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Abstract 

The U.S. Congress directed the U.S. Department of Energy to establish a domestic source 
of molybdenum-99, an essential isotope used in nuclear medicine and 
radiopharmacology. An Environmental Impact Statement for production of 99M0 at one 
of four candidate sites is being prepared. As one of the candidate sites, Sandia National 
Laboratories is developing the Isotope Production Project. Using federally approved 
processes and procedures now owned by the U.S. Department of Energy, and existing 
facilities that would be modified to meet the production requirements, the Sandia 
National Laboratories’ Isotope Project would manufacture up to 30 percent of the U S .  
market, with the capacity to meet 100 percent of the domestic need if necessary. This 
paper provides a brief overview of the facility, equipment, and processes required to 
produce isotopes. Packaging and transportation issues affecting both product and waste 
are addressed, and the storage and disposal of the four low-level radioactive waste types 
generated by the production program are considered. Recommendations for future 
deveIopment are provided. 

* This work was performed at Sandia National Laboratories, Albuquerque, New Mexico, for the U.S. 
Department of Energy under Contract DE-AC04-94AL85000. 

** A U.S. Department of Energy facility. 
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PROJECT NEED AND BACKGROUND 

Nuclear medicine is an expanding segment of today’s medical and pharmaceutical 
communities. Specific radioactive isotopes are vital, with molybdenum-99 (99M0) being 
the most important medical isotope. The decay product of 99M0 is the isotope 
technetium-99m (99mTc), which is the medically useful element in its metastable form. 
The metastable state of a nucleus is at a higher energy potential than the ground state [ 11; 
this property produces gamma rays upon transition that are detected by medical 
equipment. 

Nordion International Inc. manufactures much of the world supply of the 99M0 used for 
medical purposes in a reactor operated by Atomic Energy of Canada, Ltd. The reactor’s 
useful life is expected to expire by the end of this century. The possibility of this reactor 
being shut down prompted the U.S. Congress to direct the U.S. Department of Energy 
(DOE) to provide for a domestic backup source for this essential isotope. An 
Environmental Impact Statement for the production of 99M0 at one of four alternative 
sites is being prepared by the DOE. Although the final selection of a site awaits the 
completion of the National Environmental Protection Act process, Sandia National 
Laboratories (SNL) has been indicated as the preferred site. 

The SNL Annular Core Research Reactor (ACRR) was evaluated as a facility to produce 
99M0 (and later other isotopes that can be economically extracted from the process). 
Medical isotope production at SNL is a new manufacturing venture. Should SNL be 
selected and the project achieve the manufacturing stage, the SNL facility would serve as 
a backup to the Canadian supply to provide up to 30 percent of the U.S. market under 
normal circumstances, with the capability to produce 100 percent of the domestic 99M0 
requirement should the need arise. 

The DOE has produced radioisotopes for users, both public and private, for decades. In 
the private sector, Cintichem, Inc., manufactured 99M0 and several other isotopes for a 
market segment in the U.S. as recently as 1989. The Cintichem process was approved by 
the U.S. Food and Drug Administration (FDA). Rights to the patented process (and the 
Drug Master File documenting the process) were acquired by DOE in 199 1 ; DOE 
proposes to use this process to avoid the development time and expense of qualifying a 
new process. Ancillary equipment acquired by the DOE included packages for product, 
wastes, and spent fuel. 

The proposed project would fabricate unirradiated targets to Cintichem specifications, 
followed by irradiation in the SNL ACRR. The irradiated targets (contained in a transfer 
cask) would be moved to the adjacent Hot Cell Facility (HCF) for processing. At the 
HCF, the radioisotopes of interest would be separated from the fission product inventory. 
The short half-life product, 99M0 in NaOH, would then be transported by air to U.S. 
radiopharmaceutical manufacturers. Fabrication process wastes would be temporarily 
stored at SNL for later disposal at authorized waste facilities. 
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THE REACTOR 

DOE views SNL’s ACRR, HCF, and other associated facilities to be a promising site for 
this isotope production program [2] for several reasons. The ACRR is a modern facility 
in an operational state with characteristics that are compatible with radioisotope 
production. It is capable of being dedicated to continuous isotope production, which is 
necessary to meet the demands for short-lived medical-use isotopes. The ACRR is 
colocated with the HCF and both can be modified with relative ease. The ACRR at SNL 
is in proximity to excellent air transportation facilities (the Albuquerque International 
Sunport) for radioisotope shipments. 

The ACRR facility includes the reactor and all support systems required for its operation. 
The reactor core is installed in a large open tank filled with about 10 meters of water to 
provide both core cooling and radiation shielding. The core is cooled by natural 
convection in an open water pool, and the water pool is cooled by an external heat 
exchanger. The current ACRR configuration consists of an annular array of U02-BeO- 
fueled elements with an active fuel height of 52 centimeters. The dry, steel-lined, control 
cavity would be removed from the center of the core to provide a flooded region for 
target irradiation. Two configurations, one with a maximum of 19 targets and the other 
with a maximum of 37 targets at a time, are planned. The targets used to form the 
isotopes would almost completely fuel the reactor. With targets installed, only 180 or 
130 conventional fuel assemblies, depending on the target configuration selected, would 
be required to operate the reactor. With installation of additional heat exchangers or 
cooling towers, the improved heat rejection capacity would allow the reactor to run at 
4 MW. For isotope production, the ACRR would be operated in the steady-state mode at 
or below 4 MW. 

TARGETS AND PROCESSING 

Because the ACRR is a pool reactor, targets and fuel elements would be readily 
accessible for removal. Targets consist of stainless-steel tubes approximately 45 
centimeters long and 3.18 centimeters in diameter, containing highly enriched 
uranium-235 e3%) as a 50-micron layer of uranium oxide (U308) electroplated onto the 
inside surface of the tube. Targets will be irradiated to provide a range of fission 
products that includes isotopes of molybdenum. Targets irradiated for several days 
would be removed from the core and transferred (using pass-through ports) to a rack in 
the adjacent Gamma Irradiation Facility (GIF) pool. A transfer cask would be lowered 
into the GIF pool and the irradiated target(s) would be loaded into the cask and 
transferred to the HCF using a manned transport vehicle. 

The HCF will be reconfigured to streamline the process of irradiated target processing. 
One proposed HCF modification is the addition of new steel confinement boxes (SCBs) 
that would result in safer, more reliable, and more versatile extraction operations. The 
new SCBs would provide complete process control, including waste minimization and 
management. The units would collect byproducts from the radioisotope extraction, 
process the byproducts, and package them into waste containers. Modular design would 
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allow easy replacement of components. Another important addition to the HCF is the 
Quality Control Laboratory, which is required by the approved FDA procedure. 

Irradiated targets containing almost 7.4E+14 becquerels (Bq) of fission products would 
be processed within the SCBs. The desired isotopes would be extracted from the fission 
product spectrum by chemical dissolution and precipitation procedures. First the noble 
gases and iodine would be condensed from the target fill gas and the fission products 
would be dissolved from the inside of the target. Then chemicals would be added to 
maintain specific fission products in solution and the molybdenum would be precipitated, 
filtered, and cleansed. Finally, the precipitated molybdenum would be redissolved for 
shipment to radiopharmaceutical companies. 

Although 99M0 is the initial product of interest, iodine- 13 1 (I3'I) and xenon-1 33 ('33Xe) 
may also be directly extracted from the processing line as additional medically valuable 
products. The isotope iodine- 125 may also be processed from xenon- 124, a 
nonradioactive isotope of xenon; however, this process requires additional apparatus and 
would only be explored after sufficient success is achieved in 99M0 processing. 

Each target would yield up to 29.6E+12 Bq of 99M0 after discharge from the reactor. 
The isotopes would be further purified to meet FDA standards. The isotopes would then 
be packaged and shipped in shielded casks by air freight to radiophmaceutical 
companies. Approximately 20 to 25 targets per week can meet all U.S. demand with 
proportionately fewer targets for the standby level of 10 to 30 percent U.S. demand. The 
ACRR will have the capability to irradiate up to 37 targets continuously; however, this 
level would be used only under extraordinary conditions of national need and would 
place a greater burden on the processing facility. 

WASTES 

The production program will generate low-level radioactive waste primarily consisting of 
four types. The first type is a high-activity acidic liquid that will contain the bulk of 
fission products an6 unfissioned uranium. The second type of low-level radioactive 
waste is hardware process stream waste generated from isotope separation and 
purification. This waste includes copper, stainless steel, glass, plastic, and aluminum. 
Also generated is soft waste, such as personnel protective clothing and lay down material. 
The final type of waste is spent resins generated during the operation of the ACRR and 
GIF pool. 

The 99M0 isotope extraction process wastes would account for the majority of the low- 
level radioactive waste volume generated by the proposed program. The extraction of 
isotopes from irradiated targets involves a number of wet chemical processes. These 
production activity chemical processes are benchtop processes that are conducted using 
small (< 500 milliliter) laboratory containers and other equipment of various forms, 
typically glassware. Because the isotopes that would be produced are used as 
radiopharmaceuticals for human use, the extraction process is closely controlled and 
monitored for contamination by chemical remnants and unwanted radioisotopes. Hence, 
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all laboratory equipment such as glass flasks, tubing, and the like would be replaced after 
a single use to prevent possible contamination of future batches. This equipment would 
be placed in small containers (about the size of a one-gallon paint can) that, when full, 
would be placed in a waste container. 

The acidic liquid process solutions that remain after the radioisotopes are extracted 
contain uranium and other radioactive elements called fission products. These liquid 
solutions would be neutralized as a final process step, rendering the solution nonacidic, 
solidified with an agent such as portland cement, and then placed in a waste container. 
The uranium would not be recovered from the solution nor from the solidified waste 
because it is not economically feasible to recover it at SNL or other DOE recovery 
facilities. 

The waste container used during storage and eventual disposal for this solidified process 
waste would have a volume of about 0.21 m3 (55 gallons). The radioactive process 
equipment discussed above and the solidified process waste may be placed either in the 
same container or in separate containers, based on operational and disposal 
considerations. 

The filled waste containers would be stored in a shielded area. The solidified process 
waste would be stored on site for approximately 6 to 12 months, by which time the 
radioactivity of the waste would have been reduced significantly as shown in Fig. 1. The 
process hardware waste is expected to have a lower level of radioactivity and thus could 
be transported to the selected waste disposal site after final packaging at a time that is 
being determined. 
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Fig. 1. Estimated Extraction Process Waste Container Activity Level 
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The proposed program would generate between 24 and 180 containers (similar in size to 
a standard 55-gallon drum) of low-level waste (both process hardware and solidified 
process waste) from the isotope extraction process each year. These waste containers 
would contain no more than 7.4E+13 Bq of radioactive waste when shipped to the 
disposal site in B-3 waste transport packages. Fission products would be responsible for 
nearly 99 percent of the activity level. The remaining activity would be mostly from the 
activation of the stainless-steel target shell. 

Although solidified process waste shipments could be made to the disposal site as soon as 
6 months after generation, the HCF has sufficient shielded storage area to store waste 
generated by 2 years of maximum (100 percent of U.S. need) production. Table I 
identifies most of the waste materials and quantities that are known to be included in the 
extraction process waste stream. 

Table I. Isotope Extraction Process Waste Estimates 

Copper 1.42 19.85 
Stainless Steel 1.37 19.22 

Brass 0.02 0.25 
Tin 0.29 4.03 

Aluminum Trace Trace 
Uranium 0.03 0.38 

Glass 2.75 38.56 
Plastic 0.38 5.36 

Liauid Chemicals and Water 0.37 5.17 
Dry Chemicals 0.43 5.99 

Solidifying Agent 2.41 33.71 

Total Bq (C;) [@ 6 months] 3.853+12 (104) 5.393+13 (1456) 
Total Mass 9.47 132.52 

Past assessments indicate that the wastes produced in the extraction process would not 
generate radioactive mixed wastes. This means that the radioactive waste would not 
contain nor be mixed with waste that is considered hazardous according to the Resource 
Conservation and Recovery Act. 

PRODUCT AND WASTE PACKAGING 

Table I1 shows the general characteristics of the three Type B packages that will be used 
in the Isotope Production Project. The DOT- and NRC-certified Type B [3] package 
designated for use in transporting 99M0 and 13'1 is the CI-2OWC-2 or -2A [4]. The 
primary difference between the two models is the size and the amount of shielding. Both 
CI-20WC (Fig. 2) models are steel-encased with wooden outer protective jackets, a 
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depleted uranium shielded cask, and an inner steel containment vessel. The protective 
jackets are contained within an 18-gauge steel drum. The inner containment vessel is a 
7-cm outer diameter by 14.26-cm-long, 4 16 stainless-steel, gasketed and threaded 
container. The product packages are certified for 99MoP9mTc in normal form as solids or 
liquids with a maximum quantity of material per package of 3.7E+13 Bq, and I3’I in 
normal form or liquids with a maximum quantity of material per package of 7.4E+12 Bq. 

Table 11. Type B Package Characteristics 

I Product I Waste I SDentFuel 
Characteristics I CI-2OWC-2 I CI-aWC-2A I B-3 I BMI-1 

Cavity Diameter 7.95 cm 7.95 cm 67.95 cm 39.74 cm 
Cavity Length 15.38 cm 15.38 cm 110.9 cm 138.46 cm 
Shielding 5.64 cm DU 5.0 cm DU 15.38 cm Pb 20.51 cm Pb 

+ 0.9 cm steel + 2.43 cm steel + 3.2 cm steel + 2.23 cm steel 

Weight, Empty I 200.2 kg 143 kg I 9,545 kg I 9,936 kg 
Note: The surface dose rate limit is 2 mSv/hr (200 mrem/hr) for all above packages. 

Fig. 2. CI-20WC Product Transport Package 
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The package designated for transportation of product waste is the NRC-certified B-3 
Type B package [5]. The packaging (Fig. 3) consists of a 15.38-cm lead-shielded steel 
weldment in the shape of a right hollow cylinder with a bottom containing a drain 
assembly and a recessed, plug-type gasketed and bolted lid. Packaging features include 
lifting and tie down devices and a drain to the central cavity. The maximum weight of 
the loaded package is 13,636 kg. 

Fig. 3. B-3 Waste Transport Package 

Spent nuclear fuel shipments are not expected to occur for several years. Such fuel will 
be stored until DOE designates a repository. When shipments are to be made, the BMI-1 
package will likely be used. The package assembly consists of five major components: 
the stainless-steel enclosed lead-shielded cask, the stainless-steel encased lead-shielded 
cover and gasket, the radioactive material, internal canister or basket, and a custom 
matching skid on which the cask rests vertically. 

PRODUCT AND WASTE SHIPMENT 

Isotope 99M0 decays at the rate of about 1 percent per hour (half-life = 66 hr). 
Consequently, shipment of the product must be expedited to prevent needless decay of 
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the product. Nordion, which is the only North American company presently shipping 
bulk 99M0, uses a combination of commercial and chartered air flights. 

SNL expects to ship up to 29.6E+12 Bq of 99M0 per processed target and about 6 to 7 
packages per week at the nominal 30 percent production level. The 99M0 product will be 
pharmaceutical quality, and FDA-approved procedures will be used for its production. 
The 99M0 is expected to be shipped initially on a daily basis to one of three different 
locations: St. Louis, Chicago, or Boston. Air freight express class of shipments are 
planned. If a stop is required, the shortest routing time from Albuquerque to the 
customer city will be preferable. Product movement from the SNL reactor area to the 
airport transfer point using Kirtland Air Force Base and Albuquerque International 
Sunport access roads is the preferred route, avoiding public roads. Product quality 
assurance may occur during the time the product is in shipment. 

The primary waste disposal site designated for production and laboratory wastes is the 
Nevada Test Site facilities north of Las Vegas, Nevada [6] .  The site is compatible for the 
classes of waste generated by the production processes, and the site is operational. Two 
alternative waste disposal facilities are located at the Hanford Site near Richland, 
Washington. The 200-West Waste Generation Facility is quite extensive and has several 
current burial sites as well as some older burial grounds that are monitored. A second, 
alternate site is operated by U.S. Ecology as a commercial facility. 

If the waste containers were to be transported by truck, it is most likely that one truck 
would carry one B-3 package per shipment, because of the weight of the B-3 package. 
Two packages per truck may be possible; however, depending on the exact payload 
weight, two packages would likely exceed the maximum gross weight allowed for one 
truck. The shipments would go directly from the HCF to either the primary site or to one 
of the alternative sites using the most direct route selected by the motor transport 
company. Approximately 85 shipments per year will be required. 

All packaging usedip store and transport waste generated by the isotope production 
processes will adhere to DOT requirements as specified in the applicable parts of 49 CFR 
~71. 

FUTURE DEVELOPMENT 

Nuclear medicine is growing in importance and versatility, leading to an expanding 
market both in the US. and worldwide. The need for nuclear medicine will continue to 
grow as populations increase. New radiopharmaceutical and medical substances are 
increasing the spectrum of these items available to the medical community. Concurrently, 
the number of countries acquiring such technologies is expected to increase, perhaps 
dramatically. A substantially increased demand for radiopharmaceuticals is likely to 
result. 

Future production, storage, loading, handling, and movement considerations of both 
isotope products and waste should focus on the need for modified or new containers and 
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those that are suitable for automation. Significant benefits can accumulate by minimizing 
the human element in isotope production operations. Robotics Address As Low As 
Reasonably Achievable concerns and reduce the possibility of human error. In addition, 
real-time cask identification survey and real-time radiation survey could be safely and 
quickly carried out mechanically. SNL’s expertise in robotics and automated waste 
handling should be applied to the Isotope Production Project to increase production, 
safety, and waste management. 

REFERENCES 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

C.D. CHASE, and.J.L. RABINOWITZ, Principles of Radioisotope Methodology, 
Third Edition, Burgess Publishing Co. (1968). 

SNL/NM (Sandia National Laboratories/New Mexico), “Feasibility Study of 
Medical Isotope Productivity at Sandia National Laboratories” (SAND95-2073), 
Sandia National Laboratories, Albuquerque, NM (1 935). 

NRC (U.S. Nuclear Regulatory Commission), Title 10, Code of Federal 
Regulations, Part 7 1, “Packaging and Transportation of Radioactive Material,” U.S. 
Government Printing Office, Washington, DC (1993). 

NRC (U.S. Nuclear Regulatory Commission), “Model No. CI-2OWC-2 and CI- 
20WC-2A Packages, Certificate of Compliance No. 9098,” Approval Record, 
Revision No. 7 (February 26, 1993). 

NRC (U.S. Nuclear Regulatory Commission), “Model No. B-3 Packaging, 
Certificate of Compliance No. 6058,” Approval Record, Revision No. 10 
(December 6, 1990). 

R. SEYLAR, “Approval to Dispose of Non-Defense Low-Level at the Nevada Test 
Site,77 memarandum dated November 16, 1994, from R. Seylar, SNL, to D. L. 
Miller, SNL (1994). 

DOT (US. Department of Transportation), Title 49, Code of Federal Regulations, 
Part 173, “Transportation, Shippers - General Requirements for Shipments and 
Packagings,” U.S. Government Printing Office, Washington, DC (1 994). 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or seMm by trade name, trademark, recom- 
manufacturer, or othemise does not necessarily constitute or imply its endorsement, 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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