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REVIEW OF EVENTS AT LARGE POOL-TYPE IRRADIATORS

SUMMARY

Large pool-type gamma irradiators are used in applications such as the "cgld"
sterilization of medical and pharmaceutical supplies, and recent changes in
rederal regulations make it possible they will be uscc¢ extencively in the
preservation of foodstuffs. Because of this possible Yarge increase in the use
of irradiators, the Cffice of Nuclear Materials Safety and Safeguards was
interested in knowing what events had occurred at irradiators. The event data
would be used as background in developing new regulations on irradiators.
Therefore, AEOD began a study of the operating experience at large, wet source
storage gamma irradiators. The scope of the study was to assess all available
operating information on large (2 250,000 curie), pool-type irradiators licensed
by both the NRC and the Agreement States, and events at foreign facilities.

The study found that about 0.12 events have been reported per irradiator-year.
Most of these events were precursor events, in that there was no evidence of
damage to the radioactive sources or degradation in the level of safety of the
facility. Events with more significant impacts had a reported frequency of
about 0.01 event per irradiator-year. However, the actual rate of occurrence
of events of concern to the staff may be higher because there are few specific
reporting requirements for events at irradiators. We suggest that during
development of a regulation for large pool-type irradiators consideration be
given to specifying requirements for: reporting breakdowns in access control
systems; periodic inspection of the source movement and suspension system;
systems to detect source leakage and product contamination; allowable pool
leakage; and feedback of information on operational events involving
safety-important systems (i.e., requiring reporting of specific events).

1.0 INTRODUCTION

A panoramic, wet source storage irradiator, (American Nationa) Standards
Institute ANST N43.10, category IV), is a "controlled human access irradiator in
which the sealed source is contained in a storage pool (usually containing
water). The sealed source is fully shielded when not in use, and the sealed
source is exposed within a radiation volume that is maintained inaccessible

during use by an entry control syster." The sealed sources contain cobalt-60
(Co=60) or cesium-137 (Cs=137).

Since the 1960's, increased use has been made of large, wet source storage
irradiators in applications, such as the sterilization of medical and
pharmaceutical supplies. Recent concern over the possibly carcinogenic effects
of ethylene oxide residues may make radiation sterilization an even more
attractive alternative method of sterilization. In addition, recent changes

in federal regulations make it possible that radiation sterilization will
become a popular process for preserving foodstuffs.

An AEOD study of operating experience at large irradiators was made as part of
an effort to cvaluate whether cr not current NRC regulatory requirements
concerning large irradiators are adequate. The study included a review of all
available information on large (2 250,000 curie), pool-type irradiators licensed
by both the NRC and the Agreement States, and events at foreign facilities.



The focus was on events that have occurred since 1980, because they are

considered more representative of events that are likely to occur at irradiator
facilities today. 1/

The potential personnel radiation exposut rd posed by the sources at large
irradiators is substantial. For example, ishielded dose from a 250,000 Ci
Co-60 source is approximately 250,000 rem/hr (29 rem/sec) at 4 feet and

approximately 25,000 rem/hr (6.9 rem/sec) at 13 feet. Therefore, a lethal dose
could be receiveu within minutes.

The integrity of the Co-60 and Cs-137 sealed sources is important because the
sealed sources are stored in pools of water and a leaking source could

contaminate the storage pool and perhaps the environment. Hence, the integrity
of the storage pool must also be assured.

Section 2 of this report includes a brief description of large irradiator
facilities that have been operated recently, and Section 3 includes a
discussion of events that have occurred at those facilities. Section 4
includes analyses of the events and the lesscns learned. Sections 5 and 6
contain the findings and conclusions of this study.

17 In 1978, NRC regulations were changed [10 CFR 20.203(c)(6) was added] to

require improved access controls for irradiators (42 FR 64619, dated
December 7, 1977).




2.0 LARGE IRRADIATOR FACILITIES

The radioactive material used most widely in large pool-type irradiators is
Co-60, although a number of facilities have begun to use Cs-137 in Waste
Encapsulation Storage Facility (WESF) capsules leased from the Department of
Energy (DOE). Facilities currently in operation are licensed to possess up
to 10 megacuries (10.0 MCi) Co-60 or 30 megacuries (30.0 MCi) Cs-137.

Because the average energy from ";~137 decay is roughly one-quarter that of
Co-60, and because of the source design (the WESF capsule was designed to
provide long term containment of material and not to optimize radiation
distribution), roughly seven times as many curies of Cs-137 are needed to
produce the same dose rate as Co-60. The long half-1ife of Cs-137 (30 years)
compared with that of Co-60 (5 years) makes it easier to maintain a constant
curie inventory.

Table 1 lists 48 large irradiator facilities located in the United States.
Additional information on the facilities is included in Appendix A.

Operations were recently halted at six of the facilities and three of the
facilities have not yet begun operations. Fifteen of the 39 currently
operating facilities are licensed by the NRC and 24 are licensed by Agreement
States. Most of the facilities were designed by Atomic Energy of Canada
Limited (AECL) and use Co-60 sources. The 35 facilities using Co-60 are
authorized to possess a total of 108 million curies (MCi) Co-60, or an average
of about 3.1 MCi per facility. The four facilities using Cs-137 are authorized
to possess a total of 58.5 MCi, or about 14.6 MCi per facility. The length of
time these irradiators have been operating varies widely. As of December 31,
1987, the average facility had been operating for about 8.6 years; the range

is from 1.8 to 23.6 years. Half of the facilities now in operation, (20 of 39),
started operations after 1980,

Table 2 lists plant operating experience in recent years for plants that are
currentiy in operation. These data show that the industry has had more
operating experience since 1982 (2180 plant-years), than all the experience up
through 1982.

Table 2

YEARS OF IRRADIATOR OPERATING EXPERIENCE
FOR U.S. PLANTS CURRENTLY IN OPERATION

PLANT-YRS. CUMULATIVE EXPERIENCE

YEARS OPERATION (PLANT-YEARS)
1964-1965 4 4
1966-1970 19 23
1971-1975 35 58
1976-1980 74 132

1981 22 154

1982 26 180

1983 31 211

1984 33 244

1985 37 281

1986 39 320

1987




3.0 EVENTS AT LARGE TRRADIATORS

The primary sources of information on events at irradiators were reports of
events by NRC licensees and inspection reports by the NRC. The Agrzement
States indicated that very few problems had been reported at irradiators
located in those States.

In addition to the 39 large irradiators operating in the United States (U.5.),
there are many other large irradiators operated around the world. In March 1986,
there were 132 operating in 39 countries worldwide. 2/ However, there was little
detailed information available on events that occurred outside the United States.
AECL, designer of the majority of the plants in operation today, provided
infermation that was available on events that have occurred at facilities
designed by AEC!.

The following report subsections include informacion on the events by event-
type and in chronological order. Information on foreign events was included
when it was available.

Table 3 lists operational events at irradiators in chronological order. It
includes a summary of type of the problem reported, the cause of the problem,
and when it was reported. Appendix B contains additional information on these
events,

3.1 Personnel radiation overexposures,

This is potentially the most serious Lype of event at a large irradiator
because such an overexposure may be life threatening. However, changes to

the regulations that were made effective in 1978 (10 CFR 20.203(c)(6) requires
improved access controls for high radiation areas) appear to have been
successful in limiting the occurrence this type of event.

Two known fatalities have occurred as a result of radiation overexposures at
irradiators: in Italy on May 13, 1975 and in Norway on September 2, 1982. The
incident in Italy occurred at a facility where a 30,000 Ci Co-60 source was
being used to irradiate corn. That irradiator had been in operation for about
three months. An operator had climbed onto the conveyor belt to make an
adjustment and was moved under the unit while the source was exposed. Wnen the
operator complained of severe pain in his head, his partner attempted to remove
him from beneath the unit. However, he ran the conveyor forward rather than in
reverse and exposed the victim's entire body to the unshielded source. The
victim died 12 days later (ref. 1). The absorbed dose was estimated at greater
than 1000 rad (ref. 2).

27 "World Tist of Industrial Gamma Irradiators," AECL Industrial Irradiation
Division, March 1986.
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In Norway at the Institute for Energy Technology, a service technician was
exposed to a 65,000 Ci Co-60 source. The technician died from radiation injury
13 days later. The irradiator was a conveyor belt, continuous type, operating
24 hours a day, and unattended at night. The conveyor belt jawmed at night

and the sources failed to automatically retract to the shielded position. The
technician had arrived at work in the morning to find a green indicator 1ight
(source shielded signal) and an unbarred door interlock, and entered the
irradiation room while the source was in the unshielded position. A radiaticn
monitor normally located in the room was out for repair (ref. 3; also, NRC

IN 83-09).

An investigation found that the safer,; interlock system did not fully mee: the
single failure criterion (that is, a system is designed to withstand a single
failure if it continues to function as required following the failure of a
single component in the system), although it was required. The irradiation
room door lock was a common component in both the radiation interlock system
and the source position interlock system. In this event, the failure of a
single microswitch in the source position indication system caused a "source
shielced" signal to be displayed and released the barring of the door lock.
The radiation monitor that was part of the radiation interlock system was out
of service for maintenance. Therefore, when the technician arrived, he saw the
"source shielded" signal displayed and was able to unlock the door with the
operativnal key because it was not barred.

The earliest reported radiation overexposure occurrea on June 13, 1974, at an
Isomedix facility formerly operated in Parsippany, New Jersey. Without using
normal operating procedures, an operator entered a hot cell with the source
exposed. He realized his error and left. He received from 185-400 Rem in

3-10 seconds exposure. While this 3-10 second radiation exposure did not
result in a lethal dose, it might have under different circumstances. A number
of factors contributed to this event Including design deficiencies (the
facility in which the event occurred was actually a hot cell and lacked safety
features that might have prevented the event), and failure to follow procedures.
It is also possible that the worker was not sufficiently vigilant because he
was working alone at a late point in his work cycle. The operator made the
error on the twelfth hour of the fourth straight day on which he worked

10 to 12 hours. To prevent recurrence, the design was changed to incorporate
safety features. This event appears to have had a significant impact on the
future of the industry. It showed the need for automatic safety systems and
the importance of following procedures.

On September 23, 1977, a radiation overexposure occurred at the Radiation
Technology Incorporated (RTI) facility in Rockaway, New Jersey, because an
operator entered the irradiation chamber following a shift change while the
source was unshielded. This occurred because the facility management had
decided to allow the source to be raised with both interlock and safety devices
inoperable. The operator averted a more serious overexposure because he felt

a "tingling sensation" after he had worked near the exposed 500,000 curie Co-60
source for about 10 seconds and rapidly left the area (ref. 5). It was
estimated that the employee received a 150-300 Rem whole body dose from this
exposure (Abnormal Occurrence 77-10).




In an event on June 18, 1982, at the facility operated by Isomedix in
Parsippany, New Jersey, a film badge indicated an exposure to radiation
exceeding the dose limit. Because the overexposure was not supported by the
worker's activities nor by medical examination results, the licensee concluded

that there was reason to suspect that the badge had been exposed by an unknown
person (ref. 6).

There are a number of important lessons to be learned from these radiation
overexposure events. First, irradiator safety systems must be installed that
prevent radiation overexposures that might result from human performance
problems (for example, simple human error) and must be designed to meet the

single failure criterion. Second, facility personnel must thoroughly understand

the equipment being operated and the requirements regarding the safety systems.
Finally, the facility personnel must be aware of the responsibilities under
the license and must understand the primary importance of having management

that is committed to operating and maintaining the facility in accordance with
license requivements.

3.2 Improper functioning of safety interlocks.

Seven events were reported in which interlocks were defective or were bypassed.
Five o: these have been reported since 1983.

3.2.1 Interlock Defects

The earliest interlock defect condition was identified on January 19, 1978, at
the American Converters facility, when it was discovered that the source rack
could move from the shielded to the unshielded position with the failure of two

door interlock switches. This problem was corrected with a wiring modification
(ref. 7).

Another interlock defect condition was identified at American Convertors on
March 20, 1985. A poor connection in an electrical subsystem of both the
master and overdose timers could prevent the timers from timing down and lead
to static radiation condition which could result in a fire. The components

were replaced (ref. 8, 18). This event was identified in a Part 21 report
(ref. 8).

The most recent interlock defect was identified at Ethicon in Somerville, New
Jersey, on August 27, 1987. In that event, a tote jammed which caused a
microswitch to short out and the 24 volt AC control circuit to trip. The
source then began to move to the shielded position. However, with the contro)
power out, the source cable drum continued to turn when the source plaque
assembly reached the fully hielded (submerged) position and began raising the
source by winding the cables on the drum in reverse until the motor stalled
when the source assembly reached the full-up position. The source had to be
hand-cranked to the shielded position (ref. 9, 10).



ssed Interlocks
the NRC in which interlocks were bypassed
facility in Rockaway, New Jersey. As was noted
tember 23, 1977, radiation overexposure at this facility
! management decision to allow the source to be raised
'ty devices inoperable The lTicense was suspended by
September 2 1977, to October 14, 1977 During an inspection on
1984, an NRC inspector found that the licensee had been operating
noperable safety interlock Because of a problem with
kK system, the licensee had posted a memo on April 4,
ne conveyor doors be wired open during the automatic mode
On September 26, 1984, the licensee committed to
ly 1f all safety interlocks were operable, and to cease
interlock failed to function. On February 26, 1986, an
ensee had operated the facility with a malfunctioning

\

n which interlocks were found to be bypassed occurred at the
Ly 1n Parsippany, New Jersey. During a routine inspection on
1987, NRC inspectors found that the licensee had been operating the
diator since May 1987 without the radiation detector that sensed
ition level lhe detector operated a door interlock that
onnel from entering a high radiation area fhe inspectors also
operation without the detector had occurred on previous occasions
pey s of time (ref 1331.

several events occurred in which safety systems failed or

or were degraded The failures or malfunctions did not result
cause other safety systems functioned, and operating procedures

and correction of these problems has resulted in improved systems.
number of facilities were involved in the reports of events in
locks were byjp

they Equipmwuk Malfunctions

nt malfunctions included improper source movement, source plaque
ble failures, and conveyor failures These are events in which
otential for more serious problems if personnel do not respond
ese include failures and malfunctions that may have been due to
e design or maintenance Eighteen events fell into this category
the most frequently reported problem

r
r
T

‘ 0 Indicate a source mechanism malfunction occurred at RTI, Rockaway,
New Jersey n March 18, 1979, but no details were available (ref. 15). There
are 14 additional reports of the source rack becoming stuck, and in twn
of these, a fire resulted (see Section 3 9, below) The best documented cf

1 at the Armed Forces Radiobiological Research Institute
(AFRRI) facility in Bethesda. Maryland, in which a robot was used to return the
Lo the pool (ref. 17) This event was less of a potential problem

dve Deen at another facility because the AFRRI facility was

f necessary

these events took p




Stuck source racks have been reported most frequently at the Johnson & Johnson
facility in Sherman, Texas (ref. 15, 18). The reported causes of these events
were design defect, inadequate maintenance, and urknown (twice).

On March 3, 1985, a source plaque became stuck in an exposed location at the
International Nutronics, Inc., facility in Irvine, California, because the
aluminum shroud had become distorted and caught on the plaque frame. This was
later determined to be the result of a design problem, although inadequate
maintenance was a contributing factor (ref. 19; NRC IN 87-29, Item 6).

On July 17, 1986, a source plaque at the RSI Schaumberg, I1linois, facility
became stuck in a less than fully shielded position, because the cable had
become frayed and jammed. The fraying problem had been identified earlier, but

a decision had been made to wait to correct this until the scheduled maintenance.

Employees cut the cable and let the source plaque free-fall into the pool (NRC

IN 87-29, Item 5). The licensee contacted NRC Region III at the conclusion of

this event although it believed, and NRC Region IIl agreed, that this event was
not reporteble under existing reporting requirements.

On the early part of the right shift (7-11 p.m. on November 13, 1986), at the
Ril Rockaway facility an operator noticed a slow movement of the source to the
fully unshielded position. The source was raised but could not be lowered by
normal or emergency means. The operator believed this was due to a frozen
control valve in the line supplying air to raise or lower the source, took
action, and freed the source by 2:34 a.m. The inspection report (ref. 20),
noted that this involved two violations (1) failure to immediately notify the
RSO when the source failed to return to the shielded position; and, (2) failure
to obtain authorization and approval of repairs to a safety-related component
ot the irradiator (ref. 21). This was categorized as a license violation.

Cable failures were reported at RTI, Rockaway, New Jersey, on September 15,
1981, (ref. 14), and at Becton-Dickinson, Oxnard, California, on May 7, 1982
(ref. 15). The RTI cable failure was found to be the resuit of abrasion
against the cable housing rather than cable fatigue, and the action to prevent
recurrence included an improved maintenance program. A report was not
available on the cause of the Becton-Dickinson cable failure.

An NRC inspection report noted that difficulties were experienced with conveyor
movement at the RTI Rockaway facility on January 8, 1987, and that the operator
physically shook the conveyor to get the boxes to move into position around the
maze (ref. 16).

At 2 a.m. on March 7, 1988, the source cabie broke at the RTI facility in
Rockaway, New Jersey. As a result, a source module bent and the pencils could
only be removed with difficulty. A1l the modules were inspected, squared,
reloaded, and reinstalled in the source assembly. A new cable was installed and
the equipment made ready for operation by 9 p.m. (ref. 48). While there was

no clear requirement that the event be reported, NRC Region I requested that a
report be submitted when it became aware of the uncontrolled drop of the source
assembly and the subsequent damage.

-10-



To summarize, although equipment malfunctions have been the most frequently
reported events, there have been nu radiation overexposure or facility contami-
nation events that were solely the result of an equipment malfunction or failure.

This event category is important because it contains precursor events. How-
ever, these events are generally not required to be reported. For example,
10 CFR 20.403(b)(3) 3/ requires that an event be reported if it results in
loss of one day or more of operation of the facility.

3.4 Release of Radioactive Material

These events are thote in which material was, or might have been, released to
on-site and off-site areas.

In 1976, at the Isomedix Parsipanny, N.J. facility, a cover over the storage pool
caught fire as a result of welding operations, and a chemical fire extinguishing
materiz| was used to put out the fire. It was believed that chemicals in the
fire extinguishing material contaminated the pool water and caused corrosion and
leaking of a source(s). The pool water was processed to remove the Co-60 and
was released to the sewer system. Some piping became contaminated (ref. 22).

In Octcoer 1982, high levels of Co-60 were reported to be present in the
storage pool of the International Nutronics Incorporated (INI) facility in
Dover, New Jersey, (ref. 23, 24), and efforts were undertaken to clean up the
pool. [t was later found that a source had been damaged in 1974, but had not
been rejorted because measured pool Co-60 levels never exceeded 5.0E-5
microci ries per milliliter. On December 31, 1982, during unattended clean up
operations at the facility, a pool clean up system line broke and pool wate.
was released to the facility floors and to the soil outside. It cost
approximately $2 million to clean up the facility.

*t about 6:00 a.m. on September 22, 1986, an operator entering the RTI facility
in Rockaway, New Jersey, observed that a low water level alarm had been
activated, possibly indicating low water levels in both of the storage ponls.

He then found the pool purification system had failed during unattended
operations. Water from the pool was discharged to the purification pump room
and drained to the site's sanitary sewer system (ref. 25). The pool water did
not contain elevated levels of Co-60.

Excavations conducted at the RTI Rockaway facility site during June 1987,
uncovered radioactive contamination and toxic chemicals. However, evidence
indicated that the radioactive material was generally contained and had not
migrated (ref. 26). Prior to 1981, buriai of low level contamination might
have been permitted, but such burial had to be documented.

3/ 1f the Ticensee finds that less than one day's operation is Tost, then the
Ticensee need not report the event.
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. ebruary 1986 an NRC Region I inspection again found that the Rockawa)

fa Ly had been operated with a required radiation monitor inoperable On
March 3, 1986, Region I issued an order suspending the RTI Rockaway license

ref. 39b), but on March 13, 1986, issued a conditional rescissien of the

raer because the licensee agreed to third and fourtt party oversight of

fa Ly operations with uncensored performance reported directly to the NRC On
March 2( 1986, during a special, unannounced Inspectior, another violation was
ldentified On March 13, 1986, the licensee \ad usec licensed material prior

Lo NRC receipt and verification of the licensee's contract with its consultant
Ihe NRC determined that these and earlier RTI problems constituted an abnormal
ccurrence because they were due to a breakdown in licensee management control.
( june 23, 1986, Region I issued an order suspending RTI's license, based on
the results of an investigation that had been conducted in response to concerns
expressed by the th rd party oversight organization (ref 39b) The

Investigatior
malfu
RTI admitted

nctions The

the violation and

found that the third party had not been informed
licensee deliberately bypassed safety interlock

of all equipment

systems

)roposed a corrective action program that
pProg ‘

fuded changes in management On August 22, 1986, the NRC 1ifted the
uspension for a six=month probationary period (ref 40) On March 16, 1988,
the current president of RTI pleaded guilty on behalf of the company to two
felony charges involving safety violations,

nad submitted

falsified memorandums to the NRC (

including charges that the company
ref. 41)

3.6.3 Radiation Sterilizers Incorporated (RSI)
n January 14 and 27, 1987, the NRC performed unannounced, routine safety
nspections at Radiation Sterilizers' >Chaumberg, I1linois, and westerville,

1o, irradiator facilities (ref. 42). Dur
ense violations were 1dentified, includin
temperature alarms; (2) Failure to maintain

ing the i

nspections, a number of
g: (1) Failure to te;t smoke and
an operable warning beacon in the

maze enirance, and, (3) Failure to maintain operable contrcl panel water level
cation and an operable system to detect and shutdown the irradiator in the
event of excessive water loss fron the pool The NRC determined that these
probiems constituted an abnorma) occurrence because they were the result of a
breakdown in the management oversight and control (ref. 43)
0.4 Precision Materials Corporation (PMC), Mine Hil1, NJ
vuring an inspection on July 23 and 24, 1987, Region 1 became aware of a high
rate of water loss from the storage pool of the Precision Materials Corporation
fa Ity in Mine Hill, New Jersey (the storage pool did not have a stainless
Lee I1ner) As a result, the 1i ensee agreed to monitor the rate of make up
( leakage) and measure the Co-60 concentration in the storage pool more
frequent] At a meeting with Region I on August 31, 1987, the licensee noted
that the pool was leaking at the rate of about 20 gallons per hour, and
vecause of financial difficulties the company was experiencing, the company
fticers and the RSO planned to resign momentarily As a result of these
problems >eptember 4, 1987. the facility was ordered to suspend operations;
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Table 4

CAUSES OF EVENTS AT LARGE POOL-TYPE IRRADIATORS
LOCATED IN THE UNITED STATES

Desigr Natural
M/;ar‘v_xgé-m('r‘t Defect Maintenarce Phenomena Unknown

Radiation Uyqvwx;USU'P
Real
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sSafety Interlocks
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'here was a third event reported 1n 1978 that involved the access control system
It was discovered that failure of two door Iinterlock switches could cause the
ource to move from the safe storage to the pxposed position

The “xposure event at the Norway irradiator that resulted in the death of ar
ldual involved an access contro! system that was not functioning properly.
P review of the event states that the fac ity desigr included safety signals
and operational signals that were not segregated and that were not optimally
aesigned from a human factors standpoint At the time of the accident, a
microswitch had failed, which permitted the locked door to the irradiator cel)
to be opened In addition, the failure of the particular microswitch also
produced a 'source shielded' signal A separate positional display gave the

correct signal that the source was exposed

The three American events and the Norwegian event point to the need for
potential licensees to perform a detailed sarety analysis of the access control
system to assurc that the system meets the criteria of 10 CFR 20 203 (c)(6)

[t should also be noted that although 10 CFR 20.203 (c)(6) required that access
controls be operational, there is nc reguirement that licensees report or
record the nonfunctioning of the controls

4.1.2 Source Movement and Suspension

Y

the greatest number of events that occurred at American irradiators concerned
events 1

n which the source movement was Impeded or the source suspension (cable)
system was damaged

There were of 13 events that involved interference with source movement and
seven evenls that involved the source suspension cables

$.1.2.1 source Movement

) events 1n which source movement was impeded, there were insufficient
five events to ascribe a cause to the event. In six events, the product
“terfered with the movement of the source plagque In five of these
IX even the effect of the interference was direct In one event, the
nterference was indirect In that event, as a pneumatic ram attempted to push
tote from a conveyor into a tote carrier, 1t became jammed The jammed tote
exed and resulted in the tripping of a circuit breaker of the contro)
rcuit 'he source began lowering itself into the shielded position; since
56 0F the control circuit caused the loss of the source~down positior sensor,
source cable drum continued to rotate and raised the source to the full
1tion before the motor stalled The source was lowered manually

'here were two evenus n-0lving degradation of the source movement capabilities

that had unique causes: at a research irradiator interference between an

experiment and the source impeded movement of the source; and low temperaturec

at ore irradiator appear to have been responsible for impeding movement of the
irce




Most of these evenus wo™ Denign in that there is no known impact on the
facility except possible lu:s of production. Two of the events in which
movement of the source plaque . *s impeded did result in fires inside the
irradiation chamber, and two eveni: resulted in individual source pencils
coming loose from the source plague. One event resulted in distortion of the
source plaque.

Although the events were benign, their occ.rrence represents some increased
risk of damage to the radioactive source ani some small decrease in the safe
operation of the facility.

Little information was available on licensee a~tions to reduce the occurrence
of these events. For the two events in which fires resulted from the events,
the lTicensees committed to an improved inspection program for the product
totes, with deformed totes being taken out of ser ‘ice for maintenance.

4.1.2.2 Cable Problems

There were six reports of problems with source suspension cables. In three of
the events, the cable broke; in two, the cable frayed. In one event the cabie
came off its pulley. There were no known deleterious effects of any of these
events. As with the events in which the source movement was impeded, cable
problems do represent an increased risk of damage t» the facility and the
sources.

In two of the events involving cable failure, there are indications of some
deficiencies in maintenance practices. In one event, the cable was known to
be frayed, in the other, the cable had not been inspected for at least three
years. Commitment by licensees to some regular inspection program for the
source suspension system, including the entire length of the cable, should
reduce the probability of cable failures.

It should be noted that some licensees have considered that cable failures need
not be reported to the NRC. To obtain uniform reporting of these events would
require specific mention in the regulations.

4.1.3 Encapsulation

There have been four events in which the encapsulation of the radioactive sources
appears to have failed, resulting in contamination c¢f the storage pool. In one
event, an event early in the facility life resulted in the chemica) contamination
of the pool water. The licensee hypothesized that this chemical contamination
ultimately led to corrosion of the source encapsulation and subsequent
contamination of the pool water. In a second event, a source was damaged in

1974 from mishandling. An excessive contamination level in the pool was

reported in 1982. The contamination was not uniformly distribu*=4 throughout

the depth of the pool.

Late in 1976, an irradiator facility determined that the Co-6L concem ration in
the water of a research and development pool was 0.0013 uCi/ml. The )icensee
stated that the activity level may have been the result of corresion $:ale
activity from a batch of Co-60 sources recently installed in the pool or

activity from one source that had a loose cap. Demineralization of t'e pool water
successfully reduced the activity of the peol to norma) operational ‘evels.

The suspect source was stored.



A recent event involved the leakage of a Cs-137 source, with the resulting
release of 10 or so curies of Cs-137 to the pool. This event led to fears that
contaminated product might have been shipped from the plant. No contaminated
product had been shipped (ref. 51).

The two leaking source events demonstrate that pool sampling must be
representative to detect source leakage; and, although 10 CFR Part 20.203 (c)
requires licensees to have the capability to detect radioactivity leaving the
irradiation cell, the recent Cs-137 leak raises the question of whether this
detection system is adequate to detect product contamination or whether pool
contamination level or rate of increase of pool contamination would give an
earlier signal that the potential exists for contamination of packages.

4.1.4 Pool Leakage and Pool Purification System

There were three events that involved pool leakage or pool clean up system
failure (leakage). In the case of the leaking pool, the existence of a high

rate of water loss from the storage pool was noted by an NRC inspector during

an inspection that NRC Region I performed in response to allegations. After
discussions with the NRC, the lice-see agreed to monitor the rate of pool leakage.
This event suggests that licensees be required to develop actions that will be
taken if pool make up reaches some licensee-specified amount.

There were two events in which there were failures in the pu. 1 water purification
system. In one event, the piping on the discharge side of the purification
system pump failed. In the first failure, the piping was suitable for coid
temperatures, but the pool temperature was 120°, and joints had recently been
torqued.

In addition, the leak developed when the irradiator was unmanned and there was
apparentiy no low pool level shutoff on the purification pump. In the second
event involving a pool purification system leak, a line separated and contaminated
water spilled into the facility. Small amounts of contamination were later

found outside of the facility. The purification system was being operated
unattended in this event.

It is obvious that systems should be designed to operate under the conditions

that they will experience; i.e., material properties should be adequate for the
plant conditions that the materials will see. There are other lessons demonstrated
by the pool purification system failures: there should be an automatic shutdown
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of the system if the pool level reaches some low level; and, there should be a
cost-benefit analysis made to determine whether it is necessary to have leakage

from the pool water purification system drain back to the pool or some facility
sump .

4.1.5 Miccellanecus Systems

There were two events that involved miscellaneous systems. The first event
involved problems with timers. It was reported not only to an Ageement State
by its licensee, but also to the NRC as a Part 21 report by the manufacturer.
The second event involved malfunction of pistons used to engage clutches in
the product conveyor system.

4.2 Management Deficiencies

There were ten events ascribed to management deficiencies of one type or
another. 1In one event, a dose distribution study that involved the stationary
irradiation of cardboard, a fire resulted from gamma heating of the cardboard.

This was the only event with demonstrable consequences in this group cf ten
events,

The most common management deficiency was operating an irradiator without
operational interlocks required by 12 CFR 20.403 (c), with several events
reoccurring at the same facility.

4.3 Natural Phenomena and Other Site Problems

There were three events in this category, none of which had any known impact on
the irradiator at which the event occurred. One irradiator site was struck by
a tornado. The storage pool was unaffected. A second irradiator was about
120 km from the epicenter of a series of six earthquakes of from 3.6 -~ 4.8

magnitude. The irradiator itself was inspected by state licensing personnel
and found to be undamaged.

In a third event, there was a fire at an irradiator facility in a building that
was separate from the irradiator. The building was used to store sawdust, a
combustible material, The irradiator suffered no damage.

These three events do not contribute much knowledge about external events
affecting operational events at irradiators. In the two events involving
natural phenomena, the irradiators were unaffected. The event involving a fire
in an auxiliary building of an irradiator facility demonstrates that there may
be unrelated site problems that could have some impact on the irradiator itself.

5.0 FINDINGS

The review of events at large pool irradiators showed that there were 45
events reported during the approximately 360 irradiator years of operating
experience, a fregency of about 0.12 events/irradiator year. 0Of the 45 events,
only about 10 - 20 percent had significant consequences. Hence, the frequency

of significant events appears to be on the order of 0.01 - 0.02 events/irradiator
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year. Since there are few specific reporting requirements for irradiator

events, the overall frequency may be greater than predicted by this report. The
events in the report show that there have been failures in several safety-
important systems: access control, source movement and suspension, encapsulation,
and pool leakage and purification system. It is suggested that the requirements
for the operability of these systems be assessed, together with an assessment

of the need for licensees to define action levels if system function falls

below some predetermined value.

Current requirements for the reporting of events at irradiators are not
adequate to identify potential problems at a facility, nor to identify possible
generic problems. For example, if a source is stuck in an unsh.-'* ¥ position,
or there is an uncontrolled drop of the source assembly, there i. no
requirement that this be reported, unless it is reportable for some other
reason, for example, the facility must shut down operations for more than 24
hours.

6.0 CONCLUSIONS AND RECOMMENDATIONS

It is suggested that during the development of a regulation for large pool-type
irradiators consideration be given to:

® requirements for reporting breakdowns in access control systems;

" requirements for periodically inspecting the source movement and
suspension system;

requirements for licensees to have effective means of accurately
detecting source leakage and subsequent potential product
contamination;

requirements that licensees specify allowable pool leakage, as well
as requirements for automatic shutdown of the pool purification
system in case of system failures; and,

specifying reporting requirements that assure that there is feedback
of information on operational events involving safety-important
systems.
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Appendix C

REPORTING REQUIREMENTS FOR 10 CFR 20.403

§20.403 Notlfications of incidenta.

(a) Immediale notification. Each U-
censee shall immediately report any
evenis involving byproduct, source, or
special nuclear material possessed by
the licensee that may have caused or
threstens Lo cause:

(1) Exposure of the whole body of
any individual o 35 rems or more of
radistion. exposure of the skin of the
any individual of 150
radiation; or exposure
ankles, hands or forearms
tndividual to 378 rems or more
radiation; or
relesse of radiosctive materi-
trations which, If averaged

s period of 34 hours, would

5,000 times the Umits mcm:

i
R
355

22
EE

e_2
5%
§i’

Rk
1]
i
g ]
|
,

35

licenaee shall within 24 hours of

diation, exposure of the skin of the
whole body of any individual to 30
rems or more of radiation. or exposure
of the feet, ankles, hands, or forearms
o 75 rems or roory of radiation; or

(2) The relesse uf radicactive materi.
8! In concentrations which, If averaged
over & period of 24 hours, would
exceed 500 times the lmits specified
for such materials In Appendix B,
Tabie 11 of this part. or

(3) A loss of one day or more of the
operstion of any facilities affected; or

(4) Damage Lo property In excess of
$2,000.

(e) Any report flled with the Com.

(1) Licensees that have an
Emergency Notification System shal)
make the reports required by pars
graphs (a) and (b) of this e oo to
the NRC Operstions Center in accord.
ance with § 50.72 of this chapter,

(2) All other licensees shall make the
reporis required by paragraphs (s) and
(b) of this section by telephone to the
NRC Operstions Center ' and by tele
gram, mallgram, or facsimlile o the
Administrator of the appropriate NRC
Regional Office listed In Appendiz D
of this part.
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REVIEW OF EVENTS AT LARGE POOL-TYPE IRRADIATORS

4 DATE AEPORT COMPLETED

MONT M l YEAR
% AUTHOR(S) September‘ 1988
Fuge”(» A' Trage! Jr 6 DATE REPORT 1SSUED
. MONT [ YEAR
March 1989
1. RERF OAMING ORGANIZATION NAME AND MAILING ADORESS //nciude 219 Code) 8§ PROJSCT/TABKWORK UNIT NUMBEN
Division of Safet{ Programs 3
Office for Analysis and Evaluation of Operational Data TFTN UR GRANT NUMBER
U.5. Nuclear Regulatory Commission
Washington, D.C. 20555
10 SPONSORING ORGANIZATION NAME AND MAILING ADORESS /inc/ude L Code! 11a TYPE OF REPORT

bpecial Case Study Report
Same at 7 , above b PERIOD COVERED (/ncivsive dutes)

1964 - June 1988

12 SUPPLEMENTARY NOTES

13 ABSTRACY (200 words o less)

Large pool-type gamma irradiators are used in applications such as the "cold" ster.,, .ation
of medical and pharmaceutical supplies, and recent changes in federal regulations make it
possible they will be used extensively in the preservation of foodstuffs . Because of this
possible large increase in the use of irradiators, the Office of Nuclear Materials Safety
and Safequards was interested in knowing what events had occurred at irradiators. The
event data would be used as backgrcund in developing new regulations on irradiators.
Therefore, AEOD began a study of the operating experience at large, wet-source storage
gamma irradiators. The scope of the study was to assess all available operating informa-
tion on large (more than 250,000 curie), pool-type irradiators licensed by both the NRC and
the Agreement States, and events at foreign facilities.

The study found that about 0.12 evenis have been reported per irradiator-year. Most of
these events were precursor events, in that there was no evidence of damage to the
radioactive sources or degradation in the level of safety of the facility. Events with
rore significant impacts had a reported frequency of about 0.01 event per irradiator-year,
1§

lowever, the actual rate of occurrence of events of concern to the staff may be higher
because there are few specific reporting requirements for events at irradiators.
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Cesium-137 Cobalt-60; Contamination; Food preservation; Irradiators
Radiation overexposure; Radiation sterilization; Radioactive; Source Unlimited

pncapsulation; Source Teakage; Wet-source storage.

16 SECURITY CLASSIFICATION
(This page)
b IDENT(FIEAS/DPEN ENDED TERMS Unclassified

(This raport)

Unclassified

17 NUMBER OF PAGES

'8 PRICE




UNITED STATES SPECIAL FOURTH.CLASS RATE
NUCLEAR REGULATORY COMMISSION POSTAGE b FEES PAID
WASHINGTON, D.C. 20555 Akt o 0

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

{ A '4‘7\"71

IL ,4,‘;"7A"'; 1 1:.

Ts LJA" @ '

{ M » R ®'n

’- 09 -N y_"’L- ATI"A/‘ y

WA SHING T . SV«

SyeEl

SHOLVIQVHYE! 3dAL-100d IDHVT LV SIN3IAI 40 MIIAFY

6861



