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The mission of the Sandia National Laboratories (SNL) Annular Core Research Reactor 
(ACRR) and the Hot Cell Facility (HCF) has recently changed from support of Defense 
and other programs to support of the Department of Energy (DOE) Isotope Production 
and Distribution Program (IPDP). 

SNL's primary role, in support of IPDP, is ensuring a reliable supply of 99M0 to the 
United States health care system. SNL will also play a role of complementing the isotope 
production of other DOE Reactor facilities such as High Flwr Isotope Reactor (HFIR) at . 
Oakridge, Tennessee; High Flux Beam Reactor (HFBR) at Brookhaven, New York, and . 
Advanced Test Reactor (ATR) in Idaho. 

The unique characteristics that the SNL facilities offer to the IPDP facility capability _are 
simplicity, multiple irradiation locations, ready irradiation space access and co-located 
hot cell facilities capable of processing a short decay fission product stream. 

The SNL 99Mo effort is characterized elsewhere'. and this paper is intended to describe 
the production of additional isotopes for that can be produced medical and other uses 
planned to start soon after the 99M0 capability has been established. Isotope production in 
the SNL facilities is through fission or by neutron activation. 

Fission Production 

99M~ is produced as a fission product in the ACRR irradiation of enriched uranium oxide 
in special targets. The molybdenum is chemically separated from the uranium oxide and 
the other fission products in the SNL hot cell facilities. Immediately accessible by- 
products of the 99Mo process are 1311 and '33Xe. A target subjected to 20 kW of fission 
power for seven days and allowed to cool for six hours would contain approximately 780 
Ci of 9 9 M ~ ,  200 Ci of 1311 and 600 Ci of '33Xe. 

Iodine and xenon isotopes are separated from the fission product mix early in the process 
and collected in cold traps and fingers. The materials can be purified through straight- 
forward distillation steps to arrive at marketable 1311 and '33Xe. 99M0 production, at a 
small fraction of US demand, would yield sufficient 1311 and '33Xe as by-products to meet 
world demand for those important medical isotoues. 

*Sandia National Laboratories is a multiprogram laboratory operated by Sandia Corporation, a Lockheed 
Martin Company, for the United States Department of Energy under contract DE-AC04-94AL85000. 



DISCLAIMER 

This report was prepared as a n  account of work sponsored by a n  agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or implied, or assumes any legal liabili- 
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disdosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or othenvise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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Other important isotopes are also contained in the fission product mix fiom such a target. 
Examples are 14'Ba (320 Ci), 14'La (260 Ci), 141Ce (135 Ci), lUCe (154Ci), '47Nd (128Ci), 
95Zr (78Ci), 95Nb (6.6Ci), lo3Rh,,, (54Ci), ' O s R h  (108Ci), lo3Ru (60Ci), ls3Sm (19.8Ci), "Sr 
(72Ci), and 91Y (76Ci). Each isotope will be examined in relation to need and 
appropriateness of the SNL facilities for its production. 

Activation Production 

Many other important isotopes are accessible through neutron activation. Although the 
maximum neutron flux achievable in the ACRR (0.6-1~10'~) is considerably less than 
that achievable in the other DOE reactors, the large readily accessible irradiation volumes 
over which the ACRR neutron flux can be delivered offers a significant advantage. 

In its former configuration, the ACRR consisted of 236 fuel elements and approximately 
60 nickel reflector elements in a hexagonal pattern surrounding an approximate 9'' central 
cavity region. The fuel grid is capable of supporting approximately 300 fuel elements. A 
much smaller number of fuel elements are required to support 99M0 production and much 
more flexibility exists to create irradiation spaces within or external to the fuel region. 
These irradiation spaces are available for the production of other isotopes by neutron 
activation without interfering with the primary 9 9 ~ ~  mission. 

Figure 1 shows a typical fuel configuration for the simultaneous irradiation of 19 
Cintichem targets. The unshaded locations represent locations available for neutron 
activation irradiations. The indicated target locations are also available if not being used 
for Cintichem targets. 
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The first isotope planned for production at SNL using neutron activation is the important 
medical isotope I2’I. It’s production consists of irradiation of ‘24Xe enriched xenon gas at 
a flux of approximately 5 ~ 1 0 ’ ~  for approximately eight hours and allowing the ‘25Xe 
produced to decay to ‘’’I outside the neutron flux environment to prevent build up of 1261. 
The iodine is separated from the ‘24Xe enriched gas which is reused for further 
production. 

The list of other isotopes that can be produced by activation techniques is extensive. 
Each isotope must be examined from the standpoints of specific activity, purity, need, 
and economics and compared with the characteristics of the same product produced by 
DOE or other reactors. 

In summary, the ACRR can support isotope production by neutron activation 
simultaneously with 9 9 M ~  production. 

The primary utility of the SNL facilities for isotope production via activation will be for 
short lived isotopes where the accessibility of the irradiation spaces is fully utilized. 
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