. The ripple effect of these shutdowns passed through other areas of

Savannah River as well. The production of fuel tubes ceased in Building 321-M that same year.

When Westinghouse assumed Du Pont’s mantle in April 1989, all the reactors were shut down, and the U.S.
had ceased the production of weapons-grade fissionable material altogether. The Site was officially included on
the National Priority List and became regulated by the Environmental Protection Agency. In the same year, the
Department of Energy formally announced that its primary mission had changed from weapons production to a
comprehensive program of environmental compliance and cleanup. In a signal that it was making a break with

the past, the facility’s name was changed from the Savannah River Plant to the Savannah River Site.

Later attempts to use the reactors for further production were half-hearted. Even though L Reactor was selected
as a backup for tritium production (1990), and K Reactor was restarted for power ascension tests (1992), the
Department of Energy ordered both reactors shutdown with no capacity for restart in 1993.1° While the work of
nuclear processing continues in the Separations Areas and other places on-site, the SRS reactors themselves are

now used to warehouse discarded radioactive materials.

End of Cold War

The controversy over “Star Wars,” not to mention conflicts in Afghanistan and Nicaragua, kept the Cold War fairly
warm in the early 1980s. There was also a confrontation over missile deployment in Europe. It was in this context
that the L Reactor Restart program was initiated and completed. By the mid-1980s, however, Soviet society was
beginning what would turn out to be a permanent thaw. Yury Andropov, Brezhnev's successor, died in 1984 after
only a couple of years in power, and was eventually succeeded by Mikhail Gorbachev in 1985. Within a year,
Gorbachev became the first Soviet leader to openly admit the weakness of his country’s planned economy. More

remarkably, he was the first Soviet leader to admit that elements of the old Communist doctrine were wrong or, at
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the best, outdated®. By the late 1980s, Gorbachev was well into the programs now associated with his name:

glasnost (openness) and perestroika (economic and political restructuring of the old Soviet system).

The nuclear accident at Chernobyl played a role in this development. Atfter first denying the accident, Soviet
authorities soon made a complete turn-around, with relatively open disclosure of the problem and solicitations
for foreign assistance. The approach to Chernobyl paved the way for new approaches to other problems. In
December of 1987, the U.S. and Soviet authorities signed an agreement to eliminate all land-based intermediate
range nuclear missiles from Europe. More was to follow in almost dizzying succession. In the fall of 1989, the
Berlin Wall, symbol of the Cold War in Europe, was dismantled, permitting a rapid reunification of Germany.
Communist regimes collapsed throughout Eastern Europe. Within two years, in 1991, the Soviet Union itself
would collapse, leaving the former giant split into its various constituent republics. Gorbachev, now jobless, was

forced to bow out to Boris Yeltsin, the president of Russia.

In the decade that followed, there would be additional problems with Russia as its economy continued downward,
but there would no longer be the threat of an ideologically fueled nuclear war between the two great superpowers
of the Second World War. Now it was the time to take stock of the vast nuclear arsenals in both countries, and
initiate a general clean up of forty years of nuclear production. Savannah River Site, under the aegis of the

Westinghouse Savannah River Company, was already poised to head in that direction.

This chapter has provided a context for Savannah River’s Cold War history form a national and complex-wide
perspective to provide background for the narrative that follows. The next chapters deal specifically with the
history of one of the processes mentioned, fuel and target fabrication at SRP, beginning with the evolution of the

technology.
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1. FIRST EXPLORATIONS

Two basic forms of materials for irradiation in reactors were fabricated during the Cold War - solid slugs (rods)
and tubes. Both were fabricated at SRP. As the name suggests, slugs were cylindrical columns of uranium. Both
slugs and tubes were combined into assemblies or groupings for insertion into the reactor. Slugs were placed
side by side and tubes were nested inside each other. The SRP operations personnel produced slugs and tubes
that converted uranium, other elements and alloys to metal then produced the shape desired for the reactor
assemblies. The basic fuel at Savannah River was uranium-235. Uranium-238, that would be converted into

plutonium, and lithium-6 for tritium production were the basic targets.

Savannah River’s reactors primarily made plutonium and tritium. To do so, they required a combination of
fissionable material to provide the neutrons or the “fuel,” and fertile material to serve as “targets.” Combinations
of fuels and targets, known as fuel assemblies, were produced in the 300/M Area by foundry and machine shop
operations using uranium feed material. Simply said, fuel assemblies are engineered groups of fuels and targets
that contain materials capable of fission. Savannah River scientists would develop more than 83 fuel assemblies
by 1972 in pursuit of high-performance fuel elements particularly over the first twenty years of operation.! Despite
that number, only a select few became plant workhorses capable of producing the neutrons needed to irradiate the
target materials that would then be transformed into plutonium, tritium or special isotopes in the plant’s production
reactors. The technological basis that allowed the creation of those “workhorse assemblies” derived from a World

War |l context. This chapter explores that context to ground the discussion of the later Cold War technology.

EVOLUTION OF ATECHNOLOGY

Solid Slugs

When SRP’s R reactor went critical in 1953, it

was charged with fuels and targets that echoed

Hanford'’s technology. Cylinders of aluminum-clad
natural uranium metal about 1” in diameter and 8”
in length were placed end to end in a quatrefoil,
a tube about 14’ long containing four interior
columns in which the slugs were inserted. Hundreds
of quatrefoil assemblies, placed vertically in the
reactor vessel and held in place by a lattice or grid,
compelled heavy water past the slugs. Antiquated
but adequate, this technology would be replaced
by fuel assemblies designed by SRP’s scientists and
engineers to successfully function at higher power
levels. Between 1950 and 1975, research and development occurred that led from solid slugs to hollow slugs to

large diameter tubes as fuel and target design strove to achieve higher performance values and in particular

49



50 | CHAPTER Il
FIRST EXPLORATIONS

HOLLOW SLUGS

Reactor assemblies are circular in crosssection,
about 4 inches in diameter, and about 14
feet long. The example on the left is a fuel
assembly consisting of several tubes nested
in concentric circles. The one on the right
consists of a column of slugs stacked in an
internal aluminum housing tube weighing
several hundred pounds.

greater heat transfer surface which

translated into higher reactor power

levels. The starting place for this

evolution is the Manhattan Project
and Hanford.

Hollow Slugs and Tubes

Accounts of developing technologies with shared objectives often in competition with each other occurring within
a secret context in a time of world conflict make for compelling history. While certain processes should and do
hold central stage in Manhattan Project history such as pile or reactor design or chemical separation processes,
the beginning place is uranium and its conversion from ore for use as a nuclear fuel. Finding the threads of that
part of the storyline is challenging. When Savannah River began operation, it received uranium feed materials
from Fernald where the purification of uranium was the first step of many involved with preparing uranium for use
as a nuclear fuel. Uranium feed material is purified and formed uranium metal that has been machined to exact
specifications. The antecedent processes involved in the purification and the conversion of the oxide into uranium
metal were incrementally developed at disparate locations both in academic and corporate environments in the
early 1940s as was the engineering involved with slug manufacture and reactor design. During the Manhattan
Project era, gaseous diffusion was chosen as a method for this separation. The process required the construction
of enormous structures in which gaseous uranium was driven at specific temperatures through miles of filters that
gradually collected uranium-235 atoms in increasing concentrations. Referred to as “uranium enrichment,” Oak

Ridge possessed the first plant and plants at Fernald, Ohio, and Paducah, Kentucky, later followed.

Reactor Assemblies for Irradiation in SRP Reactors and Reactor Profile Showing Reactor Vessel.
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BASIC CONCEPTS

A nuclear bomb requires fissionable material,

and production reactors make fissionable
materials from “fertile” materials through nuclear
bombardment. The three basic fertile materials
are thorium-232, uranium-238, and plutonium-
240. The first two are found in nature; the third is
artificial. Thorium can be bombarded to produce
uranium-233, uranium-238 can be bombarded to
make plutonium-239, and plutonium-240 will yield
plutonium-241. Lithium-6 is a fertile material used

for the production of tritium.

When

uranium is mined, it consists of heavy atoms

Not all uranium atoms are the same.

(about 99.3 percent of the mass), middleweight
atoms (0.7 percent) and lightweight atoms (< 0.01
percent]. These are the different “isotopes” of
uranium, which means that while they all contain
92 protons in the atom’s center (which is what
makes it uranium), the heaviest atoms contain
146 neutrons, the middleweight atoms contain
143 neutrons, and the lightweight have just 142
neutrons. To refer to these isotopes, scientists add
the number of protons and neutrons together and
then attach that total on the back of the name:

uranium-234, uranium-235, and uranium-238.

As a rule, fissionable material is limited to
uranium-233, uranium-235, plutonium-239, and
plutonium-241. Of this group, only uranium-235
exists in nature and it is difficult to isolate. Ninety-
nine percent of the atoms in uranium possess an
atomic weight of 238; the remaining 1 percent
has a weight of 235. This small percentage needs
to be isolated in sufficient quantities to generate a

chain reaction.

Tritium is a critical component in the construction of
thermonuclear weapons. An isotope of hydrogen
that appears rarely in nature, it had to be produced
through irradiation of lithium in nuclear production
reactors. The isotopes of hydrogen are protium,
deuterium, and tritium. The nuclei of these isotopes
contain one proton and either zero (protium), one
(deuterium) or two (tritium ) protons. All three of
the isotopes exist in nature, but most of the existing
tritium has been prepared artificially through
nuclear reactions such as:
,Li¢+ ont = H? + He*

This reaction, which depicts the lithium isotope
of mass six absorbing a neutron (mass one) and
decaying into tritium (mass three) and helium (mass
four) atoms, was the basis for tritium production
at SRP. Tritium produced at SRP was mixed with
Such

tritium-deuterium mixtures are used to boost the

deuterium for use in a nuclear weapon.

yield of nuclear weapons through thermonuclear
reaction that can produce over four million times
as great as the amount of energy released by
chemical reactions.  Tritium must be handled
carefully at all stages of its production and use
as it undergoes radioactive decay by emission of
a Beta particle (an electron) and conversion to a

helium atom of mass three.

Source: M. R. (Mac) Louthan, Jr. “Aluminum-Lithium Technology
and Savannah River’s Contribution to Understanding Hydrogen
Effects in Metal,” in Proceedings of the Symposium 50 Years of
Excellence in Science and Engineering at the Savannah Rover
Site. Prepared for the US Department of Energy under Contract
No. DE-AC09-96SR18500, Westinghouse Savannah River
Company, 2000, 31-32.
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Enriching uranium increases the amount of “middle-weight” uranium atoms. The fuel for nuclear reactors has to
have a higher concentration of uranium-235 than exists in natural uranium ore. This is because uranium-235
is the key ingredient that starts a nuclear reactor and keeps it going. Normally, the amount of the uranium-235

isotope is enriched from 0.7 percent of the uranium mass up to about 5 percent.?

Highly enriched uranium, defined as having more than 20 percent uranium-235 and typically more than 90
percent, is used in nuclear weapons. Low-enriched uranium, consisting of less than 20 percent uranium-235, is
used as fuel for nuclear reactors. Uranium-238, which is removed during the enrichment process, is referred to
as depleted uranium. Depleted uranium is used to make plutonium. The uranium-235 in the nuclear fuel of a
production reactor provides the chain reaction while the uranium-238 in the fuel captures neutrons to produce
plutonium. Irradiated materials rich in the isotope plutonium-239 are considered “weapons grade” and they are

later separated chemically from other materials for use.

EMERGING TECHNOLOGY - PURIFICATION AND CONVERSION TO URANIUM METAL

In its pure form, uranium is a heavy silver-colored metal. Described as malleable and softer than steel, it is more
dense than lead and vulnerable to surface oxidation and water particularly at high temperatures.®  Uranium
possesses several chemical forms but it is most commonly found as an oxide typically in pitchblende. This is the
chemical form most often used for nuclear fuel. A bright yellow granular solid material known as “yellow cake,”

uranium oxide was chemically processed from uranium ore.

The process begins at the earth’s crust from which uranium mineral ore is extracted. By definition, the mineral has
to have the physical and chemical attributes that distinguish uranium and must be found in sufficient concentrations
that it can be profitably extracted either solely or with other minerals. Uranium is the major component (between
50 and 80 percent) in pitchblende and uraninite and to a lesser extent in carnotite, torbernite, tyuyamunite,
autunite, uranophane, and brannerite. Typically, minerals that contain uranium possess only a small amount and
the degree of purity varies. Thus identifying promising ore deposits is challenging. Once identified, the ores
and the concentrates are sampled and tested to assay purity and to identify the other accessory minerals present

within the ore.

Uranium processing at Fernald involved a series of unified manufacturing plants that housed related processes
in an assembly-line fashion. Fernald’s predecessor “plants” during the Manhattan Project were geographically
distant and of all shapes and sizes. A rooftop in New Jersey served as a laboratory as did a small corporate
lab in Massachusetts that specialized in producing powdered metal alloys, and the Bureau of Standards in
Washington. Early experiments in these locations on uranium materials were fruitful but the techniques involved
could not be used confidently to produce a uranium powder that would not ignite when exposed to air or pure
ingots of uranium. As a consequence, scientific attention turned to uranium oxide as a first step toward developing

a process to convert uranium into uranium metal .4

In January 1942, uranium oxide was available in storage in New York and also for purchase at the Eldorado
Gold Mines on the north shore of Lake Ontario and its mines near the Arctic Circle.® The available supply of raw

material at that point was commercial grade black uranium oxide that was in sore need of purification if it was to



300/M AREA
FUEL AND TARGET FABRICATION

be used in the endeavor at hand. And tons, specifically 250 tons, of oxide were needed annually to operate a

plant producing one kilogram of uranium-235 per day.

How to purify uranium oxide was solved through existing chemical knowledge and experiments completed at the
National Bureau of Standards which showed that the crude oxide dissolved in nitric acid formed uranyl nitrate
which could then be dissolved in ether with all the impurities left behind. The uranium would be recovered,
concentrated, and then reduced to uranium dioxide. The problem was producing uranium dioxide on an industrial
scale. Mallinckrodt Chemical Company in St. Louis met this challenge by the summer of 1942 producing what

was needed to produce uranium metal or hexafluoride used for uranium enrichment.¢

Making uranium metal was another story. Only a small amount of uranium metal meeting nuclear requirements
was produced in the United States prior to 1941. Westinghouse Electric and Manufacturing Company’s Lamp
Division had produced this using an experimental technique that required a photochemical reaction of the uranium
oxide with potassium fluoride produced by sunlight. To accomplish this, their operations were situated on the
company’s roof in Bloomfield, New Jersey. They were successful in slowly and expensively producing uranium

metal with good purity but only in grams. Tons were needed.”

A second source of metal was available through a process credited to Peter P. Alexander of Metal Hydrides
Company. While pounds of uranium metal were produced by reacting uranium oxide with calcium hydride using
this method, it delivered highly impure pyrophoric powder. One source notes that it was so capable of igniting
that special precautions were used to remove the powder from the reduction furnaces and that refrigeration was
necessary as the powder would become red hot even when packed in metal cans.® The melting and casting of
the powder was equally problematic. Enter Frank A. Spedding of the lowa State College in Ames and the Ames

Project where a branch of the Metallurgical Laboratory was established.

The Ames group developed a cost effective process for producing pure uranium that could be cast into large
ingots. The process, known since 1926 and which produced metal initially in solid form rather than powder,
needed calcium metal and good-quality tetrafluoride to work. As tetrafluoride was under production at two
Manhattan Project plants and high-purity calcium was made at Metal Hydrides, the needed ingredients were now
available and the Ames Project staff made use of them producing a ton a month of uranium metal by September
1942 at the Ames laboratory.” They would later substitute magnesium reduction for calcium for more effective
conversion and to lower costs. Successful, the Ames group produced “biscuits” of uranium metal, weighing
between 40 and 125 pounds which were then melted and cast into ingots about four inches in diameter and 13
inches long.'® Industrial scale development followed their success. By the close of 1942, contracts had been let
for uranium metal production to Mallinckrodt Chemical Works, the Union Carbide Corporation, and the Du Pont

Company using the process technology worked out above at Ames.!"

SLUG DEVELOPMENT

While the production of uranium metal was developing, pile or reactor design was on the fast track. The general
shape of the uranium fuel to be inserted into the piles under development began with a consideration of layers,

then lumps, then “pipes.” Foremost, the uranium needed protection in the pile from corrosion from the surrounding
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reactor coolant and conversely, the coolant needed to be safe from contamination. Reactor design at the Met
Lab in Chicago at this juncture called for a cylinder of graphite with horizontal aluminum tubes containing the fuel
running parallel to the axis. The uranium slugs were to be sealed in aluminum cans with a small enough diameter

that they could be surrounded by cooling water the flow of which was controlled on the exterior of the reactor.

An atomic energy history aptly notes that if Fermi and Seaborg were the discoverers of the new world of nuclear
energy, engineers working with the Technical Division at the Metallurgical Laboratory in Chicago were its first
explorers.? The engineers were required to meet the overall project requirements - creating complex machinery
and equipment that would prove reliable under extreme operation conditions on a large scale — as well as
challenges such as overcoming corrosion, fabricating metals, purifying metals, building special equipment, tools
efc. Added to this responsibility was a unique challenge to “know the effect of radiation on corrosion rates, on

the properties of metals, on chemical reactions, on instruments and other equipment, and on man.'?

Given the ground that needed to be covered, engineering for the fabrication of uranium metal into slugs, the
canning of slugs, and the design of aluminum tubes was parceled out to a wide ranging committee of institutions
and companies including: lowa State College, the Battelle Memorial Institute, the Bureau of Mines, the Grasseli
Chemicals Department of Du Pont, Westinghouse, and the University of Wisconsin. Richard L. Doan, chief
administrator of the Metallurgical Project, headed the committee. While this committee worked, construction on
the X-10 project proceeded at Oak Ridge. Du Pont was the designer/builder of an aircooled experimental pile,
the chemical separations pilot plant, and supporting laboratory facilities (see previous chapter for illustration).

Construction began in 1943 just as the Hanford site was selected.

The possible methods for protecting the uranium slugs were to spray, coat, dip, or can the slugs. The experimental
pile under construction at Oak Ridge was air-cooled which gave everyone some breathing room and a number
of technological courses of inquiry were put into play. Grasseli Chemicals in Cleveland was assigned research
on the hotdip approach. Aluminum Company of America (ALCOA) worked on canning. The latter had more
promise even though rigorous testing showed that no more than 50 percent manufactured were considered
satisfactory for use. Specifically, the weld between the can and the end cap was predominantly responsible for
the failure and engineers at the Met Lab were consulted to correct the welding issue. At this point there was no
bond between the slug and the can. The air-cooled technology used at Oak Ridge in the X-10 that allowed for the
use of unbonded slugs gave the engineers some time but the startup of Hanford’s full- scale production reactors

was imminent and sufficient slugs were needed.

Considered a crisis by all involved, parallel lines of research developed but the approach that involved the use
of an aluminumssilicon alloy (Al-Si) as the bonding agent between the slug and its can and the inclusion of a zinc
bond in a special canning technique caught Du Pont’s Crawford Greenewalt’s attention. While he recognized the
problems inherent in bonding, he felt the advantages were worth the trouble. Specifically, the bond on the slug
would further heat transfer and it would also safeguard the uranium from corrosion and swelling if the can did
leak. The completion of the construction of the 300 Area at Hanford, which included slug fabrication facilities, a
low-power pile, technical laboratory, instrument shops and a semiworks, allowed Du Pont to begin experimental

canning operations.
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The development line consisted of little more than a series of open tanks in which scores of operators
dipped clusters of machined slugs. Starting with a series of degreasing and pickling baths to remove
dirt and oxidation, the slugs were successfully dipped into molten bronze, tin and Al-Si. Since the
temperature, composition, and duration of each dip were extremely critical, the operators had great
difficulty in achieving uniform results or detecting faulty slugs. After the final dip, the slugs were forced
into the aluminum cans with hydraulic presses, a tricky process which produced a large number of
rejects. The next step involved end trimming and the complicated task of arc welding the aluminum can
in an argon atmosphere. Completely a manual operation, the welding step required weeks of training to
achieve reasonable results. When the end had been faced and machined, the slugs were subjected to a

series of fests to detect weld failures, pinholes, or lack of bond uniformity.'4

Hanford’s 300/M Area work force could produce three to four slugs a day working double shifts. A two-week
yield of 36 substandard slugs did not assuage the doubts of all involved that knew tens of thousands were needed
to charge the first production reactor. Du Pont could either lower standards or order an emergency charge of
unbonded slugs which many scientists already advocated using. Neither path was taken. Du Pont essentially
stayed the course. As experience grew and with the addition of personnel and dipping lines, slug production
accelerated using the method described above and Hanford employees were able to meet the needed number of
slugs to charge the first reactor and play its historic role in ending World War Il. Hanford has completed a history

of its 300 Area detailing its operations that shows workers conditions, significant events, etc.'s

The development of equipment and machinery to achieve the same products in the 1950s at SRP is a different
story with an eastern seaboard setfting, Du Pont as the storyteller, and a host of other firms eager to participate
in the atomic energy field playing major roles. Eight years later at the onset of the Cold War, the preparation
of uranium feed materials would begin at a new location and in a different technological environment. While
fuel element technology at startup would mimic Hanford technology, it changed by the late 1950s as production

requirements, costs and performance needs changed.

SRP MANAGEMENT STRUCTURE - AEC AND DU PONT

SRP, a product of the AEC expansion in response to the Cold War, would be shaped by the Hanford experience.
But other factors such as the presence of a growing AEC weapons complex as well as advances in reactor
technology made for critical changes. The AEC’s primary purpose was the development and production of
nuclear and thermonuclear weapons, and as its secondary purpose the promotion of peaceful uses of atomic
energy. The government arm of that effort was extended to Savannah River in the form of the Savannah River

Operations Office, the AEC's operations office that had jurisdiction over Savannah River.

The overall goals of the AEC and the weapons and peaceful programs related to nuclear energy in the United
States were established in Washington at the AEC headquarters. The AEC headquarters staff could be divided

info two groups: program directors in charge of the various commission projects and management directors
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in charge of administration. The general manager, through assistant general managers and the commission
division directors, carried out policies. The major divisions within the commission were Production, Research,
Reactor Development, Contracts, Construction, Safety, Raw Materials, Isotope Development, Nuclear Education
and Training, Biology and Medicine, Licensing and Regulation, and International Affairs. The policies, programs,
and oversight functions of the headquarters were carried out through the maijor field offices, called “operations
offices.” Each operations office was a complete organizational unit with responsibility for the business and
technical aspects of the programs under its jurisdiction. These operations offices—originally located at Los
Alamos, Oak Ridge, New York, Chicago, and Hanford—were given authority to hire and fire their own personnel

and to set their own means of meeting commission objectives.'®

The Savannah River Operations Office was established in early 1951. The field office was ultimately under the
authority of the AEC's director of production, the local focus of responsibility being the manager of operations.
This operations manager was charged with overseeing the production of fissionable and special materials, as
well as fabricated items (such as the plutonium warhead pits originally planned to be produced at Savannah
River); oversight of engineering and construction program administration; supervision of the Dana Area Office in
Indiana; and the approval of purchases and contracts, with the further approval of the director of production for
those valued over five million dollars. The operations office geographical area of responsibility included not only
the Savannah River production facility, but also general assignments for Atomic Energy Commission programs
in South Carolina, North Carolina, Georgia, Florida, Alabama, and in the Former Panama Canal Zone. These
responsibilities primarily included monitoring and coordinating with off-plant persons and organizations in issues

related to atomic energy and radiation control and research, and providing public information.

DU PONT MANAGEMENT AND DEPARTMENTS

Initial Du Pont management of its operations at Savannah River was derived from its commercial operations and
its recent wartime experiences. As stated in the contract covering Du Pont’s involvement at Savannah River,
the company had very nearly full control of site management. Du Pont took the stance that the functions of the
AEC, and its oversight arm of the Savannah River Operations Office, as far as the operation of the plant was
concerned, were limited to sefting production goals; coordinating efforts in the national complex; ensuring the

quality, safety, and accountability of products and operations; and auditing expenditures.

Du Pont management extended from the company headquarters in Wilmington, Delaware, through the Atomic
Energy Division of the Explosives Department, established as soon as Du Pont agreed to take on the Savannah River
project. Construction was managed under two departments, the Explosives and the Engineering departments, with
the assistance of auxiliary departments such as Legal and Purchasing. The Explosives Department had primary
responsibility—it defined the scope of work and developed process specifications—and Engineering acted as
the architect-engineer. The Design Division of the Engineering Department handled all in-house design work; all

final designs had to be approved by the Explosives Department, whether those designs were developed in-house
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or subcontracted. Once plans were approved, Engineering’s Construction Division took on the construction.

Completed facilities were turned over to the Explosives Department for operation.

The Construction Division, under the direction of the Du Pont Engineering Department, was formed during
operations. This division, based in Central Shops, was responsible for changes and improvements to the facilities
and for new construction. Their ranks included field project managers, engineers, and superintendents for most of
the major crafts groups such as ironworkers, pipe fitters, layout, electrical, sheet metal, and carpentry. Employee
relation’s superintendents were part of the force, as was a physician, cost and evaluation personnel and individuals
with expertise in instrumentation. Construction also had resident subcontractors who were specialists in piping,

electrical work, insulation and testing and inspection of completed works.

The head of the Atomic Energy Division was ultimately responsible for the company’s management of Savannah
River. Under the division head were three managers over functionally divided Technical (originally Research),
Manufacturing (originally Production), and Control divisions. The Technical Division during the design and
construction phase was responsible for development of the operations facilities and their equipment. Wilmington's
Manufacturing Division was responsible for the operation, maintenance, and security of Savannah River overall;
for assuring that design, construction, and modifications were carried out effectively and as necessary; and for
safety and quality in general. The most important section of the Manufacturing Division was Process. The Process
Section coordinated work with Du Pont’s Engineering Department, analyzed Technical Division information and
prepared it for use in production, worked closely with the Works Technical and Works Engineering at Savannah
River to overcome problems and make improvements, and helped with the budgeting and coordination of major
activities. The Process Section also acted as liaison between South Carolina operations and the Atomic Energy

Commission and its other contractors concerning engineering and process matters.

Under the Savannah River Plant organization, the Works Technical Department served very important functions
assuring continued safe and efficient operations. There was a department for each major manufacturing activity
at Savannah River, and departments for overall concerns such as the Health Physics, Analytical, and Equipment
Engineering Divisions of the Works Technical Department. Works Technical provided guidance for operations,
initiated and followed facility improvement tests, evaluated results, and very importantly served as the channel
through which production requested assistance from the laboratory and worked with the laboratory to translate
research and development efforts there to plant operations. Works Technical also prepared Test Authorizations
and Reactor Startup Authorizations, which were formal nofifications granting permission to begin operations
activities according to normal practices or deviating from normal practices. Of great importance to the site in
all areas was the Health Physics Department, which was responsible for monitoring contamination and potential

contamination both within the site boundaries and in the wider region.

The Production Departments, as the name implies, were responsible for operations in the various plant areas in

accordance with the technical standards developed by the Wilmington Technical Division.

Works Engineering embraced the following departments: the Power Department, the Maintenance Department,

and the Project Department. The Wilmington Technical Division was responsible for new products and processes,
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of information between the laboratory, other AEC sites, and the sections in the Manufacturing Division. The
Technical Division also served as a channel for communications between field operations and Du Pont’s Wilmington

auxiliary departments and the Executive Committee.

At Savannah River, the laboratory organization was initially divided into three broad functional divisions
associated with general physics, the reactors, and separations. In general, the laboratory was responsible for
most development work, the testing of process modifications, maintaining the plant’s technical standards, and
approving test authorizations. The Physics Section dealt with broad theoretical, experimental, and criticality
data, including the assessment of new reactor loadings. The Engineering and Materials Section developed
and evaluated designs and fabrication techniques for reactor assemblies and their constituent components.
Separations and Services operated the laboratory facilities and made improvements to chemical separations

processes and equipment.'”

SUMMARY

Du Pont, the builder/operator of the Manhattan Project plants at Oak Ridge and at Hanford, re-entered the
atomic energy field to design, build, and operate the new plant in South Carolina. Once again, the Wilmington
firm was immersed in how best to fabricate feed materials that best suited the newly defined production needs
of the country and that represented best practice in the industry in terms of efficiency and cost effectiveness.
With alacrity, Du Pont sent future operations personnel to Argonne and Oak Ridge National Laboratories and in

addition sent a small group to Hanford for a six-week stint to observe the canning process.'®

Du Pont also entered into sub contracts with firms that complemented their core skills, added to their expertise,
and their labor force. Voorhees Walker Foley and Smith (VWF&S), an architectural and engineering firm,
subcontracted with Du Pont for building design and area layout. They created the building envelopes that housed
the nuclear processes, defined the building areas, and the site’s overall layout and context. The establishment and

construction of 300/M is the focus of the following chapter.
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V. 300/M CONSTRUCTION

New York based Voorhees, Walker, Foley & Smith (VWF&S) was chosen as the plant's architectural and
engineering firm for its experience in industrial architecture particularly laboratory design and possibly for its
work in the early 1940s when they renovated Columbia University’s laboratories for atomic energy research.

Perry Coke Smith was the firm’s lead architect on the SRP project.’

300-M AREA DESIGN AND LAYOUT

Dutcher and McCullin visited J. Tinker’s office to discuss 300-700 area layout. After explaining reasons
for our layout as shown, in detail, Tinker gave final approval in the presence of Swertsfeger, of A.E.D.

and Petrescu of Design. We are now ready to do some real work in this area.?

Prior to this triumphant entry in A.J. McCullin’s work diary placed on March 13, 1951, Du Pont's civil engineers
and Voorhees, Walker, Foley, and Smith civil engineers had worked hard but unsuccessfully to identify a location
for the future fuel and target fabrication area. Early discussions on plant layout indicate that the 300-M Area was
first conceived as a separate building area complete with its own powerhouse and service buildings. However,
economics prevailed and the 300 and 700 areas were conceptually united so as to take financial advantage of
mutual power and service facilities and to afford the new fuel and target fabrication facilities some proximity to
the main laboratory that was to be part of the 700 area. McCullin’s diary shows that the conceptual joining of
the two areas was established in early December of 1950, shortly after the plant announcement. Working out the

many concerns to make this a reality, however, took three additional months of effort.

Beginning logic placed the 700-A Area at the intersection of Highway 19 from Aiken and then Highway 781 from
Augusta. This correspondsto the currententry to SRS atHighway 19 atBarricade 2. This locale changed when design
criteria, specifically thatthe joined areas should be equidistantfrom Augusta and Aiken to accommodate the workforce,
particularly the administrative jobholders, was invoked. Safety, a second design criteria for the location of the area,
necessitated the establishment of certain safety distances. 305-M, a major facility within the area, would house a
graphite test pile or reactor. Reactor safety distances required that the 300-M Area be located 5 miles distant from
the nearest reactor area and that the test reactor in M Area be located 2 miles from the plant boundary.® Other layout
concerns proved challenging. For example, the future location of the joined areas at the proposed plant’s northern
reaches was tied to property acquisition and the stabilization of the plant’s boundary was still fluid in early 1951. This

further complicated the layout task.

A draft general layout was completed by the end of February for 300-M Area. The Site Boundary Layout,
Savannah River Plant Map 3304 completed in January 1951 shows the proposed building area location .5 miles
east and parallel to then Highway 147 (later renumbered Highway 125) and approximately 1.25 miles from

the site boundary. McCullin’s work diary indicates that the proposed site plan shown in the 1951 map was not
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Compilation map showing original site boundary and final
boundary. Area “2,” by Jackson, was the proposed site of the
700/300 Area which in May of 1951 was used agriculturally.
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considered acceptable by Du Pont management. A new layout was needed and it was to be “...started from
scratch without regard to natural features such as trees, etc.”4 Du Pont's Design group had a week to complete it.
The reference to trees is ambiguous but the work diary indicates that a new layout was achieved within a week
and that the civil engineers moved the proposed location for 300-M Area .5 mile east from the original location
to where 300-M Area stands today. Underscoring the importance and timeliness of the selection, Robert Mason,
Du Pont Field Construction Manager, gave his imprimatur to the area location, calling to advise that he had made

a personal field inspection of the selected area and that he approved.®

The new location was an agriculturalfield south of Green Pond Church on a 145-acretractacquired from Evan Williams
and the adjacent Williamson tract.® Photographs taken prior to the start of construction show no buildings present
on the section of the parcel chosen for the building area but an unimproved road and fencing is shown and groves of
trees. It appears that the proposed site was leveled and that all vegetation was removed with the exception of an oak

tree which still stands today as a reminder of the area’s rural non-industrial background.

The site selected for the 300-700 Area is one mile south of the northern perimeter, in the northwest section of the
site. The closest process facility, F Area, lies within 4.5 miles of it. These distances indicate that the preferred
safety distances were not fully met in the layout but came close, particularly with the process building safety
distance parameter. The halving of the 2-mile preferred distance to the perimeter was possibly predicated on
acquisition concerns and the need to establish this important area simultaneous with the determination of a site

boundary.

The whole 300/700-Area layout has a crisp almost military layout. It is roughly U-shaped with the main
administration building commanding the entire building area. Road D bisects the 700/300-Areq, leads to the

center of the site, and terminates at the back of the main administration building. 300-M Area, which constitutes

Plan for 700/300 Area, No. 30, Voorhees, Walker, Foley, and Smith. Architects and Engineers, 101 Park Avenue, New York. The 300/M
Area is shown below in the upper right hand corner of the architectural plan.
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the western leg of the “U,” is rectangular and is oriented on a north-south axis using plant north. Road A-1 bounds
it on the north and Road D is its eastern boundary. The opposing frontages on Roads A-1 and D contain 700
Area buildings. 300/M Area was connected to the plant railway system. Two thousand six hundred and forty
linear feet of standard gauge track were laid on a straight line parallel to Road D east of the M Area facilities.
No electrical power was generated in 300-M Area instead three secondary substations supplied power from the
plant’s electrical network. A-Area’s boiler house, located on Road D across from 305-M, supplied steam for use
in the manufacturing processes and for heating. Underground water lines delivered and distributed water through

separate systems for domestic, fire protection, and process water use to 300-M Area.

The buildings in 300-M area were laid out in linear fashion from north to south in the following order: 701-1M,
704-M, 313-M, 320-M, 305-M, 701-2M, 777-M, and 352-TM. M Area was originally designed with eight
facilities, four of which, 313-M, 320-M, 305-A and 777-M, were process facilities. An office and change house
known as 704-M was situated to the front of the area for worker’s convenience and a substation was built on the
southern perimeter of the building area. Two gatehouses, one on the northeast corner (701-1M) and the second
on the southeast corner (701-2M), controlled access to M Area that was surrounded by a nine-foot high chain link

perimeter fence. By 1954, smaller support buildings such as 710-1M, a lithium storage building, were added.

Maijor change occurred between 1955 and 1957 when a fourth manufacturing building (321-M) designed to
produce a new fuel type was added to 300-M Area.” A laboratory (322-M) for process control and for method
development, a substantial addition to 320-M to produce targets associated with the new fuel type, and ancillary
structures including a Tank Farm (312-M), air compressor house (319-M), and some other service facilities were
also part of the 300-M Area expansion. The majority of the new construction, including the laboratory and the
manufacturing building, was placed west of 320-M, an expansion pattern that would hold true for later area
changes. Buildings closest to Road D are first generation facilities while newer constructions lie to the west in a
“second block” of development. The new laboratory was placed conveniently between the two manufacturing

buildings, 320-M and 321-M and support structures close to the main buildings.

The initial layout of the buildings did not reflect a work sequence in production as much as a workflow. Operations
in 313-M and 320-M produced separate products and the products of both were tested in 305-M. When 321-M
was built and placed into operation, it also produced a separate product. Internal area subdivisions recognized
that flow. M Area was subdivided into three internal areas. The northern area contained 701-1M, 704-M, 313-
M and 320-M. Later 321-M and 322-M joined that group. Buildings 305-M, a graphite pile, and 777-M, Phy