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ABSTRACT

This documentation was prepared following the Consolidated Memorandum of Agreement (MOA) signed by the Department
of Energy-Savannah River (DOE-SR) and the South Carolina Historic Preservation Office (SHPO) in August 2004 in response to
the proposed deactivation and decommissioning (D&D) of numerous reactor area historic properties. While the Consolidated
MOA was the catalyst for the study, a Cultural Resources Management Plan was later developed in 2004 that more fully
defined how documentation studies were to be completed at the Site. Since 2004, other reactor area historic properties have
undergone D&D with SHPO concurrence and in 2009, planning for the D&D of P and R reactors was begun with SHPO con-
currence. These actions precipitated the development of a reactor thematic study containing documentation of reactor area
building types that are considered eligible for listing in the National Register of Historic Places (NRHP). This documentation
is based on field analysis, oral history, primary documentation, and research. New South Associates prepared the narrative

and Savannah River Nuclear Solutions (SRNS) completed the photographic documentation.
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[. INTRODUCTION

This document is a thematic study of five production reactors and their associated support structures at Savannah
River Site (SRS), formerly known as Savannah River Plant (SRP), located south of Aiken, South Carolina, within
Aiken, Barnwell and Allendale counties. These reactors collectively played an important role in our nation’s defense
during the Cold War. The Department of Energy Savannah River (DOE-SR) recognized their historic significance
in 2004 in a Programmatic Agreement that specified the development of a Cultural Resource Management
Plan (CRMP) for their future treatment. The CRMP was subsequently developed and it outlined how historically
significant buildings, that were considered eligible for nomination to the National Register of Historic Places,
would be documented, should a Federal undertaking occur that would affect the qualities that made them eligible
for nomination. This reactor thematic study, precipitated by proposed deactivation activities in P Area that will
affect the reactor building and its associated support structures, 108-1P and 108-2P, reflects the documentation
obijectives in the CRMP.

Between 1950 and 1955, Du Pont was provided an unprecedented opportunity in reactor design and engineering
that produced five heavy-water moderated and cooled production reactors at the SRS. These reactors were built
as part of the 1950s Atomic Energy Commission (AEC) expansion program at the onset of the Cold War and
they featured design differences that set them apart from the early AEC reactors at Hanford that dated to the
Manhattan Project. Each SRS reactor is a massive, multistory, irregularly shaped building primarily constructed
of reinforced concrete with stacks reaching approximately 200’ in height, substructures reaching 40" below
grade, and featuring different configurations at grade level. They are processually alike but different in their size
and layout. The five reactors are identified by letter designations, and in the order of construction, they are R, P,
L, K, and C. R and P reactors are most similar and can be considered a replicated “type” within the Savannah
River reactor group. L and K reactors form the next generation type while C reactor, the last to be constructed,

represents a third type.

Each also had its list of achievements. R Reactor was the first of the five to be constructed and to go on-line,
achieving that distinction on December 28, 1953. As such, it was the first large heavy water-moderated and
cooled reactor, outside of the small and experimental reactors at Argonne National Laboratory. P Reactor, the next
to go on-line, was the site of ground-breaking neutrino research later in the 1950s, and in the years that followed.
L Reactor was the first to be controlled by computer, possibly the first anywhere in the world; it was also the first
to be re-started after a closure period of over 10 years. C Reactor was the site of record-breaking high flux work

in the 1960s.! It also played a unique role in the Transplutonium Programs championed by Glenn Seaborg,

chairman of the AEC in the 1960s and early 1970s.

Each of the five reactor areas (Areas R, P, K, L and C) share a complement of like buildings and structures, with
few exceptions, which allowed each area to operate independently. The building types are known numerically
as: Reactor Building, 106, 107, 108, 109, 110, 122, 151, 152, 183, 184, 185, 186, 188, 190, and 701,
704, 706 and 711. A suffix of R, P, K, L and C follows each building number to denote the area in which the
building type was located.

1
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The reactor areas (R, P, L, K and C) are centrally located within the SRS in Barnwell County although the Site is
located on a 198,344-acre tract spread over a three county area. Other manufacturing and administrative areas
required to sustain the SRS’s Cold War mission were also established within the Site that features the Savannah
River as its western border. The Site comprises roughly one percent of the state and contains approximately 310
square miles within South Carolina’s upper coastal plain. 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 part of the 18-county

Central Savannah River Area (CSRA) adjoining the Savannah River in both South Carolina and Georgia.

THEMATIC STUDY APPROACH

Reactor operations from the Site’s construction to the close of the Cold War is considered a major theme in the
Site’s history and this is the period of significance this study covers. As defined in the CRMP, a thematic study
approach is warranted where there are replicated historic building types that are functionally related, as is the
case with SRS’ five reactor areas. If an undertaking were determined to pose an adverse effect on any of the
significant building/building types within a replicated group, this would initiate the development of a full thematic
study of the group. Thus the onset of the P Area undertaking was the catalyst for this study.

Despite differences in the reactor buildings, each of the five reactor areas consisted of a complement of service
buildings that were almost identical. These buildings are listed in a number of sources dating to the early to
middle 1950s.2 Between 1950 and 1956, a total of 114 permanent facilities were constructed to support
reactor operations overall; 21 building/structure types were constructed in each building area. R Area had two
additional building types that were not replicated at the other reactor areas, raising the building types to 23 in
number for reactor-associated facilities. Table 1 provides the building number, formal name, and building area

for each of the support buildings and structures at the close of construction in 1956.

Table 1. Reactor Building Types, Building Numbers, and Names

Building Number Name Building Area
Reactor R,P L K, and C
106 Emergency Process Water Storage Tank R,P LK, and C
107 Cooling Water Effluent Sump R,P LK, and C
108 -1&2 Engine Houses R,PL K, and C
108 -3 Fuel Unloading Facilities R,P L K, and C
109 Purge Water Storage Basin R,P L K, and C
110 Gas Storage R,P L K, and C
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Building Number Building Area
122 Process Storage Building R

151-1&2 Primary Substations R,P L K, and C
152 Secondary Substation R,PL K, and C
183-1 Clarification Plant R

183-2 Filter and Softener Plant R,PL K, and C
183-4 Clarification Plant P LK, and C
184 Powerhouse R,P L K, and C
185 Cooling Towers R,P L and K
186 Cooling Water Reservoir R,P L K, and C
188 Ash Disposal Bain R, P L, and K
190 Cooling Water Pump House R,PL K, and C
701-1 Area Gate House and Patrol Headquarters R,P L K, and C
701-2 Gate House R,PL K, and C
701-3 Gate House R,P L K, and C
704 Office and Shops Building, Change House, and Stores R,P L K, and C
706 Reactor Tech C

711 Steel and Pipe Storage R,PL K, and C

Over time, reactor areas lost some buildings while other areas, such as C Area, experienced expansion and
the construction of new buildings particularly during the 1980s. Notably, only C Area would receive a historic
building after the construction period, 706-C, a construction-era Butler Building that became the focus of “Reactor
Tech” activities. R Area, shutdown in 1964, had few buildings intact in 2007 while the other areas had lost their
powerhouses, cooling towers, as well as other support buildings. In addition, after shutdown, parts of R Reactor
were harvested for use at the remaining reactors. Production, not preservation, was the mission within a highly
technical environment propelled by our nation’s need to supply the nuclear arsenal during the Cold War. Plus
much of this loss occurred prior to the recognition of the historic significance of these facilities and their value in

telling the Cold War history of the site. This document addresses that story.

As defined in the CRMP, a thematic study involves the development of 1) an illustrated narrative history based on
extensive primary and secondary research; and 2) photographic documentation. The goal of the narrative was
to describe the reactor process showing how nuclear materials were delivered to the reactor, how irradiation
occurred, and how the irradiated materials were handled and then shipped to the Separations areas. In addition
each reactor building areq, its buildings and the reactor process equipment were to be described so the information
gathered could be used later for interpretation and to help guide future evaluations of significance for any artifacts
found or associated process equipment. The narrative was based to the fullest extent possible on primary sources.

Records kept by both Du Pont and the Department of Energy and its predecessor agencies were researched.

5
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Engineering drawings or “as builts” for each of the building types were gathered for the study and extensive
research through the Site’s Photographic Archives was completed. Many of these historic views were selected for

illustration.

An essential part of the primary research was the gathering of oral history from knowledgeable SRS retires and
current employees that were part of reactor operations. Their recollections contributed greatly to the narrative.
Fiffeen oral history interviews were completed. Excerpts are given in Chapter 12 and full transcriptions are

included in Appendix B.

Photographic documentation is a critical mitigation tool and an essential component of this study but specific
challenges posed by the type and condition of the historic facilities to be documented had to be addressed.
Specifically, the reactors contain contaminated areas that were not personnel accessible, including the process
area’s reactor room, which is the most significant part of the building. R, P and C reactors are unlit, power is
limited, and all have been “cleaned out” to the walls. Another documentation challenge was the presence of
lead-based paint peeling from walls and equipment throughout the reactor buildings with the exception of those
in use. Traditionally, this resource type, given its significance, would be extensively documented with large format
photography. However, the presence of historically significant but inaccessible areas, the lack of lighting and
power and the loss of integrity made the visual capture of each reactor’s interior end state difficult and non-

productive in terms of information potential.

Given the above, a photographic documentation work plan was developed that moved away from documenting a
reactor’s inferior solely through mitigation photography of the building’s end state. Instead, historic photography,
complemented by end state photography where needed, was selected and compiled into a photographic portfolio.
SRS maintains a photographic archive that contains an extensive collection of historic views that range in content
from pre-construction, to construction, to showing the reactors in use. SRS has always employed onsite professional
photographers and large format photography was consistently used to record the site’s buildings and activities
through the 1970s. The portfolio of large format historic views was supplemented by end state photography when
the historical record had an omission or when a historic property had an intact and significant interior that needs
to be documented. Current photography was completed with a digital camera capable of high-resolution images

that will be developed to meet archival standards.

DOE-SR developed the thematic study approach and the photographic documentation plan in concert with the
SC State Historic Preservation Office, the SRS Heritage Foundation, and the Savannah River National Laboratory.
Appendix C contains the P Reactor undertaking notification that provided the specific work plan for this study. In
addition, a questionnaire was circulated among the members of the SRS Reactor Technology group to get input on
what they felt were the most important historical values should be captured in the documentation and preservation

of the reactors. The completed questionnaires are presented in Appendix D.
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SRS COLD WAR HISTORIC DISTRICT AND ITS SIGNIFICANCE

The reactors and their associated buildings and structures are considered to be part of a Cold War Historic District
that meets the criteria for nomination to the National Register of Historic Places (NRHP). DOE-SR under Section
110 of the National Historic Preservation Act inventoried its Cold War associated cultural resources in 2004
and identified 220 historic properties that met the NRHP criteria. A discussion of the district and its significance

follows.

The Savannah River Site 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 Criteria 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 Criteria 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 Criteria C is usually applied to an architect or architectural
firm, it is appropriate here. Du Pont brought its unique 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

the Savannah River Site.

The historic district is also considered eligible under Criteria 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 unique construction materials,

functional design, and special design criteria for radiological shielding, personnel safety, and the ability to sustain
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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 Criteria C.

Savannah River Site’s historic district may also fulfill National Register Criteria 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. It is difficult
to imagine 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 Reactor Notification’s mitigation plan laid out the organization for the thematic study. After this introduction,
a context for the Site and its Cold War mission is presented to anchor the reactor discussions and to provide

the reader with some general background on the Site’s history. Chapter 3 provides a primer on basic atomic
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information and a brief history of reactor design prior to the Savannah River reactors. Construction of the reactor
areas is treated in Chapter 4. The following chapters, 5, 6, 7, and 8 describe the reactor building and its
processes using the five areas in a reactor as an organizational framework. Chapter 5 describes the overall
building type and its assembly area. The Process Area (includes Personnel Area) discussion follows in Chapter 6;
Chapter 7 handles the Disassembly Area. The Purification Area is discussed in Chapter 8. The next chapter deals
with the differences between each reactor and what made them unique. Chapter 10 provides an operational
history of reactor operations and Chapter 11 details the shutdown of the reactors to the present. The document
closes with excerpts from oral history interviews with individuals associated with the reactors over time. After
the Endnotes, Appendix A contains the Photographic Documentation arranged by building number. Appendix B
includes oral history transcripts, Appendix C holds the P Reactor Notification letter, which defines the scope of
this reactor thematic study and Appendix D contains the questionnaires provided by individuals within Reactor

Technology.
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II. 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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WE DON'T DIG URANIUM OUT OF THE GROUND,

AND WE DON'T MAKE BOMBS,

[PLLNY [PLECCESSEY e

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.

PLutoNnum-239

Used as a nuclear explosive, a breeder
reactor fuel, or as the starting target material
for production of heavier radioisotopes.

ExTRACTION

TRITIUM (Hydrogen-3)

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

power generation.

CoaALT-60

Known radiation source and has long been
used for radiotherapy.

CALFORNIUM-252

One of the rarest man-made isotopes, has
great potential value in medicine, industry,
research, and education.

Heavy WATER (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.

AND OTHER RADIOACTIVE
WASTE MANAGEMENT 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).
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The Manhattan Project

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

! lts mission was to beat the Germans in what was widely

of 1942, more than half a year after Pearl Harbor.
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.”3

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 - . @ @ ton; Project Button “A” Bomb Button.
development of the Manhattan Project. Groves and others — Courtesy 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
centrifuge method; thermal diffusion; gaseous diffusion; and ~ Generdl Leslie Groves (left), Manhattan Engineer District

Leader and Robert Oppenheimer (right), Scientist, Los
electromagnetic separation. Alamos.

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
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these methods certainly got a boost on

) o ‘::: _ December 2, 1942, when ltalian refugee
E L4 M h’;}l},fféf"i,ﬁ.:?:: Enrico Fermi, working at the University
ek f,:‘:{,:::"f::::::} .:‘/'fl-f of Chicago, created the world’s first self-
::::fl:(’ '25:5:25::':;;::::23,:,:2:’, sustaining chain reaction in a graphite
g N e
e v A A R
g ':' 5% 1: AR :: % i By this time, three huge test and production
d | " : ‘ G '. VEL N sites had been selected for MED’s work.
{ B 744 / B The first was Oak Ridge in Tennessee,
- s o ¥ X ¢ ';-»L'-:": _;,'g{"‘:"f'{ N then known as “Clinton Engineer Works,"”
-~ :f:'w‘: a4 A selected as the site for a fullscale
I gdddee electromagnetic plant (Y-12), a gaseous
‘0% it RN " diffusion plant (K-25), and a plutonium pile
2 a1 y ; ' semi-works (X-10).!° Constructed in 1943,
% ; : X-10 became the world's first production
1 reactor when it went critical on November
=izl - 4, 1943.""  Hanford, in Washington
T . ‘ State, was selected as the main plutonium
Lo QS Sif A i production site, while Los Alamos in New
: LA Mexico, under the direction of Robert
’ ! ? ‘ _ 5 Oppenheimer, was chosen to be the
-~ | o ‘ 5 — \-- 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

taboralory 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 halfife.'” 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. '8

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
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encompassed offices in Washington, D.C. and facilities at Argonne National Laboratory (Chicago); Schenectady,
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 to it that his side refused to participate. When middle-ofthe-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.%* Other crises
soon followed. In May of 1949, the Chinese Nationalists, still

devastated from the Japanese invasion during World War Il,  senator and Brigadier General in the U.S. Army Reserve

Strom Thurmond, Representative Leroy Anderson and
Captain Harry Peters, 1957. “Along the Iron Curtain,
ominous, on August 29, 1949, the Soviet Union defonated its first ~ Looking info Communist East Germany from 11th

Armored Cavalry Regiment Observation Post.” Courtesy
atomic bomb (a plutonium device), an achievement that Truman  of the Special Collections, Clemson University Libraries,
Clemson, South Carolina.

collapsed before Mao’s Communist insurgents. Even more

and most of the U.S. nuclear establishment thought 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 1954.2” 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
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required for the blast. During the 1950s, a number of thermonuclear devices were detonated, first by the United
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 fritium, 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
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production that the Savannah River Plant was constructed, and this period approximates the more productive 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,
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president of E. |. Du Pont de Nemours & Co.*! 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.*

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 T T wose -
proviso - that Truman himself request Du Pont's involvement in o Cutaber 58, 1990

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 S Pe ——
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
resolution also established the Atomic Energy Division (AED)
within Du Pont’s Explosives Department. The AED would be

responsible for the new project.*®
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A letter contract, backdated to August 1, 1950, was signed between Du Pont and the AEC.>” The letter, which
would be 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 lllinois 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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as Franklin Roosevelt's “Assistant President,” running the country

while FDR fought the war and he was Truman's Secretary of
State.™® All three men were major figures in national and
Southern politics and it is unlikely they watched the site selection = =i

process unfold without knowledge or interest.

The public announcement of the project signaled a new era in
which the American public’s right to know was at least partially e iens patriaticalls
fulfilled. Previous military atomic energy undertakings had been Front page of The Augusia Chronicie, November 29,

done in total secrecy as part of a wartime defensive effort. The 1950, reported on the announcement from several angles
. . . . reflecting the many meanings the new plant would have
Savannah River Pr0|ect was complex and OWP'COI as it wWas o the country, the CRSA, and for those displaced by the

to be constructed during peacetime, its mission still required ~Proposed land acquisition.

secrecy, and a government town was not to be constructed.

The latter meant that the surrounding communities, which were fairly seftled, 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 Story 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
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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 anj7 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.

within a 50-mile radius to the site. The project area contained seven communities: Ellenton and Hawthorne in
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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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 plant employees, 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 were

attached to land that had generations of farming and family life invested in its soil.

Site Layout

SRP was originally organized
into nine manufacturing areas,
a central administration areq,
and two “service” 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

) Some residents preferred to move their homes to locations outside the new federal site. Du Pont
transportation  system that designated a House Moving Coordinator to handle the moves. All land was acquired by June 30,
1952. Courtesy, SRS Archives.

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, efc., were assigned.

Each area was given a number and a unique letter designation (Table 2). 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 at the site.
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1956 Basic Information Map- General Areas.
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Table 2. Area Nomenclature

100 - Reactor Area 100-R, 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, etfc) 500-G

600 - General 600-G

700 - Administration Area 700-A

Each 100 area, 100-R, 100-P, 100-L, 100K, and 100-C, was situated in the central part of the site, aligned in an
arc. The reactor areas were purposely dispersed at 2.5-mile intervals from each other and 6 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 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.
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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 selfsufficient. 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 to 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
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
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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.

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



REACTOR ON

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
;56

manufacturer of cigarette and cigar making equipmen

The Lummus Company - This firm was requested to design and partially procure six “GS” units (fowers 116’

in height) including the DW and finishing plants for the 400 area heavy water production facilities. The
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. lts location on tidal waters, with
weight handling equipment up to 300 tons, makes it possible to load assemblies which 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 later standards, 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.®

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.”®* Du 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 client-
contractor relationship. AEC directives, based on Department of Defense guidance on what product or product
mix was needed for its weapons program,
directly translated into design decisions. Du
Pont recognized this as an integral feature of
their contract and responded with aplomb to
an evolving scope of work. Their ability to do
so was characteristic of the firm’s management v
that had an internal set of departmental checks v >
and balances and well-honed procurement \ ¥ v

strategies.®* v ¥

SRP Operations, 1955 - 1989

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

65

organizations.” lts role was not one that

can be described as one step along a linear

process, but rather as one of the hubs of Bar Graph showing the construction schedule and the milestones reached.

. Source: Engineering Department, E. I. Du Pont de Nemours & Co., Savannah
material movement fhrOUgh the ComP|eX- Table River Plant Construction History, Volume I, DPES 1403, 1957.
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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 Materials into and from the Savannah River Site to other Sites Within the

National Nuclear Weapons Production Complex

Ammunition Plant

Other Sites Within Complex Direction of SRP Area Type of Material
material flow
FMPC and Weldon To 300 Area
Oak Ridge Site Y-12 Plant To 300 Area
Oak Ridge Site Y-12 Plant To 300 Area
manufacture
Oak Ridge Site Y-12 Plant From 400 Area
Dana Plant To 100 Area
moderator and coolant
FMPC and Reactive Metals, From 300 Area
Inc. uranium for fuel
Weldon Spring Plant, FMPC,  From 200 Areas
Oak Ridge Site K-25 Plant,
and Paducah Gaseous
Diffusion Plant
Oak Ridge Site Y-12 Plant From 200 Areas
Rocky Flats From 200 Areas
pit production
Mound Plant To 200 H Area
reuse
Pantex Plant and lowa Army  From 200 H Area

Raw Materials: natural and low enriched
uranium for fuel and target manufacture

Isotope enrichment: highly enriched
uranium for fuel and target manufacture

Isotope enrichment: Lithium for target

Isotope enrichment: Heavy Water for
deuterium production and deuterium gas

Isotope enrichment: Heavy Water for
Fuel and Target Fabrication: depleted

Separations (for raw materials recycle):
low enriched uranium for recycle

Separations (for raw materials recycle):
highly enriched uranium for recycle

Separations: plutonium metal buttons for

Separations/component manufacture:
recovered tritium for purification and

Separations/component manufacture:
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 feet
in diameter, each 120 feet tall.®® Between 1952 and 1957, the D Area plant and the heavy water plant at Dana,
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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 195458

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 Femald (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.”
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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 by 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 1955.7!

Changes were quickly made to both the reactors and reactor operations. Although Savannah River was originally
intfended as a tritium production site, the lithium-aluminum slugs from which tritium was produced were at first used
only as control rods. As a result the first 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 megawatts.”> 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 into
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 allime 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.

Computers were used to assess information from the sensors, and to make adjustments to groups of control rods
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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. All of these events in reactor operations will be discussed

more specifically in the body of this document.

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 info 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. Lessons learned from early operations in F Canyon allowed H Area operations to achieve 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 Area, but it
was not completed during the initial phase of construction. The H Area tritium building was ouffitted 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 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 F Area, and four in 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 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. 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 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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SAVANNAH RIVER'S
TesT REACTORS

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
zo}:v:_a LA I [ l:{“ ‘E of the building. Courtesy of SRS Archives, negative

DPSTF-83. 2. Pressurized Subcritical Experiment (PSE)
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test reactor in Pile Physics Laboratory that was used

1

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
MAN FLOOR PLAN Pile (PDP), a zero-power test reactor used for physics
research. Courfesy of SRS Archives, negatives DPSTF
1 1-2613, 1-2536. 4. PDP control room. Courfesy of
SRS Archives, negative DPSPF-8929-13.
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PeEopPLE, RESEARCH
AND DEVELOPMENT

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. lts “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.®> 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 test 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 feature research on disparate ecological topics that range from reptile
studies, aquatic insects, restoration of degraded habitats, reintroduction of endangered species, and investigations
info 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

became the Atomic Energy Act of 1946, barely beat out others that championed direct Army control.6

Congress
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.*® 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, little 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 Arco,
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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).7 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.”
Speaking in 1963, Lilienthal described Eisenhower’'s “Atoms for Peace” initiative as “still alive, but in 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
infended.

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
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facilities nationwide. These programs included the High Neutron Flux program, both at SRP and at Oak Ridge,
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

104 Despite the best of

help create a potential industrial and medical market for this powerful neutron source.
intentions, 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.'% 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.'"” 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 1979.1%

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."1° 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

and dependability level comparable

The L Reactor Startup Team was the first management group to be placed under Du Pont's
"program management" organizational philosophy. The program management structure was
applied plant-wide 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.!"? 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.
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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.'"'* 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 1996.11¢

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

and operated for a short while before it was deactivated.

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

public. Most of the incidents in the 1985 report had been summarized in an earlier ERDA document. An internal
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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 o 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.""” 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
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).
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The nuclear accident at Chernobyl played a role in this development. After 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 info 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 from a national and complex-wide
perspective to provide background for the narrative that follows. The next chapters deal specifically with the

history of Savannah River’s reactors and their operation.
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III. REACTOR DESIGN

The reactors at Hanford, in Washington State, constructed for the Manhattan Project, were the first production
reactors anywhere in the world. The Hanford complex was in operation at the time of the design and
construction of Savannah River, but these reactors were moderated with graphite blocks piled into what looked
like a structure. The earliest name for a nuclear reactor, the word “pile,” came from this, and was actually the

preferred term for a reactor until the mid-1950s.

One of the legacies of the Manhattan Project was the use of graphite reactors for the production of fissionable
material. Graphite, however, was not the best material for the moderation of thermal neutrons. Even in the days
of the Manhattan Project, it was known that heavy water (deuterium oxide) had better moderation properties. It
slowed neutrons quicker than graphite, and it absorbed fewer, leaving more to serve production needs. Unlike
graphite, it could simultaneously serve as both moderator and coolant. During World War I, however, the

problem with heavy water was supply. There was not enough to do the job.!

Even in the years that followed, heavy water was difficult to produce or harvest. Heavy water, or deuterium oxide,
is found naturally in regular “light” water only at the rate of 1 per 5,000 atoms. Much of the heavy water used
at Savannah River was produced at the Dana Plant, and on site, in the 400-D Area, by means of the hydrogen-
sulfide dual temperature exchange process known as the “GS process”or Girdler Sulfide process. It has been

estimated that the heavy water within just one of the SRP reactor systems cost many millions of dollars.

REACTOR WORK AT ARGONNE

Because Savannah River reactors were to be moderated with heavy water, nuclear engineers with the AEC
and Du Pont did not draw direct inspiration from the Hanford reactors, but rather from the smaller heavy water-
moderated reactors at Argonne National Laboratory, the AEC’s center for reactor research, then located near
Chicago, lllinois. It was for this reason that a number of Du Pont employees were sent to Argonne for heavy water
reactor training. The first contingent of 66 was sent as early as August of 1951; by 1953, there were over 300.2
Many of these would go on to work at Savannah River. Among those that did were Milton Wahl, Charles Wende,
William Mackey, Peter Gray, Woody Daspit, Larry Heinrich, and Daniel Pellarin. Tom Gorrell recalled that many
of the people he worked with at 777-M, had first gone to Argonne for heavy water experience.> Woody Daspit,

Larry Heinrich, and Daniel Pellarin could be counted among that number.

By the early 1950s, graphite reactors and their operation posed no mysteries. In fact, the very first nuclear
reactor to operate at Savannah River was the graphite test pile in 305-M, which went critical in September of
1952 and was in operation testing fuel metals before the end of the year.# Relatively little fanfare accompanied

this achievement.
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CrasH Course oN AToMic ENERGY

There are 92 elements found in nature, ranging
from hydrogen, the lightest, to uranium, the
heaviest. The smallest part of an element,
that still has the chemical characteristics of
that element, is an atom. With the excep-
tion of the very lightest element, all atoms
consist of three types of particles: protons,
neutrons, and electrons. Protons and neu-
trons comprise the core of an atom, called
the nucleus, while the much smaller electrons
are typically depicted as orbiting around the core.

Protons and electrons are positively and negatively charged,
respectively. Neutrons have no charge.

Atoms are identified by two numbers. The “atomic number” is
the total number of protons within the atom, while “mass num-
ber” consists of the total number of protons and neutrons within
the core (electrons have virtually no mass). An isotope is an
atom of the same element with the same number of protons and
electrons as a regular atom, but with a different number of neu-
trons. Isotopes are found in nature, but they are rare. The pur-
pose of a reactor is to provide the neutrons needed to create
isotopes of existing elements, or to create man-made elements
heavier than uranium. Some of these emit neutrons and are
capable of sustaining a nuclear chain reaction, where neutrons
enter a nucleus, which then splits, emitting more neutrons, split-
ting more nuclei. Such materials are said to be “fissionable,”
and can be used to make an explosive nuclear device.!

A nuclear transformation is usually done with neutrons, simply
because the neutron has no electrical charge and therefore
can penetrate an atom relatively easily. The slower the neu-
tron, the easier it is to penetrate the atom’s core. Neutrons
are slowed down by bouncing off other atoms, until they are
absorbed into a nucleus. This sort of neutron absorption can
create isotopes, form a different element, or create fissionable
material. An unwanted but unavoidable byproduct of any of
these transformations is a certain amount of radioactivity, given
off by transformed atoms as alpha and beta particles, and
gamma rays. "

A regular atomic bomb, the kind dropped on Japan at the end
of World War II, is comprised solely of fissionable material,
i.e., an isotope of uranium, U-235 (mass number 235), or a
man-made element, plutonium (mass number 239). By the end
of the war, it was clear that it was easier to make plutonium
in a reactor than to harvest U-235 through electromagnetic
means or through gaseous diffusion. A hydrogen bomb, which
had not even been made in 1950 but was known in theory,

required both fissionable material, namely pluto-
nium, fo trigger the explosion, followed by an
immediate reaction with isotopes of hydro-
gen fo produce an explosion much more
powerful than the first atomic bombs. It was
planned that the reactors at Savannah River
Plant would be able to make both materials:
plutonium, a heavy man-made element; and
tritium, a radioactive isotope of the lightest ele-
ment, hydrogen.

From the beginning, the SRP reactors were designed to pro-
duce both plutonium and fritium, the two essential materials for
“hydrogen” bombs. In the beginning, plutonium was made by
taking natural uranium (U-238) and subijecting it to the neutrons
put out by U-235, a fissionable material. All of this was done
within natural uranium itself, since the isotope U-235 occurs
naturally as a very small percentage of natural uranium. For
this fission to happen, however, there has to be a “modera-
tor” present to moderate or slow down the speed of the extra
neutrons, which can then enter the U-238 nucleus. U-238 ab-
sorbed a neutron to become the radioactive isotope U-239,
which then decays by beta emissions to Neptunium-239, which
in turn decays further to form the final product, plutonium-239.
In the course of the life of the reactors at SRP, there were basi-
cally four “reactor fuels,” or materials used in reactors to sup-
port chain reactions. These were: natural uranium (U-238),
enriched uranium (natural uranium with more than the normal
amount of the isotope U-235), plutonium-239, and the isotope
uranium-233. In the first days of the reactors at SRP, the mate-
rial most commonly used was natural uranium.

Tritium was made in a fotally different fashion. Here, lithium
was exposed to neutrons, which would split each lithium atom
into two atoms of tritium. The first reactor control rods were
made of lithium-aluminum, and tritium was produced in this
fashion from the beginning. Later, tritium was manufactured
directly from target elements fashioned of lithium-aluminum.

"Reactor Certification Training Manual, Reactor Operator and Supervi-
sor, Study Guide, Principles of Reactor Operation (Revised March 1982,
on file, SRS Archival Records), 6-13.

ilbid., 9-10.

itbid., 17-20.
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ANATOMY OF A HEAVY WATER REACTOR

A reactor is a means for producing plutonium and fritium.
Much of the discussion above represents what happens at the
atomic level. Consider that to be the scale of a test tube. What
will be described below is on a much larger industrial scale,
something the size of a large manufacturing plant, which is
in fact what a reactor is. It is basically a gigantic furnace,
with things going in and out of it all the time. These things
determined what was made and guaranteed that they were
made safely.

There were three basic things that went into a reactor tank.
The first was the heavy water moderator, which served as the
nuclear matrix. Because heavy water was also used as the
reactor coolant, it had to move rapidly through the tank in
order to remove the thermal heat generated by the nuclear
reaction. The second were the vertical elements that contained
fission or other nuclear materials that would be transformed
into plutonium or some other nuclear material. The third were
the control rods and the safety rods that regulated or stopped
the reaction process. All three were crucial to the operation of
the reactor tank.

The heavy water moderator, which also served as the cooling
agent, had to circulate in and out of the reactor at high speeds.
Because it was so costly, heavy water had to circulate within
a closed system. It could not be mixed directly with regular or
“light” water. Light water, however, was needed to remove
heat from the heavy water before it returned to the reactor
tank, and this was done in “heat exchangers.” These were
large cylindrical tanks the size of railroad cars. The hot heavy
water entered these tanks through thousands of tubes, which
were surrounded by light water pumped through the tank itself.
The heavy water recirculating pipes and the heat exchangers
were huge, but the light water system was even larger. Cool-
ing water was pumped through miles of pipes from the Sa-
vannah River. Encompassing a system that extended from the
river, to the five reactors, and back again, the reactor hydraulic
system was the largest of the three basic components that went
info the reactor tank.

The active nuclear elements that went into the reactor tank
were relatively simple in the beginning. They were basically

|u

small “cans” of natural uranium, sheathed in aluminum, and
stacked into vertical elements that were inserted info the tank
from above. These cans were called “slugs,” and they were
loaded into vertical elements called “quatrefoils,” since they
consisted of four small tubes bundled into a single element.
Later, nuclear materials were produced in a series of nested

tubes that became known as fuel and target elements. Even
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The five production reactors at Savannah River were big tanks
designed to hold heavy water, and the many vertical elements
that had to be inserted into the tanks. The Process Development
Pile, or PDP, in Building 777-M, was a test reactor, not one of
the production reactors, but it was the same size as the other

tanks, and it used the same vertical elements.

though quatrefoils were no longer used by that time, the verti-
cal tube elements still had to go info the reactor tank top open-
ings designed for the quatrefoils.

The quatrefoils and later the tube elements were arranged in
the assembly area before their use in the reactor. They were
then taken, one by one, from the edge of assembly and placed
info the reactor tank by a mobile crane known as the “charg-
ing machine.” After the reaction process was complete, these
vertical elements would be withdrawn from the tank and taken
to the edge of the disassembly area by a “discharging ma-
chine.” Together, these cranes were referred to as the C and

D Machines.

With the addition of quatrefoils or fuel and target tubes in
the reactor, the resulting chain reaction is basically the same
as what happens in an atomic bomb, but on a much smaller
scale, with much less intensity, and under far greater control.
The potential for problems is great. As a result, safety is a huge
part of the operation of any reactor. At all times, the reaction
process must be controlled, and this includes being able to
stop the process on a dime. This was managed by two types
of rods: control rods and safety rods. The 61 control rods
regulated the speed of the reaction, and they were situated in
vertical elements that each had seven tubes joined together.

CONTINUED ON PaGE 54
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For this reason the control rods were called “septifoils.” The
66 safety rods were more straightforward. When they were
dropped info the tank, the reaction would cease altogether.

These three basic processes, the moderating and cooling hy-
draulic system, the nuclear fuel and target elements, and the
control system, all came together in the reactor tank. In fact,

the reactor tank was largely devoted to the hydraulic system.
The areas above it held the control system. The areas to the
sides, primarily the assembly and disassembly areas, either put
the nuclear materials assemblies together before they went into
the reactor tank, or pulled them apart afterwards for chemical
processing and refinement. In the 100 areas, the reactor tank
was the center of the universe.

everything in the reactor building existed to serve the nuclear
reaction inside the tank. The tank was the unifying element

for every function in the reactor buildings. The area below

CP-3, Argonne’s Heavy Water Research Reactor,
went into operation in 1944.

The Savannah River heavy water reactors,
however, were another matter. In December
of 1952, Charles Wende, who would later
be head of the reactor work at Savannah
River Laboratory, discussed this issue. This
was months before any heavy water reactor
would go critical at Savannah River. At
the end of 1952, the only functioning
predecessors to the large heavy water
being

moderated  production  reactors

prepared at Savannah River, were the
small research and test reactors at Argonne
National Laboratory. These included: the Argonne exponential tank; the North American exponential tank;
the CP-3 [“the world's first heavy water reactor”®]; and the Zero Power Reactor Il, a small heavy water reactor
commonly referred to as “ZPR-I" (the only other heavy water reactor in North America was the NRX Pile at Chalk

River, Canada). Of these Argonne reactors, the most important to the development of the Savannah River reactors

was the ZPR-I.¢

While the Savannah River reactors were generally based on the ZPR-I design, there were still great differences
between the two. The ZPRI, a relatively small tank that operated with 25 tons of heavy water, was less than one-
quarter the volume of a Savannah River reactor. ZPR-l could only determine neutron flux in the immediate vicinity
of the fuel and target elements. It could not provide the big picture for a production reactor the size of those that

were under consideration at Savannah River.”

In fact, the basic design of the R Reactor and the other production reactors at SRP, was based on measurements

III

made in the “exponential experiment” and in the ZPR-I at Argonne (with reactors, the term “exponential” refers
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Vertical Section of CP-3, Heavy Water Research Reactor, Argonne National Laboratory. Source: W.H. Zinn, Design and Description of ANL
Reactors, Volume Il P/861, (Washington D.C:GPQO) 456.

to the rate of neutron flux in the reactor tank, and the conditions under which the neutrons fall off near the edge
of the tank).

These measurements gave the designers the basic lattice information and the basic control data needed to operate
the reactors. Even so, this information was obtained from tests in relatively small reactor tanks, and there was a
need fo run tests in a large-scale reactor tank before production got underway in R Area.®

Just having a large-size test reactor was found to make a difference in any tests pertinent to a large reactor.
Testing element components in a small reactor was fine, but a small test reactor was not adequate for testing the
behavior of neutrons in a larger setting. The loss of thermal neutrons was much less in a large reactor, simply
because of the greater mass. One researcher compared the situation to a coal fire, where one lump of coal will
hardly burn because it loses heat faster than can be generated through combustion. Only a pile of coal will burn

efficiently.?

There were at least two effects that researchers wanted to test in a large reactor before any attempts were made
to start up R Reactor. One was the “rooftop” effect of having so much heavy water moderator above the fuel
and target elements in the tank. It was believed that this effect would improve power output in the larger reactors
by at least ten percent. Such an effect was barely suggested in the ZPR-ll because the reactor tank was not high

enough.

Another effect was a “tilt” in the “flat zone” of the ZPR-Il. The “flat zone” in a reactor is the central area that
is exposed to the greatest concentration of thermal neutrons; the area surrounding the flat zone is often called

the “buckled” zone, where the concentration of neutrons falls off, usually around the edge of the reactor tank.
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A tilt in the flat zone is any irregularity in the concentration of the thermal neutrons caused by an asymmetrical
arrangement of the control rods. This appeared to have been a problem of “radial neutron distribution”- a
problem that threatened to affect twenty percent of the reactor’s output. Just noticeable in the smaller test reactors,
it was expected that there would be greater tilt in the flat zone of a much larger reactor like R. Since researchers
were not certain how this would be handled in R Reactor, they wanted to first test this effect in the Process
Development Pile (PDP), a full-scale experimental reactor located in Building 777-M, later designated 777-10A.

A suitable resolution of this matter would allow power level increases within the large production reactors.™®

Another issue that merited investigation was the addition of safety features for the larger reactors. In a study
written by B. H. Mackey in 1953, it was determined that the ZPR-lI and the Savannah River reactors would have
many of the same potential hazards. As a result, it was decided to have sixty safety rod actuators for the PDP and

a backup of shutdown rods. Once inserted, the shutdown rods would hold the reactor at a sub-critical level.

There were a number of other safety features new to the Savannah River reactors. There was the use of interlocks
that would force operators to use the proper procedures when operating the reactor. Also, the Savannah River
reactors could be brought to criticality only by withdrawing the control rods; the ZPR-I could be brought to a
critical state by either raising the water level or pulling out the control rods. There would be at least 21 health
monitors around the Savannah River reactors; there were none for the ZPR-Il. The Savannah River reactors would

also be below ground level for additional protection from radiation.

REACTOR WORK AT DU PONT

While Argonne handled most of the physics work associated with the new reactors, Du Pont quickly became
involved, certainly by 1950, when it was clear that the company would be chosen to construct the new plant.
On the Du Pont side, much of this work was done by the Atomic Engineering Division (AED) and by the Design
Division. It was Du Pont's responsibility to translate the required physics of the reactor to the design of a large-
scale project. The thought processes that led to the development of the building and equipment for the reactor
areas were duly recorded in the Du Pont Engineering and Design Histories, compiled in 1957.'2 As recorded
in these histories, in 1950 and 1951, Du Pont's AED either compiled or closely reviewed at least three sets of
reactor design drawings that illustrated the rapid but radical development of the large-scale production reactors

at Savannah River.

At Hanford's original graphite reactors, all reactor elements and control rods entered the pile horizontally. By
the time of the Argonne experimental heavy water reactors, many of the elements went into the tank vertically,
but this was not the case with the control rods, which still entered the reactor horizontally, through tubes built
info the heavy water tanks. This idea was carried over to the first conception of the Savannah River reactors.
The development of the reactor tank, and the arrangement of all the elements that would have to go into it, were

absolutely critical, and had to be completed very early in the development of the plant. A great many other
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features, such as the nature of the elements themselves and even the size of the reactor building, could not be
finalized until the reactor tank and all of its elements were completely understood. For this reason, a great deal

of the early design work at Du Pont was centered on the problems of the reactor tank.

During this critical period, there was a huge amount of overlap in the design and testing work associated with the
Savannah River reactors. There were certain limiting factors that had to be kept always in mind. These were the
limits imposed by the temperature of the river water, the maximum temperature of the fuel elements, comprised of
uranium clad with aluminum, and the heat carrying capacity of the moderator, which had to remove the heat from
the fuel channels and take it to the heat exchangers. At this point, it was determined that the circulating rate of the
river water should be 69,000 gallons per minute, later bumped up to 76,000, and that the total heat exchanger
surface should be an estimated 400,000 square feet.'

From the beginning, it was understood that the reactor fuel, at least initially, would be natural uranium, but it
was important that the reactors be flexible enough to handle many other possible fuels as well.™* As early as the
summer of 1950, months before the location of the plant was even known, Du Pont studied three different fuel
and moderator combinations for the proposed production reactors: 1) heavy water moderated, natural water
cooled, and natural uranium; 2) heavy water moderated and cooled, with natural uranium; and 3) natural water
moderated and cooled, with enriched uranium. Argonne recommended the second option, and Du Pont decided
on this venue as early as August of 1950. This became the basis of the first conception of the Du Pont reactor,

known as the “Pi-Pile.”1%

The “Pi-Pile” was the first reactor concept worked up by Du Pont’s AED Technical Group, and it had features not
originally envisioned by Argonne. Among its unique features were a highly flexible control system; the use of
producer materials in the control rods; multiple fuel element loading; and the use of downward flow in the coolant
water via a header system. This last would allow changes in the lattice, a reduction in the need for heavy water,
and make flow monitoring easier to accomplish. At that time, coolant flow was projected to be 70,000 gallons
per minute, with power levels at 315 megawatts (MW). Still undecided was the nature and number of the fuel

element channels, and the basic lattice positions.'®

The earliest formal drawings of the proposed reactor tank at Savannah River consisted of four plans worked up in
October of 1950. These plans called for horizontal control rods, positioned around the reactor tank at the level
of minus 19 feet below grade. The building size around this arrangement was a proposed 440 by 320 feet, with
a depth below grade of minus 40 feet, and a height above grade of 50 feet. The heavy water pumps were to
be found at minus 38 feet and the heat exchangers were positioned vertically. This early reactor was envisioned
with “sector-shaped plenums” that carried a complement of fuel tubes. The sector plenums, together with their
fuel tubes, were designed to be moved as one piece from assembly, to the tank room, and finally to disassembly.
This movement from room to room was to be done by a series of canals, with buggies used to move the assembly
on and off the reactor tank itself. These early plans also called for a helium atmosphere inside the entire process

room."
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These initial plans were superceded by a second set in December of 1950. These plans dropped the requirement
for the whole process room to be supplied with helium, which would now be restricted to the plenum. In most
regards, the original plans still held, but there a few other additions. The sides of the reactor buildings were to
be kept open for the possible addition of another reactor at a later date. This required the assembly area and
the disassembly areas to be situated on opposite sides of the reactor room. The maximum height of the reactor
building was raised to 76 feet above grade, but the other main features remained the same: the heat exchangers
were still vertical, the plenum sections and their fuel assemblies were still moved around by buggies, and there

were still horizontal control rods positioned around the reactor tank.'®

According to these December 1950 plans, the tank size was a proposed 17 feet high, with an outer diameter of
17 feet. The distance between the top “poison plate” and the “instrument plate” or false bottom was 14 feet, 9
inches. It was designed to handle uranium columns 14 feet long. Like the control rods, which were horizontal
and positioned around the reactor tank, the pumps and heat exchangers that served the reactor were likewise

situated in a circle around the reactor tank.

There were now more details on the sector plenum and its gun barrels. These plans called for fuel tubes that
entered the reactor tank not as individual tubes, but as part of a “sector plenum,” with “gun barrels.” This gang
of tubes, constructed as part of a section of the plenum itself, would be inserted into and pulled out of the tank

together, and would be processed together as well.®

These December 1950 plans were modified only slightly in January of 1951, when Du Pont came out with more
detailed engineering drawings of the reactor building itself. The issue of blastresistant construction was first
infegrated into the plans. This called for the reactor building itself to be constructed of reinforced concrete, and
led to the establishment of a formal building code for Savannah River Plant, based on Class | through Class |l

construction (see Chapter 4).2°

The very next month, in February of 1951, Du Pont produced a third set of reactor drawings that came closer to
the design that was eventually adopted. The heat exchangers were now positioned horizontally, not vertically,
and they were positioned along two lines on either side of the reactor, not in a circle around the tank. This allowed
the reactor room to be more narrow, and the heat exchangers themselves could be removed for cleaning or repair
from either side of the reactor room, not through the reactor room floor. The horizontal control rods were still
arranged around the reactor, but the idea of bulk fuel handling, which had inspired the sector-shaped plenums,
was finally dropped in favor of single fuel tube handling. Process pumping was conceived in two stages, even
though this might require more heavy water than was then available. These plans also called for a much lower

reactor building, with the bottom level at minus 86 feet, with scram pits located at minus 106 feet.?’

In March of 1951, this third set of reactor drawings were revised. The building depth was reduced from 86 feet
below grade, to 40 feet. The height was still relatively low, around 55 feet above grade. The control rods, while
still horizontal, were no longer positioned around the tank, but rather were collected into a compact assembly
to one side. The heat exchangers were moved to the minus 20-foot level and were mounted on railroad cars so

they could be moved in and out of position by means of transfer cars and hoists. The solid bottom of the reactor
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tank was replaced by a “tube-sheet type bottom shield,” with a “pin room” added under the reactor. Due to the
lack of heavy water, the process pumps at each of the six lines, would be reduced from two to one. Massive
steel shielding doors were incorporated for the first time. The scram tanks were placed at minus 60 feet, but this

arrangement was considered provisional.??

Maijor revisions again occurred in April and May of 1951. The concept of horizontal control rods was
finally abandoned in favor of vertical control rods. This momentous decision was made just weeks before the
commencement of construction work at R Area, and it changed the size and shape of the reactor building. The

process area could now be more compact and narrow, but it would also have to be much higher to accommodate

1 . 23
Reactor profile. showing 3 ‘, the upright control rods.
positioning of actuator L‘ ]
fower over reactor room. !

l This change to vertical control rods was
1

significant and represented perhaps the last

%,

major change to the layout of the reactor building
itself. Throughout the summer of 1951, during

B
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the early construction of R Reactor building, the

0L
é
-
g
-

vertical control rod system was fully developed,
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and was soon known as the “actuator system.”
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The late date of these changes meant that the

first two reactor buildings, R and P, would have
slightly different vertical control rod systems

than the later three, L, K, and C.
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SR AR ANAIC D20 the “forest,” a movable aluminum structure with

A crucial part of the actuator system came to be

vertical tubes and inner concentric members.
The forest served as a guide for the entry of the control rods
info the reactor tank. During reactor operation, the forest
would be situated directly over the reactor. The original
method for moving the forest, when the reactor was not in
operation, called for it to be taken in and out of the reactor
room by a 120+on crane. A later proposal, known as the
“elevator scheme,” called for the forest to be hoisted up to the
ceiling when not needed. The first method was incorporated
into the final building plans for R and P; the second method

was installed in the last three reactors.?

In a period of just one year, from the summer of 1950 to the
summer of 1951, the whole arrangement of a heavy water
reactor was revolutionized, developing from a set of small

experimental reactors at Argonne, to large commercial-grade  Plan view of reactor face sowing lattice positions, holes
through which the elements would be positioned within the
tank.
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Presentation Drawing Completed by Voorhees Walker Foley and Smith for Du Pont’s use
Showing Cutway view of the Reactor Vessel. SRS Negative No. 1146-2.
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View of Plenum, Showing Discharge Machine at Work SRS Negative No DPSPF-11395-9. SEPTIFOIL

production reactors at Savannah River. All elements that entered the reactors would do
so vertically, from the top. By the summer of 1951, when the design was frozen for
production of the tank and its components, there were 673 lattice positions. Of these,
606 were fuel tube slots, with each fuel tube having four channels. Each channel
was loaded with a stack of one-inch diameter, aluminum-clad uranium fuel slugs.?®
As a result of the four channels, the fuel tubes were called
“quatrefoils” or “Q-foils” for short.

Interspersed evenly throughout this number were the
61 control rod positions (and the final six positions for
gas tubes). Each control rod had a tube with seven channels. For this
reason, the control rods were known as “septifoils.” Because of the critical
importance of the septifoils, it was decided to have the moderator flow go

upward in these channels, rather than downward, as with the rest of the

i tiosw  reactor tank. In this way, an abnormally low flow of the cooling water

oy PHEREET o any of the 61 septifoils could be more easily discerned.26

(TYPCAL)

QUATREFOIL
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These 673 tube positions were arranged to create a lattice pattern having a seven-inch triangular pitch, divided
info two zones: a central flat zone, with each control rod surrounded by six fuel positions, and a buckled zone

around the edges of the reactor tank, with fuel positions and no control rods.?”

This arrangement, however, could be changed if needed. Another early arrangement for the 673 tube slots, was
to use 165 positions for small components, with 66 safety rods, 39 instrument rods, and 60 other rods. Blanket

clusters of secondary producer components could be used in the outer ring of the lattice instead of fuel tubes.?®

Versatility was the name of the game for the Savannah River reactors. By this time, the reactors at Savannah River
had earned their basic description as “heterogeneous thermal reactors, with aluminum-encased fuel arranged
vertically on a 7-inch triangular spacing in a cylindrical tank; heavy water moderated and cooled. It was
assumed that the reactors normally operated on natural uranium, however, they have flexible design, for other

fuels, too.”2?

After the sector-plenum idea was dropped in favor of the one-piece, fixed plenum, it was understood that the
reactor would be loaded with individual tubes, one tube at a time. These tubes ranged from Q-ubes, blanket

rods, control rods, 35W5 rods (bismuth producer rods, similar to control rods), instrument rods, and “S” or safety

rods.3°

A buggy was not really suitable for this sort of individual tube loading and unloading, also called charging
and discharging. Fortunately, the new narrow reactor room made possible the construction and operation of
an overhead crane capable of loading and discharging individual fuel elements and other vertical rods. This,
however, takes us into the realm of the process room rather than the reactor tank. This issue and the others that
deal with this portion of the reactor room, will be covered in our treatment of the reactor process itself, where we
cover process and equipment in each part of the reactor building, from assembly, through the processes of the

process areq, to disassembly.®

The final design plans for the Savannah River reactor areas and buildings were presented in a series of isometric
and profile drawings commissioned by Du Pont and prepared by Voorhees Walker Foley & Smith (VWF&S). In
addition to perspective drawings of the 100-areas, they showed the interior of the reactor buildings and the
reactor process arrangement. They included cutaway interior perspectives of the reactor tank and other features,

drawings of the central control room, and 36 line drawings for the Manual for R Reactor.3?
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IV. CONSTRUCTION

Five separate reactor areas were constructed at the Savannah River Plant between 1951 and 1955, designated
100R, 100-P, 100-L, 100K, and 100-C respectively. The location and dispersal of these facilities onsite was the
result of a joint effort between the Atomic Energy Commission (AEC), Department of Defense, and the United
States Air Force. It was decided that the reactor areas should be arranged along a horseshoe curve with no
permanent facilities located inside the pattern. Basic AEC requirements further dictated that each reactor area
be located approximately 2.5 miles away from the next, a distance of 3 miles from any passenger carrying rail
line, and at least 6 miles from the site perimeter. Working within these parameters, the specific locations of the
five reactor areas were then selected based on topographical advantage, one sought after benefit being the
gravitational return of cooling water effluent from each area to the river through natural drainage channels. ' The
reactor areas were eventually sited deep within the southern half of the site. Each was accessible by at least two

of the plant’s highways, except 100-C. They were also accessible by the plant’s railroad system.

> T REACTOR AREA LAYOUT

All five reactor areas share the same
general layout with a “clean” side and

a “dirty” side, mirroring the division
within the reactor building itself.

The clean side of the reactor area
included the gate area, the main

personnel buildings, and the

electrical substations. The “dirty”
Ty - e areq, located at the opposite end,
included the reactor building’s

Disassembly area and area power

plant. The main water facilities
and reactor were located in the
center of the area.? A perimeter

fence surrounded the entire areq,

while a second interior fence further

secured the reactor building.

e This diagram shows Du Pont’s approach to the safety

N and production requirements of the Savannah River Plant
T s in siting the manufacturing facilities deep in the southern
~ - part of the site (see Buildings area map in Chapter 1). Source:
——— Charles Topping, Plant 124-Site Survey (Wilmington:E.I. du Pont De
Nemours & Co, 1950).
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100-C Area, General Plan and Building Map, Basic Information Map, 1956.
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In each reactor area, the massive reactor building was the obvious focal point. These enormous buildings,
each requiring around 200,000 cubic yards of concrete to build, easily comprised around three-quarters of

the construction work at the reactor areas.®> Even so, the remaining work was essential. Each area contained

Conceptual Drawing of R Reactor Area Layout, Voorhees, Walker, Foley, and Smith, February 5, 1963. Numbered facilities include reactor
(4); pump house (5); cooling basin (é); clarification plant (7); power house (3); cooling tower (1); and substation (2). The administrative
buildings are grouped to the right of the basins and are not numbered, SRS Negative DPSPF 8869-14.
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approximately 40 permanent facilities; this number includes process-related buildings as well as buildings and
structures related to area infrastructure, such as water and power facilities, roads and walks, fencing, and sewage

systems.* This constellation of smaller structures around the reactors provided fundamental services and supplies

s g

Unidentified Visitors View L Reactor, May 8, 1958, SRS Negative DPSPF 5178-06.
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for the operation of the reactors. In fact, each reactor area, with the exception of 100-C, was designed to be self-

sufficient with all its supporting facilities located within the area boundaries.

The 701-1 Patrol House, located on the perimeter fence, was the first building encountered in the reactor area.
All pedestrian traffic entered the area through the badge alley in this building. Vehicular traffic entered through
a gate adjacent to the building, but was very limited in the reactor areas; most workers parked in a parking lot
located outside of the area fence and entered the area as mentioned above. The 704 Office and Shops Building
was located directly behind the 701-1 building and was the final destination for many reactor area office and

maintenance workers.

The center section of the reactor area contained the reactor building itself, which was adjacent to the area water
treatment and storage facilities. An interior fence surrounded the reactor and several smaller associated structures.
Anyone requiring entry into the reactor building area entered through a second Gate House, 701-2, on the
interior fence boundary. Just outside the fence were the 190 Pump House and the 186 Cooling Water Reservoir,
which provided water to cool the heat exchangers in the reactor buildings. Those facilities associated with the
treatment of water for service and domestic use, the 183 buildings, were located at the far corner of the 186

Reservoir, from which they were supplied.

The backside of the reactor area was occupied by facilities associated with area power generation, the 184
Powerhouse and 185 Cooling Tower, as well as a coal storage yard and the 188 Ash Disposal Basin. The area
rail line entered through a fence on this side of the area. One spur serviced the power plant, bringing in coal
for the Powerhouse and fuel for the 108-3 Fuel Unloading Facility. The second spur serviced the reactor building
areaq, delivering materials to be irradiated to the Assembly area and taking irradiated materials from Disassembly

to their next destination in one of the separations areas.

Because each of the five reactor areas was laid out and constructed using the same set of building types, this
study will concentrate on those types rather than the individual buildings. For example, 190 Pump Houses were
constructed in each of the reactor areas and are virtually indistinguishable from one another, with identical floor
plans and equipment layout. This study will describe and document the 190 building type by using a composite of
information and images from all five 190 buildings. The other reactor area building types that will be considered
in this study are identified in the following table and a thorough discussion of each type can be found later in this

chapter.

Table 4. Reactor Area Building Types covered in Thematic Study.

Building # Name Original to Area
106 Process Water Storage Tank CKLPR
107 Cooling Water Effluent Sump CKLPR
108-1 Engine House CKLPR
108-2 Engine House CKLPR
108-3 Fuel Unloading Facilities CKLPR
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Building # Name Original to Area
108-4 Emergency Diesel Generator/Fuel Storage CKLPR
109 Purge Water Storage Basin CKLPR
110 Gas Storage CKLPR
122 Process Storage Building R only
183-1 Clarification Plant (Cooling Water) R only
183-2 Filter & Softener Plant CKLPR
183-4 Clarification Plant CKLP
184 Power House CKLPR
185 Cooling Tower KLPR
186 Cooling Water Reservoir CKLPR
188 Ash Disposal Basin KLPR
190 Cooling Water Pump House CKLPR
701-1 Area Gate House and Patrol Headquarters CKLPR
7012 Gate House CKLPR
704 Office and Shops Building, Change House and Stores CKLPR
706 Reactor Technology Building C only
711 Steel & Pipe Storage CKLPR

Du Pont clearly did most of the design work and the construction work associated with the reactor buildings. Du
Pont even designed and built much of the equipment. But there were some major exceptions, and the biggest of
these was the American Machine and Foundry Company, which designed and helped build many of the reactor
components, the fuel handling machines (the C and D Machines), the control rod actuators, as well as many other
devices associated with Assembly and Disassembly.> New York Shipbuilding, located in New Jersey, fabricated

the reactor vessel itself.¢

Another company that performed some of the work on the reactor building was Gibbs and Hill, Inc. The main
responsibilities of this company at Savannah River Plant were to do design work for the electric power facilities,
steam generation, the water pumping facilities, and the communication and alarm systems. In the 100 areas, they
were directly responsible for the electrical work in many of the outlying buildings, such as Buildings 151, 184,
185, 183, 107, 186, 190, and 108.7

Another firm that did work in the 100 areas was Voorhees, Walker, Foley and Smith (VWF&S). The firm did not
directly design the reactor building - even though they did prepare for Du Pont a series of drawings depicting the
reactor and the reactor system. They did, however, design many of the administrative and service buildings that
surrounded the reactor buildings. The VWF&S buildings included 122, 701, 704, and 711. The firm also worked

on plans for the general reactor area lay-out, which included roads, railroads, and other area features.®
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SRS CONSTRUCTION PARAMETERS

At an early date the Atomic Energy Commission informed the Du Pont Company of its preference for spartan
simplicity in building design. This policy required Du Pont and its subcontractors to design facilities with maximum
economy consistent with functional requirements and to standardize designs and specifications for buildings and

associated facilities to achieve uniformity.?

Functional Design

SRP encapsulated a multi-purpose factory system that produced more than one product. Despite its unique mission
and the safety, security, and environmental issues it imposed, the layout of individual building areas and their
architecture had their roots in American industrial architecture and factory design. Industrial architects in the
first half of the twentieth century adhered to the tenet that form should follow function, espoused by modernist
Le Corbusier. Reinforced concrete became the preferred building material for factories and industrial architects
such as Albert Kahn championed the need for the integration of specialists such as process engineers in the
development of well-designed factories. Buildings constructed within this functional vocabulary were enclosed by

smooth planes, featured industrial materials, and eschewed decoration. '

By World War I, a factory type had emerged that was a mechanical unit for the production of goods. It typically
had a steel superstructure, a flat roof, and panel walls. Its interior was an open bay characterized by uninterrupted
floor space with support and personnel related use areas on a mezzanine level, penthouses, or in wings. Single
story in height, windowless, and boxlike, the factory building typically had suspended walkways that connected
to mezzanines where restrooms were located. The walkways allowed non-manufacturing employees and visitors
entry without disturbing the work process. Conveyors, winches, and other handling mechanisms were also

suspended to keep the floor clear.!

Successful industrial architecture provided for the efficient movement of materials through a production process
and enabled employees to perform their work efficiently: “from parking space, to changing room, to machine
station to cafeteria and back.”'? This called for analyses of the flow of materials to determine equipment layout
and its consequences for the building envelope. Design would begin with the process line, move to the support
and storage facilities, and end at the parking lot. Should a shift system of work be employed, the number of
parking spaces needed for efficient flow of personnel was doubled. Materials handling and personnel flow were
charted as architects and engineers grappled with the best “flexible” design to allow for changes in process
that may cause change in necessary manufacturing equipment and/or its arrangement and for future factory

expansion. “Flexibility” was the key design guideline.

The use of “functional design” was second nature to VWF&S, a leader in industrial design for laboratories.
VWEF&S had an impressive number of projects such as the Murray Hill Bell Telephone Building that included a
cyclotron building at Columbia University and Argonne National Laboratory in the atomic energy field. Its credits
in 1954 included laboratories and factory facilities for NY Telephone, Ford, GE, IBM, R.H. Macy, Proctor &

Gamble, General Foods and others.
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The New York firm was also responsible for the site plan and design of Du Pont's Experimental Station in Wilmington,
Delaware, described as a “campus of six modern laboratory establishments” and an additional campus for Du
Pont's rural headquarters at Milford Crossroads near Newark, Delaware. The laboratory complex was designed
using the flexible-modular concept: “VWF&S studied the particular requirements of each of the six participating
(Du Pont) departments, then ‘added up the modules’ in every instance and juggled them around and around -
rather like children’s blocks- until they all slipped into the one best possible combination for each case.”'

For Du Pont's rural headquarters project, VWF&S, under the guidance of senior partner, Perry Coke Smith,
designed immense H-shaped buildings that pivoted on a “space unit” design. This design hinged on a unit of
space - a floor of a wing - that could be subdivided in whatever manner the client needed. Given this experience
with specialized building types and a functional modular approach and their corporate experience with Du Pont,

VWEF&S was an easy choice as subcontractor for architectural and engineering.

The first generation of buildings at SRP were simply designed using the functional ethic described above. The
AEC's specification that the project’s buildings be austere in their design was a done deal given the climate of
American postwar industrial architecture. The choice of building materials, reinforced concrete and Transite™
paneling, were mandated by the building code. Articulated in reinforced concrete or steel frame with Transite™
panels, the majority are 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.

As-built drawings show that the architects developed “typical modules” for each building’s elevations when
possible. Using structural columns, reinforced concrete, and Transite™ panels in which windows could be placed
as their main vocabulary, the architects repeated the typical exterior module as many times as necessary to create
an envelope for the space required. This approach plus the use of neutral colors produced the desired effect - a

rhythmic feel to the buildings and symmetry that contributed to their anonymous and functional character.

Blast Proof Construction

Meetings between Du Pont, the AEC and other sub-consultants were ongoing in November and December of
1950. A meeting at Drexel Institute of Technology in Philadelphia between Professor H. L. Bowman and Du Pont
engineers tackled the building criteria needed to protect the proposed facilities from atomic blast and to allow it
either wholly or in part to operate in the face of such an attack. Three types of construction were developed and
this classification system was codified and placed into a supplement to the Uniform Building Code published in

January 1, 1946 that was adopted for plant construction use.

Class | buildings were described as massive, reinforced concrete, monolithic structures with a static live load
of 1000 lbs per square foot.’* Their exterior walls and roof were to be poured, reinforced concrete with a

supporting frame of reinforced concrete or structural steel. Critical process buildings were to be constructed of
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Building a Reactor

1. A corn field occupies R Reac-
tor site, May 28, 1951, negative
DPESF 1-126. 2. Excavation
for R Reactor involved moving
2,300,000 cubic yards of earth,
August 24, 1951, negative 1-44-
1. 3. Reactor building begins to
take shape, September, 25, 1951,
negative 1-158-1. 4. Below-
ground area built and levels above

grade are readied for concrete pours, December 19, 1951, negative 1-206-1. 5. Concrete forms and supporting scaffolding on reactor
building, negative 1672-4E. 6. R Reactor’s construction required 19,300 tons of reinforcing steel and 235,500 cubic yards of concrete,
June 28, 1952, negative 1-206-1. 7. Construction proceeds around the clock, June 16, 1952, negative 3692.
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CONSTRUCTING THE SITE'S MONUMENTAL ARCHITECTURE

8 and 9. Completed Reactor building, April
8 30, 1953 and timeline of the entire process
involved from conception to start of opera-
tions, negative 1-855-2.Source (graph):
Engineering Department, Engineering and
Design History, Vol. II. E. I. du Pont de Nem-
ours & Co., 1957. 10. Profile of R Reactor,
the largest of SRP’s five production reactors
and the first to achieve criticality. The re-
actor building was essentially an envelope
covering four main process areas: the as-
sembly area, the process area, disassembly
and the purification area. Source: Engineer-
ing Department, E.Il. du Pont de Nemours
& Co. Savannah River Plant Engineering
and Design History , Volume Il, DPE 971,
1957.
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blast proof materials throughout. Reinforced concrete construction was selected for its ability to take stress, the
protection it affords from alpha and gamma rays and intense heat, and the speed and economy it would lend to

construction.

Class Il buildings were considered to be of friable construction with a structural frame of reinforced concrete or
structural steel and expendable wall materials. If bombed, the structural frame remained intact while the exterior
walls were considered expendable. Fifty percent of a building’s exterior wall area had to be covered with friable
materials to suit this class of construction. Roofs were poured concrete and designed for a live load of 150 pounds
per square foot; all floors were of poured reinforced concrete. If equipment or areas in these buildings required

further protection concrete blast-resistant walls were added or floor levels were placed below grade.

Extensive tests were undertaken at Sandia National Laboratory in New Mexico to identify possible friable
wall materials by exposing the candidate materials to TNT explosions that simulated atomic bomb blasts. After
analysis, Transite™, a short fiber, cement-asbestos siding material, was chosen because it broke into small pieces

on impact.'’

Transite™ was sold in the form of flat and corrugated sheets.'® As an exterior sheathing it reduced the load bearing
factor considerably from 120 to 20 pounds per square foot when compared to masonry walls and it was further
desirable as it did not rot, rust, burn and was impervious to insects and rodents.” Advertised as smart, modern,
and economical in period advertisements, Transite™ boards became the primary building material for exterior
wall sheathing between 1950 and 1956 at SRP. The presence of the smooth, natural cement color exterior board

is the hallmark of the Site’s first generation of buildings for this class of construction.

Class Ill construction, which provided no protection from blasts, was considered normal construction carried out
under the building code. All service buildings, shops, and change houses were considered expendable. This
category included a plethora of prefabricated metal buildings manufactured by Butler, Hudson, Mesker, and other

firms. Examples of Class I, I, & Il constructions can all be found in the reactor areas.

Standardized Construction in a Unique Industrial Context

As noted, facility designers sought to standardize design as a cost saving measure, to promote uniformity, and
to aid the construction force in adhering to a tight construction schedule. Building types allowed replication and
as most of the building areas were to be selfsufficient, this potential was essential. The reactor areas are a good

example of this standardization.

Between 1950 and 1956, Du Pont and VWF&S created a repertoire of types, mostly in the service or support
categories, that could be duplicated when and where needed. In terms of the design process, Du Pont's design
division gathered design data, which was then transferred to VWF&S for resolution into a building or facility.
Consultation between the architectural firm, the Wilmington Office, and the on-site engineers was undertaken via

teletypes, telephones, and face-to-face meetings. Power-related and water treatment facility types were handled
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by Gibbs and Hill. The use of Class Il construction also played into standardized construction. Transite™ walls
offered unlimited potential for door openings and fenestration so that standard building types could be easily

altered to suit new needs.

The numbering applied reflected the building types and their function to a large degree. The 700 building series,
for example, referred to facilities associated with administration and support functions. In this series, buildings
duplicated often such as gatehouses were all referred to as 701 buildings; a suffix such as the -5A in 701-5A
indicated its geography and the number of gatehouses in a building area. This numbering system allowed for
expansion should more of a given building type is needed. With the exception of the 700 and 600 buildings,
the hundreds place in each buildings’ three digit number indicated a process area. The remaining places in the
numerical label indicated a building’s function. Thus, a powerhouse in a 100 Area was 184-R, a cooling tower
185-R. The same building types in the 700 Area would have been labeled 784-A and 785-A.

BUILDING DESCRIPTIONS

Reactor (CKLPR)

The reactor buildings housed equipment that would carry out the site’s essential function - the irradiation of
elements to produce fissionable material. That task was performed in a heavy water moderated and cooled
reactor, situated in the core of the building. All other functions of this building and indeed, the entire site,

supported that singular mission.

Each SRS reactor was a multistory, irregularly shaped building primarily constructed of reinforced concrete with
stacks reaching approximately 200 feet in height, substructures reaching 40 feet below grade, and featuring
different configurations at grade level. They are procedurally alike but different in their size and layout. All had

the same main subdivisions: Assembly, Process Area, Personnel Area, Disassembly, and Purification.

R Reactor was the first and largest reactor constructed at Savannah River and logically, more difficulties were
encountered during its construction than with the remaining four reactors. As design and construction challenges
were met and solved on the drafting table and in the field, changes were implemented in subsequent reactors,
resulting in slight variations in all of the reactor buildings. Over time, the reactor buildings became smaller, with a
more efficient layout.’® R and P reactors, the first two constructed and the largest of the five, are most similar and
can be considered a replicated “type” within the Savannah River reactor group. L and K reactors form the next

generation type while C reactor, the last to be constructed, represents a third type.

Modifications in layout and materials also influenced reactor design. The R and P reactor buildings were made of
reinforced concrete throughout identified as Class | construction in the context of Du Pont construction at Savannah
River. Even though R and P were similar, there are still some minor differences between the two. In P, the Assembly
and Disassembly areas are slightly smaller than those in R. The big change in the reactor building design came

with L and K. The layout is different from R and P, and while most of the building is still Class | construction,
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some of the building was demoted to Class lll, specifically the Personnel area, most of the Assembly area, the
Disassembly fan room, and other small miscellaneous sections. Other changes were the elimination of the heat
exchanger bays, shorter Disassembly area canals, the elimination of the hot lab in the Disassembly Dry Cave, and
the elimination of two cells and the shielded cab in the Purification area. C was like L and K in most regards: the

Disassembly area was different in some respects, but the biggest difference was the larger reactor tank in C.1?

Table 5. Reactor Construction Statistics.

Building Start Date Final Acceptance Went Critical Building Dimensions Total Cubic Feet
R Reactor | 6/11/1951 11/3/1953 12/28/1953 737" x 348’ 12,450,000

P Reactor | 7/6/1951 1/13/1954 2/20/1954 613" x 348’ 11,485,000

L Reactor | 8/27/1951 9/30/1955 7/2/1954 560" x 457’ 9,000,000

K Reactor | 10/5/1951 10/31/1955 10/15/1954 | 560" x 457" 9,000,000

C Reactor | 11/26/1951 9/6/1955 3/28/1955 546" x 458’ 8,950,000

Source: Engineering Department, E. I. du Pont de Nemours, Savannah River Plant Construction History, DPE **1957, Volume lll, p. 109.

REACTOR BUILDING COMPONENTS

The next several chapters are devoted entirely to discussing the function and equipment in the five major areas
of the reactor buildings - Assembly, Process Area, Personnel Area, Disassembly, and Purification. For that reason,
the following paragraphs will offer only a physical description and discussion of the construction materials used
in those areas. In most cases, R Reactor will be used as the example and differences between it and the other

reactor buildings will be noted.

ASSEMBLY

Assembly is the location in each reactor building where fuel elements and target materials to be irradiated are
received, cleaned, assembled, and stored prior to loading in the reactor. Though functionally alike, there are
discernable differences in the size, orientation and layout of the five Assembly areas. The principal components of
all the Assembly areas include receiving, operations and component storage, final storage, and a transfer station;
however, their arrangement and size within the Assembly area differs from the earlier to the later reactor buildings

due to design differences implemented during construction.

Assembly is a single-story area with a basement and is approximately square, measuring 186 feet by 191
feet. The roof height of roughly two-thirds of this area is 43 feet 11 inches, with the remaining third at 34 feet.
P Reactor’s Assembly area is similar though smaller, while L, K, and C’s Assembly area is irregular in plan. All
Assembly area foundations are reinforced concrete with spread footings. R and P are Class | constructions and
also have reinforced concrete floors, walls, and roof. L, K, and C, have areas of both Class | and Class lll portions,
in which exterior walls of corrugated asbestos board are secured on steel studs. Flat cement asbestos board is

used for interior partitions and ceilings.
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Room R P L K P
Receiving 2,940 2,074 2,160 2,160 2,160
Operations/Storage 26,969 19,336 19,682 19,682 19,682
Final Storage 5,376 4,704 5,016 5,016 5,016
Transfer Station 1,056 1,056 4,100 4,100 4,100
Fan Room 3,416 3,416

TOTAL 39,757 30,586 30,958 30,958 30,958

Source: Engineering Department, E. I. du Pont de Nemours & Co. Savannah River Plant Engineering and Design History, Volume II, DPE 971, 1957, p. 343.

PROCESS

This portion of the building extends from an elevation minus 40 feet below ground to 150 feet above ground. As
the name of the area indicates, this is where actual irradiation process takes place and as such, this portion of the
all of the reactor buildings is of Class | construction. Though dimensions vary between the five buildings, the main
construction material used is the same - concrete. Foundations, walls and floors slabs are reinforced concrete.

Concrete is also used for ceilings and most interior partitions.

Table 7. Process Area Comparison (square feet).

Pump Room

Motor Room 7,992 7,992 7,992 7,992 7,992
Transfer Pit 25914 25,914
S Fan Room 8,728 8,728
ﬁ% Storage & Scram 4,418 4,418 4,032 4,032 4,540
g Inst. & Observ. 2,132 2,132 2,570 2,570 2,570
I Corridors & Misc. 15,571 15,571 18,291 18,291 18,291

Stack Foundation

Heat Exchanger

Stack Foundation

Transfer Pit 25914 25914
-_g Fan Room 10,488 10,488
é Storage & Scram 4,418 4,418 4,032 4,032 4,032
g Corridors & Misc. 22,235 22,235 21,533 21,533 21,533
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Room R P L K C
Process Room 7,360 7,360 10,656 10,656 10,656
Crane Wash 1,624 1,624 2,304 2,304 2,304
Crane Maintenance 7,992 7,992 8,856 8,856 8,856
Personnel (Inc. Fan) 11,400 11,400 8,640 8,640 8,640
._§_ Canal (Transfer) 8,142 8,142
E Power Transfer Rooms 1-4 4,126 4,126 4,258 4,258 4,258
; Motor Gen. And Rod Equip. 2,000 2,000 1,938 1,938 1,938
Stack & RR 5,625 5,625 5,625 5,625 5,625
Corridors & Misc. 24,152 24,152 29,229 29,229 29,229
Fan Room 10,128 10,128 10,128
TOTAL 72,421 72,421 81,634 81,634 81,634
Process Room 9,600 9,600 10,656 10,656 10,656
Crane Wash 1,624 1,624 2,304 2,304 2,304
Crane Maintenance & Fan 9,752 9,752 11,768 11,768 11,768
Master Control Room 4,796 4,796 4,300 4,300 4,300
.§_ Locker Rooms 2,664 2,664
u;%‘ Office Space 3,170 3,170 1,200 1,200 1,200
EQ Crane Control Room 1,870 1,870 888 888 888
Corridors & Misc. 6,680 6,680 6,103 6,103 6,103
Stack & RR 5,625 5,625 5,625 5,625 5,625
Fans 9,578 9,578 9,578
TOTAL 45,781 45,781 52,422 52,422 52,422
Crane Runway 25,920 25,920 25,632 25,632 25,632
._§_ Corridors & Misc. 5,930 5,930 3,872 3,872 3,872
é Exhaust Fans & Seals 3,584 3,584 3,584
:3', Air Conditioning Room 3,264 3,264 3,264
TOTAL 31,850 31,850 36,352 36,352 36,352
Main Tank Supply Fan Blast Tee 6,264 6,264 5,712 5,712 5,712
o Process/Actuator Room 4,752 4,752 4,752 4,752 4,752
%3 Roof Area - Shield Doors 4,896 4,896 6,936 6,936 6,936
::: Main Tank Exhaust Fan 3,456 3,456 4,200 4,200 4,200
;: Stack Area 6,900 6,900 5,625 5,625 5,625
= Actuator Hat 1,156 1,156 1,156 1,156 1,156
TOTAL 27,424 27,424 28,381 28,381 28,381

Source: Engjineering Department, E. 1. du Pont de Nemours & Co. Savannah River Plant Engineering and Design History, Volume Il, DPE 971, 1957, pp. 349-367.
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DISASSEMBLY

This area of Class | construction is single-story with a water basin beneath most of the area. The majority
operations in this area take place under water in order to shield personnel from irradiated materials. In R and P,
the Disassembly areas are “L"-shaped, while in L, K, and C they are roughly rectangular. Roof heights in all are

15 feet, except a small area that rises to 40 feet. Basin depths ranges from 17 feet to 30 feet below grade.

Foundations, roofs, and exterior walls are reinforced concrete, except for L, K and C fan rooms, where corrugated
asbestos board is used for the walls. Concrete is also used for ceilings and most interior partitions, with some
areas of flat cement asbestos board. The floors in this area are a mixture of concrete and removable wood panels

treated with linseed oil.

Table 8. Disassembly Area Comparison — square feet.

Room R P L K P
Temporary Tube Storage 11,900 7,960 5,809 5,809 4,480
Machinery Area 10,044 7,750 6,955 6,955 4,096
Repair Shop 2,139 1,755 1,170 1,170 1,768
Bucket Storage 14,784 8,036 7,777 7,777 4,416
Dry Cave and Cask Floor 5,202 5,005 4,862 4,862 7,144
Monitor Basin and Storage 2,600 2,600 1,848 1,848 1,280
Transfer Area 3,564 3,483 4,012 4,012 4,816
Corridors and Misc. 1,299 400 873 873 400
Fan Room 704 2,236 2,236 1,512
Dry Cave Fan Room 640 640 640 640 640

TOTAL AREA 0’ Level 36,182 36,182 31,720

TOTAL AREA -17 & -30 25,590 25,590 26,482

Source: Engineering Department, E. I. du Pont de Nemours & Co. Savannah River Plant Engineering and Design History, Volume Il, DPE 971, 1957, p. 374.

PURIFICATION

The Purification portion of the R and P reactor buildings was a single-story, Class | construction that covered an
area 97 by 158 feet; in L, K, and C, it was about 30 percent smaller. There was a main floor and a basement,
with the roof elevation found at the 22-foot elevation in R and P and 18 feet 6 inches in L, K, and C. The founda-
tions and exterior walls were of reinforced concrete. Interior partitions were generally of poured concrete, with

some rooms formed by metal studs and cement asbestos boards.?
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Table 9. Purification Area Comparison — square feet.

Room R P L K P

Cell Space 2,272 2,272 1,110 1,110 1,110
Hot Tunnel and Hot Pipe Space 1,212 1,212 1,938 1,938 1,938
Cold Pipe Space 2,800 2,800 4,028 3,578 3,578
Unexcavated 2,976 2,976 690 1,140 1,140
TOTAL Basement Area 9,260 9,260 7,766 7,766 7,766
Trailer Space 928 928 1,200 1,200 1,200
Cell Space 2,272 2,272 1,110 1,110 1,110
Corridors and Miscellaneous 2,142 2,142 1,961 1,961 1,961
Gas Equipment Rooms 1,178 1,178 1,386 1,386 1,386
Resin Prep Area 1,860 1,860

Refrigeration and Gas Dry Room 1,300 1,300 480 480 480
Distillation Area 756 756 756 756 756
Office, Elect. & Inst. 3,901 3,901 1,485 1,485 1,485
Make Up Room 630 630 630
TOTAL First Floor Area 14,337 14,337 9,008 9,008 9,008
TOTAL 23,597 23,597 16,774 16,774 16,774

Source: Engjineering Department, E. 1. du Pont de Nemours & Co. Savannah River Plant Engineering and Design History, Volume Il, DPE 971, 1957 , p. 385.

REACTOR AREA SUPPORT BUILDINGS

The reactor buildings were naturally the focal points for each of the five reactor areas. They were by far the
largest single building in each complex, and naturally the most important. Even so, there were a number of other
buildings common to each area that also played essential roles in the functioning of the reactor areas. These

support buildings are the subjects of this section.

106 — Process Water Storage Tank (CKLPR)

The 106 buildings weren't actually buildings at all, but rather underground storage tanks. They were located
in close proximity to the reactor buildings and were connected by a 16-inch line. Known as the Process Water
Storage Tank, this facility was designed to receive heavy water moderator from the reactor building in case of
a major break in the system. A full charge of process water totaled approximately 40,000 gallons. Because
the moderator in each of the reactors was estimated to cost several millions of dollars, the potential loss of the

moderator was not an acceptable option.
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Building

106-R, Process Water Storage Tank, After Completion, March 28, 1953, SRS Negative DPESF 1-823-01.
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All of the tanks are Class | structures measuring 44 feet by 25 feet with a depth of 18 feet. The tank top is level
with the ground elevation. The bottom of the tank is 3 feet thick reinforced concrete, while the walls and top are
2 feet thick. Waterproofing was applied to the structures in the form of a single-ply membrane. Each tanks’ total
volume is 20,760 cubic feet, with a capacity of 60,000 gallons.?’

107 — Cooling Water Process Effluent Sump (CKLPR)

Also known as the Process Effluent Sump, Building 107 was a rectangular underground facility that measured 35
feet by 31 feet by 29 feet deep. In an emergency situation, or in the case of an interruption in the flow of river
water, these sumps provided a means of recirculating all or a portion of the emergency cooling water flow back
to the 186 Reservoirs, so that it could be reused. The Class Il 107 basins were constructed of reinforced concrete;
the sump walls and bottom slab were two feet thick, with a capacity for 100,000 gallons of water. The cover was
a combination of reinforced concrete and removable steel grating that served to ventilate the sump. The pump

and motor were mounted on the top of the sump, which was slightly above grade.??

Building 107-L, Cooling Water Effluent Sump Under Construction, October 26, 1953, SRS Negative DPESF 1-1053.
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Building 107-C, Cooling Water Effluent Sump, After Completion, March 31, 1954, SRS Negative DPESF 1-1171-08.

108-1, 2 — Engine Houses (CKLPR)

These underground facilities housed diesel driven generators, which supplied emergency DC power fo the process
heat exchanger water pumps in the reactor buildings. The 108s also provided power to the area substations in
the case of an emergency. Additionally, they provided instrument air and plant service air to the reactor and 108
buildings. Electric power was absolutely essential to the functioning of the reactor and as such, the 108 buildings

were kept constantly at the ready in case of a primary system failure.

The overall importance of their function was reflected in the location of the 108 buildings, adjacent to and
almost indistinguishable from the reactor building. They were, in fact, connected to the reactor buildings by way
of underground passages and in some cases, a common wall. There were two 108 buildings for each reactor
building, identified as 108-1 and 108-2. They were virtually identical, and flanked either side of the reactor
building at the minus 20-foot level.

83



84 | CHAPTER IV
CONSTRUCTION

Hldg \# 0e-r =, Diredd e Hows Gl bt b, - Cavawatns, Covelackes. Ao Bk, oo Uvasies,
J 1 )

Drawing of Building 108-1R, Diesel Engine House, done by Gibbs and Hill.

Building 108-1R Under Construction, SRS Negative 1-892.
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Building 108-R Interior, Showing Diesel Generators, October 12, 1953, SRS Negative DPESF 1000-36.
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Each 108 building housed four sets of 170 horse-power (103 KW) diesel engine generators that operated at
900 revolutions per minute (rpm). These four generators were designed to provide emergency direct-current (DC)
power to the DC motors that were connected to the same shaft as the primary AC motors, which were in turn
connected to the heavy water pumps in the reactor building. These DC motors were always running during the
operation of the reactor, so they would be ready in case of power failure. Each 108 building also contained
one 1000-kilowatt diesel generator set, which powered an AC generator that provided emergency electricity for
various auxiliary functions, as well as emergency lighting in both the reactor and the 108 buildings. In either
case, this emergency power could go directly to the reactor/108 buildings or be routed through the two reactor

substations, as needed.?

In addition to these generators, each 108 building housed two 10,000 gallon diesel fuel storage tanks, two air
compressors rated at 480 cubic feet per minute, and several other pieces of equipment related to the maintenance

of the diesel generators and air compressors. (Gibbs and Hill 1954 v.3:105).

The 108 buildings were blast-proof, Class | constructions, rectangular in shape and measuring approximately
102 feet by 49 feet by 20 feet deep on the main operating floor. A basement section at 29 feet below grade
was situated under the 1000 KW diesel generator and measured 40 feet by 28 feet. The entire structure was
constructed of reinforced concrete, with some interior partitions being concrete block. An open well, 35 feet by
21 feet, sat at one end of the structure. Equipped with a jib crane, this area provided an area to move heavy
equipment in and out of the building. As it was an underground structure, there were no windows; however, there

was one blast-proof exterior steel door that provided access into the structure from the access pit.

As with so many other things in the reactor areas, there were modifications in the design of the 108 buildings from
those built in R and P to those in L, K, and C. Nevertheless, their function, equipment, and basic design scheme

remained the same. 24

108-3 - Fuel Unloading Facilities (CKLPR)

All diesel fuel that was to be used in the 108-
1 and 108-2 buildings was unloaded from
rail or truck via this facility. It is held here
temporarily for sampling, then transferred
to the main storage tanks of the 108 Engine
Houses. Each 108-3 structure is equipped with
pumps for unloading fuel, two 10,000 gallon

storage tanks, two fuel oil transfer pump to

deliver oil to the main storage tanks, as well

Building 108-3F, Fuel Unloading Facilities After Completion, October 2, 1953,
SRS Negative DPESF 1-1018.

as related equipment.

The 108-3R and P facilities were rectangular, measuring 23 feet by 22 feet by 16 feet deep, and completely
underground. They were Class Il constructions, built entirely of two-foot thick reinforced concrete. Also included

within this complex were the adjoining railroad car unloading facilities, the truck and trailer unloading facilities,
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Building 108-3K, Fuel Unloading Facilities, August 27, 1953, SRS Negative DPESF 1-956.

and storage and transfer facilities. An earthen waste oil pit, approximately 50 feet square and 6 feet deep is also
a component of this facility.?> In L, K, and C, the 108-3 facility was above ground and consisted of two 10,000

gallon tanks sitting on saddles, adjacent to a concrete pad.

109 — Purge Water Storage Basin
(CKLPR)

Building 109, or the Purge Water Storage
Basin, was designed to hold de-ionized

water discharged from the reactor building

reactor shield cooling system until it could

be safely emptied into the sewer. Water

would flow through a series of baffles for
approximately 12 hours, during which
time the halfife of the radioactive material
would have dissipated. At that point, the

water could be released to the sewer. The

Building 1091, Purge Water Storage Basin Under Construction and Prior to Burial, ~ rectangular basins measure 13 feet by 19
August 27, 1953, SRS Negative DPESF 1-950.
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Building 109-P, Purge Water Storage Basin After Completion, August 4, 1953, SRS Negative DPESF 1-944.

feet, with a depth of 7 feet. Concrete thickness is 10 inches for exterior walls and 12 inches for the floor; the
volume capacity is 1740 cubic feet. The basin cover is removable in order to facilitate cleaning is and composed

of three 2 3/4 inch precast concrete tiles. A handrail sits atop the basin walls. The 109 basins were identical in

all of the reactor areas.?¢

110 — Gas Storage (CKLPR)

Building 110 served as the storage facility

for the helium blanket gas supply that would
be used in the reactor building. In R areq,
this facility consisted of 30 gas storage
tanks set on concrete piers, capable of
providing 300,000 standard cubic feet
(scf) of helium at 700 pounds per square
inch pressure. Considered part of this

facility was a small compressor house of

Building 110-C, Gas Storage, After Completion, October 26, 1953, SRS Negative Class Il construction measuring 12 feet by
DPESF 1-1044. 20 feet; its walls rose to a height of 12 feet,

10 inches. The foundation was reinforced concrete and structural steel framing supported the walls and double-
pitched roof. Exterior walls and roof were sheathed with corrugated cement asbestos board. Instrumentation in
this facility consisted of various pressure valves and gages and temperature indicators. The compressor house
was the same in each of the reactor areas, but the storage area was reduced to 60,000 scf for P areaq; this

modification was followed in all subsequent 110 buildings.?”
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122 — Process Storage Building (R)

The Process Storage Building or Heavy Water Storage Building served as a storage vault for 55-gallon drums of
heavy water, brought in on pallets from either the Dana Plant or Savannah River’'s own 400 Area. This Class |
building measured 45 feet by 105 feet 9 inches, had a height of 14 feet 10 inches. Foundations, walls and floor
were all composed of reinforced concrete. The building is accessed by one of two motor-driven rolling steel doors
at either end. It was designed to hold up to 110 pallets in plan, stacked three pallets high—each pallet holding
four drums. This translated into a capacity of over 1,300 drums, enough for a complete charge of any one reactor.

This type of facility was only found in R Area.?®
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Drawing of Building 183-1R Clarification Plant Basin, by Gibbs and Hill.
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Building 183-1R, Clarification Plant Basin, Nos. 1 and 2, Showing Basin Baffles and
Paddles, SRS Negative DPSPF 5976-08.

183-1 — Clarification Plant (Cooling
Water) (R)

This facility was constructed expressly
for the clarification of raw river
water, which was to be used in the
reactor heat exchangers. Experiments
at CMX eventually determined that
chlorinated water was preferable to
clarified water; hence, the 181-1R
facility was the only one of its kind

built onsite.

The clarification issue was considered
critical because the clarity of the
river water at Hanford, during the
Manhattan Project, had proven to
be a problem. There, water from the
Columbia River was found to leave a

film that had to be treated chemically
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in order to maximize the effect of the cooling water. Du Pont did not want a similar situation to develop at
Savannah River. Testing facilities were established at CMX on the Savannah River to determine the condition of the
river water, but the entire project was considered so urgent that the first reactor, R, was built with the assumption
that the river water would have to be clarified before it could enter the reactor building. By 1952, testing at CMX

determined that the natural grit of the Savannah River would prevent the build-up of any film.

The 183-1R facility had three basic components: a chemical building, chemical storage facilities, and clarification
units. The chemical building was equipped with a lab, an office, change room, air compressors, and chlorine-
feeding equipment. The chemical storage facility was basically a series of tanks that held lime, alum, chlorine,
sulphuric acid, and sodium silicate, all to be used in the clarification process. The clarification units included a

stilling chamber, a chemical mixing chamber, flocculation basins, and settling basins.

>
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Building 183-1R, Chemical Building, c. 2000, Negative (4 x 5 inch) 183-1R-004.

River water was delivered from pumping stations on the Savannah River via two 72-inch pipes. The plan was
to treat the raw river water so that that it had a low level of turbidity, not greater than five parts per million.

Once in the clarification units, the river water was subjected to a series of mixers. There were four high-speed
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Laying Concrete Pipes for River Water, P Area, January 11, 1954, SRS Negative M-3244-8.

mixers for flash-mixing, and others for the chemical treatment. Flocculator tanks were provided for low-speed
paddle agitation. After the suspended solids settled out of the water, they were removed by means of mechanical
scrapers. The water then traveled by gravity flow to the huge 186 reservoir by way of two 84-inch pipes. A 30-
inch pipe took some of the water to 183-2, which was the Filter and Softener Plant. It is interesting that the piping
was designed so that river water could be sent directly to the 186 reservoir, bypassing 183-1R, just in case CMX

demonstrated that the 183 clarification basin was not actually needed, which of course it did.?

The entire 183-1R facility was a Class lll construction. The chemical building was rectangular with a three-story
section and a one-story section. The foundation was reinforced concrete with spread footings; the frame was
structural steel sheathed with corrugated cement asbestos board and the roof was a built-up concrete and slab
supported by girders. Four concrete silos, adjacent to the chemical building, stored chemicals for the clarification

process. For the most part, the clarification unit was also constructed of reinforced concrete.®

183-2 — Filter & Softener Plant (CKLPR)

The 183-2 facility is the only 183 facility actually found in all five reactor areas. These facilities were constructed
to supply chlorinated filtered water to the entire area for domestic use and to the reactor buildings for operational

use. Additionally, the 183-2 plants supplied softened water to the boilers in the184 Powerhouses.
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Drawing of Building 183-2, Filter and Softener Plant, by Gibbs and Hill.
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Building 183-2K, Filter and Softener Plant, After Completion, March 31, 1954, SRS Negative DPESF 1-1188.
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As the name suggests, there were two major components to this facility, a filter plant and a softener plant. The
filter plant was constructed of reinforced concrete and included four filters, each 13 feet by 25 feet at an average
depth of 12 feet, as well as an adjacent gallery and partitioned clear well. The clear well had a 38,000-gallon
capacity tank for domestic water and a 92,000-gallon capacity tank for operational water. The softener and
silica absorber building was a Class Il construction. It was rectangular and measured 67 feet by 14 feet in R area
and slightly smaller in the other areas. The foundation was a reinforced concrete mat, on which sat a steel frame
sheathed in corrugated asbestos board. The roof peaked at 14 feet. Windows were commercial steel sash and

doors, hollow metal.3!

183-4 — Clarification Plant (CKLP)

The 183-4 building, found at P, L, K,
and C, provided clarified water for
183-2. Although the decision had been
made that large quantities of raw river
would not need to be clarified for use
in the heat exchangers, clarified water
was still needed for use in the 183-2
Filter & Softener Plants. The resulting
design was a clarification facility with
a capacity of 4,000 gallons per minute.
The 183-4 plants were supplied with

raw river water from the 186 reservoirs,

which entered the clarification process

consisting of chemical feeding, flash

Drawing of Building 183-4, Clarification Plant, by Gibbs and Hill.

mixing, flocculation, and floc removal.
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Building 183-4K, Clarification Plant, August 9, 1955, SRS Negative DPESF 1-1268-02.
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Building 183-4, Clarification Plant Precipitators and Chlorine Tanks, August 9, 1955,
SRS Negative DPESF 1-1268-8.

The major components of the plant
included a chemical building, two
precipitators, four transfer pumps
and two chlorine storage tanks. All of
the 183-4 facilities were of Class lll
construction. The chemical building
was irregular in shape, with one-
story and two-story portions. It has
a reinforced concrete foundation,
structural steel frame sheathed with
corrugated asbestos siding, a flat
concrete slab roof, and an area of
2940 square feet. Two Spaulding
precipitators, with a capacity of
2000 gallons per minute each,
were provided for clarification. Each
precipitator consisted of a steel tank
14 feet high with a top diameter of 55
feet and a bottom diameter of 41 feet.
These large aboveground, round tanks
were this buildings’ most distinctive

feature. Transfer pumps were provided

to supply raw water from the 186 reservoirs and deliver clarified water to the reactor buildings. The two chlorine

tanks at the facility were located adjacent to the chemical building. The tanks’ capacity was 14,900 gallons of

liquid chlorine each, which would supply both the 183-4 buildings as well as the 186 reservoirs.*2
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Building 186-C, Cooling Water Reservoir During Late Construction Period, June 29,
1953, SRS Negative DPESF 1-892.

186 — Cooling Water Reservoir
(CKLPR)

These massive open reservoirs stored
river water used for cooling in the
reactor buildings, as well to meet
service water requirements throughout
the area. These facilities were found
in each of the five reactor areas, and
were located directly beside the 190
pump houses and adjacent to the
reactor buildings. Its enormous size is
testament fo the crucial importance of a
constant source of cooling water for the
reactors. Designers wanted to ensure a
continued flow to the reactors even in
the event of a malfunction of the water

delivery system from the river.

e

e

Close-up of 186-C Cooling Water Reservoir, with Reactor in Background, no date, SRS Negative DPESF 1-1221.
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The overall reservoir measured 250 feet by 800 feet, with a depth of 18 feet. The reinforced concrete basin
was divided into three equal storage compartments, each measuring 266 by 248 feet, and separated from its
neighbor by a concrete dividing wall with sluice gates. In addition to the storage compartment, each section of
the basin has an inlet chamber, overflow facility, and drain box. The center basin was also equipped with a pump
suction pit for the 190 pumps, which directly connected the 186 reservoirs to the reactor buildings. The total
capacity of the entire facility was around 25 million gallons, enough to provide emergency cooling water to the

reactor for about six hours at normal power, or for 10 days under shutdown conditions.3¢

]
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Building 186-K Cooling Water Reservoir, Showing Choppy Water in the Basin, October 12, 1953, SRS Negative M-2959-06.

188 — Ash Disposal Basin (KLPR)

These facilities functioned as settling basins for the
ash discharged from the 184 powerhouses. They
were basically shallow pits surrounded by an
earthen dike. They ranged from 11 to 20 acres in
size and 12 to 16 feet in dept. The top elevation of

the dike was maintained throughout its total length.

Building 188-L, Ash Disposal Basin, October 26, 1953, SRS
Negative DPESF 1-1057.
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The ash was delivered through a sluicing system elevated pipeline. The ash would settle in the basin, while the
sluicing water drained out through a line installed at the lowest elevation of the basin. The basins had a storage

capacity of several million cubic feet of ash and were designed to serve their purpose for up to ten years.
190 — Cooling Water Pump House (CKLPR)

The 190 buildings were designed to deliver cooling water to the heat exchangers in the reactor buildings, and
service water to the other parts of the reactor building. They also supplied service water to most of the other

buildings in the reactor areas.

. A‘_/ o \ - -
[ SEE .
Building 190-L, Cooling Water Pump House, Nearing End of Construction, March 25, 1953, SRS Negative DPESF 1-795.

The two principal components of the 190 buildings were the pump house and the switch gear room. The first was
a Class lll construction, measuring 214 feet by 44 feet, with reinforced concrete foundation and walls. The most
distinguishing elements of this portion of the building were the four large roof ventilators atop its peaked roof.
The switchgear room was a Class | construction, measuring 137 feet by 20 feet, with a flat roof of concrete; this

portion of the building was partially underground.
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Building 190R Interior, September 16, 1953, SRS Negative DPESF 1-971-02.

Inside the pump house were eight large centrifugal pumps driven by é00-horse-power AC motors. Each pump
was capable of delivering 14,000 gallons per minute of river water. Each also had a flywheel to reduce the flow
slowly in case of power loss. Only six pumps operated at a time; two were spares. In addition to the main pumps,
there were also another four smaller pumps that could provide 3,000 gallons per minute of service water. In case
of an emergency or some electrical failure, the 190 pumps were designed so that gravity flow would still supply

water to the reactor building.

The 190 building was critical to the overall function of the water system in each of the reactor areas. To help
analyze the proper flow of the water system, Du Pont asked VWF&S to prepare a series of isometric drawings
for the R Area water system in the spring of 1952. It was from these that the final arrangement of pipes was

determined for the 190 buildings in R and the subsequent reactor areas. ¥

701-1 — Area Gate House &
Patrol Headquarters (CKLPR)

Located at the outer perimeter
security  fence, the 701-

1 buildings were the first

buildings encountered at each
of the reactor areas. It was the

central headquarters for the

area patrolmen and served as

Building 701-1K, Area Gate House and Patrol Headquarters, August 9, 1955, SRS Negative . .
DPESF 1-1268-13. the primary control point for all
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traffic into and out of the 100 Areas. Pedestrians would enter the building on the outside of the area fence, walk
through the badge alley where their credentials would be checked, and then exit the building through the “back”
door inside the area fence. Several hundred area workers would pass through this building twice daily, once on
the way to work and again on the way out. The building also served communications hub for the entire area.

All five of the 701-1 buildings were single-story, combination Class | and Class lIl constructions. The Class | wing,
approximately 23 feet by 51 feet, housed emergency control and communications equipment. A small Class | unit,
8 feet by 8 feet, was attached to this wing and housed a generator. The Class Il portion, approximately 48 feet
by 64 feet, housed the health metering area, patrol offices, lunchroom, storage area, locker and toilet rooms. The
top of the flat roof slab was 11 feet above grade.

The entire building’s foundation was reinforced concrete and the Class | portion’s exterior walls and roof was
constructed with the same material, in order to ensure the continued operation of the vital communication facilities
during an emergency situation. Interior walls in this section were concrete baffle. Doors were hollow metal and
there were no exterior windows. The Class Ill portion had a structural steel frame sheathed with corrugated
asbestos board. The roof of this portion of the building was concrete slab on rib lath. Interior walls were flat

cement asbestos board on steel studs. Doors were hollow metal and windows, double-hung steel.*

701-2 — Gate House (CKLPR)

These facilities provided an additional security checkpoint for pedestrian and vehicular traffic entering the security
zone around the reactor building. They were small, rectangular, single-story Class lll constructions. 701-2R and
701-2P measured 10 feet by 15 feet, while the 701-2 buildings in L, K, and C were slightly larger at 13 feet
by 17 feet. The foundations of these buildings were reinforced concrete; the frames were fire-retardant treated
wood sheathed with corrugated asbestos board. Doors and double-hung windows were all wood. A two-foot roof
overhang provided weather protection for the guards on duty.%°

Building 701-2K, Gate House, August 9, 1955, SRS Negative DPESF 1-1268-06.
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Building 704-L, Office and Shops Building, Change House, and Stores, March 25, 1953, SRS Negative DPESF 1-801.

704 — Office and Shops Building, Change House and Stores(CKLPR)

Building 704 served as the area administration headquarters, providing 22 offices and a conference room for
area operating and maintenance personnel. Additionally, it housed a cafeteria, medical center, stores facility,
and maintenance shop. A service island located outside of the shops section of the building provided gasoline

and tire service for area vehicles.

Building 704-1, Office and Shops Building, Change House, and Stores, July 7, 1953, SRS Negative DPESF 1-928.
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Building 704-1, Showing Workers in the Maintenance Area, September 24, 1956, SRS Negative DPSPF 3728-2-04.

These were Class Il single story, L-shaped buildings, with one leg measuring approximately 73 feet by 170 feet
and the other 39 feet by 161 feet. The total area was around 18,500 square feet. The foundation was reinforced
concrete, while the superstructure was structural steel. The exterior walls were corrugated cement asbestos board

and the roof was a flat concrete slab.

Building 704-R was the first of these buildings to be constructed, and the 704s at P, L, and K were built identically.
The 704-C building’s office wing provided space for twelve additional offices, which housed supervisory personnel
engaged with work that concerned all of the reactor areas. The 704 buildings were also among the first to be air

conditioned, beginning in 1953.4°
706 — OFFICE BUILDING (C)

This building, later known as the Reactor Technology building or Reactor Tech, housed the Works Technical
Division and was only found in C Area. It was a one-story, Class Ill prefabricated steel building originally
used as a Temporary Construction (T.C.) building. It measured 50 feet by 300 feet and sat on a concrete slab

foundation.
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Building 706-C, Office Building, later known as the Reactor Technology Building or Reactor Tech, May 9, 1969, SRS Negative DPSPF
13402-02.

711 — Steel and Pipe Storage (CKLPR)

The 711 buildings were located adjacent to the 704 buildings, and provided storage space for the steel and pipe
needed for maintenance and repair. They were Class Il constructions that covered an area 20 by 34 feet. The
foundation was concrete. The superstructure was wood frame, with corrugated cement asbestos board forming
the exterior walls. Much of this structure, however, was open on the sides. This shed-like building was identical in

all five reactor areas.*’

Building 711K, Steel and Pipe Storage Shed, March 24, 1953, SRS Negative DPESF 1-992.
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V. GENERAL REACTOR BUILDING AND
ASSEMBLY AREA

Despite the differences among the reactor buildings, from a distance they looked alike. One former supervisor

described the reactor buildings as “resembling a very large stacked collection of children’s blocks.”"

All five reactors were basically similar in what they did and how they did it. The reactor buildings themselves
were all devoted to the production of fissionable materials, made in heavy water moderated and cooled reactor
tanks. To this end, each reactor building, in addition to the reactor and the reactor machinery, had facilities for
the assembly and storage of components that went into the reactor, facilities for the storage and disassembly of
the discharged components, as well as facilities for the purification of the moderator and the blanket gas.? All
five reactors shared what have commonly been identified as the system’s most unique features: the reactor tanks
themselves, the vertical lift steel doors, the actuator system above the reactor tank, and the charge and discharge

machines, often referred to as the C and D Machines, for short.?

The five reactor buildings all shared the same basic divisions, even if the layout was different. Everything began
in the Assembly Area, where the vertical elements that would go into the reactor first entered the building. In
Assembly, the vertical elements were cleaned, loaded into their proper aluminum casings or tubes, and then
stored. As needed, these elements were taken out of storage and “presented” to the Process Room. There,
a charging machine or crane would seize the element and place it in the reactor tank. The reactor tank was
naturally the focus of the process room (also known as the reactor room), but it was also the focus of a much larger
area, known as the Process Area. Every piece of equipment that directly served the reactor was located in the
Process Area. This included the pumps and heat exchangers, and the entire cooling water system; the actuator
tower above the reactor tank; the reactor control room and crane control room; and the Personnel areas adjacent
to the control rooms. After a period of time in the reactor, the irradiated vertical elements were removed from
the tank by the discharge machine. They would then go to Disassembly. There, the irradiated materials were
removed from their claddings and prepared for shipment to Separations. Last but not least, the purity of the heavy
water moderator and the helium blanket gas, both essential for the operation of the reactor, was maintained in

the Purification Area.

In the chapters that follow, each of these reactor building areas will be examined in much greater detail, beginning
with this chapter, devoted to the Assembly Area. The other chapters will deal with Process Area, Disassembly
Area, and Purification. Because of the differences among the five reactors, it is not possible to single out any
one reactor as a stand-in for the others. Rather than try to do so, it might be more logical to follow the method
normally used at Savannah River: use the first reactor, R, as the focus of the discussion, and then discuss the later

reactors in terms of how they differ from R. This will be the method used here.
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The reactor buildings, despite their monumental architecture, were essentially envelopes providing housing for the
numerous and complicated equipment needed for reactor operations. In fact, much of the building was designed
around this equipment. In R Areq, the shift in emphasis from building construction to equipment installation took

place as early as the fall of 19524

Everything at Du Pont’s Savannah River Plant received a number, whether it was a reactor area, a reactor building,
or the auxiliary reactor area buildings. The same was true for the equipment installed in the reactor areas. Every
piece of equipment used at Savannah River was assigned a number, usually called an “E.P.” number, short for
“Equipment Piece.” Just as there was a system to the organization of the building numbers, so there was a system
to the E.P. numbers.> Table 10 shows how the equipment numbers were assigned within the reactor building as

well as more general designations.

Table 10. Equipment Numbers and Function

E.P. Nos. Functions

100-149 Assembly Area

150-199 Main Reactor Tank and C and D Facilities

201-239 Coolant Circulating System and Auxiliaries

240-299 Gas Purification; Coolant Recovery and Purification
301-399 Disassembly, Storage and Transfer

400-499 Instrumentation (including panels in Reactor Control Room)
500-599 Electrical

600-699 A&C

701-799 Administrative and Maintenance

800-899 Power

The lowest E.P. numbers belonged to the Assembly Area, where all materials to be irradiated must first enter the
reactor building. Since everything in the reactor buildings has to begin in Assembly, any discussion of the reactor

process should begin here.

ASSEMBLY AREA

The purpose of the Assembly Area was to receive, clean, assemble, and test the various elements that eventually
go into the reactor. This area was kept as clean as possible, with radioactivity kept to a minimum. No irradiated
materials were allowed into the area, and all materials were required to be as clean as possible to reduce the
chance of dirt going into the reactor. In the early to mid-1950s, most of these elements that went into the reactor
were fuel elements assembled into quatrefoils. After the final testing, the loaded quatrefoils went into final storage

before leaving Assembly.¢ All of these operations are discussed below in greater detail.
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The first plans for the Assembly Area of the reactor building go back to early 1951, at which time it was not ex-
actly clear which part of the assembly process would be completed in the 300 Area, and which in the 100 Areas.
Initially, it was suggested that the elements to be irradiated should be assembled in groups and then transported
out of the reactor in the same way. This would have required the use of a car-handling system, and it was not
clear how such a car would move between the Assembly and Process areas without spreading radioactive con-

tamination into the Assembly Area.”

After February 1951, it was decided to proceed with a more individualized form of fuel handling that required
quatrefoils. From about that point on, it was determined to have all assembly functions occur in the 100 areas.
This meant that the Assembly Areas in the reactor buildings would now be a production line to prepare quatre-
foils for the Process Area. In the early 1950s, this meant that all materials to be irradiated were sent over from
320-M in aluminum sheaths. This included natural uranium fuel slugs and lithium-aluminum control rod sections.
In the Assembly Areas, the fuel slugs were inserted into quatrefoils, the four-channeled aluminum tubes that were

inserted into the reactor, while the lithium-aluminum went into septifoils, seven-channeled aluminum tubes.®

It was initially thought that the Assembly Area would process over 2500 quatrefoil assemblies per year. This
made it imperative that the assembly and storage process be mechanized as much as possible. By May of 1951,
the preliminary plans for the Assembly Area called for four bays, each with around 60 by 186 feet. At that
time, loading of the assemblies was to be done vertically from a mezzanine level. This proposal, however, had
problems. There was too much lifting of the materials, and there were concerns that the roof was not high enough

for vertical loading.?

In June of 1951, the assembly area design was close to what would actually be built. Provisions were made for
the loading and testing of the tubes. The tops of the tubes would be at the main floor level, with the rest of the
tube extending below the floor slot and into the basement, which was 20 feet deep. Plans for the monorail were
completed, and the places where the monorail entered the final storage area and the reactor room, were to be

sealed by sliding steel doors. At that time, the proposed assembly area was 255 feet long by 180 feet wide.

By July of 1951, the Assembly Area was into its third design plan. By this point, the plans were basically “as built.”
The whole Assembly Area covered 35,000 square feet, or 186 by 191 feet in area. It was equally impressive in
its size from floor to ceiling to accommodate the assemblies. Generally, the roof height was 44 feet above grade
with one section of the area ten feet lower.'® Earlier plans had called for a much larger area of 90,000 square
feet. The main reason for the size reduction was the use of quatrefoil tubes and other vertical elements that could
be brought into the Process Area one at a time by means of a monorail. Other reasons included the elimination
of permanent sleeves for the assemblies, which allowed a reduction in storage space.!" By this time, the Assembly
Area in R Reactor had been divided into the following sections: the Receiving Area, Fan Room, the Working and

Storage Area, the Final Storage Room, the Gripper Pick-Up Station and the Presentation Point.'2

Receiving Area

The Receiving Area of Assembly was located in the southeast corner of the reactor building. It was the entry

point for all materials into the building, with materials brought into the building by means of trucks, which had to
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be washed before entering the premises.'® In the R Receiving Areaq, supply trucks were unloaded with a two-ton
monorail bridge crane (E.P. 100), which could move boxes in and out of storage as needed. The pick up frames
designed to be used with E.P. 100, were identified as E.P. 101, 102, and 104.'* In R, the monorail bridge crane
took the shipments to a tube box dolly on rails; in all later reactors, the crane could transport the boxes directly

to the storage area. '

The materials received were usually fuel elements or control rod elements. Fuel elements, all made of natural
uranium in the early days, came in as “slugs.” These were solid uranium cylinders, one-inch in diameter and
eight inches long, clad in aluminum. These were stacked into columns in quatrefoils, that were often referred to
as “Q-foils.” Each of the four channels of a Q-foil was stacked with slugs. Each quatrefoil went into a four-inch

diameter hole, and there were over 600 such holes at the top of the reactor.

Control rod elements were slender and long, about 21 feet in length. Made of lithium-aluminum in the early and
middle 1950s, they too were sealed in aluminum cladding and were inserted into a septifoil. For this reason,
control rods were often referred to as SHoils or S-rods. Sometimes a septifoil was also referred to as a “cluster” of
control rods. There were 61 clusters or septifoils for each reactor tank.'® In the Assembly Area, both Q-foils and

SHoils were often just referred to as “foils.”

Fan Room

The Fan Room in the Assembly Area was only found in the R and P reactor buildings. Even there, its function was
not specifically related to the Assembly Area; in L, K, and C reactors, this fan room was relocated to other parts
of the reactor building. In R and P, the fan room contained machines to bring outside air to the assembly areq,
and moved air from the main assembly area into the final storage room. It also provided air to the crane control
room inside the process area. In addition, there were two refrigeration units and two pumps for providing chilled

water throughout the reactor building.'”

Working and Storage Area

The main activity in the Working and Storage area of Assembly was the cleaning and loading of the foils, their
testing, and their storage until needed in the Process Room. Initially, the materials brought over from 300 Area are
stacked on the floor or on pallets. The main part of the working area had space for inspecting and cleaning all
the components that had to go into the reactor. This included the slugs, the control rods, and all of the foils. After
the materials have been placed into their proper foils, they must be tested to insure proper water flow through the
assemblies. The final assemblies were then stored on hangers and went to Final Storage. The assemblies stayed

there until needed in the reactor room.'®

Crucial to all of these operations were the two-ton crane and the monorail system. The two-ton, twin-hook crane
was capable of accessing the work and storage areas, and could reach the degreaser hoist, the test stations, and
the tipping tables.'? It was also tied to the monorail system, which moved the vertical elements into Final Storage

by means of storage hangers, and then moved them out again as needed in the reactor room.
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General View of Assembly Area, May 135,
1980. SRS Negative DPSPF 30605-26.
(Inset) Degreaser Tank in Assembly Area.
New South Associates D2X2110.
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(Above Lleft] View of Assembly Area, Showing Fuel
Element Water Testing Area, December 22, 1959. SRS
Negative DPSPF 6401-48. (Above Right] Loading Slugs
for Flow Testing in Assembly Area, December 22, 1959.
SRS Negative DPSPF 6401-03. (Below) General View of
Assembly Area, March 20, 1963. SRS Negative DPSPF
8930-06.
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The first step in loading the foils was a thorough cleaning of the components that had to be assembled. Often
this required “degreasing,” since the components might be contaminated with industrial oils and dirt as a result
of their fabrication and movement from 300 Area. The Degreaser, E.P. 131, fabricated by G.S. Blakeslee
Company, was comprised of a steamer element, service water, and a solvent solution.?® In order for elements to
be degreased, they were first placed into a basket and then dropped into a “boiling” liquid of trichloroethylene
solvent. The degreaser basin was 27 feet in length, 6 feet wide, and a depth of 9 feet. Also included were a
solvent recovery still, two solvent storage tanks, and a solvent pump. A vapor section provided the final rinse.?’

Once the components were cleaned, the process of assembly continued on the main floor, on the north side of the
center bays. The critical issue here was the loading of the aluminum-clad uranium slugs into the quatrefoils, and a
number of ways were entertained for doing this. Initially, it was thought to load the slugs horizontally, by sliding
them into the foils. When this proved to be too damaging, it was decided to go with a method of vertical loading.
The first attempt was with a hydraulic loading machine, but the results proved unsatisfactory. The second attempt
called for a dry-type machine tested at New York Shipbuilding. This was a three cable and drum arrangement
used to support the fuel column as it was lowered down the quatrefoil. This method still exhibited problems, which
led to the third attempt, which was based on a simplified hydraulic loading method, capable of loading a single
tube of the quatrefoil at a time. By the time this method was adopted, it was already well into the year 1953.22

The loading method adopted called for the quatrefoil to be lowered into a 20-foot basement chamber through
a slot in the floor. With the top of the tube at ground level, the quatrefoil could then be loaded and tested with
greater ease than would have been possible on an upper mezzanine level, as was originally envisioned.?®

The Final Test Station was designed to flow-test each foil assembly to ensure that the water flow through each
was correct and unimpeded. This was a testrun of the elements before they reached the reactor, when it might
be too late to correct any flow problems. This safe-guard was established in large part because of problems
found at New York Shipbuilding during the first loadings of assembled components into the Savannah River test

reactor.?

The test station required special instrumentation. Manometers and pressure gauges measured total flow through
the foils, as well as the flow through each of the separate channels. Monitor pin testers were installed in R Reactor
Assembly, but were not used in the later reactors.?> Other instruments and equipment at the Final Test Station
included a water storage tank, pump, control console, top and bottom high-pressure seals, and top and bottom
seal exhausts and evacuators, among other items.?°

By now it should be clear that the equipment installed in Assembly was essential to the entire Savannah River
Plant mission. The equipment ranged from the two-ton double girder bridge crane (E.P. 101) for the movement of
boxes, together with the tube-box dolly, to a manually operated rail truck designed to move boxes from receiving
to initial storage (the bridge crane and dolly were only found in R and P). Equipment in all of the Assembly areas
included a two-ton fork truck for unloading pallets (E.P. 103); a crane with a half-ton hoist (E.P. 106.1); inspection
benches and gauges for the foils (E.P. 107, 108); and the hydraulic loading machine for the Q-tubes (E.P. 110)
and the associated pump (110.1). Other pieces of equipment included portable tube racks for moving the foils;
a bench for the inspection of the small assembly parts (E.P. 112.1); and the degreaser complex that has already

been discussed.?
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Tipping minus in Assembly Area, C Reactor, January 12, 1973. SRS Negative DPSPF 16678-05.

Other critical pieces of equipment included the Tipping Table, which was a long narrow steel table for shifting
the position of the elements from horizontal to vertical. There was also the Q-Tube Assembly Lag Rack, designed
to hold the assembled Q-oils until they could be tested. In addition there was the portable tube rack; five of
these aluminum “A” frames were constructed with rubber-tired castors. Each was designed to carry 10 Q-foils or
septifoils, five on each side. Another piece of equipment was the Revolving Rack. This rack was mounted at the
minus-20 foot level and was around 23 feet high, and facilitated interim storage for components before delivery

to final storage.?®

Final Storage Room

After the assembled components were tested, they were ready for the Final Storage Room, which was entered
through sliding steel doors. This was where components would go after assembly and testing, but before they
entered the process room. Most of the components, especially the quatrefoils, were stored vertically on hangers
extending from the ceiling-mounted monorail ; the septifoils were stored on racks. The overhead monorail would

pick up each tested Q-foil and position each on storage hangers.?’
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SRS Negative DPSPF 16678-08. Steel Door to Final Storage in Assembly Area, C
Reactor, March 15, 1973. SRS Negative 16804-16. SRS Negative DPSPF 14456-
04 (Above Right). View of Monorail System in Assembly Area, C Reactor, January
DANGER 12, 1973.
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Final Storage was one of those parts of the Assembly area where the details were different in different reactor
buildings. In the R Reactor final storage area, there were 1095 hangers and 2000 feet of monorail track. The
monorail system was comprised of an electric girder monorail for distance movement, and a non-electric monorail
system for moving hangers around in Final Storage. In P, there were 879 hangers on 1800 feet of monorail track.
This was altered again for L, K, and C, each of which had 951 hangers and 1600 feet of track.3°

Gripper Pick Up Station and Presentation Point

When assembled components were ready for processing, they were moved by means of the electric monorail
system into a room known as the Gripper Pick Up Station. There, they traveled through a tall, narrow baffle
placed in the concrete wall between the Assembly Area and the reactor room. On the other side of the baffle
was a tall narrow slot in the wall that separated the Assembly Area from the Process Area, through which vertical

elements from Assembly could be passed to the process room on the other side of the wall. The baffle served as

View of the Gripper Pick Up Station and Presentation Point, C Reactor, January 12, 1973. SRS Negative DPSPF 16678-07.
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a radiation buffer to block contamination that might enter Assembly through the narrow opening. The wall slot
was known as the Presentation point. It was here that the vertical elements prepared in Assembly were passed
info the process room to be picked up by the charging machine. The Presentation Pont was thus the culmination of
the labor and preparation work that occurred in Assembly, where approximately 40 individuals were employed
in assembling, testing, labeling, and storing the vertical elements prior to irradiation. The labor of the Assembly
personnel ended at the Presentation Point, the portal to the reactor and the Process Room, the subject of the next
chapter.
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VI. PROCESS AREA

When assembled components entered the Process Areaq, they entered the very core of the reactor building, an
area around 300 by 225 feet. And the center of the core was the reactor tank itself. Everything in the reactor
building, and in fact everything in each reactor area, existed to serve the reactor tank. What happened in the tank
was controlled in the Process Area, which also included the lowest and the highest parts of the reactor building,

from 40 feet below ground surface, to 150 feet above.

The reactor, located at grade level (O foot level), was accessed by the charging and discharging machines, often
called C and D machines. These machines brought vertical assemblies to the reactor from the Assembly Area
and then after irradiation had occurred, took them out of the reactor, and placed them in the Disassembly Area.
These incredibly important machines were the direct and only connection between the Process Area and both the

Assembly and Disassembly areas.

Nothing, however, would happen in the reactor tank without the equipment both below and above the reactor
itself. Absolutely essential to the operation of the reactor was the constant coursing of cooling water during reactor
operation. This occurred in the levels below the Reactor Room, namely the minus 20-foot and minus 40-foot levels.
Reactor control equipment was located above the reactor. This was basically the actuator and actuator tower,
which extended to a height of around 150 feet above grade. The Process Area also contained the Main Control
Room and the Crane Control Room, both located at the plus15-foot level. The main personnel areas for the reactor

buildings were also located at this level.’

As finally constructed, the Process Area in R Reactor contained the following rooms and areas (Table 11). Some
of these rooms in the later reactors might be in a different location or have a different orientation, but they were

found at each of the reactors, and all served the same purpose.

Table 11. Process Area Spatial Organization and Levels

Process Room (Reactor Room) 0 Level

Crane Wash Area 0 Level

Crane Maintenance Area 0 Level

Reactor Cooling and Gas Systems Minus 20- and 40-Foot Levels
Heat Exchanger Area Minus 20-Foot Level

Pump Room, Motor Room Minus 40-Foot Level

Storage & Scram Tank Area Minus 40-Foot Level
Overflow Tank Room Minus 40-Foot Level

Pin Room Minus 40-Foot Level
Instrument and Observation Rooms Minus 40-Foot Level
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ReEACTOR CROSS-SECTION

R Reactor, and Key Showing Levels (Source: Drawing W130556).
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Actuator Rooms 40- and 66-Foot Levels

Penthouse 120-, 130-, and 149.6-Foot Levels
Main Control and Equipment Rooms 15-Foot Level

Crane Control and Equipment Rooms 15-Foot Level

Personnel Area 0 and 15-Foot Level

Welfare Area (Locker Rooms, etc.) 15-Foot Level

Source: Design Division, SRP Description of Facilities, 1952, pp. 24-45.

The Process Area also contained a great number of fan rooms (Table 12). The main ones are listed below and

are traditionally considered part of the Process Areaq, even if the areas they served were located elsewhere in the

building.

Table 12. Process Area’s Fan Houses

Fan Name Location

Purification Area Fan Room 15-Foot Level
Disassembly Area Fan Room 15-Foot Level

Fan Room No. 2 0 Level

Fan Room No. 4 15-Foot Level

Fan Room No. 1 Minus 40-Foot Level
Exhaust Fan Rooms Nos. 1 & 2 Minus 40-Foot Level
Supply Fan Rooms 48-Foot Level
Exhaust Fan Rooms 48-Foot Level

Source: Design Division, SRP Description of Facilities, 1952, pp. 24-45.

Heating and ventilation might be peripheral to the main function of the reactor building, but it was essential,
especially to the safety and comfort of the personnel that ran the facility. The reactor buildings were heated with
air forced through steam coils. Air conditioning was provided in the control, personnel and welfare areas at a
level of 80 degrees Fahrenheit and 50 percent relative humidity. Overall, the ventilation in the Process Area was
divided between the upper levels and the lower levels due to differences in anticipated radiation. The upper
levels - the Reactor Room, and the levels above it - were isolated by one system, referred to as the “main tank
room system.” This was the area of lower levels of anticipated radiation. The pump rooms, motor rooms, and in
fact most of the lower levels, where higher radiation was expected, were isolated to a second system that vented

directly to the stack. This was known as the “pump room system."?
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To facilitate the movement of air within these systems, and to meet the structural requirements of a Class |
construction, liberal use was made of ventilation “wells” rather than intakes within the walls. Foremost of these
was the “deep well” found in R Reactor that extended from grade level to minus 40-feet, located at the south end
of the center section. Deep wells were constructed as part of the wall, to avoid weakening the fabric of the wall
itself by the placement of intakes. In the same spirit, corridors doubled as ventilation ducts whenever possible.
To provide access to air, the roof was equipped with specially designed concrete intake structures called “blast-

tees.”?

In addition to these general arrangements, there was specific attention given to the ventilation needs of particular
rooms. Negative pressure was maintained in the process room, as well as the crane wash, heat exchanger, pump,
and storage tank rooms. This was a safeguard against the escape of any contamination.# Another consideration
in the Reactor Room was the maintenance of the ambient temperature at a level that was always above the dew

point. This was to prevent any light water contamination of the heavy water in the reactor tank system.®

BASIC FUNCTION AND DESIGN ISSUES

In addition to the ventilation restrictions imposed on a Class | structure, there were a number of basic immutable
building requirements that impacted the project from the beginning, and these had an impact on design details
and the layout of the reactor building. From the beginning it was understood that the whole building would
have to be as clean from dust and dirt as possible, and that much of the process area would have to be heavily
shielded to protect workers from the harmful effects of radiation. This meant no exterior windows anywhere. It also
required the remote operation of the reactor, as well as the C and D machines. Despite anticipated radiation in
the lower levels, the heavy water pump motors had to be accessible during reactor operation. One very important
consideration was that the reactor could not be allowed to stop suddenly as the result of a power failure, and this
required emergency light and power sources within or adjacent to the reactor buildings. In case of accident or

shutdown, a whole range of stand-by equipment was needed.

There were other, more specific requirements that had an impact on the design and development of the equipment.
The machines had to work fast and they had to last, and to do this under the additional strain of radiation levels
not experienced by other machines. It was calculated that the total time for the C and D machines to position any
single assembly element, had to be less than four minutes. In addition, all machines and equipment had to be able

to withstand the stress of reactor operating cycles that would last from 45 to 90 days.¢

The considerations mentioned above applied to all of the Savannah River reactor buildings. There was, however,
a very large design consideration that had an impact on the layout of the first two reactor buildings, R and P. In
the first year of the project, it was thought possible that a second reactor would be added immediately adjacent
to each of the five reactor buildings. By the time this idea was eliminated, it was too late to change the design
and construction plans and both were laid out to allow for a possible second reactor. For this reason, the Process

Room in R and P is oriented 90 degrees from what would otherwise be the preferred orientation.” Rather than
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having the C and D machines operating along a straight line from Assembly to the reactor tank, and then to
Disassembly, the long axis of the process room was turned at a right angle to both Assembly and Disassembly.
This created two right angles in the flow of materials: one from Assembly to the Process Area; and the other from

Process to Disassembly.

In R and P, with Assembly off to the side, the charging machine-side of the Process Room faced the Crane Washing
and Maintenance areas, while the discharging machine-side and the exit conveyor canal, which would normally
go directly to Disassembly, faced the side of the reactor building left open for the hypothetical second reactor (it
was anticipated that the second reactor would use the original Assembly and Disassembly areas). The alteration of
plans in the design of L, K, and C, so that the process area lined up better with the natural flow of production from
Assembly to Disassembly, was one of the main differences in both the size and layout of the last three reactors.
In the new arrangement, Assembly was still off to the side, but this time on the opposite side of the Reactor Room
from the R and P design. Disassembly, however, was located at the end of the discharge machine-side of the

Reactor Room. This eliminated the need for the long canal between the exit conveyor and Disassembly.

REACTOR ROOM

The importance of the Reactor Room, also known as the Process Room, cannot be overstated. Everything in the
reactor building was connected to the Reactor Room. The Assembly Area was connected to the Reactor Room
through the point of entry for all vertical assemblies, known as the Presentation Point. When they left the reactor,
these same vertical assemblies were carried to the Deposit Point and Exit Conveyor, which was the connection to
the Disassembly Area. The Reactor Room was also the connection for all the levels of the process area: the safety
and control rods located above the reactor tank, and the water and Blanket Gas Systems located below.® This
section of the report will deal with the features and the equipment found in the Reactor Room, minus the reactor

tank itself. The tank will be examined in a separate section immediately after this one.

The Reactor Room is a rectangular-shaped room that measures around 150 feet long by 42 feet wide. Only the
central portion, where the reactor tank was located, was wider, measuring 58 feet. The reinforced concrete walls
are around seven feet thick. In R reactor, the reactor tank was 41 feet from the pick-up point at the south end
of the room, while the tank was 30 feet from the edge of the discharge canal, located at the north end of the
room. The ceiling height of the room is 43 feet above the floor, with the exception of the area over the reactor
tank itself, which had a height of 61 feet. The only windows into the room are from the control rooms. There is a
concrete “doghouse” in the room’s northwest corner for the drive and discharge station of the Deposit Point and

Exit Conveyor.?

The ceiling of the Reactor Room was five-feet thick. In the part over the reactor, there were 427 openings through
the ceiling to allow the control rod extensions to pass through and down to the reactor tank. Above the ceiling
were the actuators that drove the control rods. The actuator tower, located above, rose to a height of 149.5 feet,

and was one of the highest parts of the reactor.'®
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(Top) Early Oblique View of Reactor Room with Personnel at Work on C&D Machines. Reactor face and intake nozzles shown clearly. SRS
Negative No, 1387-9. (Bottom) Reactor Room, O Level. Note Control Room Viewing Window in Far Wall. SRS Negative No. 30453-30.




124

CHAPTER VI
PROCESS AREA

Critical to the function of the Reactor Room were the concrete haunches that run along either side of the long axis
of the room, located at a height of around 31 feet above the floor. These haunches support the rails on which ran
the 120+on crane and the Charging (C) and Discharging (D) machines. These machines had to be able to go
to the Presentation Point to pick the vertical assemblies. In R Reactor, the Presentation Point is located on the east
side of the room. The opposite side contains the access to the Disassembly Area. The south side opens up to the
Crane Wash Area, which is separated from the Reactor Room by vertically raised steel doors eight inches thick.
Beyond the wash area is the Crane Maintenance Area, where the 120-ton crane and the C and D machines were

stored when not in use."

The C and D machines, the two cranes used to load and unload the fuel and producer elements in the reactor
tank, were the Reactor Room workhorses. The C machine picked up the reactor components from the Presentation
Point at the edge of the Assembly Area, while the D machine, or Discharge Machine, took the components out of

the reactor to the Deposit Point, the entryway to the Disassembly Area.

The C and D machines were identified as E.P. 171 and 172, respectively. American Machine and Foundry
Company manufactured them, with considerable oversight from Du Pont. It might be worthwhile at this point
to take a moment and examine the work done by American Machine and Foundry (AM&F), since the C and D

machines were some of the most important of all the pieces of equipment fabricated by the company for Du Pont
Project 8980.

The Du Pont work completed by the American Machine and Foundry Company (AM&F) was carried out by the
AM&F Special Projects Department, between 1950 and 1954. This work was performed under sub-contract
AXC-8%2, and was known at AM&F as “Project XYZ.”'* AM&F were responsible for developing equipment for
Project 8980. AM&F work included the basic quatrefoil tube assembly (roughly 600 were needed for each
reactor building), the C Cluster (control rods or septifoils), the Actuator Control Rod System, the Telescope Actuator
System, the Rod Disassembly Machine and various other pieces of disassembly-handling equipment.’ Arguably,

the fabrication of the C and D machines was perhaps their most significant contribution to reactor operations.

The C and D machines were designed with the idea that they would be remotely controlled. The specifics of the
design, however, changed greatly over time. The initial idea was to have the reactor tank charged by gangs or
sectors of vertical elements, which would go in and out of the reactor tank as a unit. The difficulties in working
out this system led to the idea of individual assembly handling. The problem with individual assembly, however,
was one of speed, since the assembly had to be placed and replaced accurately and quickly. The first design
work was completed by Consolidated Machine Tool Company in early 1951, when gang loading was still under
consideration. With the switch to individual assembly handling, it was soon found that this company could not do
the mast work required of the preliminary design. The general work on the overhead cranes themselves was then
given to Whiting Corporation, which was tasked with producing 10 overhead cranes. The critical prototype mast
work of the C and D machines was given to AM&F.'®

From an early point, it was decided to use masts to hold the vertical components rather than cables. The number
of masts for each C and D machine had enormous consequences for the size of the Reactor Room itself, since the

number of masts determined the size of the crane, which would then determine the size of the haunches and rails
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that would have to support them. From an initial number of three masts per machine, it was briefly considered
to have five, but eventually the number was reduced back to three. This allowed for a traveling crane that had a

span of 39 feet and three motors, all located on a single trolley.'¢

The three masts had the following functions: No. 1 loaded and unloaded the control rods; No. 2 loaded fuel,
control, and blanket rods; while No. 3 unloaded the same. The masts were later identified as A, B, and C,

respectively. These masts were designed to grip the reactor components, which was reflected in their initial name
at AM&F: “Q Crane Gripper.”!”

As it was finally designed and constructed, the basic parts of the C and D machines included the bridge, the
trolley, the three masts, and the X, Y, and Z drive assemblies.’® The movement of the C and D machines was
predicated on the three-dimensional movement of the masts. The X drive controlled the bridge motion, which was
along the long axis of the room. The Y drive controlled the trolley motion, which was from side to side along the
bridge. The Z drive pulled the masts up and down. Each of the three masts (A, B, and C) had its own up and down

drive, which could be operated manually in an emergency.'®

Control of the C and D machines and their masts was handled by electric current run through a ribbon of flexible
cable. The masts normally operated semi-automatically, with information pre-punched on a tape and then put
into the crane control system. The overall operation was based on a “servo system,” where you could instruct the
equipment to move to a particular point, and it would do so automatically, without an operator having to follow
it through visually. In this fashion, the masts were initially designed to operate within an accuracy margin of 1/8

inch, but this was later improved to 1/32 inch.?°

All of this was to insure that the quatrefoils (Qoil) could be charged and discharged to the reactor tank properly.
The entire process would go something like this. The C machine would pick up a Q-foil from the Presentation
Point and put the new foil into one of the 606 empty holes at the top of the reactor tank. It then returned to the
Presentation Point for another Q-foil, while the D machine put the shield plug over the Q-foil that had just been
installed. When all of the Q-foil positions were filled, the C and D machines retreated behind the eight-inch
vertical steel door, to be replaced by the forest and the control rod extensions, brought down by the actuator

motors to the level of the reactor top so as to be in a position to control the reactor operation.

At the end of the reactor cycle, the C and D machines returned. The D machine removed the shield plug from the
semi-permanent sleeve and placed it in a holding rack. The D machine then removed the irradiated Q-foil and
took it to the Deposit Point and the Exit Conveyor. The conveyor arm removes the component out of the Reactor
Room and returns for the next Q-foil. Simultaneously, the C machine is loading each empty quatrefoil hole with a
new Q-foil. This process had to be repeated for each of the 606 quatrefoil openings on top of the reactor tank.
For those occasions when the irradiated Q-foil was swollen or deformed, the D machine could be used to remove
the Qfoil and semi-permanent sleeve together, with the entire assembly taken to the exit conveyor. A new sleeve

would then be placed into the reactor by the C machine.?!
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Below: C and D Machines, Conceptual Drawing, Project
8980 Savannah River Plant, E.I. Du Pont De Nemours & Co.,
Engineering Department.  Drawing by Voorhees, Walker,
Foley, and Smith, SRS Negative No. 11046-8.

Photographs:

1. Presentation Point, SRS Negative No. 8459-02. 2. Reactor
Room with Reactor Face in Foreground and C&D Machine
Approaching. SRS Negative No. 30453-39. 3. Close up of
Charging Machine, Crane Room Door in Background. SRS
Negative No. 3832-07. 4. Discharge Machine in Action,
Opening to Dissassembly Area at Lower Left. SRS Negative
No. 1293-02. 5. Detail of Discharge Machine and opening
to Disassembly Area in Floor. SRS Negative No. 1000-15.
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In addition to the C and D machines, there was also a 120-ton crane for each reactor building. This crane was
designed to service the reactor tank itself, and traveled on the same rails that served the C and D machines.
Labeled E.P. 174, the 120-ton crane had two 60-ton twin hook trolleys, a 48-foot span, and a lift of 32 feet.??

Haunches and 120-ton crane, SRS Negative No. 1664-01.

Other pieces of equipment were located in the Reactor Room. Among them was the Reactor Tank Robot, which
was carried by the 120-ton crane. Also known as the Internal Robot (E.P. 168), it was comprised of various
devices, such as grapplers, lights, and periscopes, which could be put into the Qfoil positions by the C machine
in order to remove loose objects. In addition, there was a General Purpose Robot (E.P. 177), which was a lift
truck with dual telescopic booms, equipped with mechanical tool holders and a TV camera. The Reactor Room
also contained a holding rack (E.P. 179.1) for the intermediate holding of elements either before or affer going
into the reactor tank. This rack was generally used to hold elements that were about to be charged to the reactor

tank, but were found to be defective at the last minute.2
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When not in use, the C and D machines and the 120-ton crane were removed from the Reactor Room for cleaning
and storage. These areas, the Crane Wash Area and Crane Maintenance Area, are separated from the Reactor
Room by eight-inch thick steel doors designed to block radiation leakage from the Reactor Room. These massive
doors, which were raised and lowered vertically, were manufactured by the Dravo Corporation of Pittsburgh,

Pennsylvania, a prominent World War Il shipbuilding firm. The doors were given the E.P number 180.

The door measurements were irregular, since the area it had to cover was also irregular, with notches to
accommodate the haunches and rails on either side of the Reactor Room. Even so, they were huge: about 44 feet
high, they were around 63 feet across at the top and 27 feet wide at the bottom. Each door weighed 292 tons,
and was moved up and down by cables on motor-driven sheaves on a 55-foot high gantry, located on the roof
of the reactor building at the 48-foot elevation. The lifting speed was five feet per minute, and almost double that
going down. There were two of these doors in each reactor building: one between the Reactor Room and the

crane wash area, and the other between the crane wash area and the crane maintenance area.?4

(Left) Vertical Crane Room Doors Manufactured by Dravo Corporation During Assembly, SRS Negative No. 1000-34. (Right] Shield Doors in
Place in Background, C and D Machines in Foreground, SRS Negative No. 1229-12.

The Crane Wash Area is normally enclosed on two sides by the two steel shield doors. It was here that the C and
D Machines and the 120-ton cranes were cleaned after use in the Reactor Room. The Crane Maintenance Area
contained the C and D Machines and the 120-4ton cranes, when these were not in use. It also held workbenches
and storage cabinets, and a portable platform. It contained a supply fan powered by a 100-horsepower motor,
and Elevator No. 2, which ran from O elevation to plus-48 feet. These two features, however, are only found in

the R and P Crane Maintenance Area.?
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REACTOR TANK

The center of the Reactor Room was the stainless steel reactor tank, identified as E.P. 150. As it was finally
constructed, the tank in reactors R, P, L, and K had an inner diameter of 16 feet and 2.75 inches, and a height of
19 feet, 5 inches. The C reactor tank was larger. It had an inner diameter of 18 feet, 6.75 inches, with the same
height as the others: 19 feet, five inches.? When empty, the tank weighed about 225 tons. The top of the tank
was covered by a plenum, which was basically a hollow disk 17 feet in diameter and 1 foot thick. There were
six intact pipes info the plenum. It was designed so that water would enter the plenum and then course down
through the tank, exiting through six massive channels at the base of the tank. Both the plenum and the reactor
tank were designed so that about 850 fuel, control, safety, and other rods could be inserted. More specifically,
there were 673 large diameter holes divided into 606 Q-foils and é1 control rods, with the remaining 6 for gas
release. There were another 165 small diameter holes for safety rods and instrument rods. All these went through
the plenum disk, providing access to the reactor tank.?” In addition, there had to be elaborate shielding around

the tank. The reactor tank and all of its parts were part of a complex whole, and had to be able to withstand

industrial and radiological stresses that were literally without precedent.
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The details listed above were a far cry from the original plans for the reactors first envisioned by Argonne in the
fall of 1950. At that time, it was thought that each reactor would have six plenum sectors, allowing mass loading
of the vertical elements by means of sector loading. There were also provisions for 30 horizontal control rods
at each tank, with six rods on each of five levels. At that time, Argonne also favored a coolant flow that would
travel upwards through the vertical channels around the fuel columns, rather than the down flow that was finally
selected.?®

Reactor Tank Diagrams Showing Basic
Design, Drawings by Voorhees, Walker,
Foley, and Smith at Du Pont’s Request,
completed about 1951.

(Opposite) Perspective of Reactor Tank
From Floor, SRS Negative No. 11046-04.
(Below) Perspective of Reactor Tank Looking
Down, SRS Negative No. 11046-05. (Right)
Diagram Showing Concrete Shielding, SRS
Negative No. 11046-11.
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In a series of decisions that began in October of 1950, and continued throughout the spring of 1951, the original
Argonne plans were greatly modified and changed, as it became clear just how the reactor would have to
function within the context of the reactor building and the reactor instrumentation. In October, it was decided that
down flow was preferable, due to the problems that any upward flow would pose to the plenum gas system. The
main issue of tank size was basically established by December of 1950, even though the design still called for
horizontal control rods. Original plans called for a six-inch false bottom at the base of the reactor tank to house the
instruments needed to measure temperature and flow at the bottom of each fuel quatrefoil tube, but this idea was
dropped in favor of a bottom shield in early 1951 due to the problems envisioned in accessing the instruments
in the tank. The sector plenum idea was finally abandoned in early 1951 as well, and by this time it had been
decided to use a cooled liquid top and bottom shield around the tank, filled with a combination of steel filings

and light water.??

Some of the last major design decisions about the reactor tank were made as late as the spring and summer of
1951. The idea of horizontal control rods was finally dropped in April and May of 1951, in favor of vertical
control rods. These first numbered 55 per tank, but that number was finally increased to 61 in July. One of the
very last major design changes came in summer, when it was decided to use upflow cooling in the septifoils, to
help counter-balance the downward flow elsewhere in the tank. By this time, Du Pont had already selected the

firm that would fabricate the reactor tanks for Savannah River Plant.30

By the spring of 1951, it was clear that it would not be easy to create the tanks planned by Du Pont. In March, Du
Pont contacted the Combustion Engineering Company (CE) for advice on how to proceed with tank development.
Combustion Engineering took several days to look over the Du Pont plans. The plans were determined to be
basically sound, but CE engineers recommended that there be a complete mock-up of the tank and surrounding
facilities to ensure that everything would work as a unit. It was this recommendation that led to the development of
the NYX program, conducted by New York Shipbuilding. Even before the concept of all-vertical rods was adopted,

New York Shipbuilding was chosen as the subcontractor for this reactor tank work, on April 26, 1951.3!

The construction of the reactor tank is largely the story of the work at New York Shipbuilding in Camden, New
Jersey. New York Ship, as it was sometimes called, was awarded the subcontract by Du Pont to build and test
a reactor tank prototype, and produce tanks for each of the reactor buildings, as well as a tank (the Process
Development Pile or PDP) for the Physics Assembly Laboratory located in Building 777-M (later designated 777-
10A).

New York Shipbuilding Corporation (NYS) was selected as the fabricator of the reactor tanks largely because
the firm had the know-how, and the requisite personnel, many of whom already had security clearances due to
previous government work. It also had the necessary space to carry out the project. Because of the nature of the
work, a lot more was required than merely the construction of a set of tanks. Virtually the entire water system and
control system for the tank also had to be created in order to ensure that the tank worked according to Du Pont's
specifications. As a result, this would be a huge project, and not many industrial companies in the United States

were in a position to carry it out.
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Founded in 1899, NYS already had a long history with the U.S. Navy. By 1951, the company had constructed
over 600 Navy and merchant ships, including battleships and aircraft carriers, the largest vessels of the day. The
physical plant covered 250 acres along the Delaware River in the southern part of Camden, New Jersey. The
“South Yard” of the complex had been largely unused since the end of World War II, and proved to be an ideal

location for the reactor tank project.??

The NYS subcontract was identified as AXC-167"2 and was given the name “NYX Project.” The first letter of intent
from Du Pont was dated April 25, 1951, and there were numerous modifications to the contract that followed. The
final scope of work was outlined in a letter from Du Pont dated December 13, 1951. Modifications to the work
order continued well into 1952. As outlined in these modifications, there were three parts to the NYX Project: the
developmental and experimental work that had to be done first; the making and testing of the prototype; followed

by the manufacturing of the production tanks.*

To carry out this task, NYS had to work with its own set of subcontractors. Ralph Cornell did the basic construction
work for the test facilities, and NYS had to coordinate with American Machine and Foundry for the installation of
many of the elements that had to go into the reactor tank. The construction of NYX test facilities began in August of
1951. The initial NYX tank start-up began almost a year later.3# During that period, the NYX Prototype Unit was
constructed with four main parts: the main tank, the plenum chamber, the top tube sheet assembly, and the bottom
tube sheet assembly. All of these elements had to fit with exacting precision and had to work without leaks. There

were drilling and boring issues that had to be resolved, and welding was a major issue as well .35

The other auxiliary systems associated with the reactor tanks also had to be constructed, and NYS had a hand in
these, as did Du Pont. These included a fully functioning cooling water system (that used de-ionized water rather
than the rare and costly heavy water), heat exchangers, quatrefoils, a functioning control room, and even the
“precision cranes” (C and D machines) needed to move assemblies in and out of the reactor tank. NYS also had
to develop a “Telescope Actuator System” that would function with the reactor tank. This required a construction

120 feet high, with the lower section resting on a steel frame known as the forest assembly.®

It was quickly found in shake-down tests that it was difficult to keep the reactor tank, plenum, and the radiation
shields, all lined up for the charging and discharging of the vertical elements. This led to design changes, such as
special tongue and groove elements that would tie together the plenum and the top shield.?” Leak and flow tests

led to additional changes in both the reactor tank and the vertical elements.3®

As it was finally perfected, the NYX reactor tank had a diameter of around 16 feet and a height of 24 feet. There
were over 800 vertical components that had to go through the plenum and a 3.5-foot thick radiation shield, then
into the tank, and finally engage with the individual receptacles at the bottom of the tank. Below this was another
3.5-foot thick radiation shield at the bottom.3?

All of the Savannah River reactor tanks followed this basic form. As they were finally fabricated, the reactor tanks
for R, P, and L, were all basically the same. The NYX prototype tank and auxiliary equipment was modified to form

the reactor tank for K. Only the C reactor tank was a truly different vessel: the main tank was made larger, with
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room for more control rods, with a different sized plenum, and better flow features in the nozzles at the bottom

of the tank.“° This led to the development of the “knuckle,” located between the C reactor tank and the outtake

pipes.

The fabrication of these tanks began in the fall of 1951 and continued until January of 1954. They were basically

finished in the order of the reactor buildings themselves.*’

Table 13. Fabrication of Reactor Tanks and Prototypes

Reactor/Prototype Construction Dates

NYX Prototype September 1951 — March 1952
R Reactor November 1951 — May 1952
P Reactor February 1952 - July 1952

L Reactor May 1952 - January 1953

K (refurbished prototype) November 1952 - July 1953

C Reactor May 1953 - January 1954

“River Landing Barge and Package,” Photo series showing the arrival of R Reactor’s vessel at the
SRP river landing. The vessel fabricated by New York Shipbuilding was shipped by barge up the
Savannah River and then transported via truck to its reactor site, August 1952. James Hughes Inc.
Barge and Tugboat on the Savannah en route to Plant, SRS Negative No. M-1227-12.
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1. Barge Nears Dock, SRS Negative No. 1227-6. 2. Barge Docked and
Ready for Offloading, SRS Negative No. M-2957-8. 3. Tarped Reactor
Vessel Components Being Prepared for Loading on Truck, SRS Negative
No. M-1227-09a. 4. Truck and Motorcade for Delivery of Tank to Reactor
Site, SRS Negative No. M-1250-10.
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As these tanks were made ready, they were shipped by barge to Savannah River Plant by James Hughes, Inc. In
all, between 1952 and 1954, seven barge trips were made from Camden, New Jersey, to the dock at Savannah
River Plant.42

In addition to the main reactor tanks, NYS also constructed a very similar tank, having the same basic size, but
without the extensive water flow features, for the Physics Assembly Laboratory in Building 777-M. They also
constructed the “grid beam assembly” that was designed to fit over this tank. NYS made the holding racks for

each reactor building, after the previous vendor failed to make them to Du Pont’s specifications.*?

As it was finally constructed, each reactor tank came with features that were essential for the function of the tank
itself. Certainly one of the most visible of these was the plenum. This feature, together with the top nozzles, was in
fact the only part of the tank visible above the floor of the Reactor Room.#* A hollow disk, about 17 feet across
and 1 foot thick, it had 838 openings to accommodate rods of various sizes (the C reactor tank had even more
openings). Most of the openings (673) were for rods with an outer diameter of 5.25 inches, with the remainder
(165) for rods with an outer diameter of 2 inches, within the plenum a tube extended through each opening and
was welded to each face. These plenum tubes were known as “permanent sleeves.” It was into these sleeves that
the vertical assemblies were inserted into the reactor tank. The cooling water, which also served as the moderator,
entered the plenum and the reactor by means of six large nozzles situated at 60-degree intervals around the

plenum disk.4°

Plenum, SRS Negative No. DPSPF-11395-9.
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Not as visible in the final arrangement of the tank was the shielding for the reactor tank. When the first designs
for the reactor tank shielding were compiled, in early 1951, the reactor power levels were set at 368 megawatts
(MW). Even then, it was understood that future power levels might be increased to around 650 to 680 MW. As a

result, the thermal shielding around the reactor was based on anticipated power levels of around 700 MW.#¢

The idea of the thermal shield went through a number of mutations in 1951. The first idea was to have a wall
around the reactor tank that was a combination of 4 to 6 inches of lead and 6 feet of concrete. The second idea
called for a single concrete shield. Finally, by late 1951, the thermal shield was designed to be an hollow annular
(circular-shaped) tank filled with Raschig rings or iron grid blocks. Raschig rings are pieces of tube cut into small
segments and packed into a bed. The annular tank, which was in sections and designed to form a ring around
the reactor tank, was made 20 inches wide inside, so that workers could enter the annular tank sections in order

to pack the metal.*”

After packing, the annular tank sections were then filled with light water, which circulated around the packed
metal from top to bottom. The same arrangement was employed for both the top and bottom thermal shields, so
that the reactor tank was completely surrounded by shielding material. The combination of half iron and half light
water inside the thermal shields was considered optimal to absorb most of the radiation coming off the reactor
tank.#® For the first four reactors (R, P, L, and K), the thermal shield around each reactor was in three sections; in

the last reactor (C), the thermal shield was comprised of 12 sections.*

In order to monitor the temperature of the reactor tank, some 311 thermocouples were installed in various places
around the tank, and its shields and supports. The readings could then be read in the Main Control Room on the
Tank Temperature Panel, also labeled E.P. 480.6. Among other features, there were also three internal periscopes

to allow reactor operators to view inside the main tank.°

Mention has already been made of the permanent sleeve located in the plenum. By late 1951, there was also the
development of the semi-permanent sleeve, which came to be considered part of the reactor tank, since it usually
stayed there. The semi-permanent sleeve helped guide the Q-foil into the tank. As a rule, only the Q-foil was

processed after irradiation, unless the fuel cladding was compromised and the fuel swelled, making it necessary

to remove the semi-permanent sleeve as well.’’

WATER AND GAS SYSTEM FOR REACTOR TANK

The water system that was essential for the cooling and the moderation of the reactor was perhaps the most crucial
aspect of the entire operation. The system involved was fairly complicated, and there were engineering hurdles
to be resolved at almost every turn. Most of this section will deal with the issues posed by the water system. By
comparison, the Blanket Gas System is fairly small and relatively uncomplicated. The gas issue will be presented

at the conclusion to this section.
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As we have seen, the reactor tank top is basically level with the floor of the Reactor Room, located at O Level. The
plenum, and the six large nozzles that enter the plenum, are the only portions of the reactor tank water system
visible above the level of the floor. These six nozzles feed cooled heavy water into the reactor tank. Each nozzle
has an opening of six square feet, and connects to a pipe with an outer diameter of 20 inches.>? The rest of the
tank, and the water system that serves it, were located on the levels below the Reactor Room, specifically the minus

20-foot level and the minus 40-foot level, the two lower levels of the reactor building.

The movement of the heavy water was a closed circular system. It started at the reactor tank, the top of which is at
0 Level and the base at minus 20. As we have seen, the heavy water entered the tank through nozzles at the top,
and exited the tank through similar nozzles at the base. The heavy water then travels downward through pipes
called suction lines to the pump, which pushed the water through the entire system. The pump, and the generator
that actually powers the pump, are both located at the minus 40-foot level. The pump then forced the water back
up to the minus 20-foot level, where it entered the heat exchangers. At this point, the hot heavy water comes into
close contact, but not direct contact, with the much cooler river water, pumped over from Building 190. River

Diagram of Reactor Piping and Pumps, Drawings by Voorhees, Walker, Foley, and Smith at Du Pont’s Request, completed about 1951, SRS
Negative No. 11046-02.
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water entered the system only at the heat exchangers, and its sole purpose was to cool the heavy water. The river
water then cooled the heavy water, and simultaneously the hot heavy water heated the river water, which was
discharged back to the outside. After leaving the heat exchangers in a relatively cooled state, the heavy water

then continued on its way to the O Level and back to the reactor tank.

Each reactor was served by six pumps and pump generators, six (later 12) heat exchangers, and six sets of pipes
for the entire system. It was originally conceived that these six systems would be arranged around the reactor tank
in a circle, just like the nozzles themselves, but it was later decided that it would be easier and far cheaper to
design a building where the pumps and heat exchangers were arranged in two lines on either side of the reactor,
with three systems to a side.*

Process Water Flow in Reactor System. Source: Process Water, Savannah River Site Training and Procedures, General Central Section, SRS

Document No, CS-GEN IR-GENERAL - 0102-OJT (1990:23).

TARGE T/FUEL SATETY

ASSEMBLY ROD AL ,—cv EFFLUENT
4
Do PLENM l SEPTIFOIL l SPARJET - -
L34 T A\ s i}
e M 1 [ — EXCHANGER -
roe SH!ELD—‘—D | | | | L L |
= — =
r-— P
e 7] 0 e g
a e - — OV INLET
; o 3 -SEPTIFOIL VALVE
BI0 v w | | srovoGicac
SMELD g A SHIELD
s i
: O
e M T =
é N ANDALE STRAINER
g y
D — BINGHAM
N - —— C'_mm

BTN \

SHIELD
. " —
[Lo— sss

The heavy water system had to be a closed system, if only because the raw material was so costly and difficult to

N SUCTION VALVE

-~

manufacture. Even so, with all of the piping associated with the six systems, more than one half of the heavy water
in the reactor building was actually outside the reactor tank at any one time. In the first four reactors (R, P, L, and

K), the distribution of the heavy water throughout the system was identical and is listed below.
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Table 14. Distribution of Heavy Water Throughout System

Reactor Tank 94
Fuel and Target Elements 10
Plenum 7
Heat Exchangers (12) 53
Pumps (6) 8
Pump Suction Piping 19
Pump Discharge Piping 14
Purification Area 8
Overflow and Drain 5
Monitoring, efc. 1
Total Tons of Heavy Water 214

The heavy water figures for C were different only because the reactor tank was larger, and the nozzles going in
and out of the tank were larger too. In C Reactor, the tank held 126 tons; the pump suction piping contained 30

tons; the pump discharge piping, 23 tons. The rest of the figures were the same, for a total of 266 tons.>®

Pump Room General View, SRS Negative No. M-4090-08.
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PUMPS AND MOTORS (Minus 40- Foot Level)

The six pumps (E.P. 202) at each of the reactors, as well as the lines that go into the pump (suction lines) and the
lines that go out (discharge lines), are the focus of the circulating heavy water system. From the beginning, it was
estimated that the six pumps, working in parallel, would have to push some 70,000 gallons per minute (gpm)
through the system. Each of the pumps would have to be equipped with flywheels or something comparable to
keep the flow going for at least a while after any power failure. In case of a power failure, there had to be back-

up power capable of at least 10 percent of normal flow.*® The pumps were located in the pump room; the motors
in the adjoining motor room. Although other pieces of equipment were also found at this level, the pumps and the

pump motors were by far the most important.
PUMP ROOM

One of the first ideas, considered in late 1950, was for a “canned motor” pump, where the pump and the motor
were housed together in one casing. This would eliminate the need for any sort of long shaft and shaft seal
between the motor and the pump. Eventually, this idea was dropped in favor of what was eventually adopted:
a pump and a motor, each separated by a wall but connected by a shaft. As a result, there was a pump room
separate from the motor room. In the case of a major spill from any of the pumps, the water could be kept away
from the motor areas. With this in mind, the pump room itself was designed to serve as a watertight basin.
Bulkheads at the doorway could be raised to a height of three feet above the floor to create a spill basin to a
height of three feet. Sumps were provided to remove this potential spill .57

By early 1951, the pumping needs of
the reactor system were better defined.
The process pumps would have to have

adequate mechanical seals. Sleeve
bearings were considered more reliable

than ball bearings, especially in the
case of water flow failure. It was also
estimated that all reactor areas would
require a total of 32 pumps: six in each
area, plus two spares. Each pump

would have to provide at least 11,500

gpm “at a 700-foot total dynamic
head.”  Other early considerations
included having a two-stage pumping
arrangement, with an 18-inch diameter
suction line, followed by a 14-inch
discharge line.%®

Detail of Byron Jackson Pump, SRS Negative No
2347-40.
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After some consideration, it was decided to use Byron-Jackson pumps, and the order was placed with in June of
1951. Because of the unusual features required for these pumps, company representatives had to work closely
with Du Pont engineers in the design and manufacture of these pumps. They had to have, for example, double
mechanical seals and fluid injection between the seals. All had to be tested by Byron-Jackson. Because the reactor
tanks were still under construction, the first six pumps had to be sent to NYS as part of the reactor mock-up. It was
there that they were tested between July and November of 1952. From this, it was worked out that the pumps
would be horizontal and single-stage, with a 20-inch diameter suction pipe and a 12-inch discharge pipe capable

of high volume.*?

Another problem that had to be resolved was an issue common to all parallel pumping systems, but in this case
complicated by the fact that there were six parallel pumping systems. There had to be some sort of valve installed
at each pump to prevent back-up in case the pump failed. After considerable study, the decision was made in
April of 1952 not to use “check valves,” which might provide too much shock to the piping. At that time, it was
decided to use “non-reversing clutches.” These would prevent counter-rotation of the pumps in case the main AC

motors failed.¢°

Formsprag clutches were tested as part of the NYX program at NYS, and it was these that were installed in the
early reactors. Later, in May of 1954, one of these clutches failed in R Reactor, followed by another clutch soon
after. All were replaced until it was discovered that they had built up friction as a result of impurities in the oil

lubricant. After modification, they were re-installed. ¢

In addition to clutches, there was also a pump seal supply system installed at every pump to prevent the loss of
heavy water due to leakage. There were two mechanical seal assemblies at each pump, and they were first tested
during the NYX program. This system changed over time. R and P reactors had supply and leak collection pots

associated with the seal system. Subsequent reactors relied more on rotometers and sight glasses.¢?

Other features found in the pump room included the main support base for the reactor tank, the pin room found
directly underneath the reactor tank, the instrument room containing the transmitters for flow and temperature
monitoring, and the shield cooling water pumps.®® The shield cooling water pump was capable of 1,000 gpm in

R, P, L, and K reactors; and was increased in capacity to 1,500 gpm for C Reactor.%

MOTOR ROOM

Motors were required to power the pumps, and there were two sets of motors for each pump. Both motors were
positioned in the motor room that adjoined the pump room. Due to the positioning of the pumps on either side of
the reactor, there were two motor rooms on either side of the reactor, and each covered an area of around 35
by 145 feet. There was a central lubricant system to serve the equipment in the motor rooms. The main pieces of
equipment in each motor room were the AC motors. Generators at the powerhouse and/or the main electrical
grid supplied the power. In case of a general power failure, there were also back-up DC motors designed to

provide enough force to keep cooling water flowing through the reactor tank.¢®
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Motor Room, SRS Negative No. M-4090b-10.

As for the main AC power, each of the six pumps in each reactor building was powered by its own 3,000
horsepower motor.¢® Each of these six motors was identified as E.P. 202. The adjoining DC motors, which were
rated at 120 horsepower, were identified as E.P. 202.1. The DC motors were equipped with a non-reversing

clutch to keep the motors from going backwards during operation.®”

Both the AC and DC motors were installed in the Motor Room. Like the Pump Room, the Motor Room was
located at the minus 40-foot level. A shaft connected each set of motors with its pump, and this shaft likewise
connected the motor room with the pump room. Aside from the motors, the main pieces of equipment within the
motor room included a 104on chain trolley hoist (E.P. 211) designed to deal with the motors during maintenance

operations.

There was a six-ton chain trolley (E.P. 212) for maintenance work on the pump motor flywheel. A truck with a

capacity of 18 tons for moving pumps and motors and motors for shield cooler pumps were also present.®
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OTHER FEATURES AT MINUS 40-FOOT LEVEL

There were other important features located at the minus 40-foot level, aside from the essential pumps and
motors. There were monitoring instruments to check reactor flow and temperature. There were facilities for heavy
water storage, scram tanks, and related operations, and there were facilities for miscellaneous services and
maintenance. There was also a ventilation area to deal with the requirements for the below-ground central portion

of the reactor building.®

The ventilation area at minus 40 covered an area of around 80 by 100 feet. It had an airshaft that extended up
to the ground level, and was equipped with fans for the supply and the exhaust of air for the lower levels of the

reactor building.”°

There were a few differences between R and P, on the one hand, and L, K, and C, on the other, in the arrangement
of the auxiliary features found on the minus 40-foot level. R and P both had large fan rooms and cooling water
areas. L, K, and C did not have these features, at least not at minus 40. In the later three reactors, the fan rooms
were moved to the ground level, and the 42-inch headers for the cooling waters, were moved to the minus 20 foot
level. Also there was no observation room at the minus 40-foot level in L, K, and C. In those later reactor buildings,
the observation windows and periscopes were located in the instrument room. Also, in C Reactor, the storage and

scram tank was larger than the others to compensate for the larger reactor tank.”!

HEAT EXCHANGERS AT MINUS 20-FOOT LEVEL

After the process heavy water leaves the pumps at the minus 40-foot level, it is pushed upward to the minus 20-foot
level, where it enters the massive heat exchangers. It is here that the heated heavy water from the reactor meets
the much cooler river water piped from the Savannah River. The river water first collects in the reservoir (Building
186) before being pumped from the adjoining building (Building 190) into the reactor building. It is at the heat
exchangers that heat from the reactor moderator water is transferred to the river water, which then is pumped
back out of the reactor building and into exit canals. Most of this heated river water would make its way back to

the Savannah River by means of natural creeks located near the reactor areas.”?

Since the reactor heavy water system is a closed one, the heavy water does not come into direct contact with
the river water. Even so, the indirect contact had to be extensive in order for the heat transfer to work. Basically,
the heat exchangers are large, horizontally-positioned tanks, each about the size of a railroad car. Inside each
tank are literally thousands of small-diameter hollow tubes that extend through the tank. Each of these tubes is
completely sealed off from the rest of the interior space within the tank. The heated heavy water is pushed through
the tubes; the river water courses through the rest of the tank. To prevent any loss of heavy water in the event
of a leak inside the tank, the river water is kept a higher pressure than the heavy water. As a result, light water
would have to be removed from the heavy water, but were it the other way around, the heavy water would be

irretrievably lost in the river water.”?
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1. Heat Exchanger In Transport to Reactor, SRS Negative No.
M-3683-04. 2. Transferring Heat Exchanger to Pit, SRS Negative
No. 3462-07. 3. Easing Exchanger into Position on Rails, SRS
Negative No. 1000-25. 4. Heat Exchanger Positioned in Chamber,
SRS Negative No. 1042-01.

This provides the basic concept of the heat exchanger system, but as with so much at Savannah River Plant, there
were fechnical issues that had to be worked out at almost every step in the developmental process. From the first
serious design work on the heat exchangers, which began as early as the fall of 1950, it was considered optimal
for the heat exchangers to hold a minimum of heavy water, so that the loss from any leaks could be kept low. It
was also considered optimal to use stainless steel doubletube sheets. It was not clear whether it would be better
to use one-quarter inch diameter or half-inch diameter tubes. These and other issues would be tested at the CMX

facility at Savannah River Plant, and at NYX.7#

145



146

CHAPTER VI
PROCESS AREA

The quarter-inch outer diameter tubes were found to be potentially more efficient at heat exchange than the half-
inch tubes. A prototype of the quarter-inch tubes was prepared by the Alco Products Division of the American
Locomotive Company; a second by Babcock and Wilcox Company. Both prototypes leaked. The half-inch tubes
fared better in this regard, and were furthermore more readily available commercially. By early 1951, the half-

inch tubes were recommended for use in the heat exchangers by the Heat Exchanger Fabrication Committee.”®

In May of 1951, Foster-Wheeler won the low bid contract for the manufacture of the first heat exchangers for the
reactors at Savannah River Plant. Foster-Wheeler was contracted to produce 12 “shell and tube” heat exchangers
for R Reactor. There would be a total of 8,800 tubes per heat exchanger, with each tube to have an outer diameter
of one-half inch and a length of 27 feet, 2.75 inches. Inside each tube would be a core rod having a diameter
of 0.294-inch. The first of the final Foster-Wheeler heat exchangers was tested at NYX in January of 1953, with

satisfactory results.”¢

Du Pont requested another 50 heat exchangers in October of 1951. With the original order of 12, this new
order brought the total to 12 heat exchangers per area, plus two spares. In December of 1951, this order for
50 was split between Alco (12) and Foster-Wheeler (38), with the total cost estimated to run around $420,000.
Throughout this period, there were improvements made to the heat exchangers. Many of these changes are too
varied to explore in any detail, but some tube ends were welded, as well as rolled into an outer tube sheet;
“O-rings” were added to the stay-bolts; the heat exchangers themselves were mounted on railroad car trucks; and
the tubes increased in number from 8,800 to 8,981. Tube length was also increased from 27 feet, 5.75 inches,
to 29 feet, 2.5 inches.

By the end of the fabrication process, Du Pont and the manufacturers came to prefer seamless tubing to the earlier
seamed tubes, but both types were installed in the heat exchangers. By 1953, it was estimated that 65 percent of
the heat exchanger tubes were seamless; the remainder were either welded-drawn or welded-swaged. To reduce
any potential problems, only one type of tube was ever installed into any one heat exchanger; the tubes were not

mixed.””

From the beginning of the Savannah River project, it was always planned to have two heat exchangers for each
of the six pumps, for a total of 12 heat exchangers per reactor building. It was also planned to connect the two
“in series,” where water would go through the first heat exchanger, and then go through the second. As a result,
two heat exchanger bays were constructed for each pump and piping system, to allow for two heat exchangers,
and this was done from R Reactor to C. If only one heat exchanger was installed per pump in the first years of the

reactors, it was only because of the dearth of heavy water during those first years.”®

The decision to install just six heat exchangers in each reactor building, one per pump, was made in April of
1951.7% This decision was confirmed in January of 1952 for the reactors at R, P, L, and K. When the heat
exchangers were installed in R, each had 8,981 tubes and a dry weight of around 90 tons. Each was also

mounted on 70-on railroad trucks. They were given the E.P. Number 201 .5
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C was the only reactor where two heat exchangers per pump were installed from the very beginning. Here, the
two heat exchangers were installed “in parallel,” which was considered a better arrangement for higher flow.
Here, a “Y” splitter was used to access the two heat exchangers, after which the lines were merged back into one

line before entering the reactor.®’

Due to the huge volume of water that had to enter the heat exchangers, provisions had to be made for cleaning
the tanks and tubes. For general maintenance, oxalic acid was added to the river water during operation. The
acid was introduced into the system from an 800-gallon dissolving tank by means of a 15-gpm pump and small

pipelines installed into the heat exchangers.®2

For other occasions, when the heat exchangers had to be scrubbed or replaced altogether, a means of moving
and removing the heat exchangers had to be built into the reactor building. In the case of the first reactors, R and
P, transfer cars (E.P. 210) and a four-wheeled transfer table were installed to move the heat exchangers whenever
necessary. This took place in what were called heat exchanger transfer pits, located at the minus 40-foot level &
This transfer area was eliminated in the subsequent reactor buildings (L, K, and C). There, the heat exchanger
area was covered by a series of concrete slabs. Located just outside of the reactor building, the slabs could be

removed and the heat exchanger liftfed out of position by massive cranes.

OTHER WATER SYSTEMS AND GAS FEATURES (Minus 20- and 40-Foot Levels)

Described above are the major features of the Savannah River reactor water system inside the reactor building.
There are, however, a number of other smaller water systems essential to the safe operation of the reactors. One
feature was the “upflow cooling system” used for the control rod clusters. While the main water flow in the reactor
tank was downward from the plenum, an exception was made for the control rods. There, cooling water went up
through the tubes of the septifoils and spread out into the tank just below the top shield. This obviated the need

for seals at the control clusters and it helped eliminate hot spots in the tank.®

Another small system was called the Shield Water System. It had facilities for cooling the water that circulated in
the annular tank around the reactor tank itself, as well as the top and bottom shield. Control for this water system

was found on the instrument panel identified as 480.8 in Section D of the Main Control Room.%

There was also the Overflow System, which was used to keep the heavy water level constant within the reactor
tank. This was done by continuously adding a stream of heavy water from the overflow tank, allowing the excess
to flow over a fixed weir located one-half inch above the upper plate of the top shield. The excess would then
return to the overflow tank. The original overflow tanks had a capacity of 600 to 800 gallons, which was thought
enough to accommodate volume changes in the reactor tank levels that would arise from the temperature flux in

the reactors. In late 1953, these tanks were replaced in all reactor areas by new 2,300-gallon tanks.8

The possibility for leaks was always present, and leak stations were established at around 60 different locations
throughout the heavy water system to measure the amount of any potential loss. As already mentioned, the entire

pump room at the minus 40-foot level could be used as a water basin in the case of major leak. At each doorway
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into the room, a three-foot high dam was designed to rise from the floor in the case of a spill. This spill water could

then be pumped to Building 106, an underground tank with a capacity of 60,000 gallons.®”

Still other water systems were created to deal with other possible emergencies. The Emergency Cooling Water
(ECW) system was designed to flood river water directly into the plenum and the reactor in the case of the massive

heavy water leak. Once activated, the ECW could be released into the reactor at the rate of 2,000 gpm.8®

The scram and storage system consisted of a tank large enough to hold all of the heavy water in the reactor
system, about 250 tons, in the case of a nuclear scram (an emergency reactor shutdown). The original idea here
was to have a single scram tank directly under the reactor itself, but this idea was later dropped in favor of two
separate tanks at the minus 40-foot level: one for the scram and another for storage. In the case of a scram, the
heavy water would be moved to these tanks by means of gravity flow. The system could be activated from the
heavy water panels in the main control room: valves would open in auxiliary six-inch lines affixed to each of the
six suction lines between the reactor tank the pumps. Using these lines, the heavy water could be drained out of

the main system in 2.5 minutes.®

Another safety feature was the Supplementary Safety (SS) Facility. This water system was designed to supplement
the control rods and the safety rods, which were the first and second line of defense against a runaway nuclear
reaction. As it was originally conceived, the SS system could inject 100 gallons of borate solution into the
moderator though the control septifoils. First proposed in August of 1951, this idea was later abandoned. A
number of other ideas were considered, but the system that was finally implemented in 1954 was to inject the
nuclear poisons gadolinium and samarium into the moderator by means of spargers (an instrument used to inject

one liquid into another). This system consisted of a 20-gallon storage tank for the nuclear poisons, three spargers,

and the associated piping.”°

The last system to be discussed, the Blanket Gas

System, was not a water system at all, but was
associated with the other water systems featured in

the reactor tank. The Blanket Gas System, which used

(Left) Pin Room, SRS Negative No. 3600-02. (Below) Detail of Pins,
SRS Negative No. 1000-27.
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helium, picked up decomposition products given off by the heavy water in the reactor tank. This helped keep the
heavy water clean and prevented the build up of potentially explosive compounds. The blanket gas operates in
a 12-inch wide gas plenum located between the top of the heavy water and the “bottom of the water plenum
chamber.” The helium flows through the gas plenum at a rate of around 1,000 cubic feet per minute, with a
pressure of 10 inches of water above atmospheric level. The gas then goes through a cyclone separator to remove

any heavy water vapor picked up, and the returns to the Purification Area for processing.®"

OTHER AREAS AT MINUS 40-FOOT LEVEL

There were other areas at the minus 40-foot level that were not directly associated with any of the water systems
or the Blanket Gas System. Foremost of these was the Pin Room, a small chamber located directly underneath the
reactor tank. The pin room was 16 feet, 8 inches high, with the floor of the pin room located at the minus 40-foot
level. The room was named as the result of the many “pins” located underneath the tank and visible on the ceiling
of the Pin Room. These pins represented thermocouples used to register temperature and water flow for each of
the assemblies inside the reactor. The wires from these pins were bundled into large ribbons of wires that were fed
directly into the instrument panels within the Main Control Room. The main machinery in the Pin Room included
the Pin Extraction Machine (E.P. 169.2) and the Pin Cask (E.P. 169.3).2

Another room at this same level was the Instrument Room, which contained transmitters to relay information about
flow and temperature to other instruments in the Main Control Room at the 15-foot level.”* On the opposite side of
the reactor building from the Instrument Room was the Observation Room, also located at the minus 40-foot level.
This allowed the observation of the Pin Room via periscope (E.P. 230), and the pump room by means of shielded

windows. It also contained various pump monitoring instruments.?*

Another room at this level was the Fan Room, which was adjacent to a deep well at the south end of the R Reactor
building. The fan room had two fans, each capable of 135,000 cubic feet per minute. Only one fan operated at
a time; the other was a spare.”> As mentioned previously, this fan room was only found in the R and P reactors.

It was moved to another level in the other three reactors.
ACTUATOR SYSTEM

The area directly above the reactor, while not as massive as the giant water systems below it, is no less essential
for the proper functioning of the reactor. This is the realm of the control rods and safety rods. The first is essential
for the control of the nuclear reaction when the reactor tank is in operation, and the second is needed to shut
down the reaction at the end of the operation, or end of a reactor cycle, as it is called. The system that controls
these two types of rods was usually referred to as the actuator system, and it rose above the ceiling of the Reactor
Room to levels 48 feet, 66 feet, 120 feet, 130 feet, and finally 149.6 feet above ground level. Level 48, which
was effectively just above the ceiling of the Reactor Room, held the actuators. The T-amplifier units (used to amplify
an electrical signal) were on the 66-foot level. The hoist for the four cables that lifted the forest, were found on
the levels at 120 and 130. A final small hoist was located at the 149.6 footlevel, the very top of the actuator
tower.
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Actuator Tower Profile Not Extended, SRS Negative No. 11046-01.
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Actuator Tower Extended, SRS Negative No. 11046-07.
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Tower Extended with 90 Degree Turn, SRS Negative No, 11046-14.
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Diagram Showing T-Amplifiers, SRS Negative No.11046-10.
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The control rods were bunched in clusters of seven rods per cluster. As a rule, the rods were either halflength
lithium-aluminum (Li-Al) rods or they were full-length rods. Each cluster of seven rods was called a septifoil, and
there were 61 septifoils for each reactor tank. The septifoils were positioned so that each was always in the center
of a hexagon of fuel rod (quatrefoil) positions.?

The control rods are essential for the nuclear reaction. During the operation of the tank, the control rods had to
be adjusted constantly to keep the nuclear reaction in what was called proper “nuclear trim,” as well as to avoid
nuclear hot spots within the reactor tank. Sometimes this operation was made more complicated by the presence
of “producer elements” within the control rods, which were inserted to make use of the neutrons present in the

reaction.””

The control rods were designed to control or limit the rate of nuclear chain reaction so that the operation would
remain within the bounds of safe operation. Alternatively, the safety rods would be dropped into the reactor tank
in order to shut the reaction down in the event of a scram or other accident. There were 66 safety rods for each
reactor. There were two types of scrams, or incidents in which the safety rods were employed. The first and most
serious, Scram |, required all safety rods, and all full control rods, to drop at the same time, at full-speed. The
second, Scram |l, was less serious, and only required the full control rods to drop into the tank.?®

There were two parts to the actuator control system: the AG system that managed the control rods; and the AH
system that controlled the safety rods. The two were basically independent of each other. The AG system was
based on a servo system for the positioning of the control rods, which was done by means of position commands
usually set by hand in the Main Control Room. The AG control was powered by Motor Package “A” drive, located

on the 120foot level.??

The AH system associated with the safety rods was powered by Motor Package “B.” This was located on the
130-foot level, and was basically a pushbutton for the release of the safety rods, which would freefall into the
reactor tank. To prevent damage to the rods and the tank, the motors would serve to brake the fall just before
reaching the bottom of the tank.%

During the early days of the project, there were at least two basic designs considered for the operation of the
actuator system, and they were referred to as R1 and R2. The R1 method called for a structural unit or “forest,”
that would be carried into the Reactor Room by the 120-ton crane. This unit or forest would be 16 feet square in
area, but 28 feet high, with three decks. The center deck would contain the 61 control rod actuators and their
motors. The R2 design called for a smaller forest, 16 feet square with a height of 15 feet. This forest would only
have guide tubes for the control and safety rods. All rods and their motors would be located above the Reactor
Room. In this design, the forest could go up or down in place above the reactor tank, or be removed by the 120-
ton crane.'”'

By the middle of 1952, when the construction of R Reactor was well underway, the decision was made to drop R1
and concentrate on R2. The first reactor, R, was initially to be equipped with the R1 system, but this was replaced
by the R2 before the building was finished. All the other reactor buildings also used R2. As a result, the forest was
designed to move up and down in place, but could also be removed by the 120-ton crane if necessary.'?
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(Above) Control Room Layout, SRS Drawing No. 10526-02. 1. Observation Window, SRS Negative No. 9776-03. 2. Graphics Panel, SRS
Negative No. 1000-01. 3. Detail of Console, SRS Negative No. 1000-07. 4. Reactor Room in Operation, SRS Negative No. 9244-01.
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As finally constructed, the actuator tower consisted of a number of levels, up to a height of almost 150 feet above
grade. The 48-foot level, basically above the ceiling of the Reactor Room, contained the control and safety rod
actuators, and the electro-mechanical means of raising the actuator structure (forest) off the reactor top during
the charging and discharging operation. The 66-foot level contained a 1.5+4on electric monorail hoist, the “T”
amplifier units, and (in L, K, and C) a “seal liquor tank.” The “penthouse levels,” 120 and 130 feet, contained
the muscle for moving the forest. The 120-foot level contained the A Motor Package, while the 130-foot level
contained the B Motor Package. There was also a 60-ton hoist with a fourcable lift for the forest, located above
that level while a 1.5-ton electric monorail hoist was located at the very top, at 149.6 feet.'%

CONTROL ROOMS AND PERSONNEL AREAS

The operations within the process area were monitored carefully, and this required trained personnel and the
facilities for these personnel. Foremost among these facilities were the two control rooms, located at the 15-foot
level and overlooking the operation of the process room. The main control room, also known as the Central
Control Room (CCR) and more informally as the “brain center,” was the location for the control panels for every
aspect of reactor operation in the process area. This room was 43 feet by 108 feet, and had an observation
window, with a periscope and hoist, overlooking the Reactor Room. The other control room, known as the crane
control room, was where the movements of the C and D Machines, the 120-ton crane, and the huge vertical steel
doors, were supervised. The crane control room also had an observation window.'* In the first two reactors, R
and P, the crane control room was located on the opposite side of the process room from the CCR. In the later
reactors, the two control rooms were located side-by-side. Adjacent to the main control room, and also on the
15-foot level, were the other personnel areas, such as locker rooms, lunchrooms, and fan rooms placed close to

the control room for obvious access reasons.

It took a large number of people to run the reactors, and it has been estimated that, on average, there were
between 400 and 450 people at each reactor area to ensure the safe and efficient operation of each reactor. This
sum included people from at least three different organizations during the 1950s: Operations; Reactor Technology;
and Maintenance.'® Naturally, these people were spread over the reactor area; not everyone worked in the
reactor buildings. Among those that did their primary work in the reactor buildings, were Operations personnel
and Reactor Technology personnel. Operations people actually ran the reactor: they controlled the dials in the
control rooms. The Reactor Technology people supervised the operation of the reactor and made recommendations
for any improvements or other changes to Operations, but they did not touch the dials themselves. This was a

safeguard implemented by Du Pont, and it remained in place throughout the life of the Savannah River reactors.

The Operations people were part of the Reactor Department that was charged with the actually running of the
reactors. Most operators had rather limited technical training and were simply taught to follow procedures, which
could be long and complicated. The operators were managed by supervisors, who were still part of the Reactor
Department. There were around 10 operators at each shift at each reactor, and around 3 to 4 supervisors. In
the 1950s and 1960s, reactor operations went on around the clock, with three shifts per day. All operators and
supervisors were required to work the graveyard shift (midnight to 8 a.m.) once a month, for seven days in a

row. 10
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1. Locker Room, SRS Negative No. 4464-10. 2 and 3. Lunch Room Views, SRS Negative Nos. 3437-33 and 3437-38. 4. Foot and Hand
Radiation Counters, SRS Negative No. 1943-08.

A handful of Reactor Technology people were also on hand for every shift. These were the people with formal
training in nuclear engineering, and they provided technical support for Reactor Operations. They also checked
for reactor safety, and they basically monitored the operations of the Reactor Department.’” Based on what they

saw, they also helped the Savannah River Laboratory design new fuel assemblies that would go into the reactor

tank.108

The focus of the whole personnel area was the central control room. There were procedures written up for every
aspect of the operation of the reactor, and virtually every aspect was supervised in the CCR. Basic reactor control
requirements were written up by C.W.J. Wende as early as 1951,% and this work was reflected in the various

start-up manuals created in 1952-53 that covered virtually every aspect of reactor operation. The creation of these

157



158

CHAPTER VI
PROCESS AREA

manuals was overseen by the Atomic Energy Division (AED) Process Section in Wilmington, Delaware, and by the
Savannah River Plant Instrument Department.’'® The goal was to take as much of the guess work out of reactor
start-up and operation as it was possible to do in the early 1950s, before the advent of control computers. And
much of the guesswork was taken out. As one Reactor Technology staffer said, “operating a reactor was much

like being a fireman. Unless there was an emergency, there wasn’t much to do.”™"!

As established in the early manuals, there were three basic categories of reactor control: 1) the basic nuclear
instruments; 2) the instruments that allowed operators to run the reactors at maximum capacity; and 3) the
instruments associated with the auxiliary functions of the reactor: the pumps, the pipes, and the heat exchangers.
There were also additional instruments to measure health physics data.'2

Within the CCR, all of this information was organized and presented on panels that literally covered the walls of
the room. These panels, fabricated by the Panellit Company, were assigned E.P. numbers just like any other piece
of equipment. They were part of the 400 series of numbers, the series assigned to “instrumentation.”''® In the
reactor control room, most panels were identified as E.P. 480, plus some fractional variation, such as 480.18 or
480.3W.

The CCR control panels were divided into two broad categories: the graphics panels, located in one half of
the control room; and the nuclear or physics panels, located in the other half. The graphics panels show the
entire water system for the reactor, the gas system, and the electrical arrangement graphically, with panels that
actually depict the entire water and gas systems. They provided a summary of reactor operations at a glance. For
example, the Process and Cooling Water Panel (E.P. 480.8) is actually comprised of six panel sections. Each of
the heavy water pumps and heat exchangers are represented by an icon on this panel. Measurements are taken
at each of these locations, and there are three separate systems for water activity measurements. The first system
of water measurements deal with the process water (the heavy water) and is designed to find any leaks in the
slug cans being irradiated in the reactor tank. The second system deals with the cooling water, and is designed
to locate any leaks in the heat exchangers. The third system deals with the de-mineralized water found in the top

and bottom shields, and the annular shield around the reactor tank.!'

The nuclear half of the control room contained panels that show details of the nuclear operation. The main control
panels were the partial rod trim panel and the full rod trim panel, and the X-Y Board. Temperature monitors used
to detect the beginning stages of any slug failure are included.''® There were also neutron counters to measure
neutron flux distribution within the reactor core. These measure the number of neutrons that travel though a given
area inside the tank within a set time.''¢ A Q-oil flow monitor recorded the flow of process water through each
quatrefoil. It would annunciate any pre-set drop (1 to 10 percent) from the normal flow found in any quatrefoil.
If the drop reached 20 percent, it would both annunciate and initiate a scram, releasing control rods and safety

rods info the reactor tank.'”

There were other control features located in the nuclear or physics half of the control room, above and beyond

the usual control features. Foremost of these were the reactor safety and emergency systems. The oldest, and the

n

one built info the original system, was known as the “bull ring” or the “ring.” By yanking on this ring, set into
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the wall of the control room, safety rods would automatically fall directly into the reactor tank, halting a nuclear
reaction. Other more elaborate safeguards included the Emergency Cooling System (ECS) and the Supplemental
Safety System (SSS). In the case of the SSS, nuclear poisons could be conveyed by means of small pipes that
actually went from the control room to the reactor tank.''® The first computers were installed in the control rooms
beginning in the 1960s, and these were put in the nuclear half of the room. By the 1980s, these were powerful
control computers that did much of the work required of manual operators during the 1950s.'?

The very center of the CCR was the console, an elaborate three-sided desk located in the center of the nuclear side
of the control room. The console, also identified as “Console M” in the early days, was the focal point of the entire
reactor operation, for it was here that reactor data was organized and presented to a single person. This person
had the means to control many of the operations of the reactor, including the actuator controls.'? The other
data systems within the reach of the console operator included the power calculating system, the temperature
monitoring system, the power level systems, and the safety circuits and annunciators.?’

As an example of some of the types of data available to the console operator, there was neutron flux, which
had to be constantly monitored by the console operator while the reactor was critical. There was also the power
calculator system, which measured the heat levels of the heat exchanger cooling water system, and recorded
those power levels on a circular chart recorder. The Veeder-Root counter was the principal means of determining
reactor power, and it was located on the console.’??

Another, more isolated part of the control room was known officially as the Office and Record Room, but was
known informally as the “fish bowl.” This was a small glass-paneled room located immediately adjacent to the
control room. In fact, this room jutted out into control room so that observers there could observe the operation
of the control room. This area was usually reserved for supervisors, and it was where the operational logs were
kept. In the R and P reactors, the fish bowl was situated near the middle of the central control room, on the side
opposite from the Reactor Room. In L, K, and C reactors, the fish bowl was situated more to the side of the control

room.'23

A second control room, the crane control room, was adjacent to the CCR. Here were the power and amplifier
panels that controlled the C and D Machines and the 120+on crane. A good operator could work the controls so
that an old quatrefoil could come out, and a new one be inserted, in two to four minutes. As mentioned earlier,
the crane control room in R and P was situated on the opposite side of the Reactor Room from the central control
room. In the later reactors, both control rooms were put adjacent to each other on the same side of the Reactor

Room. The Crane Equipment Room was situated directly below the crane control room.'2#

There were other personnel and service areas located around the main control room. These were located either
on O level or on 15-foot level, and included various offices, the power transformer room, the telephone room, the
instrument shop, and what was called the welfare area. This included the locker room, with a capacity of 140
men, and a lunchroom equipped with 12 tables.'? Also situated in this general area were the various health-
monitoring devices, foremost of which were the four head-and-foot counters (E.P. 438-C) used to check for the

presence of beta-gamma materials on the body’s extremities (Instrument StartUp Manual 1953:1001-2). These
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counters were positioned near the main personnel entrance for the reactor building, located near the center of

the reactor buildings. There were, of course, other entrances available for the Assembly, Disassembly, and the

Purification areas, but the main entrance was associated with the personnel area.'?
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VII. DISASSEMBLY

The basic function of the Disassembly Area was to receive and process reactor materials after irradiation. Such
irradiated materials were “aged” to allow the excess radiation to dissipate, then disassembled to expose the
main radioactive materials to be further processed. After the appropriate machines disassemble these materials,
they were put into casks for shipment to Separations. Due to high radiation levels, most of these operations were

performed underwater with remote-controlled equipment.

The Disassembly Area was able to process a wide array of vertical elements—virtually everything that could be
inserted in the reactor tank. The most numerous and most important of these elements were the quatrefoils (fuel
assemblies), but there were many other elements besides. These included instrument rods, safety rods, target
control rods, non+arget type control rods, thimbles, as well as full and empty septifoils. There also had to be
facilities for the emergency handling of sleeves, plugs, spiral shields, and muffs. Spiral shields were spiral-shaped
openings designed for each four-inch hole in the top shield of the reactor; they fit over the fuel and targets and
allowed water to enter, but were baffled by means of spirals to provide a shield against the radiation in the
tank.’

The connection between the Reactor Room and the Disassembly Area was the Deposit Point and the Exit Conveyor.
It was by means of the Deposit Point and the Exit Conveyor that the Discharging Machine transferred the vertical
assemblies from the reactor tank to the Disassembly Area. It was in Disassembly that the irradiated vertical
elements were cut open from the outer tubes and cladding, in preparation for the transfer of that material to the
Separations areas. Due to high radiation levels, this operation had to take place underwater. In addition, all

irradiated materials were stored underwater until their removal to Separations.?

The Deposit Point is where the discharge machine dropped off each assembly for processing in Disassembly. At
the Deposit Point, a machine called the “carrier” grasped each component. The carrier was positioned at the
end of a large conveyor arm, that pivoted the component underwater into the Disassembly Area. This whole
devise, the carrier, the drive, track, and the controls, was generally referred to as the Exit Conveyor. These actions

occurred underwater in a channel that connected the reactor room with the Disassembly Area.

DESIGN PROGRESSION

Like every other part of the reactor building, the Disassembly Area went through a number of transformations
in the design phase. Like most of the other areas, the main requirements for Disassembly were known from the
beginning. The Disassembly details, however, were changed over time, and the details in each of the five reactor
buildings were altered as well. This has tended to make any generalizations of the Disassembly Areas more

problematic than is perhaps the case with any other single area of the reactor buildings.

161



162

CHAPTER VI

DISASSEMBLY
F : . " " foses T 3 : : .
ool o L e L wr | we U wr L wew L oy o L a4 ~; =
-
-m.-'.,
Lo En
i« = —"—‘, i aman ot
-y B85 out e — .
R : PO 7 . L 8
—
anew > (_. &~__ -  — ﬁ'T:;,—.x::q ==t Yau|d ==
> A
4 — — T B | TN e SUVANNAY RWA PLavy
} o RN Mo
, - - . OBAIIEMLY AN
 S— “ 4 SECTION A &Y NCTTONS
- ~ £
| ] X LRNIENEINT
= = A=
- N
-
e —and
¢ | o .
+ AR
p |
' PO N g T P TR NS i S
o LT v 1 - sl
o,

CBEEINHEHREEFEBEISBERAE

Disassembly area shown in cross-section.

The basic design requirements of Disassembly were simple. There would be one story at ground level, with a
large water basin below grade. All operations and storage had to be underwater, with the water shield kept at
a minimum of 10 feet. Since the amount of water involved would be great, it was always understood that this
would be regular light water, not heavy water. Within the huge water basin, there had to be internal walls to
isolate any problems that might arise within a given area. There had to be a lot of storage, since many elements
required a lengthy “cooling off” time before they could be processed. Fuel slugs, for instance, might require 90

days; lithium-aluminum slugs, 30 days.

There were at least three different historic designs for the Disassembly Area in R Reactor alone. The first detailed
plan, drawn up in April of 1951, called for a Disassembly chamber covering an area of 186 by 325 feet, all of
Class | construction. This large area was required when it was still assumed that the fuel assemblies would go into
and come out of the reactor tank as a gang or sector of assemblies. When this idea was dropped, new plans
were drawn up in May of that same year to accommodate the handling of single components. The monorail
system was made more comprehensive, and the building size was reduced to 144 by 315 feet. Also, part of the

Disassembly Area was constructed according to Class lll building standards.®

The third and final design, the one that was basically used in construction of Disassembly in R Area, was
prepared in July of 1951. This third set of plans called for an area 187 by 316 feet, a return to complete Class
| construction, and the inclusion of a dry cave for the disassembly of the producer rods. Storage capacity called

for 2,030 hangers. Provision was made for sleeve disassembly and storage, but this extra space was not needed
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after the development of the semi-permanent sleeve. This extra space was used for other general storage. The
basin for bucket storage was originally designed for 800 buckets, but was soon increased to 1,870 buckets.

Each bucket was designed to hold 250 fuel slugs or the equivalent in aluminum scrap.*

BUILDING DETAILS

As built, the Disassembly Area for R Reactor was a Class | construction that covered roughly 187 by 326 feet, only
10 feet longer than called for in the third set of plans. It consisted of one story above ground with a water basin
underneath most of that area. The roof height from floor to ceiling was 15 feet, except for the southwest corner,
which was 40 feet. The basin varied from 17 feet to 30, depending on the area. The foundation below the basin
consisted of reinforced concrete resting on a pattern of concrete mats, each mat measuring 7.5 by 5 feet. Being
Class | construction, the exterior walls and the roof were also reinforced concrete. The interior partitions within

the water basin were also made of concrete.’

The Disassembly areas within the other reactor buildings were different. The one in P Reactor was smaller than
the one in R, and somewhat more irregular in shape, measuring only 235 by 187 feet. The Disassembly areas
in L and K were smaller still: 219 by 159 feet. And C Area’s Disassembly Area was even smaller: 193 by 135

feet.

The basins may have varied in size, but otherwise were similar. As a rule, they had depths that ranged from 17
to 30 feet, always providing an average shielding depth of 13 feet of water. The 30-foot depths were devoted
to the machine areas and temporary tube storage; the 17-foot depth covered most of the other underwater areas.
Concrete walls divided the underwater basin into seven areas to provide discrete work and storage areas. The
canal leading into the Disassembly Area connected to one of these seven. The interior basin walls had vertical
openings to permit the movement of materials from one area to another. These openings allowed for continuous
flow throughout the basin, at a rate of 1500 gallons per minute. In the case of R Reactor, water entered through
three supply lines in the south wall of the basin, and exited via five lines in the north wall, as well as one in the
canal. This flow system helped remove excess heat from the basin. The basin capacity in R Reactor was 7.5
million gallons, and 1.5 million of these could be diverted to the emergency pumps in the 108-2 building for use
as emergency cooling water. In the case of a slug leak or some other similar emergency, the wall openings could

also be closed with portable bulkheads called “stop logs.”

GENERAL AREAS AND EQUIPMENT

There were a number of specific areas within the Disassembly Area, largely based on the functions that were
performed within those areas. Each area had its own special equipment, and some of the most important of these

had a number of design changes over time. As might be expected, there were certain preconditions for all major
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pieces of equipment in Disassembly. The equipment had to be able to operate underwater. Such equipment
could not use standard oil or grease, since this would obscure visibility in the water. It also had to be as simple

as possible, in order to keep breakdowns and repairs to a minimum.

For the irradiated vertical assemblies to reach Disassembly, they had to enter the exit canal, which extended 148
feet from the transfer point in the reactor room, to the temporary tube storage basin inside Disassembly. On the
way, the canal passed underneath the wall between the reactor room and Disassembly. This long canal, which
connected the exit conveyor with Disassembly, was found only in R and P. It contained four lanes: one lane was

for loaded hangers, one for the return of empty hangers, and two for storage.”

One of the most important pieces of equipment in Disassembly had to be the monorail system, the only major
piece of equipment in Disassembly not located underwater. Featuring hangers from which the elements were
suspended, the monorail system was in concept like the monorail system at a drycleaners. The monorail system
connected the storage hangers in the canal, with those in the Temporary Tube Storage, and finally brought the
irradiated materials to the Machine Areas No. 1 and 2. In fact, the monorail system extended throughout the
basin area of Disassembly. The rails themselves were located at the 7-foot level. In R Reactor, the movement of the
vertical elements on the monorail system generally went from east to west on fixed rails. Any movement between

the rails in a north-south direction was effected by monorail transfer cranes that were operated manually.®

One of the largest of the Disassembly areas was the Temporary Tube Storage. Irradiated materials were placed
here in order to “age,” allowing some of the more deadly and unstable isotopes to wear off. The Temporary Tube
Storage consisted of 40 storage lanes, each about 46 feet in length. This at least was the situation in R and P. In
L and K, there were 48 lanes; in C, only 25 lanes. These lanes contained storage hangers that would be placed
in the lanes by means of an electric crane.  These hangers would be stored in the Temporary Tube Storage before

continuing on to the various disassembly machines.®

Most of the work in Disassembly was done in Machine Areas No. 1 and No. 2. At least this was the case in
R and P. The two machine areas were combined into one in the later reactors L, K, and C. Machine Area No.
2 contained the vertical fuel tube (quatrefoil) disassembly machines. These were the standard disassembly
machines. Here, the irradiated fuel slugs were extracted from the quatrefoils and taken to Bucket Storage.
Machine Area No. 1 was devoted to cutting up the empty foils so that they could be stored in underwater buckets
as scrap metal. In addition to the foil presses and shears that dealt with the scrap metal, this area also contained

rod shears capable of dealing with safety rods, cadmium rods, and rod extensions.

The most critical machine in Disassembly was located in Machine Area No. 2 (at least in R and P). This was the
vertical tube disassembly machine. In R Reactor, there were two such machines in this area, with the possibility of
a third, if needed. These machines operated at basin depths of between 17 and 30 feet underwater. The vertical
tube disassembly machines were essential components in the entire operation of the reactor, and a number of
variants were tried before it was decided to go with a hydraulic double-acting cylinder with a solid piston and an
attached 17-inch ram. Other machines in this area included the foil rod extractor, and the rod extractor tongs.

Machine Area No. 1 contained the foil press used to cut and press the aluminum casings or foil scrap from the
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vertical assemblies so it would fit into the bucket storage. The rod shears (E.P. 326), also found in this area, were
designed to cut the various rods into short lengths for bucket storage. These rods included safety rods, thimbles,

cadmium rods, and rod extensions.'©

Bucket Storage in R Disassembly was comprised of 22 lanes, each with a length of around 143 feet. These were
for underwater buckets that contained fuel slugs or scrap metal, kept at a depth of at least 17 feet below the
surface of the water. Bucket storage was basically the same in the other reactors, except for C. There was no
bucket storage area in C Disassembly; this facility was replaced there by a “final storage area” of around 18 by
185 feet.!!

An area available for slug inspection was the Monitor Basin.'? Here, a turntable was provided for underwater
examination of fuel slugs, which could be rotated on the turntable for remote examination with a binocular
microscope. The operator sat at a desk at ground level, above the basin. The microscope in the Monitor Basin
was found only in R and P; in L, K, and C, no equipment was installed in the Monitor Basin, even though it was

designed for such installation if needed.

Another important zone was the Emergency Disassembly Area, located downstream from the rest of the Disassembly
basin. This made it easier to isolate any contamination, and it guaranteed that any contamination that might
escape in this area would be carried out of the building to the basin overflow area. The Emergency Disassembly
Area contained equipment only in R and P, and that consisted of a tipping device and a horizontal fuel tube
disassembly machine, known as a “plow.” These machines and this area were designed to deal with quatrefoils

and tubes that might be damaged and could not be processed in the normal vertical disassembly machines.

The most important piece of equipment in the Emergency Disassembly Area was the horizontal fuel tube disassembly
machine (E.P. 322). This was also known as the “plow” or “plow machine,” named after the manner in which
this machine opened up a quatrefoil. It was designed to process quatrefoils that were damaged or for some
other reason could not be recovered with the vertical machines. The horizontal fuel tube disassembly machine
was normally used with a tipping device (E.P. 357) that would take the vertical quatrefoil to a horizontal position.
There was also an Emergency Sleeve Remover, to be used whenever an assembly sleeve was damaged and had

to be cut up and removed.'?

Another important area was the Dry Cave, located at ground level above the basin. The purpose of the Dry
Cave was to receive loaded septifoils where they could be unloaded and delivered to the rod disassembly
machines. These machines were designed to deal with radioactive materials other than uranium that could not
be processed with the quatrefoil disassembly machines. In R, the Dry Cave covered an inner area of 76 by 15.5
feet, surrounded by 30-inch thick concrete shielding walls and four shielding windows. It was equipped with two
rod-disassembly machines, identified as E.P. 321. Materials to be handled in the Dry Cave were brought into the

area from underneath.
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Inside the Dry Caves of the R and P reactors was a separate enclosed room called the “Hot Lab.” This was located
in the corner of the cave and was equipped for remote measuring, such as weighing dry fuel slugs with master-
slave manipulators. There was also an underwater periscope for examining canned fuel slugs after extraction
from the quatrefoils. This arrangement was different in the later reactors. The dry caves in L, K, and C were

smaller than those in R and P, and they were constructed without hot labs.™

One of the last areas of Disassembly was the Transfer Station, where there were platforms to assist with car
loading. Slug buckets were brought to this area from the basin and were placed in shipment casks. Scrap metal
was also loaded in this area for removal to the burial ground. Radioactive materials in need of further processing

were shipped from this point to the Separations areas.'®
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VIII. PURIFICATION

The main reactor process began in the Assembly Area, went through the Process Area, and came out in Disassembly. The
Purification Area was not directly a part of this line, but was still an essential part of the whole operation. Even though the
Purification Area was located in its own section of the reactor building, it can be considered part of the Process Area, since
it helped regulate what went on in the reactor tank. The main purpose of Purification was to constantly check and purify the
heavy water moderator that was so vital to the operation of the reactor. It also sampled and purified the helium blanket gas in

the plenum. Both of these functions helped keep the reactor running at optimum capacity.

L]

Specifically, the function of the moderator purification system was to prevent the accumulation of foreign elements in the heavy
water. This included the cleanup of any materials left in the heavy water moderator as the result of slug failure in the reactor
tank. It also maintained isotopic purity of the heavy water. All this was done by a combination of filtration, deionization, and
distillation, with the water treated through an average flow of 30 gallons per minute, which was sufficient for a daily turnover
of all the moderator in the reactor system. This flow was diverted to the Purification Area after going through the heat exchang-
ers; after purification, it rejoined the main flow on the suction side of the circulating pumps. The smaller blanket gas system
also cleaned the moderator. Using helium as a blanket gas, it swept over the surface of the moderator inside the plenum, and
took away any oxygen and deuterium. Those elements were then salvaged from the helium and returned to the heavy water

moderator.'
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DESIGN ISSUES AND BLAW-KNOX

From the beginning, considerable attention was devoted to the Purification Area. To a large degree, this was because of the
high cost of the heavy water moderator, and the need to keep the heavy water free from ground water contamination, light
water vapor, and other impurities that would affect its moderating abilities in the reactor tank. Other design requirements
called for the area to have Class | construction, thick concrete walls to shield from potentially high levels of radiation, and the
necessity of remote handling. Also, the continuous operation of the gas system required the presence of stand-by gas purifica-

tion facilities in case of emergency.?

Du Pont began the first design work on the Purification Area in the summer of 1951. Even at that stage of the design work,
there was recognition of the need for remote handling and celltype construction as a means of protection from radioactivity.
The cell principle and other remote methods of operation had been previously used to great effect by Blaw-Knox at Hanford, in
Washington State. Blaw-Know was already under contract at Savannah River for design work in the 200/Separations areas.
Because the work required in Purification was similar to what was going to be required in 221-F, Blaw-Knox was tasked to
design the Purification Wings of all the reactor buildings. This decision was made in September of 1951, and it was the only

instance in which Blaw-Knox was used in any of the 100 Area designs.®

Working with Du Pont, Blaw-Knox prepared the first design layout of the Purification Area in late 1951. This layout featured
labyrinth cells, a central pipe alley, and two cranes. After some study, this design was found to require too much space. One
of the cranes was determined to be unnecessary, and the outside loading of the casks for Purification was found to be too

close to the receiving area for Assembly.

The second design layout for the Purification Area was prepared in early 1952. This called for two floors: the
main floor at the 3.5-foot level, and a basement at minus-9.5 feet. The operation cells were located on the main
floor; the basement contained the cell tunnels and other facilities. The concrete cell walls were 4.5 feet thick.
Other features, depicted on the first plans, were dropped, including a labyrinth entrance to the four cells, and
observation windows into the four cells. A remote optical system was added instead. Also, a five-ton crane was

added to assist with any repair work on the cells.®

The second layout was basically what was adopted for both R and P. Each reactor had four cells, each remotely-
operated, labeled A through D. The D cell was basically a conduit. It could detain any moderator that was
deemed too impure to forward to the other three, but usually the heavy water it received was pumped to cells
A, B, and C through parallel systems. Each of these three contained moderator purification units—pre-filters,
deionizers, and afterilters, connected in series- located inside of the cells. In case of emergencies, there were two
units on stand-by. Each of the three cells received a flow of 30 gallons per minute, and moderator was processed
through a combination of filters and deionizers. There was a special filter found only in B that would remove any
radioactive contamination in the gas used to dry equipment in A, B, or C. The last three reactors, L, K, and C, had
Purification Areas that were smaller than those in R and P. Each of the later reactors were only equipped with two

cells, identified as E and F. Neither of these cells was equipped with prefilters.¢
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Building Details

The final engineering drawings for the Purification Area in R Reactor are listed in the Blaw-Knox history of work
at Savannah River Plant, compiled in 1954.7 As these plans make clear, the as-built Purification Area was a
Class | construction that covered an area 97 by 158 feet. There was a main floor and a basement, with the roof
elevation found at the 22-foot elevation. The foundations and exterior walls were of reinforced concrete. Interior

partitions were of poured concrete, with some rooms formed by metal studs and cement asbestos boards such as

Transite.®
Main Floor, SRS Negative No. 12843-16.
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The cell area, containing four moderator purification cells, was located on the main floor. There was also a
30-on crane located overhead for placing and replacing equipment in the cell areas. Essential to the operation
of the cells were the distillation towers. These were columns located just outside the Purification Area, and were
83 to 88 feet high. These towers processed the system’s heavy water, bringing it back to the required purity as
needed. Returning to the inside of the building, there were a number of other work areas within the Purification
Wing. These included the counting room, offices, the electrical control room, the instrument control room, the mass
spectrometer room, the chemistry lab, the refrigeration equipment room, the gas drying equipment room, the gas
purification system equipment rooms, the resin preparation area, change room, and toilet facilities. All of these
facilities were made operational in R reactor. Even though these same facilities were constructed in P, many were
not made operational since it was determined they were not needed. In P Reactor, the chemistry laboratory, the

mass spectrometer room, the laboratory and counting room, were all left empty.®

The features common to all five Purification Wings were the purification cells and the distillation towers. As
mentioned above, the first two reactors, R and P, contained four cells (A-D), while the later three had just two (E-
F). These cells were the center of the purification operation. In the case of R and P, the moderator heavy water
first entered Cell D, which was considered a “deep cell.” Thirty feet deep and covering an area 14 by 22 feet,
the D cell was equipped with a temporary storage tank. From D cell, the heavy water was pumped to the other
three, A, B, and C. These three were “shallow cells,” 12 feet deep and covering an area 12 by 22 feet. Each was

equipped with the pre-filters, deionizers, and afterdilters needed to purify a stream of moderator.'°

View of Cells, SRS Negative No. D2 x 2100.
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In those cases where the purity of the heavy water had to be improved, the water was sent to the two distillation
towers immediately outside each Purification Area. These towers were mounted outside the building and were

exposed to the elements, since they did not require any shielding.

The Purification Wing also contained the blanket gas purification system. Here, helium gas passed over the
surface of the moderator in the reactor plenum, and was cleansed of any oxygen and other unwanted elements
before returning to the plenum. There were two identical gas purification systems in each reactor, with one always

on stand-by.'

The helium gas was circulated through the system by means of blowers. To purify the gas, the first stage in the
operation was to send it to the Gas Purification System Equipment Rooms “A” and “B.” Each of these rooms had
an area of around 17 by 27 feet. In these rooms, the gas went through a catalyst bed of palladium, supported
on alumina pellets in the catalytic recombiner. In the recombiner, deuterium and oxygen were combined into
deuterium oxide vapor. The gas then went to the gas cooler for condensation of the heavy water vapor. A gas
spray separator then removed the condensed moderator. At this point, there was a difference between the
operation in R and P, on the one hand, and L, K, and C, on the other. In R and P, the vapor was refrigerated to
prevent the loss of any heavy water. Ammonia was used as the refrigerant. In L, K, and C, a desiccant system
of drying beds was used in lieu of refrigeration. There were other minor differences as well. In L, K, and C, the

blanket gas piping was simpler.'?

In R and P, the Refrigeration Equipment Room measured 23 by 34 feet, and contained two ammonia compressors,
two booster compressors, and a condenser receiver tank. The Resin Preparation Areaq, also found in R and P, was
a room that measured 29 by 50 feet. This room had equipment to perform several functions, foremost of which
was charging resin into a new deionizer. The Gas Drying Equipment Room, also found in R and P, measured 14
by 23 feet, and had a gas blower for drying spent filters and deionizers in position in cells A, B, and C. Heavy

water vapor was then recovered from the drying gas.'®

Many of the areas or rooms discussed
above were only found in reactors
R and P. This was the case for
Refrigeration, the Resin Preparation
Area, and the Laboratory Room.
Alternatively, there were storage and
“make-up areas” that were found only
inl, K, and C."4

The final room to be discussed is the
Purification Control Room. This room,
which covered an area of around 20

by 30 feet, contained a “U"-shaped

Control Room, SRS Negative No. 12843-04.
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Control Room Operator, SRS Negative No. 4378-09.

instrument control panel that had an overall measurement of 28 by 10.5 feet. This panel was divided into three
sections, two wings and a center. This panel provided control over temperature, pressure, and flow rate within
the purification cells and distillation towers, as well as similar controls over the gas system. There were also leak

detection devices and health monitoring units, such as Kanne ion chambers.®
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I[X. REACTOR DIFFERENCES

As we have seen, there were a number of differences in the layout and composition of the reactor buildings and
the reactor areas, from R, the earliest of the Savannah River reactors, to C, the latest. Many of these differences
have been discussed in the previous chapters, but much of this discussion was incidental. The emphasis in the
previous chapters was usually on the design and construction of R reactor, since it was the first, and therefore
the subject of considerably more study than the others. In the Savannah River Plant literature from the 1950s, it
was always assumed that R was the baseline, the one that was always described in detail as the Savannah River
reactor. There was a tendency to discuss the others only as they varied from this baseline. Up to this point, our

discussion of the reactors has followed this pattern.

Reactor design, however, did not stop with R, and new improvements were made every step of the way in the
design and construction of the later reactors. As these improvements were made, they were incorporated into the
overall design, and this included changes to the reactor building as well as the surrounding buildings in each
reactor area. As a result, there were both numerous substantial and minor changes to each of the reactors, making
each reactor building and even each reactor area unique. This chapter is an attempt to correct some of the over-
emphasis on R reactor, by describing in more detail the differences among the other four reactors at Savannah

River.

As has been pointed out both here and in other sources, the five Savannah River reactors can be divided into
two main categories, based on layout and size. R and P comprise the first general category, while L, K, and C
constitute the other. As an example, take the process rooms in each reactor. The process room itself in L, K, and
C is wider than it is in R and P. The long transfer canal, used as the exit point in R and P, is not found in the later

three. Also, there was a fan room in L, K, and C, where there was not one in the older R and P.!

Aside from these general categories, however, there were features within each reactor that also make each unique.
The basic progression of this development went something like this: R reactor was overbuilt out of necessity, to
ensure that the facility would work and that could be constructed safely. As a result of constructing R, it was found
that many of the features in that first reactor were superfluous. By the time the overall plans had been changed, P
was too far along to be altered, except in various details; the layout was already basically frozen. The big layout
change came with L. The subsequent reactors, K and C, followed this model. Further economies in design led to
a few other changes in C, the last reactor. As a result, C Reactor, especially the reactor tank itself, is a unique

construction.

The size of each reactor building is different, regardless of category. As can be seen from the chart below, there
was size differences found in each area of the different reactors.? The following measurements are given in

thousands of square feet:
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Table 15. Reactor Comparative Measurements in Thousands of Square Feet

R P L K C
Assembly Area 39.9 30.6 31 31 31
Process Area 344 344 296 296 297
Disassembly Area 94.8 67.9 61.8 61.8 68.2
Purification Area 23.6 23.6 16.8 16.8 16.8
Total 502,374 466,183 405,476 405,476 412,922

P REACTOR

P is the reactor that is closest to the original R baseline. It has the same basic reactor building layout, a layout that

would change radically with the later three. Even so, there are a number of differences that separate P from R.

Even though P Reactor is like R Reactor, P is slightly smaller, by the elimination of some 14,000 square feet. The
main differences were in assembly and disassembly, where one bay was eliminated from the former, and three
bays were eliminated from the latter. Most of this change was made due to the elimination of storage space for

the sleeves. The decision to make this change was made in January of 1952.3

Specifically, one of the Assembly bays was deleted from the plans for P reactor when it was decided to eliminate
one of the Assembly crane systems and the associated transfer rail car, and use a crane to unload the supply
trucks instead.* This redesign of the Assembly area for P was worked up in January and February of 1952 in the

form of eight new engineering drawings. Similar work was done in Disassembly as well.®

In the reactor area, outside the Reactor building, the biggest change by far was the elimination of the 183
Clarification Plant from P area, and from every subsequent reactor area. By March of 1952, about the time that
design changes were being made to the Assembly and Disassembly areas in P, it had been determined that the
clarification basins were not needed—untreated raw river water could be run through the 186 Reservoir and the
190 Pump House, directly into the heat exchangers inside the Reactor buildings. This was the result of research
conducted at the pilot plant facility known as CMX, which had been in operation since the summer of 1951.
After extensive testing at CMX, it was found that silt and film deposition was not a problem within the river water
cooling system, especially at the velocities anticipated in the reactor heat exchangers. In fact, it was found that

the occasional dose of chlorination was all that was needed.®
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L AND K REACTORS

Spurred by the changes made to P reactor, Du Pont determined to do a complete design overhaul of the next series
of reactors. This included a new layout for the reactor building, as well as additional changes to the Assembly,
Disassembly, and Purification areas. Initially, when the first ideas for a new design were being explored in early
1952, it was assumed that they would only affect C reactor, the last to be constructed, since so little had been
done on this reactor at that time. However, the new arrangements looks so promising that by April it was decided

to scrap existing plans for L and K, and go with the new layout for these reactors as well.”

Even before this period, it had been recognized that there would have to be some changes to the reactors
constructed after R and P. For the most part, this was due to the need for higher power levels, extra shielding from

radiation, and the possibility of using enriched and/or depleted fuel, in addition to the usual natural uranium.®

As a result of all these issues and others, the basic layout of the Reactor buildings was altered to reflect the new
ideas of reactor economy. The reactor buildings themselves were designed to be smaller. Now, rather than having
an appearance that looked like an indistinguishable mass of building blocks, the new designs called for Reactor
buildings that had a “small waist” in the middle. The waist contained the Reactor Room, and it was “narrow”
because the method of removing the heat exchangers had changed. The heat exchanger transfer cars were
eliminated. With the new arrangement, large ground-level panels could be removed on either side of the waist,

to effect the removal of the heat exchangers, which could be hoisted up by a boom crane.

There were other changes as well. Alterations were done in the Assembly and Disassembly areas, fan rooms,
and personnel areas. Du Pont provided the general drawings of the changes they had in mind, and these were
finalized by Voorhees,Walker, Foley, and Smith in the form of 60 full-sized “W" drawings. These also became the

basis for L, K, and even C reactors.?

This was a sea change in the construction of the reactors, and it explains the big differences between R and P,
on the one hand, and L, K, and C, on the other. Some of the main changes are listed here. The large canal that
connected the exit conveyor in the reactor room, to the Disassembly area, was eliminated. Some 44,000 square
feet of floor space was eliminated from the lower levels of the process area. The reactor room itself was made
36 feet shorter. As mentioned already, the heat exchanger transfer cars were eliminated. The main control room
and the crane control room, previously separated, were brought together in the new layout. The Assembly area
went from blast proof Class | construction, to more expendable and cheaper Class Ill. One of the reasons for the
unusual flow arrangements of the first two reactors, was the possibility that an extra reactor might some day have
to be installed on the side. This need for future reactors was eliminated by the time these plans were finalized,

and this also made it possible to eliminate the heat exchanger transfer cars.°

In the Assembly area, the bays for receiving, storage, and assembly were done as Class lll construction, while the
older Class | category was retained for the final storage and the Presentation Point. The layout of the Assembly

area was also modified from what it had been in R and P."!
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Another change in overall design was the location of the Reactor control rooms. The main control room and the
crane control were basically put together, and located above the Disassembly Area. There was also a single
observation window located at an angle to provide a complete view of the reactor room.'? There was also some

alteration in the design of the new stack.®

The location of the Disassembly Area was really altered in the new plans. Without the need for a second reactor
at each of the Reactor buildings, it was now possible to shift Disassembly to line up with the discharge side
of the reactor room. This put the Process Area and Disassembly in a more direct alignment. In the case of L
reactor, the Assembly Area was located to the north, off to the side, followed by the Process Area (with the heat
exchangers located underground on both sides of the reactor area), with the Disassembly Area to the south. The
two 108-buildings were located on either side of the Disassembly Area. Purification was situated on the west side
of Process Area. The new line-up, especially from Assembly, through Process, to Disassembly, was more efficient
than the old arrangement, and led to a more direct route for materials from the reactor room to Disassembly. This
of course did not eliminate the need for the Discharge and Exit Canal, also know as the D & E Canal, which still
connected the Process Room with Disassembly in all five reactors. It did eliminate the need for the right-angle turn

and the long canal that connected the D & E Canal with Disassembly in R and P.™

Another Reactor building area that went through a number of changes was the Purification Area, also known as
the Purification Wing. The Purification Area in L, K, and C was made smaller and simpler to operate than the
older system used in R and P. The dimensions of the new Purification Area were around 114 by 72 feet. It was
comprised of a basement and a first floor, with a crane-way areq, just like in R and P. One big difference was that
there were just two cells, E and F, in the new Purification. Both were shallow cells, equipped with deionizers and
evaporators. E cell measured 23 by 17 feet in area, with a depth of 13 feet. F cell was identical, except that the
width was 14 feet rather than 17. The cells were still served by a 30-ton crane, but it was made easier to use.
No provision was made for some of the facilities found in R and P, such as the resin preparation facilities, and the
laboratory facilities, the mass spectrometry lab, and the counting room. In those cases, it was found adequate to
simply use the facilities already in operation in R and P. The distillation towers, located outside, were similar in

size and function to those already in use in R and P.'

Another major change in the Purification Wing was the use of desiccant beds rather than refrigeration in the gas-
drying operations. There was still a Gas Drying Equipment Room, as there had been in R and P, but now there
were no refrigeration facilities. There was, however, a Pump Room, measuring 23 by 13 feet, not found in either

R or P. This room contained equipment related to the desiccant system.'¢

Another facility found in L, K, and C, but not in R and P was the Make Up Room, 29 by 20 feet. This contained
a sampling vacuum pump, a sampling sink, oxygen manifolds, and two platform scales. This was similar to
what was in the resin preparation rooms in both R and P. Another feature unique to the later three reactors was
the Crane-way Operating Aisle. This measured 13 by 87 feet, and contained two stationary consoles for crane
operation; only one would operate at a time, the other was held in reserve in case of problems. There was a
special window of shielded glass, measuring 6 by 3 feet, which allowed the console operator to see the crane

in operation.'”
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CoMPARATIVE REACTOR PLANS

R P K L C

C REACTOR

The last of the five reactors, and by most criteria, the most efficient, was C. It had the advantage of changes made
to all of the previous reactors, and it had some features unique to itself. The most formidable attribute was that
it could run at higher power levels than any of the other reactors.’® It was also the most prestigious of the five

reactors, since the headquarters for all of Reactor Operations was located in C Area.

Design work on C Reactor began in September of 1952 and continued until February of the following year. The
overall objective of the new reactor was to be able to operate at a 2,000 mega-watt capacity, with a moderator
exit temperature of 95 degrees Celsius, and these changes alone required new design elements, not only in the
reactor building, but also in the reactor tank itself. To effect this change, a number of alterations were made. The
cooling water supply line from the river was increased to a 66-inch diameter pipe that could handle 96,000 gallons
per minute—with a possible future flow of some 140,000 gallons per minute. Moderator flow was increased to
85,000 gallons per minute, with the possibility of future expansion to a flow of 120,000. To accommodate this
greater flow, offset expansion joints were added to the piping. The tank itself was made bigger, from a diameter
of 16 feet, 2.75 inches for the other tanks, to 18 feet, 6.75 inches for C. This was to accommodate the integral
heavy water reflector at the sides of the tank A curved knuckle was added between the tank wall and the bottom
shield. Pipes were added to the bottom shield for more cooling water. Baffles were added within the bottom

shield, and a second deflector plate or “poison plate” was added below the top shield.!?

One element of the C design work that did not pan out were the adaptations to the handling of flat plate fuel
assemblies, then thought to become the leading technology by the time C reactor was in operation. These flat
plate assemblies, such as Mark lll, did not work as hoped. That was not the fault of the new reactor design, but

rather problems in the design of the vertical elements themselves.?°

Some of the last changes made to the new tank design called for the addition of more control rods. For this reason,
the C reactor tank has 73 control rod positions, while the other tanks have just 61. Unlike the other four reactors,
C reactor was installed with 12 heat exchangers from the first; the other four began with just six, with the other

six added later. Also, the moderator flow was increased to 90,000 gallons per minute.?’
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The new reactor tank was fabricated at New York Shipbuilding between April of 1953 and May of 1954, at
which time it was shipped to Savannah River Plant. The new larger reactor tank also demanded new thermal
shields around the tank. These were in 12 curved vertical sections that fit around the walls of the tank. It was also
stipulated that the metal filler used in the thermal shields had to be stainless steel, which would serve to limit the

amount of radioactive corrosion.?2

The increased size of the tank, and the extra number of control rods, meant corresponding changes in the actuator

tower. With the addition of another 25 actuators and motors, extra support had to be added to the tower.??

Another unique feature to the C Disassembly Area were the adjustments made to accommodate the new long fuel

elements that were already on the drawing boards.?*

In the Purification Area, the system for cleaning the moderator was changed. Only two cells were needed now,
instead of the five that had been installed in the previous reactor areas. As a result of this changes, a smaller
Purification Area was installed in C than in the other reactor areas. Some of the changes first used in C Reactor,

were later installed in L and K, and this included the two cell system, in lieu of the five.?’

Outside of the Reactor building, C Area was also different from the other reactor areas. The 184-1C Boiler House
and Coal Storage facility was smaller than in the other areas, since it was determined unnecessary to produce
electrical power at the fifth reactor.?6 Perhaps because it was the last reactor area to be constructed, C Area was
designated the site of reactor headquarters within the whole Savannah River Plant complex. Many of the offices
found in 704-C were not duplicated in the other 704 buildings. Another office building, 706-C, was set up as
office space for Reactor Technology personnel. This was a former “temporary construction” building, No. 8300,

re-assembled at C for the Reactor Technical Group.?”
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X. OPERATIONS HISTORY, 1953-1989

The first of the five Savannah River reactors, R Reactor, went critical on December 28, 1953. The others followed
in relatively quick succession: P on February 20, 1954, L on August 11, 1954, and K on October 14, 1954. The
last of the five, C Reactor, went critical on March 28, 1955." All five reactors operated for a decade, until the first,
R, was closed down on June 17, 1964.2 This was followed by the closure of L in 1968.% L Reactor would later
be refurbished in a massive reconstruction campaign in the early 1980s; it was restarted on October 31,1985.
C Reactor, plagued by numerous heat exchanger leaks, was closed in September 1986.# The remaining three
reactors, K, L, and P, were shut down in 1988, in April, June, and August, respectively. These closures coincided
with the departure of Du Pont from Savannah River Plant in April of the following year.® A new contractor,
Westinghouse Savannah River Company, entered the scene and the name of the facility was changed to Savannah
River Site. K Reactor was refurbished in the early 1990s, and was started up for a test run on June 8, 1992.¢ It

was shut down almost immediately, and none of the reactors has been in operation since that time.

During this period, from the mid-1950s to the late 1980s, the reactors at Savannah River produced almost half
of the plutonium and almost all of the tritium needed for the nation’s nuclear arsenal (most of the rest was made
at Washington State’s Hanford facility, which had been in operation since the Second World War). As was
commonly said among employees at Savannah River, “we didn’t dig uranium out of the ground, and we didn't
make the bombs, but we did almost everything else in between.” It was a remarkable achievement, and the
many processes used to achieve this end were constantly being scrutinized and improved. The development of
tubular fuel and target elements was perhaps the single greatest development in a whole array of developments
and improvements to the working of the reactors during this period. By the 1970s, the fuels, targets, techniques,
and processes had been improved to the allowable heat limits of what the reactors themselves could stand. One
supervisor in Reactor Technology has stated that running a reactor was a lot like being a fireman: there wasn't
much to do until there was a problem. This comment, though, masks the huge amount of work that went into the

reactors and their safe and effective operation—an operation of astonishing complexity.

The Du Pont Company, which had a culture of safety, was perhaps uniquely qualified to design, build, and
operate the reactors. Their idea was to operate the reactors through two organizations: one to actually operate
the reactors, called Reactor Operations; and the other to monitor the results, known as Reactor Technology. This

latter organization was also the interface between Operations and the Savannah River Laboratory.

Reactor Operations ran the reactors from day to day. Operations personnel sat in the control rooms, pushed the
buttons, and turned the levers. For every operation within the reactor area, there was a procedure to be followed.
All of this was closely monitored by Reactor Technology personnel, who could not push any of the buttons, but
could write up reports that would eventually change the procedures used throughout in the reactor areas. This

gave Reactor Technology a great amount of power, though at a level removed from the daily operation.
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The man who really put Reactor Technology on the map was Alfred Anton
Johnson, commonly known at Savannah River Plant as A. A. Johnson or “A2.”
A. A. Johnson was one of a number of young Du Ponters who began work at
Hanford during the Manhattan Project, and went on to even greater achievements
in the company later in life. This list included, but was certainly not limited to,
Crawford Greenewalt, Charlie Wende, and Dale Babcock. With the exception of
Greenewalt, who was president of Du Pont by the early 1950s, most of the others

found themselves at Savannah River Plant.”

At least one fellow associate at Reactor Technology has referred to A? as “SRP’s

Admiral Rickover,” and claimed that he ran the reactors at Savannah River more
Alfred Anton Johnson. A.A. Johnson  than any other single person.® He was superintendent of Reactor Technology
ggfﬁ;id g’sm Re%cro;ncfsti;gglo% from the beginning of the plant, and ran the organization until at least the mid-
1961.  Source: Savannah River — 1960s, when he was made Assistant Director of the Savannah River Laboratory.
Plant News, Volume XVI. No. 25, ) ] ] o
January 10, 1969. His headquarters, at least in the early years, was in the 703-A building, but at
least one source® has claimed that he had an office in the old construction pipe
shed in C Area, probably what was later designated the 706-C building. This was a place with concrete floors,
bare -beams, and window air-conditioning units that barely worked. Everybody there had to work hard, and the

building was set up with glass-partitioned cubicles to help ensure that.'®

Reactor Operations, originally headed by Bill Church, actually ran the reactors on a daily basis, but A2 Johnson
effectively ran the reactors at one step removed by means of the “Reactor Technology Memorandum,” or RTM. He
read all of the field reports submitted by Reactor Tech personnel, most of which were hand-written, coalesced the
findings, doublechecked the figures, and issued an RTM to cover the results. These were mailed to his higher-ups
within the Savannah River hierarchy. It very quickly developed that whatever was recommended in the RTM’s, was
effectively put info practice. It has been estimated that A? Johnson issued between five and six thousand of these

memoranda, and it was through these that he effectively ran the reactors. !

And there was a lot to run. Before each reactor could be started, there was a dummy run with quatrefoils loaded
into the reactor tank without uranium, so that they could be tested hydraulically. This was done with deionized
water. The reactors and assemblies were then cleaned and loaded with heavy water for the first real load. 2

For the first year or so, the first loads within the reactors consisted of solid slugs comprised of natural uranium,
with aluminum cladding. Natural uranium (U-238) absorbs a neutron to produce plutonium-239. Tritium was only
produced within the control rods, comprised of lithium-aluminum alloy, also clad in aluminum. The lithium would
absorb neutrons, and split to form tritium. Only after the first year was tritium produced as part of the regular
reactor cycle.'®

Each reactor run with a full complement of fuel elements was called a reactor “cycle.” A cycle was completed
when all of the fuels elements were replaced with new fuel.'* A sub-cycle was where the targets were removed or
replaced, and the fuel or most of the fuel was left in place. This usually occurred in the production of plutonium.
Tritium production usually had no sub-cycles.’>  Alternatively, tritium required a cycle of relatively long duration.

Plutonium only required a cycle of medium length.¢
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Almost immediately after start-up, there was a push to raise the reactor power levels. Originally rated at a power
level of 375 megawatts (MW), the reactors began their power level ascension in 1955, right after C went
critical.’” In 1956, six additional heat exchangers were installed in the first four reactors, bringing the number of
heat exchangers in each reactor up to 12.1® A year later, the average power level had reached 1750 megawatts.
The Bingham pumps began to be installed in late 1956 and throughout 1957, and where they operated in 1957
(in L, K, and C reactors), the average was already 2000 MW.

Power ascension really jumped in 1957 and in 1958. The Bingham pumps made this possible, as did the
construction of Par Pond, completed in 1958 along Lower Three Runs Creek. Par Pond made it possible for R and
P reactors, the two furthest from the river, to use recycled cooling water, freeing up more river water for the other
three reactors.!?

Power ascension continued, albeit at a slower, more uneven rate, until the peak of reactor capability was reached in
the mid-1960s. By 1959, average power levels had reached 1825 MW in summer and 2200 MW in winter, with
the maximum that year (2350 MW) reached in C. By 1961, average power levels in R, P, L, and K were at 1725
MW in summer and 2525 MW in winter, with C reactor reaching 2575 MW.2° Between 1962 and 1964, the
helium gas pressure within the plenum was increased to five psig to allow the reactors to operate at higher power
levels.2' By 1963, the summer and winter averages were up to 2060 MW and 2260 MW, with the maximum in
C at 2600 MW.22 The reactors did not operate much above this level, even though the highest power recorded
at any Savannah River reactor was 2915 MW at C reactor in 1967.2 That same year saw the introduction of
the Universal Sleeve Housing (USH) for the reactor’s vertical assemblies, an innovation that reduced the cost of
each reactor load.?

Reactor Power Potential in Megawatts.
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During most of this period, there was an even split between the production of plutonium and tritium. In 1955,
there were 14 production loads discharged from the reactors.?> This jumped to 42 loads in 1956.2¢ Thirty-one
loads were discharged in 1957.%7 In subsequent years, the average would generally fall lower, around 25
production loads annually. This did not represent a reduction in the production of plutonium and tritium, but rather
the greater efficiency of higher power, and improvements in the fuel assemblies so that more fissionable materials
could be produced in each reactor load. It also has to be remembered that the production of tritium required a
longer reactor cycle anyway, and tritium was not made in the first year or so except as a by-product in the control

rods.28

Higher power led to shorter reactor cycles, speeding up the creation of plutonium and tritium, which was the
ultimate goal. It was this demand for higher power that led to the first serious problems with the old uranium
solid slugs, the fuel shape that had been used in reactors since the days of the Manhattan Project. Uranium
fuel pieces, called “slugs,” each one an inch in diameter and eight inches long, were encased in thin skins of
aluminum, to protect the slug from the effects of the heavy water moderator. If the slug got too hot and the casing
was compromised, the heavy water would react with the uranium to create a swelling that could block up the fuel
assembly. As the water flow declined, the slug temperature would increase, until boiling occurred. Not only could

an entire column of fuel slugs be damaged or destroyed, but also damage could occur to the entire tank.??

To prevent this from occurring, new tubular fuel elements were created in the later 1950s and early 1960s that
were capable of withstanding the higher temperatures. In fact, the designs of fuel elements were experimented
with all the time. Mark |, the original Manhattan Project-era fuel slug of solid uranium, was quickly replaced by
Mark I, Mark Ill, and so on. And this was just in the 1950s. By the early 1960s, tubular elements had completely
taken over, replacing quatrefoils altogether.*® It was not until 1972, after almost two decades of experimentation,
that the best marks were discovered for the production of plutonium and tritium. For plutonium, it was found to be
Mark 16-31; for tritium, Mark 22.3

Naturally, these changes to the fuel elements led to changes in other equipment as well. Constant improvements

were made to the C and D Machines, so they could handle the heavier fuel elements in use by the 1960s.32

During this period, as the fuel elements were being improved, and as all of these elements were being tested
in each of the reactors, some reactors came to be known as better plutonium makers, while others became
associated more with tritium. According to reputation, R and P were better suited for the production of plutonium,
while L, K, and C were known as the “tritium” reactors.®® It is important to remember, however, that too much can

be made of this distinction. Each of the five reactors could make either product - and more besides.

The production of plutonium and tritium was a constant at Savannah River Plant during this entire period, but there
was time for other projects as well. Almost from the beginning, there were breeder reactor programs that featured
thorium and uranium-233. There were special irradiations for food preservation, and there were early programs
to prepare cobalt-60 and other isotopes, like plutonium-233 and plutonium-238, as heat sources for use in the

Arctic and in outer space.®*
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Another early extracurricular program at Savannah
River was the search for neutrinos, conducted at P
Reactor. This research was first done by Drs. Clyde
L. Cowan, Jr., and Frederick Reines in the mid-1950s
under the auspices of the University of California. The
goal of this research was to determine the existence
of neutrinos, which had hitherto only been postulated.
Cowan and Reines succeeded in actually discovering
neutrinos for the first time ever, and this event took
place at P reactor in June of 1956.35 Further studies

info the nature of neutrinos continued in P reactor

for many years afterwards. After Cowan and Reines

concluded their research, the neutrino program was

continued locally under the direction of Dr. Henry

Gurr and others at P Reactor.3¢

Another much more massive program was begun
in the early 1960s at the behest of Glenn Seaborg,

who was chairman of the Atomic Energy Commission
(AEC) from 1961 to 1971.% Seaborg, while a

o . . . . Dr. Clyde L. Cowan, Jr., left, and Dr. Frederick Reines, leaders of the
phy5|C|5t at the UanerS”}’ of COllfomlol had been (o5 Alamos Scientific team that confirmed the existence of the neutrino
at SRP’s P Reactor, SRS Negative No. 3016.

one of the discoverers of plutonium, back in 1940,
and he had a profound interest in the creation of other man-made elements heavier than plutonium. While AEC
chairman, he was in a position to make those “transplutonium” elements, an operation best achieved in reactors.
So began the Transplutonium Programs at Savannah River Plant, which went on from the early 1960s to the early
1970s.%8

The Transplutonium program began rather slowly in 1961 and 1962, but began to take off with the Curium |
program in K reactor in 1963-64. The Transplutonium work was a series of processes, each step building on
the other, with each transplutonium element, like curium, used to create the next, more heavy, element. This was
done by bombarding the new element with neutrons. This would create a still heavier element, after some atomic
adjustments and beta decay. The process would then be repeated, until the next new heavy element would be

formed. All of these new elements were dubbed “special products.”

It appears that the production of special products really got going in 1966-67, as the reactors produced curium,
then americium, and finally californium. The program to produce californium really began in August of 1969,
and was continued until the early years of the 1970s. The year 1970 was the peak of the Special Products work
at Savannah River. That year witnessed a record 81 reactor cycles. Sixty-six of these were in K reactor, and were

associated with the production of californium.%®
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“Road to Californium at Savannah River.” The
production of californium-252 entails the addition
of 13 neutrons to the nucleus of the starting element,
plutonium-239 and the atomic number is increased
from 94 to 98. SRS Negative DPSTF-1-8641.
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Although the Transplutonium programs succeeded in producing californium-252, one of the heaviest man-made
elements ever created, the program was less successful in marketing the product. Californium, a neutron-emitter,
was marketed to a number of medical establishments as a localized treatment for cancer. It was even touted as a
prospecting tool for finding gold. None of these applications panned out. The rather limited uses for the element
in no way off-set the astronomical cost of production. The program was quietly buried shortly after Glenn Seaborg
vacated his AEC chairman’s position. The program was much reduced by 1974, and continued on in a much

more limited fashion until at least the late 1970s.4°

One important element of the Transplutonium Program was “High Neutron Flux.” The high neutron flux program
was first proposed in 1964 and begun in 1965 and concluded in 1966. The high flux program occurred between
Curium | and Curium Il and took place in both C and K reactors.’ High flux was achieved inside the reactor
by irradiating a small, highly reflected core and a very high flow of cooling water to remove the heat. To effect
this, only the central core of the reactor tank was used.#? Such a setup in the reactor core was ideal for the
production of transplutonium isotopes like americium-243, curium-244, and the ultimate element in the program,
Californium-252. High flux allowed the elements within the reactor core to obtain several successive neutron
captures and thus override the rate of radioactive decay. It was in this fashion that it was possible to create

californium out of plutonium-242.4

The reactor most used for neutron high flux was C reactor. As a result of the high flux program, a new record was
set for high specific activity in a cobalt-60 source: 700 curies/g in a 1.4 g target. The peak of high flux levels in C
was reached in 1965, and measured 6x10'3(cm?2)(sec).** This is believed to be the highest neutron flux intensity

ever achieved anywhere in the world.#°

There were 25 high flux cycles done in C reactor in 1965, and much of this operation was overseen by a research
crew from the University of California Radiation Laboratory that was known informally as the “Wild Men from
California.” Most of this team (and a lone member from Norway) all dressed and acted in a manner that was
highly unorthodox in the conservative setting of Savannah River Plant. Their leader was a character simply known

as “Dr. Harry,” and one of the main pieces of equipment his team used was known as a “rabbit.”4¢

There were two rabbits, and both were built to allow researchers to insert and then quickly remove irradiation
samples from C reactor during the high flux charges, without having to shut down the reactor. The first rabbit,
built in 1965, was a mechanical device that could insert and withdraw a sample attached to the end of a stiff
wire encased in a guide tube. The mechanical rabbit was an integral part of the high flux program in C reactor.
After the conclusion of high flux in 1966, it was moved to K reactor. The second rabbit, known as a pneumatic
rabbit, was also constructed in 1965. It was used in the C reactor for around 200 irradiations of the shortlived
isotope fermium-257. The pneumatic rabbit was plagued with operating difficulties and was retired from service

after the high flux program.*

One of the many stories that came out of this high flux work was the one about the special wrench and Glenn
Seaborg. One evening after the regular day shift, Dr. Harry and his crew were working on one of the rabbits.

The crew needed a special wrench, but the maintenance man on duty that night would not give it up without the
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proper authorization, and there was no one on the evening shift with that authority. An impatient Dr. Harry then
cut through several chains of command and called his friend Glenn Seaborg to report that the folks at Savannah

River Plant would not give him the wrench he needed to do the job that Seaborg had sent them to do.

According to the story, Seaborg was at a dinner party, but not for long. He called Du Pont's president, Crawford
Greenewalt, who was also at a dinner party, and the train wreck picked up speed from there. Within an hour,
one of Fred Christensen’s Reactor Technology supervisors appeared at his door. He was told to get back to C
Reactor immediately and make sure the rabbit people had every tool they needed, and spend the night there too,
in case they needed more tools. From that point on, Seaborg'’s team was granted every convenience and license.
A troublesome safety officer who had urged the team to wear proper work boots was packed off to another area,

and the team’s Norwegian, a reputed speed-demon, was forgiven numerous traffic violations.*

Not nearly as exciting, but of much greater importance to the operation of the Savannah River reactors, was
the development of the mixed lattice arrangement, beginning in the mid-1960s. Unlike a uniform lattice, where
every fuel position around the septifoil was the same, mixed lattices had different fuels in different positions,
usually alternating around the septifoil. This arrangement was first proposed in 1966, and the first Mixed Lattice
Demonstration occurred in May of 1967. This was done in K reactor, at the end of the Curium Il program, which

was in turn a part of the overall Transplutonium program.#?

Mixed lattices of the fuel assemblies became the norm towards the end of the active life of the Savannah River
reactors. There were two reasons for this. The first was simply that the production of plutonium had progressed
to the point where it was no longer as urgent to make the stuff as had been the case earlier, leaving more room
for experimentation. The second was a surplus of fissionable material from the Navy, specifically uranium-235,
while Oak Ridge had a surplus supply of uranium-238. Savannah River was instructed to take these materials and

process them together, and this led to mixed lattices.>°

By the time mixed laftices became common, some of the Savannah River reactors were already shut down. The
first to go was the oldest, R reactor, which was closed in June of 1964, after President Johnson announced in
that year's State of the Union Address that the U.S. would begin to decrease its nuclear materials production. R
reactor already had leak problems in the outlet nozzles, which made it a suitable candidate, but others had leak
problems too. C reactor, for instance, had stress cracks and leak problems, both at the tank knuckle area and at
the heat exchangers, shortly after it first went critical, and was in need of constant maintenance for that reason.
The other reactors had problems with the heat exchangers: after January 1961, all the heat exchangers began to
wear “diapers” in order to catch any leaking heavy water.®! Even L reactor, which did not have any major leak

problems, was shut down on February 18, 1967 .52

Al of this led to a heightened concern for reactor safety. It just so happened that as the general public became
more aware of the dangers of radioactivity (and less concerned about the dangers of international Communism),
the reactors at Savannah River Plant were reaching maturity. By the 1970s and 80s, some said they were

obsolescent. This situation made the reactors more susceptible to charges that they were becoming dangerous.
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In hopes of forestalling this development, Savannah River Plant engineers increasingly turned to the addition of
new safety features that would help make the reactors safer and more acceptable to nuclear regulators and the

general public alike.

SAFETY FEATURES

As set up at Savannah River Plant, the irradiation process within the reactor tank was a relatively simple process,
but one that posed risk. If something went wrong, it could happen quickly and the results could be catastrophic.
The fuel and target elements, the control and safety rods, the cooling system, and the various back-up safety
systems came together at the reactor tank. Thus careful monitoring was essential. There were no computers
installed in the reactor buildings in the 1950s. This monitoring had to be done by a huge array of instruments, all

observed by operators in the control rooms.

One of the first of the new safety systems installed in the control room was the Supplementary Safety System or
SSS, introduced in 1956-57 and improved over the following years. The main feature of the SSS was gadolinium
nitrate, a neutron poison that could be inserted into the reactor in case the control rods and safety rods failed
to do their job.>® The Supplementary Safety System was put through the paces at R reactor just before the final
closing in 1964.54

Monitoring operations in the reactor control room could be a complicated procedure. Most of the operators had
little industrial experience, much less nuclear experience. The reactor crews were largely inexperienced, and were
especially susceptible to error in case of emergencies. There was a tendency, certainly in the 1950s, that if there
was a problem or a gas leak, you just blew the matter out the stack. And that was for small problems; in the case
of a large problem, you relied on the huge area set aside for Savannah River Plant to mitigate any unpleasant

results. In the 1950s, there was no idea of “containment” for nuclear reactors.>

This was not considered a flaw, certainly not in the 1950s. For their time, the Savannah River reactors were state
of the art, both in efficiency and in safety. What changed of course was the perception of the threat. Most of
the safety features that were added to the reactors in the 1960s, 70s, and 80s, were designed to compensate
for this lack of containment, which was considered just too expensive and ineffective to be tacked on to the
existing reactors at Savannah River. In fact, everything short of containment was lumped under the umbrella term,

n" . n
confinement.

When the Savannah River reactors were constructed, there was no civilian nuclear industry of any sort. There
were only the nuclear production reactors under the control of the Atomic Energy Commission, and almost all of
what they made went to the Department of Defense. Civilian power reactors only began in the late 1950s and
early 1960s, and it soon became apparent that for power reactors in populated areas, it was only reasonable
that they have “containment shells” that would encompass the whole reactor. The Savannah River reactors were
simply too large for a containment shell, so the idea of “partial containment” or “confinement” came to the fore

as a means to make the reactors as safe as possible without going actual containment.>
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Improvements to Reactors Over Time. Courtesy, J.M. Boswell.
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This confinement required new filters on the exhaust ducts and on the stacks, and that merely began the process.>”
The first computers installed in any of the Savannah River reactors were safety- monitoring computers known as
GE-412’s. These were installed in K reactor in 1964, and were placed in the other reactors two years later.%® A
host of other safety features soon followed. Improvements were made to the control rod actuator system.>? The
Emergency Cooling System (ECS), designed to cool the reactor in case regular cooling water shut down, was put
in around 1966. A Poisoned Light Water System was installed in C reactor in December of 1969, and was later
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installed in P and K in the early 1970s. The gang temperature monitor, or GTM, was installed in 1973, along with

more reactor computers and the poisoned Emergency Cooling Water System, or ECW.¢°

One of the containmentrelated issues that became prominent
in the late 1960s was the possibility of earthquakes. This might
seem rather farfetched in South Carolina, but there had been a
sizable earthquake centered on Charleston back in 1886, and it
was understood that such a thing could happen again. A study
of the vulnerability of the Savannah River reactors to seismic
activity was conducted by Dr. George W. Housner, professor of
Civil Engineering at Cal Tech in Pasadena, in 1967. In the initial
report, Housner recommended that seismic bracing was needed
for much of the outside piping and equipment, and some of the
more exposed parts of the reactor building itself. In particular, it
was recommended that the top of the penthouse or actuator tower
could use extra support.®’ Some of these recommendations were
amplified in subsequent seismic reports.? The seismic bracing was
finally installed in the mid-1970s.¢3

One of the last of the confinement improvements made during the
Du Pont years was the Confinement Heat Removal System or CHRS.  Aerial view of P Reacior showing seismic bracing

or buttresses on high hat, 1979. SRS negative No.
This system was installed in 1981.¢4 377279.

L REACTOR RESTART

The story of L Reactor restart has it beginning in the brief flare-up of the Cold War that began in the aftermath of
the Vietnam War. The Soviet Union began a period of expansion of influence in Africa, capped by the out-right
invasion of Afghanistan in 1979. The election of Ronald Reagan in 1980 was seen by many as a response to
this expansion—and in response to Carter’s handling of the Iran hostage situation. The new president soon made
it clear that there would be a robust military response, a response
that would have a nuclear component. At Savannah River Plant,

this meant the resuscitating of L reactor, closed since 1967.

The work at L reactor began in 1981. Much of the piping had to
be replaced, as did the heat exchangers. In fact, the enormous heat
exchangers could no longer be made in the United States; that work had to
be farmed out to a steel firm in Kobe, Japan. The heat exchangers were then

transported to the plant by rail.

Technicolor Phoenix, L Reactor Restart Project Logo. Courtesy, J. Walter Joseph.
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Even so, L reactor was basically refurbished by the fall of 1983, but the operation of the reactor was delayed by
environmental concerns that did not exist in the early 1950s. By the 1980s, there were a number of civilian power
reactors, and these had to be operated within strict safety parameters. The release of hot cooling water from the
reactor, directly into the environment, acceptable in the 1950s, was no longer customary for the new generation
of reactors, now equipped with cooling towers. As a result, the state of South Carolina determined that the old
practice of running hot water down the local creek toward the Savannah River, was not acceptable. As a result,
the start-up of L was delayed to allow for the construction of L Lake, designed to cool the hot river water coming out
of the reactor. This delayed the start-up throughout 1984 and into 1985. L Reactor was finally made operational
on October 31, 1985, for the first time since it closed in 1968.6

Reactor Simulator or SARIS. Courtesy, SRS.

One of the many changes brought about by the re-start of L reactor was the construction of the Reactor Simulator
Building in C area. Designated 707-C, this building was installed in the early 1980s in order to train reactor
operators for service in L reactor. It was also used for the other reactors as well. The highlight of this building
was the “Simulator Reactor Control Room,” formally known as SARIS, an acronym of sorts for Savannah River

Simulator. Prepared by Singer-Link, SARIS began construction in 1983 and was completed in 1986.¢¢
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THE REACTOR SAFETY CONCERNS OF THE 1980s

The restart of L Reactor coincided with the so-called “Neo-Nuclear Age” of the early 1980s, marked by increased
tensions between the United States and the Soviet Union. Not only was L Reactor refurbished, but also there was
an increase in production at the three operating reactors at Savannah River: P, K, and C. In fact, plant production
peaked with a record two million mega-watt days in 1983.%” And this was in the teeth of increasingly strict

environmental regulations and oversight.

The rise of environmentalism in the 1970s led to growing regulation and a heightened concern for reactor safety
by the 1980s. Spurred by the Oil Crisis of 1973-74 and the need for greater energy regulation, the old Atomic
Energy Commission was abolished in 1975 and was largely replaced by the Energy Research and Development
Agency (ERDA) and finally in 1977, by the new Department of Energy. One of the corollaries of the environmental
movement was a growing mistrust of nuclear energy itself. In the United States, this came to a head with the Three
Mile Island accident of 1979, followed by the much worse Soviet accident at Chernobyl in 1986. By this time, the
issue of nuclear waste, its treatment and disposition, had become a major issue not just within the nuclear industry,

but also among the public-atlarge.%®

By the 1980s, there was general change in the plant's original stand on reactor safety, which had been based
on the use of empty land as a buffer against nuclear accidents as well as occasional nuclear releases. In the
1950s, the streams that drained reactor effluent water toward the Savannah River were sacrificed, so long as the
end-result at the river was clean. By the 1980s, this was no longer considered acceptable. By 1987, there were
some 70 Nuclear Pollutant Discharge Elimination System (NPDES) monitoring stations scattered throughout the
government reservation. There was also a reduction in the permissible maximum reactor power. By 1987, there

was a 50 percent reduction in power levels over what had been allowed just a few years before.¢?

OTHER DEVELOPMENTS IN THE 1980s

A number of other developments occurred during the 1980s that marked this as an end of an era. The last of the
heavy water production units in D Area was closed in 1982. A couple of years later, the Du Pont Security Patrol
was disbanded when Wackenhut Services, Inc., assumed the job of plant security.”® This marked a shift in overall
plant security from an earlier fear of espionage, to a growing concern for terrorism, as patrolmen armed with

pistols were replaced by paramilitary units.

In other arenas, progress continued on the Defense Waste Processing Facility (DWPF), which was constructed
throughout most of the 1980s. The idea behind the DWPF was to seal radioactive waste into a glass mixture,
which would then be placed in a steel canister and buried in concrete. Another project that was completed but
barely used was the Naval Fuels Facility, constructed at the behest of the Navy in the early 1980s. This was shut
down in the late 1980s by the direction of the Department of Defense.”’
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The biggest change of all occurred during the period from 1987-89, when Du Pont, the principal contractor for
Savannah River, decided not to renew its contract with the Department of Energy. Hounded in the press for its “30
Worst Incidents” report, and concerned that the government would no longer indemnify its work, Du Pont decided
that it was in the company’s best interest to let others run the plant. This decision was announced in October of
1987, to be effective at the end of the last contract in 1989.72

Before that time, in 1988, all of the operational reactors were shut down, to allow the new contractor, Westinghouse
Savannah River Company, time to take over and restart the reactors according to their system. For reasons that will
be explored in the following chapter, these reactors were never put back into production. Du Pont left Savannah
River in 1989. In the 35 years that the production reactors saw service, from 1953 to 1988, Savannah River Plant
produced 36 metric tons of plutonium, or 40 percent of the nation’s stockpile of this fissionable material.”> Only

Hanford, which dates back to the Manhattan Project, has produced more.
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XI. SHUTDOWN ERA, 1989-PRESENT

1989 brought a new contractor and name to the Savannah River Plant. Westinghouse, the new contractor-
operator, brought in Bechtel National, Inc., and together they set up Westinghouse Savannah River Company
(WSRC), as an independent firm for the purpose of running the plant. To signal a change of direction, DOE-SR

also changed the name of the facility from Savannah River Plant to Savannah River Site.!

The name change was prescient, since Savannah River would soon be more accurately described as a “site,” rather
than a production “plant.” Throughout the 1990s and into the present decade, there was a shift at Savannah River
from “production” to “clean-up.”? Events in Eastern Europe made this shift possible. First, in 1989, the Eastern
Block nations became free from Soviet domination, culminating in the collapse of the Berlin Wall that autumn.
This was followed in 1991 with the complete collapse of the Soviet Union itself, leaving in its wake Russia and

the other former Soviet republics.

During this same period, in the early 1990s, Westinghouse made a stab at starting up K reactor for fritium
production. By this time, the stockpile of plutonium was more than enough to halt production for the foreseeable
future. With a halflife of over 24,000 years, plutonium was in no danger of disappearing. The same could not
be said for tritium, an essential component for a hydrogen bomb. With a halfife of 12.2 years, tritium had to be

produced almost constantly in order to provide a reliable supply for the nation’s nuclear arsenal.

When WSRC first studied the restart potential for the Savannah River reactors, it found that P, L, and K were
all sufficiently intact to permit restart. From the beginning, however, WSRC put its emphasis on K reactor. This
entailed some problems. By this point in the evolution of reactor safety, any renewed operation of K reactor would
first require the construction of a cooling tower. This was erected at the cost of $90 million. It was also during
this period that Savannah River reached a record personnel level, over 25,000, with an annual budget of $2.2
billion, twice what it had been in 1989. Despite the influx of this money, many local political leaders, who had
heretofore been supportive of the nuclear industry, were opposed to the restart program. K reactor went critical

during a test run on June 8, 1992, but was shut down shortly thereafter. It was never started back up.?

The final closure of the Savannah River reactors occurred during the first year of the Clinton administration, which
took office in January of 1993. The new administration was not favorable to the huge spending that had taken
place at Savannah River during the previous Bush administration. By the end of 1993, not only had the work force
been reduced, but also the reactors were put in a situation where any future restart was virtually precluded.* After
1993, there was no chance that any of the five Savannah River reactors would ever produce nuclear materials

again. This did not, however, end the usefulness of these facilities, as will be showed later in this chapter.

Tritium production has since been allocated to two commercial reactors in the TVA system. The gas, which still had
to be processed and packaged, is then shipped to the tritium facilities in H Area for processing and replacement.

These facilities, primarily the Tritium Replacement Facilities, have functioned throughout this period, and do so

193



194 | CHAPTERXI
SHUTDOWN ERA 1989-PRESENT

“When we started using these reactors
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 scientist’s eye.

So everything we did was pioneering—

there was no real road map for us.”

-Gerry Merz

Source: “Reacting to Change,”
The Augusta Chronicle,
November 6, 2000.
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today, insuring that viable tritium gas is available for the nation’s thermonuclear arsenal. These facilities have been

upgraded in recent years by the addition of the new Tritium Extraction Facility (TEF), which began construction in
the year 2000.°

WSRC brought in other firms for their second contract, which was awarded in 1995 and went into effect the
following year. In addition to Westinghouse and Bechtel, the conglomeration now included Babcock and Wilcox
Company (later identified as BWX Technologies) and British Nuclear Fuels, Ltd. Each company had their special
area of expertise. WSRC continued to operate the nuclear facilities, the Savannah River Technology Center (the
former Savannah River Laboratory), and the general administrative functions. Bechtel Savannah River, Inc., dealt
with engineering and construction work, plus environmental restoration. Babcock and Wilcox was brought in to
run the deactivation and decommissioning (D & D) of surplus buildings left over from years of production work.

British Nuclear Fuels ran the solid waste program. By this time, the overall work force had been reduced to around
13,000.¢

The second contract took effect just at the time that the Defense Waste Processing Facility (DWPF) finally began
operation. Waste management work also took place in other areas of the site. The main new area was E Area.
Located between areas H and F, E area contains most of Savannah River Site’s disposal and storage facilities, in

particular the Solid Waste Management Facility.”

Environmental restoration got underway on a massive scale. There had been earlier efforts, back in the 1980s
under Du Pont, but these had been small affairs, the best known of which was the clean up of the M Area settling
basin. By the late 1990s, this was expanded fo include environmental clean up at over 500 inactive waste and

contaminated groundwater sites.®

A very active Deactivation and Decommissioning (D&D) program was established in the 1990s. Initiated to
remove the many excess buildings left over from years of nuclear materials production, the D&D program began
the clean up of D Area in the mid-1990s. Using an area based approach, D&D efforts have changed the historic
built environment of the production plant, with work completed in M Area, D Area, and A Area. This study is a

result of the program’s move into the reactor areas, particularly, P and R.

One of the more recent missions initiated at Savannah River Site is the program to process “spent nuclear fuels,”
or SNF. These are fuel production targets after they have been used, and they can come from commercial
power reactors, defense material production reactors, research reactors, and even naval reactors on submarines.
Savannah River Site has become the destination for this material, which has to be processed before final disposition.
The holding facility for all SNF is now the Receiving Basin for Offsite Fuels (RBOF).?

A related program is the “K Area Materials Storage Facility” or KAMS. Set aside for the storage of plutonium,
KAMS is the first phase of the mixed oxide fuel process or MOX, set up to convert excess plutonium to a mixed

oxide fuel suitable for use in commercial reactors. K reactor was chosen as the site for KAMS largely because of
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the work done on the reactor during the K re-start program in the early 1990s. This had left the K reactor building
and its facilities in better shape than most of the others.'® At present, only K and L have missions as integral parts
of the Savannah River Site.

In 2005, Washington Group bought out what remained of Westinghouse’s share in the Westinghouse Savannah
River Company; the name of the consortium changed to Washington Savannah River Company. In 2007,
Washington Group lost its bid to renew the Savannah River contract, which was awarded to the Fluor Corporation,
which has allied itself with other firms such as Honeywell, Northrop Grumman, Lockheed Martin, and Nuclear
Fuel Services. This consortium, identified as “Savannah River Nuclear Solutions,” assumed the overall operating
contract for the site in 2008.

The final disposition of the reactor areas is still under consideration. Deactivation and Decommissioning of the
Savannah River Site’s reactors will be undertaken per the requirements of the Comprehensive Environmental
Response, Compensation, and Lliability Act (CERCLA) consistent with the SRS Federal Facility Agreement
requirements. The Department of Energy, which is the lead agency for such SRS activities, has led the development
of an Early Action Proposed Plan (EAPP) to address the preferred decommissioning actions that will define the

reactors’ end state.

All five reactors played a significant role in the Cold War and it is this role that this study has sought to document
through photography and research. They also played a major role in the lives of the men and women who worked

in the reactor areas. The next chapter talks about reactor operations from their perspectives.



XII. INSIDE PERSPECTIVES

The previous chapters have delved into the architecture and engineering of Savannah River reactors, as well as
reactor operations. This chapter will be different. Here will be presented some of the inside perspectives from
some of the people that worked in the reactor areas excerpted from oral history interviews. This will be the
personal side of the reactors, if you will. The oral history provided in interviews with knowledgeable individuals
about reactor physics and operations and through a questionnaire circulated among Reactor Technology members
have contributed greatly to this document. All the interview transcripts are located in Appendix B in their entirety
and Appendix D contains responses to the questionnaire. This report effectively closes with these excerpts, letting

the voices of those who worked in these historic buildings tell their stories.

FRED CHRISTENSEN

The average age of those of us who started SRP in the 1950’s was less than thirty. Idealism was rampant. A
strong feeling prevailed that the job was vital if we were to survive opposite the Russians. Most people were
directly involved in producing something. Many had been at SRP during the just-completed construction phase
when some 35, 000 workers has descended on Aiken County and had completed the largest construction job in

the history of this country.

My first job at the Savannah River Plant was operating the K reactor; that is, | became one of about twenty supervisors
who with some sixty operators ran the reactor around the clock, seven days a week. SRP had five reactors labeled R,
P, L, Kand C. Each was essentially identical to the others. Each was housed in an immense reinforced concrete fort
designedto withstand a near miss by a 1955 Russian atom bomb. The reactors were placed in acircle, each aboutfive
miles from its nearest neighbor, so that a nuclear hit on one would not destroy any of the others. An army contingent

manned antiaircraft gun at various plant locations to shoot Russian aircraft.

Operating a reactor was much like being a fireman. Unless there was a fire, there was not much to do. Pumps
spun. Waters flowed. Neutrons swarmed, produced heat in massive quantities and cooked up elements not
seen on earth since the beginnings of time. All this happened while we, the crew, had very little to do, except
watch gages and be ready to head off trouble. Compared to the wind tunnel (my previous job at Moffat Field,
California), reactor operation was quiet; we lived in our concrete forts essentially isolated from the outside. We

never knew if it stormed or if night came or if day broke. On night shifts a good storyteller was popular.

After three weeks apprenticeship, | was made Hydraulics Supervisor on D shift for the K reactor. | was responsible
for the pumps and pipes and motors and valves and instruments that made sure the heat from the fuel was dumped
safely into the Savannah River. Two operators in the central control room and two operators 40 feet underground
in the pump room were under my control. | was weighed down by my responsibilities, in large part because | had

little idea of what was expected of me. After years in the safety business | now realize that Hydraulics Supervisor
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was a parking spot for young engineers, and the main responsibility was to keep the pump room operators
awake on night shift. Some of my associates grasped this fact immediately and led relaxed lives. | spent a year

pondering what should be done if this pipe should break or if that pump should stop.

The reactor building looms large in floodlights, resembling a very large stacked collection of rectangular children’s
blocks. Exhaust stacks for various engines stick out here and there. We can tell much about the status of things
inside by what comes out of the stacks. Tonight the right three stacks belch diesel smoke; we infer that the reactor

is up and all is well. We go through two security checkpoints.

Shift turnover takes ten minutes and the retiring shift is gone shortly after midnight. We supervisors sit around
the Fish Bowl, read logs, catch up on what lies ahead and gossip. The Fish Bowl is a glassed off portion of the
central control room that is office for the shift boss; from his desk he can see most of what goes on in the central
control room. | move off to the lunchroom for coffee, two spoons of sugar and an inch of condensed milk. Raw

Hide, the shift electrician is holding court. He tells of his latest adventure with the Plant Manager.

| infer that the Plant Manager has three tasks: to meet production schedules, to avoid hurting anybody and to
keep labor unions out. Convincing potential union members like Raw Hide that the Company gives them more
without a union than could be won with one is a major assignment for all supervisors of all levels. Raw Hide is
well aware of the strong cards he holds, and is an accomplished artist at catching his foreman in the same room
with one of the big bosses. He then runs up to the big boss, “Mr. Big, have you met Jim, my foreman. Come here
Jim and meet Mr. Big.” Foreman Jim slinks over knowing he has been had. Raw Hide makes the introduction
with excessive complements about what a fine boss Foreman Jim really is and then regales the big boss with some
tale about how Foreman Jim only allows a ten minute coffee break when all the productions operators take twenty

minute breaks, all this while Foreman Jim stands first on one foot then the other.

Tonight Raw Hide recounts the pinnacle of his career. He has caught the Biggest Boss in a crowded lunchroom
at high noon with his pet peeve, an ex-Navy Chief, now a stickler of a foreman. The whole lunchroom had fallen
silent. Raw Hide had played to a packed and attentive house, and the Plant Manager had agreed to have lunch
with the two of them while they worked out the fairness of some navy practices that the ex-Chief was attempting

to implement at SRP.

Coffee done, | head downstairs to my pump room domain. | have found that my two pump cooperators get called
on the building telephone system when | am seen headed their way. This is not all bad. | have but to yawn and
mention the pump room and | know that they spend the next half hour alerted. But | must show up part of the time,
and tonight | walk down six fights of stairs to the bottom floor of the reactor building 40 feet below the ground.
Here six electric motors spin six pumps that remove the hot water form the reactor. The motors are the size of
small automobiles and the whole floor hums and whines so that conversation is difficult. My two operators sit at

an instrument that monitors all the important things going on inside the pumps and motors.

Last night had been a bad night for me. | had come down at 5 AM when sleep is almost irresistible with the training

manual to train the three of us and to keep the three of us awake. We three had propped up against the wall in front
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of the monitor; | had opened the manual and had started reading to them. The motors had droned. The pen on
the instruments had pecked away. The fried eggs and bacon recently consumed at the cafeteria had seftled most

comfortable info my gizzard. And the three of us had fallen sound asleep, all propped up, three in a row.

Three AM lunch time approaches. We walk a block to the cafeteria and order scrambled eggs, bacon and grits.
Lunch over, we head back to the massive reactor building. Dave, the shift boss, patrols the control room. Two
instruments that monitor radioactivity levels in the heavy water fuel coolant are inching upward. This is not too
unusual, but we begin to worry that one of the thousands of fuel pieces has sprung a leak. These uranium fuel
pieces are contained in thin-skinned tightfitting aluminum cans. If a can springs a leak the heavy water coolant
eats away at the uranium. The wound swells; cooling water flows go down and temperatures go up. The swelling
accelerates. Boiling might start and a whole column of twenty fuel pieces might be damaged. This would be a

first class mess.

Very extensive and complex instruments watch hundreds of flows and temperatures and stand ready to ring bells,
blow horns or even automatically shut down the reactor if these unpleasant circumstances appear to approach.
We need to be sure that these instruments are working, and we would like to shut down as soon as possible to
minimize the mess. But there is the rub. Activity instruments frequently give false alarms. Shutdowns are very
costly both to the government and to the carrots of overcautious shift bosses. And we must run until we can locate

the leaking fuel piece or we will not know what to replace when we are shut down.

We pace the control room, first to the activity instruments, then to flow and temperature instruments, then back.
The activity instruments inch upward; alarms bells begin to ring. Three fuel assemblies begin to look sick; in one
the temperature eases up, in another the flow drops off a bit and in the third the temperature goes up and flow
goes down. Then the activities ease down, but the third assembly looks sicker. Dave decides to call his boss at
home; it is 5 AM. They talk while we pace between in the instruments. The activity instruments ease back up
and high temperature alarms begin for the third fuel assembly. Dave and his fresh-waked-up boss decide to shut

down.

Roland, the control room supervisor, tells the console operator to slowly drive control rods into the reactor. Long
thin aluminum rods containing lithium inch further into the reactor core. The lithium catches and holds neutrons
that otherwise would split uranium atoms. Pens on the power instruments draw lines that slope downward. Then
horns blow and lighted information plates tell us that the reactor has scrammed, that is, that automatic systems
have taken over and have quickly shut down for us. The temperature of the heavy water coolant had decrease
and it had contracted. A group of instruments had felt that we had sprung a big leak and had seen the need to

take over and shut down quickly.

After five years in Reactor Tech, | am promoted to Senior Supervisor and | am placed in charge of the Reactor Tech
group actually stationed in the C reactor building. This was probably the best job that | had at SRP. About five

of us were responsible for the safe operation of the C reactor, and during this time we did some very inferesting
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things. We made large amounts of curium for power sources for space exploration, and we achieved the highest

neutron fluxes ever produced, 3x10'3 per square centimeter per second.

During this period we had some unusual visitors, sent to us by the AEC. At the very top of the management heap
are the Atomic Energy Commissioners. | think there are five of them. One of them, Dr. Glenn Seaborg, is a wall-
eyed super scientist from the state university in California where much of the nation’s nuclear research is done. He
feels that one of SRP’s reactors should be diverted for a while and used as a research tool, and what Dr. Seaborg
wants, Dr. Seaborg gets. The plan is to load up the C reactor such that we cook up the thickest neutron swarm

possible.

The purpose of this high neutron flux is to make new elements that only last a second or so. This is very important
and high-powered research, and can be done only by the most potent of nuclear physicists. A crew of these
advanced thinkers descends upon staid, conservative SRP. Their leader, Dr. Harry, is an old-time buddy of Dr.

Glenn, the AEC Commissioner, and the group includes a wild man from Norway.

The contrasts are startling and refreshing. SRP is ten years old, and we have an average age of about forty.
Most of our youthful rough edges have been rubbed off, and we DuPonters walk pretty much in lock step. We
all wear big, round-oes, ugly safety shoes. We wear safety glasses almost everywhere we go. Horseplay is
strictly forbidden. A pyramided, military-type discipline is very much in force. Conservative dress codes are
the unquestioned rule. The California team arrives in open-oes sandals and one mechanic wears no socks.
Hawaiian shirts of bright colors are worn with tails outside the pants. The Norwegian team member is want to
go barefoot and spring to the top of a file cabinet, flap his arms and crow like a chicken. They are a dedicated,

very likable, productive bunch, but they march to a different drum.

The area superintendent welcomes them and gives them a stern lecture about how we do things at SRP. | escort
them to their work area and hang around to watch them hook their counters onto our rabbit. Basically, they will
stick a small amount to californium into the reactor where the neutrons are the thickest, cook it for a while there,
and then snatch it out as fast as possible. The hope is that some of the californium had been transformed into
other new elements as yet unknown to man, and if they are quick enough, they may be able to detect the new
elements before they disappear. For this work we have made a device like the one that takes your money to the
bank teller from your car at the bank drive-in window. A small metal can dashes into a hold in the reactor, rests

there for a while and then dashes back out. This machine is called a rabbit.

They work the rabbit area until quitting time. | ask Dr. H if he has what he needs, and | go home. Dr. Harry and
his crew work on into the night to be ready for tests the next day when the neutrons will be the thickest at the end
of the rabbit hole in the middle of the reactor. At about the time | sit down to supper with my beloved family, Dr.
H decides that he needs a special wrench, and asks one of our mechanics to get it for him from a locked cabinet.
Now our mechanic has never seen such a wild looking bunch before, and he does not like to see bosses working
with tools, such being forbidden at SRP as part of the package to keep labor unions out. The Du Pont mechanic
declines to get Dr. H the tool explaining that those tools belong to the day shift foreman and are not available to

shift workers. He goes on to lecture Dr. H about how he takes bread out of the mouths of honest American workers
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be doing their work. He adds that he might feel compelled to call Mr. Bill the next day and report that he had
seen Dr. H doing forbidden work.

Such a threat to one of us would have filled us with terror, and would have reduced us to trembling impotency
opening visions of sessions with the Plant Manger and ruined careers. Unfortunately, Dr. H has none of our
background on the compelling need to grovel when a worker mentions a labor union. In his ignorance of the
system, Dr. H calls his buddy, Dr. Glenn, the AEC Commissioner, just in the middle of Dr. G’s cocktail hour in
Washington, DC. He tells Dr. G that Du Pont won't give him the wrench that he needs to discover new elements
at SRP. The Chairman calls the Company President in his Du Pont mansion with sheep on the front lawn in
Wilmington, Delaware; he calls the appropriate Vice President, and this message about the wrench tumbles down

hill towards me at my supper table in Aiken.

Avalanche-like, the wrench message grows in volume and priority as it rolls down hill through about eight levels
of supervision. My first indication of Dr. H's need for a wrench is the appearance of my boss at my front door

demanding that | leave for the plant with him immediately.

We arrive in time to find the Superintendent of the Maintenance Department personally unlocking the cabinet in
question and delivering the wrench into Dr. H's hands. | am told to spend the night with Dr. H, and to cater to his
every wish. | am exposed to the ultimate in naked power. | have but to mention Dr. H's name and whole machine
shops stop to build a modification for Dr. H's rabbit. The wild Norwegian looses his security badge and is taken
info custody by the local patrol force. One call to the head patrolman springs him free. Our safety engineer
makes threatening noises about stopping the rabbit work until people learn to wear the required safety equipment.

| make one telephone call and the safety engineer disappears from the rabbit area for a week. *

* These stories were provided by Fred Christensen in lieu of a formal interview.

DANIEL PELLARIN

When | was seventeen, | finished high school and enlisted in the program that the army had, it was called ASTRP,
Army Specialized Training Reserve Program. And they send us to college until we reached eighteen. And at
that point, they extracted us from the program and fed us into the army, basic training. So | had one year of
college in this program at Rutgers University as a general engineering background. Then | spent about a year-
and-a-half in the service. The war ended and | was in the adjutant general’s department assigned to MacArthur’s

headquarters, and sent to Tokyo, which was very interesting, to be there very shortly after the war.

When | finished up, | came out in April of ‘47, and looked over a bunch of catalogs, with the help of my assistant
principal, and identified Lafayette College in Easton, Pennsylvania, as a good school. They offered a degree in

engineering physics, which was sort of a noncommitment in any one area. | got a B.S. in physics.

And at that time, January 1951, the job market was pretty wide open, there were people interviewing with five
and six different companies, shopping around (laugh) for the best offer. | very nearly committed with Eastman

Kodak but didn't—wound up hiring on with Du Pont. In those days, they didnt pay your moving expenses and
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when | finished school | was in debt. So—and | didn't have clearance, and they also didn’t take you on board—

Du Pont didn’t take you on board until you had your clearance.

The very first day | was at Argonne | still didn't have my clearance but they finally, | guess felt sorry for me and
at least put me on the payroll. | was in the reception area, spending the whole day just looking at textbooks and
trying to educate myself (laugh) as much as | could, when on one occasion | hear this commotion and | look up
and hear coming in to the reception area is Oppenheimer with an entourage of people, | guess it was a meeting.
| was quite impressed. Well anyway, at Argonne, we did some experimental work that provided data for the

people involved in the design of the Savannah River reactors.

| started out in Argonne National Lab as a Du Pont trainee over there, in the Physics group, in preparation for the
305-M reactor, the test reactor. And we were next door to the 777 building because the Lab (laugh) wanted to
put reactors as far away from the rest of the business as they could. | guess maybe they always felt something
might blow up. Well, the same thing was true at Argonne, that the reactors were at Palos Park, which was a state
park that had been taken over by the government, and the very first reactor, CP-1, the one that went critical at
Stagg Field, was dismantled and brought out to Palos Park, reassembled, by then they had some more uranium
rather than uranium-oxide, and they rebuilt it and that's the one that was very similar to the test reactor in the 300

ared.

And so George McManoway and | were involved in some experiments and we taught a [class]. | thought it was
so strange. | never had a course in nuclear physics. | graduated in January, just sort of off schedule. And shortly
after arriving at Argonne and getting assignment, someone thought, Gee, it'd be a good idea if we gave a course
in nuclear, or reactor physics, doing simple experiments using CP-2. And George and | were involved in that

thing, and | always felt uncomfortable, [since I] didn’t know a damned thing.

[Later, when | was working at Savannah River Plant in Reactor Technology,] certainly the most colorful [co-worker]
would be Bob Axtmann. Now, you know what a helmet liner is, [something that goes inside] a hard hat, has a
little hooks that go in, fasten in. It's like a sweatband that goes around your head. Bob Axtmann would have one
of those hanging on the coat tree in his office. And he would very solemnly pick it up on occasions when he had
to talk to Production department, who were running the buildings. Production department was the superintendent
and assistant superintendent and area supervisor and senior supervisors and so forth. But Axtmann interacted
generally with the superintendent or the assistant superintendent. He would put this thing on. Of course it looked
ridiculous. With a great degree of solemnity, he would walk down the hall from where his office was, maybe
twenty feet to where the production superintendent’s office was. And he would call that thing his “talk-to-Osterdal
hat.” Osterdal, was at one time or another, assistant superintendent. And he’d walk in there, sit down and relate

whatever his business was to Osterdal. And he could do this without cracking a smile.

On one occasion | remember going into his office. | had found something that was amiss, | don’t remember the
detail. And | was quite excited about it, | guess. And Bob Axtmann was sitting at his desk. He has one foot up.
DuPont safety rules would probably frown even on one foot, but he had it, and he had his shoe off. And there

was a hole in his stocking, and he had a toe that was protruding. He was— All the while, you know, I'm all
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out of breath, I'm talking about what's going on, it's not right and we got to do something about it. And he's just
looking and wiggling the toe. And then all of a sudden with no other forewarning, he reaches down, puts his
finger in the hole and tears the sock, you know, just rips it off his foot, balls it up and throws it into the wastepaper
basket. And he turns to me and he says, That'll teach my wife not to darn my sock. But he—I knew him. He was
at Argonne. | knew him from Argonne. And he was in Reactor Tech. He was a great guy to work for. He had
a running feud with another guy, a Ph.D., in Physical Chemistry. His name was Sid Katz, very confident, he was

from Johns Hopkins.

Du Pont had some very, very good, very high-caliber employees that they had pulled together or even out of their
commercial plants to feed in. As a matter of fact, | think there were five plant managers at Savannah River. Only
one could be a plant manager and the others were extremely knowledgeable. But anyway, he and Sid Katz were
sort of forever bantering back and forth, making bets. And | remember one time when Bob Axtmann lost a bet.
He made a dollar bet with Sid Katz and lost. So he paid him off with a hundred pennies that were taped down,

| mean really taped on a piece of cardboard, so he had to work at it. It was funny.

LARRY HEINRICH

In 1951, the personnel people for Du Pont came through the universities and were hiring people for work,
eventually they said [the work was] at South Carolina at the Savannah River Plant. And | talked to them and
applied and eventually got a job and clearance, and my first assignment was at Argonne Laboratory at the group
in Building 316 that was doing the development work for the production reactors at Savannah River and also
for the reactor for the submarine, Nautilus. We were working on both of those. And | worked there for about
a year and then transferred down to the Experimental Physics group at Savannah River. The facility at Argonne
consisted—that was related to Savannah River - was a two-thirds size mockup of the production reactors. And
this was the second test of that. The first one was a sub-critical test of a thermal column of a source that they had
out there, doing the design work, and we were looking at the flux shapes around the fuel and getting the general

reactivity characteristics of the reactor, then transfer it down.

Argonne did the development work for the reactors, the development work for the reprocessing was done at Oak
Ridge, and the development work for much of the other was done at KAPL, Knolls Atomic Power Laboratory. And
then it sort of all fed together—the D,O development was done elsewhere, but then the D,O plant was built at

the site.

After Argonne, my wife and | relocated to Aiken and moved into Crosland Park, which was being built at the time.
And there were about three or four hundred homes completed and we bought one and went down to Southern
Mortgage and signed the lease and went back and couldn’t find it. It was raining cats and dogs. We found it
at the top of the hill, and lived there until 1958.

The impetus for the Savannah River Plant itself was to provide material for the hydrogen weapons, tritium. The
existing plant at the time at Hanford could make small amounts of tritium, but not large amounts of tritium because
the nature of their reactors. They were graphite-moderated reactors and one of the problems that you get into

203



204

CHAPTER XII
INISIDE PERSPECTIVES

when you try to make tritium in graphite reactors is that you get into positive power coefficient systems, something
that you ignore or try to keep out of if you're at all able to do so. It's the thing that killed the Chernobyl reactor.
So the reason they went to D,O was to be able to make tritium and the characteristic that was important was the
smaller absorption cross section of D20 compared to graphite, so you could get a higher reactivity of the reactor
and make tritium.

The design concerns—the things that drove the design of the reactor, was the lack of heavy water, which we had
to make, the known ability to make fuel at that time, the size of the tanks that had to be built at New York Ship.
The Savannah River Plant actually consumed the entire stainless steel output of the United Sates for two years
when it was built. The reactor tanks themselves were built at New York Ship. And we built the largest tanks that
could be floated down the Intracoastal Waterway and up the Savannah River and discharged at the site, so that
was a limiting condition there.

The problems that we had to face at that time were knowledge of how to make fuel and how to connect aluminum
and stainless steel, which is why we went to a reactor that had both moderator and the coolant all on the same
circuit, so to speak. The tubes holding the fuel were aluminum and the bottom plates of the reactor and the top
plates were stainless steel, and it was not known at that time how you could bond aluminum with stainless steel.
We could do that now, but we couldn’t back then. So we went with a single moderator system. They had built
or been able to design fuel and get a good contact between the cladding and the fuel using one-inch slugs of
uranium that were 8.1 inches long. And so we designed a fuel piece that was called a quatrefoil. It had four
columns of one-inch slugs in there. And one of the things that we were doing at Argonne was to measure what
was called the Wilkins effect. It was discovered by a physicist by the name of Wilkins, strangely enough, who
never worked for Du Pont, but this is a streaming effect of neutrons around the bottom of the gap between one
piece of fuel and the next.

Wilkins was one of the few African American physicists at the time. As an amusing sideline, we had a fellow
come in and try to hire on to Du Pont and his name was Wilkins too and he claimed that he was one of the guys
that discovered this effect, only he was not the right color, so he did not get hired.

In the fall of 1955, | transferred into Reactor Technology, into the Works Technical end of the business, where | did
production calculations and reactivity calculations. Back in those days, we didnt have computer codes for the
reactor, everything had to be done by hand. And for calculating reactor flux shapes and reactivities, we had to
go through the Bessel Function Equations. It was a long and involved process, but it worked nevertheless.

Most of the time when | was outin the reactor area, we ate—we took our lunch and ate it, because we also had a bridge
game going or something else like that, and got together and ate lunch together. There was a cafeteria at each area
back in those days and you could do that. If you were involved in a project, and there were numbers of times that | was
involved in a project, you would work sixteen, twenty-four, thirty-two hours at a stretch and you'd eat at the cafeteria

and grab a nap in the ladies rest room, because that was the only couch in the building.

| can remember when | was running a test when they shut down R-reactor. They had decided to close down R and
they asked people if there was anything that ought to be done, any tests that ought to be made on that reactor
before they shut it down. And | wrote up a proposal for testing the supplementary safety system. That was a
system for injecting a solution of gadolinium nitrate in D,O as the next-to-last safety system before you dump the
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moderator and put H,O into the tank. And this system, it was installed and it had been in all the reactors and it
was under pressure and—but it had never been tested. So | suggested before we shut down, on our list, do two
things—we'll test it to 1) determine how effective it is at shutting down the reactor and 2) if we ever have to use it,
can we get it out and restart the reactor? And the bottom line is that we did one hell of a lot of calculations and
measurements and set up various monitoring systems in R-reactor and used some high or very fast recorders to
record neutron temperatures or neutron distributions at various places in the reactor and outside. And early one
morning after I'd been here for probably thirty-six hours or so, we pulled the ring and shut down the reactor, had
a lot of management looking over my shoulder. And it worked exactly as we had anticipated it would. And we
then ran the separations system out there for the moderator and took the gadolinium out and actually restarted
the reactor to prove that we could do that. And affer we did that, we shut it down for the last time, and that was

the last time R operated.

The only reactor area that | ever worked in before startup was C-reactor because when the other reactors were
starting up, | was in the Technical division. But | visited the areas quite extensively. And it was hectic. There was
a great sense of urgency to get the reactors on line. We actually went critical with R reactor in December of '53.
And we were doing everything we could. It was a mark of accomplishment, | think, for Du Pont management that
this was the only site in the weapons business that started up on time, or before, and under budget. It was brought
in under the budget that was actually designed for. And we were operating five reactors, two reprocessing plants,
a tritium production facility, and all of the fuel production facility with about between five to six thousand people
on the site in production and a thousand people in the laboratory—less people than you have out there today

with everything shut down.

Over time the mission of the site changed. The original mission was meshed in with the navy program and with
the accumulation of depleted uranium. The whole method of production changed from a single-uniform lattice
in the reactor, to a mixed-lattice complex. The reason for that was that Admiral Rickover’s submarines required
some ultra pure uranium-235 because their time at sea was limited by how long the reactors could operate, and
that depended on how much pure uranium-235 was there. Well this uranium-235 has a very large value to it in
terms of feed and separative work. And when the navy got through with their fuel, there was a lot of 235 still left
in there that had a lot of book value of feed and separative work. The navy didn’t want to eat this as part of their
budget, so they needed to find something to do with this fuel. At the same time, Oak Ridge had been making
the 235 by isotopically separating the 235 from 238, and they had fields full of drums filled with uranium-238.
Question was, what to do with thate  And the third thing was that we were interested in producing plutonium-238

for use as power sources for the space program.

Well, all three of these came together at Savannah River. And we changed the entire concept of the reactor
operation to a mixed lattice that would take the enriched uranium from the navy program and put it into half of
the fuel positions, take the depleted uranium from the isotope separations operations at Oak Ridge and put it into
the other three, and run the reactor, process the depleted uranium to recover plutonium for weapons, process
the U-235 and recycle it because now it had a large 236 component in there too, and 236 absorbs the neutron
that goes to neptunium. And neptunium is the target you use to make plutonium-238. And the 238 that we built

a facility to recover that out at the—in the 200 areas, and make it into fuel pieces for the space program. So
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you can say that the mission of the plan was focused on plutonium and tritium up to a point, and then it became
focused still on plutonium and tritium, but also on the production of neptunium to be converted to plutonium-238

for the space program.

GERALD MERZ

| was actually stationed in the reactor building in R area and C Area. A lot of my time was in an office building
named 706-C, which was an old Butler building that they had originally built for an office building. In addition
to that, | spent some time in 703-A, which is the administrative area. And | spent about ten years in the Lab,
Savannah River Lab, as opposed to SRP, Savannah River Plant—the distinction being the plant is the production
facilities, the lab is the R&D facilities. So | split my time between the two, but in all cases, associated with reactors,

with raw materials, with heavy water, with everything but separations and waste management.

The job that | retired from, was called superintendent of Reactor Technology, or Reactor and Raw Materials
Technology. Under me were about, oh a hundred or so technical people—engineers, chemists, physicists, who
did the technical support work, safety studies, efficiency, production studies, for the reactor areas, for the raw
materials area and for a little while for the heavy water area, but that was being phased out by about the time |
got into it. So a typical day for me towards the end of my career was, get the morning phone calls to see what
was going on during the night, and if | showed up at work in the morning and hadn’t gotten any calls during
the night, it's a good day so no need to be in a hurry, and then discuss it with plant management and with
Wilmington, Du Pont corporate management. And then typically read documents that any of these people have
prepared, go out to the areas, wander around, talk to people, see what's going on, keep a finger on the pulse

of the reactors basically.

Out of all the reactors, I'd have to say my favorite was R Area. That's where | spent my childhood. | went out
to R Area when | was first hired in, that was one of my first assignments. And R is the oldest one. It's, of course,
in the worst condition of all of them right now, but just because | was—that was the first one | ever saw, | guess |

have a soft spot in my heart for it.

[Security changed over time.] Originally, DuPont provided the security. We had our own, in effect guards, police
force, many security measures. One of them that we originally had is to get into a reactor building, you had to go
through two fences, two gates, and everybody has a badge that they wear all the time, everywhere, which gets
you through the first gate. To get through the second gate, you got to give that badge to the guard. He takes it
over fo another badge rack and finds another one with the same picture on it and swaps with you, which is kind
of a simpleminded thing to do but very effective, because they have to have your badge picture on file, not just
have you show up with something. Okay in the early eighties, at that time, this was designed to keep people out
who shouldn’t be in, and it was a guarding of information. We didn’t want people who had no need to know, to

get info a reactor area and see things that they have no need to know. And we guarded information.
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In the 1980s, the emphasis on security changed and was more towards guarding the facilities. The information
was starting to be declassified over the years anyway, so there wasn’t that much emphasis on guarding
information. But terrorism was starting to be noticed worldwide. At that time, DOE, in their shifting emphasis
towards safeguarding facilities rather than information, asked Du Pont to buck up their security force to have
things like SWAT teams, helicopters, stuff like that. The Du Pont reaction was: We're not in that business. We're
a chemical company. Could you get somebody else to do it2 Which they did—they got Wackenhut, who has

been doing it every since. And they know the business.

But with the growth of the commercial industry, which as | say, was not allowed—was not even legal until ‘54, the
commercial industry started sprouting up. They took a lot of their reactor safety information, their best practices,
from Savannah River Plant, because that's all there was at the time. As the commercial industry grew, it got to
be a mutual exchange of information and certainly the commercial industry then grew and grew and grew and
outran Savannah River Plant, which was by that time getting stagnant or decreasing, as reactors were shut down

and Cold War was easing down.

Certainly, for all of us, Three Mile Island and Chernobyl were kicks in the pants, and there were studies in
the commercial industry, in our industry, on, What does all this mean to us2 And both Three Mile Island and
Chernobyl were different, very different types of reactors, particularly Chernobyl. But Three Mile Island was a
very different type of reactor from the Savannah River Plant reactors. So certainly there were lessons to be learned
as far as operating practices—how you do procedures, training, that kind of thing, from the hardware point of
view, maybe to a lesser extent. One of the things that the commercial industry were building for themselves, and
we didn’t have and we wanted real bad, was a reactor simulator to use to train the operators on, similar to a
flight simulator for pilots. And we and Department of Energy came to the conclusion that we better get on with
that one, because that was one of the lessons of Three Mile Island. And we agreed, we got the money and we
did it, built us a simulator [in C Aredl].

ROBERT ANDERSON

| got my bachelor’s degree from Sam Houston State University, and | got my master’s degree from Texas A&M. |
got my bachelor’s degree in chemistry and mathematics, and | got my master’s degree in physical chemistry and
mathematics and electrical engineering. | started working at Savannah River site in 1955 and worked there until
1991. | was superintendent of C Area at one time, and | worked in all five reactor areas at one time or another.

| was superintendent of L Area when | retired.

Usually, I was in to work by 7:30 at least and | went over all the night logs and the logs prior to me coming in
that morning, and then | got together a morning report and gave the morning report to my boss, which was the
superintendent of the Reactor department. And after that, why | looked into the things that we had scheduled for
the day, made sure that they were consistent with the safety of the plant, and then | did the other things that was
necessary to run the area. And sometimes that consisted of a number of meetings, plant people. Sometimes
it consisted with the area people. And also | coordinated the effort of the construction forces. The day was

officially over at 4:15, but a lot of times it was much later. | got home after nine o’clock at night sometimes.
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My favorite reactor would have to be L Area because it was taken out of service early on, and it was out of service
for a number of years. | was the superintendent that helped put it back, re-did the reactor completely and put it
back into service. And so | had really more understanding of L Area and what was in it than the others because

| saw it all put together and refurbished, and had the L Area lake built.

In L Area, every system was reworked, all the instrumentation, all the hydraulic systems, all the electric systems.
Every system in the building was reworked. The physical building itself probably would hold up for hundreds of

years without deteriorating, but the equipment that went in the building had to be all reworked.

| could tell some good stories about different things, but | thought one of the biggest was at one time they kept
wanting to irradiate special elements. So we had a fairly new component that was radiating and yet we were
supposed to make a certain amount of plutonium. So people in Washington couldn’t understand why when
processed, it wasn't getting that amount of plutonium out of it. Of course they had asked us and we'd put in a
bunch of special assemblies in the reactor to make other products. And of course— And so they came down to
Savannah River and | guess they came down (unintelligible) y’all told us, you know. And turned out that when
| put up on the board what all the things that we’ve made and the equivalent plutonium, we made exactly the
amount of plutonium that they said. But when you got a bunch of assemblies in there with neptunium in them and

other things that you were radiating, why it took away from the final product.

Training reactor operators was always an issue because you've got different levels of people. You've got people
who do the Reactor building things, like run your purification, prepare the fuel to go into the reactor, take the
fuel out of the reactor, put it into disassembly basins, disassemble the fuel and ship it to Separations. And then
you got the people that are actually in the control room. Well, the people that were actually in the control room
had to know more and be actually trained in the nuclear process and what equipment was for and safety and all
the specifications and the technical standards that they had to operate with and so forth and so it'd take longer
to train people to do that. And it'd depend on the background of the people that you've got, which is some
people— Like anywhere you go where some people are just smarter than other people. So really, the training
was an ongoing process. But let me state right here that the people that we had training and we run the reactors

with, | didn’t have any trouble sleeping at night.

The neutrino work was mostly done at P reactor and sometimes they came in on off-shifts and so forth when |
wasn't there, so | don't really know how often they was there. And if they really needed some help with something,
they’d come in on the dayshift when | was there and I'd make sure they got it. Sometimes they came in late on
the dayshift and I'd get it before they left.

Changing the reactor out between cycles was one of the most important operations in the reactor building. For
most cycles, we put stuff in the tank in about two or three work shifts, and change out the control rods if they had
to be changed out, do all the things that had to be done and had to run a tank top check. Then once the reactor

was charged, you had to lower the actuator and connect the actuator and make sure that it'd run. A lot of times
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we had—you had to run a special test after the actuator was put down to check all the control rods worked
right—I| mean all the safety rods worked right. As you drop them, and time the drop in of them. And of course
keep the hydraulics, everything else usually buttoned up by the time you got there and if there was anything was
buttoned up well then you had to get all the hydraulics on and you had to run all your startup DPSOL's, which
take a shift. And prepare to run the reactor. You always had four senior reactor people in the area. We had
the area superintendent, system area superintendent and two area supervisors. One of us was always present

to start the reactor up.

There was also as cafeteria. It was in 704 administrative building. And also there was a lot of people brought
their own lunch and we had a lunchroom was in the reactor building. It had a stove and refrigerator, where
people could store their lunch. A lot of people brought their own lunch. | think in the early days they did
breakfast. | know they did in some areas. | got called in sometime and | know | ate in the cafeteria for breakfast

and that's where | learned to eat grits. In Texas, we ate potatoes for breakfast.

HARVEY ALLEN

| worked at the site from 1959 to 1993. Twenty-eight years of that was in Reactor Technology department, three
years in the 100 areas, which is reactor area’s project department. And | got a reprieve for another three years,
and a couple of other assignments. And | started off as a rookie engineer, working on reactor components, and
| worked as a supervisor for ten or fifteen years in each of K area and C areaq, running the technical group of the
area. Eventually | became chief supervisor of two different groups in Reactor Technology, one of them running
the Engineering section and one of them running the Technical Assistance section, which is responsible for all the
technical groups in the reactors. When | started work out there, five reactors were running. We closed up C area
in 1964 and L area in 1967. And then L Area was restarted in the 1980's, | don’t remember exactly when. |

tried to forget everything | learned about it since they said you're not supposed to talk.

| worked in K area for, | don't know, eight or nine years as a technical group supervisor and C area for five or
six years as technical group supervisor. Our main job there was to help the reactor department with the technical
stuff, but we also were sort of an oversight—we looked for any errors they made affecting reactor safety and we'd
write reactor incident reports, which told of the incident and evaluated how it affected the safety and that sort of
thing. Of course, in starting to work in engineering and ending up as a chief supervisor, there’s a wide range
of responsibilities over twenty-eight years. And there wasn’t such a thing as a typical day. Being an engineer,

there was something new everyday.

Some time in the 1960s, we converted C reactor info a sort of experimental reactor with the “high flux charge.”
The core was normally 15 feet in diameter and we made it about seven feet, instead of the normal 15 feet, and
we ran a charge and made microgram quantities of californium-252. That was kind of fun. But a few years later,
we ran a similar deal in K area. Again, we had the 7 foot-diameter core, seven feet high, and we called it the

“californium charge.” We ran, I think it was ninety some charges trying to make californium. The object there
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was to keep the reactor running because you lost production every time it shut down. And for a normal charge,
you'd shut the reactor down and discharge it and charge it. It would take about three, four or five days. On this
californium charge, our record was eleven-and-a-half hours. We shut the reactor down, it was critical eleven-and-
a-half hours later, and discharge the fuel and recharge the fuel, which is kind of a record. One of the guys in
the Reactor department used to give us “stars” when we did well. We got five gold stars for that one. | think we
averaged something like thirteen hours for the ninety-some charges. And if you SCRAM the reactor, the xenon
quantity was so high, you'd have to wait three or four days to recover, so we just discharged and recharged and

throw it away, but fortunately didnt have very many SCRAMS during that charge.

The reactor cycle for californium was quicker than the others because it was a real high flux charge and you burnt
fuel up very quickly. You also burned out control rods. A lot of things we did in that charge to kind of combat
the burning out of the control rods, which we use lithium and the lithium would absorb the neutrons in the tritium
also. We would use cobalt control rods. And we made the highest specific activity of cobalt the world’s ever
seen in that charge. And unfortunately, | don't think anybody had any use for it, but we did make it. It also led
to a problem later on, but it was kind of fun. The high-flux charge— If | can remember the number, we reached
2.1x10'® neutrons per centimeter second squared, | think that was the units we used. We actually had a plaque.
We did this in C Area about in the late sixties. But | think the californium charge in K area ran in 1971. We
ended it November 1971. The DOE gave us a plaque. We used to have it mounted right under a spotlight near
the lunchroom in C Area. It kind of disappeared, although | think Walt Joseph said they found it and have it in

their historical building somewhere.

Du Pont was noted for their safety program, and they were always interested in safety. Personnel said they even
wanted you to be safe at home because for them it was a moneymaking thing. If you didn’t have accidents, you
saved on your liability insurance, and it was better not to have people stay home sick and things like that. They
had a very, very rigorous safety program and, like | said, in Reactor Technology, we were sort of the safety officers
for the reactors, as far as operating reactors go. We were kind of looking over the shoulders of the operations
people and making sure they followed the technical standards and specifications and followed the operating

procedures and things. If they didn’t, we'd write them up on the incident report.

There was always a supervisor in the control room and there was always at least one operator. Usually there
were two operators—one at the reactor end, reactor operator, and at the other end—[what did they call that
guy?]. The hydraulics—the pumps and everything was operated from the one end of the reactor, and the reactor
building control rods operate at the other end, there was a big old control room. But there was always at least two
people there, because the guy at the one end—I guess it's called a graphic panel operator—he also answered
the telephone in case somebody wasn't in the supervisor’s office, which was adjacent to the control room, and it
was surrounded like with glass, like a fishbowl, the operation room. And right behind that was the control room
for the charging and discharging machines, at a slightly different level. Yeah, there’s always somebody there,

and if they weren't there, there was a reactor incident report written.

In the Reactor building there would have been four rotating shifts. So each shift had a senior supervisor, a

shift supervisor and about twelve or thirteen, fourteen operators. So those—multiply that by four and that's the
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number of guys operating the reactor. In addition, they had the assembly-disassembly crews. They had a senior
supervisor in charge of both, and they had a foreman for assembly and a foreman for disassembly and they had
maybe ten or twelve operators on— well, I'm not sure they had them separate, because | think the assembly and
disassembly operators worked on both sides. They worked assembling a charge getting it ready, and when they
came out and cooled down, they'd do the disassembly and the shipping of the stuff to the 200 Area. Then, they
also ran the distillation plant. They had a little distillation plant they kept the heavy water pure, from radiation

and light water getting into the reactor.

And when you had to SCRAM— This is kind of a neat thing. They had a Polaroid camera set up, and they had
a little bulb, indicating the delta-P for each one of the fuel assemblies, because you had to SCRAM from a high
delta-P or a low delta-P. That first light, the one that caused it, would come on first and when the reactor SCRAM
everybody’d come on. So the Polaroid, it'd take a picture of that panel and you could see the one that caused it.

And when you walked in later on, you'd go, They're all on, which one was it2 But that identified the culprit.

Training increasingly became an issue. People actually stayed in training all the time and especially after people
got all excited about reactor safety in the 1980s. In the beginning, | think they could probably train an operator
in a year and be happy with it. But then they got into the deal where they were in training all the time, they’d
go back to the simulator and they had to go back for classes every year. So it was a constant retraining type

thing.

By the 1980s, training was either in the reactor building or in the simulator, the training facility in 707-C. Before
that, they were training in 706-C, | think. But when they got the 707 simulator out here, they had a real good

training outfit, real modern compared to the early days when it was just sort of on-the-job training.

Fishing and hunting were always good on Savannah River Site. People would sneak on and fish in Par Pond.
They'd get caught. | remember— Every once in a while you'd see some little four-wheel vehicle that the patrol
guys or Wackenhut would catch. | don't think they did it so much when Wackenhut got there, but with DuPont
patrol, you know, they’d just confiscate the vehicles. They’'d take them to C Area and they’d sit there and their
tires would go down and they’d eventually get rid of it somehow or another. But the guys— The fishing’s so good,
they'd go back several times even though they’d get caught. | don’t know whether they got fined or what. They'd
sneak in from the Barnwell side of the plant, R Areq, and fish. The game was also good, since the site was a
protected area. There is all kinds of game. Lots of deer, more deer than you want to shake a stick at. They have
a lot of deer accidents. They'd have controlled deer hunts. And | remember in the early days they were taking
out a thousand deer a year in their deer hunts. Turkeys that would run down the road. Bobcats, fox, Lord knows
what—and hogs. There's wild hogs running around, boars | guess you'd call them. They’d shoot them once in

a while on the deer hunts.

When they started monitoring in the 50 million gallon basin, to monitor the level, a guy would have to go down
a ramp to get samples of water from the bottom. He turned around one day and there’s a bobcat coming down.

He said, Oops, what am | going to do now? Fortunately, it didn’t attack him or anything.
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In K Area one time, we tried cleaning a heat exchanger or overhauling a heat exchanger with phosphoric acid.
They thought they cleaned out all the phosphoric acid but they didn’t. And we ran the reactor. And one day the
area superintendent of production walked in the reactor and for some reason he stepped on the hand and foot
counter going in instead of going out. And his feet were contaminated; his shoes were contaminated. Well, find
out it was phosphorus-35. So they looked around and they found all kinds of toads around, and he'd stepped
in some toad manure, it was contaminated. Well, we were— At that time, for some reason, we were purging
the disassembly basin out the 50 million gallon basin, and there was phosphorus in that dang gone stuff and
the bugs were getting in the water and getting some phosphorus and then the toads were eating the bugs and
contaminating the whole area and we didn’t even know it. We got rid of that heat exchanger and that stopped
the problem. There was—it got through the whole reactor, but the source was still in that one particular heat

exchanger. Once we took it out and put the others in, it pretty well cleared up.

We didn't really have much contamination in the Reactor building. It was amazingly clean. | remember | went
to the 200 area one time and we had to do all this dressing out, and they were serious because they had nasty
stuff all over the place. We didn't. Tritium is probably the worse thing that we could get there. Unless you're
chipping concrete when you might get some cobalt-60 or something, but tritium was usually the worst problem
that we ever had. If you went up in the actuator tower early in the game, they found out if you had on a nylon
necktie, for example, or nylon shoes, you'd get argon-85 or something like that. Apparently, nylon has a charge
on it, had stuff that adhered to it. It decayed real quickly, but when you came down you thought, my gosh, I'm

really contaminated. But it was just argon, no big deal.

WOODY DASPIT

| was born in south Louisiana. We always claimed that we were from Houma, Louisiana, but that was in a
different parish. They have parishes, not counties there. We were just across the line into Lafourche Parish. We
went to school there and so forth. Houma, Louisiana, is probably the place where | grew up until | was sixteen

and left home and went to college.

At the ripe old age of sixteen, | arrived at LSU, Louisiana State University, and stayed there until | got drafted. |
was drafted in the navy pool, and | was told to report to a place in New Orleans... And here comes a marine
sergeant, says | need three volunteers for the Marine Corps. | ended up in the Marine Corps and went to the
Pacific and into China for a period of time after the war. And came back and went to LSU and got a degree in
physics. And we were a small group, probably about twenty people, majoring in physics. And | was not the
smart guy. | did all right, but by the time | graduated, | was looking for a job, and | was the only one that had

a job offer.

| went to work at the Naval Ordinance Test Station in California doing ordinance work, | guess, experimentation,
but soon | went back to LSU and got another degree in physics. In ‘52 | went to work for Du Pont, starting out at

the Argonne National Lab.
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| arrived at Savannah River Site in April 1953, having served eight months at Argonne National Laboratory,
preparatory to coming here because we had no facilities. And | worked in the Savannah River Laboratory at the
Process Development Pile, PDP, for about two or three years, and then they transferred me to the plant into the
Reactor Technology group, and that was in mid 1955, | think. And | stayed there the rest of my career, had almost
every job there was there except the manager. | retired at the end of March 1986.

And | will say that one of the things that we were not able to do in the early days is monitor the radioactivity
because we did not have instrumentation that was capable of detecting it. We were looking at parts—one part
per thousand and parts per million and later on parts per billion, | guess, what they’re looking at. And this is the
thing where they point and say, Hey you didn’t do your job. We couldn’t do the job. We didn’t know how to do
it. Anyway, this was what | did there and finally, they transferred me to L Area. That was in late 1955.

With the Reactor Technology group at L, there was a supervisor and two supervisors—an engineering supervisor
and a physics supervisor, and | was the physics supervisor there. We had two of each of those and we were
watching the process. Our job was to make sure that they did the work properly, safely, followed the procedures,
and of course we had oodles of procedures. The procedures for P and R were different than they were for L, K,
and C.

An inferesting story developed out of my work at the PDP. My supervisor was Jack Crandall. We were working
16-hour shifts to get the place going. We were doing things that we didn’t know what the story was yet. Even
so, | wanted to go to Washington to visit up there, take a few days off. One day, Crandall told me to go help the
guys who are working on getting the instrumentation lined up. | went there and talked to the supervisor. He said,
This is our list of things to do. What you're going to do is on the bottom of the list. What's at top of the list2 | says
on the top of the list you want to look at something called ground— | can’t remember the terminology. Anyway,
you connect it o a ground system. And you're talking in the nano-area for current, and if you had this motor
over here and this ventilation system, and | was connected to the ground over here, this would have a slight thing
there. And one of the construction foremen said, we’ve got ground loops. | said, What's that2 He explained it to
me. So | went there and | told him, They're going to do ground loops. Says okay. So the bottom of the list, had
to go through about five people. So | turned around and said, Well | tell you, y'all go to lunch and I'll fix this out
while I'm going. | went and took all the grounds out except one and brought it in as well, and said, Well, there
it is and we fixed it just like that. And the reactors had—ions caused ground loops all over, and had to go back
and do that, so it was interesting. Of course Jack Crandall said, Woody, when you want to go to Washington?
That happened a bunch of times.

We also had training programs, especially in later years, for reactor operators up through the senior supervisor
level. That was formal, graded and so forth. And | worked on that. Had people that would go around and give
them written and oral exams. Sort of based on what the NRC was requiring from commercial reactor personnel.
We gave talks to the service groups—electrical groups, electronic groups, maintenance groups, the power groups
that were interested. They weren't interested in the reactor, they were interested in the powerhouse and the steam
generation. But the other groups—health physics—would go to these lectures. | gave a lot of them. And some of
the guys would come up and say, Woody why in the world didn’t yall tell us some of this in the past? We didn't
understand that and now we understand what's going on. Well, you know, they didn’t want people to understand

too much in the early days.
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LINDA PERRY

| work for Washington Group International, Westinghouse and I've been here twenty-six years. | was born July
22, 1955 in Augusta, Georgia and lived my life—childhood, in Aiken, South Carolina, until | married in 1975,
at which time | moved to North Augusta, South Carolina. My hire date at Savannah River Site was February 21,
1981.

| came in at what you call on the ground floor. | worked first as a stenographer in Reactor Technology in C Area.
And that was the brain building for all of the reactors, where all of the engineering and procedures were based.
And | showed an interest in what | was reading and doing and typing at the time. | was a stenographer for
about four months from February to about June/July and then took the Production test on a dare at lunch. In the
production unit, you could go into Reactors or you could go into Separations. | chose to go into reactors because

| just had an interest in that, being in Reactor Technology. | passed the test and after lunch | was in Reactors.

C-reactor is where | began my initial training, then from there | went to K-reactor. | also worked some in P-reactor,
not as a permanent staff but as an augmented staff for the reactor control room crew and | then, after finishing
my training and working some period in K Areq, | then went to L Area in 1984 as part of the LSPT L Area start-up

crew.

The L area reconstruction process had been going, | believe, since 1981, prior to me going over there in 1984.
But the startup of L Area actually came maybe in late 1985 or early 1986. But | was there during the startup of
the night that we—the afternoon that we started L Area up and we took it to the power level that we were allowed
to take it to. We were limited by the L Area lake temperatures, so we couldn't take it to full power like we had

been used to doing in the other reactor areas.

A typical day for a senior control room operator was to be in the control room by ten of eight, at which time we
would take our shift turnover based on the various positions that we were going to relieve in the control room. That
could either be the graphic panel operator or the data operator or the nuclear console operator. So depending
on where we were in that rotation, we would get our turnover as to anything other than routine operation that was
going on—if there were any procedures that were being run or any particular pieces of equipment that were out
of order or had broken down that we were on any kind of limiting time, to where we only had a certain amount

of time to get it fixed so we either had to reduce power or shut the reactor down.

So a typical day would be starting on dayshift, starting at about ten of eight and then going in, and if you were
the data operator or the graphic panel operator, you would begin taking your hourly readings, which would
be several clipboards of readings that you would take. You would learn the status of the plant, so to speak,
by going around the panels and doing the various readings. So that really started your day as to where you
began familiarizing yourself with the control room and the indications that you had in the control room and any
abnormalities. During the day, you would again continue those data-taking rounds periodically. Some of them
were every fifteen minutes, some of them were every hour, some of them were once a shift, could be every four

hours, twice a shift or whatever. But you would be constantly taking data, monitoring the panels, responding
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to any alarms that went off in the control room, and just making sure that all aspects of reactor operation was

covered.

You dressed for the comfort of the job and a lot of times for the position. If you were a building operator, the type
of clothes typically worn up until about probably 1987 were blue jeans and knit shirts, T-shirts—very comfortable
loose-fitting clothing. Of course, during that time and depending on what was going on at the reactor, you would
change out into what we called SWP [Safety Worker Protection] clothing, would be the white coveralls, if you
had to do inside work into the radiation zone. That type of work would only be done during reactor shutdown,
usually. But there were some areas of the reactor that during operation you would have to dress out into SWP
clothing, which consisted of the white coveralls, the white cotton gloves with the rubber gloves over them, and the
white cotton booties with the rubber shoe covers over those. So you would have to dress out to periodically go in
cerfain areas during reactor operation and take samples or do monitoring or things like that. But typically it was
just street clothes as far as comfortable clothes that you could do physical work if you were out in the building.
Now often if you were assigned to the control room job, you may wear blue jeans also or dress pants and maybe

a nicer shirt, whatever.

Around 1987, we instituted what we called reactor operator uniforms, or reactor uniforms, which that was during
the reactor restart period to where we were trying to adapt to commercial standards and improve our conduct of
operations, which included the overall appearance of our reactor staff. During that time, we would have various
colors, all of them within the white, blue and gray family of colors. For a reactor senior supervisor, it would
usually be gray pants and a white shirt. For a control room supervisor, it would be gray pants or skirt and a gray
shirt, which would be a dress shirt. For a reactor operator out in the building, it was usually gray pants and a
blue shirt, a dress shirt. Again, we had coveralls, maintenance coveralls, we could dress into if it was particularly
dirty work and of course the protective SWP clothing that we could dress into if we needed to go into a radiation
zone. So we gravitated toward uniforms and of course on the dayshift most of the time with the senior control
room supervisors who wore the gray pants and the white shirt, they would also wear a tie with that. So we

polished ourselves up, so to speak.

From 1982 until 1987, | worked what they call the—I guess the southern swing shift, which was horrible. The
southern swing— | believe that's what you call that shift schedule- is where you would have seven days on days,
which would be 8 to 4, you get one day off during the week. Or six days 8 to 4, one day off during the week,
then you get a day off on Friday, so to speak, but then you would go into work Friday night, which would be
for Saturday morning, so really that was no day off. So then you'd work seven midnights and then you'd get
what you called a long weekend, you'd get one of those a month. And you’d come off Friday morning and you
would not go back to work until— And that was your only weekend off during the month. You wouldn’t go back
to work until Wednesday, fourtotwelve shift, and you would have to report at ten to four on that Wednesday,
at which time you would work seven fourto-twelve shifts and then you'd be off two days before you started your
dayshift over again. So really once a month you had a long weekend, the rest of the time you were working on

the weekend:s.
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It was part of the shift that everybody cooked and ate meals together. Not so much on dayshift, except for dayshift
on the weekends, but always on the fourtotwelve shift and the midnight shift. And most shifts had a grocery
rotation cycle to where everybody had a turn to bring in groceries for a particular night. And so usually the shift
would talk about what they wanted to eat the night before or any special occasion. It wasn’t uncommon to grill
steaks outside the Reactor building. The patrol folks always were cooking something. Some of the best food was
out at the powerhouse. | mean, everybody had their favorites- who could cook chicken the best, or who could
make the best biscuits. Patrol was always good on deer stews, | can remember. Powerhouse folks were good on

the salmon stew and caffish stew. Somebody was always frying fish.

And then you'd have different food preferences, sometimes from area to area. A lot of people from the Low
Country down towards the Barnwell, Allendale, Hampton area, preferred to work in P Area because it was closer
to their home. And you would have a different type of cooking from those people. | know | had possum out there
one time and never had that before, had an alligator tail, which was delicious, never had that. Someone cooked

rattlesnake, but | couldn’t eat that.

That was a really big part of the camaraderie of the shifts and everybody knew each other and we all knew who
could cook what they cooked. Back then everybody knew how many kids everybody had, who was married to
who, what their hobbies were, their little idiosyncrasies. And it was a magical camaraderie and an esprit de
corps that has never been seen since. It survived all those years until we shut these reactors down. And then it
was gone. When Du Pont left, it was gone. Westinghouse came in and that's one of the first things they did was

rip out all the kitchens.

Also during that period, we were opened up to the world. Prior to that, we had been in our own little world
and had operated safely and with impeccable conduct. After Three Mile Island and Chernobyl, the nuclear
commercial industry and the nuclear navy industry were looking for a place to hide out, infiltrate, or squat, and
we were a prime target for it. And of course we sucked them all in. And as one group would get in, they would

bring in their other group. And we became a holding pond for the sagging commercial industry.

| left Reactors after the K restart in 1992. At that time | was personnel manager for Reactors. My office was in the
C Areaq, 706-C Building, Reactor Technology building, when | became personnel manager. And then | supported
the K Area restart by making sure that the operator supervision was trained, qualified, certified, all the shifts
were staffed, even did some training to the people—to the operations at that time and readying them for K restart
training. And at that time, as soon as K Area started, | moved out. My last assignment after K restart was to
excess the reactor people into the site. After that, my position was taken over by the human resource organization

and | then went into human resource management supervisory skill training.
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MARK COLLINS

| was born in 1956 in Augusta, Georgia. | put in an application several years before | was hired, and one day
they just happened to call my number. | was a police officer before | came here. When | first came in, | was hired
as part of the L-Area start up, and | was hired as a general operator in production. | worked in Reactors from
1981 to 1984 and then went from Reactors to Tritium. From 1984 until 1989, | was a maintenance mechanic
in Trittum. And then from 1989 to 1997, | was in charge of the off-site leasing program when we moved off site.
| was construction liaison for all the offssite buildings. Since 1997, I've been facility administrator in the SRTC
area. Now I'm the facility administrator for F- and H-Areaq, taking care of all the administrative facilities in those
two areas. | just transferred from Du Pont on info Westinghouse when they took over. All it was, was color of

paycheck. | think the checks we had before were yellow, then they went to blue and green, if | remember.

My father-inlaw had worked here, and he was still out here when | first come on. Back then in the eighties, you
didn’t know a whole lot about the site. It was not publicized like it is now, where every time you open the paper
you've got an article on it. When | was first working here, everything was hush-hush. But you knew— You knew
they made nuclear material for weapons, that's about it. You heard all kind of stories about what went on out

here, but you were never really sure.

My first job was in L-Area, in what they refer to as the “center section.” That's where the operation of the building
itself was located. At the time, L-Area was down, it was dead, and we were just trying to get everything back

into shape so we could open it up. | did a little bit of everything.

After L areq, | went to K reactor, which was working on a 30-day cycle. You had to get the load ready to go into
the reactor in thirty days. You had to load the slugs and the columns of slugs and the fuel and have it hanging,
ready fo go into the reactor. And it took you a full thirty days of loading. You’d get about thirty of them a day
and it took like three hundred columns so you figure that and the fuel plus testing it, it took you right to the last

minute. A lot of time we worked overtime to get it ready.

First off, the material would come to the reactor building in crates. It was slugs and there was an outer slug and

an inner slug. | think the outer slug weighed twenty-six pounds, the inner slug fifteen, sixteen pounds.

The tube was a canister-looking thing about a foot long. And there was a inner target, which is just a pole which
resembles a chain link fence pole. You'd put the pole down into a test capsule, and then you'd load the slugs on
there. Each column took about eighteen slugs. You’d put the outer slug on there and you slide the inner slug on
there—outer, inner- all the way until you get to the top then you'd take it and you'd put it in a metal thing and
pressure test it and see if you have any ruptures in the seals. Then you’d hang it in the final storage room until
time. Each assembly had a number. They were all numbered. It had to go in a certain way and come out a

certain way, and so you couldn’t just randomly just stick them in there; you had to put them in order.
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From final storage, we'd take it over to the presentation point. And then the C&D crane would come over inside
the containment room where the reactor is, pick up the load of slugs and take it over to the top of the rector to a
certain position on the reactor and then lower it down into it. Another C&D machine would take a hot one out of
the reactor and lower that straight into the water of the C&D canal and it would then go out into the disassembly

basin.

On a routine basis, they’d drop one or two assemblies almost every shutdown. And it's usually a panic mode
when that happens and we had a procedure you'd follow when it happened. The main thing you had to do is
get it off the basin floor. You had four hours to get it up off the floor. And you’d put some rope down there, you'd
catch it, you'd bring it up off the floor and you just leave it hanging until you got a chance to go in there and put
it on the cutting press and cut it into sections and take the slugs off a piece at a time, which it was a nightmare

doing that underwater.

There were major differences between the Du Pont era and the Westinghouse years. Du Pont's management was
people-oriented. They were really concerned about your safety and | think they meant it, personally. 1'm not so

sure if Westinghouse feels that way. Du Pont was a good company. | hated to see them go.

Westinghouse had a different philosophy. When they first came in here it was hire, hire, hire, and—and then
right after that, fire, fire, fire. They were known for that, bringing in a lot of people and then next thing you know,
cutting them loose. And they did. We ramped up to 25,000 people out here and then right after that they had
about ten thousand cut. They also hired for a lot of projects that never happened, like the New Production Reactor
they thought they was going to get in the late eighties, early nineties. That didn’t materialize and they had to lay

off a lot of people as a result.

There were other differences between the Du Pont era and Westinghouse. The Du Pont Patrol was kind of like
Andy of Mayberry. Later they went to Wackenhut, which is a lot stricter and a lot more of them. | think it got

tougher, security-wise.

One of the problems with Du Pont: unless you were an engineer, they didn’t put you in any kind of management
position. |'ve got a master’s in psychology. And they didn’t even consider that. | mean it's like you don't exist. We
don't need any psychologists out here. | beg to differ. You've got a bunch of nuts out here. When Westinghouse
came in, they did honor that. If you had a degree, they’ll look at you, try to put you in a good a position. That's
one thing | didn't like about DuPont: they didn’t honor any degree but an engineering degree, period.

FRANK PAGANE

| was born in 1925 in Brooklyn, New York. | graduated from Polytechnic Institute. This was my first job, you might

say, after having been in the service and college.
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| first heard about Savannah River Site during the interview with a representative from the plant and also from
some literature from Strom Thurman and people of that nature who were pretty vocal about it in the press. James
Burns was also very instrumental in getting the project at Aiken. But other than that, the only exposure | had had
to radioactivity was after the war was over, | volunteered for the Bikini Atoll Test, but my captain wouldn't let me

go. Inaway I'm sad but I'm lucky.

At Savannah River Site, | was assigned to the project in August of 1952. My first assignment, though, was at New
York Ship Building, which is where the reactors were constructed. It was rather an interesting project. One of the
reactors was mocked up with pumps and other stuff and went through the shakedown of the equipment, including
the control rod apparatus. We didn’t have the heavy water pumps that were going to actually be used there,
but we had some water pumps which simulated the flow. There was some auxiliary equipment like the—what
they call the foil press and shear, which was to take the empty fuel containers, the fuel foils, and drop them into
the disassembly basin, get the slugs out and then run it through a device which flattened it and then cut it up. So
that’s why they called it the foil press and shear. That was a headache. It had to operate under water. A lot of
the hydraulic work was established at that time, the data on the hydraulics of the reactors themselves. | was in the

maintenance department at that time, so | was in the peripheries, but it was still interesting.

| started working at Savannah River Plant after we moved down in March of 1953. Later, | was in the Power
department, so | was involved in the construction of the water treatment facilities, the distribution of power
facilities, the emergency power backup systems in the 100 areas and back in the reactor areas, and somewhat, to
some degree, with the Transmission department. Four of the five 100 areas had turbo-generators for generating

electricity, 100-C did not. So | was involved with the turbo-generators and to some degree the boilers.

Construction work was organized pretty well. | would have to say that Du Pont had a very good engineering
department at the time and of course, they were the main contractor for a great many subcontractors, Gibbs
and Hills and people like that, that would do certain aspects of the project, but | think the Du Pont construction

company did an excellent job.

After the initial facility was in, you try to smooth the process out and make changes for the next area. And that
was the good thing about it, we learned from the problems that occurred in the 100-R area, and we tried to
incorporate modifications. In 100-R, plans were made to treat all of the river cooling water going to the reactors.
Now you're looking at 65,000 gallons a minute. We were going to treat every bit of that, clarify it, get all the
Savannah River mud out of it, treat it with massive loads of chlorine and so forth. Then we found that the river
silt actually helped keep the exchanges cleaner. So from then on in, we eliminated all of the clarification basins

in the other reactor areas.

Another major change: we increased the power load, and that was a pretty significant venture, because we had
to recalibrate orifice plates for flow sensitivity in the two headers that entered the Reactor. We had a consultant
from MIT that worked with us, advised us. If you can believe it, we drained the three basins so that we could
calibrate the flow going through the orifice. That was a pretty significant. And | happened to be one of those

guys that worked on that project, we shot-gunned that job.
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Relations between management and labor were generally good. | think Du Pont went overboard to some degree
in trying fo establish communications. As shift supervisor, you would have these meetings with your people to
find out if they had any gripes and sometimes when you ask people do you have any gripes, then they generate
them. But generally speaking, | think that we had a good grievance procedure. We successfully beat down three

attempts to organize the plant. So apparently the people were satisfied.

Of course, we managers had to push safety. The worst thing that could happen to you as a supervisor was to
have a losttime injury occur on your shift. | think that a good many of the wage roll people thought that we
overreacted to this, that there was too much emphasis on safety. Whether that's realistic or not, | don’t know. But
we had a pretty good safety record there. The company might have gone overboard to some degree. But wage

roll had to go along with the flow.

| think Du Pont’s inherent belief in safety drove the processes to be the safest possible. | think we had the best
available technology to safeguard the health of the workers. | consider it a valuable experience. It's nice being
able to go around and say that you were involved in one of the biggest construction projects in the world, when
you think of it. A lot of us that were there, brag about that. We have a lot of pride in it, and | think we did a
good job.

PETER GRAY

| was born in 1929 in Port Chester, New York. When the plant was first announced on Thanksgiving weekend
of 1950, | was still attending university. By the time | graduated, in June of 1952, | had a job with the Du Pont
company to work at Savannah River already in hand. At the site, | have been employed by Du Pont, then by
Westinghouse and others in a period from 1952 through 1997.

In the early days, it was not clear that the job would last. Everybody at Savannah River could have considered
it temporary home because Du Pont had a five-year contract with the government. We didn’t know whether the
contract would be renewed. We didn’t know what the outcome of the Korean War would be. We didn't know
what the problems with the communist world would be—Russia and the iron curtain and that sort of thing. It might

well be temporary, but we sort of liked the work. | found it very fascinating. | hoped it would continue.

The local mores took some getting used to. Segregation was the law of the land, and segregated facilities were
built intfo Savannah River, which | think was just an acknowledgement by Du Pont of the social situation in the
South in those days. | remember one day in the cafeteria, the permanent operations cafeteria, going through the
line, getting my tray of food, finding every table in the front was taken up. So | went in the back and sat down.
And | was very firmly told this was not where people of my race sat. We were supposed to sit in the front. |said,
Well what's wrong with sitting here?2 Here's a table and a chair and some nice people for me to talk with. I'm

going to sit here and eat. No, you will sit in the front and eat.
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At Savannah River, especially in the early days, we worked many extra hours. | remember the longest day |
worked at Savannah River was twenty-five hours. | can’t even remember driving home. | didn't hit anybody, but |
can’t remember seeing the road. | did have, during my very first assignment at Savannah River, | had a boss fell
me to keep track of extra time | worked beyond the scheduled eight hours. So | kept this list. After a very short
while, I had something like 175 days. Now | don’t know what happened to it. | didn't keep track of the two hours
here, three hours there, five hours elsewhere. And | figured, 175 days, the company owes me seven months time
off. So when | went to my next assignment, | told my new boss about it and he said, Don't write that down. Just
keep working. | don’t know how many extra hours we worked. We just had a job to get done. Turned out, we

were all fired up to get it done and we did it.

| was on shift while the very first fuel assemblies were being put into R Reactor reactor. And | was part of Reactor
Tech, which was independent from the Reactor Department. Reactor Department had the responsibility to run
the reactors and operate them. Reactor Tech had the responsibility and the free hand to oversee everything that
was being done and to blow the whistle whenever they saw anything that they thought was not right. We were
not allowed to operate any other equipment, but we could blow the whistle. So in essence, perhaps one of our
functions was quality control. And | remember, we were given standards by which to judge each of these fuel
assemblies as they were passing by the presentation point on their way into the reactor room to be put in the
reactor. And at the end of each shift, we would turn our list in of the fuel assemblies that we thought were not

qualified to be in the reactor.

The Reactor Department, because they owned the building and ran it said, This goes in. And our boss, at eight
o'clock every morning, would check over the list from the fourto-twelve shift and the twelve-to-eight shift. And he
would say, What fuel assemblies went in that shouldn’t be there2 And he would insist that the Reactor Department
haul them out, and the day people would inspect them again. And many of the ones that we rejected remained
rejected afterwards. So | think in one respect Reactor Tech could be called a quality control ouffit. Later, a
consulting firm was asked to come in and do an assessment of the startup and the early operation of the Savannah
River reactors. It was a very thorough report, and it was very laudatory of DuPont and the startup of the reactors.
It made specific mention of the fact that the Reactor Tech Group, as an independent organization under A. A.
Johnson, was in large measure responsible for the success of the reactors, just because we were independently

overseeing the Reactor Department.

The Reactor Tech people could only observe and take notes, and so we would go around with notebooks or
clipboards. We were called “squirrels” by the hourly paid operators. One guy asked why. Well, all you guys
are doing is going around gathering nuts. You're writing down comments. And | think they had a point. They

didn't see that we were doing anything productive.
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WALT JOSEPH

| was born in 1928 in Oak Park, lllinois. I'm a longtime employee of the site. | came here in 1954 after | got out
of the army and graduate school, and was here until 1993, almost forty years. | found out about Savannah River
Site while in graduate school at Penn State and there was a notice posted on the bulletin board that they were
hiring. And at the time | was taking mechanical engineering with a minor in nuclear. And | went to my nuclear
prof, who had been in the Manhattan District during the war, and asked him about what it would be like down
here. He asked if | still had my clearance from the army2 And | said, No. And he said, In that case, | can only
tell you it's near Aiken South Carolina. Anyway, Paula and | came down at Christmas. Paula was wearing her

fur coat because it was cold up in Pennsylvania.

When we got down here, the town was a mess. There had been a big gas explosion in downtown Aiken. And
| went out to the site and | told her to look around town and see what it was like. At the site, they put me in
one room in Building 703 and people came in and talked to me and went out, and none of them told me what
positions they had or what organizations they represented or what they were interested in me for. It was all very

hush-hush. Despite that, they made an offer and | took it, and as soon as | finished my thesis, we came down.

The work was an opportunity to be in on something new. It was a startup, a new facility. There were a lot of
unknowns, and we were pioneering everyday, so it was very exciting. And there was also the feeling that you

were working for the national interest, making a contribution to the country.

In the early days, traffic was fearsome. We all carpooled, and that was almost a requirement. | mean, they made
it very plain to all the new employees you were expected to carpool, and—because they had to cut down on the
traffic as best they could and it was awful. It was bumper to bumper, generally moving at pretty high speeds.
There were frequent fender benders. When we first came down, there was essentially open range in this area

and periodically a pig would walk out into traffic, and it would wind up totaling half a dozen cars.

One of the social problems was having so many strangers in a new community. Du Pont organized the Operations
Recreation Association, the ORA, which sponsored very frequent dances and gettogethers. They worked hard to
keep morale up, and that was the only way they could do it. You couldn't even tell your spouse anything about
what you did, and that made for some tensions at home when the wives just saw husbands go off and didn’t know

what they did.

One of things that happened to us when my son Joe was very little, we used to take him up to my parents in
Greensboro, North Carolina, for a week every summer. And when they had him, they always liked to show him
off, so they’d have people in to talk to Joe and all that. He was probably a couple years old. We came up to get
him that weekend and my mother was really upset. She said, You need to talk to your son about what you do.
And | said, Why is thate And she said, Well they had this party and someone asked Joe, What does your father
do? And he thought about it for a while and he said, | guess he’s a barber. And my mother was pretty annoyed

by that. But we figured out that what it was. When | needed a haircut, I'd have the carpool drop me off at a
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barbershop, which was on the way home. In those days, Paula and Joe would come out and pick me up at the

barbershop. So the only place he had seen me other than at home was at the barbershop.

That was the same place, by the way, where | heard for the first time why they had located the Savannah River

Plant where they did. The barber confided to me that it's on the site of the world’s largest tritium mine!

Much later, in 1979, the plant manager called me in and said, Walt, we're going to promote you to be
superintendent of Traffic and Transportation Department. And | told him, you could have looked long and hard
before you found a job | know less about than that one. But it turned out to be a really interesting assignment.
In that job | was inside boilers and on top of coal silos and out in the swamp breaking down Beaver dams. The

railroad guys taught me to run the switch engines at night when there was nobody around, and it was a great

job.

And from there | went fo the L-Startup Project. | can remember that one vividly. | had been sent to a training class
in Wilmington. They called me out of class to say that | had a phone call and it was my boss, Mack McGuire, a
guy | could have a little fun with. He said, Walt, he said, I've got a piece of paper here that says they're forming
something called the L-Startup Project Team and you're the superintendent. He said, Should | sign ite | figured,
Well, this is my chance to have a little fun. | said, Mack, what would you say if | told you | didn’t want that job?
There was a long pause and he came back, Walt, can you find another job while you're up there in Wilmington?

| said, Just kidding. 1'm ready to go. That was the beginning of an interesting three-year assignment.

By the early 1980s, L reactor had been on stand-by for over a decade. If something was placed on stand-by,
that meant that you couldn’t steal parts from it for the operating reactors, unlike R, which was cannibalized. But
there was no maintenance, and no attempt made to upgrade the reactor as improvements were put into the other
areas. And so in eleven years of continuous improvement in the operating areas, when we came into L, first a lot
of the equipment was rusted up and disabled totally. And second, we had eleven years worth of modifications to
put info the area. And some of that was pretty straightforward. We had to put in things like the M2 containment
console, which is the big console which is a—it's hardwired logic, which took specific actions in the event of a
major-loss-of-coolant accident. You have a major leak and the M2 console kicks in. The operator doesn’t have

to do anything, except watch the lights.

Getting L reactor ready for restart was harder than you might think. L had to be made standardized with the other
operating reactors. The C&D machines were a particular problem. They're very sensitive machines, and have
to be extremely accurate in positioning. And all kinds of modifications had been made to these while L was in
standby. Unfortunately, the modifications made had been made in probably a dozen individual projects. One
project would do this and let's change the cooling water system. Another project would change the grippers,
another project would do—and so on. And unfortunately, there were no as-built drawings of the machines in the
operating areas, which meant that we couldn’t just upgrade what we needed and go directly to the end point.
We had to install each individual project just as it was in the operating area in chronological order, because what

we put in on Project A might be removed on Project G.
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Another big job was the heat exchangers. The heat exchangers were railroad car-sized stainless steel thing, very,
very tight tolerances. And they were all sitting there in L because they had not been cannibalized. But what had
been happening was that as a heat exchanger developed leaks or problems in one area, they’d take it over and

just swap it out. So L had its twelve heat exchangers, all right, but they weren’t good ones.

The decision was made that we had to buy new heat exchangers. And of course we wanted them built in this country,
if we could. We could not find a vendor in the U.S. who would build them. We wound up buying the heat exchanger
tubing in the U.S. and shipping itto Japan, where two vendors collaborated on the production. One of them built the
shell and the other one built the head and assembled them. And then they shipped them back to us. And they worked
great. Butitgrieved me that we were no longer capable of building thatkind of equipment in this country. We couldn’t
find anybody who could physically do it. The people who had been able to do that in the fifties were no longer able to

do it, which is an interesting commentary on the state of American manufacturing.

JAMES BOSWELL

I'm seventy years old and was born in 1929. When | was in school, one of my classmates at the University of
Louisville, Edward Green, came to work at the Savannah River Plant, and he was a year ahead of me. He came
back to Louisville on a vacation and he told me how great Savannah River was and it just sounded like a great
place to work. So | interviewed with the Du Pont Company and decided to accept the work. Even though I'd

gotten several offers that paid more than Savannah River, this just looked more interesting.

| came to work at the Savannah River Site in June of 1953. We lived in North Augusta when | first came here,
but then we saw that most of our friends were living in Aiken so we decided to move there. At SRS, | spent the
first ten years in the Reactor Technology Section of the Works Technical Department, and the last twenty-six years

in the Technical Division in various positions.

| didn't know that much about what was made at Savannah River Plant when | first got here. In fact, for about a
month, | was in the 400 area where they made heavy water and my boss there said, You just stick to your job,
don't even ask what the people working next to you are doing. | mean, it was just that compartmentalized at that
time. And that was for security reasons. Of course | had later bosses that said, Find out everything you can about

everything around you everywhere that's going on because you're going to be more useful that way.

In the 400 area was the heavy water production area. And | counted drops of water that leaked from pump seals.
And it was a smelly place down there because of the H.,S they used in the process. It was hot and there were
gnats, and if I'd had enough money to quit and go someplace else, | would have done it at that time. But that
soon changed because | was only there for about a month then went into the Reactor Technology, where | was in

an air-conditioned room with no H,S smell.

When | was in Reactor Technology, A-Squared Johnson was the superintendent. And if you forgot your badge,
you had to go home and get it. | mean, he wouldn't let anybody come in that didn’t have a badge. | think he'd
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fire you if you came in without a badge, or tried to get in. He just said, You go home and get it. And that was
typical, and if you got a security infraction, you had to write an essay on how that wouldn’t happen again. he told

one guy, You want to make light of this, you will work someplace else. Even so, | saw some pretty funny essays.

The most rewarding research that | did was looking at all the different kinds of fuel and target assemblies that could
be built. | was supported on anything we wanted to do, any new assembly that we wanted to develop. And obviously
that was very rewarding, since it was the fuel and target assemblies that allowed us to go to the higher powers and to

make the variety of radioisotopes that we made.

The mixed lattice arrangement was one of the main inventions there. The fuel and target were in different positions
and my boss likened that to like an oven. The fuel assemblies were the heating elements in the oven and the
targets were the different pies you wanted to make. | mean you make a pumpkin pie or an apple pie or whatever
you wanted to put in. You tailored the target material to whatever you wanted to make, and | think that was the
most significant thing. And that was the one thing that caused the Savannah River reactors to continue operating,
| believe, and the Hanford reactors shut down because the Hanford reactors couldn’t make other isotopes very

well. There just wasn't the versatility in the reactor design to do that.

| think a lot of people probably wondered whether it was the right thing to do to make materials for atomic
weapons, and that crossed my mind, but the longer | worked, | began to believe that the very fact that we had
these atomic weapons has kept peace in the world rather than promoting war because people are afraid now to

start a war.
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