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« Accidents in shielded facilities did not result in
radiation doses in excess of current occupational
limits or in excess of guidance found in governmen-
tal regulations and in national and international
standards. In light of this, the appropriateness of
emergency evacuation procedures for shielded
facilities should be reevaluated.

* No accidents were solely attributed to equipment
failure.

« No accidents were attributed to faulty calculations
by the criticality analyst.

* Many of the accidents occurred during non-routine
operations. However, the number of accidents is too
small to draw any strong conclusions.

+ Administrative considerations, rather than the sever-
ity of the accident, seemed to have determined the
length of facility downtime following an accident.

« No new physical phenomena were observed. All of
the accidents can be explained by the current
knowledge base.

Lessons Learned

First and perhaps foremost, the human element was
not only present but the dominant cause in all of the
accidents, as will be discussed in several of the lessons.
Second, and not often apparent, there was an element
of supervisory, upper—-management, and regulatory
agency responsibility in all of the accidents. Third, and
this follows naturally from the first two, there were
multiple causes for every accident. From these 22
accidents the following lessons have criticality safety
significance.

In what follows there is not simply a statement of
the “lesson”, but supporting elaboration. These
supporting words were drawn from extensive discus-
sions among the authors and are offered to assist
operating and criticality staff in a fuller understanding
of the lesson.

Lessons of Operational Importance

« Unfavorable geometry vessels should be avoided
in areas where high—concentration solutions
might be present. If unavoidable, they should be
subjected to strict controls or poisoned as appropri-
ate to the situation. All but one of the accidents
involved fissile material in solutions or slurries
(quasi—solutions, but likely heterogeneous and of
high concentration). From this, one realizes imme-
diately the importance of favorable geometry (lim-
ited dimension), solution handling vessels. When it
is judged to be necessary to rely on concentration
control associated with the application of large, un-
poisoned process vessels, then multiple checks on
incoming concentration and redundant monitoring
for fissile material accumulation are appropriate,

particularly in unshielded operations. In addition,
one must not be lulled into complacency because of
the near—exclusive use of favorable geometry ves-
sels. This only reduces accident likelihoods, it does
not eliminate them. Given sufficient interaction,
multiple favorable geometry vessels can always be
made critical. Also, failures of favorable geometry
vessels can result in accidents. The accident at
Novosibirsk in 1997, is perhaps an example of a
combination of complacency and vessel failure.

Important instructions, information, and proce-
dural changes should always be in writing. Fail-
ure of communications between operating person-
nel was a major contributing factor in several
accidents. This failure manifested itself in multiple
ways. In one accident involving shift work, proce-
dures for the recovery from a process upset were
not documented and not passed on to everyone on a
subsequent shift; a fatality resulted. Operations
should be performed only in accordance with well
written, approved, and understood (by the users)
procedures, including operating instructions and
postings. Two accidents were directly attributable to
miscommunication of sample concentrations during
telephone transmission of analytical laboratory
results. Important data should always be transferred
in writing. A fourth accident occurred when impro-
vised operations were underway and oral instruc-
tions were misunderstood and unintended actions
taken.

The processes should be familiar and well under-
stood so that abnormal conditions can be recog-
nized. Several accidents were associated with in-
complete understanding of abnormal conditions.
Had these abnormal conditions been recognized,
then controls could have been put in place to pre-
vent the accidents. While these accidents generally
occurred in the era before management assigned
specialists to assist operating personnel in criticality
accident control, the lesson will always be appli-
cable.

Criticality control should be part of an inte-
grated program that includes fissile material
accountability. All piping and equipment associ-
ated with fissile material operations should be ap-
propriately monitored to prevent undesired fissile
material accumulations. Loss of or inadequate ac-
countability for fissile materials has been associated
with several accidents. Sometimes this accountabil-
ity seemed almost unavoidable when the loss was
so gradual that the accountability controls available
at the time were not capable of detecting the loss.
However, had there been monitoring of piping and
vessels through which fissile material routinely
passed, or could have credibly passed, then inad-
vertent accumulations could have been detected.

n 1 _'I LA-13638 “A Review of Criticality Accident” (2000revision)
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