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INTRODUCTION

Within the last decade the cross-border movement of contaminated metallurgical scrap

has become a problem of increasing importance. As of June 1997 the database maintained by the

US Nuclear Regulatory Commission showed over 2300 reports of radioactive materials found

in recycled metal scrap [1]. The majority (62%) of the contaminants were naturally occurring

radioisotopes, the remainder sealed radioactive sources (13%) and unidentified radioactive

materials (25%). This has led to a total of 49 reported accidental meltings, an increase of some

40% within the last two years. Most frequently those meltings involved ferrous metals (70%),

however, radioactive contamination of other recycled metals such as aluminum, copper, lead, gold

and zinc has been reported too. Today metal scrap is acquired for recycling from and transported

all over the world, often without a clear reference to its origin. This may include countries with

insufficient infrastructure to ensure adequate safety and security of radioactive materials. This

situation is aggravated by increasing amounts of scrap originating from decommissioning of

nuclear reactors, weapons and submarines. As a result, radioactive materials entering the public

domain in an uncontrolled manner are creating a serious risk of radiation exposure for workers

and the public as well as excessive costs for plant decontamination and waste of product to be

borne by the metal industry.

In US many steel manufacturers have used scrap monitoring systems routinely for more

than 10 years. In Europe since the last few years major steel producing and scrap recycling

industries are installing stationary monitoring systems. This reflects customer requirements for

"radioactivity free products" as well as product liability legislation. In order to detect a 137Cs

source in a shielded container with a dose rate in the order of 10 uSv/h at 1 m distance, buried

in a scrap load of the 1 m thickness, with a detector situated at 2 m from the source, the monitor

system must be able to detect an increase in dose rate of some 20 nSv/h, equivalent to

approximately 20% of normal background level, assuming uniform shielding. For 60Co it would

be 60 nSv/h. The problem is aggravated by the phenomenon of vehicle background suppression.

If a loaded vehicle enters the monitoring portal the natural background will be reduced by 10%

- 30% as the vehicle and scrap load block some of the environmental radiation. When the scrap

load contains a source which increases the normal background by 30% the detector signal may

be the same as before without the vehicle.
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Today typical "Portal Monitors" consisting of two or three detector assemblies with large

plastic scintillators and sophisticated software for dynamic scanning with continuous background

trend analysis to compensate for the vehicle background suppression and ambient background

updating can cope with this problem. For the sensitivity of detection a recommendation of the US

Institute of Scrap Recycling Industries [2] states, that scrap monitoring systems should be capable

of detecting a 137Cs source in a shielded container of 30x30x30 cm3, or greater with a dose rate

of 10 (_iSv/h on the outside of the container, buried in a load of randomly distributed shredded

scrap at a distance between the source centerline and the inside of vehicle of 1,2 m or greater.

The requirement is to achieve 99% detection probability for a vehicle moving with a speed of up

to 6 km/h. Such a sensitivity can be achieved with several products available on the market today.

This means that an unshielded 137Cs source of 3,7 MBq can be detected with 99%

probability in a moving vehicle loaded with shredded scrap iron. However, if a source of much

higher activity is heavily shielded by its container, it might only be detected when the vehicle is

unloaded. Although most major scrap recyclers are already equipped with monitoring

instrumentation smeltings are still reported. This creates an increasing demand to detect

contaminated scrap transports already at the borders before entering a country. An other reason

for this demand is to protect customs and other law enforcement officers as well as the public at

borders and during the transport to the recycler.

Detection of contaminated Scrap at Borders

Radiation monitoring systems for contaminated scrap metals in steel plants and scrap yards

are readily available today and provide very high sensitivity, down to dose rates as low as some

10 nSv/h. However, the measurement conditions at border crossings are essentially different.

Large vehicle traffic limits the time for detection and response to a few seconds and repeated

checks of the same vehicle are nearly impractical. To effectively combat illicit trafficking and

proliferation in nuclear and other radioactive materials, border monitoring has to cover not only

scrap transports by lorries and rail cars but also other movements of passenger cars and

pedestrians, preferably with the same monitoring systems. For the detection of shielded nuclear

materials, such as Plutonium, additional neutron measurement is essential, in contrast to the plant

monitoring procedures.

Frequent false alarms at borders create unacceptable problems and will render the monitoring

systems practically useless. In contrast to the steel plant situation, where false negatives are of
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highest concern to avoid smeltings, false positives are the limiting factor at borders. Considering

a traffic volume of some 10000 vehicles per day for each lane, typical for major border crossings

today, a false alarm rate of 10"4 (1 in 10000 passages) would lead to an average of one false alarm

per day at every lane. This is about the highest acceptable limit. Generally the false alarm rate

depends primarily on the sensitivity of detection, the higher the sensitivity, the higher will be the

frequency of false alarms.

In support of the IAEA program to combat illicit trafficking and to derive practical per-

formance requirements for border monitoring instrumentation a large pilot study (TTRAP) [3] is

being conducted in cooperation between the IAEA and the Austrian Research Centre Seibersdorf

(ARCS), involving 21 manufacturers from 15 countries. The study includes laboratory testing

at ARCS and field testing at the Austrian / Hungarian border and the Vienna airport, each for a

duration of one year. Recent results are presented in a different paper during this workshop. A

major task of the ITRAP laboratory tests has been to determine sensitivity (false negatives) and

false alarm rate (false positives) of commercially available equipment. As agreed with the

manufacturers the minimum test requirements for gamma sensitivity were defined as a radiation

signal (dose rate) at the reference position of the detectors of 0.1 uSv/h for a duration of 1

second. This signal has to be detected with a failure rate (false negatives) of less than 10"3 (1 in

1000 exposures). With this sensitivity a false alarm rate of less than 10'4 (1 in 10000 passages)

is required.

As can be seen from fig.l, only 4 out of the 14 systems under test completely met these re-

quirements. Although some improvements can be expected as a result of the ITRAP study, the

actual performance under realistic border conditions remains to be seen during the field tests.

However, it can be concluded already now, that it would not be practical under border conditions

to aim for a sensitivity of better than O.luSv/h, as can be obtained in steel plant installations.
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Problems with unnecessary "Nuisance" Alarms at Borders

Apart from frequent false alarms due to the statistical fluctuations of the radiation signal,

if a very high sensitivity of detection is desired, additional unnecessary alarms, so called

"nuisance alarms", are to be frequently expected due to low level radioactive contamination -

often by naturally occurring radioisotopes - which is radiologically insignificant for the recycling

of the material. A typical example is low level 60Co contamination of steel due to the routine use

of 60Co sources in blast furnaces as refractory brick wear indicators. This method is still used

routinely in many countries. If scrap transports are stopped based on a very small increase in

background radiation level such trivial contaminations will lead to unnecessary rejects, costs and

delays.

To further illustrate this problem the present situation at the A ustrian / Italian border is described.

The relevant legislation in Italy requires border control procedures for scrap transports to reject for any

measurable increase in momentary environmental background. This already caused a significant number

of rejects during the last years and considerable financial loss for the railroad companies and scrap

vendors.

In a particular case in Italy a dose rate on the surface of some railroad cars of 85 nSv/h has been

determined at a normal background level of 60 nSv/h. The freight was rejected and the train returned to

the scrap vendor in the Czech Republic. After emptying the cars the slight increase in background still

remained and the cars were returned to the Austrian Railways as their owners. There the cars were

measured by in-situ gamma- spectrometry and a low level contamination of the car walls with Co was

determined. In order to verify the activity concentration samples were cut out from a train door and

analyzed in the lab. The results showed an activity concentration around 0.2 Bq/g corresponding to an

increase in gamma dose rate in the range of 15 nSv/h in 10 cm and 6 nSv/h in 1 m from the surface of a

steel door ( 2 m x 1 m x 5mm thickness). Such a contamination of sheet metal with 60Co can easily be

caused by the routine method to control refractory wear in blast furnaces with 60Co sources mounted at

different depth in the linings. For this technique typically sources of 370 MBq are used with a

total of 3 GBq to 20 GBq in a single furnace. If one source would be melted in a single iron heat of 250

- 800 t the worst case activity concentration would be around 1.5 Bq/g which is well below the Exemption

Level according to the International Basic Safety Standards (BSS) [4] of 10 Bq/g. This means that an

inherent 60Co activity concentration in the range of 0.1 - 1.5 Bq/g can be expected in sheet metal just from

the refractory wear control method. It is even quite likely, that many of the railroad cars or other heavy

lorries contain such a contamination. If this regime for border monitoring of scrap transports is
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maintained it would be necessary to scan thousands of rail cars and lorries for contamination to avoid

costly rejects.

A Proposal for an Investigation Level

In contrast to the situation at steel plants, where every significant radioactive contami-

nation of scrap should be detected to avoid smeltings of a source, the procedure at borders has

to be based on a compromise. In order to provide uninhibited exchange of goods and to avoid

unnecessary alarms, delays and rejects at the border, it is proposed to apply an "investigation

level", i.e. a measured radiation level above which a scrap transport should be stopped and closely

investigated. Radiation signals below this level would then be ignored as they may be caused by

statistics, fluctuations in background radiation, or insignificant low level contamination.

As a realistic investigation level a dose rate near the vehicle (or at the position of the detector) in

the range of 0.3 /jSv/h is proposed. This value, which is approximately equivalent to three times average

natural background level, is chosen as a result of the actual performance of modern monitoring equipment

and considerations on radiological protection. This level can easily and safely be detected under border

conditions and limits the radiological risk for workers and the public at the border and during transfer

of the load to the recycler to a justifiable level, as shown below. It is also supported by the fact, that

additional quality assurance measurements are generally carried out by the scrap recycling industry,

which can provide a much better sensitivity than that obtainable at borders, particularly when the scrap

transports are unloaded. The general application of such an investigation level would avoid most of the

unnecessary alarms and rejects due to statistical fluctuations, background variation, instrument

instabilities, as well as low level contamination with naturally occurring radioisotopes and 60Co from

refractory wear control. An agreement on such an investigation level could save enormous costs for delays,

return transports, and man power for law enforcement.

Estimation of the Radiological Consequences for this Investigation Level

The radiological consequences of choosing an investigation level in the range of 0.3

uSv/h can be estimated in different ways. The first step is to evaluate the activity or activity

concentration, which would lead to a dose rate in the order of 0.3 |aSv/h in 1 m distance. For

recycling of steel scrap the most critical radioisotope is 60Co, since cobalt is readily alloyed with
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steel while other isotopes usually end up in the slag or dust, not in the product. Furthermore Co

has the highest dose rate constant of all relevant radioisotopes and therefore determines the risk

of external exposure. For G0Co the corresponding activity of an unshielded point source would be

1 MBq. Shielded behind 1 m of steel scrap (average density 1 g.cm"3) the activity would be about

30 MBq. For a semi-infinite plain of contaminated steel scrap the activity concentration would

be in the order of 1 Bq/g to produce a dose rate of 0.3 uSv/h at 1 m distance. For a contaminated

large piece of steel the surface contamination would have to be in the order of 10 Bq/cm to

produce this dose rate.

Indirect guidance can be derived from the exemption criteria defined in the BSS. Ac-

cording to schedule I of the BSS the exemption level for 60Co is an activity concentration of 10

Bq/g. This is derived from the general dose limitation of 10 uSv in a year for any member of the

public. The same value is applied in the Council Directive 96/29/EURATOM of the European

Communities [5] Annex I, Table A. In addition IAEA-TECDOC-855 [6] proposes an

unconditional clearance level for 60Co in the range of 0.1 - 1 Bq/g and a calculated value, fitted

for external irradiation, inhalation and ingestion of 0.3 Bq/g, which is in the same order of

magnitude. For surface contamination the recommended clearance level for reuse is in the range

of 0.1 Bq/cm2 (for occupancy in contaminated buildings) and 10 Bq/cm2 (handling tools and

equipment).

To estimate the risk of external exposure from contaminated steel products with an

activity concentration in the order of 1 Bq/g 60Co reaching the public domain, the worst case

scenario for workers would be a massive piece of machinery made from this material and used

most of the working hours, such as a large lathe or similar heavy equipment. Assuming a

cylindrical piece of 50 cm diameter and 50 cm thickness the dose rate in 1 m distance would be

in the order of 0.05 uSv/h or 100 |aSv/a for 1800 hours of exposure per year [7]. This is one order

of magnitude less than the average external exposure from natural radiation background. The

estimated risk for exposure due to inhalation or ingestion, to be considered if such contaminated

products would be handled, machined or cut, is about three orders of magnitude below that for

external exposure, i.e. approximately 0.1 |iSv/a for an activity concentration of 1 Bq/g. The

external exposure of workers handling such contaminated scrap during transport, unloading and

sorting etc. can be estimated to be in the jaSv range for a single case and would be likely not to

exceed 0.1 mSv/a [8].
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If contaminated steel with 1 Bq/g of 60Co would be formed to sheets of 1 mm thickness

the dose rate would be in the range of 20 nSv/h at 10 cm and 5 nSv/h at lm distance. This would

lead to an annual dose in the order of 10 uSv/a per 1 Bq/g, assuming a duration of exposure of

1800 hours per year at 1 m distance from the steel sheets. Even if the steel is made into products

that have a high degree of contact with the public, such as cars, bedsteads or table legs, the

resulting exposure would be likely not to exceed 0.1 mSv/a and therefore be negligible compared

to the natural background radiation and only 10% of the annual dose limit of lmSv for the public.

Further indirect support for the proposed investigation level could be derived from the

German regulation on contamination limits for vehicles crossing borders [9]. This recom-

mendation deals with decontamination requirements for vehicles crossing borders, although it

is referring to mixtures of radionuclides typically emitted in reactor accidents. It defines an action

level for decontamination procedures as a gamma dose rate of 5uSv/h in 1 m distance from the

vehicle. Below this limit decontamination is not immediately required and the vehicle may pass

the border. For the above mentioned radionuclide composition this dose rate would be equivalent

to a surface contamination in the order of 1 kBq/cm2. This value can be converted into

contamination with 60Co using the specific dose rate constants for 60Co (3.4xlO~7uSv.m2/Bq.h)

and for the mixed fall out radionuclides (1.4xlO~7 uSv.m2/Bq.h). The action level of 5uSv/h in

1 m distance would correspond to a surface contamination of 400 Bq/cm2 for 60Co. The proposed

investigation level of 0.3 uSv/h in lm distance would be equivalent to a surface contamination

in the order of 20 Bq/cm2. The German regulation [9] provides detailed information on the

radiological consequences and reasoning for the choice of the action level at 5uSv/h.

It should be noted, however, that these considerations are only relevant, if metallurgical

scrap itself is contaminated or if the radioactive source in the scrap load is unshielded. In many

cases sources have been found in scrap, however, within their shielding containers. In this case

the radiation level for the same activity measured on the outside of the vehicle will but much less

and detection without unloading impossible.

Shielding containers for industrial applications of radioisotopes such as gauging or radio-

graphy are usually designed for a dose rate in the range of 10 uSv/h in 1 m distance from the

surface. This means that radiation intensity in some distance from the source will be practically
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the same independent on the actual activity of the source, but heavily dependent on the additional

shielding by the scrap metal. The density of steel scrap most likely to contain a radioactive source

is in the range of 0.4 - 1.6 g.cm"3. With an average density of 1 g.cm"3 a scrap layer of 1 m

thickness would attenuate the radiation intensity by 99% for 137Cs and 97% for 60Co. Due to the

inhomogeneous geometry of the scrap, however, considerably higher transmission may occur in

certain beam directions. If the container with the source is located in the center of the vehicle or

even further away from the detector, it is doubtful if even high activity sources in the GBq range

will be detected on the border without unloading the freight. The same holds for high activity

sources used in medical teletherapy. A 60Co source of 100 TBq in a typical teletherapy shielding

container could pass undetected if buried within a scrap load in a geometrically adverse position.

This is, however, fairly unlikely in practice, due to the large dimensions of the container.

Conclusions

For the detection of contaminated metallurgical scrap at border crossings, very different

conditions apply as compared to monitoring at steel plants, scrap yards or other recycling plants.

The prior aim of border monitoring is to detect "dangerous" incidents which may cause a

potentially serious radiation hazard for workers, the public and the environment and to avoid

significant proliferation of sensitive nuclear material. The free and undisturbed movement of

goods over borders is economically important. Law enforcement officers at borders are primarily

interested in detection of illicit trafficking in humans, children, women and migrants or weapons

etc. rather than scrap contamination. Monitoring systems at borders should therefore operate

without requiring much attention and causing frequent false or unnecessary alarms. Further it has

to be realized border monitoring can not guarantee that even radioactive sources of high activity

will be detected, if they are in shielded containers and/or buried in large volumes of scrap and that

additional quality assurance measurements are required and usually performed. Thus border

monitoring can only provide an indication, that the contamination, if any, is acceptably low, i.e.

no immediate risk of external exposure exists. Full assurance can only be obtained by additional

measurements during loading and unloading of the consignment.

General application of the proposed investigation level, i.e. to trigger an investigation of

the transport only if the dose rate near the vehicle or at the position of the detector exceeds 0.3
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uSv/h, would greatly limit unnecessary alarms, delays and rejects. It would still reasonably ensure

that potentially serious radiation exposures are avoided and limit the radiological risk to an

acceptable level. It is suggested that agreement between neighboring States is achieved to apply

this procedure based on the same investigation levels. This would lead to enormous savings in

time and costs wasted for unnecessary rejects. It is hoped that this paper and the discussions

during this meeting will help towards this goal.
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