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VISION AND REALITY:

Laboratory and
Service Building

Layout of the EBR-II facility. (ANL)

the laboratory’s Zero Power Reactor III
(ZPR-1II) to test alternatives for the reactor
core.

One particularly crucial strategy—and
one distinctive to the EBR-II efforts—was
“what-iffing.” As Koch later explained:
“We would conjure up every circum-
stance we could think of, asking our-
selves—what if such and such happens?
What will the result be? How will we ac-
commodate it?” The exercise was quite
rigorous. “We had categories of how se-
rious—or how acceptable—the conse-
quences might be.” In line with Zinn’s
long-term insistence on safety, “at the top
of the list of what was unacceptable was
that which would result in a hazard to the
public, either the public on site, or the
general public off site.” If they determined
that such a hazard existed, “that particu-
lar approach was discarded.”

The emphasis on being careful was leav-
ened by practical considerations. In the
words of EBR-II engineer Ralph Seiden-
sticker, Koch “never let us dawdle, never
let us get so seduced by R&D that we for-
got the task at hand.” At the same time, he
said, “we weren’t doing this to save money
or time. We also weren’t doing this to spend
all the money and take all the time in the
world.” In short, said Seidensticker, man-
agement “never lost sight of what was real-
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ly important,” but instead “totally focused
on the end result.” Constantly workers were
told: “It has to work,” and in the process,
“conservatism was never compromised.”

Resulting design innovations

Sodium coolant—As Fermi and the oth-
ers at the April 1944 meeting had antici-
pated, a key 1ssue for a fast reactor is cool-
ing. Although sodium reacts violently with
water, EBR-II engineers chose it because
it has a number of attractive features. In ad-
dition to having minimal interaction with
neutrons (as the 1944 group noted), it has
a high thermal conductivity, is noncorro-
sive with steel construction material, and
has a high boiling point, which avoids safe-
ty issues that come with using a pressur-
ized vessel.

Pool-type configuration of primary sys-
tem—One of the distinctive features of
EBR-II was that the primary system (the
reactor vessel and core, pumps for pump-
ing sodium, and an intermediate heat ex-
changer) was put into a single tank (later
called the primary tank) instead of using
the customary loop system with a series of
connected pipes. This arrangement did
pose the complication that components
were not out in the open to maintain. How-
ever, it offered many advantages. Because
sodium becomes radioactive due to neu-

NUCLEAR NEWS

D-8

tron absorption when pumped through the
reactor to the heat exchanger, by using the
pool design, EBR-II designers avoided the
problem of radioactive sodium leaks that
would have plagued a loop system. EBR-
II could also have a simple piping system
instead of the elaborate measures that are
necessary in an open system. The enclosed
system also made it easy to keep sodium
in the molten state needed for circula-
tion—EBR-II designers simply made pro-
visions for heating the entire submerged
system.

Closed fuel cycle—A hallmark feature
of EBR-II was that it had a closed fuel cy-
cle. That is, as anticipated from the be-
ginning of the project, the fuel would be
recycled using a separate fuel cycle facil-
ity. Plans were thus made to take fuel out
of the reactor (both the blanket and the
fuel elements), reprocess it (in the process
removing fission products), then refabri-
cate fuel elements. Since fuel would be
continuously reprocessed, EBR-II had the
potential not only to make extra fuel, but
also could exploit the full potential of the
uranium. An additional advantage of this
approach was that the fuel remained high-
ly radioactive and therefore would be
harder to steal; that is, it was proliferation-
resistant.
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Fuel handling innovations—Fuel han-
dling was complicated by a number of fac-
tors. For one thing, EBR-II engineers need-
ed to recycle fuel quickly to keep the total
fuel eycle working inventory low so that the
reactor could be operated economically.
Also, fuel components consisted of sub-
assemblies that were totally submerged in
sodium in the primary tank and therefore
were not visible during refueling opera-
tions. In addition, designers wanted to store
fuel for fission-product decay-heat removal
while the reactor was in operation. Extract-
ing the fuel, transferring it first out of the
reactor to a fuel storage rack and then out
of the primary tank and then to the fuel cy-
cle facility, then reprocessing and refabri-
cating the fuel elements and transferring
them back into place, was accomplished
with a series of cleverly designed, meticu-
lously engineered remote handling de-
vices—grippers, a hold-down mechanism,
and a transfer arm, as well as specialized
devices for fabrication and for transferring
the highly radioactive elements safely in
and out of the sodium environment.

Construction, initial operation

By the end of 1957, design work was
winding down in Chicago and the effort be-
gan to relocate to Idaho, where EBR-II
would be built. Those building EBR-II en-
joyed advantages unknown to their EBR-I
colleagues. For example, the EBR-II site
was closer to Idaho Falls, the Idaho Na-
tional Reactor Testing Station (NRTS) was
up and running, a good road connected Ida-
ho Falls and the site, and a rail line ran to
the central facilities of NRTS.

Thus, EBR-II workers had a shorter com-
mute, getting construction started was eas-
ier, and delivery of equipment was much
more convenient. Workers coming from
Chicago still had a transition to make, how-
ever, because in Burelbach’s words, Idaho
was “a different world.” As Seidensticker
noted: “The snow was deeper and temper-
atures colder. Sometimes in winter we had
temperatures down to 25 below!™ The site
was also a particular haven for rattlesnakes.

Construction began in earnest amidst the
mgged, beautiful Idaho landscape in 1958
and proceeded with few problems. Over the
next three years, roads were cleared and
buildings erected. Components were gath-
ered and assembled from contractors all
over the country and from the Chicago site
and installed in the plant, including fuel
subassemblies. While this work progressed,
a hazards summary report and a step-by-
step plan for safely achieving critical mass
were prepared and successfully submitted
for approval to both the AEC and the Ad-
visory Committee on Reactor Safeguards.
By fall 1961, the reactor plant and the pow-
er plant were completed. As the sodium
boiler plant—the last piece of the power
complex—was being finished, the EBR-II

32

s VISION AND REALITY: THE EBR-II STORY

team was ready to perform dry critical
tests—that is, criticality tests prior to filling
the primary sodium system. On September
30, 1960, EBR-II achieved dry criticality,
and in the next month tests were made of
the reactor in this configuration.

After completion of the sodium plant in
late 1962, it was time to make preparations
so that the reactor could achieve wet criti-
cality. After sodium was added, the EBR-
II team carefully and methodically fol-
lowed predetermined check-out procedures
for the startup of the reactor, and then be-
gan the stepwise approach to wet criticali-
ty. The reactor achieved this milestone in
November.

After some wet critical experiments, the
group began what they called the “approach
to power” starting on July 16, 1964, in
which the power level of the reactor was
slowly increased with levels of up to 30
MWt achieved by August. Much later, the
reactor would be loaded with different types
of fuel and other reactor experiments would
be performed, including measurements of
plutonium in the uranium blanket sur-
rounding the core, which established the re-
actor’s success as a breeder. In May 1965,
the reactor used recycled fuel for the first
time. By this time, the reactor was operat-
ing at 45 MWt, a power level that would
continue for another three years; in Sep-
tember 1969, the power was increased to
the design value of 62.5 MWt.

Next, EBR-111

Instead of becoming a stepping stone to
EBR-III, EBR-II fellowed an unexpected
path in the 30 years after construction. By
the time EBR-II was operating at design
power in the late 1960s, the AEC’s reactor
division had developed a new and different
vision of the nation’s reactor program.
Their idea was to choose one promising
technology that could be achieved in the
short term and put all possible resources
into developing and commercially imple-
menting it as quickly as possible. This ap-
proach left no room for Argonne’s tradition
of developing forward-looking concepts.

EBR-II played an important role as a fu-
els and materials testing reactor during the
1970s—supporting the national program in
oxidized fuel fast reactor development. The
recycle facilities were shut down, howev-
er, and Argonne managers were stripped of
the authority to plan and manage the labo-
ratory’s breeder project.

EBR-II gained prominence again in the
mid-1980s with the advent of the Integral
Fast Reactor (IFR), a concept spearheaded
by Charles Till. As Koch later explained,
the [FR “was an attempt to restore the plant
to its original intent . . . to go back and do
what we started to do”—that is, “runitasa
power plant on recycled fuel.” The metal-
fueled EBR-II was again joined to the fuel
cycle facility, which had been altered so
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that it could reprocess the more advanced
plutonium-based spent fuels using a new
technology that offered many advantages—
electrochemical pyroprocessing—as well
as continue already developed fabrication
processes.

Asthe concept of IFR was being defined,
a crucial EBR-II experiment was under
way. Gerry Golden, John Sackett, and Pete
Planchon—aleng with other Argonne engi-
neers—considered ways to show that EBR-
1T was inherently safe. That is, it would shut
down safely even if safety systems failed to
operate. This test was successfully com-
pleted in April 1986. Following a tempera-
ture rise, EBR-II regulated its own temper-
ature and power without the use of
emergency safety operations or operator in-
tervention. Inherent safety became an im-
portant pillar of the IFR concept.

Despite EBR-II successes, in August
1994, Congress terminated the [FR, while
providing $84 million for efforts to wind
down the IFR program. On September 27,
1994, EBR-II ran for the last time. As of
this date, no plans for EBR-III had materi-
alized and none have subsequently been
launched.

Reality and the vision

A number of factors have conspired to
divert plans for EBR-III. The prospects for
rapid development of civilian reactors de-
clined in the 1970s and 1980s as the tech-
nology appeared less economically feasi-
ble than previously thought and the
accidents at Three Mile Island and Cher-
nobyl raised safety concerns about nuclear
power. In addition, the rationale for the fast
breeder became less compelling when ura-
nium prospecting produced more fission-
able material than expected in the mid-
1940s and early 1950s and when additional
oil reserves were discovered. Breeders also
got a black eye with a well-publicized ac-
cident at the sodium-cooled Fermi-1 reac-
tor near Detroit, which was not built based
on the EBR-II experience. As Leon Wal-
ters, who worked on IFR, points out, in this
environment water-moderated reactors
have dominated attention, “since they are
relatively simple, the technology is well
developed due to their use in submarines,
and since industry is comfortable handling
water.”

Those who built and operated EBR-II
have not given up the vision of EBR-IIL.
As Walters notes, the design “is proven, it
is proliferation-resistant, it decreases
waste disposal problems, it’s inherently
safe, and perhaps most important of all,
Fermi’s original idea—conserving fis-
sionable material—is still sound.” Koch
insists that EBR-III will eventually be-
come a reality. “Maybe it won’t be in my
lifetime. But I think that someday there
will be an EBR-III, just like Zinn and Fer-
mi thought.” b |
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