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It is now nearly eight months since the Three Mile Island accident
occurred. Few events in history which did not injure or kill people
have received comparable attention for such a long time. The Kemeny
Commission has reported and many studies have been made; even so, it may
yet be too early to "Put Three Mile Island into Perspective." We cannot
really be sure of the extent and nature of core damage until the contain-
ment and reactor vessel have been opened. Hopefully, both the title and
the remarks today have some relevance and will not suffer too badly when
compared with facts from the future.

Since the accident has been described extensively, I will review
the events of March 28 only briefly. Next I will speculate on some of
the causes, for example, failures due to men, to machines, and to man-
machine interfaces, and finally discuss some plans and actions now being
taken to improve things for the future.

Although it is almost becoming an old song, it seems imperative to
repeat that no one was injured and no one was killed. Nearly one month
after the accident, the reactor was still being cooled by the normal
heat removal system. The primary and secondary circuits, pumps and heat
exchangers, were functioning normally to remove the radioactive decay
heat. Only then was the operation switched over to the long-term natural
circulation cooling mode.

I do not wish to minimize the seriousness of the accident, but it
was somewhat overplayed by the news media. As was easily noted, the TV
cameras at the site were without action to photograph; so they focused
on the small plume of steam from the cooling tower. The commentator
then talked about radioactive clouds, and everyone felt quite uncomfortable.
The steam of course was essentially ss clean as that from one's teakettle.

It is understandably difficult for the news media to accurately
report a complex event such as the Three Mile Island incident. This was
demonstrated by my early conversation with a well-qualified technical



person, a professional nuclear engineer from a major university. He had
knowledge of Three Mile Island only as it had been reported in the news
media. His perceptions were remarkably incorrect; for example, he was
greatly concerned about the danger of a hydrogen explosion in the primary
circuit. He envisioned the hydrogen as having been generated by disassociation
of hydrogen and oxygen from water, thus producing an explosive mixture;
whereas, in fact, the hydrogen had come from quite a different source.
There was no oxygen present and hence an explosion was not possible.

Now to briefly review what happened — The accident began with an
innocuous trip of the feed water pump for the steam generators. That
was compounded by the auxiliary feed water systems having been valved
out of service. This was a violation of the technical specifications.
A stuck electromagnetic relief valve in the primary system and misleading
instrumentation led the operators to create a remarkable unpredictable
set of circumstances. However, the automatic emergency coolant systems
functioned as required each time they were called upon and were quite
effective in limiting the magnitude of the accident.

Most of the problems developed when the reactor coolant pressure
dropped to the point where the water began to turn into steam. Under
this circumstance, the instruments which were designed for a pressurized
liquid water system gave misleading information to the operators. When
it appeared that the emergency system was adding too much water (whereas
in reality there was too much steam) the operators turned off the emergency
cooling system water and increased letdown flow to the maximum. When
the coolant loss continued, an indication of pump vibration led the
operators to turn off the main circulating pumps.

During the ensuing several hours much of the reactor core had no
forced circulation of water and no heat removal other than steam loss
through the pressurizer relief valve and heatup of the system. Cold
water was supplied from the high pressure injection pumps, but the water
level was below 'HUCR, or possibly all, of the core.

During the long period of time without water cooling, the temperatures
of the fuel elements rose to unacceptably high values but the fuel did not
melt, at least not extensively. The thermocouples which indicated the



core outlet temperatures were off scale, and the fuel containers undoubtedly
reached temperatures in excess of 2000°F. The zirconium-alloy containers,
called zircalloy cladding, in which the uranium-dioxide pellets are
held, oxidize rapidly at temperatures above about 1800°F, and the reaction
is exothermic. Thus approximately one-third of the zircalloy fuel
cladding was severity oxidized to a brittle condition. Under internal
pressure and thermal shock it fractured. This allowed about one-half of
the volatile fission products to be released from the fuel pins and into
the primary circuit.

You will recall that one of the basic problems was the open relief
valve on the primary circuit pressurizer. After the fuel cladding
failure, radioactive iodine and other fission products which entered the
cooling water also were discharged into the secondary containment. The
primary circuit relief valve discharges into a closed tank, but this had
long since been overfilled and its open relief valve was discharging
water into the secondary containment vessel. Of course, this vessel is
large, is heavily shielded, and will accommodate great quantities of
highly radioactive water.

Unfortunately the story doesn't end there. The reactor containment
was designed to accommodate system leaks and the "design-basis accident."
The latter is a hypothetical accident in which a double-ended pipe
rupture releases large quantities of reactor cooling water into the
containment system. The emergency cooling system is designed to prevent
fuel cladding failure even for this extreme event. Thus a sump pump was
provided in the basement of the reactor containment to pump relatively
clean water from the containment into tanks in an auxiliary building.
These pumps ran for ̂ 38 minutes unnoticed by the operators until they
filled the auxiliary tanks and water overflowed into the auxiliary
buiIding.

Because auxiliary building equipment was in use. the containment
was not totally isolated. Xe and Kr gas vented through the letdown and
other systems. A small amount of iodine was released from the water on
the floor; however, it was minimal only because of its inherent retention
in the water. Unfortunately, the charcoal beds which form part of the
containment for this building had not been properly maintained and had
little capacity. Noble gases were released to the atmosphere through
the stack.



After this "uncontrolled release" the gas vent in the auxiliary
building was routed back to containment. A primary system pump v/as
reactivated together with the steam generator and the feed water pumps
for the "A" circuit. The backup valve to the defective relief valve was
closed. The system then was refilled with water and stabilized in an
essentially normal mode of operation. All of this occurred within the
first day; however, I have taken some liberties with the sequence of
events hopefully for clarity and surely for brevity.

The infamous "hydrogen bubble" resulted from oxidation of the
zircalloy cladding by the water and steam. Relatively large amounts of
hydrogen accumulated in the primary circuit, partially dissolved in the
water, and almost certainly accumulated to some degree in the upper
portions of the primary vessel. It has not yet been determined what
fraction of the bubble at the top of the vessel was hydrogen and what
was steam and other gases and vapors. Apparently much of the bubble
volume can be accounted for by a continued generation of steam in the
upper regions of the vessel. Much heat energy had accumulated in the
thick vessel wall and in upper structural members. In dealing with the
situation, however, it was safest to assume that the bubble was entirely
hydrogen. Oxygen, which might have accumulated from radiolytic dis-
association of water was not present because recombination occurs rapidly
in the presence of excess hydrogen.

The quantity of hydrogen was eventually determined by measurement
of its concentration in the secondary containment. Hydrogen was discharged
through the relief valve, first through the uncontrolled release and
then by deliberate venting. The "bubble" was reduced in size over a
period of days by circulation of water into the pressurizer through a
spray system (provided to kill the steam pressure) and by repeated
opening of the relief valve system to the containment.

The fully mixed concentration of hydrogen in the secondary containment
never exceeded 2.4 percent, well below the explosive limit of 4 percent.
However, it seems probable that a local accumulation of hydrogen with a
rapid burn or mild explosion accounts for a transient pressure increase
observed in the secondary containment, about 10 hours into the accident
sequence. The maximum pressure reached was 28 pounds per square inch.
The containment system was designed for a sustained internal pressure of
60 pounds per square inch.



In the first few hours, the operators did everything possible to
remove coolant from the system because they erroneously associated the
pressurizer "level" with coolant level. Later on they could not establish
pumped flow because of the large amount of noncondensable gas. Their
efforts to depressurize the system eventually released enough gas so that
they were able to establish circulation.

In review, it ic easy to note that the operators in turn may have
been slow in activating the backup feed water systems, were late to use
the block valve to prevent escape of steam through the defective relief
valve, turned off the emergency cooling system when it was seriously
needed, stopped the primary circulating pumps when they provided the
only effective means for removing heat from the core, and allowed the
continued pumping of water from the reactor containment to the auxiliary
system after it had become highly contaminated. An immediate reaction
for many of us was, "We must insure a. much broader and more intensive
training program for reactor operators." And that surely is correct.

However, I was somewhat surprised to note the NRC position that the
operators were really not to be seriously faulted. Obviously they
should not have been operating the reactor system with two vital auxiliary
feed water circuits valved out, but beyond that, the record was not as
bad as it appeared. First, one must note that they were confronted by a
bewildering array of warning lights. The primary system rather quickly
lost pressure and entered boiling regimes where the instrument readings
were difficult to interpret. The operators throughout the accident
essentially read the instruments and followed the procedures in which
they had been trained for the apparent conditions which the instruments
indicated.

The Three Mile Island operators functioned in most situations as
instructed but lost the reactor core. It has been pointed out that, in
contrast, the TVA operators during the Browns Ferry fire did not as
precisely follow instructions but did the "right thing" and saved the
reactor.

It is ironic that from a legalistic point of view, in terms of
accountable negligence, the Three Mile Island operators might be held
harmless whereas the TVA operators (had the event turned out less



fortunate) might have been faulted even though they functioi ed exceptionally

well. Our legalistic society can reduce its own well being by encouraging

rote following of rules. The problem, of course, is akin to malpractice

for the medical profession. These forces also tend to make our society

operate somewhat less efficiently than might be possible if we could

devise a more effective system for maintaining accountability.

Now let's reflect for a moment on some of the basic causes of the

TMI accident. First, the Babcock and Wilcox reactor systems have only

two steam generators whereas other manufacturers largely have three. In

addition, the B&W steam generators have a small volume. Hence their

response to a transient is rapid, and their control systems apparently

are somewhat insensitive. The control systems are being modified to

better accommodate the effects of the smaller system volume. There are

economies in construction and operation from this basic B&W system, and

it is incumbent to find fully effective control systems.

As already noted, the traditional analog alarm system presented the

operators with a bewildering array of red warning lights. Thus it was

difficult for them to select the key actions which needed to be taken.

Additional computer assistance to diagnose the key problem areas and to

indicate corrective measures could surely be helpful. It is possible

that some additional automatic actions might be developed. Those which

existed all functioned well except for the relief valve failure.

Once the accident had occurred, the operators had distressingly

little information available. Some instrumentation had been put out of

service due to water flooding, other instruments eventually were damaged

by the high radiation levels. Such conditions were not anticipated for

an operable system. Essentially no instrumentation had been provided

specifically for monitoring these accident conditions.

Obviously the existence of high radiation levels should deactivate

the reactor containment sump pumps so that the auxiliary buildings which

house some of the emergency cooling system equipment could not be subjected

to high radiation levels. This change has been made for those reactors

not originally so designed.

Let us now consider some of the problems which existed in the time

period immediately following the height of the accident.



First, there was the core damage which limited the options
for removing the afterheat; the operators and the .Nuclear Regulatory
Commission were afraid of changing the operating conditions signifi-
cantly for fear of further disturbing the core. Thus they could
not experiment with alternative methods of cooling.

Second, the dissolved gases in the coolant system and the
"bubble" made it inadvisable to depressurize the system for fear of
creating a large or larger bubble which would again uncover the
core and isolate it from the water coolant.

Third, the damaged instrumentation and the lack of accident
instrumentation made it very difficult to plan the day-to-day and
future operation.

Fourth, the radioactive waste problems in the auxiliary
building created one of the more serious conditions. The continued
potential for release of radioactive iodine from the building
necessitated the evacuation of children and pregnant women from the
vicinity. It was only after adequate measures had been taken to
stabilize the iodine that the evacuation was lifted. Incidentally
staff members from the Oak Ridge National Laboratory were instru-
mental in planning and conducting the iodine treatment.

And finally the understandable public confusion and over-
reaction v/as unfortunate. The great mass of visitors to the area

Congressmen, local and State officials, foreign observers, and the
news media made early recovery operations cumbersome to say the
least. Even so, the emergency assistance efforts by the NRC, other
utility companies, the reactor manufacturers, other private firms,
and the national laboratories were reasonably well coordinated and
highly effective. The emergency resources which our country can
bring to bear on an accident situation are indeed impressive.
For the development of corrective measures in the longer term,

there seems to be a real danger of too many cooks spoiling the broth.
At last count, there were at least thirteen congressional committees
conducting investigations. Each of the reactor manufacturers is appro-
priately looking at its systems for lessons to be applied. Foreign
countries are examining their situations, and each of the U.S. nuclear
utility companies is reviewing its systems. The Kemeny Commission has
issued a somewhat vague report.
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Now by way of summary, let's review briefly some key observations
from the accident: Little, if any, fuel melting occurred, even though
the reactor core was uncovered. The safety systems functioned reliably.
The containment functioned effectively. Occupational radiation exposures
were within annual limits. The maximum hypothetical public individual
exposure was less than 80 millirems which is comparable to a few months
of living in the more radioactive but otherwise pleasant environment of
Denver. Based on the conservative licensing analyses, the core was
subjected to conditions that would have produced a total melt. The
iodine release would have been a factor of 1000 or more higher. This
accident has revealed tht reactors are orders of magnitude safer than
previously assumed.

The greatest direct public consequence is the loss of electricity
and the cost of replacement power. The costs of decontamination and
returning the reactor system to service will be high, but at this point
there is reason to believe that the reactor can be put back into effective
service. Recovery costs are estimated between $250 and $500 M.

Where does TMI 2 stand today? Tanks have been installed in the
fuel-storage pool into which the contaminated water from the auxiliary
building has been transferred and secured. Water samples have been
obtained from the secondary containment by core drilling for access
through the containment shielding. These show the presence of silver
iodide (Agl) indicating that control rods had melted to some degree but
no great surprises. Core drilling also has provided samples of the
containment liner, and analyses of these and the water chemistry form a
basis for planning the cleanup operation. ORNL has contributed substantially
to these analyses both in establishing the chemical composition of the
waste and for planning subsequent operations.

Li planning for this presentation, we purposely set the date to
follow the Kemeny Commission's report so that its findings could be
included. Some aspects of the report lead me to regret that decision,
but overall it is a fairly good report. It was reassuring in reading
their account of the accident to find that it was not necessary to
significantly revise the accident description of this text even though
it was prepared about a month after the occurrence.



It also is not surprising thai: the Commission has come down hard on

the institutional systems. Many of us in the era of the 1960s were

greatly concerned that U.S. utility companies were not equipped to deal

with the high technology of nuclear energy. Utilities had been accustomed

to engaging architect engineers to design their plants and to purchase

the steam systems from manufacturers. The utilities were largely business

organizations having very low technological capabilities. However,

during the ensuing years things seemingly went well with the nuclear

plants and we became unduly complacent.

Tne Commission's criticism of the NRC probably reflects unfairly on

the dedicated efforts of many members of the staff and management.

Nevertheless, the NRC does not appear to be a smoothly working, effective

organization. Clearly some reorganization is needed. However, I

question the wisdom of the Kemeny Commission recommendation for a

single administrator as the appropriate fix, although this may be the

only practical solution. I would favor a commission with clearly defined

and restricted powers. It should employ the administrator and shield

him somewhat from congressione: 1 and public harassment, should establish

policy, and should review exceptional cases. It should not enter the

day-to-day operation of the agency as does the present NRC.

The vague features of the Kemeny Commission statement entitled "The

Transition" leave something to be desired. It stated in part that the

NRC or its successor should, on a case-by-case basis, before issuing a

new construction permit or operating license (a) assess the need to

introduce new safety improvements as recommended in the report and in

NRC and industry studies, (b) review the competency of the prospective

operating licensee to manage the plant, and (c) condition licensing upon

review and approval of the state and local emergency plans. Obviously

this statement leaves much room for discussion, debate, and delay.

Fortunately the Commissioners agreed on this statement instead of agreeing

on a nuclear moratorium although the two positions may not be greatly

different as a number of columnists pointed out. Subsequent action by

the NRC has put the moratorium into effect on an idefinite basis.
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As you may know, the Electric Power Research Institute is coordinating
the industrial efforts which derive from TMI. A team of approximately
40 persons has been assembled at Palo Alto. The Department of Energy
and the national laboratories are cooperating in this effort and the Oak
Ridge National Laboratory is a participant. Two reports have now been
issued.

EPRI has done tv/o things through the task force. First, it has
established a system for accumulating information. This organization is
called Nuclear-Safety Analysis Center or N-SAC. The information will
come from their own studies and from the industrial and governmental
efforts. Second, HPRI now proposes a new form of action by industry.
This would take the form of a new entity with the acronym INPO, Institute
for Nuclear Power Operations. It is to have broad capabilities for
assistance to utilities for training, for development of safety and
operating criteria, and for evaluation of operating practices through
teams which would visit reactor sites.

INPO is to provide for emergency action. This might take the
form of regional teams prepared to respond to severe accidents.
Community action planning is to be developed for better understanding
of power systems, their benefits, and problems. The community planning
would be coordinated with the emergency action teams.

INPO also may bring about such actions as providing protection,
through insurors, against loss of power. This might offer comprehensive
evaluation of operator competence through insuror inspection of plants
and operating practices. It could, by refusal to insure, prevent unqualified
utilities from having insurance and hence nuclear units without the
problems of increased control by government bureaucracy. INPO plans
are only now being formulated, and my perception of them may be somewhat
preliminary.

Two of the many technological observations from the accident are
potentially very significant. First, it appeared early that less iodine
had been released than would be expected. It now seems that melting of
the silver cadmium control rods occurred and that iodine was tied up
significantly as Agl and also as Nal and Csl. This of course suggests
mechanisms for iodine retention for protection in major accidents. The
second is that, at least for all but very rapid meltdown of the core,
flooding of the containment outside the primary vessel, which is probable
anyway, can prevent melting through the vessel. With an appropriate and
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relatively simple heat removal system, a core-catcher function could be
provided without the problems previously envisioned for core-catchers.
These two factors greatly reduce the probability of a major accident
which could harm the public. I am sure that much more will be learned
before the arduous task of reclaiming the facility is complete.

Overall, I think that a good case can be made that this accident
provides an endorsement for the safety of nuclear power. Hov/ever, it is
incumbent upon us to be sure that the lessons learned are applied
effectively and reasonably. It also is important that people know what
happened. I appreciate this opportunity to discuss the event with you.

D. B. Trauger
11/9/79


