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ABSTRACT

Amersham Corporation, Burlington, Massachusetts, a licensee of the U.S.
Nuclear Rogulatory Commission (NRC), authorized to manufacture and distribute
iridium-152 and cobalt-60 source assemblies for use in radiography equipment,
received a shipment of 14 source changers on March 8, 1990, that were being
returned from their product distributor, NDI Corporatiun in Sevu), Korea. One
source changer contained a small sealed source in an unshielded location.
Amersham employees retrieved the source, secured it in a hot cell, and
notified NRC's Region I. Subsequently, NRC dispatched an Incident Investigation
Team to perform a comprehensive review of this incident and determine the
potential for exposure to those who handled the source changer and to members
of the general public. This report describes the incident and the methodology
used in the investigation and presents the Team's findings and conclusions,
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GLOSSARY
Activity means a measure of the strength of a radicactive source, measured in
units o¥ curies.

Attenuation means reduction of radiation intensity as it passes through any
material, for example, lead shielding.

Background radiation means radiation emitted from naturally occurring
radioactive materials in the earth or from cosmic rays.

Byproduct material means radioactive material obtained as a byproduct from
nuclear reactors.

Cvtogenic evaluation means to study blocd cells to determine chromosomal
aberrations induced by radiation exposure.

Common carrier means a "for-hire" carrier who serves the general public and
does not own the material being transported. The carrier is required to obtain
operating authority from the Interstate Commerce Commission or equivalent State
Utilities Commission and to publish freight rates. Common carriers are exempt
from the licensing requirements of the NRC and Agreement States.

Depleted uranium means uranium having a smaller percentage of uranium-235 than
found 1n naturally occurring uranium.

Dose means the amount of radiation absorbed by an object, expressed in roentgen,
rem, or rads. Rem is used in this report.

Excegted package means a radioactive material package, which, although still
regulated 1n transportation, is excepted from most requirements, such as marking,
labeling, specified packaging, and shipping documentation.

Half-value layer means the thickness of a material that will reduce the amount
of radiation passing through the material to one-half of its original intensity.

Hot cel]l means a shielded box or enclosure for storing and processing radicactive
materials that must be remotely handled.

In-bond means storage or shipment in a locked condition with controlled access
for United States Customs Service import duty payment considerations.

J=Tube means a shielded tube for housing a source inside of a source changer.

Package means packaging plus radioactive material contents as presented for
transport.

Packaging means the assembly of one or more components, less the radioactive
contents, which are intended to meet the packaging requirements of the regulations.

Pigtail or source pigtail assembly means the part of a radiography source
assembly that includes the source cable and connector but not the source itself.
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Pl means & sign that is placed on a vehicle to indicate the hazard
classification of the material being transported. The sign bears a symbol,
word, and color that are peculiar to the hazard class of material.

rce means tie small sealed metal capsule
als that omit the gamma rays used in

radiography.

ég*gl;%_[*gg means radioactive in a form that limits leakage or dispersal of
material, for example, a sealed source.

§gg{g*_§pggggg means a shielded container with two holes for sources, one

containing a new source and one to hold the old source being replaced.

Yiag ¥ng motion study means an evaluation of the proximity and duration that an
ndividual was near a source of radiatiun for the purpose of estimating
radiation exposure.

Wi st means an evaluation of removable contamination on a surface or obgoct.

wherein an absorbent material such as paper or cloth is rubbed across a surface
and subsequenily analyzed for radioactivity in a counting instrument.

Ngr*t-;asc ocongr1o means a situation for which it is assumed that no designed
or incidental shielding absorbed radiation from the source emitting it.
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1 INTRO T UCTION

On March 8, 1990, Amersham Corporation (Amersham), Burlington, Massachusetts,

a licensee of the U.S. Nuclear Regulatery Commission (NRC), authorized to
manufacture and distribute iridium-192 and cobalt-60 source assemblies for use
in radiography equipment, received a shipment of 14 source changers that were
being returned from their product distributor, NDI Corporation in Seoul, Korea.
The source changers, shielded devices used to transport sealed source assemblies,
were reported to be empty accordin? to their shipping documentation and the
expectation of Amersham, the NRC Ticensee.

when the devices arrived at Amersham, the wooden crate in which the source
changers were shipped had been broken apart, leaving the source changers
scattered over the floor of the trailer of the truck in which they had been
delivered. One of the units, Serial Number SU-610, exhibited radiation as
high as 10 rem per hour at approximately 18 inches from its surface and 150
rem at contact.

After further examination, using proper radiological controls, Amersham's
emplovees discovered that the source changer contained a small sealed source
capsule in the unshielded perticn of the housing. Using source retrieval
techniques and equipment, Amersham employees were able to safely rewove the
capsule and secure it in a hot cell for evaluation and analysis after which

?mo:sham's Radiation Safety Officer advised NRC's Region 1 office of the
ncident.

NRC discovered that the shipment of source changers originated in Seoul, Korea;
was transported across that country to Pusan, Korea; was then transported to
Los An?QIQs by ship; and subsequently carried across the United States by a
domestic motor carrier. The NRC determined that the potential existed for
significant radiation exposure to & variety of individuals, depending on their
proximity to the source and their duration of exposure. Consequently, NRC
dispatched an Incident Investigation Team (Team) (App. A} i» perform a
comprehensive review of this event and determine the potential for exposure

to those who handled the source changer and to members of the general public
who came in close proximity to it.

Section 2 of this report contains a narrati.e description of the incident and a
detailed sequence of events reconstructed from the Team's analysis of personnel
interviews, drivers' logs, experimental results obtained by the Amersham
Corporation at the Team's request, written correspondence with the involved
companies in Hong Kong and Korea and with Korean government officials, simulated
situations, and quarantined equipment, including the radiographic source itself.
Section 3 describes the methsds used by the Team to collect and evaluate
information about the event and to identify individuals who might have been

in close proximity to the source.

Section 4 chronicles the efforts made to identify the isotopic composition and
activity (curie level) of the source or to identify the manufacturer of the
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source so that information needed for dose estiaates could be obtained from
those in the best position to provide this information. Sections 5 and 6
present the results of the analysis of potential exposures of individuals and
the techniques used to estimate the extent of those exposures.

Section 7 discusses the adequacy of the source changer as a shipping package,
and Section 8 analyzes the regulatory requirements over the return of radio-
graphic sources to the United Statez from a foreign country, as well as their
transport within the United States.

Section 9 briefly discusses related events and information, and Section 10

presents the report's findings and conclusions. Iridium=192 and the groport1os
related to its use in radiographic sources are described in Appendix B.
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2 INCIDENT NARRATIVE AND CHRONOLOGY

This section describes the sequence of events that pertains to the accidenta)
shipment of an approximate 3-curie, iridium=192 sealed source from Seoul, Korea,
to Burlington, Massachusetts, between January 20 and March 8, 1990. Events
preceding the actual shipment are also described to more fully explain the
occurrence and better characterize casua)l factors.

The Incident Investigation Team (Team) obtained its knowledge of events in South
Korea from responses to inquiries from the following organizations:

Amersham Corporation, Burlington, Massachusetts;
International Atomic Energy Agency, Vienna, Austria;
Fidelity Transport, Incorporated, Norwalk, California;

NDI Corporation, Seoul, Repubiic of Korea, through Amersham Corporation,
Hong Kong and Burlington, Massachusetts;

Ministry of Science and Technology and the Korean Institute of Nuclear
Safety, Seoul, Republic of Korea; and

U.S. Department of State, Washington, D.C.
The Team obtained information about the effect of this incident in the United
States from direct 1nvest1?ation, independent measurements, and interviews with
the persons involved. Additionally, the following organizations provided
information and assistance:

U.S. Customs Service (Port of Los Angeles and Lon? Beach, California, and
the Boston Logan Airport, Massachusetts, and Nogales, Arizona);

U.S. Coast Guard (Marine Safety Office, Los Angeles and Long Beach,
California);

U.S. Depirtment of Transportation, (0ffice of Hazardous Materials
Transportation and the Office of Enforcement, Washington, D.C.); and

Amersham Corporation, Burlington, Massachusetts.
For a detailed, day-by-day chronology of this incident, beginning with the date
of the original shipment of the source by its manufacturer, see Appendix C,
Event Chronology Table.

2.1 Incident Events in the Republic of Korea

On April 18, 1989, the Industrial Nuclear Company (INC), San Leandro, California,
shipped an iridium-192 radiography source (certified as 56 curies on April 13,
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1989) to their distributor, Boo Kyung Sa, Ltd., Seoul, Korea (Fig. 2.1). The
source was shipped in a Mode) Ir-50 source changer, certified by the U.S.
Nuclear Rogulatory Commission (NRC) as a Type B package for shipments of
iridium=192 in special form, not to exceed 120 curies. On April 24, 1989, Boo
Kyun? Sa, Ltd., provided the source to Korea Industrial Testing Company (KIT),
Seoul, Korea, for use in an industrial radiogrephy camera (Refs. 1, 2, and 3).

According to the Radiation Safety Officer (R%0) at INC, some Korean companies
often remove "depleted” sources from radiog'aphy cameras and store them in
source changers until radioactivity in the sources has decayed sufficiently to
allow their disposal. The RSO said that I'C has never had & source returned
from any of its custcmers in the Republic »f Korea.

Amersham Corporation's (Amersham) Korean distributc  NDI Corporation, also
supplies radiographic sources to the KIT. Amersham _orporation supp1iod a
Mode! 500-SU source changer (Fig. 2.2) containing a 6d4-curie Model G-3
iridium-192 radiography source through NDI to KIT on October 31, 1989 (Ref. 4).
The RSO at Amersham indicated that their company ships approximately 20 sources
a month to NDI Corporation.

The information that Amersham gave to the Team indicates that KIT later used
the Model 500-SU source changer as a storage container for depleted sources
after the new Mode! G-3 source was removed for installation in an exposure
device. One of the depleted sources included INC source No. 1062. A KIT
employee failed to remove the source when the source changer was returned to
NDI Corporation for shipment to Amersham Corporation in Burlington,
Massachusetts.

The Korean Institute of Nuclear Safety (KINS) and Ministry of Science and
Technology (MOST) reviewed the activities that occurred in Korea related to this
incident and determined that events cccurred in the Republic of Korea in the
fo1lowin? sequence (Refs. 6 and 7). Corroborative details were provided by the
Daeil Shipping Company of Seoul, Korea, a Non-Vessel Operating Common Carrier
(NVOCC), through its agent in the United States, Fidelity Transport,
Incorporated, aiso an NVOCC (see Ref. 4).

On or about January 18, 1990, KIT gave one source changer (a Mode! 5C0-SU,
Serial Number (S/N) SU-610) to & representative from NDI Corporation to be
returned to Amersham Corporation. Neither NDI nor KiT surveyed the changer
for radioactivity because they believed it to be empty.

The NDI representative transported the source changer back to NDI Corporation
in the trunk of his car. It was then stored with other source changers in a
storage area at NDI's facility, known as the Rl storage area, until January 20,
1990, Surveys of the RI storage area conducted by NDI on that date indicated
radiation levels of between 0.03 and 0.5 millirem per hour. Natural background
radiation levels are usually between 0.02 and 0.05 millirem per hour. Surveys
on various surfaces of the source changers indicated radiation readin?s of
between 0.9 millirem and 1.2 millirem per hour. Usual radiation levels measured
on the depleted uranium (DU) in source changers is between 0.2 millirem and 3.0
millirem per hour (Refs. 8 and 9). DU is used as shielding material for source
changers because of its high density.
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Figure 2.1 Industrial Nuclear Corporation Radiographic Source on Pigtail

Figure 2.2 Model 500-SU Source Changer
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Figure 2.1 Industriai Nuclear Corporetion Radlographic Source on Pigtall

Figure 2.2 Model 500-SU Source Changer
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On January 20, 1990, the source changer taken from KIT, and 13 other changers,
were trucked by Daei) Shipping Company to the U-Jin Packing Company in Seoul,
where the U-Jin Packing Company made a wooden crate to hold the source
changers. On January 21, 1990, the crate with 14 source changers enclosed,
was trucked to Pusan, Korea, and delivered to the Dongbu Express Company's
Container Freight Station on January 22, 1990 (Ref. 10).

On January 28, 1990, Dongbu Express Company placed the crate in a transoceanic
shipping container and loaded it aboard the 5.5. HANJIN MOKPO, a South Korean
ocean container cargo ship. On January 29, 1990, this ship aeparted Pusan

for Los Angeles, California (Refs. 10 and 11). The ship arrived otf the Los
Angeles-Long Beach harbor on February 9, 1990, It did not arrive in port unti)
February 11, 1990, because of a labor action that involved marine pilots and
%zofun:;;11ab111ty of a berth for docking at Hanjin's Los Angeles terminal

ef. .

The crew of the vessel consisted of 26 officers and seamen. The ship was
carrying 14,233 tons of general containerized cargo. The crate containing the
source changers was located in container No. HJCU704673-1, which was stored in
ship's Bay No. 30, 8 feet above deck level, starboard side, directly in front
of the ship's superstructure (Figs. 2.3 and 2.4) (Refs. 12 and 13).

In a meeting with NRC management and Team perscnnel on March 21, 1990,
representatives from KINS and MOST stated that they traced the route of the
source changer in Korea and evaluated those individuals that may have been
exposed to radietion at the Korea Cancer Center Hospital, Seoul, Korea. No
personne) exposures were identified. Consequently, the Korean autherities
speculated that the source was probably located within the DU shield when the
representative from the ND! Corporation obtained the source changer from KIT
on January 18, 1990, and that the source probably remained shielded until it
arrived at Pusan (see Ref. /).

In response to inquiries from the U.S. Department of State, KINS and MOST
representatives theorized that because the wooden crate containing the 14
source changers was damaged when it arrived in Los Angeles, the damage may have
been sustained when the crate was being loaded into the ocean container in
Pusan. Under this supposition, the Korean authorities speculated that impact
substantial enough to damage the crate may have been sufficient to knock the
source out of its shielded position (Ref. 14).

As of March 21, 1990, the Korean authorities indicated that their investigation
was still in progress and that they would evaluate the potential for radiation
exposure of the S.S. HANJIN MOKPQO's 26-person crew.

In response to U.S. State Department communications (cables dated March 12, 21
26, and 28, 1990) through the U.S. Embassy-Sesul, the government of the chub\ic
of Korea indicated that they are preparing a report about their investigation of
this matter (Refs. 15, 16, 17, and 18).
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At e:os ;.u.* on February 11, 1990, the S.5. HANJIN MOKPO docked in Hanjin's
Ber at the Port of Los An?o1cs (Fig. 2.5) (see Refs. 11 and 13). At
6 p.m PST, workers began to unload the ocean containers from the ship. The
ocean container carrying the damaged crate with the 14 source changers was
unloaded at anproximately m. PST, February 13, 1990, and placed on a
container trailer-chassis g. 2.6) (Ref. 19{.

The Hanjin Shipping Company's bill of lading indicated that the container housed
several items of cargo, including an item identified as "1 BOX RADIOISOTOPES."
The Commercial Invoice and the Packing List (Ref. 20) identified the shipper

8¢ NDI Corporation and the consignee as Amersham Corporation in Burlington,
Massachusetts. A rider attached to the bil) of lading (see Ref. 19) described
the freight as, "1 Box, 371 KGS, .23 CBM, Said to contain: 14 ea of transportation
empty container of radioisotepes--Model SU 500, S/N 547, 666, 527, 610, 618, 530,
556, 517, 522, 518, 689, 660, 699, 559." These devices, described as ouptg
containers, were later identified 3s Amersham/Automation Industries Mode) 500-SU
source changers. Such devices are approved by NRC Certificate of Compliance 9006
forithe shipment of sealed-source iridium=192 in quantities not to exceed 120
curies.

The container and trailer chassis unii were placed in Storage Position J-053 at
Hanjin's Los Angeles-Long Beach port terminal facility, roughly in the middle

of the large storage area, and away from personnel traffic and buildings

(Fig. 2.7). The container remained stored at that location until 9 a.m. PST,
February 14, 1990, when it was picked up by Nova TransFortntion Services Company
and transported to Nova's Container Freight Station (CFS), 355 West Carob Street,
Compton, California, approximately 20 miles from the terminal facility.

Between 10 a.m. and 12 noon PST, February 14, 1990, the container was opened

and the cargo removed. er removal, the crate containing the source changers
was stored in Nova's CFS warehouse at Storage Space No. 28, a locatior approxi-
mately 30 feet from the warehouse's trailer loading area (Figs. 2.8 and 2.9).
Nova's cargo receipt documentation stated that the crate was damaged when it was
removed from the ocean container (Ref. 21).

U.S. Customs Service Officials did not 1nsPect the crate upon its entry into

the United States. According to the form "U.S. Customs Transportation Entry and
Manifest of Goods Subject to Customs Inspection," the crate was considered to be
an "in-bond" shipment to Boston, that is, to be transported by a bonded carrier
and restricted from delivery to the final consignee until cleared by U.S.
Customs Service in Boston, Massachusetts (Ref. 22).

At approximately 6 %.m. PST, Fevruary 16, 1990, the crate and other freight to
be delivered to eastcoast destinations were loaded and sealed aboard an enclosed
48-foot trailer, in the reverse order of its planned delivery to facilitate
unloading. The crate containing the source changers was the first item )oaded
into the trailer because its destination, Boston, was the final discharge point.
The crate was positioned in the front-right corner of .he trailer (Fig. 2.10).

¥ETT times given in this section are loca) times unless otherwise specified.
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Figure 2.6 Container Traller-Chassis In HANJIN Dock, Los Angeles-Long Beach
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Figure 2.6 Container Traller-Chassis In HANJIN Dock, Los Angeles-Long Beach
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Figure 2.8 View From Location No. 28 in Nova Warehouse Toward Shipping Clerk Desk
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Figure 2.9 Nova Storage Location No. 28
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Figure 2.8 View From Location No. 28 in Nova Warehouse Toward Shipping Clerk Desk
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Figure 2.9 Nova Storage Location No. 28
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Transport documentation (Ref. 23) indicated that the trailer contained four
separate freight consignments to be discharged, respectively, at -«

1.  Nu Tranz Freight Systems, Inc., 119 McLaughlin Road, Coraopolis,
Pennsy Ivania;

2. Port East Transfer, Inc., 1801 South Clinton Street, Baltimore, Maryland;

3.  Evans Delivery Service, 3755 East Thompson Street, Philadelphia,
Pennsylvania; and,

4. Patriot Trucking, Incorporated, 161 Prescott Street, Boston, Missachusetts.

At approximately s p.m. PST, February 16, 1990, a tractor (1989 Kenworth T-800)
with two drivers Trom Covenant Transport, Incorporated (Covenant), Chattanooga,
Tennessee, a senior driver and a driver trainee, picked up the trailer for the
eastbound trip (Fig. 2.11).

The truck route across the country is shown in Fi?. 2.12 (Ref. 24). The Team
created the following trip chronology from interviews with the senior driver and
the driver trainee and from a review of the senior driver's trip log as provided
to the Team (Refs. 25, 26, and 27):

February 16, 1¥90

At *‘:30 p.’ he two Covenant drivers left the Nova CFS in Compton,
California, . pegan the eastbound trip. They made two separate stops to
weigh the tre. « before they headed east on Interstate 10 to Interstate 15.
However, snow blocked their passage on Interstate 15 and, therefore, they
returned to San Bernardino and remained overnight at & motel. The drivers
reportcd that the truck was parked in the motel parking lot away from the
mote] and automobile and pedestrian traffic.

February 17, 1990
At 6:30 p.m., the drivers resumed the eastbound trip.
February 18, 1990

At 4 a.m., the drivers stopped for approximately 10 minutes at the Holbrook
Truck PTaza, Holbrook, Arizona. At 11:30 a.m , they stopped for approximately
30 minutes for refueling in Amarillo, Texas. At 4 p.m., the drivers arrived
at Oklahoma City, Oklahoma, for refueling and dinner. They left Oklahoma
City about 6 p.m. and drove continuously until § a.m., February 19, 1990,

February 19, 1990

At 9 a.m., the drivers arrived in Terre Haute, Indiana, and took & short
break. They continued trlvo]ing until 1:30 p.m. when they stopped for
fue) at Hebron, Ohio, at Exit 126 on Interstate 70.

*K1T times cited are Eastern Standard Time (EST), the convention used by the senior
driver to maintain the trip log.

NUREG-1405 14 Section 2




L

Figure 2.11 Side View of Covenant Truck
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Figure 2.11 Side View of Covenant Truck
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Inc. , Coraopolis, Pennsylvania, at 1@ p.m. The truck was parked
at the Nu Tranz terminal, and both drivers slept on board overnight.

February 20, 1990

Nu Tranz employees unloaded the first consignment between 9 a.m. and b; am
At 11 a.m , the drivers left Nu Tranz and drove south on Interstate 79 to
eastbound Interstate 376 and from there to eastbound Interstate 76/70 to
Maryland. At approximately 4 p.m., they stopped at a restaurant for about
30 minutes somewhere becween Hagerstown and Frederick, Maryland, on
Interstate 70,

At ?:30 p.m., the drivers stopped at truck weighing scales at the New Market
Scale House for vehicle inspection and a weight check by the Maryland State
Police. At 8 p.m. , they arrived at the Port East Transfer Warehouse, Inc.
(Port East), Baltimore, Maryland. They parked the truck at the Port East
terminal and slept onboard overnight.

February 21, 1990

Between 8 a.m and 11 a.m , Port East employees unloaded the second shipment.

At 11 a.m. , the Covenant drivers left Baltimore northbound on Interstate 95,
arriving at Evans Delivery Service, Philadelphia, Pennsylvania, at 6:33 p.m.
to unload the third shipment, Both Covenant drivers and one Evans very
Service employee unloaded the shipment.

At 4:30 p.m., the drivers left the Evans Delivery Service for Boston,
Massachusetts, At 7:30 p.m., they took & 30-minute break at a truck
service plaza in the vicinity of Exit 37, Interstate 95 (northbound) in
Connecticut and resumed travel at 8 p.m.

At about 10 p.m., the drivers were stopped at a scale house in Connecticut
and were cited by the Connecticut State Police for failing to have a proper
State highway permit. The second driver, a trainee, was cited for failing
to properly maintain his driver's trip log. At .M., the drivers stopped
at a truck service plaza at Exit 13, Interstate eastbound, and parked

between two other trucks having sleeper berths. Both drivers slept onboard
overnight.

February 22, 1990

At 9:30 a.m., the drivers resumed travel on Interstate 90, crriving at the
Patriot Trucking Company's (Patriot) facility at Logan Airport in Boston,
Massachusetts, at 11:30 a.m. to discharge the final consignment. Both
drivers and two terminal employees (a forklift operator and warehouseman)
began unloading the trailer at approximately 12 noon and finished at

4:30 p.m., after which, the drivers left the Tac y with the trailer
empty.

The senfor driver told the Team that the wooden crate containing the source
changers was the last item to be unloaded at the Patriot facility. He reported
that as he pulled the crate away from the corner to allow the fork1lift to pick

NUREG~1405 17 Section 2
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it up, he noticed that the crate was severely damaged and that several of the
source changers had been forced out of the crate. As he picked up the source
changers to return them to the crate, he noticed that the source changers had
radioactive material labels (see Fig. 2.2).

The senior driver became alarmed at this discovery because the crate was not
labeled as containing radiocactive material, nor did the associated transport
documents indicate that he was carrying such material. He immediately left the
trailer to call his management at Covenant, Chattanooga, Tennessee, about this
development.

Covenant managers advised the driver not to approach the crate until its contents
could be confirmed. They then contacted the Nova Transportation Services Company
in Compton, California, and were told by that company's officials that the source
changers were empty and that no radioactive materials were involved in the
shipment. Covenant managers relayed this information to the driver,

While the driver was making this inquiry, the Patriot forklift operator removed
the crate from the trailer to examine it on the dock. He removed several source
changers from the crate so that he could verify the number of source changers
(Fig. 2.13); the forklift operator then stored the crate in the bonded freight
enclosure in the warehouse and noted on the consignment record that the crate
was damaged on arrival (Ref. 28).

The crate remained in storage in Patriot's bonded freight enclesure from
February 22 to March 8, 1990. According to interviews with Patriot employees,
they passed by and worked in the vicinity of the crate in the normal course of
business (Figs. 2.14 and 2.15). However, no employees needed to be close to the
crate for any significant duration, with the following two exceptions:

1. The Patriot forklift operator indicated that he spent up to 45 minutes
every day in the process area, which is about 6 feet from where the crate
was stored. He further indicated that he was in close proximity to the
crate when he attempted to repair it for shipment to the consignee,
Amersham Corporation. He also reported handiing one of the source changers
several times during this period to show the device to various other
employees.

On March 8, 1990, the same Patriot forklift operator loaded the crate
onto a trailer for delivery to Amersham Corporation.

2. U.S. Customs Service inspectors daily inspected the bonded area, but the
crate went unnoticed until on or about February 28, 1990, when a U.S.
Customs Inspector closely inspected the crate for about 15 minutes because
she noticed that it was obviously damaged. Noting that source changers
were labeled as containing radiocactive material, she expressed her concern
about the condition of the crate and its contents to Patriot managers.
They informed her that the source changers were empty and did not contain
any radioactive material. She reported advising Patriot managers that the
crate should be repaired and moved out of the area as soon as possible.
U.S. Customs Service documentation indicates that the crate cleared Customs
on March 7, 1990 (Ref. 29).
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Flgure 2.13 Forikiit Oparator Holding Source Changer
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Figure 2.14 Bonded Area in Patriot Warehouse Where Crate Was Stored®
*Note Tire Tracks indicating Forkiift (raffic Pattern.
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Figure 2.13 Forkiit Operator Holding Source Changor
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Figure 2.14 Bonded Area In Patriot warehouse Where Crate Was Stored®
*Note Tire Tracks Indicating Forkiift Traffic Pattern.
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At approximately 2 p.m. on March 8, 1990, the Patriot forklift operator loaded

the crate into the back of a 45-foot Patriot trailer for delivery to Amersham

Corporation, in Burlington, Massachusetts, a distance of about 25 miles. The

trailer was empty except for the crate containing the 14 source changers. The

ggat: was not braced or tied down for the trip, which lasted approximately
minutes,

Upon arriving at Amersham, the driver opened the back door of the trailer and
noticed that the crate had broken open and that the source changers were
scattered over the floor of the trailer (Fig. 2.16). He preceeded to remove
parts of the broken crate from the trailer and move some of the source changers
closer together to facilitate unloading (Fig. 2.17). The driver then informed
an Amersham technician of the delivery.

As the Amersham technic «. .oproached the trailer, he noticed that the audible
alarming dosimeter he w. w.aring indicated increased radiation levels in the
area. The technician immediately left the area and returned with a radiation
survey instrument. As he approached the trailer, he noticed radiation levels

of Letween 60 and 100 millirem per hour at an estimated 15 feet from the back

of the trailer. He advised the driver to stay out of the area and left the dock
to inform Amersham's RSO of the situation.

The RSO made further radiation measurements and promptly restricted access to
the area. On the assumption that a source was probably not completely installed
in @ source changer, the RSO initiated efforts to reposition the source or to
retrieve it, as necessary. By radiation measurements, *he RSO was able to
identify which one of the 14 source changers was emitting the radiation, after
which it was moved from the trailer to the dock for further assessment.

Using a teletector to survey the levels of radiation, the RSO measured
approximately 150 rem per hour at contact with the unshielded portion of the
source changer. The RSO noted that the source changer was net locked with a
padiock, but that a seal wire was threaded through the closure bolt.

Using source retrieval techniques and procedures, Amersham personnel opened the
source changer for examination (Fig. 2.18). Initially, the source of radiation
was not apparent. However, after removing a paper tag that was wedged into the
source changer. Amersham personnel saw a small sealed source that had been
severed from the pigtail (a cropped source) laying in the bottom of the
unshielded portion of the source changer (Figs. 2.19 and 2.20). They estimated
its dimensions to be 0.25 inch by 0.75 inch. A J-tube end cap was also laying
on tiie bottom of the changer. The Amersham employees observed that end caps
were not installed on either of the two source storage tubes.

Using remote handling tocls and a portable shielding apparatus, Amersham personnel
were able to remove the source from the source changer successfully and safely
isolate it for closer examination and analysis. At 3:15 p.m., Amersham had
complete control of the radioactive source.

Amersham's RSO notified NRC's Region I staff of the event at approximately

4:50 g.m. Region I staff advised the RSO to maintain control and accountability
of all materials, including source changers, the source, relevant documentation,
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Figure 2.16 Source Changers Scattered Over Floor of Truck
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Figure 2.19 Source Changer Showing a Cap and Tag Wedged in the Unshielded Area
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Figure 2.19 Source Changer Showing a Cap and Tag Wedged in the Unshielded Area
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and the wooden crate, pending NRC review of the matter. A Confirmatory Action
Letter to this effect was sent by MRC to Amersham on March 9, 1990 (Ref. 30).

On March 9, 1990, NRC's Region 1 mana?ement dispatched two inspectors to
Amersham to perform a preliminary review of this event and to ensure that
materials and documents were preserved for later investigation. On March 10,
1990, some members of the MRC Incident Investigation Team (Team) arrived in
Boston to investigate the incident in that area, and on March 11, 1990, the

remainder of the Team arrived in Los Angeles to investigate the incident in
that area.
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3 DESCRIPTION OF TEAM ACTIVITIES

3.1 Overview of the Team's Methodology

In its investigation of the inadvertent shipment of an unshielded radiographic
source from Pusan, Republic of Korea, to Burlington, Massachusetts, in the

United States, the Incident Investigation Team (Team) collected and evaluated
information from documentation, photographs, measurements, tests, experiments,
simulated conditions and situations, time and motion studies, and meetings and
interviews, in perstn and by telephone. The Team collected and evaluated this
information in order to determine the possible radiation exposures to individuals,
the sequence of events, and the root causes of the incident.

Because various events related to this incident occurred over a large geo-
?raphica1 area, the Team initially divided into two groups. One group conducted
ts investigation using Amersham's faciiity in Burlington, Massachusetts, as a
base; the other group operated at various locations in California. After

completing these field investigations, the Team reassembled at NRC
headquarters, in Bethesda, Maryland.

The Team primarily obtained information about the sequence of the events from
interviews, U.S. Customs Service documents, shipping records, drivers' log
books, facsimi'e communications with Amersham’'s Hong Kong office, and U.S.
State Department cables. On the basis of this information, the Team retraced
the shipment of the source from its Korean end-user in Seoul through the Port
of Los Angeles, across the continental United States, to its final destination
in Burlington, Massachusetts (see Fig. 2.12). The Team also collected
information on the original shipment of the source to Korea through
correspondence with the affected parties in the Republic of Korea and with the
source manufacturer in the United States.

Possible radiation exposures to individuals were determined from data gathered
from interviews with the drivers and a review of their logs and from interviews
with other individuais who may have been near the source. The Team gathered
information from these interviews to develop time and motion histories for the
affected individuals. These studies were used to determine when they
approa-hed and left the location of the source and how long they actually
handled or were in the vicinity of the source changer. The results of the
analysis of potential exposures to individuals is presented in Section 5 of
this report. Details of the analysis are given in Section 6.

The source changers involved in the shipment, the wooden packing crate, and
the source were quarantined on March 9, 1990, until they could be examined by
the Team. On March 15, 1990, all materials involved in the incident, except
for source changer 5U-610 and its contents, were released for use by Amersham.

3.2 Interviews and Meetings

The Team placed a high priority on identifying and interviewing persons
involved in the physical handling of the source changers or persons who came
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near them so that those with potentially significant radiation exposures could
be tested promptly. The Team also deemed it important to contact those persons
involved in the initial stages of the shipment as early as possible before
their recollection of the incident had faded with the passage of time. The
Team interviewed Federa)l and State officials to obtain information about
regulatory control and surveillance of radioactive material shipments. A1)
Team interviews and meetings are listed in Table 3.1.

Because this event involved shipping the radioactive source across the United
States, the interviewees were distributed over a wide area. In order to
conduct these interviews as quickly as possible, the Team divided into two
groups. The West Coast Group (WCG), consisting of three Team members, focused
1ts efforts primarily in California during the initial stages of the
investigation. During its investigative activities in California, the WCG was
accompanied, at it: reguest, by a headquarters representative of the Department
of Transportation. They concentrated on identifying those individuals involved
in the early stages of the shipment within the United States. The WCG
interviewed personnel involved with the shipment from the time it arrived at
the Port of Los Angeles until it was received at the Patriot Shipping Company
(Patriot) warehouse in Boston. The WCG conducted interviews in California and
Texas. Subsequently, individual Team members interviewed personnel in Arizona,
Pennsylvania, and Maryland. A primary objective of these interviews was to
develop the time and motion histories needed to estimate possible exposures to
individuals. Special attention was paid to identifying and interviewing the
two Covenant Transport (Covenant) drivers who transported the source from
California to Boston.

The East Coast Group (ECG), which initially consisted of four Team members,
arrived in Burlington, Massachusetts, at approximately noon on Saturday, March
10, 1990. At that time, the ECG was briefed by two NRC Region I inspectors
who had been dispatched to review the incident on March 9, 1990. The actual
fact-finding began on the afternoon of March 10, 1990, when this group was
given an overvicew of the event by Amersham management personnel. At that
meeting, the ECG and representatives from Amersham discussed the activities
relating to the discovery and retrieval of the source.

Because this incident began in Korea, the ECG requested Amersham's assistance
in obtaining information about the source and the source changers from the
Korean distributor, NDI Corporation, in Seoul. Amersham arranged to
communicate requests for information to NDI Corporation through the Amersham
office in Hong Kong.

Following the briefing, the ECG toured Amersham's loading dock and "hot cell"
facility (i.e., a shielded room for storing radicactive materials that must be
remotely handled), and visually examined the source changers, wooden packing
crate, and the source.

The ECG spent Sunday, March 11, 1990, establishing a preliminary sequence of
events, compiling a 1ist of potential interviewees, estimating initial exposure
doses, and coordinating efforts with the WCG. On March 12, 1930, one Team
member from the ECC was dispatched to interview the second Covenant driver in
E1 Paso, Texas. On March 13, 1990, this Team member joined the WCG to provide
coordination between the two groups.
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Interviews with Amersham employees began on the morning of March 12, 1990.
The approach used for scheduling interviews was first to talk with those
individuals directly involved in retrieving the source: the radiation safety
officer (RSO), the hot lab supervisor, and a radiation technologist. The Team
then interviewed the facility manager and the individual responsible for
arranging export shipments. A1)l of these interviews were recorded b{ steno-

0

?rcphers and trainscribed (see Table 3.1). A second radiation technologist
nvolved in retrieving the source was interviewed b telephone from Apsen,
Colorado. This interview was taped and transcribed.

On Tuesday, March 13, 1990, the ECG interviewed employees from the Patriot
Trucking Company in Boston. They interviewed the employees who were involved
in the unloading, handling, and reloading of the wooden crate that contained
the source changers and talked to other warehouse employees who may have worked
in the area where the crate was stored. All of the interviews with Patriot
employees were recorded on tape and transcribed (see Table 3.1). A notice was
posted in the Patriot warehouse requesting that anyone who had handled or
worked near the crate contact the Team. No one else responded to the notice or
was interviewed.

The ECG interviewed perscnnel from the U.S. Customs Service and the
Commonwealth of Massachusetts between March 12 and March 16 to obtain any
information they may have and to learn whether any U.S. Customs Service
personnel were near the source. These interviews were conducted by telephone,
recorded on tape, and transcribed (see Table 3.1).

The ECG conducted a number of telephone interviews with INC personnel on March
14 and 15, 1990, in an effort to determine the characteristics of the source.
The interviews were documented by written notes (see Table 3.1). The methods
used by the Team to determine the composition and activity of the source are
described in Section 4.

On March 13, 1990, the WCG interviewed personnel of Hanjin shippin? at Hanjin's
San Pedro, California, terminal. The WCG also observed the unloading of
containers from a Hanjin ship similar to the S.5. HANJIN MOKPO and traced the
route of the container from unioading until it left the Hanjin terminal. On
this same date, the WCG interviewed a U.S. Customs Service inspector regarding
that agency's involvement with the shipment.

On March 14, a representative from the State of California, Division of
Occupational Safety and Health, joined the WCG as they interviewed personnel
from the Nova Container Freight Station (Nova CFS) in Compton, California.
They interviewed every individual invelved with unloading the ocean container
and moving the crate into the Covenant transport trailer and reviewed the
circumstances of the temporary storage of the crate. The WCG also interviewed
all Nova personnel who may have come in close proximity to the crate while it
was in temporary storage there. They developed a plot plan of those areas of
the Nova warehouse that could have been affected by radiation (see Fig. 6.1).

On March 15, the WCG interviewed two U.S. Department of Agriculture inspectors,

one of whom boarded the S.S5. HANJIN MOKPO while it was in the harbor. On the
same date, Hanjin Shipping Company personnel were contacted for the second time
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about the construction of seagoing containers and to arrange for Team members
to board the S.S. HANJIN MOKPO on March 25, 1990, when it next docked in the
Port of Los Angeles.

Additionally, the WCG interviewed U.S. Coast Guard personnel at their Marine
Safety Office, Los Angeles-Long Beach, to determine the actual dates that the
5.5, HANJIN MOKPO was in port, any potential exposure of U.S. Coast Guard
personnel during the stay of the exposed source in the port area, and the
required protocol and procedures for docking a vessel at the Port of

Los Angeles.

The WCG also interviewed the President of Fidelity Transport, Incorporated, a
non-vessel operating common carrier and freight consolidator, that contracted
with Daeil Shipping Company, Seoul, to arrange the handling and transport of
the crate of source changers from Los Angeles to Boston. At the interview, the
president conveyed the results of Daeil Shipping Company's review of the
sequence of events in Korea that were related to the incident.

After the Team reassembled in NRC headquarters, they interviewed
representatives of the U.S. Department of Transportation and the NRC materials
licensing staff, Office of Nuclear Material Safety and Safeguards. The purpose
of these interviews was to identify the adequacy of regulatorv controls and
surveillance of raaioactive material shipments and the process and requirements
for approving and using sealed sources and radiographic devices. These
interviews, conducted between March 21 and March 23, were recorded by
stenographers and transcribed (see Table 3.1).

On March 22, 1990, a Team member, accompanied by two State of Maryland
inspectors, interviewed personne)l at the Port East Transfer, Inc., warehouse in
Baltimore, Maryland, t¢ determine which individuals were involved with
unloading freight from the Covenant trailer at this warehouse. They measured
and inspected the Port East facility to evaluate whether warehouse employees or
truck drivers making deliveries could have potentially been exposed to
radiation emitted from the shipment.

On March 25, 1990, two Team members met the S.S. HANJIN MOKPO as it docked at
the Hanjin Shipping Company dock, at San Pedro, Califorrnia. The Team members
observed the unloading of the ship and conducted a time and motion study of
the unloading of a container that was stowed in the same position on the ship
as the container had been stowed that held the crate of source changers
involved in the incident.

On March 30, 1990, a Team member interviewed personnel at the Nu Tranz Freight
Systems, Inc. (Nu Tranz), warehouse to determine which of them were in.olved
in unloading freight from the Covenant trailer at this location. The WCG
measured and inspected the Nu Tranz facility to obtain information for
estimating radiation exposures of Nu Tranz employees and delivery drivers. On
April 11, 1990, a visit was made to Evans Delivery Service, Philadelphia,
Pennsylvania, to obtain similar information about potentially exposed
individuals.
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3.3 Tests, Measurements, Simulations, and Experiments

During the investigation, the Team conducted or supervised a number of measure-
ments and tests to obtain data needed to analyze this incident.

The Team -~

0 Measured the thickness and dimensions of the Covenant truck cab and the
trailer used to transport the source to determine what shielding they
provided (see Sec. 5) and developed a scaled drawing of the tractor-
trailer rig used for the cross-country trip.

0 Obtained the radiation profile for individual ompt; source changers to
determine applicable shipping categories (see Sec.7).

0 Repacked all 14 source chan?ers in the original wooden snipp1n? crate and
measured the suosequent radiation profile to determine the applicable
shipping category for the loaded crate (see Sec. 7).

0 Determined the angle of tilt (end to end) required to cause a cropped
source, that is, a source with the "pigtail" removed, to slide out of a
source changer into an unshielded position.

0 Developed plot plans for the Amersham loading dock and the Patriot and
Nova warehouses based on measurements made by the Team.

0 Witnessed Amersham's tests in its source certification laboratory to
determine source activity and obtain gamma pulse height spectra to verify
source composition (see Sec. 4).

3.4 NRC's Regulatory Actions: Quarantined Equipment

On March 9, 1990, NRC's Region I staff issued a Confirmatory Action Letter
(CAL) to ensure that Amersham Corporation would maintain all material
associated with the shipment in its as-received condition for inspection by the
NRC. This material included 14 Model 500-SU source changers and accessories,
the wooden shipping crate, and the source itself. The CAL stated NRC's
understanding that Amersham Corporation would also assemble all pertinent
shipping and handling documentation available to them for review by the NRC.

After the ECG arrived at Amersham on March 10, 1990, its members visually
examined each of the source changers for physical damage resulting from their
shipment from Korea. They photographed each source changer to preserve a
visual record of its condition and labels and inspected the woocden crate to
determine its condition and any role it played in the incident. They also
examined the source and characterized it independently by test to determine its
manufacturer, activity, and physical composition (see Sec. 4).

The Team requested that a radiation survey to detect contamination and a
baroscopic examination to determine the inadvertent presence of a source be
conducted on each of the source changers before they were returned to service.
These test results showed that contamination levels were less than 0.001 micro-
curie on the surface of the changers and that no sources were present in any
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of the source changers. On March 15, 1990, al] materials referred to in the
CAL, except for source changer serial number SU-610 and the items found in it,
were released from quarantine for use by Amersham. Amersham agreed to keep
the source available to the NRC until the investigation was completed.

On March 27 and 28, the Team interviewed U.S. Customs Service inspectors in
Nogales, Arizona, to obtain information about a similar incident that had
previously occurred.

Table 3.1 Interviews and Meetings Conducted by the Incident
Investigation Team

Documentation
Date Local Time Meeting/Interview Method*t
U.S. Nuclear Regulatory Commission
3/10/90 12:30 p.m. Debriefing by NRC Region I staff (NR)
Amersham Corporation Personnel (Burlington, MA)
3/10/90 1:30 p.m. Briefing by licensee on event (NR)
3/12/%0 9:20 a.m. Interview of radiation safety officer (5T)
3/12/90 10:30 a.m. Interview of hot lab supervisor (ST)
3/12/90 1:20 p.m. Interview of radiation technologist (A) (ST)
3/12/90 2:00 p.m. Interview of export specialist (5T)
3/12/90 3:20 p.m. Interview of corporate manufacturing manager (ST)
3/12/90 8:30 p.m. Interview of radiation technologist (B) (TT)
3/15/90 4:15 p.m. Interview ¢f radiation safety officer (TT)
3/16/90 11:00 a.m. Exit meeting with Amersham staff (NR)
Covenant Truck Drivers
3/12/90 9:00 a.m. Interview of senior driver (N)
(San Bernardino, CA)
3/13/90 9:00 a.m. Interview of driver trainee (E1 Paso, TX) (N)
3/14/90 10:00 a.m. Reinterview of senior driver (N)
(San Bernardino, CA)
Patriot Trucking Company Personnel (Boston, MA)
3/13/90 10:00 a.m. Interview of vice president (TT)
3/13/90 10:20 a.m. Interview of truck driver (TT)
3/13/90 10:00 a.m. Interview of loading dock supervisor (TT)
3/13/90 11:30 a.m. Interview of dock hand (TT)
Marine Terminal Corporation Personnel (San Pedro, CA)
3/13/90 2:30 p.m. Interview of gate manager, Hanjin Shipping (N)
Co., San Pedro, CA, terminal
3/13/%0 3:30 p.m. Interview of terminal manager, Hanjin (N)

Shipping Co., San Pedro, CA, terminal
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Teble 3.1 (continued)

Documentation
Date Local Time Meeting/Interview Method*t
Hanjin Shipping Company Perscnnel (San Pedro, CA)
3/13/90 3:45 p.m. Interview of yard manager (N)
Nova Container Freight Station (CFS) Personnel (Compton, CA)
3/14/90  11:45 a.m. Interview of CFS operations manager (N)
3/14/90 11:45 a.m. Interview of CFS warehouse manager (N)
3/14/90 2:30 p.m, Interview of shipping clerk (N)
3/14/90 4:10 p.m. Interview of shipping supervisor (N)
3/14/90 5:00 p.m. Interview of receiving unloader (A) (N)
3/14/90 5:15 p.m. Interview of receiving unloader (B) (N)
3/14/20 5:45 p.m, Interview of checker (N)
3/14/90 6:15 p.m. interview of Nova truck driver (N)
3/14/90 6:30 p.m. Interview of receiving clerk/checker (N)
3/14/90 6:45 p.m. Interview of shipping loader (A) (N)
3/14/90 7:00 p.m. Interview of shipping loader (8) (N)
U.S. Customs Service personnel (Los Angeles, CA)
3/13/%0 1:30 p.m. Interview of Customs inspector (N)
3/15/90 11:00 a.m. Interview of Customs supervisor (N)
U.5. Customs Service personnel (Boston, MA)
3/12/90 12:05 p.m. Interview of Customs inspector (A) (N)
3/15/90 3:30 p.m. Interview of Customs supervisor (A) (PT)
3/15/90 4:00 p.m. Interview of Custom:s sucervisor (8) (PT)
3/15/90 4:40 p.m. Interview of Customs inspector (B) (PT)
3/15/90 4:50 p.m, Interview of Customs inspector (A) (PT)
3/15/90 8:30 p.m. Interview of Customs inspector (C) (PT)
3/16/90 12:10 p.m. Interview of Customs inspector (A) (TT)

State of Massachusetts personnel (Boston, MA )

3/15/90 10:15 a.m. Interview of radiation protection program
director

3/15/90 11:00 a.m. Interview of radiation protection program
inspector

Industrial Nuclear Company personnel (San Leandro, CA)

3/14/90 2:30 p.m.
3/15/90  12:30 p.m.

Interview of radiation protection officer
Interview of radiation protection officer
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Table 3.1 (continued)

Documentation

Date Local Time Meeting/Interview Method*t

Department of Agriculture personnel

3/15/90 3:00 p.m, Interview of plant protection quarantine (N)
inspector (A)

3/15/90 3:15 p.m. Interview of plant protection quarantine (N)

inspector (B)
Department of Transportation personnel (Washington, 0.C.)

3/21/90 10:15 a.m. Meeting with Director, Office of Hazardous (ST)
Material Transportation; Chief, Enfercement
Division; Chief, Radioactive Materials
Branch; and Enforcement Specialist

3/21/90 1:30 p.m. Meeting with Office of Motor Carriers; (ST)
Chief, HAZMAT Program Division; and
Director, Field Qperations

3/22/90 10:00 a.m. Meeting with U.S. Coast Guard, Marine (ST)
Technical and HAZMAT Division, Mechanical
Engineer; Chief, Port Operations Branch, and,
Chief, HAZMAT Section

U.S. Coast Guard personnel (Marine Safety Officer-Los Angeles/Long Beach, CA)

3/15/90 9:30 a.m. Meeting with Port Safety and Security (N)
Division personnel

Fidelity Transport, Incorporated, Personnel, (Norwalk, CA)

3/15/90 2:00 p.m. Interview with president (N)

Port East Transfer, Inc., personnel (Baltimore, MD)

3/22/90 1:45 p.m. Interview of corporate vice president (N)
3/22/90 2:05 p.m. Interview of warehouse manager (N)
3/22/90 2:30 p.m. Interview of forklift operator (N)

Covenant Management and Dispatch personnel (Chattanooga, TN)

3/22/90 2:00 p.m. Interview of operations manager (PN)
3/28/50 3:00 p.m. Interview of dispatcher (PN)

NRC Headquarters personnel

3/23/90 11:00 a.m. Interview of licensing specialist on (TT)
sealed sources and devices, Office of
Nuclear Material Safety and Safeguards
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Table 3.1 (continued)

Documentation
Date Local Time Meeting/Interview Method*t
U.5. Customs Service personnel (Nogales, AZ)
3/27/90 2:15 p.m. Interview of Customs inspector (N)
3/27/90 4:00 p.m, Interview of Senior Customs inspector (N)
3/28/90 1:00 p.m. Reinterview of Senior Customs inspector (N)
Joffroy Warehouse, Inc., Personnel (Nogales, A2)
3/28/90 8:15 a.m, Interview of warehouse manager (N)
G. Mendez and Company Custom House Broker (Nogales, AZ)
3/28/90 11:00 a.m. Interview of customs broker (N)
william F. Joffroy Custom House Brokers, Inc. (Nogales, AZ)
3/28/90 11:45 a.m. Interview of assistant customs broker (N)
Oak Ridge Associated Universities, Medical and Health Sciences Division
(Dak R?ggg1 TN)
3/29/90 2:00 p.m. Interview with chief of radiation medicine (PN)
Nu Tranz Freight Systems, Inc., personnel (Coraopolis, PA)
3/30/90 9:45 a.m. Interview of terminal manager (N)
3/30/90 10:15 a.m. Interview of assistant terminal manager (N)
3/30/90 10:35 a.m. Interview of truck driver/warehousemen (N)
Evans Delivery Service personnel (Philadelphia, PA)
4/11/90 1:20 p.m. Interview of corporate vice president (N)
4/11/90 1:45 p.m. interview of warehouseman (A) (N)
4/11/90 2:15 p.m. Interview of warehouseman (B) (N)

* A11 notes and transcripts are available for inspection in the NRC Public
Document Roomr, 2120 L Street (lower level), NW., wWashington, D.C.

+ DOCUMENTATION METHOD
NR - not recorded

7 recorded by stenographer; tranccribed
| 3 G taped; transcribed

PT =~ taped phone conversation, transcribed
PN - phone conversation, notes

N . notes
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B SOURCE (HARACTERIZATION

One of the Incident Investigation Team's (Team) first priorities was to determine
the isotopic composition and activity of the source. The activity is the
strength of the source measured in curies. The Team needed reliable data to
make timely and accurate estimates of radiation expos. res for individuals who
were involved with the shipment.

when the source arrived at the Amersham Corporation (Amersham) facility on

March 8, 1990, it had no manufacturer's identi* ation markings or serial number.
The cable device (or pigtail) for the source, - iich ordinarily is inscribed with
a serial number, had been removed from the ca; ule enclosing the source

(Fig. 4.1). On the basis of a visua) inspection of the source capsule, the
Amersham staff determined that the source was not one of their designs. Because
the source was found in a source changer shipped from Korea, the Team could not
determine whether the source was manufactured domestically or abroad.

This section of the report describes the methods used to determine the isctopic
composition, activity, and origin of the radioactive source involved in the
incident. Table 4.1 summarizes the s‘gnificant events involved in characterizing
the source.

4.1 Determination of the Source's Manufacturer

On Saturday, March 10, 1990, the Amersham staff briefed the Team on the incident
and showed them the source in the hot cell. During the briefing, the Amersham
staff was not able to positively identify the source design or manufacturer.
They were certain, however, that the source was not manufactured by Amersham.
One Amersham employee identified Industrial Nuclear Company (INC), located in
San Leandro, California, as a possible manufacturer of the source. To confirm
whether INC was the scurce's manufacturer, Amersham had requested on March 9
that INC provide them with a dummy source of INC design for visual comparison.

On Saturday, March 10, the Team requested that Amersham contact its Korean
distributor, NOI Corporation (NDI), to identify the end-user of each of the

14 source changers shipped to the Amersham facility on March 8 (Ref. 1). NDI
was also asked to identify, if possible, the end-user for source changer serial
number (S/N) SU-610. On Monday, March 12, NDI Corporation identified the Korean
end-user of source changer S/N SU-610 as Korea Industrial Testing Company, Ltd.
(KIT) (Ref. 2). NDI Corporation tentatively identified the manufacturer of the
source as INC of San Leandro, California.

The dummy source Amersham had requested from INC arrived at Amersham on March 12.

A visual comparison of the two sources identified INC as the prebable manufacturer.
Dummy source capsules supplied by Amersham and INC are shown in Figures 4.2

and 4.3. The dummy source capsule supplied by INC is identical to the one
involved in the incident.
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Figure 4.1 Representation of Indusirial Nuclear Corporation Model No. 8 Iridium-192
Sealed Source ¥1082.

NUREG-1405 42 Section 4



Figure 4.1 Representation of Industrial Nuclear Corporation Model No. 8 Iridium-192
Sealed Source #1062.
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Table 4.1 Sequence of Significant Events Involved in Characterizing

the Source

Dates in 1990

Events

March 8

March 9

March 10

March 12

March 13

March 14

March 15

March 20

Amersham estimates radioactivity as 7 curies based on
measurements made during source retrieval.

Amersham revises its estimate to 3 curies based on measurements
in the hot cell. A half-value layer test indicates the source
to be composed of iridium-192 (Ir-192).

The NRC Incident Investigation Team (Team) arrives on site.
The Team makes initial exposure estimates based on a 3-curie
Ir-192 source.

A visual comparison of the unidentified source with a dummy
source revealed Industrial Nuclear Company (INC) as the
probable manufacturer.

INC provided the Team with a 1ist of 10 candidate sources
supplied to Korea having activities in the 2- to 4-curie

range as of March 14. The list included an INC Model 8 source,
serial number (S/N) 1062. Amersham staff repeats the hot cell
measurement in the presence of the Team members. They determine
source activity to be 1.92 curies.

Amersham performs a more accurate measurement of source
activity in a source certification laboratory. Activity is
determined to be 2.40 curies. Amersham confirms the source
to be Ir-192 by a gamma pulse height analysis.

The Korean end-user identifies the source by manufacturer (INC)
as S/N 1062. INC's decay curve indicates that the source
activity is 2.49 curies on March 14.

The Korean Government confirms the identity of the source as
an INC source, S/N 1062.
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Figure 4.2 Top: Amersham Model No. A424-9 Iridium Source with Tetefiex Cable and Connec-
tor (right end)
Middle: Amersham Model No. A2A Iridium Source with Aircraft Cable and Connector
(right end)
Bottom: Industrial Nuclear Corporation Model No. 8 Iridium-192 Source.
(Note: Stop Ball on Cables Designed to Prevent Inadvertent Removal of Source From
Source Changer.)
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Figure 4.2 Top: Amersham Model No. A424-9 Iridium Source with Teteflex Cable and Cunnec-
tor (right end)
Middle: Amersham Mode! No. A2A Iridium Source with Aircraft Cable and Conneciur
(right end)
Bottom: Inclustrial Nuclear Corporation Model No. 8 Iridium-182 Source.
(Note: Stop Ball on Cables Designed to Prevent Inadvertent Removal of Source From
Source Changer.)

NUREG-1405 44 Section 4



Figure 4.3 Enlargement of Figure 4.2 Showing Close-up of Sources. Hole Drilled
Through Source Denotes that Source is a Dummy. Note Difference in
Design of Bottom Source.
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Figure 4 Z Enlergamen of Figure 4.2 Showiny Ciose-up of Sources. Mole Drilled
Thravgh Source Denotes that Source is 8 Dummy. Note Difference in
Desiyn of Bottom Souice
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On Tuesday, March 13, the Team requested that *he Radiation Sa‘ety Officer
(RSO) at INC compile and send by telefacsimile any records related to the
shipment of sources to Korea that would have decayed to a strength of between
2 to 4 curies by March 13, 1990 (Ref. 3). The 2- to 4-curie range for source
activity was based on measurements made for the Team by Amersham on March 10.
Those measurements indicated a source activity of approximately 3 curies. INC
initially identified three S56-curie iridium sources (S/N 1060, 1061, and 1062)
manufactured on Apri) 13, 1989, as probable candidate sources. These sources
would have had a residual activity of 2.49 curies on March 13, 1990. Seven
additional sources were later identified by INC which, on March 13, would have
had activities ranging from 1.65 to 2.0 curies (Table 4.2). On March 14, INC
provided the Team with the model number, dimensions, decay chart, and serial
number of each of the candidate sources (Ref. 7).

On Thursday, March 15, ND1 Corporation identified the source as a 5S6-curie
source, S/N 1062, shipped to KIT on April 24, 1983, by INC (Ref. 5).

In & related effort to identify the source, the Team requesied on March 13 that
the NRC's International Programs staff arrange to contact INL's Korean
distributor, Boo Kyung Sa Ltd., to determine which, if any, ot the sources
identified by INC were shipped to KIT, the reported end-user (Rof. 6). In a
response to the Team's request on March 20, 1990, the Korean Ministry of Science
and Technology identified the source sent to KIT as S/N 1062 (Ref. 7).

Table 4.2 Sources Shipped to Korea by Industrial Nuclear Company
with Activities of 2 to 4 Curies on March 14, 1990

Initial

Serial Mode Date of Activity Activity on

Number Number Manufacture in Surtes March 14, 1990
1030 8 3/17/89 53 1.83
1031 ] 3/17/89 53 1.83
1032 8 3/17/89% 53 1.83
1033 8 3/17/89 53 1.83
1035 7 3/23/89 55 2.0
1036 7 3/17/89 85 2.0
1060 7 4/13/89 56 2.49
1061 8 4/13/89 56 2.49
1062 8 4/13/89 56 2.49
1063 8 4/13/89 37 1.65

As a result of these a=tivities, the Team was ible to establisl. the model
number, serial number, composition, date of manufacture, and initial activity
of the source from data supplied by the manufacturer, which enabled the Team
to evaluate the potential doses received by individuals.
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4.2 surement of Source Composition and Activity

The Team sought to determine the composition and radicactivity of the source by
direct measurement in the event that the source manufacturer could not be
identified in a timely manner. Amersham's initial estimate of the source's
radioactivity was based on measurements conducted while the source was stil)

in the unshielded compartment of the source changer. Based on survey readings
on the surface of the source changer of 150 rem per hour, the source activity
was estimated to be approximately 7 curies on March 8, 1990. Amersham staff
retrieved the source from the unshielded compartment of source changer S/N
SU-610 and placed it in a small hot cell on March 8, 1980.

On March 9, the Amersham RSO messured the source activity to be about 3 curies
and conducted a half-value layer test with lead to identify the composition of
the source. A half-value test consists of determining the thickness of a
specific metal, in this case, lead, which, when placed between the source and
detector, reduces the observed gamma count rate to one-half its original value.
The half-value thicknesses of various metals have been established for the
radioisotopes used to manufacture sources. For Ir-192, the lead half-value
thickness is approximately 0.2 ‘nch. The half-value layer test performed by the
Amersham staff indicated that the radioisotope in question was 1r-192. The
initial dose estimates made by the Team, which arrived at Amersham on March 10,
were based on these early measurements made by Amersham.

Before March 15, 1990, the Team was uncertain about whether the serial number
of the source could be determined. The Team requested through NRC's Region 1
office that the source be shipped to Brookhaven National Laboratory (BNL) for
analysis. However, BNL was unable to respond to the Team's request in a

timely manner. At that point, Amersham volunteered to conduct a series of more
accurate tests to determine the composition ana activity of the source.
Amersham fastened a source cable, that is, & "pigtail," onto the source so that
it ould be trarsferred to and examined in the'r source certification ‘aboratory.
The radioactivity of the source was then measured at 70.7 centimeters from zn
fon charber and compared against a standard cobalt-60 source of aporoximetely
the same strength. Based on this measurement, the activity of the source on
March 14, 1990, was determined to be 2.40 curies (Refs. 8 and 9).

Amersham also conducted a gamma pulse height analysis of the source to verify
its composition. The spectrum obtained from the source was compared with
reference standards for iridium-192, cesium=137, and cobalt-60. Figure 4.4
shows the spectra of the three standard sources and the spectrum of the
unidentified Korean source. On the basis of this gamma-pulse height analysis
and the results of the earlier half-value thickness test, the Team conc)uded
that the radioisotopic composition of the source was unquestionably Ir-192,

4.3 Summary

On the basis of the foregoing investigations and measurements, the Team
determined that the source in question was originally a 56-curie, 1r-192 source,
S/N 1062, which was manufactured on April 13, g989. by INC, of San Leandro,
California. On Apri) 24, 1989, INC shipped the source to KIT. When the source
reentered the United States on F..oruary 11, 1990, it had an activity of
approximately 3.25 curies. On March 8, 1990, the day the source arrived at the
Amersham facility, it had a strength of approximately 2.57 curies.
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Korean Source Spectrum as Seen Through
58 Inch of Lead Shielding

‘. w92 Standard Scurce Spectrum

The Spectra Obtained iro-: the Korean Source Compared to Standards for Co®™ . Ces"V ana ¥
Figwre 4 4 Gar ma Putee Height Anslysis of Korean Source
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5  ANALYSIS OF POTENTIAL PERSONNEL EXPOSURES

The Incident Investigation Team (Team) estimated whole-body radiation doses for
all persons who were known or postulated to have been exposed to radiation
during the transportation and storage of a possibly unshielded source from the
time the source changer containing the source arrived on the S.5. HANJIN MOKPO
at the Hanjin Shipping Company (Manjin) dock in the Port of Los Angeles,
California, on February 11, 1;90, until the Amersham Corporation in Burlington,
Massachusetts, received the source changer at 2:30 p.m. on March 8, 1990.
Because the Team was unable to determine if the source was unshielded, estimates
of radiation exposure were based on the assumption that the source was unshielded
in the source changer from the time it left Korea unti) source-recovery
operations were completed at Amersham,

5.1 Method for Estimating Potential Radiation Exposures

As described in Section 4, the unshielded source was determined to be a sealed
source containing iridium=192 (Ir-192), serial number (S/K) 1062. This source
(Model Number 8) was manufactured by Industria) Nuclear Company (INC) en

April 13, 1989. According te INC's "Ir-192 Decay Chart and Source Data" sheet
§ggg. ) for source S/N 1062, the source activity was 56 curies on Apri) 1,

Ir-192 decays with a haif-1ife of 74 days by electron capture to osmium=-192

(4.7 percent) and by the emission of 0.67 miliion ¢ ectron volt (MeV) and 0,54
MeV beta particles (beta negative decay) to platinum-192 (9¢.3 percent)

(Ref. 1). The beta particles were absorbed b{ the source capsule and, therefore,
presented no hazara to anyone during the nandling and storage of the source
changers in the transpertation chair  Gamma photons are 2iso emitred durin
Ir<192 decay, with energies between épproximately 6 kilo electron volt (kevg

and 1.4 MeV, resulting in a mean gamma photon energy of approximately 800 keV.
However, in terms of gamma abundance (i.e., outputgythe predominant energy range
for the gamma photon radiation is between 300 keV and 600 keV. Consequently
gamma radiation emitted by Ir-192 is quite penetrating in al) materials of
relative low density. Higher density materials, such as steel, that zuuld have
shielded the Ir-192 source during its shipment and storage in the United States,
were either non-existent or, when present, were too thin to effectively
attenuate most of the radiation reaching occupied areas. For example, nearly
two inches of steel would be required to reduce the radiation intensity from

the Ir-192 source by 90 percent.

Radiation dose estimates for all individuals evaluated during the investigation
were based on exposure rates that were calculated for selected distances to
occupied areas from an unshielded Ir-192 source, corrected for radioactive decay
and for attenuation in materials surrounding the source (where the composition
and thickness of these materials were knowng. These materials included th.
steel case enclosing the source changer, and the meta) walls of the ocean cargo
container and tractor-trailer (truck), where applicable. Where the composition
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and thickness of shielding materials could not be determined, the Team assumed
that no attenuation occurred. Because of the relatively large magnitude of
certain errors associated with the analysis of radiation exposures to individuals,
the correction factor for convcrtin? exposure in roentgens to absorbed dose in
rads to muscle (0.958), was not applied (Ref. 2). The biological dose (rem) for
?aula radiation is essentially equal io the calculated absorbed dose (rad).
?:;:forc, all doses are reported in units of one-thousandth of a rem, that is,
m rem.

Exposure rates from the unshielded source were calculated for the following
dates: January 29, 1990, February 11, 14, 16, 19, 22, and 28, 1990, and March 8,
1990, These dates correspond to reference dates when the source crate was
handled during shipment or receipt and to mid-points of calendar periods when
the crate was either in storage or in transit (Table 5.1).

The corrected activity (At) and the percent of activity remaining correspond

to each date referenced in Table 5.1 and was computed from Equation 1 using

a 74-day half-1ife and elapsed time in days since April 13, 1989, when the
source was originally certified as containing 56 curies. The unshielded
radiation exposure rate (R) in roent?on per hour at 1 foot from the decayed
source for each date was calculated from Equation 2 by multiplying the decay
corrected number of curies of Ir-192 present on that date by the radiation
output of 5.2 roentgens per hour at 1 foot from a 1 curie Ir-192 source (Ref. 3).
The reference exposure rate for each distance from the decayed source beyond

1 foot, computed by dividin? the resultant value by the square of the distance
from the source, was multiplied by the exposure time (T) in hours to cbtain
the exposure (Ed) in miVlirem using Equation 3.

At - Aoe
where At is the corrected source activity (curies) at day t
A' is the source activity on April 13, 1989 (56 curies)
f is the elapsed time in days since April 13, 1989
T% is the half-life of iridium=192 (74 days)

R=5.2 At (Eq. 2)

where R is exposure rate in R/hr at 1 foot from an unshielded
iridium=192 source of activity At

£ = RLx10% (Eq. 3)
d a2

where E. is exposure in millirem at distance d
? is exposure time in hours
d is distance in feet from the unshielded iridium=192 source
10% is a factor converting rem to millirem

The Mode! 500-SU source changer consists of a welded stainless steel rectangular
box, containing a depleted uranium (DU) shield encased in a compartment at the

front of the changer and a separate unshielded cavity at the rear of the changer
(see Fig. 2.19). The DU shield designed into the Model 500-SU source changer is

NUREG-1405 52 Section 5




Table 5 31 Calculated Dose Rates (R/hr) a* Selected Distances
for 56-Curies (Ci) Ir-192 Source
Certified April 13, 1989

SOPT-93UNN

€9

§ uoLydes

Date: 01/29/90  02/11/90  02/18/90  ©2/16/90  02/19/90  02/22/90  02/28/90  03/08/9%

Elapsed Time (days): 291 08 07 309 312 s 323 329

Approx. % Remaining: 6.55 5.80 568 5.53 5 38 5.23 4.95 459

Activitiy (Ci): 3.67 3.25 3,16 310 3.01 2.93 2.77 2.57

Dose Rates (R/hr}

Distance: 4" 171.7 152.6 147.8 145 0 181.0 137.1 129 6 120.2
1 19.1 6.9 6.4 16.1 15.7 15.2 144 1.4
> 477 422 2 30 .03 3.9 3.81 160 338
3 2.12 1.88 1.82 1.79 1.78 i 69 1.60 148
8 1.19 1.05 1.03 1.01 0.98 0.95 ©.90 .84
5' 0.76 0.68 0 .56 0.64 0.63 0.61 0 58 0.52
6' 0.53 0. 47 .46 0.5 0. 44 0.42 0.40 0.37
7 0.39 0. 34 .34 n.33 0.32 0.1 0.29 0.27
8 0.0 0.26 0 26 .25 0.2¢ .24 0.23 0.21
9" 024 021 6.20 n.20 6.19 0.19 0.18 017
10" 0.19 0.17 0.16 0.16 0.16 0.15 0.14 - 13
1 0.16 0.14 0.14 .13 0.13 0.13 0.12 21
12' 0.13 012 011 0.11 0.11 on 0.10 0.09
15' 0.08 0.68 0.07 0.07 0.07 0.07 006 0 06
20" 0.05 0.04 0.08 0.04 0.08 0 04 0 o8 0.03
25 0.03 0.03 0.03 0.03 0.03 0 02 0 02 0 02




of sufficient thickness to reduce the radiation intensity from an Ir-192 source
in a shielded positicn to very low levels (reduction factor approximately one
million). However, from the position of the source as found in the unshielded
portion of the source changer and the angle subtended by the DU shield relative
to the source, the Team expects that the source would have been partially or
fully shielded by the source changer's DU in only one direction.

The potential shielding effect of various materials other than DU surrounding
the Ir-192 source was evaluated from transmission curves (Ref. 4), and from
mass attenuation coefficients for gamma photon energies between 300 and 600 keV
(Ref. 5). The only other source changer material that provided any significant
shielding was the 0.135-inch thick steel wall enclosing the source changer.

The total mass attenuation coefficient for iron is approximately 0.10 cm?/g
(see Ref. 5). However, because al) potential radiation exposures occurred
under broad beam geometry conditions {which includes multiple compton photon
scattering), the true mass absorption coefficient of approximately 0.03 cp’/?
was used (Ref. 6). This evalustion indicated that the source changer's stee
case, with an assumed density of 7.86 g/cm®, attenuated only about 10 percent
of the radiation emitted by the unshielded source. Consequently, & transmission
factor of 0.9, applied to account for gamma attenuation, was incorporated into
Equation 3 to calculete the tota) estimated radiation exposure (sc<e Eq. 4).

£y = 0.9 Ed (Eq. 4)

where 0.9 is the transmission factor resulting from shielding
by the 0.135-inch thick steel case enclosing the
source changer

As explained earlier in this report, the wooden crate transported from Korea
to Amersham contained 14 source changers. Upon its arrival at the Amersham
facility, the wooden crate was found to be severely damaged, and source
changers were scattered over the floor of the Patriot Shipping Company's
(Patriot) trailer. Soi) mark impressions left by the source changers on the
crate floor indicated that the source changers were positioned at right angles
to the long axis of the crate. From this information and from knowledge of the
crate and source changer dimensions, the wooden crate, as packaged by the
Korean shipper, had apparently contained one group of seven source changers on
the floor of the crate while a second group of seven source changers had been
stacked on top of the first group. However, the Team could not determine
either the specific location or the directional orientation of the source
changer containing the unshiclded source (5/N SU-610) within the wooden crate.

Lack of knowledge concerning the actual location of the unshielded source changer
within the crate, and the orientation of the crate in occupied areas during
shipment and temporary storage of the source changers, prevented the Team from
determining accurate levels of radiation exposure in those areas. This effort
was further complicated in many cases by the absence of detailed information
concerning the presence, location, and composition of other structural or
equipment barriers that may have shielded persons in areas near the crate.
Additional complications in estimating doses were caused by relatively large
uncertainties associated with occupancy times and distances from the source

crate for potentially exposed individuals.
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Consequently, different scenarios can be developed to support various levels
of radiation exposure that depend on the directional orientation and position
assumed for the source changer containing the unshielded source. For example,
if the source changer containing the source, or other adjacent empty source
changers, were oriented such that one or more DU shields were positioned
directly between the source and any persons occupying a specific area near the
source crate, the radiation exposure of these persons would have been reduced
to insignificant levels. However, estimates of radiation exposure were always
based on a worst-case analysis, which assumed that the source was located in
the crate nearest any occupied areas and that the source was unshie)ded by DU
material in the same or adjacent source changers. Conservative assumptions
were also used in estimating exposure times and distances to the source changer
containing the unshielded source when such information was questionable or
unavailable. The resulting reported exposures were therefore considered as
potential upper limit estimates only. In several cases, it is reasonable to
expect that persons exposed to the unshielded source could have received
radiation doses significantly lower than those reported.

The Team noted that, with the exception of Amersham personnel (who wore personne)
radiation monitors), only one individual (a Patriot rucking Co. driver) was
known to have been exposed to the unshielded source. A1) other individuals are
only assumed to have been exposed because it is possible that the source

remained in a shielded position until it was transported to Amersham by truck
from the Patriol warehouse.

u.2 Estimates oi Possible Radiation Exposures for the Public and Employees
o Shipped, HandTed, and Tnspected the Source Changers

The Team estimated potential doses of radiation exposure for perscns in the
general public who may have been exposed to the unshielded source during
transportation and storage of the source changers from thei> arrival in the
United States to their destination in Burlington, Massachusetts. The Team also
estimated a possible dose of radiation exposure for each person who was
involved with shipping, handling, and inspecting the source changers.

Employees from the U.S. Customs Service, U.S. Department of Agriculture, and
four carrier companies were involved:

1. Hanjin Shipping Company (Manjin);

2. Nova Container Freight station (Nova);
3. Covenant Transport, Inc. (Covenant); and
4. Patriot Trucking, Inc. (Patriot).

The estimates of possible radiation exposure that any of these employees and
members of the public may have received are presented in the following sections
and tables. The biological significance of the possible radiation exposures

in the ranges of those calculated for these individuals can be evaluated most
simply by comparing their possible doses with radiation doses to the general
population from naturai and man-made sources of radiation. The average person's
exposure from natural background and man-made sources of radiation normally
present in the environment is 200 millirem per year. The exposure estimates
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also be compared to the maximum whole-body dose of five rem per year
allowed by the NRC for occupationally exposed individuals (Ref. 7). The
bi:!g ical significance of radiation effects are described in References 8, 9,
an .

5.2.1 Estimated Exposures for Employees at the Hanjin Berthing Area

wWhile the S.5. HANJIN MOKPO was docked at the Han{in berth in Los Ango1os.
California, a U.S. Department of Agriculture Plant Protection Quarantine Officer
bearded the ship to inspect its food provisions. Because this officer was
inspecting an area two decks away from the cargo containing the source changers,
the Team estimates that this officer received no significant radiation exposure.

Hanjin termina) employees unloaded the ship's cargo, loaded the crate of source
changers onto a tractor-trailer chassis, and moved this chassis to another area
of the terminal. The Team estimates that the exposure to radiation for any of
these employees would have been less than 20 millirem.

5.2.2 Estimated Exposures for Nova Employees

Assuming a worst-cace scenario, the Nova Container Freight Station (CFS) driver
who moved the trailer containing the crate of source changers from the Hanjin
Terminal to the Nova CFS in Compton, California, would have received a dose of
approximately 40 miliirem. But, assuming that the driver was partially shielded
by the cargo in the trailer and the container wall, the Team esiimates the
ariver would have received a dose of approximately 20 millirem.

Two unloaders, several forklift drivers, and a checker employed by Nova CF$S
spent several hours unloading the cargo from the trailer. The two unloaders,
assuming a worst-case scenario, could have received a dose estimated to be
approximately 330 millirem. Although the cargo would have partially shielded
the unloaders from any radiation exposure while unloading, the Team cannot
accurately determine the degree of shielding provided during the two-hour
unloading operation.

The Team assumes that the Nova forklift operator was exposed to the crate of
source changers for approximately 5 minutes and estimates that the operator's
exposure was approximately 50 millirem. The checker estimates that he spent 5
to 10 minutes examining the damaged crate, which the Team estimates would have
resulted ir a maximum exposure of 70 millirem,

A Nova shipping clerk and shipping supervisor work near the area where the crate
of source changers was stored. The Team estimates that their maximum exposure
wouid have been approximately 230 millirem to 500 millirem, received in 19

hours over three days.

Nova forklift operators, cargo unloaders, cargo checkers, and shipping employees
work in an area near storage space 28 in the Nova warehouse where the crate of
source changers was stored. The Team estimates that the upper exposure limit
for any of these Nova employees would be approximately 150 millirem each.
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when the crate of source changers was moved from storage space 28 \o0 the
Covenant trailer for shipment across the United States, two loaders, & checker,
and at least one forklift operator formed the crew. The Team estimates the
exposure to members of this loading crew to range from 50 tc 320 mil)irem.

Finally, on the basis of the receiving clerk's estimate that he spent 10 to 15
minutes examining the crate because of markings on the outside of the crate,
:ga T:??‘ostilntos that this clerk could have been exposed to approximately

m rem.

In summary, the Team estimates that the various Nova employees received radiation
exposures ranging from 40 millirem to 470 millirem (Table 5.2).

5.2.3 Estimated Exposures for Covenant Employees

In addition to measuring probable distances that the Covenant drivers meintained
from the source, the Team used information from the Covenant truck drivers' Togs
and evaluated the shielding effectiveness of the materials from which the truck
was constructed befere estimating the radiation exposures that the Covenant
drivers received. The Team estimates that the senior driver received a dose of
approximately 35 rem during the six-day trip across the United States, while the
driver trainee, received from 21 rem to 27 rem (Table 5.3). The estimated dose
for the senior driver is higher primarily vecause he spent rore time in the
sleeper berth toan the driver trainee.

during the cruss=country trip, some warehouse workers and members of the public
may have received radiation exposures. Either of the drivers or any number of
fuel station employees refueled the truck at refueling stops in Southern
California; Amarillo, Texas; Okiahoma City, Oklahoma; and Hebron, Ohio. The
Team estimates that the person refueling the truck at each stop received
approximately 100 millirem. At truck weighing stations in Fontara, California,
and in Maryland, the Team estimates that weight-scale workers and a Maryland
Sta.e Trooper inspecting the truck received exposures of lest than 40 mi)l{irem.

During foou eid rest stops in Holbrook, Arizona; Amarillo, Texas; Oklahoma
City, Oklahoma; Terre Haute, Indiana; Webron, Ohio; Frederick, Maryland;
Connecticut; and Massachusetts; the Covenant truck was parked well away from
normally occupied areas. However, during these stops, several trucks were
parked from 10 to several hundred feet away for 10 minutes to 2 hours. The
Team estimates that any occupant in these trucks would have received an
exposure of no more than 300 millirem.

The Covenant drivers stopped to discharge three consignments. The first
unloaded was at the Nu Tranz Freight Systems, Inc. (Nu Tranz), terminal in
Coraopolis, Pennsylvania, the second at Port East Transfer, Inc. (Port East),
warehouse in Baltimore, Maryland, and the third at Evans Delivery Service in
Philadelphia, Pennsylvania. Taking into account both the distance from the
source and the shielding from the source that the cargo provided, the Team
estimates that Nu Tranz and Port East employees would have received an
insignificant radiation exposure. At Evans Delivery Service, the Covenant
drivers and one terminal employee could have been witnin 12 feet of the source
changers for up to 2 hours while unloading the trailer in a worst-case scenario.
Under these circumstances, the Team estimates that they would have received a
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Table 5 7 Votential Radiation Exposure of Nova Emp loyees
fstimatedt Totalt &
Activity Causing Avg. D stance Exposure” Assumed Dose (mrom) -Dose 1
Exposed Individual - Radiation Exposwre  : from Source (Tt) _Rate (R/br) - Exposure Time  : Each Activity :(erem)
— Truck driver Driving truck 20 0.04 5 = 30 ]
o 10 0 16 £ m 10 &n ;
‘ Cargo unloaders Unioaded cargo container 15 0.07 2 h 130 3
Near source crates Y 0.66 20 m 200 130
" iinloading forklift Moved source to space 28 5 0.66 5m 50
‘ operator
1‘ tUnloading checker Fxamined source crate - 0._46 I m 70 -
*‘ Shipping clerk At :.hipping clerk desk 25 0.03 Ih 80
Occapied loading dock 12 0 11 i1h L 150 23
Shipping At shipping clerk desk 25 003 3Ih R
; supervisor Occupied loading dock 12 0.11 i1h N m 150 230 !
ji - Asst. shipping Occupied loading dock 12 0.11 1h-3m 150
! @ clerk
Receiving clerk Fxamined source crates 3 1.79 15 m 400
loading forklift Moved source to Covenant o 0. 64 5 m 50
operator trailer
Occupied loading dock 12 0.11 1h-30m 150 200
i Cargo loaders | paded source crate on 15 0.07 2 h 130
! on Covenant trailer
i Near source craie during 5 0 64 Nm 190
loading
Occupied loading dock 12 011 ih 3 ® 150 470
loading checker Examined source crate B 0.45 10 m 70
\ Occupied loading dock 12 2.1 1h-30m 150 220
\: R O— s g - e ———————]——— et - - W 4 1 ‘."'f—‘—f’-—;"'-'f._——-v-—‘ ng———— pE——— S—
jg " Ixposure rate from unshieided Iridiom-197 source containing 3. 16 curie on 2/14/99; 710 curie on 2/16/90
t Dose includes 10 percent attenuation in source changer 0.135-inch steel case
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Table 5.3 Potential Radiation fxposure of Covemant Truck Drivers
. Approx. Distance : Exposure'®’ : Total Dose Covenant Sr. Priver : Total Dese Covenant Traipge
Tem

Occupied Position : From Source (ft) - Rate (R/hr) : Time (hr) 1rem : Time (hr)

Sriver seut : 10 . 016 . 6260 . 26589 . 3829(€)
: : : : - 30019 D 4320®

Passenger sest - 10 EEE . W : 720 . 28097 1 ag3f®)
: : : :  as® D (@

Steep Susth : 5 . oes - s8 : 22970 S 1909 D 7s20(®)
: : : : © 50.0® 1 jasge(®

Sleeper front : 10 . 016 - ® ; 0 . 2.8(9) 1 gl

seats . . - - : (4) - )

18.0 . 2509

During unloading - (e) : (e) SRR " e 4200 : 1.8 D 200

of cargo at - 2 - : - -

Patriot warehouse:

Accumulated dose -- . - S S 28850 - . 20830()
: ; : : : . 27560

Exposure rate from unshielded Ir-192 source containing 3. 16 curie on 2/14/90.
Dose includes 10 percent attenuation in source changer 0.135-inch steel case.
Based on trip information provided by the senior Covenant driver.
Based on trip information provided by the Covenant driver trainee.
Variable exposure times and distances from unshielded source; see Table 5 &

rance



maximum exposure of 200 millirem, but it is also possible that the actua)

exposures were much less because the cargo provided shielding and because the

2?‘1:‘62'1; were unloading cargo at distances of up to 25 feet from the crate
able 5.4).

After unloading the third consignment, the drivers spent the night at a truck
service plaza near Exit 13, eastbound on Interstate 90. The Covenant truck
was parked within 4 or 5 feet of two other trucks with sleeper berths that ma
have been occupied. Depending on the assumed distance from the Covenant truc
and the number of hours the drivers in the adjacent trucks slept (see Sec-
tion 6.3.2 of this report), they could have received a dose from as low as
500 millirem to as high as 2200 miilivem.

5.2.4 Estimated Exposures for Patriot Facility Employees and Others Near
the Source

The two Covenant drivers discharged their final consignment at Patriot Trucking
Company's (Patriot) facility at Logan Airport in Boston, Massachusetts. The
drivers, a Patriot warehouseman, two Patriot forklift operators, a Patriot
truck driver, and a U.S. Customs Service inspector were near or handled the
crate of source changers at this facility. Using worst-case scenarios, the
Team estimates that these persons received exposures at a variety of distances
from the crate of source changers, as shown in Table 5.4 (see also Section 6.4).
The maximum estimated exposures that these persons received were between
lpproxim&to1{ 200 millirem and 5600 millirem. Of these persons, only the
Patriot truck driver was positively known to have received an actual radiation
exposure from the unshielded source. The Team estimates that this person's
exposure was approximately 550 milliren

5.2.5 Estimated Exposures for Ame:sham Employees

Five Amersham Corporation (Amersham) employees were potentially exposed to the
unshielded source upon its arrival at the Amersham facility: the radiation
safety officer (RS0), two radiation technologists, a radiation safety specialist,
and the hot lab supervisor. These employees wore whole body and extremity
monitoring devices and pocket ion chambers to measure their radiation exposures.
Amersham provided NRC a report stating that the maximum exposure any employee
received was a whole body dose of 40 millirem and that the maximum extremity
dose any employee received for the month was 100 millirem. The maximum pocket
dosimeter reading reported was 20 millirem (Table 5.5).

5.3 Cytogenetic Evaluation Performed by Oak Ridge Associated Universities

In order to confirm the range of estimated radiation exposure to the five persons
fdentified as having the highest potential for exposure, the NRC arranged for
C{togenetic evaluation of these persons. The cytogenetic evaluation involved
the examination of a randomly selected set of lymphocytes (a white blood cell)
to determine how many in the set exhibit radiation-induced chromosome aberrations.

Arrangements were made with Oak Ridge Associated Universities (ORAU), Medica)
Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, to
supply blood specimen collection kits for each person. For the Patriot Driver,
Patriot Operator, and USCS Inspector, the kits were supplied directly to the
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Table 5. 4 Potential Radiation Fxposures atl Patriot Warehouse

»
-

:Avg. Distance Exposure® . Estimatedt :Totait
:From Source ‘Rate : Assumed . Dose (mrem)
Exposed Indvidual: Activity Cawsing Radiation Exposure :(feet) -(R/hr) : Exposure Time : Eich Activity :(mrem)
Covenant senior : Unloaded carge 14' - 8' from source - 11 0.13 1h-48ae 200
driver : Unloaded cargo 8' - 2' from source > G.61 5= it
: Sat next to source crate 2 is 20w 1140
© 5at on source crate 1 15.2 L 2280
. Handled source changers 1 15.2 Sm 11480
Covenant driver Unioaded cargo 4" - 8' from source 11 0.13 1h-4Se $
trainee - -
Patriot operator : Unloaded cargo 14' - 2' from source - L] 0. 24 ih 226
. Examined source crate - 1 15.2 im 230
: Removed crate from trailer 1 15.2 im 230
: Removal and replacement of source 1 15.2 2w ann
- chargers
. Source crate moved to bonded area 5 0.61 2m 20
. Dccupied processing area - & 0 an Th-30m 2700
: Removed and examined source changer : 1 is & 2m 430
. Repair of source crate - 2 36 4m 220
. Stacked equipment near source crate 2 16 S5m 270
. Near source crate - 1 13.8 Zm 400
. Source crate moved to Patriot truck - 5 0.%3 2m 20
. Cardboard placed under source crate 1 13.4 Z2m ann
Patriot . Unioaded carge 14' - 8 from source i1 0.13 1h-45ae 200
Warehouseman : Unloaded cargo 8' - 2' from source 5 0.61 5 m 140
. Occupied processing area 3 0.40 e 180
. Occupied bonded area 5 0.58 0m 170
: Touched and examined source crate 1 is 2 im 220
: Cleaned floor near source crate 5 058 U 170
USCS inspector - Examined source crate 2 3.60 15®
Patriot truck . Inspected source crate 1 132 15 s 50
driver : Near crate during loading 2 3.34 im 50
. Transport to Amersham 50 0.005 L <10
. Removal of 2-3 source changers at 3 1.48 Zm a0
Amershan facility 1 i3.4 2m 400

. 1080

* Exposure rate from unshielded 1+ 197 source cminiu.g 2.93 curie on é72§79§; 777 curie on Zfﬁ/ﬁ;.; 7.57 curie on 3/8/90.
t Dose includes 10 percent attenuation in source changer 0.135 inch steel case.
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Jable 5.5 Radiation Exposures of Amersham Staff
Based on File Badge Readings

Radiation Technologist A
Radiation Safety Specialist
Radiation Technologist B
Radiation Safety Officer
Hot Lab Supervisor

Hot Lab Supervisor

Hot iab Supervisor

Hot Lab Supervisor

Hot Lab Supervisor

Hot Lab Supervisor

whole Body
whole Body
whoie Body
wWhole Body
Whole Body
Head

Left Wrist
Right Wrist
Left Hand
Right Hand

20 willirem
30 millires
20 millirem
15 millirem
40 millirem
70 millirem
30 millirem
50 millirem
80 millirem

100 millirem



physicians they designated. For the Covenant Transportation senior driver and
driver trainee, a Team member arranged for blood specimens to be collected at
Loma Linda University Medica)l Center, Loma Linda, California, and Vista Hills
Medical Center, E) Paso, Texas, respectively. A1l five blood specimens were
sent to ORAU for cytogenetic analysis to determine if any of the persons
sustained any radiation-induced chromosome aberrations, a biological indicator
of significant radiation exposure.

ORAU's procedure for cytogenetic evaluation involves sampling 500 first-division
metaphases from blood lymphocyte cultures. In this study, the cultures were
examined for dicentric frequencies, that is, chromosome aberrations. ORAU
reported to the Team that dicentric frequencies ranging from 1.3 to 2.4 per
thousany metaphases have been reported in population studies of 1141
non-irradiated adults having no known exposures to radiation other than back-
ground or rare chest or dental x-rays (Refs. 11, 12, and 13). Relative to this
background, ORAU reported that the four persons exhibited between 0 and 1
dicentrics per 500 metaphases scored, indicating that they were within the

range expected for non-irvadiated persons. The only person known to have been
actually exposed to the source exhibited 2 dicentrics per 500 metajhases scored,
which is consistent with the estimated radiation exposure but not an indication
of significant dose.

while such analysis is statistical in nature (i.e., based on a rardom selection
of a single 500-cel) sample from the afllions of cells available), CRAU indicated
that if any of these persons did receive exposure from the iridium-192 sourcze,
the resultant dose was too small to detect using standard cytogenetic methods.
For perspective, ORAU calculated that a person receiving 30-rem exposure to
iridium=192 (30,000 mi11irem) would probably exhibit a dicentric frequency of
about 7 for 1000 cells scored. The results of the cytogenetic analysis are
summarized in Table 5.6, where they are compared to the calculated radiation
exposure estimates for five individuals who had the greatest suspected risk of
exposure.
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Table 5.6 Summary of Potential and Actual Radiation Erposure Estiwmaies
Determined by Calculation and Cytogenetic Evaluation

Individual

Covenant Senior Driver
Covenant Driver Trainee
USCS Inspector
Patriot Driver

Patriot Operator

Potentiz] Radiation
Exposure fstimate

34850 mrem
27560 mrem

810 mrem

Actual Radiation
Exposure Estimate

55C mrem

Cytogenetic Results
Dicentrics/S500 metaphases
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€  DETAILED ANALYSIS OF POTENTIAL AND ACTUAL RADIATION EXPOSURE ESTIMATES

Estimates of potential radiation exposures that the Team calculated for
individuals who may have received radiation exposures from the radio raphic
source are described in detail in the following sections. Included in each
section are the time, distance, and shielding factors and assumrtions that were
used in supporting each calculated dose estimate. As described in Section 5,
each estimate of radiation exposure was based on generally conservative
assumptions and, as a result, may be larger than doses actually received.

6.1 Potential Radiation Exposure of Personnel at Manjin Berthing Area

The potential for radiation exposures was evaluated for personne! who worked in
the Hanjin berthing area vithin the Port of Los Angeles. As described earlier,
the ocean cargo container containing the wooden crate with the 14 source
changers was unloaded from the §.5. HANJIN MOKPO on February 13, 1990. The
container dimensions were 40 feet long by 8 feet wide by 8 feet 6 inches high.
Shipping documents identified the weight and volume of each Tot of cargo in the
container. The locaticn of the crate containing the source changers was
estimated from the cargo volume and container dimensions to be approximately

10 feet from the container front wall and 30 feet from the container (rear)
doors. The container had originally been loaded on the $.5. HANJIN MOKPO in
Pusan, Korea, with the doors facing aft, 8.5 feet forward of the ship's super-
structure area housing the crew's mess and living quarters. The container was
the second in from the starboard side and eight feet above the deck.

wWhile the shig was docked at the Hangin berth, a U.S. Department of Agriculturo
(USDA) Plant Protection Quarantine ( PS) Officer boarded to inspect the ship's
food provisions. During most of the 1/2 hour inspection, the USDA-PPQ officer
was in the superstructure at least two decks below and away from the cargo
container containing the crate of source changers. The Team believes that no
significant radiation exposure would have occurred owing to this officer's
on-board activities,

To learn how the crate of source changers may have been unloaded, two Team
members observed the un]oadin? of similar containers from the 5.5. HANJIN MOKPO
after it returned to the Hanjin port terminal on March 25, 1990. In a typical
unloading operation, one or two terminal employees spends a total of 9 minutes
loosening, removing, and dropping lashing bars that hold the stacked ocean
containers together (3 minutes at the rear of the container, 31 feet from the
crate; 3 minutes at the front of the container, 10 feet from the crate; and

3 minutes across the aisle unlashing the rear of the next row of containers,

14 feet from the crate). According to Hanjin specifications, the container's
doors are steel, 2 millimeters (0.08 inch) thick, and the body of the container
is steel, 1.6 mm (0.06 inch) thick. The Hanjin load plan for the container
indicates that it contained 18,413 kilograms of cargo in a volume of 44.15 m?
(average density 0.417 gram/cm®) filling the space between the source crate and
the container rear doors. Considering the brief working time, the large distance
between the source box and the container door, and the shielding effect afforded
by the steel door and cargo, the exposure of any workers involved in the
unloading operation would have been less than 20 millirenm,
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After the container was unlashed, it was removed by the terminal overhead crane
from the 5.5. HANJIN MOKPO and placed on a tractor-trailer chassis. During
this unloading operation, a terminal employee in close proximity to the left
front corner of the trailer typically spends about 3 minutes checking each
container to ensure its proper placement on the chassis. Considering the
location of the unshielded source in the container, 10 feet from the front when
it was unloaded on February 13, 1990, the Team estimates that the worker would
have received an exposure of less than 20 millirem.

The container, stil) on the trailer chassis, was then moved a few hundred yards
by a tractor and parked at Space J-53 inside the Hanjin terminal, a large
fenced and guarded yard with low occupancy. The exposure of the tractor driver
during this brief move and parking operatiun would have been less than

20 millirem, It is unlikely that any personnel exposures occurred while the
container was parked for two da{s &t the Hanjin termina) because of the lerge
size of the terminal yard, its low occupancy, and no need for anyone to be
arcund the container until it was transferred to an unloading station.

6.2 Potential Radiation Exposure of Nova Personnel During Handling and Storage
of Cargo

At 9 a.m. on February 14, 1990, a Nova Container Freight Station (Nova CFS)
driver picked up the cargo container from Space J-53 at the Hanjin terminal.
The driver estimated a driving time of 40 to 45 minutes from the Hanjin
Terminal to the Nova CFS in Compton, California. During this period, the
driver was approximately 19 feet from the crate of source changers. The driver
took 4 to 6 minutes to connect and disconnect the tractor-trailer chassis at an
estimated distance of 10 feet from the crate. Assuming that the driver was not
shielded from the source by the container steel wall and the cargo between the
crate of source changers and the front container wall, the driver's exposure
would have been approximately 40 millirem. Assuming that the driver was
partially shielded from the source by the cargo and the container wall, the
driver's exposure was approximately 20 millirem.

Nova personnel began unloading the container at the receiving dock of Nova's
CFS warehouse at approximately 10 a.m. on February 14, 1990. The unloading
crew, two unloaders, several forklift drivers, and a checker, took an estimated
2 hours to remove all 30 feet of cargo from behind the crate. During this
period, exposure times would have been largest for the two unloaders. Assuming
(1) & 2-hour exposure at an average distance of 15 feet from the crate source
changers, and (2) an additional 20-minute exposure at 5 feet from the source,
the approximate exposure for the two unloaders could have been as high as

330 millirem. However, shielding from the cargo would have reduced radiation
exposures of the unloading crew to less than 330 millirem under the above set
of assumptions. Shielding from the cargo would have caused the radiation
exposure from the source to vary from approximately background levels (i.e.,
total shielding of the source) near the container doors to radiation levels as
high as 16.4 roentgens per hour at 1 foot from the crate (i.e., no shielding of
the source by cargo). However, the actual reduction in exposure from the cargo
shielding is difficult to estimate with any degree of accuracy because of the
large variation in shielding over time as the cargo was being unloaded. Because
of the potential for large errors involved in such an estimate, the Team ignored
the shielding effect in estimating potential exposures of the NOVA personnel.
Therefore, the exposure to the two unloaders is conservatively estimated to be
approximately 330 millirem.
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The crate of source changers was removed from the shippin? container using a
forklift and taken to warehouse Space No. 28 on the shipp ng side of the
warehouse. Assuming a 5-minute exposure at a distance of 5 feet from the
crate, the estimated exposure of the forklift driver while moving the crate to
the storage area was approximately 50 millirem. The unloading checker noted
that the crate had been damaged on receipt. The top of the plywood crate was
partially 1ifted open and one side of the box had a hole, possibly caused by a
fork1ift. No action was taken at this time to repair the crate. The checker
estimated that he spent 5 to 10 minutes examining the dana?od crate from a
distance of 6 to 8 feet. Using these assumptions, the maximum exposure to the
thecker is estimated to be 70 mil)irem.

The crate of source changers was stored at NOVA CFS Space No. 28, which is
approximately 8 feet ny 74 feet (Fig. 6.1). Nova personne! indicated that the
most likely storage location for the crate was near the front of Space 28,
directly opposite the second door on the loading dozk, and sbout 30 fcet from
the shipping clerk's desk. The crate remained in stcrage at “tat locution for
54 hours, beginning &t 12 noon on February 14, 1990, unti) it was loaded on a
Covenant Transport, Inc. (Covenant), trai’er for shipment ot approximately 6 p.m.
on February 16, 1990, The shippin? clerk, who works an E-hcur cay (8 a.m. to
4:30 p.m. ), stated that she normally occupies the desk from 45 minutes to one
hour each work day. The clerk spends most of her remaining hours working at
various shipping doors. Assuming a worst case in which the shipping clerk
spends all her time (12 hours total over three days) a¢ the shipping desk, the
maximum estimated exposure would be approximately 500 millirem. On the basis
of a more realistic exposure time at the shipping desk of one hour a day for
three days, the Team estimates that the shipping clerk's exposure was closer to
80 millirem. A similar estimate is noted for the shipping supervisor, who also
spends 1 hour each day at the shipping desk and the remaining work hours at the
shipging doors and other scattered locations inside the large area of the Nova
warehouse,

The dock area in front of storage Space No. 28 is occupied continuously by
warehouse workers (forklift operators, cargo unloaders, cargo checkers, a
shipping clerk, an assistant shipping clerk, and a shipping supervisor) loading
or checking cargo at the various doors. The traffic flow is such that a worker
could be as close as a few feet or as far away as 150 feet or more from the
location of the crate. The workers move in and out of the area continually and
spend very brief times at any ne location in front of the shipping doors.
Under these conditions, it is reasonable to assume that any one worker would
spend only a small fraction of a typical 8-hour work day at a location near the
crate where radiation exposure levels were high. Assuming that workers would
spend no more than 30 minutes per day at an average distance of 12 feet from
the source crate, the Team estimates that the upper exposure limit cf any one
worker would be about 150 millirem. This estimated exposure is in addition to
other exposures assigned to the two cargo loaders, the forklift operator, the
loading checker, the shipping clerk, the assistant shipping clerk, and the
shipping supervisor.

According to Nova's CFS Operations manager, the crate of source changers was
taken from Space No. 28 at 6 p.m. on February 16, 1990, and moved by forklift to
the receiving dock (the shipping dock was not available for loading) where it
was loaded on a Covenant trailer. As mentioned earlier, the crate of source
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changers was the first to be loaded onto the trafler for the eastbound
shipment. Loading the trailer requirec two hours and was completed at about

8 p.m. Assuming the same exposure times and distances applied for the
unloading crew, the Team estimates the exposure of the loading crew (two
loaders, a checker, and a fork1ift operator) to range from 50 to 320 mi)lirem.
The Receiving Clerk stated that he examined the crate because of markings on
the outside of the crate, but did not remember any damage. The Receiving Clerk
estimated that he spent 10 to 15 minutes at a distance of approximately 3 feet
from the crate. With these assumptions, the Receiving Clerk could have been
exposed to aoproximately 400 mil)irem,

In summary, Nova personne) are estimated to have received radiation exposures
ranging from approximately 40 millirem to 470 millirem. The highest exposures
tppear to have resulted from operations directly associated with the uiloading
and loading of the crate containing the source chengers and cargo in the
vicinity of the crate. A summary of these exposures is sinown in Table 5.2,

6.3 Potentia) Radiation Exposure During Covenant Transport
6.3.1 Factors Used in Exposure Evaluation

The Team estimated the radiation doses received by the two Covenant truck
drivers and other members of the public whe may have been in the vicinity of
the source changer crate during the six-day shipment across country on the
basis of information from the trip logs (“Drivers' Daily Log") and information
supplied to the Team by the drivers.

As described earlier, the crate containing the source changers had been loaded
by Nova workers in the front right side of Covenant trailer No. 48011, facing
the rear (passenger side) of tractor cab No. 311, Because the specific location
of source changer No. SU-610 is unknown, the Team conservatively estimated
radiation doses by assuming that the Ir-192 source was located immediately
adjacent to either the front or side wal) of the trailer, as appropriate. This
source position would result in a direct 1ine exposure of individuals without
any intervening DU shielding.

The Team evaluated the shielding effectiveness of the construction materials in
the Covenant truck. The cab sleeper wall is composed of thin fiberglass and
aluminum, 0.065 inch as measured by Covenant. Based on measurements by Team
members and on manufacturer specifications, the Team determined thet the
trailer wall was 3/4-inch thick plywood and 0.050-inch thick aluminum. These
and other truck materials interposed between the source and the two truck
drivers were considered to be ineffective as shielding materials. For example,
based on a mass absorption coefficient for aluminum of approximately 0.03 cm?/g
and density of 2.7 g/cm® for the aluminum, its combined thickness of 0,15
inches (0.38 cm) would have attenuated only about 3.5 percent of the incident
gamma radiation field. Therefore, the shielding effect of these materials was
essentially ignored in the dose calculations.

6.3.2 Potential Radiation Exposures of Members of the Public

After the two Covenant drivers left the Nova CFS for the eastbound trip at
11:30 p.m. EST on February 16, 1990, they stopped twice near San Bernardino,
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California, for a few minutes each o uoigh the truck. The drivers also
stopped later in the trip (February 20, 1990) for about 15 minutes at a truck
woighin? station (New Market Scale House, I-70 East, in Maryland) for vehicle
inspection and weight check by the Maryland State Police. No specific
information was available concerning distances people occupied in relation to
the crate containing the source changers for these stops. Using an exposure
time of 15 minutes and assuming an average distance of 10 feet from the crate
of source changers, weight sca - workers and the Maryland State Trooper
received exposures of less than 40 millirem.

To determine radiation exposures of the two Covenant truck drivers and other
members of the public who were in the vicinity of the crate of source changers
during the six-day trip, the Team evaluated information from trip logs
("Drivers' Daily Loqs“g and information the drivers supplied to the
investigators.

On February 17, 1990, the Covenant drivers stopped for ar estimated 20 minutes
to refuel the truck in southern California. Similar times for refueling were
noted during subsequent stops along the truck route in Amarillo, Texas;
Oklahome City, Oklahoma; and Hebron, Ohio. At these stops, either one of the
drivers or fuel station employees refueicd the truck. On the basis of these
times and measured distances to the two truck fue)l tanks, the Team estimates
;hat }h:‘naximum individua)l exposures received at each stop were approximately
00 millirem.

The drivers made severa) stops for food and rest throughout the eastbound trip,
including stops in Holbrook, Arizona; Amarillo, Texas; Oklahoma City, Oklahoma;
Terre Haute, Indiana; Hebron, Ohio; near Frederick, Maryland; and in
Connecticut, and Massachusetts. According to the senior Covenant driver, the
truck was parked wel) away from diners and other normally occupied areas. At
four of the rest stops (Molbrook, Arizona; Frederick, Maryland; and two stops
in Connecticut), the truck was parked for only 10 to 30 minutes, several
hundred feet away from other trucks. On two occasions (Hebron, Ohio, and
Oklahoma City, Oklahoma), the truck was parked at estimated distances of 10 to
30 feet from other trucks. In other cases (Terre Haute, Indiana; Amarillo,
Texas; and at a stop in Massachusetts), the truck was parked for up to 30
minutes at an unspecified distance from other trucks. Assuming worst-case
conditions (exposure time of 2 hours and a source distance of 10 feet), the
Team estimated that any truck occupants would have received exposures of no
more than 300 millirem.

On February 19, 1990, at 10 p.m., the drivers arrived at the Nu Tranz Freight
Systems, Inc. (Nu Tranz) terminal in Coraopelis, Pennsylvania, to discharge
their first consignment. The drivers slept overnight in the truck at the Nu
Tranz terminal to await unloading, which began at 9:00 a.m. on February 20,
1990. When the unloading was completed, the drivers departed Nu Tranz for the
Port East Transfer, Inc. (Port East), Warehouse in Baltimore, Maryland, to
unload their second consignment, The drivers arrived at the Port East facility
at 8 p.m. the same day and slept overnight in the tractor before unloading
commenced at 8 a.m. on February 21, 1990. The drivers parked the Covenant
truck overnight, away from occupied areas in both the Nu Tranz and Port East
terminals. The senior Covenant driver estimated that Nu Tranz and Port East
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terminal employees completed the unloading operation of the first and second
consignments, respectively, within three hours each. The closest approach made
by terminal employees unloading the first and second cargo consignme..t was
estimated to he 25 feet from the source crate.

Taking into account both the distance from the source and the shielding
provided by the cargo, radiation exposures of the Nu Tranz and Port East
employees would have been insignificant.

At 2:30 p.m. on February 21, 1990, the drivers arrived at Evans Delivery
Service in Philadelphia, Pennsylvania, to unload the third consignment. Both
drivers and one terminal employee unloaded the trailer. The unloading started
at a position in the trailer approximately 25 feet from the crate of source
changers and was completed two hours later. While unloading, th: two drivers
and the terminal employee approached to within 12 feet of the source changers,
Assuming that unloading personnel were 12 feet from the source crate for the
entire two-hour period, the exposures received were conservatively estimated to
be a maximum of 200 mi)lirem. The actual exposures would have been much less
owing to the shielding provided by the cargo and the actual unloading distances
of up to 25 feet.

At 11 p.m. on February 21, 1990, the drivers spent the night at a truck service
plaza near Exit 132, eastbound, on Interstate 90 in Massachusetts, The Covenant
truck was parked between two other trucks ith sleeper berths, which the senior
driver thought were occupied, with 4 to 5 feet separating each truck. The
Covenant drivers slept in their truck until 9:30 a.m. the next morning. When
they awoke, on February 22, 1990, the two trucks parked adjacent to theirs were
gone. The senior driver guessed that the drivers of these trucks had left at
daybreak, 6:30 a.m. to 7 a.m.

To estimate the exposure that the drivers of thess *wo trucks may have

received, if they were occupied, the Team assumed ' .at the unshielded source

was located in the least favorable position relat e to the closest adjacent
truck (i.e., at the Covenant trailer side wall, approximately 8 feet from the
closest sleeper-occupied position in the truck on the right) for 10 hours

(11 p.m. to 9 a.m.). Under this assumption, the exposure to any adjacent truck
occupants would be approximately 2200 millirem. If the adjacent truck had been
parked only 8 hours next to the Covenant truck, the exposure would be reduced

te approximately 1700 millirem. For any truck occupants parked on the opposite
side of the Covenant truck, 12 feet from the source, the maximum estimated
exposure would be approximately 1000 millirem in 10 hours or 800 millirem in 8
hours. Similar exposures (800 to 1000 millirem) would be expected in a different
scenario that places the unshielded source in the center of the Covenant trailer
(4 feet from each side wall). These dose estimates all assume that the adjacent
trucks were parked parallel to the Covenant truck, so that the sleeper berths
were closest to and directly opposite the unshielded source. In an alternate
scenario, it is possible that the sleeper berths in both the Covenant and
acjacent trucks were parked directly opposite one another (no offset of truck
front to back). In this scenaric, the unshielded source would have been posi-
tioned up to 15 feet from the adjacent truck sleeper berths; the resulting
radiation exposures would then be reduced by about 75 percent. In summary, the
dose assigned to any adjacent-truck occupants ranged between a minimum of

500 millirem (€ hours; 15 feet from source) to a maximum of 2200 millirem

(10 hours; 8 feet from source).
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6.3.3 Potentia) Radiation Exposures of Covenant Truck Drivers

Exposure times in areas occupied by the two drivers and distances to the
occupied areas within the Covenant truck were used in estimating the radiation
doses received by the two drivers. Team members measured the inside and
outside dimensions between the front wall of the trailer (assumed location of
the unshielded source) and various occupied areas in the tractor, including the
front driver seat, the passenger seat (which converts into a bed), and the
cleeper-berth (Fig. 6.2). An overall factor of 0.9 was applied in representing
*he transmission of gamma radiation emitted by the Ir-182 source along a path
passing through the front wall of the trailer and rear wall of the tractor to
the occupied areas.

The Covenant drivers' trip logs documented how much time each driver had spent
driving, sleeping, and using the passenger seat in the truck (Fig. 6.2) while
on duty and off duty. The trip-log form is divided into 15-minute units over a
24~hour period. However, the accuracy of the logs prepared by the senior
driver and the driver trainee is limited to units of 30 minutes. At the
request of the Team, the senior Covenant driver prepared trip logs showing
daily activities for himself and for the driver trainee, while the trainee had
logs describing only his own daily trip routine. A comparison of the two sets
of logs for the trainee indicated markedly different estimates for time spent
in the passenger seat and during rest periods in the sleeper-berth and sleeper
fro?t seats. Consequently, the Team prepared two dose estimates for the driver
trainee.

Dose estimates for both drivers are shown in Table 5.3 for the entire six-day
trip between Compton, California, and the Patriot facility in Boston,
Massachusetts. The senior driver received a larger dose (about 35,000 milli-
rem) than the driver trainee primarily because the senior driver spent more

hours in the sleeper-berth, the area closest to the unshielded source. The
estimated dose received by the driver trainee is between 21,000 and 27,000 milli~
rem. These two dissimilar dose estimates arise principally because of the
differing occupancy periods provided to the Team.

6.4 Potential Radiation Exposures of Employees During Unloading, Loading, and
Storage of Source Lrate

On February 22, 1990, at 11:30 a.m., the two drivers arrived at the Patriot
Trucking (Patriot) Company's facility at Logan Airport in Boston to discharge
their final load. Both drivers and two terminal employees, a Patriot forklift
operator and warehouseman, started unloading the trailer at 12 noon. According
to the senior driver, approximately 1 hour and 45 minutes was spent in
unloading cargo at 8 feet to 14 feet from the source crate (first unloading
interval). After advancing to within 8 feet of the source crate, the Covenant
driver trainee left the area and was no longer involved with the cargo
unloading. Another 15 minutes was then required by the senior driver and
Patriot employees to unload additional cargo located between a distance of 2
and 8 feet from the source crate (second unloading interval). Discounting
shielding by the cargo, the radiation exposures of the drivers at an average
distance of 11 feet from the source crate during the first unloading interval
is estimated to be approxime’.-'y 200 millirem. The estimated radiation
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exposure received by the senior driver at an average distance of 5 feet from
the source box during the second unloading interval is approximately 140 milli-
rem. Similar exposures were probably received by the Patriot warehouseman
assisting the Covenant drivers. When unloading had proceeded to within 2 feet
of the source crate, the senior driver sat on a shipping crate that was
ld?acent to the crate of source changers during a 20-minute rest break (third

unloading interval). During this interval, the Team estimates that this driver
could have received an exposure of approximately 1140 millirem.

According to the senior Covenant driver, when all remaining cargo in the
trailer except for the crate of source changers had been removed, he sat for
10 minutes directly on the crate (fourth unloading interval). In a worst-case
scenario, the source changer containing the unshielded source could have Leen
located in & position near the top of the wooden crate. In this scenario, the
closest possible distance between the unshielded source and the driver would
have been approximately one foot. Under these conditions, the estimated
exposure of the senior driver could have been nearly 2300 millirem.

As the senior Covenant driver pulled the crate from the front of the trailer,
he noticed that three to five source changers were laying loocse on the floor
between the crate and the front wall of the trailer. He estimated that he
spent 4 to 5 minutes replacing several source changers in the crate. Assuming
a worst case scenario in which the source changer containing the unshielded
source was handled during the entire 5 minutes at an average distance of one
foot, it is estimated that the senior Covenant driver could have received a
maximum exposure of 1140 millirem,

The tota) estimated dose received by the senior driver during the entire
unloading operation at the Patriot facility in a worst-case scenario using the
above assumptions is approximately 4900 millirem. Because the Covenant driver
trainee was not involved in the unloading of cargo rar the crate of source
changers, he probably received an exposure on the oraer of 200 millirem.

The potential radiation dose received by the Patriot forklift driver was
evaluated from information provided by .“ie operator during an NRC interview
with the Team. The operator describeu several events involving his possible
radiation exposure that began with the discovery of the damaged crate. Each of
these events are briefly described below, along with estimated exposure times
and distances to the source crate or changer, as appropriate.

The Patriot operator stated that he briefly examined the damaged source crate

(1 minute at 1 foot). He then removed the crate from the trailer for closer

inspection on the dock (1 minute at 1 to 2 feet). Some source changers were

removed from the crate to enable the operator to count the source changers and

then were returned to the crate (2 minutes at 1 foot). The wooden crate was

?gved by forklift to a bonded area in the Patriot warehouse (2 minutes at 5 feet)
ig. 6.3).

while the wooden crate was stored in the bonded area, the Patriot operator
spent an average of 1/2 to 3/4 hour each day for 10 days about 6 feet from the
source crate (total 7.5 hours at 6 feet). On one occasion, a source changer
was removed (2 minutes at 1 foot) by the operator for visual examination by
another worker. On another occasion, some source changers were removed from
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the crate and the crate repaired (4 minutes at 2 feet). The Patriot operator
spent 3 hours stacking computer equipment in an area 1.5 feet to 24 feet from
the source crate (5 minutes at 2 feet). On March 8, 1930, the Patriot operator
spent 2 minutes near the crate while talking to the Patriot truck driver

(2 minutes at 1 foot). The operator moved the crate of source changers with a
fork1ift from the bonded storage area to the Patriot truck for shipment of the
crate to Amersham (2 minutes at 5 feet). To prevent damage to the crate from a
poo) of water inside the Patriot trailer, the Patriot operator placed a
protective cardboard under the crate (2 minutes at 1 foot).

With the exposure times and distances outlined above, the exposure that the
Patriot operator could have received was conservatively estimated to be
approximately 5600 millirem. This estimated expostre includes 220 millirem
that the operator may have received during the three hours that he estimated
was spent unloading the Covenant truck on February 22, 1990.

The Patriot warehouseman also spent some time near the crate of source changers
while it was stored in the Patriot bonded area. The warehouseman estimated
that on one occasion, he was working 6 feet from the crate fo~ about 1/2 hour,
and that on another occasion, he was 5 feet from the crate for 20 minutes. On
yet another occasion, the warehouseman claimed he spent a total of 50 seconds
in close contact with the crate (writing shipping numbers on the crate and
examining it). Finally, the warehouseman said he cleaned the warehouse floor
for 20 minutes at a distance of 5 feet from the source crate. On the basis of
the above times and distances, the warehouseman could have received an exposure
in the range of 700 to 800 millirem.

On February 28, 1990, a U.S. Customs Service inspector (USCS inspector)
examined the damaged crate of source changers in the bonded area of the Patriot
warehouse. The USCS inspector estimated that she spent 15 minutes examining
the crate and its contents. Assuming a distance of 2 feet to the unshielded

source, the USCS inspector may have received an exposure of approximately
810 millirem.

Before loading the box of source changers in the Patriot trailer, the Patriot
truck driver inspected the crate at a distance of 1 foot for approximately

15 seconds. While the crate was being loaded on the truck, the driver was rear
(within 2 feet) the crate for another 1 minute. The crate was placed at the
rear of the trailer, some 50 feet from the driver's seat in the tractor. The
drive tc Amersham took approximately 1/2 hour. On arrival at Amersham, the
Patriot driver removed 2 to 3 source changers from the crate. The actual

presence of the unshielded source was subsequently discovered by Amersham
personnel.

According to the driver, he handled the scurce changers for approximately

15 seconds and was at distances of 3 to 5 feet from the source changers for an
additional 2 minutes. In estimating the exposure to the driver, the Team
conservatively assumed that the driver spent a total of 2 minutes each at
distances of 1 foot and 3 feet from the source changer containing the
unshielded source. From the above times and distances, the Team estimates that
the Patriot driver received a maximum exposure of approximately 550 millirem.
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Dose estimates for the Covenant drivers, U.5. Customs Service inspector, and
Patriot employees exposed to the unshielded source durin* receipt, storage, and
shipment of the source changers by Patriot are shown in Table 5.4. A1)
previous estimates of radiation exposures of individuals were based on
potential exposures resulting from the source that was assumed to have been
unshielded. Unlike these earlier exposure estimates, the Team considers the
dose estimate for the Patriot driver as rea) (i.e., the result of an actual
exposure from an unshielded source).

6.5 Estimated Radiation Exposure of Amersham Employees

Five Amersham employees were exposed to the unshielded source upon its arrival
at the Amersham facility. Amersham's RSO and a radiation safety specialist
assisted the hot lab supervisor in the source retrieval operation. The
Amersham personnel wore whole body badges and pocket ion chambers. The hot
lab supervisor also wore extremity badges (head and left and right hands and
wrists) while retrieving the source.

A dosimetry report dated March 13, 1990, provided to the NRC, indicated that

the maximum exposure any individua)l received was a whole body dose of 40 milli-
rem and that the maximum extremity dose any individual received was 100 millirem
for the monthly period. The maximum pocket dosimeter reading noted was

20 millirem. The estimated radiation exposures for Amersham employees are

shown in Table 5.5.

During source retrieval operations, twe drivers of delivery vans (a United
Parcel Service driver and a Nuclear Metal Corporation driver) approached the
Amersham unloading dock on fooi. Both drivers were stopped at distances of
from 35 to 50 feet from *he source, as shown in Figure 6.4, and instructed to
use the front entrance of the building. Neither driver received an exposure of
mere than 0.2 millirem.
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7 EVALUATION OF THE MODEL 500-SU SOURCE CHANGER AS A TRANSPORTATION PAC AAGE
7.1 Introduction

The Team evaluated the Mode) 500-SU source changer as a transportation package
because the incident involved the inadvertent shipment of an iridium=192 scurce
in that type of package. The Team review of the package focused on three
questions: Did the design of the Model 500-SU source changer contribute to the
incident? Were the procedures for returning empty source changers to the
supplier adequate and reasonably available to the end user? Did the way in
which the Model 500-SU source changer was used contribute to the incident?

7.2 NRC Approvals for the Design of Model 500-SU Packages

The Model 500-SU source changer is designed for use both as a radio raphic
source changer and as a transport package for shipping iridium~192 Ir-192)
sources. The package is used primarily to transport radiography sources to
end-users and for the return of spent sources to suppliers for disposal. The
Model 500-5U source changer is authorized as & Type B transportation package by
U.5. Nuclear Regulatory Commission (NRC) Certificate of Compliance 9006, Revi-
sion 9 (App. D). NRC requires that a Type B package. which is designed to
withstand the accident conditions specified in NRC's regulations (10 CFR

Part 71), be used to ship Ir-192 capsules with activity in excess of 20 curies.
NRC licensees are authorized to use the source changer &¢s a transportation
package under the general license provisions of 10 CFR 71.12 of NRC's regula-
tions. The general license provisions regquire that a licensee have a copy of
the specific license, certificate of compliance, or other approval of the
package and have the drawings and other documents referenced in the approval
relating to the use and maintenance of the package and to actions to be taken
before shipment. The Model %00-SU changer is also listed in NRC's registry of
radioactive sealed sources and devices, along with its supporting safety
evaluation report, which have been approved by the NRC and the A?reement
States. T?e safety evaluation report for the Model 500-SU is included in
Appendix E.

7.3 Description of Model 500-SU Source Changer Lesign

The Model 500-5U source changer consists primarily of a cast depleted uranium
st.ield, housed 1n an outer 0.135-inch-thick Type 304 stainless steel case. The
outer steel case is 11 inches long, 4.88 inches wide, and 5.56 inches high
(Figs. 7.1 and 7.2). 1In addition to the uranium shielding, the outer steel
case also houses an unshielded compartment that is used to hold the instruction
manual and package accessories. Package accessories include such items as
return shipment labels, seal wire, and source guide tubes. Users gain access
to the package through a sloped-hinged cover 1id. The package weighs
approximately 65 pounds.

During shipment, the source holder assembly, consisting of a source capsule and
attached cable or "pigtail," is inserted into one of two titanium source tubes.
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The source holder acsembly is held in place in the shielded source tube by a
locking assembly (Fig. 7.3).

The 1ock1n? assembly consists of a lock slide, a latch pin, and a key-operated
lock. The lock slide, by creating interference with a steel stop-ball on the
pigtail, prevents movement cf the source from the shielded position. The lock
slide, held in position by a latch pin and key-operated lock, cannot be moved
from the locked position unti) the key-operated lock is unlocked and the latch
pin is\depressed by inserting of a source guide tube into the lock-box
assembly.

A threaded cap is then screwed into the lock-box to cover the source holder
assembly. The cap cannot be installed unless the key lock is locked and the
latch pin is depressed. Although NRC authorizes eight different caps in the
current certificate, only two caps are in current use, a long cap and a short
cap. The other caps are not used because the sources for which they were
designed are no longer manufactured. To prevent caps from loosening during
shipment, they are sealed together with wire threaded through holes in the caps
and tightened.

The outer stee)l case is fastened with a padlock and seal wire at the end of a
bolt that passes through the cover 1id and body of the case. The seal wire
provides the tamperproof device required in 10 CFR 71.43 of NRC regulations.

The Mode! 500-SU source changer is authorized for the shipment of up to 120
curies of Ir-192 in special encapsulated form. The NRC certificate specifies
that the source capsule containing the Ir-192 must be attached to a pigtail and
that use of the source holder assembly must be limited to those sources
authorized in the table referenced in Revision 3 of the Safety Analysis Report
for the Model 500-SU, March 31, 1986 (Appendix F). The Team learned that the
source contained in changer SU-610 was a Model 8 Industrial Nuclear Company
source. NRC does not currently authorize this source for use with the Mode
500-SU source changer.

7.4 Team Observations on Source Changer Design

NRC Certificate of Compliance 9006, Revision 9, was revised on July 3, 1986, to
require that all source changers have a locking assembly installed. No
provision was made or requested to allow the continued use of an older
unmodified package design, which did not contain the locking assembly. During
the course of the investigation, the Team observed that none of the 14 source
changers involved in the incident conformed with the drawings referenced in NRC
Certificate of Compliance 9006, Revision 9, in that none contained a locking
acsembly. In addition, 6 of the 14 source changers were not constructed
according to the dimensions specified in the certificate drawings. The upper
body of these packages had been extended to accommodate longer threaded caps
over the source holder assembly.

The request to modify the Model 500-SU design by adding a locking assembly was
initiated by Amersham on March 31, 1986. The primary reason for adding the
locking assembly is to prevent the inadvertent movement of the source from a
shielded to an unshielded position while the pigtail is being connected to the
drive cable that is used to extract the source.
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The radiation safety officer (RSO) at Amersham Corporation estimated that
appruximately 120 Model 500-SU source changers were in use at the time of the
incident. None of these changers had the locking assemblies installed.
Although Amersham was in the process of modifying approximately 10 other source
changers to include the locking assembly, none of them had been used for actual
shipments at the time of the incident.

Six of the source changers involved in the incident had been modified to
accommodate longer caps, a design change not reflected in the current NRC
certificate. The source changer was initially designed so that the clearance
between the cover 1id and caps would not allow the caps to come off while the
1id was closed. The lids, as modified, now permit sufficient clearance to
allow the caps to come off. However, as noted above, the caps are required to
be sealed together with wire during shipment to prevent their becoming loose.
Had the caps been installed on the source tubes and wired together, there is no

reason to believe that the source would have come out of the shielded position
during handling and shipping.

Although the modifications observed were not authorized in the current
certificate of compliance, the Team does not believe that they contributed to
the incident. A1) the designs have features to prevent the source from coming

out during shipment, such as a locking assembly or caps that can be wired
together.

7.5 Role of Package Design in the Incident

The Team closely examined the 14 source changers involved in the incident. The
only damage observed was that the leather handle straps on two of the changers
were broken, although the Team could not determine whether the straps were
broken during use or shipment. No dents, gouges, or other defects were
observed on the outer casings that were not consistent with normal use.

Members of the Amersham staff said that all 14 source changers in this shipment
were received with the outer cover 1ids closed (Ref. 1). The lids on 11 of the
14 changers were secured with pad locks and seal bolts. Two 1ids were closed
only by the seal bol'lL. The 1id on the changer containing the source was
secured only with a seal bolt and a seal wire.

NDI Corporation could not confirm whether the caps were installed in the source
changers in Korea before shipment to Amersham Corporation (Refs. 2 and 3). The
caps in most of the source changers were not in place when the changers arrived
at Amersham. When source changer SU-610 was opened to retrieve the source, the
cap was discovered lying in the unshielded compartment. What is certain is

that the cap, if it was originally installed in source changer SU-610, was not

secured by a seal wire. In fact, no seal wire was found inside any of the
source changers

Nothing uncovered in the investigation indicates that the design of the Model
500-SU source changer did not meet standards for a Type B transport package.
If the empty source changer had been prepared for shipment in the same manner
required for loaded changers, an undetected authorized source would have been
sufely confined to a shielded position during handling and shipping. A source
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without a pigtail would probably remain in a shielded position, although a
small Tikelihood exists that even with a cap in place, the source could move
durin? shipping to a less shielded position inside the source tube. The Team
established that a source, severed from its pigtail, can slide out of the tube
entirely if the cap is missing and if the source changer is tilted towards the
front opening, the end in which a source is inserted (see Sec. 7.8).

7.6 Adequacy and Availability of Procedures for Returning Empty Source Changers

Amersham Corporation includes an operations manual in every Model 500-SU source
changer it ships (Ref. 4). The manual is placed in the unshielded compartment
of the changer, along with any accessories needed to use the changer. The
manual contains the only instructions for returning empty containers that
Amersham routinely provides to both foreign and domestic end users. Amersham
also provides a packet of more detailed information on shipping instructions to
those users requesting it (Ref. 5). The Team could not determine whether the
Korean end user requested or received this packet. Included in the operations
manual that is routinely provided to end users are the following instructions
for returning empty source changers:

For the shipment of an empty source changer, assure that there is no
source in the container. If the radiation level is below 0.5 mR/hr.
at the surface, and there is no measurable radiation level at one
meter from the container, no label is required. Mark the outside of
the package with proper shippin? name (Radioactive Material, articles
manufactured from depleted uranium UN 2909). Mark the outside of the
package:

Exempt from specification packaging, shipping paper and certifi-
cation, marking and labeling and exempt from the requirements
of Part 175 per 49 CFR 173.421-1 and 49 CFR 173.424.

Additionally, a notice must be enclosed in or on the package
included with the packing 1ist or otherwise forwarded with the
package. This notice must inciude the name of the consignor or
consignee and the statement:

This package conforms to the conditions and limitations specified
in 49 CFR 173.424 for excepted radioactive materials, articles
manufactured from depleted uranium, UN 2909,

The manual is silent on what the shipper does should the radiation level at the
surface of the source changer exceed 0.5 millirem per hour. The Team
determined that the SU~610 source changer in the Korean shipment exceeded that
level (see Sec. 8). A shipper would then presumably be expected to know that
the source changers and crate must be labeled in accordance with Department of
Transportation regulations, that the outside of the overpack must be marked
"Inside packages comply with prescribed specification," and that the proper
shipping name, "Radioactive Material, LSA, n.o.s., UN 2912," must be used in
all shipping documentation. The absence of such specific instructions for
empty source changers exceeding 0.5 millirem per hour may have been a
contributing factor to their being offered as "excepted" packages.
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The Amersham operations manual does not 1ist specific procedures on how to
determine whether a source changer is empty. Ordinarily, a visual examination
of the source changer would be sufficient to verify the presence (or absence)
of an authorized source. A)) sources authorized to be shipped in the Model
500-SU changer are required to have pigtails, the ends of which can be seen at
the opening to the source tube upon visual examination. However, a visual
examination would not have revealed the source invoived in this incident
because the pigtai)l had been completely removed from the source.

Another method that could be used to detect a source in the changer is &
radiation survey at the surface of the changer. The individual changers were
surveyed by NDI Corporation before shipment from Korea. To verify whether a
surface survey would have detected the source, the Team requested that Amersham
survey a source changer containing a 3-curie source placed in the shielded
source tube. The surface readings at the surface of this changer were
indistinguishable from readings obtained from the depleted uranium shield of an
empty source changer. The Amersham RSO estimated that the minimum source
activity detectable in the Model 500-SU source changer was about 4 curies (see
Ref. 1). On the basis of this information, a surface radiation survey made
when the source was shipped from Korea would not have detected the source

unless it was located in the unshielded compartment of the source changer at
the time of the survey.

Before shipment, this source could have been detected in only one of two ways:
a physica)l prcbe of the source tubes or tight inventory controls. The
operating procedures do not require that source tube caps be installed and
wired together for empty shipments. Nor do they require that the cover 1id be
secured with a sea) bolt and padlock for empty containers.

The information gathered by the Team indicates that instructions for returning
an empty Model 500-SU source changer were made available to Korea Industrial
Testing Co. Ltd. (KIT), the end-user, and to licensees of the Nuclear
Regulatory Commission (see Ref. 1). While the instructions provided did not
specify procedures for determining whether a source changer was empty, the Team
believes that these instructions were adequate for determining whether an
authorized source was present. Under ordinary circumstances; a simple visual
inspection would have detected an authorized source because of its pigtail.
The instructions did not caution users against placing a source vithout a
pigtail in a source changer. Specific instructions requiring both a radiation
survey and a probe of the source tubes may have prevented this incident.
However, the Team is less certain that a requirement to install and seal caps
with wire on empty packages, had it been foliowed, would have prevented the
incident entirely. Even with the caps installed and sealed a source without a
pigtail could stil)l be present in a less shielded section of the source tube.

7.7 Improper Use of the Source Changer

During the course of the investigation, the Team received information from an
employee of Industrial Nuclear Company (INC) that Korean end-users may be using
source changers as storage devices for decaying sources (Ref. 6). To store a
cropped source in a Model 500-SU source changer, the source changer would be
turned on end. The source would then be dropped in the source tube and fall to
a shielded position. After the source had decayed sufficiently, the source
changer would be used to move the source to a disposal area.
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The INC employee was not able to provide documentation of this practice,

however. The information given to the team was based on conversations with

Korean customers and distributors. The Team was able to verify that the Korean

end-user invoived in this incident, KIT, used the specific source thanger

23v$1v;g in this incident (SU-610) for the temporary storage of spent sources
ef. 7).

7.8 Role of the Wooden Crate in the Incident

The wooden crate was used to secure the 14 source changers in a single package
for shipment. It was not intended to serve as a radiation barrier from an
iridium source. The Model 500-SU source changer acts as the radiation barrier
or containment for the source during shipment. To that extent, each of the
source changers could have been shipped individually without the crate.

Damage to the crate during handling and shipment could have contributed
directly to this incident because the "empty" source changers were most Tikely
shipped without caps on the sourve tubes. 1f damage to the crate caused source
changer SU-610 to overturn, the source inside the shielded compartment could
have been dislodged from the source tube. Aithough the source was no longer
contained inside the shielded compartment, it remained within the unshielded
portion of the source changer only because the outside 1id was fastened with a
bolt and sealed with wire,

The Team conducted a simple experiment to determine the degree of tilt required
to cause a source to come out of a Model 500-SU source changer. A dummy
source, identical in size and weight to the Korean source, was inserted into
the source tube of a Model 500-SU source changer. The rear end of the source
changer was gradually raised to determine whether the source would come out
and, if so, at what angle. The source siid out of the source tube when the
rear of the changer was raised to approximately 70 degrees from horizontal.

The source could have been dislodged from the shie)ded position on several
occasions during shipment. The wouden crate was reported to be damaged when it
arrived at the Nova Container Freight Station in Compton, California,
indicating that the crate may have been damaged when it was loaded on the ship
in Korea. The crate could have been penetrated and overturned by a single
blade of a forklift (Figs. 7.4 and 7.5). For example, if the forklift was
moving a crate located in front of the crate with the source changers, it may
have snagged and 1ifted the source changer crate by mistake. As the crate rose
and began to tilt, the weight of the changers, 900 pounds, would have been
shifted to the right and the back of the crate. This area of the crate was
severely damaged upon its arrival at Amersham. Source changers could have
tumbled from the crate after being tilted by the forklift blade.

The source could also have come out of the tube during cross-country shipment.
A Covenant Trucking Company driver reported that he found several source
changers outside of the crate when he arrived at the Patriot Trucking Company
warehouse in Boston. The back and one side of the crite had become separated
from the rest of the crate during shipment, creating a space for some of the
source cnangers to tumble rut.
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Figure 7.5 Presumed Damage to Crate from Forklift Mighandiing
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Figure 7.8 Presumed Damage to Crate from Foriiifi Mishandiing
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The source could also have come out when the crate was being transported to the
Amersham facility in Burlington from the Patriot warehouse. When the shipment
arrived at Amersham, the source changers were scattered on the trailer floor
(see Fig. 2.16) and the wooden crate was turned upside down on several of the
source changers. Based on the results of the cytogenetic studies, the Team
believes this to be the most likely scenario.

The method by which the crate was placed in the Patriot truck with no blocking
or bracing to hold it in place during transit could have contributed to the
source becoming unshielded. It is probable that the source would have arrived
at Amersham in the shielded position of the source changer had the crate not
been overturned during transit.

7.9 Summary

The design of the Model 500-SU source changer was adeguate to transport
encapsulated iridium sources of up to 120 curies and was not a contributing
cause to this incident. The Team uncovered no evidence to indicate that the
source changer, if used according to the manufacturer's instructions, would not
confine an authorized source to a shielded position during transport. The
source changers themselves were not damaged during shipment.

Instructions for returning an empty Model 500-SU source changer were made
available to KIT, the end-user. The instructions were adequate for determinin?
whether & source changer contained an authorized source because a simple visua
examination would detect the presence of a support cable, a "pigtail."
Therefore, the instructions did not caution users against placing a source
without a pigtail in the source changer. Specific instructions requiring both
a radiation survey and a probe of the source tubes in a changer, if provided
and implemented, may have prevented this incident.

NUREG-1405 9l Section 7



References*

1. E. Easton and A. Grella, U.5. Nuclear Regulatory Commission, transcript of
interview with C. Roughan, Radiation Safety Officer, Amersham Corporation,
March 12, 1990. (04-125-90)

2 W. McDaniel, Amersham Corporation, Burlington, Massachusetts, transmittal
?8476 gawsgn, Amersham Corporation, Hong Kong, March 12, 1990.
=035-90)

3. K. Y. Kim, NDI Cerporation, transmittal to T. Lawson, mmersham
Corporation, Hong Kong, March 15, 1990. (04-057-90)

4, Amersham Corporation, Tech/Ops RPD, “Al Model 500-SU Source Changer
Operation Manual," undated. (04-050-90)

5. Amersham Corporation, "Sample Transportation Instruction," February 9,
1990. (04-062-90)

6. E. Easton, U.S. Nuclear Regulatory Commission, record of telephone
conversation with W. Cain, Radiation Safety Officer, Industrial Nuclear
Company, San Leandro, California, March 13, 1990. (04-053-90)

7. T. Lawson, Amersham Corporation, Hong Kong, transmittal to W. McDaniel,
Amersham Corporation, Burlington, Massachusetts, March 12, 1990.
(04-22-90)

¥The file number 1n parenthesis at the end of some reference citations refers
to the location of that reference in the Team's files for NL'ZG-1405. Ti..e
files are available for inspection or copying for a fee at the NRC's Public
Document Room, 2120 L Street, NW., Lower Level, Washington, D.C.

NUREG-1405 92 Section 7



&  APPLICABLE REGULATIONS

Regulations for transport of hazardous materials, including radioactive
materials, are intended to ensure the safety of workers and the public and
that property and the environment are adequately protected. To achieve this
objective, the regulations rely principally on the proper packaging and
identification of materials by shippers, rather than on extensive or elaborate
operational controls by carriers. Both domestic and international organiza-
tionsih:ve promulgated regulations for packaging and transporting hazardous
materials.

8.1 Responsible Regulatory Agencies and Organizations

8d.1 Domestic: Memorandum of Understanding Between the U.S. Nuclear
Regulatory Commission and the U.S. Department of Transportation

The U.S Nuclear Regulatory Commission (NRC) shares reguiatory responsibility
with the U.S, Department of Transportation (DOT) for transportation of radio-
active materials, pursuant to the provisions of the Atomic Energy Act (Act), as
amended. The Act mandates that the NRC regulate the use, possession, and
transfer of licensed byproduct, source, and special nuclear material. Because
of this overlap in statutory authority, the DOT and NRC have established a
Memorandum of Understanding (MOU) that outlines in broad terms the areas each
agency will regulate so as to avoid duplicative or conilicting regulations
(Ref. 1). Generally, the DOT is responsible for the overall regulation of
shippers and carriers and establishes packaging requirements for radioactive
materials that qualify for use in Type A packages (see 49 CFR 173.403(cc)),
whereas the NRC establishes standards for Type B packages (see Sec. 7.1.1 of
this report). Under the MOU, the NRC has the lead responsibility for
investigating transportation incidents involving packages of radioactive
material regulated by NRC.

8.1.2 International Regulatery Organizations

The international transportation of hazardous materials is generally subject to
regulations that have been established by international transport organizations
for the relevant mode of transport. These regulations have been promulgated by
the International Civil Aviation Organization (ICAO) for air, and the
International Maritime Organization (IMO) for water, and the countries of
origin and destination for hazardous materials shipments. Two internationa)
organizations, each composed of member-Government representatives, set
standards that are used as a basis for the regulations established by the
international transport organizations and by individual countries. These two
organizations are the United Nations (UN) Group of Experts on the Transport of
Dangerous Goods, a subagency of the UN Economic and Social Council, and the
International Atomic Energy Agency (IAEA). A1) international transport
organizations and most countries have incorporated the UN standards into their
regulations. For UN Class 7, radiocactive materials, the IAEA standards (Ref.
2) provide the technical basis for their regulations.
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For international shipments by water, the regulations of the IMO are found in
the International Maritime Dangerous Goods Code (IMDG Code). For import of
radioactive materials packages into the U.S., the DOT requirements in 4% CFR
171.12(e) authorize compliarce either with Title 49 requirements or with IAEA
standards presented in Safety Series No. 6, "Regulations for the Safety
Transport of Radioactive Materials," 1973 Revised Edition, as amended, provided
that the country of origin has adopted those standards.

8.2 Requirements Applicable to the Shipments

The NRC and DOT regulations prescribe reguirements applicable to shippers for
classifying, describing, packag1n?. marking, and labeling of radiocactive
materials. In addition, DOT regulations require that importers of hazardous
materials provide certain information to a foreign shipper and forwarding agent
at the place of entry into the United States. DOT regulations also require
cerriers to report incidents involving hazardous materials (see App. G for
additiona)l information). .

8.2.1 The Shipper

It is often difficult to identify the actual shipper for purposes of
determining compliance with DOT hazardous materials regulations, particularly
with respect to international shipments. In fact, Title 4) does not define
"shipper." The term "any person who offers" is used throughout Title 49 when a
shipper's responsibilities are listed. The DOT holds the position that more
than one party can and often does perform the functions of a shipper (Ref. 3).

In this shipment, NDI Corporation (NDI) acted as the entity making the shipment
from Seoul to Boston and was, therefore, responsible for ensuring that the
material being offered was properly identified, classified, packaged, marked,
and labeied. NDI was also responsible for preparing the required certification
and shipping documentation. Daeil Shipping Company (Daeil) acted as carrier
and shipping agency representing NDI and was responsible to NDI for the proper
packaging, transportation, and delivery of the material.

wWhile culpability may be shared in some cases, in this instance, the burden of
ensuring that the source changers were appropriately identified and controiled
as radioactive material rested principally with NDI.

8.2.2 The Carrier

The LOT regulations in 49 CFR 171.2(a) specify that "no person may offer or

accept a hazardous material for transportation in commerce unless that material is
properly classed, described, packaged, marked, labeled, and in condition for
shipment as required or authorized by this subchapter...." The person who
offered this shipment was NDI in the Republic of Korea, in concert with several
agents. When the shipment of source changers entered the territorial waters of
the United States, it was not in compliance with 49 CFR 171.2(a). NRC
requirements in 10 CFR Part 71 were not directly relevant because the shipper

was not under the jurisdiction of NRC.
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Note that NRC regulations 10 CFR 30.13, 40.12, and 70.12, as well as equivalent
regulations in Agreement States, exempt common and contract-carriers, brokers,
freight forwarders, and warehousemen from any requirement to obtain a license
to receive, possess, transport, or store in the course of transport, byproduct,
source, and special nuclear material. In effect, therefore, none of the common
carriers, brokers, or forwarders in the United States involved in the Korean
shipment after it was unloaded from the S.5. HANJIN MOKPO were required to
possess a licente from NRC or an Agreement State.

8.2.3 Packaging

The DOT regulations authorize use of a Type A package to ship an iridium=192
source of less than 20 curies activity. Further, these regulations (49 CFR
173.415(c)) permit the use of any NRC-certified Type 3 packaging, such as the
Model 500-SU source changer for use as a Type A package. For a more complete
discussion of packaging, see Section 7 and Appendix G.

Whether or not the package contained a radiographic source, the Model 500-SU
source changer was required to be a Type A package. However, the shipment of
the source changers did not meet the requirements for a Type A package. It was
offered for transport as an "excepted" package, but it did not meet the
requirements for an "excepted" package either.

8.2.4 Marking and Labeling

To comply with DOT regulations, both the crate and the source changers inside
the crate should have been appropriately labeled. The exterior of the crate
should have been labeled with radioactive Yellow Il labels and should have been
marked as follows:

"Radioactive materials, n.o.s.,* UN 2982" or
"Radioactive materials, LSA,** n.o.s., UN 2912"

Neither of these labels or markings was present on the crate. However, the
source changers bore Yellow II or III labels believed to be the original labels
piaced on the changers before they left Amersham Corporation (Amersham).

8.2.5 Shipping Documents

NI in the Republic of Korea was responsible for preparing the original
certification and shipping documents.

The shipping names that describe the contents of the package vary widely.
Although none of the shipping names are in compliance with DOT regulations,
their pervasive theme is that the package was empty. The Team observed the
following descriptions on various shipping documents:

. “Transportation Empty, container of radioisotopes" (Fidelity Transport)

¢ "Radioisotopes" (Hanjin Shipping vessel manifest)

“®n.0.5. means not otherwise specified
** LSA means low specific activity
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"Empty source changers, one box containing 14 source changers"
(International Specialists, Inc.)

"One box of transportation empty container of radioisotopes" (Daiel
Shipping Co.)

"Transportation Empty Container of Isotopes" (U.S. Customs, Transportation
Entry Manifest)

While there is an "excepted" package provision in the DOT regulations, which
might be applicable for other types of source changers, it is not applicable te
the Model 500-SU snurce changers. This provision is for a "Radioactive material
article, manufactured from depleted uranium, UN 2909" (see 49 CFR 173.424).
As an “excepted package," it would be excepted from the required packaging,
shipping papers, and certification, as well as the marking and labeling require-
ments of Title 49, provided that the surface dose rate did not exceed
0.5 mi'lirem per hour and & certification notice was in or on the packaga. The
Model 500-SU source changer did not meet either of these provisions. The dose
rate at the surface exceeded 0.5 millirem per hour. On March 14, 1990, at
Amersham's facility, the Team made confirmatory measurements using a calibratled
survey meter (Ref. 4), indicating that empty source changer S/N SU-610 had dose
rates of between 0.4 millirem and 1.4 millirem per hour, and that the crate,
when loaded with the 14 empty source changers, had dose rates of between

0.3 millirem and 1.5 millirem per hour (Fig. 8.1 and 8.2).

The Team found no evidence that a certification statement was present in or on
the crate of source changers when they arrived at Amersham. The markings that
were present on the crate are illustrated in Figs. 8.3 and 8.4, Therefore, the
shipping documents did not contain the required certification for the shipment
as a Type A package

8.2.6 The Importer

The NRC regulations in 10 CFR 110.23(a) provide a general license to any person
to export almost all forms of byproduct material, except to certain countries.
Similarly, 10 CFR 110.27(a)(3) authorizes any person to import byproduct
material if the consignee is authorized to possess the material under a general
or specific license that has been issued by the NRC or an Agreement State.
Because Amersham Corporation (Amersham) holds such an NRC license, Amersham is
authorized to import byproduct materials (i.e., radiographic sources). Also,
pursuant to the exemptions contained in 10 CFR 40.13, Amersham is further
authorized to import and export source material, that is, the depleted uranium
contained in the Model 500-SU source changer as shielding.

Although Amersham was in full compliance with the NRC regulations cited for an
importer, the Team noted certair deiiciencies in the information Amersham
provided the shipper.

The DOT regulations for the import and export of radioactive materials are
specified in 49 CFR 171.12, "Import and export shipment." Subparagraph (a)

requires that each person importing a hazardous material into the United States
shall provide the shipper and the forwarding agent, at the place of entry inte
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Readings in Millirems per Hour (3/14/90)

BACKEND
13

INSTRUMENT: GM
/ MODEL ND 3000

S/N 1431
LAST CALIB: 2/2/90
BOTTOM NEXT CALIB: DUE 5/2/90

RANGE 0-1000 MR/HR
IN 4 RANGES:
x0.1 0-0.1
x1 0.1-10
x10 10-100
x100 “N0-1000

INSTRUMENT RECALIBRATED 3/14/90
8Y AMERSHAM FOR IIT

Figure 8 1 Radiation Profile of /N 610 Model SU-500 Source Changer Without a Source
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Readings in Millirems per Hour (3/14/80)

SIDE MIDDLE END

/ 1.0
/ SIDE MIDDLE CENTER
S 18

/ SIDE MIDDLE END
14

APPARENT
FORK LIFT
PENETRATION

/
APPARENT FORK LIFT

PENETRATION

INSTRUMENT: MODEL ND 3000 §/

S/N 1431
LAST CALIB: 2/2/90 TWO ROWS OF 7 EACH

NEXT CALIB: DUE 5/2/90 14 TOTAL

RANGE 0-1000 MR/HR
IN 4 SCALES
x0.1 0-0.1
x1 0.1-10
x10 10-100
x100 100-1000

INSTRUMENT RECALIBRATED 3/14/90
BY AMERSHAM FOR IIT

Figure 8.2 Radiation Profile of 14 SU-800 Source Changer Reloaded Into Original Shipping Crate
with Source Changers Stacked in Two Rows of 7 Each with Sloped Ends.
All Facing %0° Toward Side Having the Fork-Lift Penetration
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Figure 8.3 Markings on Damaged Crate Containing the 14 SU-500 Source Changers
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the United States, complete informition as to the requirements of the DOT

Hazardous Materials Regulations (MMR) that apply to the shipment within the
United States.

On the basis of this requirement, DOT considers Amersham, the consignee of this
shipment, to be the importer. On March 27, 1990, DOT requested (Ref. 5) that
Amersham confirm that they were the importer and furnish information to
indicate how they complied with 49 CFR 171.12(a). Amersham provided DOT with a
copy of the instruction booklet that they routinely furnish to each recipient
of & Model 500-SU source changer (Ref. 6).

The Team has examined the above instruction booklet and noted (see Sec. 7.6 of
this report) that these instructions, although generally satisfactory, are
deficient in that they are silent as to what procedures a shipper would fo)low
in the event the surface dose rate of an empty Mode) 500-SU source changer
exceeds the 0.5 millirem per hour Vimit for shipment as an "excepted" device
containing depleted uranium. Also, the instructions do not provide details on
how to determine if a source changer is empty

The Team also confirmed that Amersham did not provide the freight forwarder in
Los Angoles‘ the p'ace of entry to the United States, information as required
by 49 CFR 171.12(a). On March 7, 1990, Amersham did provide shipment
information to their own customs broker/freight forwarder, Internationa)
Specialists, Incorporated (ISI). In this case, the shipping document was
annotated by ISI to make the foliuwwing statement:

Exempt from specification packing, shipping paper and certification
marking and labeling and exempt from the requirements of Part 175 per 49
CFR 175.421.1 and 49 CFR 173,424, exempted from the [International Air
Transport Association] IATA restricted article regulations (28th Edition)
per paragraph 5.7.29, page 369.

The Team determined that the above statement was added by 1S] at Amersham's
request after Amersham had been notified by Patriot Trucking Company that
source changers bearing “radioactive" label!s had been observed in a damaged
crate when 1t was unloaded from the Covenant Transport vehicle. This
annotation was technically incorrect in that the package did not qualify as an
excepted package and that the air transport mode was not .nvolved.

8.2.7 Incident Reporting

Carriers are required to report to the DOT any incidents during transport of
hazardous materials when there are fatalities, injuries involving hospitali-
zation, $50,000 property damage, and, in the case of radioactive materials,
"fire, breakage, spillage, or suspected radioactive contamination..." (49 CFR
i71.15 and 171.16). 1In addition, an NRC licensee is reguired to report "any
instance in which there is significant reduction in the effectiveness of any
authorized packaging during use" (10 CFR 71.95). Package means the packaging
together with its radioactive contents as prepared for transport. As discussed
in Section 2, the Covenant senior truck driver informed his management of the
damaged crate and radioactive labels, but because the shipping documents
indicated that the packages were empty, they assured him that the package did
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not contain radioactive materials. WNot unti)l the package reached Amersham was
the unshielded source detected. Under 10 CFR 20.403, a licensee is required to
report to the NRC any events that "may have caused" significant whole body
radiation exposure. Amersham's initia) report was in compliance with this
requirement.

8.3 Sumnary

The Team has concluded that the existing DOT regulations applicable to
classification, packaging, marking, labeling, and ahipging document
descriptions for radioactive materials are adequate. To proporly prepare the
package for ship ent, the Koreans should have verified that the "J-tubes" of
the source changyers were empty before shipment, Had these requirements been
followed, the incident would not have occurred. The DOT requirement for
importers to furnish information on import shipments to the foreign shipper and
a?cnts at the port of entry is ineffective because the information does ncc
always get to the people preparing the Dacku?c for shipment and agents ar: not
s¢C

equipped to use the information to correct discrepancies in shipments.
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9  RELATED EVENTS AND INFORMATION

9.1 Previous Shipments of Unauthorized Iridium-192 Sources in ‘he Mode)

500~ S0 Source Eﬁang!r LR v
On two previous occasions, sources with severed pigtails were sent to Amersham
Corporation from Korea in Mode! 500-SU source changers. On Mecember 12, 1985,
Amersham employees found a source with a severed p gtail in the shielded
portion of a source changer while conducting wipe tests of units shipped from
Korea (Ref. 1). These tests are performed by wiping the inner surfaces of
source tubes with absorbent paper or cloth attached to the end of a wire. The
paper or cloth is then surveyed to measure the level of removable surface
contamination.

When an Amersham employee began to remove the wipe wire from the source tube,
his survey meter went off scale. The source changer was moved to the sealed
source hot cell and the radiation safety cfficer (RSO) was notified. (The RSO
involved in this event has since left Amersham Corporation and was unavailable
to be interviewed.) When the wipe wire was removed, a portion of a source
holder cable, approximately four inches long, with a source on the end of it,
was attached. Half of the cable pigtail had been removed. The source measured
600 millirem per hour at one foot. The activity of the source was estimated

to be approximately 0.1 curie.

Amersham was unable to determine the serial number of the source changer
involved in the 1985 event. Consequently, the Team was unable to identify the
specific surface radiation survey performed by Amersham when the source changer
was received. Such surveys could have confirmed that the source was in the
shielded section of the source tube when the source changer arrived at
Amersham.

Regardless, the Team believes that the source probably remained in a shielded
position during shipment because (1) the source was retrieved from within the
shielded portion of a source tube and (2) the remaining 4-inch portion of the
pigtail was probably sufficiently long tr keep the source in the shielded
section of the source tube even withzuc a tube cap. The Team could not deter-
mine whether tube caps had been s-rewed on the tubes and subsequently came off.

Another source was discovered on December 18, 1985, during wipe testing of the
source tubes on other Model 500-SU source changers (Ref. 1). This source
measured approximately 350 millirem per hour at one foot. The radioactivity
of the source was estimated to be approximately 0.06 curie. The source was
found in source changer number SU-630. A surface radiation survey of the
source changer after its receipt indicated that the source was confined to the
shielded compartment of the changer.
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9.2 Contamination of Previous Shipments from Korea

At least nine Mode! 500-SU source changers were returned to Amersham from Kor>a
between 1985 and 1989 with contaminated source tubes (Ref. 2). The contamina-
tion was confirmed to be iridium=192 (1r-192) and ranged from 0.001 microcurie

to 2 microcuries. What caused the surface of the source tubes to be contaminated
is not known. Table 9.1 compares the number of contaminatea source changers
shipped from Korea with the total number of Mode! 500-SU source changers shipped
from Korea from 1985 to 1989.

Table 9.1 Korean Shipments of Contaminated Mcdel 500-SU
Source Changers to Amersham Corporation

Number of

Number of Scurce Contaminated Level of

Changers Received Source Chargers Contamination
Year from Korea from Korea (Microcuries)
1985 43 3 0.00%
1986 77 2 0.001-0. 005
1987 111 2 0.001-0.005
1988 72 0 s
1989 76 2 0.005-2.0

9.3 Feasibility of Detecting the Importation of Unauthorized Radioactive
Material

The only feasible way that an unshielded source in this shipment could have
been detected en route is by a voluntary survey done by a carrier, by a random
spot check conducted by Federal or local officials, or by a detection device
installed at the point of entry into the United States. Based on interviews
with hazardous material specialists from the U.S. Department of Transportation's
(DOT's) Office of Motor Carrier Safety, this shipment would never have been
surveyed bec:'se the crate was not labeled and marked as containing radicactive
material (Refs. 3 and 4). Because of the large volure of these shipments,
random spot-checks var radioactive and other hazardous materials are limited to
packages labeled and marked for these categories.

In November or early December 1983, metal products contam na'ed with cobalt-60
were inadvertently imported into the United States from Mexivo. As a result,
the NRC commissioned a study to determine the feasibility of Jetecting the
importation of unauthorized radioactive materials into ihe Uniied S+sies (Ref.
5). The study was aimed primarily at detecting the contaminativn of iron and
steel scrap metal and metal products by nine radioactive isotope. cu.rentl{ and
previously used in industry. (Ir-192 was one of the isotopes studied.) The
threshold for detectability established in the study was an activity of

33.6 microcuries dispersed over a shipment of 24 boxes, each containing 100
pipe fittings contaminated with cobalt-60. The study concluded that off-the-
shelf technology is available to detect this level of contamination.
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A detector, such as those described in the study, could also have detected the
Ir-192 source involved in the 1990 Korean incident if the source were in the
unshielded compartment of the source changer when it arrived in the United
States and even though the wooden crate was not labeled with a radioactive
materials sticker. The triggering of a radiation detection alarm would
probably have been cause for inspection of the crate, after which the
unshielded source may have been discovered.

9.4 Unauthorized Importation of Source Changers inty Arizona

At approximately 10 a.m., on March 22, 1990, a Mexican national, employed by
Internacional de Energia Nuclear, a Mexican government electric generating
utility, entered the United States from Mexico at Nogales, Arizona, in a pickup
truck owned by the utility. The truck was carrying an unlabeled and unmarked
5-gallon shipping barrel. The driver of the truck initially attempted to pass
through U.S. Customs Service and Immigration at the passenger vehicle entry
gor}?i. but was redirected to the U.S. Customs Service commercial inspection
acility.

At the commerc'al facility, U.S. Customs Service inspectors opened the 5-gallon
barrel and fo.nd & Gamma ¥ndustries (now owned by Amersham Corporation) Model
C-10 source ~.hanger marked with a radioactive material symbol. U.S. Customs
Service ir.pectors surveyed the barrel and determined that it was emitting
radiation that was above background levels. The driver had no proper shipping
papers to transport radioactive materials into the United tates from Mexico;
rather, he presented shipping documents Lo the Customs insjectors for a prior
shipment of radiographic sources from Amersham Corporation to Mexico. The
driver said that this was his first crossing intc the United States with a
source changer and that he was unaware of any requirements related to U.S.
Customs Service or DOT regulations.

The Customs inspectors detained the truck driver, impounded the truck and the
barrel, and contacted NRC's Region V Office and the Stute of Arizona (an NRC
Agreement State). Region V, in turn, requested that the University of Arizona
at Tuscon dispatch a health physicist (HP) to Nogales to evaluate the radiation
levels emitted from the barrel. The HP measured 0.064 mi))irem per hour at the
surface of the barrel. The source changer contained no radioactive sources;
rather, the radiation being emitted was attributable to the depleted uranium
shielding. Concurrent with this activity, the Region V Office notified the
Team of the event and made arrangements tc have U.S. Customs Service officials
hold the barrel for inspection by a Team member.

On March 27 and 28, 1990, a Team member, accompanied by a State of Arizona
health physicist, inspected the barre) and traced the history of shipments of
radiogra hic sources and source changers from Amersham to Mexico and back to
Amersham. During this investigation, the information obtained from the
Amersham Corporation, U.S. Customs Service, and certain customs brokers in the
United S'ates and Mexico revealed that on at least six occasions over the
precedinj three years, radiographic sources were shipped to Internacional de
Energia Nuclear by the Amersham Corporation. These shipments were all hand)ed
by the todolfo Joffroy Company, Nogales, Sonora, Mexico, a Mexican customs'
broker, through its warehouse located in Nogales, Arizona. New sources
destined for Mexico were shipped to the Joffroy warehouse in Nogales, Arizona,
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where they were held by Jofi=oy while import authorizations were obtained from
the Mexican ?ovorn-ont. The sources were then trucked by Joffroy or by a
Mexican utility company employe: into Mexico.

The source changers were kept in Mexico until the next time new sources were to
be picked up at the Joffroy warehouse in Nogales, Arizona. At that time, the
Mexican utility employee would cross the border with the empty source changer
and exchange it for a source changer shipped from Amersham with new sources.
The returned source changer was then returned to the Amersham Corporation via
Copper State Truck Lines.

These shignonts were apparently made in violation of DOT's classification,
marking, labeling, and documentation requirements for the transport of radio-
active materials within the United States because they were never identified

as shipments of empty radioactive material packa?es or as articles containing
depleted uranium, Depending on their contamination and radiation levels, these
items could have been exempted from nnoting DOT Hazardous Material Regulations,
but stil) would have to be properly classified and certified on the shipping
documentation.

9.5 Partially Exposed Source in a Previcus Shipment

In September 1983, Autosation Industries (Al) shipped a Model 500-5U source
changer containing a 2o-curie Ir-192 source to a licensed user in Wisconsin,
Although the Al records indicated that the surface radiation levels were in
compliance with DOT 'egulations at the time of shipment, the dose rate at the
surface of the source changer was found to be about 500 millirem per hour (the
regulatory limit is 200 millirem per hour) (Ref. 6).

The excessive surface radiation was attributed to use of an incorrert gxtension
tube or end cap. The actual end-cap was the wrong length for tie pigtail and
source that was shipped. Presumably, the pigtail was so short that when it

was used with a long end-cap, the source was able to move to a partially
unshielded position within the source tube. NRC's Region I investigated *“is
incident and proposed a civil penalty, which was later withdrawn when Al went
out of business.
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10  PRINCIPAL FINDINGS AND CONCLUSIONS

The inadvertent shipment of an iridium=192 source, within & reportedly empty
source changer from Seoul, Korea, to Burlington, Massachusetts, is significant
because the iridium-192 source, if unshielded, had the potentia) to cause

high radiation exposure to members of the general public, in addition the
following reasons:

0 Some users of radioactive materials in the Republic of Korea may not be
cognizant of or do not comply with procedures an” regulations ‘or
groparinq and shipping radioactive material *v and within the Urited

tates; and

0 Foreign shippers and forwarding agents at the point of entry into the
United States are not always supplied with complete information o1 how
to comply with U.§. Department of Transportation (DOT) regulations.

The Team has compiled the following 1ist of principal findings and conclusions
about the incident. The cause of the incident is stated in the first
conclusion. Other conclusions are not presented in any particular order of
significance.

1. The cause of the incident was that a stored source was inadvertently left
in a source changer when the device was returned from the end-user to
Amersham's Korean distributor for shipment. Neither the end-user, Korea
Industrial Testing Company, Ltd. (KIT), nor the distributor (shipper) NDI
Corporation (NDI), used effective methods to ensure that there was no
source in the chanyer. The inability of the two parties to detect the
source was exacerbated by the fact that the connecting cable, or pigtail,
had been removed, that is, cropped from the source. (Events leadin? to
the inclusion of the iridium-192 source in the shipment are also be ng
investigated by the Ministry of Science and Technology, and the Korean
Institute of Nuclear Safety, the responsible regulatory authorities in
Kor::. Th;ir findings were not available at the time this report was
published.

2. The Team was able to identify the radiographic source as a S6-curie,
iridium-192 source manufactured on April 13, 1989, by Industrial Nuclear
Company, San Leandro, California. Using the manufacturer's decay curve
for the iridium-192 source, the Team determined the ssurce's activity at
the times when potential exposures to irdividuals might have occurred.
Independent measurements made of the source's activity at the Amersham
Corporation facility were consistent with the values derived from the
manufacturer's decay curve for the source.

3. While potentia)l radiation c¥nosure to the general public was possible,
the number of individuals that could have been exposed was limited because

NUREG-1405 111 Section 10

s LT B i e, L i R



the shipment was maintained "in-bond" from its arrival in Los Angeles on
February 11, 1990, to the time it cleared U.S. Customs Service in Boston
on March 7, 1990. The transport vehicle carrying the shipment from Los
Angeles to Boston was driven across country with infrequent stops of
mostly short duration.

4. Although the maximum estimated potential whole-body radiation exposures
range from 27 to 35 vem for the two long-distance drivers, and 0.5 to
5.6 rem for other individuals that may have been in close proximity to the
source for extended periods of time, these estimates are not supported by
cytogenetic studies done on the five individuals that had the highest
potential for exposure. The cytogenetic data suggest that the source may
nave remained shieldeu so that no actual exposures occurred until the
shipment was transterred from storage in Boston to Amersham's facility
in Burlington, Massachusetts.

5. The safe handling and transportation of radioactive materials imported to
the United States are highly dependent on the actions of foreign shippers
and their agents to procerly prepare packages for shipment, properly
identify the content., and accurately describe the contents in shippin?
documents. There are no DOT or NRC requirements for carriers or shipping
agents to monites or survey chipments during transit.

6. Carriers, freight forwarders, or shipping agents do not independently
verify the accuracy of shipping documents for import snipments at the u.S.
place of entry. Misclassified or mislabeled shipment: are usuvally
discovered by the receiving organization. There are 10 clear-cut require-
ments for a receiver to report to DOT or NRC instanc.s where packages are
not properly prepared for ghipment or where the con‘ents are not accurately
identified. Current DOT regulations require carriers to report incidents
where there is death, serious injury, or substantial property damage,
hreakage, spillage, or suspected radicactive contamination. NRC regulations
require that licensees report any instance in which there is significant
reduction in the effectiveness of any NRC-authorized packaging during use
(10 CFR 71.95) if there is a high radiation level or contamination on
packages when received (10 CFR 20.205), :nd for incidents in which there
is the potential for significant exposure (10 CFR 20.403). The Team could
not determine whether NRC regulations would have required Amersham to
report previous instances where cropped sources had been inadvertently
shipped from the Repubiic of Korea. Although the shipment was mislabeled
and misidentified in these instances, the sources arrived within the
shielded source tubes of the source changers. The Team could find no
evidence that the instances were reported to either the NRC or DOT. The
incident being investigated, where the source was received in an unshielded
position was reported pursuant to NRC requirement, 10 CFR 20.403.

7. As an importer, Amersham was required to provide the shipper and the
forwarding agent, at the place cf entry into the United States, complete
informatior on 1ow to comply with DOT regulations. The instructions
provided to the shipper by Amersham for c\assifyin? and preparing the
source changers for shipment were incomplete. While instructions were
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included for preparing the shipment of the source changers as an
"excepted" package, no specific directions were provided for the case
where the empty source changtrs did not meet the requirements for an
“excepted" package In spite of the inadvertent inclusion of an
iridium=192 source, the shipment of empty source changers was improperly
prepared for transport. Because the surface radiation level of the
shipment exceeded 0.5 mrem/hr, it was required to Le shipped within the
United States as a Type A package. Lack of instructions for preparing a
Type A package way have contributed to the misclassification of the
package as an ¢ :epted package. However, proper classification of the
shipment as Type A would probably not have prevented the incident.

8. Amersham's instructions for returning an empty Model 500-5U source changer
were made available to NDI and KIT and were adequate for determining
whether a source changer contained an authorized (i.e., uncropped) source,
since a visual examination would detect tho presence of a pigtail,
However, in view of previous incidents involving th. receipt by Amersham
of cropped sources from the Republic of Korea, the instructions were
deficient in that they did not anticipate that sources without pigtails
might be stored in the scurce changer and not removed before shipment.
Specific instructions requiring both a radiation survey and a probe of the
:ou:ce tubes, if implemented by the end-user, would have prevented this

ncident.

9. Amersham did not provide "shipper" instructions to the freight forwarder
at the place of entry into the United States (Los Angeles), as required,
but rather to its Customs broker in Boston. In this case, Amersham
Providod an erroneous instruction to transport the package as an
‘excepted" package.

10. The Team found no violation of NRC regulations with resnact to the receipt
of the source changer shipment at Amersham. NRC's regulations do not
apply to the shipment of these source changers across the United States,
other than 10 CFR Part 110.27, which specifies requirements for importing
byproduct material. Shipment of the source changers within the United
States was subject to DOT transportation regulations.

11. DOT regulations permit the use of an NRC-certified Type B package*, such
as the Model 500-5U source changer, for shipment of a Type A** quantity,
far example, either as empty (with the DU shielding) or with source
totaling less than 20 Ci. However, DOT regulations are ambiguous as to
whether an NRC-certified Type B package must be used in strict accordance
with the NRC certificate for shipment of Type A quantities or whether the
package need only comply with the general requirements for Type A packages
in the DOT regulations. Thus, the Team could not determine whether \“e
source involved in this incident could have been shipped in the Mode)
500-SU source chan?er as a Type A quantity, because the source (with or
without the pigtail) is not authorized in the NRC certificate.

X Type B packa?e is required to transport iridium=192 in encapsulated
sources exceeding 20 curies.

** A Type A quantity for iridium=192 in encapsulated sources is less than
20 curies,
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The 14 source changers involved in the incident did not conform to the
drawings referenced in NRC Certificate of Compliance 9006, Revision MNo. 9,
in that al) of these source changers were constructed without a source
cable locking assembly. In addition, 6 of the 14 scurce changers were

not constructed according to the dimensions specified in the drawings
referenced in the Certificate of Compliance. However, the Team determined
that these discrepancies did not contribute to the cause of this incident.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D €. 20866

we ¢ 90

MEMORANDUM FOR: Chairman Carr
Commissioner Roberts
Commissioner Rogers
Comnissioner Curtiss
Commissioner Remick

FROM: James M. Taylor
Executive Director
for Operations

SUBJECT: INVESTIGATION OF MARCH 8, 1990 EVENT INVOLVING
CROSS COUNTRY TRANSPORTATION OF A RADIOGRAPHIC
SOURCE FROM KOREA TO AMERSHAM CORPORATION IN
BURLINGTON, MASSACHUSETTS WILL KE CONDUCTED
BY AN INCIDENT INVESTIGATION TEAM (117)

On March 8, 1950, at about 4:00 p.m. an employee of Amersham Corporation,
Burlington, Massachusetts, measured a radiation level of 100 mr/hr at the rear
of a truck containing supposedly empty source changers which had been shipped
from Korea to California, placed in a California warehouse, route trucked to
Boston, left in a Boston warehouse, and then trucked to Amersham. The
radiographic source, inadvertently importes rrom Korea, was included in one of
fourteen supposedly empty source changer., The source was found outside of the
shielded portion of the source change. but was still within the body of the
changer, The source has been removed from the changer by Amersham employees
and pleced in a hot cell. The srurce, which is approximetely the size of a
pencil eraser, was measured to we 150 R/hr at & distance of Six inches,

Note that in Section V.C of the June 8

y 1879, Memorandum of Understanding
between the Department of Transportati

on and the Nuclear Regulatory Commission,
NRC will normaily be the lead agency for investigating “ail accidents, incidents,
énd instances of actual or suspected leakage involving packages of radioactive
material re?uIated by the NRC." Accordingly, because of the nature and potential
radiological health consequences of this event and the generic questions the
event raises, | have requested AEQOD to take the necessary acton to send a six
member 11T of technical experts to: (a) quickly resolve questions of radiation
exposure; (b) determine what happened; (c) identify the probable cause as to

why it happened; and (d) make appropriate findings and conclusions which would
form the basis for any necessary follow-on actions,

The team will report directly to me and is comprised of: Willard B, Brown,
Office of Nuclear Material Safety and Safeguards (NMSS,), Team Leader; Alfred W,
Grella, NMSS; Ear) Easton, NMSS; John R, White, Region I; Phillip V. Joukoff,

Region V; ana David Skov, Region V. Enclosed 1s the charter for the 1IT to
use in the review of the event,
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The licensee has agreed to preserve the equipment in an “as-found" state until
the licensee and the NRC Team have had an opportunity to evaluéte the event,
The licensee's actions have been confirmed by the Regional Administrator in @
Confirmatory Action Letter which will be issued on 3/9/90,

The 117 report will constitute the single NRC fact-finding investigation

report. It 15 expected that the team report will be issued within 45 days
from now.

-
Jpes M. Tay
xecutive Dfrector
for Operations

Enclosure:
As stated

cC: SECY
06C
ACRS
GPA/PA
Regional Administrators
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Enclosure

Incident Investigation Team (117) Charter

Inadvertent Import and Cross Country Transportation of a
Rediographic Source from Korea to Amersham Industries, Burlington, MA

The 11T is to perform an investigation to accomplish the following:

1. Reconstruct the potential exposures to individuals who potentially were
in close proximity to the radiographic source meterial during receipt,
shipment and storage. The evaluation should include the following:

Characterize the source term and geometry

Reconstruction of the shipping/storage rouvte

Stay times during transit

Time-motion studies of personnel potentially exposed

Estimate actus) exposure to individuals who had the potential for
overexposure

cocooQoo0oo0

2. Determine the root causes of the exposures including the following:
0 Adequacy of the shipping container
0 Adequacy of the shipping procedures including field surveys from
ort of entry to Amersham Industries
0 he proximate cause of the source being unshielded during transit
3. Determine the adequacy of the licensees' response tc this event.

4. Determire the adequacy of regulatory controls concerning this type of
event,
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APPENDIX B
PROPERTIES OF IRIDIUM AND IRIDIUM-SEALED SOURCES

Iridium is a hard, brittle, silvery meta) usually found in nature in deposits
of platinum- and osmium-bearing ores. It is produced pr1a0r11{ as a

byproduct from the refining of cther metals. Natura) iridium has an atomic
weight of 192.2 and has a number of stable isotopes. It has a relatively high
melting point of 245°C,

The isotope used in radiography devices is iridium=192. Iridium=192 is
produced by activating commercial iridium, which is 60 percent iridium-193
and 40 percent iridium-191, in a nuclear reactor. The rosu!tin? product is a
mixture of approximately 40 percent iridium-192 and 60 percent iridium-194,
The iridium=194, which has & half-1ife of 17 hours, decays to less than 2
percent of its original concentration in about four days. Iridium=192 has a
half-1ife of 74 days. The decay chart for the iridium-192 source involved in
the Korean incident is shown in Figure B.1.

Iridium-192 emits three principal gamma rays that are of interest in
r??ioq;aphy. These gamma rays have principal encrgies of 311, 468, and 603
kilovelts,

Figures B.2 through B.4 give the decay scheme, dose rates versus distance,
and half-value layers of iridium=192.

The iridium=192 used in radiographic devices as a source of radiation is
encased in a metal capsule. The source capsule, made from stainless steel and
welded to form a hermetic seal, is the principal means for preventing the
radioactive material from dispersing (Fig. B.5). The source capsule must
maintain its integrity and leak-tightness when subjected to certain test
conditions in order to be approved by the U.S. Nuclear Regulatory Commission
for transportation or for use as an industrial radiography source. The source
capsule is generally attached to a source cable assembly or source “pigtail"
assembly (Fig. B.6), to provide a coupling device for transferring the source
between a shielded and an unshielded position or to a source changer for
storage or transport.
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Dose Rates per Hour per Curie

Distance Iridium &2
1 FOOT 52 R
2 FEET 13 R
4 FEET 326 MR
8 FEET 81 MR
10 FEET 52 MR

Figure B.3 Iridium-182 Dose Rates vs. Distance

B-4

Aprendix B



Iridium- 182

1/90 Value 1/2 Yalue
" Layer® Layer®

Lead 0.64 inch 0.19 inch
Steel 20 inches | 0.61 inch

Concrete 6.2 inches 1.9 inches

Matorial

Aluminum $.2 inches 1.8 inches

100 value and 12 valus leyers are the thioknesses 0f matenal
needed 10 reduce the radiation intensity (Roentgens Mr ) 10 110
ent 1.2 of the onging' Imensity  respectively

Figure B.4 Thickness of Shielding To Reduce
iridium-132 Radiation
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Appendix C
Event Chronology Table

The following table concisely describes the events of this incident as they
occurred, beginning with shipment of the source by its manufacturer through

the time of 1ts discovery at Amersham Corporation (Amersham) and subsequent
analyses.

DATE EVENT COMMENT

04/18/89 Industrial Nuclear Company (INC) Source was shipped in an
san Leandro, California, shipped 1R-50 source exchanger, an
a Model No. 8, 56-Curie Ir-192 NRC-approved package
source Serial Number (S/N) 1062 to
its distributor, Boo Kyung Sa, Ltd.,
Seoul, Korea.

04/24/89 Boo Kyunyg Sa, Ltd., supplied Korea
Industrial Testing Company (KIT)
with the Ir-192 source (S/N 1062).

10713/89 Amersham, Burlington, Massachusetts, The source was shipped in an
shipped a Model No. G3, 64-curie, Automation Industries 500-SU
Ir-192 source to 1ts disuributor, source changer (S/N SU-610),
NDI Corporation, Seoul, Korea. an NRC-approved peckage

10/31/89 NDI Corporation supplied KIT with The Mode)! G3 source is designec
the Model 500-SU source changer to be used with Gamma Century
(S/N SU-610) containing the Mode) SA exposure devices.
No. G3 source.

11/01/89 Sometime in this period, the 500-SU
to (S/N SU-610) source changer was
01/18/90 wused to store one or more "depleted"
Ir-192 sources, including the INC
Model No. 8 source (S/N 1062).

01/18/90 NDI took possession of the 500-SU
source changer (S/N SU-610) from
KIT and brought the device to
NDI's facility for storage. At
this time, the Mode! No. 8 Ir-192
source (S/N 1062) was inadvertently
left in the source changer when it
was given to the NDI representative
for return to Amersham, Burlington,
Massachusetts. Neither NDI or KIT
performed any radiation surveys of
the device at KIT because the
Changer was believed to be empty.
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DATE

EVENT

01/20/90

01/21/90

01/21/90
to
01/29/90

01/28/90

01/29/90

/09/90

NUREG-1405

Under arrangements made by NDI with
their freight forwarcer, Daeil
Shipping Company, Ltd, a Non-Vesse)
Operating Common Carrier (NVOCC),
the 500-5U source changer (S/N
SU-610) and 13 other 500-5U source
changers were transported by truck
to U-Jin Packing Company, Seoul,
Korea. U-Jin made a wooden shipping
crate to enclose the 14 source
changers for overseas transport.

The wooden crate containing the 14
Mode)l 500-SU source changers was
transported by truck from the U=Jin
Packing Company in Seoul to the
Dongbu Express Company, Pusan (a
Container Freight Station).

The wooden crate was loaded in a
ocean cargo container (HJCU704673~1)
for transport by a Hanjin Shipping
Company vessel tc Los Angeles,
California.

Container HJCU704673-1 was loaded
aboard the $.5. HANJIN MOKPO, a
Korean flagged and registered
containerized cargo ship bound for
Los Angeles.

The $.5. HANJIN MOKPO departed
Pusan for Los Angeles.

The $.5. HANJIN MOKPO arrived off
the coast of the Los Angeles=Long
Beach area.

The S.5.HANJIN MOKPO arrived at
Hanjin Company's Berth 127.

Container HJCU704673-1 was off-
loaded from the ship onto a
container trailer chassis and
stored on Hanjin's terminal site
in position J~053

COMMENT

Surveys performed by NDI
indicated radiation levels
between 0.03 and 0.5 millirem
per hour in the area where
the source changers were
stored. Dose rates between
0.9 millirem and 1.2 millirem
per hour were measured on the
source changers.

The wooden crate may have
sustained damage while being
loaded into the ocean cargo
container.

The ship remained at sea during
a labor problem that involved
marine pilots and the unavail-
ability of the Hanjin Company's
berth for docking.
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DATE

EVENT

COMMENT

02/14/90

02/16/90

02/17/90

02/18/90

02/19/90

NUREG-1405

Under arrangements made by Daei)
Shipping Company's U.S. agent,
Fidelity Transport Company, NVOCC,
container HICU704673-1 was moved

to the Nova Transportation Services
Company's (Nova) CFS in Compton,
California

A Covenant Transport, Inc. (Covenant)
trailer was loaded with four east-
bound consignments by Nova CFS. in
the reverse order of scheduled
delivery to facilitate unloading
Because the crate was part of the
last consignment, it was the first
1tem loaded into the trailer. and

was positioned in the right-front
corner,

Two drivers in a truck tractor from
Covenant, a motor freight carrier
contracted by the Nova CFS,

picked up the trailer and left for
the East Coast

The drivers resumed eastbound travel,

Arizona;
Arrived Amarillo,

4 m.: Arrived Oklahoma City,
Oklahoma.

9 am: Arrived Terre Haute, Indiana:
1:30p.m.: Arrived Hebron, Ohio:
3 p;@v:‘Departen Hebron, Ohio;

) p.m. Arrived Coraopolis,

PennsyTvaiia at the (Nu Tranz Freight

Systems, Inc. (Nu Tranz) warehouse.

The container was opened and
the cargo removed for shipment
Lo its consignees. When the
wooden crate containing the
source changers was unloaded,
damage to the crate was
noticed and documented

U.S. Customs Service officials
did not irsnect the crate at
Los Angeles. They considered
the crate to be "in-bond"
until cleared by the Boston
District Customs Office

Snow prevented trave)

on Interstate 15. The
drivers stayed overnight

ay a mote! in San Bernardino,
California.

California

Driving was continuous except
for food and fue) breaks.

Continuous driving.

The drivers slept onboard the
truck at Nu Tranz terminal to
await unloading of the first
censignment
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DATE

EVENT

02/20/90

02/21/90

2/22/90

NUREG-1405

9 l.n.-%l a.m.: Nu Tranz employees
unloade e first consignment.
Travel resumed at 11 ° m.

8 p.m.: Arrived at the Port East,

nc. (Port East) Warehouse in
Baltimore, Maryland.

8 a.m.~11 a.m.: Port East employees
unloaded the second consignment.
Travel resumed at 11 a.m.

2:30 p.m.: Arrived at Evans Delivery
n Fﬁglaae1phia. Pennsylvania. Both

drivers and one Evans employee
unloaded the third consignment.
Travel ro-.7ed at 4:30 p.m.

7:30 p.... Stopped for a *=ainute

reak at Truck Service ¢ uic,
approximately Exit 37, i-% north
in Connecticut.

10 p.m.: Arrived at a Truck Stop
at Exit 13 Interstate 30 East in
Massachusetts.

9:30 a.m.: Resumed travel.

11:30 a.m.: Arrived at the Patriot
Trucking Company (Patriot) Warehouse
at Logan Airport in Boston,
Massachusetts. Both drivers and

two Patriot employees unloaded the
fourth and last consignment.

when unloading the crate, the senior
driver noticed that it was severely
damaged and that some of the source
changers had been knocked out of

the crate. As he reloaded the
source changers into the crate, he
noticed the -adioactive material
labels and became concerned about
the status of the shipment.

The Covenant driver contacted his
management to advise them that the
crate contained devices labeled as
radioactive material.

C-4

COMMENT

The drivers slept onboard the
truck at the Port East terminal
to await unloading of the
second con«ignment.

The drivers slept onboard
the truck overnight.
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EVENT

COMMENT

02/23/90
to
03/07/90

03/07/90

03/08/90

NUREG-1405

Covenant management personnel asked
the NOVA officials about the
contents of the shipment and were
informed that the source changers
were empty and did not contain
radioactive materials. Covenant
management so informed the driver,
indicating that the cargo was not
hazardous.

A Patriot fork-1ift operator unloaded
the wooden crate from the trailer and
placed it in storage in the bonded
freight enclosure.

During this period, some Patriot
employees and U.S. Customs Service
inspectors reported occasionally
passing near the wooden crate. A

U.S. Customs Service inspector noticed
the damage to the crate and the radio-
active materials labels on the source
changers on or about 2/28/80. The
inspector subsequently asked Patriot
management to remove the package as
soon as possible.

U.S. Customs Service officials
cleared the wooden crate for
delivery to Amersham.

2 p.m.: The wooden crate was loaded
abcard a Patriot tractor-trailer for
delivery to Amersham, Burlington,
Massachusetts.

2:30 p.m.: The Patriot truck arrived
at Amersham's Burlington,
Massachusetts, facility. During the
cource of unloading, it was noticed
that the crate had broken open during
shipment. The source changers were
scattered over the floor of the
trailer. Radiation dose rates of
150 rem per hour were measured at
the surface of source changer S$/N
SU-610.

Amersham determined that a sealed
source had been erroneously included
with the shipment of empty source
changers; the sealed source was later

C=%

The crate, unsecured, was the
only freight loaded onboard
the Patriot trailer.

After se..iring the source in
a safe condition in a "hot
cell" facility, Amersham's
Radiation Safety Officer
notified NRC Region I of the
incident,
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EVENT COMMENT

identified as INC Source Model No. 8,
S/N 1062. Subseqguently, Amershan
safely removed the sealed source from
the source changer.

03/09/90 NRC's Region 1 Office dispatched two
region-based inspectors to perform a
preliminary investigation of the N
incident. NRC's Region 1 also issued g
a Confirmatory Action Letter to .
Amersham, to ensure that all "
materials, records, and components -
associated with this incident were
preserved for investigation by -
the NRC. -

|
03/10/90 Members of the NRC Incident {
Investigation Team (Team) arrived o
; in Boston to begin the investigation :
' of the incident in that area. -

| 03/11/90 Members of the NRC Team arrived in L
o Los Angeles to begin the investiga- =
’ tion of the incident in that area.
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APPENDIX D

NRC Certificate of Compliance Mo. 9006
for the Model Al 500-SU Source Changer
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“WaC PORY 910 U$ NUCLEAR REGULATORY COMMISSION
v s CERTIFICATE OF COMPLIANCE ;

P FOR RADIOACTIVE MATERIALS PACKAGES

s —

[ € PACHALE DENY LAY

ON WUMBEF

2006 | 9 USA/$006 /8(U)

10 CERYVI IS AT NuMRG e —7( BEV L DN NUMBES

PRLAMB.E

VLML, R T

T,

8 This coribigote 1 /s et 10 conidy tha' the PACRARING BN0 CONMENIS D08t DOC i hem & Delow meets the 40D+

CADIe SaTely s1an0a s se lonh in Titie
O Feoera Regumions Pan 11 Pacaag ng 610 Transponatior o Rasoaciive Mate s

e —— . - i .,

This cortihicate 00es NO! releve the COns 9RO oM complance wilh any reguitement o the "Quiations o' the U S Depanment of Transponalion of othe
AOPICEbIe reQUIBID’y 0QENCIEs INCIVOING Ihe Qovernment of 80y counity through 0 ING which the PACAAQE wil De 1ranspOnee

SO N

oS CERYICATE 18 IS5UED O

THl BASIS OF & SAFETY AALYSIS REPORY OF TwE PACKAGE DESION OR APP_ (L aTiON
8 ISSUED Y0 e ene doorens

b TITLE AND IDENTIHICATION OF REPORT OF AFPLICATION
Amersham Corporation : Tech/Ops Inc. application

40 North Avenue Gated March 31, 1986,
Burlington, MA 01803 ?

71-9006
¢ DOCKEY NUMBER

— S— .

CONDIVIONS

This COMUNGate 1t CONA-LONE! upon Iyl NG Ihe requitements of 10 C7R Pan 71 as applicadle and the CONDMLONS spec leC beiow

(a) Packaging

(1) Model No.: Al 500 SU

s\

(2) Description

A radiographic source changer consisting of a welded 10-gauge stainless
steel box, approximately 5" wide x 6" high x 11" long. The source
changer has a positive closure hinged flat plate cover and a depleted
uranium shield. Two titanium tubes are positioned in the center of

the depleted uranium and house the source capsules and the sou=c

cahle assemblies. The two openings are closed by locking asseablies
énd threaded caps. The oross weight 1s approximately 65 pounds.

Drawings

The packaainn is constructed in accordance with Tech/Op
Drawing Hos. A1S00SU90, Sheets ) through 7 of 7, Rev. B
Sheets 1 and 2 of 2; AI5005U92:
Rev. A.

S,

and optional Drawing No. A!

Contents
(1) Type ana form of

Iridium 192 as a sealed source which meets the requirements of specia)
form radiocactive materia).
Maximum quantity of material per package

120 curies




FRRTRE———— ey s e N NN Y

CONDITIONS continuec)

Page 2 - Certificate Mo. 9006 - Revision No. ® - Dociet Yo, 71-800¢

6. The source shal) be positioned within the titanium tubing by a socurce cadble
assembly which meets the parameters shown in Tech/Ops, Inc. Drawing Hos. 42402.
1. Rev. F, and 42402-4, Rev. B.

7. The name plate shall be fabricated of materials capadle of resisting the fire
test of 10 CFR Part 71 and maintaining fts legirility.

8. The package authorized by this certificate is hereby approve. for use under the
general license provisions of 10 CFR §71.12,

9. Expiration date: May 31, 1990,
REFERENCES

Tech/Ops, Inc, application dated March 31, 1986.
FOR THE U.S. NUCLEAR REGULATORY COMMISSION

Gt Jorlak!

: Transportation Certification Branch
i Divisior of Fuel Cycle and
' Materia! Safety, MMSS

Date: JUL v ¥ 1986
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APPENDIX E

Safety Evaluation Report for the Model 500-SU
as a Radiographic Source Changer




REGISTRY CF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF DEVICE
(AMENDED COPY)

NO: NR-628-D-171-$ DATE : wap 84 @ PAGE: 3 of €

DEVICE TYPE: Radiographic Source Changer

LABELING:
Attached to the exterior housing of the Model 500-SU source changer is a
stainless steel labeling plate ?10 gauge) which has markings etched 0,010 inch

deep. Thes: markings conform to the requirements of 10 CFR 20,203, 71 and 34
with Department of Transportation Title 49,

Further, each changer is accompanied by a set of user instructions and a source
certificate with uecay data, leak test certificate, and return shipping labels,

DIAGRAM:

See Attachment 1.

CONDITIONS OF NORMAL USE:

The Model 500-SU source changer is used primarily for the transfer of
encapsulated radicactive sources to radiographic exposure devices. The

source changer is designated to contain the radioactive sources during transfer
and to prevent the field exchange of source.

PROTOTYPE TESTING:

The Model 500-SU source changer was deemed acceptable for licensing purposes by
the NRC on October 31, 1975. Tech/Ops performs a shieiding comparative test
and dimensional test on source assemblies to be used in the device to
demonstrate that they will be compatible with the source changer,
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION QOF DEVICE
(AMENDED COPY)

NO: NR-628-D-171-$ DATE : WR24 @  PAGE: 4 of 6

DEVICE TYPE: Radiographic Source Changer

EXTERNAL RADIATION LEVELS:

A radiation profile performed by the manufacturer with a 34 curie source in the
storage position showed a maximum radiation reading of 15 mR/hr at the surface
of the device. Additionally, the manufacturer reported the following dose
rates. These values are acceptable pursuant to 10 CFR Part 20 and 34.21.

MODEL 500 SU SOURCE CHANG
SERIAL NUMBER 529

ACTIVITY OF 50.5 CURIES OF IRIDIUM 192
MAXIMUM RADIATION INTENSITY (mR/hr)

At At One Meter At At One Meter

Surface From Surface Surface From Surface
TOP 26 £1.0 28 <1.0
FRONT SIDE 34 <l1.0 34 <l1.0
RIGHT SIDE 38 <l.0 26 <1.0
REAR SIDE 22 <l.0 26 <l1.0
LEFT SIDE 32 <1.0 50 <1.0
BOTTOM 52 <l.0 4?2 <.0
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF DEVICE
(AMENDED COPY)

NO: NR-628-D-171-5 DATE:  wap 4 86 PAGE: & of 6

DEVICE TYPE: Radiographic Source Changer

QUALITY ASSURANCE AND CONTROL:

Tech/Ops quality assurance and contrcl program aireau, "as been deemed
acceptable for licensing purposes.

LIMITATIONS AND/OR CONDITIONS OF USE:

o

The device shall be distributed only to persons specifically licensed
by the NRC or an Agreement State.

The device/source shall be leak tested at six (6) month intervals

using techniques capable of detecting 0.005 microcurie of removable
contamination.

Handling, storage, use, transfer, and disposal: To be determined by
the licensing authority. In view that these sealed sources exhibit
high surface dose rates when unshielded, thess -~ealed sources should
be handled only by experienced licensed persc < | using adequate
remote handling equipment and procedures.

This registration sheet and the information contained within the

references shall not be changed without the written consent of
the NRC.

Reviewer Note: This device was manufactured and distributed by
Automation Industries (Al). Tech/Ops purchased the rights to
all Al equipment and is now manufacturing and servicing the
equipment. Al is no longer in business.

NUREG-1405 Appendix E




REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF DEVICE
(AMENDED COPY)

NO: NR-628-D-171-$ DATE: wamBé B5P PAGE: 6 of 6

DEVICE TYPE: Radiographic Source Changer

SAFETY ANALYSIS SUMMARY:

Based on our review of the information and test data cited below, we continue
to conclude that the Model 500-SU source changer design is acceptable for
licensing purposes. Furthermore, we conclude that the device would be expected
to maintain its containment integrity for normal conditions of use and
accidental conditions which might occur during uses specified in this
certificate.

REFERENCES :

The following supporting documents for the 500-SU source changer are hereby
incorporated by reference and are made a part of this registry document:

. Supersedes registration sheet NR-628-D-171-S dated October 17,1984,

» Tech/Ops letters of amendment dated June 11, 1984 and August 12, 1985
with enclosures thereto.

ISSUING AGENCY:

U. S. Nuclear Regulatory Commission

s

(&

e

" 3
CONCURRENCE : __ /Q‘dwv/y/ﬁz

//
£
s (g

)
REVIEWER: 7

v
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF DEVICE
(AMENDED COPY)

‘, No: NR-vw28-D-171-§ DATE : wAR 24 R85

Table 1

B Source Assemblies and Radiographic Exposure
n Devices Compatible for Use with the
h% 1 Model 500 SU Source Changer

Radiographic Exposure

source Assembly Model No. Device Model No,

. A424~, 402,404, 42
¥ | 489, 490, 491, 496
'f.v 498, 49BA, 524
’ 525, 532, 533, 699
Ad24-9 402, 660, 713, 796
; 814 520
. | 848 Gamma Industries Century
" Spec 2T
: Gulf Nuclear 20V
866 520
39990; AlQ 100A serfes, 10A, 20A
130013; All 30BA, 40 BA
‘ 41706; B2 508 series, 51B, 528
i 41706; B3 o= 538, 110AB
: 41708; C2 60C series,61C
41708; C3 T aar iy
41300, Hl 151H, 152H, 153H
41045; Jl

161J, 1620, 163J

200-520-004; N2
200-5¢0-010; N3'“"-—-___‘_.___.._..______‘::=__
200-520-008; N4 520

i
200-520-011; N5

36910; Tl s~ 490 498, 533

36910; T2

200-660-09; T3 660, 664

36910; TS 533, 490, 498

200~660-009; T6 == 660, 664

39998; Gl Gamma Century "35"

39998; G2 "Gulf Nuclear V20

39998; 63 Gamma Century =SA

39998; G5 Gamma Century="35"
Gulf Nuclear V20

39998; G6 Gamma Century = SA

39998; SR Sinco Ray Du=100P

500120;CR Cumberland Res CRC-120
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REGIL .Y OF RADIOACTIVE SEALED “URCE AND DEVICES
SAFETY EVALUATION OF VEVICE

ND.: NR-62B-D-171-$ DATE: war24 €86

(ATTACHMENT 1)

29 LBS.

DEFPIETED UPAMIUM SHIELD

— NET WEIGhT OF
SRS

SHIELD

7

4
7’

Yv |

r
%
; 9
0O A

|
i spaancin £ Tkl
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF DEVICE
(AMENDED COPY)

NO: NR-628-D-171-5 DATE :

MAR 24 1906 PAGE: 1 of 6

DEVICE TYPE: Radiographic Source Changer

MODEL : 500-SU

MANUFACTURER/DISTRIBUTOR: Tech/Ops, Inc.

Radiation »~oducts Division
40 North Aven,e

Burlington, MA 01803

SEALED SOURCE MODEL DESIGNATION:

Various (See Table 1 for delineation)

ISOTOPE : MAXIMUM ACTIVITY:

Iridium- 192

120 curies
Depletzd Uranium (As shielding)

39 pounds (18 kilograms)

LEAK TEST FREQUENCY: 6 months

PRINCIPAL USE: (A) Industrial Radiography

CUSTOM DEVICE:  YES X__NO
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF DEVICE
(AMENDED COPY)

NO: NR-628-D-171-S DATE:  wAR 24 QB  PAGE: 2 of 6

DEVICE TYPE

em——

Radiographic Source Changer

DESCRIPTION:

The Model 500-SU radiographic source changer consists of a welded stainless
steel (10-gauge) rectangular box, approximately 5 inches wide and 6 inches high
by 11 inches long and containing a depleted uranium shield encased in a welded
compartment. The void space between the outer box and the 39 pound uranium
shield is filled with high temperature solid epoxy. A hinged cover which is
normally locked (key actuated) in place permits access to the internal
compartment and two titanium tubes of 3/8 inch ¢ 1/64 inch inside diameter will
accept pig assemblies (source capsule, locating ball and cable) of between 6-4
to 7-7/16 inches long. In practice, one source tube is loaded and one is
emptied to receive spent source. The various pig tails were accommodated by
varying the bored depth of the 9/32 inch diameter recess in the lock box
threaded seal caps up to l-i inches in depth., This is to assure that all
source assemblies will always be secured firmly into the dead-ended titanium
shield tube. To prevent tampering a lead seal is provided through each
titanium tube cap (one round, one hex head). The source changer has a gross
weight of approximately 60 Lbs,

Effective with the issuance of this certificate and the transportation package

certificate the 500-SU source changer hold down arrangement will be phased out
with a modified key lock hold down mechanism. The source assembly is held in the
shielded storage position by a¢ "lockslide". The lockslide creates an
interference with the stop ball, preventing its movement out of the shielded
position. The lockslide is held in position by a latch pin and by a key
operated lock. The lockslide cannot be moved from the lock position until both
the key operated lock is unlocked and the latch pin is depressed by the
insertion of a source guide tube into the lock bodv. With both interferences
removed, the lockslide may be moved to the open position, allowing transfer of
the source assembly. The addition of a second locking tall is necessary on
some sources to correctly position and lock the source in the changer. The
lockslide is only intended to keep the radiographer from complete removal of
the source and maintain as much shielding of the source as possibie. The
continued use of the tube and caps will grantee that the source is held in

the most shielded position. The end caps are given alpha character

designatio: after the device model number., For example 50C-SU(N), (B&N), (G)
etc., side or back shielding plates may be welded on the device. This is
necessary to allow all devices to be loaded with a 120 curie source. The

addition of these shielding plates is necessitated by the lack of uniformity
in the shielding.

The Model 500-SU source changer is suitable for changing the source assemblies
into the devices as identified in Table 1. Identity of the source in a device
is maintained using the source plate which is secured to the end of the lead
seal wire,
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APPENDIX F

Autherized Sources for Transport in the
Model 500-SU Source Changer
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APPENDIX G

Regulations Applicable to Transportation
of Radiographic Sources




Appendix G
1 U.S. Nuclear Regulatory Commission Regulations

The NRC regu]ations for transportation of radiocactive materials are codified

in Title 10, Code of Federa) Re ulations, Part 71 (10 CFR Part 71). These
requirements provide the technical standards for the review and approval of
packages to be used to transport quantities of radioactive material qualifying
for Type B packages. A provision in 10 CFR 71.5(a), however, effectively
requires that all licensees (who transport or who deliver to a carrier for
transport), follow DOT's 43 CFR hazardous materials regulations (HMR) in Title
49 with respect to classification, packaging, marking, labeling, shipping papers,
incident reporting, carriage, placarding, and so forth, even for quantities not
requiring a Type B packaging. As a result of this regulation, NRC inspectors
routinely inspect NRC licensees for compliance with both DOT (Title 49) and

NRC (10 CFR Part 71) requirements. The general license provisions of 10

CFR 71,12 require licensees to use NRC-certified packages in accordance

with the conditions specified in the NRC certificate (see Sec. 7 of this report).
In addition, 10 CFR 71.87 requires that the licensee determine that the contents
of the package are proper for the package being used. (This requirement is

aiso found in DOT regulations, 49 CFR 173.475(a)). For shippers and carriers

in intrastate commerce not subject to DOT jurisdiction, most States adopt and
enforce 49 CFR HMR. In NRC Agreement States, 10 CFR Part 71 has been adopted.

The NRC regulations in 10 CFR 110.23(a) provide a general license to any person
to export almost all forms of byproduct material, except to certain countries,
Similarly, 10 CFR 110.27(a)(3), authorizes any person to import byproduct
material if the consignee is authorized to possess the material under a general
or specific license that has been issued by the NRC and an Agreement State.

Under 10 CFR 20.205, licensees receiving a Type B quantity of material are
required to monitor packages for radiation levels and contamination. Licensees
are required to report to the NRC excessive surface contamination or

external radiation exceeding regulatory limits. This regulation is unclear as
to whether these reports are required in those instances where a survey was
performed, but was not required, that is, when it was performed on a Type A or
an excepted package and exceeded the limits. Because this shipment did not
involve a Type B quantity, monitoring was not explicitly required.

2 U.S. Department of Transportation

U.S. Department of Transportation (DOT) is responsible, under the authority
provided to it in the Hazardous Materials Transportation Act (HMTA) and earlier
legislation to regulate the safe transportation of hazardous materials in
interstate and foreign commerce.* The DOT Hazardous Materials Regulations

* U.S. Congress, "Transportation Safety Act of 1974," 93rd Congress,
H.R. 15223, Pub.L. 96-633, 49 USC 1801, January 3, 1975,
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(HMR) are codified in Title 49, Code of Federal Regulations, Parts 100-178

(49 CFR 100-178). Essentially, fitle 49 prescribes requirements for

the appropriate classification, packaging, marking, and labeling of packages
and for certifying ad communicating information to carriers about the shipment
of hazardous materials, Title 49 also prescribes DOT requirements for

carriage by rail, air, water, and highway, Parts 174, 175, 176, and 177,
respectively.

2.1 Package Types Regired for Radioactive Materials

The three types of required packaging for radioactive materials, are ==

1. "excepted packages," for which there are essentially no prescriptive
requirements;

Type A packaging, which is designed to safely retain its contents during
normal conditions of transport; and

Type B packaging, which is expected to safely retain its contents during
both normal and severe accident conditions.

The regulatory criteria for Tvpe A and Type B packaging are based on design

and testing or evaluation of the package against performance standards, rather
than on prescriptive hardware specifications. However, whereas most Type A
packages are essentially "self-approved" by the user and acceptable unilaterally
around the worid, Typc © package designs must be approved by a regulatory
authority (such as the U.S. Nuclear Regulatory Commission), and, for some
international shipments, the competent authorities of the countries involved

in the shipment. The competent authority for the United States is the DOT.

2.2 Type A or B Package With a Source

For a transport package containing an iridium-192 (Ir-192) source exceeding 20
curies (Ci), DOT regulations require that a Type B package be used, usually in
the form of an NRC-certified package (for a discussion of packaging for sources,
see Sec. 7 of this report). When a source changer contains Ir-192 sources of
less than 20 Ci of activity, the regulations authorize use of a Type A package.
Because the 1r-192 source in this incident was less than 20 Ci, the regulations
authorized a Type A package. DOT regulations 49 CFR 173.415(c)) permit the

use of any NRC-certified Type B packaging, such as the Model 500-SU source
changer, for use as a Type A package. However, DOT regulations are silent on
the specific conditions under which Type B packaging may be used for a Type A
shipment. DOT regulations are also ambiguous as to whether the Type A package
would have to meet the terms and conditions of the NRC certificate or would need

only to comply with the DOT's standard requirement for all packages
(49 CFR 173.24).

2.3 Excepted packages

An “excepted" package, although still subject to regulation, is essentially
excepted from most of the requirements, such as marking, labeling, specified
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packaging, and shipping papers. Two such "excepted" categories are "Radio-
active material, empty package" and "Radioactive material, article
manufactured from depleted uranium." Certain conditions must be met in order
for either "excepted": category to apply, including =-

1. The maximum surface radiation must not exceed 0.5 millirem per hour,
2. The shipmcit must be “"certified as being acceptable for transportation by

having a notice enclosed in or on the packaqe, included with the packing
list, or otherwise shipped with the package” (49 CFR 173.421-1(a)).

2.4 Survey Requirements

The transportation regulations do not require carriers to monitor or survey
packages or shipments for radiation or contamination during shipment. DOT
requires that shippers, before sach shipment, "ensure by examination or
appropriate test, that ...external radiation and contamination are within the
allowable limits...," Title 49, Code of Federa) Re ulations, Parts
173.475(a)(9). In the Korean shipment of source changers, the organization
most directly responsible for ensuring that no sources were present in the
Model 500-SU source changer before it was shipped, as well as for surveying it
to determine that radiation levels were within acceptable limits, was the
shipper, NDI Corporation (NDI). KIT was responsible for ensuring that the

source changer was empty when it was presented to NDI even though NDI rather
than KIT was the shipper.

2.5 Communication Requirements

In addition to the packaging requirements, an extensive system of communications
regquirements are embodied in the DOT regulations. They are intended to ensure
that the appropriate information about the hazards of the material in the
shipment are available to carriers that handle the shipment, to civi)
authorities, and to the general public in the event of an emergency involving
the package. This information includes marking and labeiing the package and
preparing and certifying shipping documentation. Communications requirements
are minimal for excepted radioactive material packages.

2.6 Carrier Requirements

The requirements imposed on carriers are generally not extensive, but do
include the following:

blocking and bracing packages within a vehicle;

controlling stowage to separate packages with high radiation levels from
people;

ensuring possession of and easy access to the shipping documents for
hazardous materials within a vehicle: and,

placarding certain shipments with radioactive materials placards.
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2.7 The Role of Agents, Brokers, and Freight Forwarders

The transportation of goods in commerce frequently involves middlemen, such as
freight forwarders, brokers, and warehousemen. Such middlemen are frequently
involved in the domestic transportation of hazardous materials, and are always
involved in international shipments. They act as agents for shippers or
receivers, serving to expedite the movement of shipments, arrange for carriers,
expedite paperwork, and in some cases prepare packaging. expedite customs
clearances, etc. A number of these middlemen were involved in the Korean
shipment: Daeil Shipping Company, Fidelity Transportation, Inc., and
International Specialists, Inc.

Accordingly, it is often difficult to identify the actual shipper for purposes
of determining noncompliance with the DOT HMR, particularly with respect to
international shipments. DOT hazardous materials regulations in Title 49 do
not define "shipper." The term "any person who offers" is used throughout
Title 49 when a shipper's responsibilities are listed. The DOT holds the
position that more than one party can and often does perform the functions of
a shipper (see Sec. 8, Ref. 3). In investigating violations, DOT often finds
that more than one party is culpable for noncompliance with the HMR, but DOT
also holds that there are varying degrees of culpability.

In this shipment, NDI acted as the entity making the shipment from Seoul to
Boston and was, therefore, responsibile for ensuring that the material being
offered was properly identified, classified, packaged, marked, and Jabeled.
NDI was aiso responsible for preparing the required certification and shipping
documentation. Daeil acted as carrier and shipping agent representing NODI,
responsible to NDI for the proper packaging, transportation, and delivery of
the material.

while culpability may be shared in some cases, in this instance, the burden of

ensuring that the source changers were appropriately identified and controlled
as radioactive material rested principally with NDI.
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