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ABSTRACT 

Sealed sources are small, relatively high-activity radioactive sources typically 
encapsulated in a metallic container. The activities can range from less than 1 mCi 
to over 1,000 Ci. They are used in a variety of industries and are commonly avail- 
able. Many of the sources will be classified as Greater-Than-Class C low-level ra- 
dioactive waste (GTCC LLW) for the purpose of waste disposal. The U.S. 
Department of Energy is responsible for disposing of this class of low-level radio- 
active waste. 

The characterization of a sealed source is essentially a function of the type of 
radiation it emits, the principal use for which it is applied, and the activity it con- 
tains. The types of radiation of most interest to the GTCC LLW Program are gam- 
ma rays and neutrons, since these are emitted by the highest activity sources. The 
principal uses of most importance are gamma irradiators, medical teletherapy, well 
logging probes, and other general neutron applications. 

Current annual production rates of potential Greater-Than-Class C (PGTCC) 
sources sold to specific licensees were estimated based on data collected from de- 
vice manufacturers. These estimates were then adjusted for current trends in the 
industry to estimate future annual production rates. It is expected that there will 
be approximately 8,000 PGTCC sealed sources produced annually for specific 
licensees. 
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This report, the second of three volumes investigating sealed sources that may eventually become Great- 
er-Than-Class C (GTCC) low-level radioactive waste (LLW), characterizes sealed sources and estimates 
current and future production rates of sealed sources sold to specific licensees. Information on which to base 
the production estimates were obtained from the U.S. Nuclear Regulatory Commission’s Sealed Source and 
Device database and by contacting sealed source and device manufacturers. 

This report comprises three parts. The first part, comprising Chapters 1 and 2, presents the purpose and 
scope of the report and summarizes concepts of radioactivity relevant to the uses of sealed sources. The 
second part, comprising Chapters 3 through 5, discusses the uses and construction of sealed sources. The 
final part, comprising Chapters 6 and 7, estimates the annual production of potential GTCC (PGTCC) 
sources, discusses current trends in the industry, and presents conclusions of this report. Because this report 
focuses on characterizing sealed sources and estimating annual production rates of sealed sources sold to 
specific licensees, the following paragraphs summarize the results and conclusions contained in 
Chapters 3-6. 

Chapter 3, SourceJDevice General Descriptions, describes the function of the source/device, the iso- 
topes and activities of the sources, and the major manufacturers. It identifies nine categories of sealed 
sources: calibration devices, medical sources, well logging sources, portable gauges, irradiation sources, 
fixed gauges, general neutron application sources, x-ray fluorescence sources, and other sources or gauges. 

While there is a wide variety of sealed source applications, both the principles governing those applica- 
tions and the designs of the sources are similar. There are two broad radiation techniques: irradiation and 
gauging. In irradiation techniques, radiation is used to change the properties of the material being irradiated 
(e.g., kill bacteria, sterilize products, modify polymer properties). In gauging applications, properties of the 
material being examined (e.g., thickness, density) are assessed by the effect they have on the transmitted or 
scattered radiation. 

Chapter 4, Sealed Source Construction, discusses general sealed source construction and also 
describes American National Standards Institute (ANSI) and U.S. Nuclear Regulatory Commission (NRC) 
performance requirements that sealed sources must meet. 

For the user, the importance of a sealed source is not so much what the source contains as what it emits. 
Hence, source construction is designed to allow radiation to be emitted while containing the radioactive iso- 
tope. The design of the source must meet three general criteria: (a) the radiation emission from the source 
must be satisfactory for the ultimate application, (b) there should be no release of radioactive material due 
to loss of integrity of the source seal even after prolonged service life, and (c) the sealing material must be 
compatible with the prospective environment of the source. 

Several typical designs are illustrated in this chapter. 

Chapter 5, SourcelDevice Characterization (SDC) Database, describes the development of the SDC 
database. It is based on the NRC’s Sealed Source and Device Registry (SSD) database. The SSD database 
includes company names, addresses, model numbers, isotopes, and maximum activity levels. However, the 
SSD does not include other information that is needed by the GTCC LLW Program, such as source volumes 
or whether the source is welded or soldered. The SSD also does not list specific activities of multiple models 
listed on the same registration certificate. Because of this lack of specificity on some models and lack of 
information relevant to the GTCC LLW Program, the Program modified the SSD to gather some of the 
above information, and produced the DOE SDC database. 
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Chapter 6, Annual Production Estimation, discusses what information was requested from manufac- 
turers, the methods applied to estimate the annual production of PGTCC sources sold to specific licensees 
by isotope and device type (i.e., the incremental numbers of sources), and the results. 

The annual production estimates are for PGTCC sources, as opposed to GTCC sources. 

PGTCC sources exceed the Class C concentration limits when the concentration of radioactive 
isotopes is calculated over the source capsule volume. 

GTCC sources exceed the Class C concentration limits when current disposal practices are used. 
Current disposal practices allow concentration averaging to occur over the disposal container, 
with some restrictions. That is, of those PGTCC sources, concentration averaging removes the 
sources with the lowest activities and averages their radionuclide activity over the volume or 
mass of encapsulation media filling an entire waste container, thereby reducing the concentration 
to a level acceptable to a near-surface LLW disposal facility. 

This report deals almost exclusively with PGTCC sealed sources. Most ofthe PGTCC sources will not 
become GTCC LLW. The PGTCC values represent the most basic estimates, and can be used as a foundation 
on which to apply any assumptions regarding packaging or concentration averaging. The impacts of packag- 
ing volumes and concentration averaging practices on these estimates are explored in other studies. 

Manufacturers were contacted by phone and by letter. The quality of the data was influenced by the 
response rate and response quality, both of which were less than satisfactory. The response rate was low. 
Many manufacturers did not want to release past production rates, claiming justifiably that this data was 
proprietary; others determined that the level of effort to retrieve past production data was too great, there- 
fore, it was not worth their time. Some manufacturers claimed that they had no PGTCC material. The 
response quality was also less than satisfactory; some companies sent general instead of actual production 
figures, claiming again that the information was proprietary. 

Because data gathered from manufacturers were of limited value, survey results from specific licensees 
were also used to make estimates of the annual production of sealed sources held by specific licensees for 
the low, base, and high cases. The low case estimates production of 4,700 sources annually, the base case 
estimates 8,000, and the high case estimates 11,500. The isotopes Am-241 and Cs-137 account for the 
majority of the sources. While there is a moderate amount of uncertainty in these estimates, manufacturers 
felt the estimates were reasonable. 

While particular companies or device types may be experiencing growth, overall the markets for devices 
containing PGTCC sources are either stable or shrinking. Companies are moving toward less toxic sub- 
stances, for example, using x-ray tubes instead of gamma sources. Also, companies are replacing isotopes 
that are difficult to dispose of with those that can be more easily disposed of. And in some applications, 
nonradioactive techniques are replacing methods that use radioactive isotopes. These factors are reflected in 
the estimates for future production. 

This report is the second of three volumes. This report and Volume 1 discuss sealed sources held by 
specific licensees, while Volume 3 concerns sealed sources held by general licensees. These reports give 
estimates of the total number of PGTCC sources (those whose activity is averaged over the source 
capsule) and the number of GTCC sources (assumed here to be those remaining after concentration 
averaging has been performed over the disposal container, as explained in Appendix D of Volume 1). 
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Volume 1 estimates that, in 1992, the number of PGTCC sources held by specific licensees was 
89,000; the estimated 1992 number of GTCC sources is 28,400. In this report, Volume 2, it is estimated 
that 8,000 PGTCC sources are sold per year to specific licensees. 

Volume 3 estimates that the general licensee population possesses roughly 36% of the total 1992 
number of GTCC sealed sources. Together with the GTCC sources held by specific licensees (from 
Volume l), this yields about 44,000 total GTCC sources held by all licensees. The results presented in 
Volume 1 and Volume 3 for GTCC sealed sources are summarized in Table ES-1. 

Volume 3 estimates that the general licensee population possesses roughly 63% of the total 1992 
number of PGTCC sealed sources. Together with the PGTCC sources held by specific licensees (from 
Volume l), this yields about 250,000 total PGTCC sources held by all licensees. The results presented in 
Volume 1 and Volume 3 for PGTCC sealed sources are summarized in Table ES-2. 

For general licensees, Volume 3 extrapolates the estimated annual number of GTCC sources sold to 
the number of PGTCC sources sold. When those results are added to the number of PGTCC sources sold 
to specific licensees (reported here in Volume 2), the resulting estimate is 24,000 PGTCC sources sold to 
all licensees per year. This is shown in Table ES-3. 
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3. SOURCE/DEVICE GENERAL DESCRIPTIONS 

The following sections give a brief overview of the various device and source types that have the poten- 
tial to be GTCC material. Each section describes the function of the device/source, the isotopes and activi- 
ties of the sources, and the major manufacturers. The descriptions ignore cobalt and other sources that can- 
not be GTCC material. Much of the information presented in this section is taken from IAEA (1990). 

3.1 Calibration Devices 

Calibration sources and devices are generally used to calibrate various radiation measuring and moni- 
toring instruments. The source is constructed to emit a specified amount of radioactivity within a small 
degree of error. In this sense, a calibration device is very similar to an irradiation device as far as its method 
of application is concerned. Calibration sources are often traceable to some standard, such as from the 
National Institute of Standards and Technology (formerly the National Bureau of Standards). 

There are a wide variety of isotopes and activities available for calibration sources. The primary 
PGTCC isotopes are Am-241, Cs-137, and Sr-90. Most of the source activities are under 1 Ci. The largest 
activity calibration source in the NRC Sealed Source and Device (SSD) Registry is a 5,500 Ci Cs-137 
source produced by Oak Ridge National Laboratory. The remaining PGTCC calibration sources in the Reg- 
istry are all less than 250 Ci. 

The major manufacturers of calibration sources and devices that are PGTCC material are Monsanto 
(who is no longer producing sealed sources) and Amersham. GNI, 3M, and ABB Process Automation have 
also been significant sellers of calibration sources or devices. 

3.2 Medical Sources 

Sealed sources are used for both diagnosis and treatment of diseases. Uses include x-ray imaging, bra- 
chytherapy, and teletherapy. The latter two uses involve irradiating damaged tissue. Medical teletherapy 
devices treat disease with gamma radiation from a controlled source of radiation located at a distance from 
the patient. Additionally, there are numerous medical reference sources used as instrument check sources 
and spot markers. Radioactive materials in unsealed form also have a variety of uses in medicine, including 
tracer studies and therapeutic applications; however, these unsealed sources generally do not use PGTCC 
isotopes and are not discussed here. 

The isotopes most likely to be found in PGTCC sources or devices are Am-241 and Cs-137, though 
there are a few high-activity Sr-90 sources also. In the past, Ra-226 sources were extensively used in bra- 
chytherapy. Cobalt and iridium sources are probably the most common but are not PGTCC material. Most 
medical sources have activities well below the PGTCC limits. The majority of medical sources are well 
below 100 mCi, though there are some sources in the kilocurie range-used in medical teletherapy devices. 

The major manufacturer of medical sources that are PGTCC material was 3M. Since 3M no longer pro- 
duces sealed sources, other companies such as Amersham and Isotope Products Laboratories will have in- 
creasing shares of this market. Nuclear Associates also has a significant market share, specializing in medi- 
cal reference sources. 

3.2.1 Medlcal Dlagnostlc lmaglng (X-Ray Imaging) 

Diagnostic imaging includes a range of radiographic and fluoroscopic techniques, with new techniques 
still being developed. In general, a beam of radiation is directed through the part of a patient’s body under 
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tissue, but kills the tumor. The patient is located on a table in a shielded room that the medical personnel 
cannot access during the irradiation. 

3.3 Well Logging Devices 

Well logging sources are used to do geophysical surveys. They are most commonly associated with oil 
and mineral exploration but are also used by others interested in characterizing subsurface properties, such 
as matrix density and percent moisture. The source is commonly placed in a pressure vessel before being 
lowered into the well. This vessel protects the source from the well environment, which can have extremely 
high pressures and temperatures. 

There are generally two techniques used in well logging-neutron thermalization and gamma scatter- 
ing. Neutron thermalization is used for moisture measurement and oil prospecting. Figure 3-1 shows an 
example neutron probe. Gamma scattering in well logging has a variety of uses based on density measure- 
ments. This use is illustrated in Figure 3-2. 

Well logging sources are typically neutron emitters, though gamma sources (typically 0-137) are also 
used. The neutron emitters use either Am-241 or Pu-238 mixed with beryllium or other light elements 
(lithium, boron, or fluorine). The americium or plutonium is typically present as an oxide (Am02, Pu02) in 
a powder and mixed with the target light element (also in powder form). The resulting powder is pressed 
into the inner capsule and plugged. Virtually all well logging sources are doubly encapsulated. The activities 
range from 100 mCi to 20 Ci, with the larger activities associated with neutron sources; the cesium sources 
can have activities up to 5 Ci. 

The source, pressure vessel, and detector are placed in a borehole or well. The detector is typically wired 
to instruments on the surface that record or display results. For neutron logging, the alpha particles from the 
americium or plutonium interact with the target material, causing the target material to emit neutrons. The 
neutrons travel at a high speed, but are slowed down by interacting with certain elements, particularly 
hydrogen. The intensity of the slowed down neutrons give a measure of the concentration of the interacting 
element. Hence, in oil well logging, the neutron source measures the hydrogen content of oil deposits. 

The cesium sources are used to determine matrix density. This application of gamma rays, called 
“gamma scattering” is discussed in Section 3.4, Portable Gauges, and shown in Figure 3-2. The cesium 
sources are typically around 500 mCi. 

In the past, the major well logging source manufacturers were Gulf Nuclear, Inc., Monsanto, and 3M, all 
of which have since stopped source production. Amersham has recently become more involved in manufac- 
turing cesium and americium sources for well logging applications. Other manufacturers include Tuboscope 
Inc., Gammatron (also known as Nuclear Sources and Services, Inc.), and Gearhart-Owen Industries, Inc. 

3.4 Portable Gauges 

Portable gauges or, more specifically, moisture/density gauges, are used in the field at construction sites 
and on farms. The gauges are typically used to determine the moisture or density of a material such as soil 
or asphalt. The gauges are relatively small and light so they can be carried to the site (in a transport case 
similar to luggage). The gauge usually has a long cylindrical probe that is placed into the matrix of interest. 
The probe most commonly contains the detector, though it may contain the source. 

17 
























































































































































