INTERVIEW: MICHAEL R. FOX

What We Can Learn from Fukushima

This interview with
LaRouche Pac editor
Alicia Cerretani, took
place three days after
the March 11 Fukushi-
ma accident. We pres-
ent this edited version as
a tribute to Mike. It ex-
emplifies  his  spirited
support of nuclear fis-
sion, and his passion for
educating others.

Question: Please tell us about your
background.

Fox: | retired after 40 years in the nu-
clear industry at Hanford and Idaho Na-
tional Engineering Lab. | have taught
thermodynamics at the university level. |
have a Ph.D. in physical chemistry from
the University of Washington.

Physical chemistry is kind of a disci-
pline in between chemistry and physics.
For example, in my five years of graduate
school, | almost never touched a test
tube; it's more theoretical than dirty lab
work. And | have a mathematics and
chemistry B.S.

Question: What s
your view of the Fuku-
shima situation?

I’'m not a nuclear en-
gineer, but know a lot of
people who are reactor
engineers, and I've talk-
ed with them about the
failure mode at TMI and
the failure mode at Cher-
nobyl. It’s a very, very in-
teresting discipline that
these people have. They go through the
sequence of events that lead to the acci-
dent. And by knowing what happened,
that’s how we make reactors safer.

It turns out that failure is very, very in-
formative—we learn a lot. Probably we
learn more from failures than we do from
successes, because the envelope of vari-
ables for success—temperature, pres-
sure, viscosity, concentrations—can be
reasonably small, in that if we run a suc-
cessful test, why then we congratulate
ourselves on how brilliant we are, but we
may have been operating right at the
edge of failure, so we don’tlearn as much
as we could if we had actual failure. So

that’s the general philosophy, where I'm
coming from.

I know people who have been to Cher-
nobyl and who have been directly in-
volved with the health effects of radioac-
tivity, the environment, wildlife, plant
life, isotopes, and all that. My favorite au-
thor, by the way, on the Chernoby! events
is one of your favorites—Zbigniew Ja-
worowski.* He’s super, and extremely
knowledgeable; his writing skills are just
perfect for me. Because as soon as he
says something that raises a question in
my mind, the next couple of sentences
answer the question. He’s a guy you don’t
want to lose contact with.

Question: There’s just so much igno-
rance about how nuclear reactors actu-
ally work, so when people hear about
the accident and explosion, their imagi-
nations get carried away in fear. From
your perspective, can you give people a
sense of what you know happened with
the reactor and what the real dangers
are in a situation like this?

Fox: | know some of the people who
did the examination of the fuel debris ob-

HOW A BOILING WATER
REACTOR WORKS

Water circulates through the reac-
tor core, where the fission process
heats it to boiling, converting it to
steam. Steam separators remove
water droplets from the steam, and
the steam is sent to the turbine gen-
erator, which produces electricity.
From the turbine, the steam goes to
the condenser, where it is con-
densed into water. The cooled wa-
ter is pumped from the condenser
and sent back to the reactor core to
begin the cycle again.

The control rods in the BWR
come up from the bottom, instead
of from the top. There is also a To-
rus or Suppression Pool below the
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tained from the Three Mile Island reactor
in 1979, so we know damn well what
happened.

Visualize a reactor core with 100 fuel
assemblies, each fuel assembly maybe
containing 100 fuel rods held in a verti-
cal position. A fuel rod is typically com-
posed of an alloy of zirconium, and it
contains the actual fuel pellets that are
loaded into it when they are fabricated.
These rods go into the reactor and, to
make a very long story short, by manipu-
lating the water, water pressure, and
heating the water, we extract heat from
the fuel and pump it around to heat ex-
changers. Then that is expanded into tur-
bines, and the turbines drive generators,
and we get electricity.

Now, what happens in an accident
like Three Mile Island? The TMI accident
is analogous to what I believe happened
in Japan. You have an accident, and you
have a power failure. It turns out that
some of the power that some utilities use
to run the plant—I think we're trying to
get away from it in the United States—
comes from off-site. Here in the North-
west, we get power from our hydroelec-
tric facilities coming into the power
plant to run back-up. Now, suppose we
lose the off-site power, as they did in Ja-
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NRC

pan. This means that the circula-
tion pumps in the reactors shut
down.

In the United States we have an-
ticipated that by installing huge
diesel generators. And these diesel gen-
erators are quite capable of running a
minimum supply of electricity, including

A nuclear fuel assembly (left). The long tubes
are zirconium-alloy-clad fuel rods which are
fastened together into large bundles that form
the core of a nuclear reactor. Uranium oxide
fuel pellets are stacked inside each rod. Indi-
vidual fuel rods are shown in the inset.

instrumentation, circulation
pumps, and so forth. They
are huge—big enough to run
small ships.

And part of the inspection
process in our reactor in
Richland is to inspect and
start up these back-up sys-
tems without the use of off-
site power. Now the way
they do that is, that these
diesel engines can be started
with large batteries. And
they do that; on a regular ba-
sis they fire them up and start
them, just to make sure they
are operable.

Now in Japan—and this is
fragmentary information that
I've gotten—they had back-
up diesel generators, and
they were capable of gener-
ating onsite power from them, but the
diesel fuel was located outside the reac-
tor building, and these got broken. | don’t
know whether it was the earthquake that
broke them, or the tidal wave that broke
them, but the back-up diesel lost power
because it couldn’t get fuel.

And so—I don't know what the euphe-
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Nuclear plants have a back-up power supply to keep the emergency systems (water
cooling pumps) operating if there is a power loss to the grid. At the three damaged Fu-
kushima plants, the back-up diesel generators lost power in the flood waters of the tsu-
nami, leaving reactor fuel assemblies uncovered. Here, a back-up diesel generator.
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NRC DIAGRAM OF TMI CORE
WITH MELTED FUEL

This Nuclear Regulatory Com-

mission diagram depicts what

happened in the 1979 Three Mile

Island accident where reactor

fuel slumped to the bottom of the

boiling water reactor pressure

vessel. Dr. Fox notes (based on

what was known just two days af-

ter the accident) that this might

be the case with the damaged Fu- 4

kushima reactors.
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mism is—but Tokyo Electric Power Com-
pany was screwed, because it couldn’t
pump water. Then the reactor starts heat-
ing up and driving off the cooling water
that is in the core, in the pressure vessel.
As it drives off steam, the reactor top, the
tube assemblies, become uncovered,
bare, and exposed to air and steam. ...

Then a sequence of events happens
that is very helpful to understand what
you see on television today.

Once these fuel rods become uncov-
ered, they are still hot. | mean very, very
hot—hundreds of degrees—and a chem-
ical reaction occurs that we learned in
high school. The fuel rods become un-
covered and hot, and their zirconium
fuel cladding then has a hot metal/water
reaction.

Anytime you heat a metal to very high
temperatures and throw steam around it,
what happens is that oxidation takes
place. The zirconium is converted to zir-
conium oxide, and the by-product is hy-
drogen.

One talk show guest | heard, a so-
called “expert,” said that hydrogen and
oxygen are generated by that process.
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That's not true. Oxygen is consumed by
oxidizing the metal. So you get zirconi-
um oxide plus hydrogen.

Now the zirc oxide is now not a metal,
but it's a brittle ceramic oxide ... and it
begins to slough off the reactor fuel but-
tons that are loaded into the fuel rods. All
that becomes free, and the fuel slumps to
the bottom of the pressure vessel.

So that’s what happens with the zirco-
nium-clad fuel; it goes to the bottom of
the pressure vessel.

The hydrogen, on the other hand, is
vented and it was caught—collected—in
the exterior building in Japan, where it
built up in constant pressure. And with
hydrogen concentration, | know, the
flammability in air is about 4 percent.
The explosion limit is 6 or 8 percent. So it
doesn’t require an entire room of hydro-
gen to create a problem.

Once it gets up to that 8 percent....
When dealing with hydrogen, you al-
ways assume that there is an ignition
source around—anything from a match
to a light switch, which can ignite the
mixture. And kaboom! Away we go. And
the utility loses the reactor. It's de-
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stroyed.

So, what upsets me more about the
media coverage is that it is almost mak-
ing a parody of it. They have zero con-
cept of relative risk. The big problem fac-
ing the Japanese now is not the reactors,
it's the 80,000 people that are missing
from the tidal wave and other damage
caused by the earthquake.

There is essentially no health risk in-
volved from the reactors.

Another thing that drives me nuts, is
that we are not told what kind of radia-
tion is involved. It's a big, big, big differ-
ence, whether it'’s tritium or whether it’s
strontium, cesium, or whatever. Because
these come from different sources in the
reactor system, and would tell me what
kind of damage is likely to have oc-
curred.

But all the news media think they have
a nuclear “expert” on nuclear power, but
they are coming from groups like the
Center for American Progress, the far left-
wing group in Washington, and others
that I've never heard of.

I’'m a member of the American Nucle-
ar Society, and I've never heard of these
people. I'm also, as I said, familiar with
the failures at Chernobyl. And these
guys, the so-called experts, so far as |
know, have never been involved with
doing health studies or environmental
studies at Chernobyl. They are not ex-
perts in failure-mode analysis or risk
analysis for reactors, but they are obvi-
ously very good at self-promotion and
very pleased with themselves to get on
television.

I have nothing but contempt for these
people, who are reciting 25-year-old
scare stories for their own self aggran-
dizement and doing a dreadful job of in-
forming the public. How’s that for can-
dor?

Question: That’s why they picked
them, and that’s why they’re “experts.”
Not because they know anything about
the disaster.

Fox: They're certainly experts in self-
promotion, and they know some of the
lingo. And most of the lingo that they use
is old lingo from the TMI accident, but es-
sentially the health effects of TMI are
zero, and | expect that the health effects
of the Japanese reactors to be essentially
zero too.

I've worked in the nuclear industry for
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October 1979.

40 years, and I've operated and managed
radio-chemistry labs and plutonium labs,
and | know what I'm talking about. And,
since | have people whose health
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Report of The President’s Commission on the Accident at Three Mile Island:
The Need for Change: The Legacy of TM/

Three Mile Island personnel in protective clothing
cleaning up the contaminated auxiliary building in

now that can detect chemi-
cal elements off the periodic
chart at the parts-per-million
level. When | took quantita-
tive analysis, we were happy
with parts per thousand!
Now the detection limits are
parts per trillion, and the de-
tection of radioactive mate-
rials is even lower than
that—another factor of 1,000
to 10,000 times lower than
that.

So a scientist can stand up
and say “Yep, we detected it,
it's there,” but if you don’t
have any sense of perspec-
tive and the magnitudes of
what their detection equip-
ment is telling them, why
you can easily paint a scary
story, and a lot of the reality
is left out of the discussion.
It's one of my pet peeves,
since I've operated some of those pieces
of equipment.

It's a big financial hit for sure, but

they’re making a parody out of it. Be-
cause Japan has to have electricity, and
most people in the United States don't
appreciate what electricity has done for
them as a nation. It provides entertain-
ment, it provides highly productive work-
ers, it provides help in our national secu-
rity defense systems.

Electrical energy is a substitute for hu-
man backs, or for slavery. Now, we have
a rather terrible choice here, and if we
want to go down the road here to more
reliable, low-cost electricity, we can ei-
ther have it or we can not have it. And |
grow weary of people who think that we
can get abundant energy from sunbeams
and gentle breezes. That's just not the
case. That's one thing | learned in teach-
ing thermodynamics.

There are some things about energy
that are inviolate. For these people to be
scaring people about nuclear power
plants, especially when they have the
history of the TMI incident, is dishon-
est. The Japanese have much, much,
much bigger problems to solve right
now. . ..

and safety are important to me, and
are friends, | never took my radia-
tion advice from people like this, or
Greenpeace, or John Gofman, or
any of the other opportunists, be-
cause they are invariably wrong—
whether it's plutonium chemistry,
or the health effects of radiation, or
whatever.

And the Japanese: | see them
monitoring children and adults,
but they are doing it in a proper,
very, very, very conservative way.
And that’s the way we do things.

It probably aggravates the situa-
tion to see a guy in what we call
SWP clothing—safe work permit
clothing—monitoring a child who
is in street clothes, but that’s how
you do it.

Sensitive Instrumentation

Another problem involved with
this, by the way, in communicat-
ing, is that our instrumentation in
2011 is hugely sensitive in the mea-
surement of radioactivity. There is a
false presumption that if the radia-
tion is detectable, it creates cancer,
it creates death. That’s absolutely
not the truth.

We have detection equipment
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Question: It’s reported now that not
only the Fukushima nuclear plants were
damaged, but other reactors were de-
molished, including coal-fired plants
and an oil refinery that went up in
smoke. What are you looking at in terms
of actual plant damage?

Fox: This morning’s news is reporting
that there may be a possibility of three
reactors undergoing this process of the
fuel becoming uncovered and slumping
to the bottom of the pressure vessels. So
there is going to be a lot of damage
there. The damage is being contained
both by the pressure vessel and the first
containment building, which is robust
concrete.

You won't be able to tell how much
damage unless you get very close to it. |
imagine that they will follow that TMI
clean-up pretty closely in Japan. We
certainly got a lot of experience doing
that.

I hadn’t heard that Japan had lost coal
plants. I do know that one of the oil refin-
eries is burning. But, Japan is in a tough
situation. They don’t have any indigenous
supplies of coal or oil. And they are very
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smart and great people, so they went
down the road to build domestic nuclear
power plants. Regrettably, Japan itself is
on a geologic fault and so they have to
engineer around that....

Defense in Depth

Question: What you said about elec-
tricity is key, and I haven’t surveyed a lot
of the other damage to the infrastruc-
ture. But if you juxtapose the situation in
Japan, with what happened, say, in Hai-
ti: Haiti never had that kind of infra-
structure, the way Japan has built theirs
up, so the damage done to Haiti was
much more severe, because they didn’t
have this higher energy flux dense capa-
bility that the Japanese do. In Japan, we
may be talking about three reactors that
are down, but is it the case that the infra-
structural integrity granted by the power
plants, and the power plant itself, actu-
ally fared better than other infrastruc-
ture that was involved in the earthquake
and the tsunami?

Fox: Yes, what we call defense-in-
depth, how to contain the fission prod-
ucts, has worked very well. The pressure
vessel is intact, the first containment
building is intact, and it's very unlikely
that they will be breached.

There are additional safety measures
that they could take. | don’t know why
they are not pouring in borated water
into the reactors, but they apparently
are not. Boron is a wonderful element
that absorbs neutrons and stops nuclear
fission reactions. That's one way to stop
it.

But, yes, the infrastructure at the pow-
er plants is pretty much intact in terms of
anticipating the kind of accident that oc-
curred. The problem is that they engi-
neered for—it's called the design basis
accident—and that was, | think, some-
where around a 7.0 magnitude earth-
quake. Well, this was a 9.0, so the plants
were not designed for a 9.0. Something
gave, and in this case it was the fuel sup-
ply to the diesel generators that was ter-
minated. ...

Especially given the hardship that the
Japanese people face now with water
shortages, food shortages, and loss of in-
frastructure, just in living in communities
there. | don’t know what the Japanese are
going to do—are they going to bring in
floating nuclear reactors?

uestion: They could; Russia’s not too
Q y ;
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far away. The Russians have a design for
small floating reactors. | know the Rus-
sians are bringing in natural gas.

But let me ask you this: What do you
think we could learn from this situation?
You mentioned that we learn the best,
sometimes, from the failures. So what do
you think we can learn from the earth-
quake and tsunami in Japan?

Fox: Well, it’s conjectural, but we can
learn how to build more robust cooling
systems, and more robust back-up diesel
systems. And the Japanese, at least, are
going to have to build more robust reac-
tors to withstand a 9.0 earthquake. So the
guys who are expert in risk analysis and
failure-mode analysis are going to be go-
ing through this with a fine tooth comb,
and making observations that we haven’t
even thought of.

Chernobyl was a different thing. They
were almost begging for an accident
there. They had a design flaw, which is
called a positive void coefficient: At low
power, the cooling lines in the reactor
could flash to steam. Now that’s a prob-
lem that was recognized 40 or 50 years
ago. But the Soviets designed the Cher-
nobyl reactor in such a way that as the
liquid water in the cooling system flashed
to steam, it increased the power output of
the reactor. That’s where the word “posi-
tive” in positive void coefficient comes
from—it increased power as the liquid
water flashed to steam. In all other reac-
tor types, there is a negative void coeffi-
cient, so they have a tendency to shut
themselves down.

[ have a friend in Tri-Cities [Washing-
ton] who was involved in the design of
reactors, and he personally told the
Russians—and | know this happened in
a number of cases—he personally told
the Russians in the 1970s that their
RBMK-1000 had a major flaw in it, its
positive void coefficient. But the Rus-
sians just pressed on and built these
things, knowing that the reactors had a
design flaw that was waiting to happen.
And it did.

There’s a whole bunch of other
things that the Russians did or did not
do, in terms of violating their own safe-
ty rules, but the design flaw was a show-
stopper....

Notes

* Zbigniew Jaworowski’s most recent article on
Chernobyl, “Observations on Chernobyl! after 25
Years of Radiophobia,” can be found here.
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