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Abstract:   When the melting of radioactive materials at steel mills was first publicized in 1983 and 1984, it was commonly thought by the steel industry that it would be very difficult to detect a shielded radioactive source buried in scrap.   However, the advances in detection capability that have occurred since that time have been remarkable.   The recent (1996) test sponsored by the Steel Manufacturers Association has demonstrated detection capabilities with low false alarm rates that were unheard of even five years ago.   Today, the steel industry is faced with the introduction of steel scrap that may contain low levels of radioactivity.   This paper will address the likelihood of today’s state-of-the-art radiation scrap monitoring systems to detect the levels of radiation likely to be emitted from scrap steel that meets the clearance criteria being suggested by the Department of Energy.

Introduction
Inadvertent radioactive contamination of steel during its manufacture was first brought to national attention in February 1983 and again in January 1984.   Since that time there have been 35 reported incidents, world-wide (21 reported in North America), (1)  in which radioactive material has been melted by steel plants, with costs for decontamination and disposal exceeding several million dollars, where disposal is possible.   The effect of melting a radioactive source has been most significant on the steel industry from the standpoint of the number of incidents and the cost to decontaminate and dispose of the waste.   It is felt by the author that the primary reason is the large number of shielded sources that are encased in a carbon steel outer containment.   If it is assumed that a large number of sources enter the scrap stream by way of demolition of facilities, one of the most common initial separation processes is by magnet.   While the mass per surface area of a lead shielded source housing is large, it is not so large that the entire shielded source housing cannot be picked up with a magnet.   Thus, there is an inherent greater chance of shielded sources ending up in carbon steel scrap.   Since 1984, the steelmaking industry has been actively installing radiation detection systems to monitor incoming scrap.

Unfortunately, there is no universally accepted standard for determining the practical sensitivity of a monitoring system, at this time.   However, work is progressing under the Health Physics Society's N43 Committee on the development of a nationally recognized standard that would address system sensitivity standardization.   Once developed the standard will be submitted to the American National Standards Institute for acceptance.   Over the years there have been several short-term limited tests, usually directed at assisting a specific steel plant or scrap recycler in choosing a system for their facility.   There have been several drawbacks to these tests due to their limited nature or inherent bias built into the tests.   Unless several systems are tested at the same time using the same radioactive source(s), differences in the scrap type and packing density and the exact location of the source in a scrap vehicle will have a significant effect on detection efficiency and render comparisons impossible.   Furthermore, even if several systems are tested at the same time with the same source, but a large number of "false alarm" tests is not run, manufacturers could adjust their systems to an abnormally high sensitivity that would not be acceptable under normal conditions because of the excessive false alarms rate.   It is possible for a detection system manufacturer to collimate the detectors if the actual geometry of the source in the scrap is known and if the scrap volume is consistent.   This will increasing the detection rate above that which the system would normally have.   It is also possible to optimize detection system parameters for a single truck shape.

The potential of receiving a heavily shielded radioactive source buried in the scrap load requires that scrap monitoring systems at steel plants have the highest detection sensitivity possible.   It must be understood that there is no absolute relationship between curie content and external exposure rates coming from a shielded source housing.   There is a defacto standard which limits the radiation emitted through the walls of most gauging source housings to 5 milliroentgens per hour (mR/hr) or less, at a distance of 1 foot from the outer surface of the source shield.   The medical and industrial radiography fields are also governed by standards for the leakage rates from a teletheraphy and industrial radiography source housings, although these rates are much higher.   
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Gauge manufacturers will usually design a few shield (housing) sizes to contain their entire range of source sizes.   The net result is that the emitted radiation from a gauge source housing will usually be in the same intensity range, at a distance of a few feet, irrespective of the source size.   Because of this, the activity of a radioactive source contained in commercial gauge housings is relatively unimportant when discussing detectability.   A shielded 200 millicurie (mCi) source can have the same radiation exposure rate in milliroentgens per hour at a fixed distance, as a shielded 2000 mCi source.   Similarly, a 100 mCi source can produce a much greater exposure rate than a 200 mCi source.   If a system can detect a typical gauge source in scrap, it should be able to detect most gauge sources, as well as the larger, more hazardous teletheraphy and radiography sources.  

Recognizing the problems in conducting a limited test, the Steel Manufacturers Association (SMA) made the decision to sponsor a comprehensive test of scrap monitoring systems in 1996.   The test would attempt to address these problems with a well designed test that would last for two weeks, over different weather conditions.   The test was conducted by a third party, independent from the detection system manufacturers or an interested facility, and was designed to reduce the likelihood of system optimization solely for the test; thus reducing the likelihood of highly sensitive test systems that are not commercially available.   A restriction imposed on the manufacturers was that once the test began, system sensitivity could not be changed.   The primary objective of the test was to develop a test procedure that would aid member companies in evaluating a detection system.   A likely result of the test is that the data obtained will be used to develop a test protocol that will be published as a nationally recognized standard.   Another benefit of the test is that it has spurred R&D so that the sensitivity of future systems will continue to improve with decreasing “false alarms”. 

This paper describes the increase in detection sensitivity that has occurred over the past 15 years.

Description of the 1996 Koppel Test

The test was held at Koppel Steel, Koppel, PA, from September 23, through October 4, 1996, and was open to all manufacturers of systems who wished to participate and abide by the terms of a previously agreed upon protocol.   The test consisted of 96 rounds, usually consisting of 10 runs each.   The truck was driven past the detectors in one direction, turned around and driven past the detectors in the opposite direction (2 runs).   This enabled both sides of the detectors to be tested without moving the source and facilitated the large number of run.   Five detection system manufacturers participated.

A total of 954 runs were conducted using two different test trucks, with three different drivers.   Of this total, 370 were made with no source to test for false alarms and also to assure that the systems were not programmed to randomly alarm.   Additionally, a total of 295 outside trucks were run through the systems as a further test of false alarms.   Three different grades of scrap were used in the test: heavy melt, punchings and shredded scrap (frag).   All scrap was prescreened for radioactivity prior to the test using both the plant's existing scrap monitoring 

system and the test systems.   Frag accounted for 50 percent of the runs in which a source was present.   Punchings were used in 39 percent of the source runs and heavy melt was used in 10 percent of the source runs.

Two trucks and three different drivers were employed for the test.   Truck speed past the detection systems was primarily controlled by a mechanical throttle.   There was high reproducibility of the speed through the systems by the test truck drivers.   Truck speed was deliberately varied throughout the protocol range of 2 to 7 mph, as a means of increasing detection difficulty.   Outside trucks were also disqualified if their speed was outside the 2 to 7 mph range.

Three radioactive sources were used: (1) a 200 mCi cesium 137 source in a housing designed for 200 mCi, (2) a 100 mCi cesium 137 source in a housing designed for 150 mCi, and (3) a 15 mCi cesium 137 source in a housing designed for 150 mCi.   Sources 1 and 2 were individually placed in a one foot cube steel box, which was placed at selected locations within the truck.   Various distances from the truck wall and floor were used, as well as varying the source location throughout the length of the truck.  Sources 1 and 2 were used only with the heavy melt scrap grade.   Source 3 was used in a system of vertical pipes that were positioned at various distances from the side wall of the truck and from the front of the truck.   The height of the source was controlled using 6, 12 and 18 inch spacers below the source.   Spacers were also placed above the source to test the overhead detectors.   Both frag and punchings were used with the pipe system.

A rating system was developed which classified the conditions of each run into six categories: easy, moderate, hard, very hard, extremely hard, and almost impossible.   The categories were based on the likely difficulty of detecting the presented source based on the experience of the author.   However, the random loading of scrap can cause one thickness of scrap to provide more or less attenuation than expected.   The larger the scrap pieces and the less uniform they are, the greater the likelihood of showing anomalies in the attenuation of the gamma rays, even with a scrap grade that is as relatively uniform as frag.   The only way to avoid such an occurrence is to use material that packs uniformly, such as round balls.   In later tests performed by the author, exposure rates have been assigned to the difficulty categories.   It is felt that the exposure rate ranges would have been similar for the 1996 SMA test.   The exposure rate ranges now used by the author are as follows:






    Exposure Rate






Above Background

Difficulty Category


         ((R/hr)


Easy 





> 50

Moderate 



         35 to 50

Hard




         20 to 34

Very Hard



           5 to 19

Extremely Hard


           1 to   4

Almost Impossible


       nondetectable


Improvements in Detection Capability

In discussing the improvement in detection capability over the last 15 years, one cannot easily make direct comparisons because of differences in sources, detector size and scrap thicknesses and grades.   However, the data does show a trend of increasing detection capability as system manufacturers strive to meet the demands of the steelmaking industry.

In 1987, tests performed using plastic scintillators showed a maximum detection capability of 30 inches of demolition scrap (30 pounds per cubic foot), using a cesium 137 source with an exposure rate of 100 to 150 (R/hr at 1 foot, with the vehicle moving at 1.4 mph.   At 3.8 mph, detection was not practical with a 30 inch scrap cover, nor was detection practical at 1.4 mph with a 36 inch scrap cover.   By 1993, it was possible to detect the same source at 4 to 5 mph buried in 42 inches of demolition scrap.

By 1995, tests performed by the author showed that the above cesium 137 source was fully detectable at 10 inches of shredded scrap cover, but had a precipitous drop in sensitivity beyond 12 to 15 inches.

Scrap Cover


Detection Efficiency

    (Inches)


        (Percent)


        10



100%

    12 to 16



  25%

    18 to 22



  12%


Other tests showed that it was easy to "fool" a detection system into false alarming by creating voids in the scrap loading pattern.   Mounding the scrap at the front and rear of the vehicle, or leaving voids at the front or rear would consistently cause alarms in the absence of a radioactive source.   This information has been utilized by the detection system manufacturers to fine tune their algorithms to reduce this likelihood as much as possible, as well as by scrap yards to load vehicles to avoid false alarms.

The results in the following table were obtained at the 1996 SMA test, using a cesium 137 source with an exposure rate of 60 (R/hr at 1 foot from the source capsule, an effective energy of around 300 - 400 keV and a perceptible cesium 137 peak at 662 keV.   The source was buried in shredded scrap (frag).

Scrap Cover


Detection Efficiency

    (Inches)


        (Percent)


     7 to 13



100%

   14 to 16



  84%

   17 to 19



  69%

   20 to 22



    6%


With respect to false alarms in the 1996 test, the overall average was 0.6%.   This is felt to be an improvement over past testing by the author, which showed false alarm rates of around 2%.

Likelihood of Detecting Contaminated Recycled Carbon Steel Scrap

There is currently a great amount of discussion relative to the recycling of scrap metals from Department of Energy (DOE) facilities and facilities licensed by the Nuclear Regulatory Commission (NRC).   The generators of the scrap and their associated regulatory agencies have established contamination limits for the unrestricted release of the scrap.(2)   The limits are based on the potential of causing health effects from the use of the material by the public and on the detection capability using cost effective monitoring methods.   General knowledge is that some carbon steel has already been recycled; however, the author is not aware of the levels of contamination on or in the steel.   The present attitude within the DOE is that scrap meeting the limits on Order 5400.5 could be safely recycled.    The limits indicated above are for "surface" contamination.   There is minimal information available with respect to the degree of volumetric contamination.   It is the author's belief that volumetric contamination could become the limiting factor and that the DOE has not considered the likelihood of detection by modern scrap monitoring systems.   

Based on personal knowledge of occurrences of detection of low level radioactive contamination in large mass loads (as opposed to single shielded source housings or limited pieces of contaminated scrap in a large scrap volume), the author felt that some of the radioactive materials potentially present from DOE and NRC facilities might be detectable by current state-of-the-art scrap monitoring systems.   Additionally, with the incentive for increased detection sensitivity, it was felt that future systems would have an even greater likelihood of detection.   Calculations were made to assess the likelihood of detection by current scrap monitoring systems.   The following assumptions were used for the calculations:

1. Surface concentrations calculated to cause an annual dose of one millirem per year were used.   These concentrations were taken from the US EPA's Technical Support Document, Evaluation of the Potential for Recycling of Scrap Metals from Nuclear Facilities, March 11, 1997). (3) The author believes these are the same or lower than those in the DOE Order 5400.5.
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2. It was assumed that a truck was carrying approximately 27000 pounds of demolition scrap consisting of the following:

· 30 percent of 10 inch wide flange beams

· 30 percent of cut 1 inch plate

· 10 percent each of 1, 2, 4, and 8 inch pipe

3. Based on the surface contamination levels (assuming uniform distribution on all surfaces) from the EPA report, a total microcurie activity was calculated.   However, for the calculations only that activity on 2000 square centimeters was used to calculate the exposure rate outside the truck.   Additionally, only the steel in the first 12 inches from the wall of the truck was used for the calculations.   The calculations also assumed an average attenuation in the scrap and truck wall of 0.67 (0.33 transmission).  

4. Those radionuclides having half-lives of less than 1 year were not considered.   Radionuclides not having energetic gamma emissions were also not considered.   Finally, those radionuclides not likely to create an exposure rate of at least 10 (R/hr at 2 meters from the truck wall were not included in the list.

The radionuclides likely to be detected are:

Antimony 125




Niobium 94

Cesium 134




Plutonium (as americium 241)

Cesium 137




Ruthenium 106

Cobalt 60




Strontium Yttrium 90

Manganese 54




Zinc 65

It is possible other radionuclides will also be detectable, especially if pockets of contaminated steel are close to the vehicle wall.   It is also likely that the list could be increased because of the conservatism used in the calculations and because no credit was taken for the suppressed background caused by the vehicle and its load.

Conclusions

1. Detection capability has significantly increased in the past 10 years and it is believed that sensitivity will continue to increase in the future as new techniques are used, better photomultiplier tubes are developed, more sophisticated algorithms are written, operating conditions are modified at steel plants to optimize detection, and even the development of new technologies.   

2. There is no reason to believe that the threat of inadvertent melting will diminish in the near future and the steel industry must maintain vigilance to protect its workers, its customers and its facilities.

3. The data show that there is very a high probability of detecting even a maximally shielded cesium 137 source in the center of a load of demolition scrap in either a truck or rail car.   Scrap having higher packing densities will have a lower detection potential.

4. While it may seem as if detection capability was not improved in the 1996 test because of a lower detection percentage in the 20 to 22 inch range, this is felt to be the result of a sharp drop in detection in the range of 18 to 20 inches.   This has been confirmed by testing following the 1996 SMA test.   There appears to be a maximum of around 18 inches of shredded scrap cover in which the higher sensitivity systems are capable of consistently detecting the test source with side mounted detectors.   At around 20 to 22 inches, the detection capability decreases dramatically.   Tests made for two of the manufacturers in 1997 and 1998 showed improvement over the 1996 test results.   Additionally there appears to have been an improvement in the "false alarm" rate.

5. Tests continue to point out that even the most advanced detection systems to date are still incapable of detecting a deeply buried, heavily shielded cesium 137 source in higher density scrap, or if thick sections (2 to 3 inches) of solid steel should randomly intercept the radiation emanating from the source.

6. The 1996 SMA test purposely used a heavily shielded cesium 137 source with a low exposure rate because of the desire to determine detection limits for a radioactive material that is common in commerce, has been involved in meltings in steel plants, and which has a moderate to low photon energy.   If a scrap monitoring system could detect this source, it had a high probability of detecting cesium 137 sources with higher exposure rates and radioactive materials with higher photon energies.

7. Based on the above assumptions, it was calculated that if steel scrap with surface contamination levels meeting the release limits of 5400.5 or the NRC's Regulatory Guide 1.86, were present in concentrated masses of as little as 1 ton against the wall of a vehicle, it is likely the scrap would cause alarms in state-of-the-art scrap monitors presently in place at steel mills.
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