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STATUS OF STABLE ISOTOPE ENRICHMENT AND SERVICES 
AT THE OAK RIDGE NATIONAL LABORATORY 

W. Scott Aaron and Joe G. Tracy 

Oak Ridge National Laboratory, Oak Ridge, TN, USA 

Tntrndiiftion 

Enriched stable and radioactive isotopes have played a significant role in the progress of mankind 
with most of that progress occurring in the last 50 years. The Oak Ridge National Laboratory 
(ORNL) has been a major contributor to that progress by developing production methods and 
supplying enriched isotopes to research, medical and commercial users world-wide. The only 
alternate major source for these materials, especially the stable isotopes, is located in Russia. 
Over this time period, many changes in the content and form of this function have occurred in 
response to scientific, commercial, and political influences. Many of these changes have been 
positive, while some have had a negative impact on the supply and availability of enriched 
isotopes. What has not changed, however, is the importance of these special materials to virtually 
all aspects of life. 

History and Background 

During World War II, a very large electromagnetic isotope separation (EMIS) plant, known as 
the Y-12 Plant, was built in Oak Ridge, TN, to enrich 2 3 5U for the production of atomic weapons 
[1]. The electromagnetic separators, called calutrons, were 180-degree, homogeneous magnetic 
field machines with both the source and collector internal to the analyzing magnet. Two major 
types of separators were built, the alpha calutrons were 48-inch radius machines which enriched 
natural uranium by a factor of twenty and the beta calutrons (24-inch radius) which took the alpha 
product and enriched it in 2 3 5U by a factor of approximately fifty. Toward the end of the War, 
the gaseous diffusion process was developed to the point that it began to replace EMIS for 
uranium enrichment. It was recognized that the production mass spectrometers or calutrons would 
be useful for the enrichment of stable isotopes for research applications. With the exception of 
one, all of the production buildings were stripped of their enrichment equipment and converted 
to other uses. The exception was Building 9204-3 which contained 2 tracks (Tracks 5 and 6) of 
36 Beta calutrons each, and started uranium enrichment operations on the tracks on December 13, 
1944 and January 30, 1945, respectively. Over the years, several major modifications to the 
facility were made to accommodate the enrichment of isotopes for research. Six opposing 
separators were removed from Track 5 and 3 ferrous magnetic yokes were installed to divide the 
track into 4 segments with individually variable magnetic fields. Three segments contain 8 
separators or calutrons while the fourth contains six calutrons. These units are used for the 
enrichment of stable isotopes. Track 6 was subdivided to yield some experimental calutrons for 
a variety of studies and a set of 8 calutrons that were enclosed in a contained facility for the 
enrichment of actinide elements. Other modifications included the installation of laboratories, 
shops and other support functions to make the facility nearly functionally self-supporting. 



The development of the EMIS technique for stable isotopes was programmatically funded by the 
U. S. Atomic Energy Commission (U.S.A.E.C.), the predecessor of the Department of Energy 
(DOE). As enriched stable isotopes of various elements became available , the use of these new, 
special materials in research grew, especially for neutron cross-section measurements. Research 
use generally involved small quantities of a large variety of isotopes. In many cases, the use of 
larger quantities of enriched isotopes for medical and industrial applications grew from the early 
R&D efforts. As applications grew, programmatically funded development efforts to supply 
isotopes for government research continued, and a sales program was initiated to provide isotopes 
to non-government, domestic institutions and foreign organizations. Prices were generally 
established by the incremental cost of producing a specific isotope rather than financing the entire 
existence of the facility. These isotopes were sold world-wide with the production costs being 
recovered and returned to the U. S. government. The move toward a sales revenue-funded 
program continued as enriched isotope applications for commercial uses increased. However, 
programmatic funding continued to provide a basis for sustained operations and processing 
improvements. Programmatic funding also supported the Research Materials Collection (RMC) 
of enriched isotopes and their loan to research projects approved by the government. 

A similar course of development occurred with reactor and cyclotron-produced radioisotopes. 
Early development work was programmatically funded with an increasing level of funding coming 
from production cost-recovery sales. Here again, loans of highly enriched radioisotopes for 
approved research activities were programmatically supported. In some cases, radioisotope 
production and recovery was coupled with EMIS to produce extremely high enrichments of these 
exotic materials. 

The Isotope Distribution Office (IDO, formerly known as the Isotope Sales Office) was formed 
to administer the sales and loans of stable and radioisotopes produced by ORNL and later, most 
other U.S.A.E.C. sites. This Office was located at the ORNL site. The expertise gained in 
producing and handling enriched stable and radioactive isotopes made ORNL a natural source for 
obtaining specialized services related to these isotopes. A variety of groups providing custom-
order processing and development grew at ORNL. Like the original production of the material, 
the services provided by ORNL were funded by a mixture of programmatic and sales/loan revenue 
funds. The Isotope Research Materials Laboratory (IRML, originally the Isotope Target Center) 
was one of these major "service" groups. With it's access to the ORNL inventories, specialized 
facilities, and expertise, the IRML performed chemical and physical development and production 
work on most of the elements in the Periodic Table, often times, far removed from its enriched 
isotope, accelerator target production origins. 

Recent Developments 

Throughout this period, Federal law prohibited competition with domestic private industry so the 
government withdrew from those products and services that were commercially viable. In 
essence, this left the government laboratories and ORNL specifically, with maintaining facilities 
and supplying materials and services that industry deemed to be not commercially viable. This 
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role was made possible by the combination of programmatic and sales/loan revenues. Starting in 
the 1980's and especially in the late 1980's and 1990's, increasing emphasis on environmental, 
safety and health (ES&H) issues rapidly increased costs of operating both stable and radioisotope 
facilities, which in many cases, were 40 or more years old. Conversely, programmatic support 
declined sharply during this same period, culminating in the institution of the DOE Isotope 
Production and Distribution Revolving Fund in October 1989. The Revolving Fund was intended 
to provide funding for all government isotope activities, strictly through revenues generated by 
sales and leases. At the same time, the RMC Loan Program was converted to a Lease Program 
with fees based on the value of the isotopes leased. It also provided for the decentralization of 
distribution administration activities from ORNL to the respective production sites. The 
Revolving Fund was initially capitalized at $16M. Future funding of all activities, including 
operating costs, facility maintenance, upgrades of aged facilities to increasingly stringent ES&H 
requirements, capital equipment purchases, etc., were to be provided from sales, leases, and 
services. These goals were to be achieved while operating in government facilities and not 
competing with private industry performing the commercially viable portions of this type of work. 
It became immediately apparent that ORNL and other sites could not continue to supply the wide 
range of products and services that had been previously provided. A sharp increase in isotope 
prices occurred when the pricing policy was changed from an original cost-of-production basis to 
a replacement-cost basis. An additional complicating factor in trying to make the Revolving Fund 
work has been the aggressive marketing of isotopes by the Former Soviet Union at prices 
established primarily to undercut the U.S. published prices, rather than based on actual production 
costs. 

As a result, severe reductions in available enriched stable and radioactive isotope production and 
services were incurred at ORNL in an attempt to comply with full cost recovery guidelines. 
Approximately 16 radioisotope processing facilities were shutdown. The actinide calutrons were 
moved from stand-by status to permanent shutdown. Stable isotope enrichment in the calutrons 
at the Isotope Enrichment Facility (IEF) was suspended and the calutrons were placed in stand-by. 
Sales of stable isotopes and a limited number of actinide isotopes continued from existing 
inventories. Some success was realized in efforts to get long-term contracts with large volume 
commercial customers by offering volume discounts from published prices, but not enough to fund 
the resumption of full-time calutron operations. The level of operations in the IEF Chemistry 
Laboratory have been largely unaffected, because as feed material preparation ceased and product 
recovery from previous calutron operations decreased, loan return reprocessing greatly increased 
as a result of customers returning loaned material rather than converting to leases. The production 
and distribution of ^Cf continues, but that work is performed in the Radiochemical Engineering 
and Design Center (REDC) which is primarily funded programmatically from other DOE sources. 
Other changes included the relocation of the IDO from the ORNL site to the IEF at the Y-12 Plant 
site. The IRML temporarily suspended operations, drastically reduced its size and relocated 
selected stable isotope, 2 3 2Th, ^ U , and ^ U capabilities to the IEF. Selected IRML actinide 
capabilities, particularly neutron dosimeter fabrication, were relocated to the REDC. 
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Throughout these changes, significant efforts were made to maintain a core of expertise either in 
the ORNL Isotope Program or accessible to it to facilitate the restart of stand-by or reduced 
operations. These efforts have been complicated, to some extent, by several rounds of ORNL-
wide retirement incentive programs in recent years that have induced a number of very 
experienced personnel to leave the Program. 

Current Status and Future Plans 

Since the inception of the Revolving Fund, significant feedback from customers and the National 
Academy of Sciences has been received regarding the availability of enriched stable and 
radioactive isotopes and related services. Scientific, commercial and political factors have 
instigated the reevaluation of the Revolving Fund by Congress and the DOE. Several strategies 
have been or are being developed and are in various stages of implementation to improve the 
supply of enriched isotopes and services for research and commercial customers. Among these 
are a reevaluation of the pricing of calutron products and the ability to negotiate improved large-
volume contract conditions for commercial customers, the institution of a more active marketing 
function, and the investigation of restoring appropriated, programmatic funding to support the 
development and production of isotopes for research. The input of customers is being strongly 
sought to help define the future directions of this program. Ways of improving and formalizing 
the opportunities for customers to provide this input are also being studied, including the 
possibility of holding users meetings. 

While most of the changes that accompanied the institution of the Revolving Fund had a negative 
impact on the pricing and availability of enriched isotopes and products from the customers' and 
ORNL's viewpoints, several positive changes were realized. With the relocation of the IDO and 
the IRML to the IEF, all aspects of the U.S. electromagnetic stable isotope production, services, 
and distribution occur under one roof. This has led to many improvements in efficiency and 
communications. All enriched actinide isotope operations and most other radioisotopes produced 
at ORNL are in the process of being consolidated at the REDC. Since stable and radioactive 
operations had been spread out over a large number of building at two different plant sites, many 
duplications of capabilities grew out of convenience. As these operations were consolidated, these 
duplications of capabilities have bee reduced or eliminated. With the increasing level of facility 
safety documentation that is required to operate DOE facilities, these consolidation efforts have 
also resulted in significant cost savings and future cost avoidances. Other positive results from 
these changes included some IEF facility modifications, safety document upgrades, and process 
development studies that were performed while the calutrons at the IEF were in stand-by. 

Of particular note was the modification of the mineral oil (Z-oil) cooling system for the calutron 
magnets. Approximately 35,000 gallons of oil in circulated throughout the calutrons to provide 
cooling to the magnets. Unfortunately, this was part of a central Y-12 Plant oil storage and 
filtration/treatment system which was installed originally along the banks of a creek, creating a 
high environmental risk. Additionally, the expansion tanks for the IEF were located across the 
creek and across a security fence from the IEF. This complicated operations and presented a real 
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threat for significant environmental releases of oil. Funding was obtained to install an expansion 
tank on top of Track 5 and to install oil treatment equipment in the basement so that all oil-related 
operations could be contained within the IEF. 

Another significant potential improvement was the development and prototype testing of a new 
filament changer for the calutron source units. The source units contain a Ta or W filament which 
is used to emit electrons to ionize feed vapor so that the positive ions may be accelerated into the 
separation area of the calutrons. These filaments require a very high current to provide electron 
emission temperatures of approximately 2300 C. Filament life is typically from 60 to over 100 
hours, but they can burn-out at any time and filament failure represents approximately 75% of run 
terminations. The conventional replacement technique involves cooling the source, venting the 
entire separator to atmosphere and removing and rebuilding the source unit with a new filament. 
The source unit is then replaced and a long pump-down period must be conducted before 
separations can continue. This cycle can last up to 24 hours. To improve this process, the source 
was redesigned and a filament changing device incorporating an airlock was developed to permit 
filament changes in 30 minutes versus 24 hours. While some refinements remain to be made, this 
development could provide significant improvements to operating efficiency. 

During the standby period, the IEF continued to sell isotopes from inventory and, as mentioned 
previously, reprocess returned loan materials. The major stable isotope sold during this period 
was 8 8Sr used to make targets that were reactor-irradiated to produce 89Sr for the treatment of 
metastatic bone cancer. In the case of this isotope, minimal chemical processing was done 
between IEF production and delivery to the patient, so rigorous procedures and quality standards 
had to be developed and implemented to consistently ensure the production of a very high-purity 
product. 

In September 1994, after three years in stand-by, the IEF was directed by DOE to prepare a plan 
to resume calutron operations. That plan calls for the restaffing of the facility, training of all 
personnel, equipment checkouts, finalization of facility safety documentation, and a formal 
operational readiness review to be completed so that full-time operation of one segment of 
calutrons can resume in January 1995. Optimistic projections even call for the possible start-up 
of a second segment of calutrons in the not-too-distant future. 

When the IRML suspended materials processing operations, a proposal for funding to relocate 
equipment to the IEF was submitted to a couple of potential sponsors. This proposal was not 
funded. However, space was at a premium at the ORNL site, so it was possible to arrange trades 
of space in return for moving IRML equipment to the IEF at the Y-12 Plant site to make that 
space available. In a few cases, customer needs for specific preparations were critical enough for 
them to fund the relocation of some equipment items. As a result of these indirectly funded 
moves, a large percentage of IRML equipment was relocated. Installation of that equipment has 
been on a piecemeal basis, determined by need and by availability of existing 
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personnel to perform the installation. To date, the following IRML capabilities have been 
restored: 

Arcmelting and alloying Reactive metal rolling 
Wire rolling/swaging Hot and cold rolling 
High vacuum evaporation Reduction/distillation 
Metal and ceramic powder consolidation Induction melting 
Neutron dosimeter fabrication (partial) Selected analytical capabilities 

Restoration of the following IRML capabilities is planned or in progress, but has not been 
completed (and may be delayed by the calutron restart effort): 

Focused ion beam sputtering Radiofrequency plasma sputtering 
Additional high vacuum evaporation systems Metal and ceramic hot-pressing 
High vacuum sintering Drop casting 
Crystal bar reduction process Fluoride reduction process 

The relocation of the IRML to the IEF has also improved some capabilities as a result of the 
centralized location of enriched isotope processing. Examples include improved enriched isotope 
machining capabilities and more efficient chemical processing and recovery. In addition to 
performing routine conversions to metal and rolling thin foils and other metal forms, notable 
recent materials preparations include the arcmelting, rod rolling and machining of 1 9 4Pt cups for 
use in flight-qualified 194Pt-Ne hollow cathode lamps by NASA. Significant process improvements 
were also made in support of the use of 1 0 3Pd for the treatment of prostate cancer. Previously, 
1(EPd had been irradiated in the form of fine Pd "black" to produce 1 0 3Pd. However, in this form, 
Pd had a very low density and made inefficient use of expensive and limited irradiation space. 
Also, a significant amount of oxide was present in the material which could not be recovered in 
product processing. After evaluating several options, it was decided that solid rods of 1 0 2Pd could 
be prepared by cold-pressing, arcmelting and rolling the Pd black to form 3.2 mm-diameter rods. 
This increased the amount of material that could be irradiated in a given space by over a factor 
of 5 and provided a much easier-to-handle form. Also, since the oxide thermally decomposes 
during the arcmelting process, that approximately 10% of Pd which had previously been lost in 
subsequent processing because it was in the oxide form, could now be recovered by the existing 
chemical process. Finally, the expertise of the IEF is being applied to the development of 
optimum material forms for use in W/Re medical isotope generators that are being developed by 
ORNL's Nuclear Medicine Group. 

In the longer term, proposals have been made to install and operate the plasma separation process 
(PSP) equipment in the IEF to complement the enrichment capabilities of the calutrons. This 
equipment, which has been described in detail previously [2], is currently stored in the IEF. 
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Summary 

The course of events that have shaped the current status of the enriched isotope program at ORNL 
have forced the program to intermittendy span the extremes from highest priority endeavor to near 
non-existence. It appears that a major low-ebb and realignment period is ending and a new period 
of production and distribution enhancement has begun. The input and direction provided by 
isotope users is one of the major factors which influences the level and type of services and 
materials that are provided by the DOE, through ORNL and other laboratories. 
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