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1. INTRODUCTION 

1.1. BACKGROUND 

Naturally occurring radionuclides are present in most material. The most common naturally 
occurring radionuclides in material are those of the uranium and thorium series and 
potassium-40. This material is commonly referred to as Naturally Occurring Radioactive 
Material (NORM). In some material the levels of naturally occurring radionuclides are 
significantly higher, to the extent that regulatory control may be required for radiation 
protection purposes.  

Regulation of NORM presents a range of new challenges for both regulators and operators. 
Unlike more traditional industries dealing with radionuclides, NORM industries have 
generally not had any radiological oversight and, for example, are not equipped for 
radiological monitoring. Some consumer goods containing NORM, which have not 
traditionally been considered as a radiological problem (such as some fertilizers), may require 
regulation and this may have social and economic consequences. The transport and disposal 
of NORM are also a concern, particularly due to the large volumes, which may need to be 
considered. For the majority of NORM, disposal has been by conventional means in the same 
way as for non-hazardous waste with no specific attention to radiological aspects. In some 
cases, there may be a need for intervention into existing NORM disposal sites. 

The International Commission on Radiological Protection (ICRP) published ICRP No. 82, 
Protection of the Public in Situations of Prolonged Radiation Exposure in 2000. This 
document provides guidance on managing residues, such as those arising from NORM 
industries, with potential impact on the public. However, with NORM residual waste there 
may be three different situations: residual waste created as the result of a past practice, 
residual waste created by an ongoing practice and waste which will arise from future 
activities. Regulation of NORM may therefore be consistent with consideration of a practice, 
an intervention or a combination of both. Different regulatory approaches are used nationally 
and a review of the regulation of NORM is timely. 

The mining and milling of uranium and thorium ores and the management of the waste 
generated from such activities is the subject of several safety documents of the IAEA. An 
assessment of occupational protection conditions in workplaces with high levels of exposure 
to natural radiation was made through an IAEA Technical Committee Meeting held in 2001. 
The findings of this meeting are forming the basis for a work plan for future activities in this 
area and for a Safety Guide on occupational radiation protection in mining and processing of 
raw material, as well as two related safety reports. However, there is a range of radiation 
protection issues, arising from the mining, processing, utilisation and disposal of NORM, 
which have not yet been covered in IAEA safety documents. These include impacts on the 
public and the environment of the processing of NORM and the associated generation of 
waste.  

1.2. OBJECTIVES OF THE MEETING 

• To promote information exchange on approaches in Member States to the regulation of 
NORM. 

• To explore possible common approaches to regulation. 
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1.3. SCOPE OF MEETING 

The meeting covered the regulation of NORM and NORM industries in Member States with 
particular emphasis on potential public exposure and residual waste arising from these 
activities. The meeting examined the impact of NORM from past industrial practices, current 
practices that also have residual waste and potential future practices processing NORM. 
Issues relating to the mining and milling of uranium and thorium ores, the management of 
waste generated by such activities and occupational protection for mining and processing of 
raw material were not the focus of this meeting, though they were considering the meeting 
deliberations. 

1.4. PARTICIPATION 

Initially the technical meeting was directed at persons from regulatory bodies and their 
technical experts responsible for the regulation of NORM. However, other government 
organisations or industry representatives with a major interest in NORM related issues might 
find attendance at the technical meeting beneficial. The meeting was directed at a broad 
spectrum of professional disciplines, including health physics, environmental engineering, 
radiation protection, radioactive waste management and radiological assessment. 

List of participants in the meeting is presented in Annex I 

1.5. AGENDA OF THE MEETING 

o Opening of Meeting 

• Opening by Mr. Abel J. Gonzalez, DIR-NSRW 

• Statement by Chairperson, Mr. Loren Setlow, USEPA 

o Adoption of Agenda 

o Scope and objectives of the Meeting 

o Norm Presentation (Annex II) 

o Presentations by Interested Parties (Power Point-Annex III; Textual-Annex IV) 

o Presentation of IAEA initiatives affecting NORM (Annex V) 

o Work groups on primary issues 

o Recommendations and action plan development 

o Closeout of meeting 

2. THE MEETING 

Following welcoming remarks by Agency officials and staff, and an introductory presentation 
on NORM sources and issues, the majority of Member States gave prepared presentations on: 

1. National approaches to the regulation of NORM in past, present and future practices. 

2. Identification of the primary issues relating to regulation of NORM. 
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2.1. DISCUSSION OF PRESENTATIONS 

The prepared presentations (Annex II, III and IV) given during the first and second days of 
the meeting provided attendees with an opportunity to better understand the diversity of 
approaches taken for NORM by the meeting attendees, the diversity of NORM wastes and 
products which were being dealt with, the extent to which national regulations or standards 
had been developed for management of those materials, relevant policies both national and 
international which affected the development of the regulations and standards, and impacts of 
those regulations on affected industries.  

Several important concepts and issues of concern for the regulation of NORM wastes and 
products were provided in the talks. The results of a recent U.S. National Academy of 
Sciences study found that differences in national and international NORM regulations and 
standards were the result of differences in risk management policy rather than differences in 
underlying scientific information, that NORM materials’ radiation effects on humans and the 
environment were not different from than that of any other type of radiation, but differences 
among the different NORM materials chemical and physical characteristics required separate 
analyses for risk and dose management. The study also noted the unique problem of 
distinguishing and accounting for background radiation from the same radionuclides present 
in the NORM material. It was apparent from the talks that NORM is generated by a wide 
variety of resource extraction, manufacturing, and water processing industries, many not 
usually associated with radiation, and that more are being found all the time; the impact of 
this is that more members of the public are exposed to radiation from NORM wastes and 
products than from any other class of radioactive materials. In fact, one of the most widely 
reported radiation problems came from residential reuse of lands contaminated with NORM, 
and use of NORM contaminated waste products as building materials.  

Reported waste disposal methods and approved sites varied widely, for specific industries, 
types of and state of the waste (sludge, scales, liquids, dusts), how to take into account radon 
risk, and national decisions on appropriate means for radioactive waste management. 
Statutory and regulatory controls also varied widely with some nations having complete 
schemes of NORM radiation protection and waste management, and other nations having no 
separate scheme whatsoever. A common issue was different national approaches to what 
constituted NORM, and consequently what industries, wastes, and products were covered by 
relevant guides and regulations. To some extent, a need was expressed in the talks on what 
could be done to assist industries in managing the risks and also to assist some countries in 
easing the burdens of regulation to keep their industrial products competitive in the world 
market. 

Following the prepared presentations, IAEA [managers/staff] provided overviews of other 
ongoing activities in the Agency on NORM related projects to assist the technical meeting 
attendees in framing and directing their efforts over the following days (Annex V). The IAEA 
presentations included efforts on occupational exposures including the development of safety 
series reports for specific industries generating NORM wastes and materials, development of 
a Technical Document on occurrence of NORM and means of abatement or reduction of 
radioactive waste concentrations and quantities, draft dose safety limit guidance applicable to 
industries generating commodities containing NORM, and the state of the Common 
Framework for radioactive waste management,  

2.2. TOPICS FOR AND ACTIONS OF WORKING GROUPS 

Separate exercises conducted following the talks allowed attendees from countries not 
providing written presentations to contribute their respective views on the most pressing 
concerns regarding NORM, and, for all attendees, what constituted the most important issues 



in common that should examined during the conference and what they hoped they would 
learn from the meeting 

As a result of those efforts, it was determined that the following were the most common 
issues of concern for the attendees: 

• The definition of NORM. 

• NORM Residues: should they be covered under regulations intended for –interventions, 
practices or something else?  This topic includes a need to examine dose and ICRP82 
issues, and the question of whether NORM should be considered differently from other 
“nuclear” wastes. 

• Regulatory scope and inconsistencies, including problems caused by national and 
international variations in definition and coverage. 

• Is NORM a waste or commodity (the change in definition in what constitutes a residue). 

• Dose based regulations, use of site specific factors or generic activity levels (which 
approach is applicable to NORM). 

Using the results of this effort to identify the most important issues to generate 
recommendations for the Agency, the attendees made a decision to initially pull together two 
separate working groups. The first group would focus on issues of the definition of NORM, 
regulatory scope and inconsistencies of NORM by member nations, and the complication of 
use of NORM wastes as commodities and how to deal with them under existing guidance. 
The second group would focus on the issues raised concerning dose and risk of handling 
NORM wastes and their reflection in regulations. Attendees agreed to separate into the 
working groups based on their interest and knowledge. The work was conducted over the next 
two days, with two periods of review by all meeting attendees, and a final session to arrive at 
consensus on the working group reports. 

2.3. RECOMMENDATIONS OF THE WORKING GROUPS  

2.3.1. Definition of NORM 

The first working group began by developing a common set of elements in the definition of 
NORM. While the purpose was not to recommend a standard or recommended Agency 
definition, it was felt that this exercise would provide a reference for use in the other working 
group efforts of the meeting, as well as the Agency in its understanding of what the attendees 
felt were important aspects of what constituted NORM. The basic elements of any NORM 
definition included: 

• Presence of primordial and naturally occurring radioactive elements (including 
members of the U-238, U-235, and Th-232 radioactive decay chains, plus K-40). 

• Naturally occurring radioactive elements’ concentrations are enhanced above 
background levels of those found in undisturbed materials; Potential exposure to the 
naturally occurring radioactive elements is increased; and/or The enhancement and/or 
increased exposure is the result of human activities. 

• Includes primordial radionuclide bearing materials which are not used for their 
radioactive content or properties.  
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• Enhancement is an increase of the concentration or relocation (precipitation, change in 
state) of the primordial radioactive elements or their decay products over that present in 
the original material.  

• Enhancement is an increase of radioactive dose and/or risk as a result of increased 
human (workers and/or members of the public) or environmental exposure. 

• Includes raw materials such as ores, geologic materials used for building or fuels, 
materials derived through resource extraction, manufacturing, and water processing. 

• Includes materials that are products, wastes, intermediate process derived. 

With that effort completed, separate activities were undertaken to (1) evaluate regulatory 
inconsistencies for NORM and make specific recommendations for Agency actions, and (2) 
evaluate the matter of NORM as a waste and a commodity and its effect on the regulatory 
regime. In both instances, the meeting attendees were asked to identify the problems, 
recommended actions, and possible matters which could complicate the recommendations. 

2.3.2. Regulatory Scope and Inconsistencies for NORM 

The attendees who agreed to examine the issue of national and international inconsistencies in 
regulation of NORM grouped the inconsistencies they identified into four general categories. 
For each of the four categories, recommendations to the Agency were developed, plus an 
identification of potential problems/complications that could arise in implementing those 
recommendations. Philosophical / Conceptual / Definition Risk, dose and justification are the 
issues of relevance to regulatory authority.  

2.3.2.1. Dose (risk) for NORM residue 

ACTION:   Agency needs to facilitate agreement internationally on an acceptable 
   dose (risk) for NORM residue. 

Complications:  

The dose and risk viewed as acceptable may vary with member nations’ risk management 
policies. Should criteria be the same for artificial and natural sources of radiation. 
Recommendation – should this be at the upper end of range? What happens if exemptions are 
used more extensively? 

NORM/TENORM definitions need to be clear. Some nations consider that NORM does not 
require regulation because it is naturally occurring. 

Dose conversion to concentrations is subject to scenario considered and will vary by 
commodity as well as national social customs. 

Consider exposure of a member of the public to multiple sources of NORM. Does the 
acceptable dose cover all sources or just one? - industry and site specific or overall dose/risk? 
Should an industry conduct a self assessment or make it part of a submission to the national 
authority. 

Blanket exemptions remove an activity from consideration of total dose. The regulator must 
take all sources (regulated and unregulated) into account in issuing permits for individual 
operators. 



2.3.2.2. Scope - any human activity which enhances exposure from NORM 

Industries - commodities, waste and process intermediates, including high altitude exposure to 
cosmic radiation and cave guide exposure to NORM. This would include NORM 
contaminated process equipment scrap and residues, which may have further use. 

ACTION:   1. Agency should agree on the scope of regulation for NORM. 

   2. Agency will provide a comprehensive list of affected industries and 
   activities, which may result in elevated exposure from NORM. 

Complications: 

Regulators may exclude as a result of national/international regulation: 

 Nuclear fuel cycle materials 

 Food and drinking water 

 Excavations, trenching, … 

 Land as real estate 

 Certain commodities (e.g., fertilizers, cement, coal ash…) 

May be considered as a waste in some countries, products in another, or perhaps both. 

2.3.2.3. Geographic / Site 

Assessments are site specific. 

ACTION:   1. Agency should facilitate processes for selection of best NORM disposal 
   sites and disposal options and agree between member states on its  
   application. 

   2. Agency provides NORM assessment guidelines for handling,  
   environmental assessment, and waste disposal 

   3. Agency provides classification criteria for NORM wastes 

Complications:  

Site clean-up/remediation should be to a regulator determined value above local background / 
apply optimization…ideally background 

Work activities (e.g. isolated sites) would focus more on workforce exposure 

Radioactivity will form only part of a larger environmental safety assessment. 

Classification of NORM waste varies with NORM states. 

Differences based on national policies for waste disposal; whether or not there are national 
radioactive waste disposal sites; costs of site reclamation, whether site is proximate to 
population centres or is isolated/rural, whether site is close to water resources, endangered 
wildlife… 
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2.3.2.4. Socioeconomic 

(This category was recognized as an important matter for consideration, specifically with 
respect to economics, trade, and other matters; however, lack of time prevented completion 
of this discussion) 
Socioeconomic factors are site specific. 

Complications: 

Who pays? 

2.3.3. Wastes vs Commodities 

The working group on Wastes vs Commodities examined the issue that NORM residues often 
had variable purposes depending on economic, social and technological factors. A flow chart 
was produced to demonstrate the flow of materials in a typical NORM system and the 
changes that can occur during processing and trade. (Charlie Simmons to provide flowchart 
electronically) 

Recommendations 

Agency guidance is needed with respect to disclosure of NORM in commodities. NORM is 
no different from other constituents which present potential human exposure or 
environmental concern (e.g. Hg, Cd, Pb). 

Because the distinction between NORM commodities and wastes can not always be made 
with clarity and certainty, clear guidance is needed for the re-use of NORM in certain 
applications (e.g., red mud in brick production; gypsum in wall board application). 
Guidance must consider exposure scenarios, material properties, and factors to minimize 
exposure. 

2.3.4. Risk and Dose Handling of NORM Wastes 

The second working group developed a separate set of analyses and specific 
recommendations on this matter for the Agency, which are as follow. 

2.3.4.1. NORM Residues – Intervention or Practice? 

• The concepts of Intervention and of Practice are also usable for NORM. 

• However, specifically for NORM, it is not always clear whether the radiological 
problems should be considered as an intervention or a practice. 

• At the moment, the definitions of a practice and an intervention are considered as 
useable for NORM, but may be reviewed in the future with specific consideration of 
NORM. It is not necessary to introduce a specific concept for NORM. 

• Associated with these concepts, is the concept of Exemption. Exemption on the basis of 
trivial doses is not applicable for NORM. 

• International guidance is needed for the use of the concept of Exemption in NORM 
regulations. 

• For practical purposes, the Optimisation principle is a key issue when dealing with 
NORM. The economic and social factors are the decisive criteria in NORM. 



2.3.4.2. Dose limits 

• In general, the radiation protection principles for practices have to be used in a 
prospective way. The requirements for justification, optimisation and dose limits should 
be applied for each practice to start. 

• When new NORM practices are planned, these requirements should also be applied. It 
is believed that there are sufficient technical possibilities to keep doses below the public 
and occupational dose limits for most of the NORM activities. There may however be 
situations, such as the creation of new mine tailings, where long term assurance of 
keeping public doses below the dose limit of 1 mSv/y is questionable. 

• When there is a clear intervention situation, such as in contaminated areas due to past 
practices with NORM, dose limits do not apply. These situations should be dealt with in 
a retrospective way as is recommended by ICRP 82. Here again, optimisation is the key 
principle. 

• The same approach should be followed in ongoing practices with NORM. Here also, 
optimisation should aim to improve the situation. Where possible, this should lead to 
doses below the dose limit, but some flexibility may be needed. 

2.3.4.3. Dose based, use of site specific factors or generic activity levels 

2.3.4.3.1. National approach 

• The scope of the regulatory control for NORM should be dose based. It is clear that 
exemption, exclusion or clearance cannot be based on a trivial dose. There is a need for 
international guidance on how to define the scope for national purposes. The approach 
should be based on a dose level that is related to the average world wide background (1 
mSv/y), excluding the dose of radon, or the variation in that value (of the order of 0.3 
mSv/y). 

• For national purposes, this dose criterion may be transformed into concentration levels, 
taking into account specific factors that are applicable for that country, such as the type 
of industry, the physical and chemical properties of the material, etc. Generic activity 
levels are, for this purpose, too coarse and cannot take all these factors into account. 

Complicating factors 

• Countries use different approaches for defining the scope of regulatory control. 

• Adoption of such a national approach by the IAEA may lead to further diversion of 
standards. 

2.3.4.3.2. International trade / Commodities 

• International guidance may also be needed for NORM materials that are exported or 
imported, but it is questionable whether it will resolve the problems.  

• Generic activity levels such as proposed in DS 161 may be a solution, but associated 
with the doubts on their effectiveness are the following complicating factors: 
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• What is the impact of the numbers on international trade? Could there be a negative 
impact? 

• There is a fear of misuse of the numbers by different parties (environmental activists, 
industry itself, market protection) 

• Do they really solve the problems? 

• The approach for the derivation of the numbers for artificial radionuclides and for 
natural radionuclides is very different. For artificial radionuclides the approach follows 
a scientific basis, using a (trivial) dose criterion. For natural radionuclides the numbers 
are based on policy decisions. 

Complicating factors 

• A complicating factor is the use of the number for Uranium. The figure may be right for 
NORM, but is too high for use in the nuclear fuel cycle. 

• Are the numbers acceptable for other international organisations, such as the 
International Trade Organisation? 

2.3.4.4. Waste issues 

• NORM waste differs from nuclear waste in the following aspects: 

o Large volumes 

o Not contained 

o Associated with other contaminants, such as heavy metals 

o Disposal options are for many wastes only on/near surface 

o Higher potential for contaminating the biosphere 

o May be reusable in future 

• Disposal options for NORM: 

o Different options are available, but there are no clear parameters for long term 
management 

o Record keeping is very important for NORM. 

o Dispersion is in some cases the optimum solution, but may be obstructed by other 
conventions 

• OSPAR convention 

• Different regimes for radioactive waste and other waste 

o NORM waste needs to comply with other regimes as well. 

• Differences in waste characteristics and volumes, ranging from hundreds of tonnes per 
year to billions of tonnes per year. 



• Not possible to use same set of rules 

• Differences in production areas 

o Climate differences 

o North and south hemisphere 

o Differences in available resources 

• Equity principle for multinationals 

Recommendations 

The radiation protection framework of Justification, Optimization and Dose Limitation 
should also be used for NORM activities. However, for such activities the economical and 
social factors that are to be taken into account in justification and optimization are 
generally of more importance than for practices with artificial radionuclides. It is 
recommended that the IAEA should re-examine and modify the framework if considered 
necessary for NORM activities. This may be done by sequential TMs/CMs on the 
framework, to develop a guidance document on how these should be applied for NORM 
activities. It is recommended that these meetings should be attended (apart from radiation 
protection experts), by other stakeholders. 

The definitions of a practice and of an intervention, as well as the concepts of exclusion, 
exemption and clearance are currently focused on practices with artificial radionuclides. It 
is recommended that the IAEA should review these definitions and concepts and give 
guidance how to apply these in NORM activities (TMs, CMs, safety guides). 

The IAEA should examine the impacts, including costs and benefits, of interventions in 
(waste management, radiation protection, environmental impact) past and ongoing NORM 
operations on the involved industries and states. This may be done by holding conferences 
and issuing reports on the findings. 

The IAEA should examine the technical input for the derivation of exclusion, exemption 
and clearance levels for natural radionuclides for national purposes. Such input 
parameters may consist of the size distribution of aerosols, physical chemical and biological 
parameters of the materials (solubility, leach ability, radon exhalation rate, dose conversion 
factors, etc). It is recommended that the IAEA should hold TMs/CMs on these issues, 
providing the information in existing and future sector specific safety reports 

It is recognized that there still is a lack of scientifically robust and qualified data on NORM 
occurrence and generation in processing and manufacturing industries, and the exposure 
of workers and the public to these sources. The IAEA should co-ordinate research 
programmes to collect these data. The studies should be focused on quantities and 
radionuclide concentrations, including the process parameters that can influence these, 
and also the parameters as mentioned in Recommendation 4. The data can be used for 
conducting inspections, assessing doses, evaluating risks to workers, the public and the 
environment, waste management and national and international policy building for 
NORM. 

Study the impact of the scope defining levels for commodities, before going on with 
finalising DS 161. Specific recommendations have been given separately by the Technical 
Meeting to the Secretariat. 
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Develop guidance on internationally agreed disposal options and parameters for 
management of NORM waste. 

3. REVIEW OF MEMBER STATES DISPOSAL METHODS FOR NORM WASTES 

An exercise was conducted on the afternoon of September 26 to list the variety of waste 
disposal methods used by member nations for management of NORM wastes. After the list 
was compiled, there was discussion concerning the methods being used, and the 
appropriateness and workability of the Common Framework’s general recommendation that 
the preferred method of NORM waste disposal was land burial at a depth of 30 meters. A 
number of examples were provided by the attendees who found the recommendation to be 
inappropriate and simplistic given the wide variety of NORM wastes and other alternatives 
which could be used. Particular concerns were voiced that the potential for ground water 
pollution by long term mobilization of uranium and radium could be too high from this 
method of disposal. Some examples focused on national situations for phosphogypsum 
production sites where ground water aquifers were too near the surface and burial would be 
impractical. Also mentioned was the cost of deep burial when the value of products was low 
and volumes of waste very high (millions of tonnes). Although it was explained by Agency 
management present at the meeting that the deep burial recommendation in the Common 
Framework also required an environmental analysis to determine its appropriateness, the 
meeting attendees still generally felt that other options should be provided. 

Accordingly, the technical meeting participants continued a review of the variety of methods 
used by member nations. The list previously compiled was aggregated into more general 
methods used. The attendees then commented on whether the methodology was unacceptable, 
acceptable, or acceptable with certain conditions. The list is by no means wholly inclusive and 
the assessment was subjective. However, it did provide information on the range of disposal 
methods currently used for NORM residues. 



 

Disposal Methodology Acceptability 

Low Volume High Activity Wastes (e.g. scale, certain sludges) 

Deep Well Injection 

Acceptable with Conditions – Need to ensure isolation 
of injection area from potable water sources, ensure 
integrity of well casing and closure. Re-injection in 
producing formation for oil and gas scale is common 
practise. 

Storage 
Acceptable with Conditions – Only viable for a limited 
time and may have dose and environmental 
considerations 

Authorised Disposal Site Acceptable – Limited availability of disposal sites, costs 
are higher 

High Volume Low Activity Wastes (e.g. mine tailings, phosphogypsum) 

Disposal at Site 

Acceptable with Conditions – Disposal back in pit 
preferable, followed by surface disposal in lined and 
monitored facilities; concerns about water impacts and 
radon, site re-use. 

Dilute and Contain 
Acceptable with Conditions – Diluting a small waste 
stream (e.g. dust) into a large stream (e.g. tailings) 
providing the large waste stream is then contained 

Disposal Not at Site Acceptable with Conditions – Not as preferable as 
disposal on site due to cost considerations. 

Reuse  Acceptable with Conditions – Need to determine if 
potential radiological hazard. 

Land Spreading Acceptable with Conditions – Need to determine if 
potential radiological hazard, concerns over site re-use. 

Disposal in Marine Waters 
Acceptable with Conditions – May contravene 
international conventions (London), concerns over 
mobilization of radionuclides. 

Recycling of Metal 

Acceptable with Conditions – Difficult to find recycler 
and need to control dilution ratios, some nations 
unwilling to approve except for re-use in same 
industries. 

No Action Unacceptable – Potential for dose high in many 
situations 

3.1. REVIEW OF DRAFT SAFETY GUIDE DS 161 

Based on discussions by Agency managers and staff, and meeting attendees, it was decided 
that an independent review by the meeting participants was needed to provide relevant input 
to the draft DSL regarding NORM materials, particularly in the effect of the proposed 
standards on NORM materials when viewed or treated as commodities. Volunteers who met 
separately from the rest of the meeting attendees drafted material. The resulting draft was 
discussed, revised, and ultimately approved by consensus of all the meeting attendees for 
submittal to the agency as comments on the draft DSL.  
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3.1.1. Group Objective 

To provide comments on the DS 161 document where it concerns NORM waste and residues 
(commodities). The group, through the 23-27 September 2002 NORM Conference, has 
determined that NORM wastes and “commodities” are not always separable: there is a 
continuum between NORM materials that may be disposed of as waste or recycled, depending 
on economic factors of the moment.  

The document is effectively an amendment of BSS 115. Its purpose is not well explained and 
the document does not stand on its own. The Group also feels that the document does not 
fully consider the implications of SDLs on NORM industries and international trade 

3.1.2. Justification 

The need for scope defining levels is questioned. Guidelines may be considered desirable, but 
may not facilitate the management of NORM in trade. The implementation of DS 161 will not 
prevent industrial sectors or countries from rejecting materials, even under SDL levels.  

3.1.3. Pros 

It could replace a series of existing clearance levels. 

In having a relatively lower SDL compared with the BSS exemption level, trade could be 
opened to include materials that have previously not been competitive. Lowering the 
regulatory threshold for regulatory consideration of NORM currently exempt removes a 
disincentive to use higher activity NORM commodities. Regulating  all commodities above 
0.5 Bq/g means commodities having higher NORM concentration can compete on equal 
terms with lower concentration commodities. This may be particularly true in the minerals 
industry. Of course, this may have the unintended effect of introducing quantitatively higher 
amounts of NORM into the marketplace. 

3.1.4. Cons – broad 

It could lead to further confusion, lack of explanation of the purpose of the document could 
lead to misinterpretation and misapplication of the SDLs. How does it relate to the Transport 
Safety Standard Series TSR1? Is it an amendment of BSS 115 with the DS 161 values (even 
perceived) to replace the exemption levels in BSS with SDL values for NORM from the DS 
161 or are there still two sets of values with unclear definitions as what they are to be applied 
to? 

Implementation of this document could have unintended adverse effects. The implementation 
of DS 161 could have a negative effect on world trade. This should be quantified before 
proceeding. For example much more material could have the stigma of being considered 
“radioactive”. There could be a change in the manner in which raw materials are perceived 
(because of waste) as acceptable and industries could move to other countries. The 
implementation of DS SDL’s could promote the processing of materials at the mine site. 
Because many mines are located in countries with limited infrastructure and resources this 
might have an overall negative effect in regard to radiation protection. 

The approach for the derivation of the numbers for artificial radionuclides and for natural 
radionuclides is very different. For artificial radionuclides the approach follows a scientific 
basis, using a (trivial) dose criterion. For natural radionuclides the numbers are based on 
policy decisions. There should be a clear rationale for the derivation of numbers. 



There is a conflict specifically for the use of the SDL for 238U at 0.5 Bq g-1, when uranium is 
used for is radioactivity in the nuclear cycle. 

Are the SDL values acceptable for other international organisations, such as the World Trade 
Organisation? 

Many secondary materials such as coal ash and gypsum are currently beneficially re-used. 
The stigma of radioactivity may inhibit the re-use / recycling of residues and will have the 
negative effect of increasing overall volumes of waste to disposal. 

3.1.4.1. Issues specific to NORM waste. 

The processing of higher activity NORM could be re-directed to other markets. 

Increased mine site waste disposal. 

Recommendations 

Provide justification for the need and effectiveness for SDLs in DS 161 in relation to 
NORM. 

If justified, we recommend the following: 

Clarify the purpose and application of SDLs. There is a concern that the SDLs may be 
misinterpreted or deliberately misapplied with respect to NORM materials. There is a need 
for clarification and recommendations as to materials exceeding SDLs. The Agency should 
provide advice on implementation of the guidance document when applied to NORM 
materials in excess of SDLs. This could take the form of additional Sector Reports for 
specific NORM materials. 

Study the potential negative impact of the implementation of scope defining levels for 
commodities containing NORM, before proceeding with finalising DS 161. 

Other international organizations, such as the  World Trade Organization, should be 
involved. 

The inclusion of some explanatory material, apparently available in a separate report 
(reference 9) could help to explain the justification and basis for the DS 161 without 
making it an unnecessarily large report.  

3.2. CONSENSUS OF THE MEETING 

On the last day of the meeting, all attendees reviewed recommendations to the Agency of the 
working groups regarding the issues of NORM waste management and regulation. After 
discussion of the issues and reconciliation of viewpoints over the recommendations with 
respect to intent and content of the Agency’s Common Framework and other relevant guides, 
a consensus was reached on wording of the text and contents. It was recognized that the 
working groups had limited time to develop their reports, that some inconsistencies did exist 
in format, and not all issues could be completely discussed Nevertheless, the reports of the 
working groups as discussed above represent the consensus views of the attendees of the 
technical meeting. The meeting endorsed the recommendations of the working groups. 

Additionally, the meeting was asked to discuss the appropriateness of treating of NORM 
waste in a similar manner to artificial and nuclear fuel cycle waste. The following 
recommendation was the consensus of the meeting. 

14 
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Should NORM Material be treated in a similar manner to artificial and nuclear fuel cycle 
material when it comes to waste disposal under the common framework? 

Recommendation 

For disposal and ultimate use, NORM materials should be treated as separate from 
artificial and nuclear fuel cycle material under the Common Framework with different 
implementation standards and guidance. Specific factors (volume of material, surface 
disposal, cost (disposal)/benefit (value of commodity), population exposure and density), 
relating to NORM require separate consideration to ensure practical disposal of this 
material. 

Finally the meeting was requested to consider an Action Plan which the Agency could adopt 
to address the issue of NORM residues. The meeting recommended the development of a 
guidance document with supporting practical reports. Initial supporting documentation could 
include appropriate waste disposal options for NORM residues and industry specific advice 
on the occurrence and handling of NORM residues. It was believed that such documentation 
could be created within the existing IAEA framework via appropriate consultant meetings and 
consultation with Member States and Industry Representatives. 

Recommendation 

The IAEA should develop guidance documentation on the control of NORM residues with 
appropriate supporting documentation. Supporting documentation should include advice 
on appropriate waste disposal options for NORM residues and industry specific advice on 
occurrence and handling of NORM residues. 

The Meeting was closed at 12:15 on Friday 27th of September 2002. 

3.3. SUMMARY OF RECOMMENDATIONS 

3.3.1. Regulatory Inconsistencies in NORM 

1. Agency needs to facilitate agreement internationally on an acceptable dose (risk) for 
NORM residue 

2. Agency should agree on the scope of regulation for NORM 

3. Agency will provide a comprehensive list of affected industries and activities, which may 
result in elevated exposure from NORM 

4. Agency should facilitate processes for selection of best NORM disposal sites and disposal 
options and agree between member states on its application 

5. Agency provides NORM assessment guidelines for handling, environmental assessment, 
and waste disposal 

6. Agency should provide classification criteria for NORM wastes 

3.3.2. Wastes vs Commodities 

9. Agency guidance is needed with respect to disclosure of NORM in commodities. NORM 
is no different from other constituents, which present potential human exposure or 
environmental concern (eg Hg, Cd, Pb). 



10. Because the distinction between NORM, commodities and wastes cannot always be 
made with clarity and certainty, clear guidance is needed for the re-use of NORM in 
certain applications (e.g., red mud in brick production; gypsum in wall board 
application). Guidance must consider exposure scenarios, material properties, and factors 
to minimize exposure. 

3.3.3. Risk and Dose Handling of NORM Wastes 

9. The radiation protection framework of Justification, Optimisation and Dose Limitation 
should also be used for NORM activities. However, for such activities the economical 
and social factors that are to be taken into account in justification and optimisation are 
generally of more importance than for practices with artificial radionuclides. It is 
recommended that the IAEA should re-examine and modify the framework if considered 
necessary for NORM activities. This may be done by sequential TMs/CMs on the 
framework to develop a guidance document on how these should be applied for NORM 
activities. It is recommended that these meetings should be attended (apart from radiation 
protection experts), by other stakeholders. 

10. The definitions of a practice and of an intervention, as well as the concepts of exclusion, 
exemption and clearance are currently focused on practices with artificial radionuclides. 
It is recommended that the IAEA should review these definitions and concepts and give 
guidance how to apply these in NORM activities (TMs, CMs, safety guides). 

11. The IAEA should examine the impacts, including costs and benefits, of interventions in 
(waste management, radiation protection, environmental impact) past and ongoing 
NORM operations on the involved industries and states. This may be done by holding 
conferences and issuing reports on the findings. 

12. The IAEA should examine the technical input for the derivation of exclusion, exemption 
and clearance levels for natural radionuclides for national purposes. Such input 
parameters may consist of the size distribution of aerosols, physical chemical and 
biological parameters of the materials (solubility, leach ability, radon exhalation rate, 
dose conversion factors, etc). It is recommended that the IAEA should hold TMs/CMs on 
these issues, providing the information in existing and future sector specific safety 
reports. 

13. It is recognized that there still is a lack of scientifically robust and qualified data on 
NORM occurrence and generation in processing and manufacturing industries, and the 
exposure of workers and the public to these sources. The IAEA should co-ordinate 
research programmes to collect these data. The studies should be focused on quantities 
and radionuclide concentrations, including the process parameters that can influence 
these, and also the parameters as mentioned in Recommendation 4. The data can be used 
for conducting inspections, assessing doses, evaluating risks to workers, the public and 
the environment, waste management and national and international policy building for 
NORM. 

14. Study the impact of the scope defining levels for commodities, before going on with 
finalising DS 161. Specific recommendations of the Technical Meeting have been given 
separately to the Secretariat. 

15. Develop guidance on internationally agreed disposal options and parameters for 
management of NORM waste. 
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3.3.4. Review of Draft Safety Guide DS161 

16. Provide justification for the need and effectiveness for SDLs in DS 161 in relation to 
NORM. 

If justified, we recommend the following: 

17. Clarify the purpose and application of SDLs. There is a concern that the SDLs may be 
misinterpreted or deliberately misapplied with respect to NORM materials. There is a 
need for clarification and recommendations as to materials exceeding SDLs. The Agency 
should provide advice on implementation of the guidance document when applied to 
NORM materials in excess of SDLs. This could take the form of additional Sector 
Reports for specific NORM materials. 

18. Study the potential negative impact of the implementation of scope defining levels for 
commodities containing NORM, before proceeding with finalising DS 161. 

19. Other international organisations, such as the World Trade Organisation, should be 
involved. 

20. The inclusion of some explanatory material, apparently available in a separate report 
(reference 9) could help to explain the justification and basis for the DS 161 without 
making it an unnecessarily large report.  

3.3.5. Treatment of NORM Wastes as per Other Radioactive Wastes 

21. For disposal and ultimate use, NORM materials should be treated as separate from 
artificial and nuclear fuel cycle material under the Common Framework with different 
implementation standards and guidance. Specific factors (Volume of material, surface 
disposal, cost (disposal)/benefit (value of commodity), population exposure and density), 
relating to NORM require separate consideration to ensure practical disposal of this 
material. 

3.3.6. Action Plan 

22. The IAEA should develop guidance documentation on the control of NORM residues 
with appropriate supporting documentation. Supporting documentation should include 
advice on appropriate waste disposal options for NORM residues and industry specific 
advice on occurrence and handling of NORM residues. 
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SOURCES OF NORM WASTE

PROCESS WASTE

Aluminium, iron, gold, tin /
tantalum, rare earths, copper
mining, mineral processing and /
or chemical / thermal treatment

tailings, dusts, scales, slags,
abrasives, equipment,
contaminated clothing, etc.

Mineral sand mining &
processing

same as for general mining plus
disposal of used zircon based
refractories

Oil and gas production sludges and scales; contaminated
clothing, abrasives, equipment,
etc.
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SOURCES OF NORM WASTE

PROCESS WASTE

Fertiliser manufacture Phospho-gypsum

Aluminium processing Red mud

Coal burning (electricity) Fly ash, bottom ash

Copper (zinc, iron, tantalum/tin)
smelting and refining

210Pb and 210Po, discharged to
atmosphere in dusts
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TYPICAL RADIONUCLIDE 
CONCENTRATIONS (Bq/kg)

soil 20-50 (U), 30-70 (Th)
coal ash, fly ash 200-300 (U, Th)
oil sludge 1000-5000 (Ra)
oil scale 1000-20000 (Ra , 210Pb)
phospho-gypsum 20-1000 (Ra, 210Pb)
red mud 20-400 (U), 30-1500 (Th)
zircon 1000-4000 (U)
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PRINCIPLES FOR MANAGEMENT OF 
NORM WASTE

• Containment and immobilisation, or dispersal?

• Pre-treatment?

• Impact assessment?
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DISPOSAL OPTIONS

• Re-cycling
• land- and mine-fill, building materials, road-building

• Burial
• near-surface disposal

• Ocean dumping

• Authorised discharge to lakes and rivers
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RE-CYCLING
• Land- or mine-fill, road building (coal ash, gypsum)

• Plasterboard (phospho-gypsum)

• Other building materials: e.g. masonry, pavers, cement (fly ash,
red mud, slags)

• Soil conditioning / fertilisers -increasing water retention and 
reducing nutrient leaching (P) in sandy soil (red mud), trace 
metals

• Acid mine drainage treatment (red mud)
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CONTAINMENT AND IMMOBILISATION

• BENEFIT
the location and composition of the waste are known - this 
enables impact assessments to be carried out with some 
confidence and measures taken to isolate / limit the 
environmental impact

• DISADVANTAGE
a storage ‘facility’ has to be provided, maintained and 
monitored (and paid for) but may be part of the mine 
operations
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DISPERSAL (DISCHARGE)

• BENEFIT
Potentially lower concentrations - dilution in water, soil or 
other mine waste/tailings

• DISADVANTAGES
The end location of the waste is not always known or 
predictable - depending on the ‘nature’ of the contained 
radioactivity
The impact on the environment is not always predictable
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PRE-TREATMENT

This could include

• Physical pre-treatment
containment or encapsulation eg into cement

• Chemical pre-treatment
can select chemical form, preferably inert eg neutralisation
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CODES  OF  PRACTICE

• Code of Practice on the Management of Radioactive 
Wastes from the Mining and Milling of Radioactive Ores 
1982 

• Code of Practice for the Disposal of Radioactive Waste 
by the User 1985

• Code of Practice on Radiation Protection in the Mining 
and Milling of Radioactive Ores 1987

• Code of Practice for the Near Surface Disposal of 
Radioactive Waste in Australia 1992
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NEAR-SURFACE DISPOSAL CODE

Main points:
• cover: 2m - recreational

5m - residential
• bottom of waste 5 m  above the water table
• low rainfall area preferred
• remote area preferred
• no other use for land (economic, cultural)
• restrictions on radionuclide concentrations
• restrictions on physico-chemical form (no liquid waste,…)
• institutional control period
• site-specific safety assessment required
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DIFFICULTIES WITH BURIAL OPTION

NORM wastes have a very wide range of
• concentrations
• chemical forms
• origins
• volumes

Australia has a very wide range of
• climatic conditions (rainfall)
• geo-chemical & environmental conditions (soil, groundwater)
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REGULATION  OF RED  MUD  
FROM  THE  ALUMINA  INDUSTRY 

IN  AUSTRALIA

Doug Collier  - Metallurgist
Australian Nuclear Science and Technology 

Organisation  
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RED  MUD  IN  AUSTRALIA

• The world’s largest producer of alumina, and therefore red mud

• Location dependent, local conditions, state regulators

• Potential applications for red mud face a multitude of regulations

• Characterisation of radioactivity - equilibrium, mobility, natural 
material?
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STATE  GOVERNMENT  BODIES

• ENVIRONMENTAL  PROTECTION  AGENCY

• MINES  DEPARTMENT

• HEALTH  DEPARTMENT

• RADIOLOGICAL  COUNCIL
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WHICH  REGULATION  ?
• A red mud can contain 3 Bq/g 232Th

• Australian Code of Practice for Transport (2001) , not 
radioactive for transport purposes below 10 Bq/g

• State Regulation, could be radioactive as cut off is 3 Bq/g, 
some uranium and variation between consignments

• IAEA BSS115, radioactive as > 1 Bq/g

• IAEA DS 161, commodities, radioactive as > 0.5 Bq/g

• Where to next?

• Conditions applied to licences
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ISSUES - SOURCES  OF  RISK
• NATURE  OF  RADIOACTIVITY

• Characterisation

• LAND RE-USE
• Remediation guidelines

• PRODUCT END-USE
• Recycle/re-use or dumping!

• PUBLIC  PERCEPTION
• Sensationalised - political
• Education
• Is it radioactive? It depends.
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CONCLUSIONS

• Too  many regulations - rationalisation
• Too complicated - practicalities
• Contradictory bases - credibility - common approach
• Theoretical rather than factual
• Passing the buck and increasing the cost at market
• Availability of repositories - educate politicians
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Canada has experienced NORM problems in 
mineral extraction and processing industries, oil 
and gas production, metal recycling, thermal-
electric production, in water treatment facilities, in 
scales and sludge from the oil industry and in 
underground workings etc.  
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Long-lived radioactive elements of interest include uranium (U-238), thorium (Th-232)
and potassium (K-40) as well as their radioactive decay products, such as radium and
radon.

URANIUM 238 SERIES THORIUM 232 SERIES

NORM Nuclide Symbol Half-Life Major
Emissions

NORM Nuclide Symbol Half-Life Major
Emissions

Uranium 238 238U 4.5x109 y α Thorium 232 232Th 1.4x1010 y α
Thorium 234 234Th 24.0 d β,γ Radium 228 228Ra 5.7 y β

Protactinium 234m 234mPa 1.2 m β,γ Actinium 228 228Ac 6.1 h β,γ
Uranium 234 234U 2.5x105 y α,γ Thorium 228 228Th 1.9 y α,γ
Thorium 230 230Th 7.7x104 y α,γ Radium 224 224Ra 3.7 d α,γ
Radium 226 226Ra 1.6x103 y α,γ Radon 220 220Rn 55.6 s α
Radon 222 222Rn 3.83 d α Polonium 216 216Po 0.15 s α

Polonium 218 218Po 3.1 m α Lead 212 212Pb 10.6 h β,γ
Lead 214 214Pb 27 m β,γ Bismuth 212 212Bi 61 m α,β,γ

Bismuth 214 214Bi 20 m β,γ Polonium 212 (65%
212Po 3x10-7 s α

Polonium 214 214Po 1.6x10-4 s α,γ Thallium 208 (35%)
208Tl 3.1 m β,γ

Lead 210 210Pb 22.3 y β,γ Lead 208 208Pb Stable none
Bismuth 210 210Bi 5.01 d β
Polonium 210 210Po 138 d α Potassium-40

Lead 206 206Pb Stable none Potassium 40 40K 1.3x 109 y β,γ
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In Canada 

NORM issues fall under the 
jurisdiction of the provinces and 

territories 
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The Canadian Guidelines set out principles and 
procedures for the detection, classification, 
handling and management of NORM in Canada. 
The basic principle of these guidelines is that the 
same radiation exposure criteria should be 
applied where workers or the public are exposed 
to radiation from NORM activities as for 
radiation exposure from Canadian Nuclear 
Safety Commission (CNSC) regulated activities.
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Dose limits in this document are defined in terms 
of incremental dose, which is the dose resulting 
from the work practice in question. The natural 
background radiation, including radon, is 
excluded from the dose limitations. Radiation 
dose arising from the application of medical 
procedures is also excluded from the dose 
limitations.
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Radiation Dose Limits

AFFECTED GROUP
ANNUAL EFFECTIVE

DOSE
LIMIT (mSv) (a)

FIVE YEAR
CUMULATIVE
DOSE LIMIT

(mSv)
Occupationally exposed
Workers (b) 20 (c) 100

Incidentally Exposed
Workers and
Members of the Public

1 5

Notes:
(a) These limits are exclusive of natural background and medical exposures.
(b) For the balance of a known pregnancy, the effective dose to an occupationally
exposed worker must be limited to 4 mSv as stipulated in the “Radiation Protection
Regulations”, Canadian Nuclear Safety Act. This limit may differ from corresponding
dose limits specified in current provincial legislation applicable for exposure to sources
of x-rays.
c) For occupationally exposed workers, a maximum dose of 50 mSv in one year is
allowed, provided that the total effective dose of 100 mSv over a five-year period is
maintained. This translates into an average limit of 20 mSv/a.
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Dose Constraint
• A dose constraint is introduced in ICRP 77 and

IAEA Safety Series 115 to ensure that the public and 
incidentally exposed workers do not exceed the annual 
dose limit of 1 mSv.

• A dose constraint is an upper value on the annual dose 
that members of the public or incidentally exposed 
workers should receive from a planned operation or 
single source.

• The dose constraint allows for exposures from other 
sources without the annual limit being exceeded.
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Dose Constraint
• The retrospective finding that a dose constraint, as 

opposed to a dose limit, has been exceeded does not 
imply a failure to comply with the guidelines. Rather it 
should call for a reassessment of the effectiveness of 
the program.

• The Canadian NORM Guidelines have adopted
0.3 mSv/a as a dose constraint.

• In the Guidelines, the dose constraint value is the 
investigation level and is the level used to determine 
the unconditional NORM release values.
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NORM Classification Options

NORM Classification Details

Unrestricted  public dose < 0.3 mSv/a
 worker dose < 1.0 mSv/a

NORM Management  public dose > 0.3 mSv/a
  worker dose < 1.0 mSv/a

Dose Management   worker dose > 1.0 mSv/a

Radiation Protection
Management   worker dose > 5.0 mSv/a
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NORM 
Classification 
Flowchart
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NORM Derived Release Limits

Unrestricted Classification: The guidelines recommend 
that NORM may be released with no radiological 
restrictions when the associated dose is no more than 0.3 
mSv in a year. The radioactive hazard associated with this 
dose is considered insignificant, and no further control on 
the material is necessary on radiological protection 
grounds. It may be necessary to consult and obtain 
approval from Provincial waste disposal regulatory 
agencies regarding non-radiological properties.
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NORM Derived Release Limits

Unrestricted Classification
Release with Conditions: NORM quantities in excess of 
the Unconditional Derived Release Limits may, after a 
specific site review, be released without further 
consideration. In such instances, the basic premise is that 
the material, in its final disposition, will not contribute a 
dose to an individual that is greater than 0.3 mSv/a. 
Outside those situations or conditions, the material falls 
within a more restrictive NORM classification.
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CANADIAN GUIDELINES FOR THE MANAGEMENT CANADIAN GUIDELINES FOR THE MANAGEMENT 
OF NATURALLY OCCURRING RADIOACTIVE OF NATURALLY OCCURRING RADIOACTIVE 

MATERIALS (NORM)MATERIALS (NORM)

The Canadian Guidelines for the Management of 
Naturally Occurring Radioactive Materials (NORM) are 
available in French and English and are downloadable 
from the following websites:
http://www.hc-sc.gc.ca/ehp/ehd/rpb/fptrpc/index.htm
http://www.nuclearsafety.gc.ca/eng/safety/FPTRPC_E.HTM
http://www.labour.gov.sk.ca/safety/publications/publications.htm
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QUESTIONS



Dr. sc. Dragan Kubelka



ACT ON PROTECTION AGAINST IONISING 
RADIATION

ACT ON PROTECTION AGAINST IONISING 
RADIATION

MINISTRY OF 
HEALTH
SANITARY

INSPECTION

AUTHORISED TECHNICAL 

SERVICES
AUTHORISED TECHNICAL 

SERVICES



The act is  implemented through the 
following regulations

Regulation on the exposure limits, on the conditions 
of exposure for special purposes and on the 
intervention levels; 

Regulation on the conditions and measures for the 
protection against ionizing radiation for conducting 
practices involving x-ray units, accelerators and other 
devices generating ionizing radiation; 

Regulation on the conditions and measures for the 
protection against ionizing radiation for conducting 
practices involving  radioactive substances

Regulation on the conditions and manner of obtaining 
the professional qualifications as a precondition for 
work with the sources of ionizing radiation



Regulation on the health conditions, criteria, content, 
methods and intervals of maintaining of the records 
about health surveillance of persons who operate 
sources of ionizing radiation

Regulation on radioactive waste management

Regulation on the conditions, methods, premises and 
intervals of systematic environmental radiological 
monitoring

Regulation on the patients ionizing radiation 
protection in medicine and stomatology

Regulation on the methods and time intervals of the 
surveillance of the sources of  ionizing radiations, 
personnel monitoring, monitoring of exposure 
of the patients, on maintaining records and registars 
and on reporting

Regulation on the conditions for authorization of  
legal entities to perform specific expert practices in 
the field of ionizing radiation protection







Coal-slag and ash contains:

238U =======> 18640 Bq/kg

236Ra =======> 6200 Bq/kg







238U =======> 400-1800 Bq/kg

236Ra =======> 800 Bq/kg
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Overview

Germany:
Radiation Protection Ordinance (RPO)
Regulations for NORM in the RPO
Derivation of Exemption/Clearance Levels for NORM in Germany

European Union - RP 122 part II.
Derivation of Exemption/Clearance Levels for the 
Recommendation of the EURATOM Art. 31 Group
Comparison of the Two Approaches
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Germany

Radiation Protection Ordinance, July 2001



BS

September 4Clearance/Exemption of NORM in Germany - S. Thierfeldt, Brenk Systemplanung 

Use of NORM in Germany 

Industries using NORM:
coal mining and use (mining, milling, use in power plants)
oil and gas production
chemical industry
ore mining and milling 
production of minerals 
iron and steel production 
production of non-ferrous metals
foundries (Zircon sand)  
industries using Thorium (welding electrodes, optical  glass) 
production of primary and secondary building materials using
NORM
use of various materials in civil engineering (houses, streets, 
buildings)
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The German Radiation Protection Ordinance
of July 2001

Radiation Protection Ordinance (RPO)
Strahlenschutzverordnung (StrlSchV)
- Bundesgesetzblatt (BGBl.) I p. 1713, 2001, Nr. 38

issued 20. July 2001
transposes Council Directive 96/29/EURATOM (BSS) into national 
legislation

Relevant parts
Part 2: Protection of individuals and the environment against 
radioactive substances or ionizing radiation from practices
Part 3: Protection of individuals and the environment against 
natural sources from work activities
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The Hierarchy of 
German Nuclear Regulations

Legal

Technical

Atomic
Energy Act

Ordinances

Safety criteria

Safety standards
KTA Standards, Regulatory Guides, 

Guidelines of SSK and RSK 

Industrial Standards

Radiation 
Protection 
Ordinance

Where to get the German Radiation Protection Ordinance =
Strahlenschutzverordnung (StrlSchV)?

Download from www.bmu.de of full German text
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Regulations for NORM in the 
German Radiation Protection Ordinance 

Regulations for the Exposure at 
Workplaces

§ 95: NORM at workplaces
- 6 mSv/a dose level
- 20 mSv/a dose limit
- Rn 222 level
- and many other regul.

§ 96: Documentation etc.
App. XI: List of workplaces 
with increased radiation due 
to terrestrial rad. sources

Regulations for the Exposure of 
the General Public

§ 97: NORM residues 
requiring supervision
§ 98: release of NORM 
residues from supervision
§ 99: NORM residues 
remaining under supervision
§§ 100 - 102: others
App. XII: Recycling and 
disposal of NORM residues

Regulations for “work activities”: Part 3 = §§ 93-104 + App. XI, XII
Basic requirements: §§ 93 - 94: dose limit, dose reduction

a³m
hBq6102
⋅

⋅
⋅
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Exemption/Clearance Levels for NORM in 
Germany (1) - Overview

Derivation of exemption/clearance levels for NORM in 
Germany: three steps

Identification / data collection for relevant material streams
- mining activities
- industrial processes

definition of disposal and/or recycling options for material 
categories
definition of radiological scenarios
- link between activity contents in the materials and doses 
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Ex./Cl. Levels for NORM in Germany (2) -
Relevant Materials 

1st Step: Identification of potentially relevant material streams 
threshold level: 0.2 Bq/g
- for U-238 and Th-232 chains in equilibrium
- lower spec. activities disregarded

examples:
- waste rock, residues (sludges, sands) from coal/ore mining
- residues from coal fired power plants (fly ash)
- gypsum from cleaning of off-gases
- slags, precipitates, sludges from iron/steel production
- used zircon sands from foundries
- sludges from water treatment facilities
- etc.

Survey is strictly country specific (i.e. only applies to Germany)
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Ex./Cl. Levels for NORM in Germany (3) -
Material Categories

Material categories
extracted from the list of relevant material categories

List condensed to 4 categories
slag
ashes
sand
waste rock, soil etc.

determine material dependent parameter values in radiological 
model
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Ex./Cl. Levels for NORM in Germany (4) -
Waste Management options

2nd Step: Definition of waste management options
disposal
- above ground: landfill, heap
- underground: disposal site, use in mines, backfill etc.

recycling
- in road construction, landscaping etc.
- in construction material - use as aggregate in concrete (houses)

Waste management option determines parameters in 
radiological model



BS

September 12Clearance/Exemption of NORM in Germany - S. Thierfeldt, Brenk Systemplanung 

Ex./Cl. Levels for NORM in Germany (5) -
Radiological Model (a)

Dose criterion: 1 mSv/a for individuals
6 age groups (according to ICRP / EU BSS): 

≤ 1 a;  1-2 a;  2-7 a;  7-12 a;  12-17 a;  > 17 a
workers considered as age group “> 17 a” of general public

Exposure scenarios:
Recycling:

- workers: road construction, aggregate for building material, storage in
warehouse, use for sand-blasting

- general public: living near road and public place covered with NORM, 
living in a house constructed using NORM

Disposal:
- workers: disposal on landfill, disposal in underground mines
- general public: living near landfill/heap where NORM is disposed of
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Ex./Cl. Levels for NORM in Germany (6) -
Radiological Model (b)

Exposure pathways:
external irradiation
inhalation of contaminated dust
inhalation of radon / radon progeny
direct ingestion of fine grained radioactive material

Additional exposure pathways where relevant:
drinking contaminated water (groundwater migration of 
contaminants)
use of this water 
- for irrigation of agricultural products 
- for watering cattle

contamination of agricultural products by deposition of dust
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Ex./Cl. Levels for NORM in Germany (7) -
Radiological Model (c)

Parameter values
relevant for dose assessment
depend on:
- material properties (physical consistency, nuclide vectors, 

particle size distribution, leachability etc.)
- recycling or disposal options (mixing ratios, geometries etc.)
- assumptions for migration of contaminants (meteorological 

conditions, air exchange rates in buildings, infiltration rates,
distances, hydrological properties etc.)

- age groups (exposure time, breathing rates, ingestion rates)

Exemption/Clearance Levels are calculated backwards from 
dose limit 1 mSv/a
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Ex./Cl. Levels for NORM in Germany (8) -
Overview of Steps for the Derivation

NORM indus-
tries / materials

quantities / 
activities

def. of 4 basic 
material categories

def. of waste man-
agement options

def. of radiological 
scenarios / param.

dose crit.: 1 mSv/a
+ conserv. scen.

calcul. of ex./cl. 
levels for NORM
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Regulations for NORM in the 
German Radiation Protection Ordinance (1)

Regulations for NORM in German RPO
at workplaces: §§ 95-96, Annex XI
protection of the public: §§ 97-102, Annex XII
cosmic radiation (flight crews): § 103

For protection of the public:
list of relevant materials (Annex XII part A)
- sludges + scales from oil/gas production
- phosphogypsum (+ sludges, slags)
- waste rock, sludges, sands, slags from bauxite, columbite,

pyrochlore, copper, tin, rare metals, U ores...
- precipitates + sludges from waste gas treatment of metallurgy
- and others
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Regulations for NORM in the 
German Radiation Protection Ordinance (2)

Exemption/Clearance Levels: based on tiered approach
CU238max : highest spec. activity in U-238 decay chain
CTh232max: highest spec. activity in Th-232 decay chain
general (recycling/disposal): CU238max + CTh232max ≤ 1 Bq/g
> 5000 Mg/a in vicinity of usable aquifer / building material for 
houses > 20% NORM: CU238max + CTh232max ≤ 0.5 Bq/g
underground disposal in mines: CU238max + CTh232max ≤ 5 Bq/g
waste rock from mining on heaps > 1 ha in vicinity of usable 
aquifer CU238max ≤ 0.2 Bq/g & CTh232max ≤ 0.2 Bq/g
other options / criteria

Application if value is exceeded:
detailed assessment necessary
does not automatically mean that licence is required
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European Union

RP 122 part II
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Ex./Cl. Levels for NORM by Art. 31 Group (1) -
Derivation of Values

Recommendation on Exemption/clearance levels 
EURATOM Art. 31 Group “Concepts of Exemption and Clearance”
“Practical Use of the Concepts of Clearance and Exemption - Part 
II: Application ... to Natural Radiation Sources” - EU, 2001

Derivation of levels described in paper by Timmermans et al.
scope: workers and members of general public
basis: radiological assessment based on 0.3 mSv/a
rad. pathways: external irrad., inhalation of dust, direct ingestion
scenarios: transport, recycling, disposal
material categories: waste rock, ash, sand, slag
background dose reduction
rounding procedure 
summation rule when more than 1 nuclide is present
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Ex./Cl. Levels for NORM by Art. 31 Group (2) -
Values

values calculated
for all material
categories
condensed to one
single set

Separate treatment
of

Radon inhalation
groundwater
pathway

Nuclides this includes All materials  
[Bq/g] 

U-235sec entire decay chain 1 
U-235+ Th-231 5 
Pa-231  5 
Ac-227+ Fr-223 1 
U-238sec entire decay chain 0.5 
U-238+ Th-234, Pa-234, Pa-234m 5 
Th-230  10 
Ra-226+ Rn-222 down to Po-214 0.5 
Pb-210+ Bi-210 5 
Po-210  5 
Th-232sec entire decay chain 0.5 
Th-232  5 
Ra-228+ Ac-228 1 
Th-228+ Ra-224 down to Po-212 0.5 
K-40  5 
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Comparison (1)

Time scale:
Germany: 1999-2000
EU: 2000-2001

Observation #1: dose criterion
Germany: 1 mSv/a   - EU: 0.3 mSv/a
Germany: allocation of entire 1 mSv/a dose limit to NORM
- regarded as acceptable additional dose
- really enveloping scenarios used
- all dose contributions included, even Radon + drinking water

EU: 0.3 mSv/a dose threshold
- leaves room for other exposures besides NORM
- scenarios need not be so restrictive
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Comparison (2)

Observation #2 and #3: exclusion of exposure pathways
Germany: 
- no reason to exclude any pathways that contribute to total dose
- inhalation of Radon + progeny (esp. for storage scenarios)
- ingestion of drinking water via groundwater pathway, private 

well (esp. for residential scenarios)
- inclusion of this pathway makes ex./cl. levels applicable in all 

circumstances
EU: exclusion of 2 relevant pathways:
- Radon is related to EU recommendations on Radon:

- exemption level 200 Bq/m³ (public), 500 Bq/m³ (workers)
- dose from Radon therefore not counted in total dose

- drinking water:
- related to EU Drinking Water Directive, 0.1 mSv/a dose limit
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Comparison (3)

Observation #4: sets of values
Germany: 
- tiered approach, many values
- concept to have regulation which is generic yet differentiates all 

relevant options
- approach is country specific

EU:
- single set of values
- “unconditional” exemption/clearance levels valid for whole EU

Comparison of values:
Germany: “general” value 1 Bq/g (other options/values exist)
EU: 0.5 Bq/g
values are in good agreement
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Conclusion

Derivation of exemption/clearance levels for NORM
in Germany 
and in the EU

are comparable regarding 
approach (scope, scenarios, material categories etc.)
resulting values (0.5 Bq/g ↔ 1 Bq/g)

Differences concerning
dose limit (0.3 mSv/a ↔ 1 mSv/a)
exposure pathways etc.

can be explained by approach (degree of conservativity, 
EU wide ↔ country specific etc.)
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P.O. Box 60092, 15310 
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FACTS CONCERNING WASTE DISPOSAL IN GREECE

• No nuclear energy

• No nuclear waste disposal facilities

• Radioactive waste originates from medical, research and 
industrial use of radioactive sources. Greek legislation is based 
on the European & IAEA Directives.  

WASTE
NORM waste ?

no such category

lack of regulations 
National & International

Common waste

Toxical waste

Hazarous waste



Industry 

Waste disposal --> 3 options

Short term disposal (2 
years) inside the industry 
area

Long term disposal, 50 -
100 year

Burial

Study for the environmental impact

Approval by the local Prefecture

Ministry of Environment
Municipality
Local population, mass media, etc



Characterization of waste

Soil, groundwater chemical analysis.

Heavy metals (Cr, Cd, Pb, … , no U or Ra )

Rain, study of soil permeability

Discharges to the environment

Air quality, etc 

R
E
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Radioactivity : NO REGULATIONS, NO SPECIFIC LIMITS

The regulatory authority can not “typically”  judge any radioactivity study 
for NORM waste disposal. The public can no be  convinced that 
Regulations are being kept. 

Fear for the impact of NORM waste disposal to the health and to the 
environment.



NORM WASTE IN GREECE

2 Fertilizer industries (phosphogypsum)

1 old fertilizer industry (contaminated material, mainly 
steel)

2 Lignite power plants (fly ash disposal)

Oil & gas production (under investigation, contaminated 
scrap incidents)



In Greece there are 2 fertilizer production industries located in 
northern Greece. 

200 GBq (total activity of Ra-226 corresponding to annual 
phosphogypsum production). 

The Ra-226 concentration of phosphogypsum produced, varies 
between 200 - 1000 Bq/kg.

Each industry produces about 250000 tn phosphogypsum per year.
The 1st fertilizer industry is located in northern Greece near 

Thessaloniki. The phosphogypsum disposal is at rice fields and the  
phosphogypsum stacks are (short term) at the industry area and at the 
place Pentalofo (long term ?). 

The 2nd fertilizer industry is located in Kavala (Nea Karvali) in 
northern Greece. The phosphogypsum disposal is a landfill disposal at 
the industry area (long term).
The main type of waste is solid (phosphogypsum) and it is landfill disposed 
in the form of stacks or is used in agriculture (saline soil improvement).



REGULATIONS ISSUED BY GAEC CONCERNING 
PHOSPHOGYPSUM

Disposal of Phosphogypsum in the environment

For the phosphogypsum disposal in the environment in the form of 
stacks, a relevant radiological study is required. The study must be 
approved by GAEC and a license must be issued.

A soil layer must cover Phosphogypsum stacks.
Study of the underground water for Ra & U  contamination.
Procedures must be established in case of buildings construction 

activities in areas where phosphogypsum has been disposed.
For all the phosphogypsum disposal areas GAEC much keep a 

relevant record. 



Use of Phosphogypsum for agricultural purposes:

Phosphogypsum may be lawfully removed from a stack and distributed in 
commerce for use in agriculture if each of the following requirements is 
satisfied:

The industry that produces phosphogypsum, shall determine annually the 
average Ra-226 concentration at the location in the stack from which the 
phosphogypsum will be removed. The Ra-226 concentration measurements must 
be performed by an authorized laboratory.

The average Ra-226 concentration at the location in the stack from which the 
phosphogypsum will be removed must not exceed the 400 Bq/kg.

All phosphogypsum distributed in commerce for use must be accompanied by a 
certification documents.

Inspections for the U and Ra concentration in soil, water, underground water 
and agricultural products must be performed in regular basis in areas where 
phosphogupsum is used in agriculture.

The methodology for the sampling and measurement of Ra-226 from the 
phosphogypsum stacks as well as details concerning the certification documents 
are described in details in relevant Appendixes.  



The limit of 400 Bq/kg was based on the following facts and 
assumptions: 

A specific quantity of phosphogypsum is being dispersed in a rice field with 
specific dimensions (250000000 kg,  10000000 m2). 

The phosphogypsum deposition in the specific field is repeated every 2 years.
The phosphogypsum was homogenized with a 10cm layer of soil.
The critical group is the local population that consumes only rice produced in 

this area.
The quantity of rise consumed every year was taken for UNSCEAR 2000.
The chosen transfer factors for Ra-226 from soil to grain used in this calculated 

was based on the EU publication Radiation Protection 115 {(2.4x10-4- 6x10-3

Bq/kg(grain) per Bq/kg (dry soil)}.
The dose criterion of 10µSv/y was chosen, as a criterion due to the specific 

exposure pathway that corresponds to the ingestion of rice produced in a 
phosphogypsum enriched soil.



WASTE --> BY PRODUCT ---> REUSE

According to European Legislation concerning the waste transport
between European countries, phosphogypsum & fly ash belong to 
the GREEN catalogue

Even though, the Greek Ministry of Environment requires a 
Radioactivity Certificate for the importation of such material.

The investigations performed by the GAEC in order to issue an 
import license, is based on the use of the material under 
investigation. If the phosphogypsum or the fly ash will be used for 
the cement production, we take into account the EU publication, 
Radiation Protection 112 “Radiological protection principles
concerning the natural radioactivity of building materials”, 1999.
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Phosphogypsum & fly ash is also a commodity, according to the 
IAEA recently draft “recommendations” the scope defining 

levels for Ra-226 is 1000 Bq/kg



CLEARANCE LEVELS
According to the EU publication “RADIATION PROTECTION 122. 
Practical use of the concepts of clearance and exemption. Part ΙI –
Application of the concepts of exemption and clearance to natural 
radiation sources, 2001”, specific clearance levels are proposed for 
NORM material. For example the rounded general clearance levels 
for Ra-226: 500 Bq/kg and for the U-238: 500 Bq/kg. 

All the assumptions were based on a dose constraint of 300 µSv/h. 

The national representative (GAEC) in the EU Article 31 Group of
Experts, has accepted the above dose constrain value.

Contradiction between limits- Grey area.

The issuing of a license for the disposal of NORM waste must be 
sufficiently JUSTIFIEDJUSTIFIED



THE STORY OF AN OLD FERTILIZER INDUSTRY

In the area of the port of Piraeus, near the city of Athens, a 
phosphate fertilizer industry was in operation until the 
beginning of 1999.
This area due to its location, has a big commercial value and 
a plan for the construction of commercial buildings and 
other facilities for public use, is under consideration. 
A scrap dealer has transported some material from the old 
factory to a melting facility but the portal radiation monitors 
in the entrance of the steel factory have given an alarm. 
The Greek Atomic Energy Commission, has been informed 
and during in-situ inspection increased levels of radioactivity 
were detected in the fertilizer industry area. 



The external gamma dose measured in the various units ranges from 
200nSv/h up to 60 µSv/h. The specific activity of Ra-226 from the collected 
samples is in the range of 200 – 100000 Bq/kg.

The area, where the abandoned fertilizer industry was placed, is close 
enough to a densely populated area. 

Our main concern is the disposal of NORM waste in a way that the public 
reassurance will be high. The average value of Ra-226 concentration in 
Greek soils does not exceed the 100 Bq/kg and the typical gamma dose rate 
is between 50 nSv/h and 120 nSv/h.

According to the bibliography and to local population opinions, the public 
reassurance will be high when all the area will “return to normality”. That 
means that the area could and should be treated as if the residual 
contamination is part of the normal background radioactivity. In that case 
the members of the public can live or/and work in the area under
consideration without any restrictions associated with residual 
contamination. 



Phosphoric Acid Production Unit

Underground channel



Phosphoric Acid Tanks

TANK I (cut)
Scale from the tank pieces

Ra-226:

2000 Bq/kg–13000 Bq/kg

U-238: ~500 Bq/kg

TANK II

Total surface =  170 m2 per Tank

Covered inside with rubber 0.5 cm thick

Rubber concentration

Ra-226 : 4300 Bq/ m2 –
12000 Bq/m2

U-238: ~3600 Bq/ m2



Underground “Waste” Channel

3

4

5a5b

Sludge

Sludge concentration
(per dry weight)

Ra-226 : 450 – 1000 Bq/kg
U-238: 280 – 580 Bq/kg

Sludge: all the spillovers, 
overflows and rain waters 

were collected and 
transferred to the waste 

treatment facility.



Filtered water from waste underground sludge samples

The industry was shut down 4 years ago (1999)

 
 

SAMPLE  U-238 U-238  U-235/U-238 U-234/U-238 

DESCRIPTION mBq/L µgr/l (Bq/Bq) (Bq/Bq) 

Point 2  
Near the basement 

120.16 9.70 0.051 1.05 

Point 2 after a heavy rain
Near the basement 

654.40 52.80 0.050 1.03 

Point 4 
 

356.06 
 

28.70 
 

0.047 
 

0.99 

Point 4  
After a heavy rain 

 
3658.00 

 
295.00 

 
0.049 

 
1.00 

 
Point 1  

Near the entrance 

 
21.80 

 
1.68 

 
0.052 

 
1.16 



The melting of metallic parts is unlikely to happen in 
Greece. 

All the Greek steel production factories were obliged to 
install detectors (large volume portal detectors) in the 
entrance of the factory. 

The final product is based on some standards (Free from 
Radioactivity). 

According to our experience, the people from the steel industry 
are unwilling to accept to melt even low-level NORM 
contaminated materials, due to workers negative attitude, 
municipality anxiety and commercial competition.



People is not used with problems concerning  “radioactivity”.
Fear, Ignorance ---> pressure from the public.
Difficulty in the cooperation with other Regulatory Bodies
NORM waste requires have a long term provision.
Unpredictable parameters must be taken into account.
Future changes in the use of land.  Neighbor settlements
growth, construction of residence, biotopes, industrial 
monuments, …
Loss of memory 

The regulatory authority must find an equilibrium between the 
industry needs and the public fears and demands.

Specific limits can not always be justified

GAEC uses specific “dose constrain” per case.



Thank you 



B A P E T E N
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B A P E T E N
I N T R O D U C T I O N

Law No. 10/1997 on Nuclear Energy consists of 10 chapters with 48 
articles.

One chapter containing eight articles is devoted to the basic principles 
of the regulation of nuclear energy

One chapter of six articles - to the basic arrangement for radioactive 
waste management,

One chapter containing 13 articles - to nuclear damage liability.

The penal stipulations are accomodated in one chapter containing four 
articles.



B A P E T E N
REGULATORY FRAMEWORK

The Nuclear Energy Law No. 10/1997 fully separates the promotional 
and regulatory functions.

Nuclear Energy Control Board (NECB/BAPETEN), was established in 
May 1998 and in full operation since January 1999.

Utilization of nuclear energy (Article 1.4) is defined as       
“any activity related to nuclear energy utilization that includes research, 
development, mining, fabrication, manufacturing, production, 
transportation, storage, transfer, export, import, decommissioning and 
radioactive waste management to enhance people’s welfare”.



B A P E T E N
The control of the utilization of all nuclear energy should be 
implemented through regulation, licensing, and inspection (Article 14)

And aimed to (Article 15) :

Assure welfare, the security and peace of the people;

Assure the safety of the health of workers and public, and the 
environmental protection;

Maintain the legal order in implementing the use of nuclear energy;

Increase the legal awareness of nuclear energy user to develop a safety 
culture in nuclear field;

Prevent the diversion of the purpose the nuclear material utilization; 
and

Assure for maintaining and increasing the worker discipline on the 
implementation of nuclear energy utilization.



B A P E T E N
BAPETEN has, inter alia, the following functions :

The rulemaking of national policy in the field of the control of nuclear 
energy utilization

The planning national program in the field of the control of nuclear 
energy utilization;

The guidance and the rulemaking in the implementation of the nuclear 
safety, radiation safety, and safeguards assessments;

The implementation of licensing and inspection to the development and 
the operation of nuclear reactor, nuclear installation, nuclear material 
facility, radiation source, and the development of nuclear preparedness;

The implementation of safeguards and State’s System of Accounting 
for and Control of Nuclear Material (SSAC);



B A P E T E N
Article 16 :any activity related to the application of nuclear energy is required to 
be conducted in a manner, which observes safety, security and peace, and 
protects the health of workers and the public and the environment (Government 
Regulation No. 63 / 2000 on Radiation Safety administers these requirements).

Article 17 : any use of nuclear energy and the construction and the operation of 
nuclear reactors and other nuclear installations as well as the decommissioning 
of nuclear reactors shall be subjected to licensing (Government Regulation 
No. 64 / 2000 on Licensing Process, Technical and Standard Requirement (24) 
issued by BAPETEN to administer these requirements.

The Law provides the Control Board for the inspection of nuclear installations 
and any installation that applies ionizing radiation with the aim of controlling the 
fulfillment of the requirements in the licensing process and regulations in 
nuclear safety (Article 20 (1)). An inspector appointed by the Control Board shall 
carry out such inspections and the results of such inspections shall be 
published in open and transparent manner (Article 20 (2),(3)).



B A P E T E N
WASTE  MANAGEMENT

The Basic Principles Underlying The Law Are :

Radioactive waste management shall be conducted to mitigate radiation hazards 
to the workers, the public and the environment {Article 22 (1)};

Radioactive waste management shall be accomplished by the Executing Body, 
which may designate a state or private company or cooperative to conduct 
commercial waste management activities (Article 23);

Users generating low and intermediate level of radioactive wastes shall be 
obliged to collect, segregate, or treat and temporarily store the waste before its 
transfer to the Executive Body {(Article 24 (1)};

Further,

The provisions on radioactive waste management including the waste 
transportation and disposal shall be further implemented by the Government 
Regulation {Article 27 (2)}. (Gov. Reg. No. 26/2002 on Safety on Transportation of 
Radioactive Material and Gov. Reg. No. 27/2002 on Radioactive Waste 
Management administer these requirements)

Elucidation of Article 25 prohibits the use of any part of Indonesian territory by 
any foreign or other country as a radioactive waste repository.



B A P E T E N
LICENSING AND VERIFICATION PROCESS

Issuance of license is subject to the fulfillment of the requirements set out in
BAPETEN’s rule and procedure.

The fulfillment of radiation safety requirements is ensured through safety 
assessments, surveillance of installations and review of the standard operating 
procedure. If it is considered necessary verification at site will be done.

During the useful life of radioisotopes and/or radiation sources, prior approval of 
BAPETEN is required in respect of transfer, transport, re-sale, re-export or storage. If 
the radioisotopes later on will not be in used any more, it is advised to arrange 
temporary safe storage before it is finally re-export to the original supplier. Any 
radioactive waste could only be temporarily stored at site with special license from 
BAPETEN.  



B A P E T E N
NORM IN INDONESIA

The NORM in Indonesia are found mainly in mining industry,e.g., tin, oil and coal 
mining among others, and in rocks.

Control has been done to the tin mining industry, due to the thorium NORM, both 
to its by-product material, i.e., monazite, ilmenate, senotime and slug, and its 
process.

Control has not been done to the NORM in the other mining industries, such as 
oil, gas, coal and copper mining.
Assessment

Bangka Island tin mining industries for both on occupational and public 
exposure

Some oil and gas  industries in Batam Island conduct independent assessment



B A P E T E N
LAW ENFORCEMENT AND COMMUNICATION

The control on the utilization of nuclear energy is aimed, inter alia, to maintain legal 
order and increase  the legal awareness of the nuclear energy users.

INSPECTION

DIALOGUES

VISITS

TRAINING / COUNSELING  

ASSESSMENT



B A P E T E N
TRAINING AND COUNSELING

Comprehensive training for new radiation safety officer,

Requalification training for radiation safety officers (twice in five years)

Establishment of professional association among radiation safety officer (under 
BAPETEN supervision is underway).

Periodical newsletter is now published by BAPETEN to accommodate
communication and exchange of mind among radiation safety officers and 
between radiation safety officers and BAPETEN.

Training programme are also organized for the customs, airport and seaport 
officials.

Organized several counseling activities.



NORM Technical Meeting, Vienna, 2002
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NORM Technical Meeting, Vienna, 2002

Current LegislationCurrent Legislation

•• Since May 2000 Legislation in Place in Support Since May 2000 Legislation in Place in Support 
of 1996 EU BSS Directiveof 1996 EU BSS Directive

•• Radiological Protection Act,1991Radiological Protection Act,1991
((Ionising Ionising Radiation) Order, 2000Radiation) Order, 2000

Called Statutory Instrument No. 125 of 2000Called Statutory Instrument No. 125 of 2000



NORM Technical Meeting, Vienna, 2002

Scope of SI 125Scope of SI 125

•• Applies to all Practices which Involve a Risk Applies to all Practices which Involve a Risk 
from from IonisingIonising Radiation:Radiation:

IncludesIncludes:  :  Artificial SourcesArtificial Sources

Natural Natural RadionuclidesRadionuclides
WWhich have been or are hich have been or are 
beingbeing processed in view of processed in view of 
their radioactive, fissile or their radioactive, fissile or 
fertile propertiesfertile properties



NORM Technical Meeting, Vienna, 2002

•• Applies to Work ActivitiesApplies to Work Activities

WhichWhich Involve Natural Radiation Sources,other Involve Natural Radiation Sources,other 
than Radon, which result in an Effective Dose than Radon, which result in an Effective Dose 
to Workers or Members of the Public in Excess to Workers or Members of the Public in Excess 
of 1 of 1 mSv mSv per Yearper Year

This Means that the Use of Materials This Means that the Use of Materials 
Containing Natural Containing Natural RadionuclidesRadionuclides are Now are Now 
Defined in Terms of Health Consequences Defined in Terms of Health Consequences 
or Risk to the Worker and the General or Risk to the Worker and the General 
PublicPublic



NORM Technical Meeting, Vienna, 2002

•• Under SI 125 of 2000Under SI 125 of 2000

Same Radiation Exposure Criteria should Same Radiation Exposure Criteria should 
be Applied Where Workers or Members of be Applied Where Workers or Members of 
the Public are Exposed to Radiation from the Public are Exposed to Radiation from 
NORM as for Radiation Exposure From NORM as for Radiation Exposure From 
Artificial Artificial RadionuclidesRadionuclides



NORM Technical Meeting, Vienna, 2002

Identification of Such Work ActivitiesIdentification of Such Work Activities

•• To Determine if this Order Applies, an To Determine if this Order Applies, an 
Employer,  Who is Responsible for a Workplace Employer,  Who is Responsible for a Workplace 
where Elevated Levels of Naturally Occurring where Elevated Levels of Naturally Occurring 
Radionuclides Radionuclides May be Present Shall:May be Present Shall:

Investigate the Extent of Any Exposure  of Investigate the Extent of Any Exposure  of 
Workers or Members of the Public on Being Workers or Members of the Public on Being 
Directed to Do So by the Regulatory AuthorityDirected to Do So by the Regulatory Authority



NORM Technical Meeting, Vienna, 2002

•• The Investigation Shall be Carried Out in The Investigation Shall be Carried Out in 
Accordance With Methods Specified in the Accordance With Methods Specified in the 
Direction Issued by the Regulatory Direction Issued by the Regulatory 
AuthorityAuthority

•• The Results Shall be Submitted Within 6 The Results Shall be Submitted Within 6 
Months of Receipt of the DirectionMonths of Receipt of the Direction



NORM Technical Meeting, Vienna, 2002

Current WorkCurrent Work
•• At Very Preliminary StageAt Very Preliminary Stage

Approached:Approached:

Natural Gas Operators in Irish Waters

Bauxite Processing Plant-Alumina Refinery

Tungsten Inert Gas or TIG Welding Users

(Attempting to Draw up a Code of Practice)



NORM Technical Meeting, Vienna, 2002

•• National Electricity Supply BoardNational Electricity Supply Board
PeatPeat--Fired Power GenerationFired Power Generation
CoalCoal--Fired Power GenerationFired Power Generation
Question of FlyQuestion of Fly--Ash RecyclingAsh Recycling

•• Currently Reviewing Whether There are Other Currently Reviewing Whether There are Other 
NORM Related Industries in IrelandNORM Related Industries in Ireland

•• Yet to Consider the Issue of Disposal of NORMYet to Consider the Issue of Disposal of NORM



Regulatory Approaches for NORM 
in the Netherlands

Technical Meeting on
Regulatory Approaches for the Control of Environmental

Residues Containing Naturally Occurring Radioactive Material

IAEA, Vienna, 23-27 September 2002

J. van der Steen; A.W. van Weers 
NRG Radiation & Environment



Regulatory Approaches for NORM 
in the Netherlands

Contents

• Radiation Protection Decree
• Volumes of NORM Residues and Discharges
• Possibilities for Reuse or Disposal



Regulatory Approaches for NORM in NL
Radiation Protection Decree

• New Decree in Force 1 March 2002
• Section on Natural Sources
• Exclusion
• Exemption and Clearance 
• Discharges
• System of Reporting and Authorisation
• Identification of Work Activities



Regulatory Approaches for NORM in NL
Radiation Protection Decree (2)

Exclusion of natural sources
• Exposure to radon and daughters from undisturbed 

earth crust, from burning of natural gas and from 
building materials in buildings

• Above ground exposure to radionuclides from 
undisturbed earth crust and from building materials in 
buildings

• Naturally occurring radionuclides in the body
• Cosmic radiation (except air crew)



Regulatory Approaches for NORM in NL
Radiation Protection Decree (3)

Exemption and Clearance
• Single set of exemption and clearance levels for all

radionuclides
• For artificial radionuclides based on Annex 1 of

Euratom BSS (with one exception: concentration Co-60 
10 times lower)

• For natural radionuclides based on calculations
– dose criterion 300 µSv/y
– exposure scenarios based on Dutch situation

• Different from RP122 Part II



Regulatory Approaches for NORM in NL
Radiation Protection Decree (4)

EL/CLs for Natural Radionuclides (Bq/g resp Bq)
Conc. (RP122/II) Total

• Pb-210+ 100 (5) 10,000
• Po-210 100 (5) 10,000
• Ra-226+ 1 (0.5) 10,000
• Ra-228+ 1 (1) 100,000
• Th-232s 1 (0.5) 1,000 
• U-238s 1 (0.5) 1,000
Summation rule Σ(C /EL ) < 1i i



Regulatory Approaches for NORM in NL
Radiation Protection Decree (5)

CLs for Discharges of Natural Radionuclides
(GBq/y per installation)

Liquid Aerial
• Pb-210 10 10
• Po-210 10 10
• Ra-226 10 10
• Ra-228 100 1
• Th-232 100 1
• U-238 1,000 10



Regulatory Approaches for NORM in NL
Radiation Protection Decree (6)

System of Reporting and Authorisation
Total activity < EL/CL value: Exempt/Clear

Total activity ≥ EL/CL value:
• Concentration < EL/CL value: Exempt/Clear
• Concentration ≥ EL/CL value: Report
• Concentration ≥ 10xEL/CL value: Authorise

Total discharged activity ≥ CL value: Authorise



Regulatory Approaches for NORM in NL
Radiation Protection Decree (7)

Identification of Work Activities
• Carried out for Ministry of Social Affairs
• Based on job specific worker scenarios
• Clear picture of NORM industries with NORM in NL

• Industries will be requested to compare their 
concentration levels of natural radionuclides and their 
discharges with the EL/CL levels



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Oil/gas production
– Sludge 0.1 up to 25 Ra-226/228

up to 250 Pb/Po-210



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (2)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Phosphorus production
– Slag 600 1 U-238 (Po/Pb-210 

depleted)
– Calcinate 10 1,000 Pb-210

– Discharges: 300-800 GBq/y Po-210 and 30-100 Pb-210 aerial;  
30-160 GBq/y Po-210 and 20-70 Pb-210 liquid



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (3)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Phosphoric acid production (discontinued in 2000)
– Phosphogypsum 650 0.5 Ra-226

– Discharged: 250-380 GBq/y Ra-226, 230-300 Po-210 and       
240-340 Pb-210 liquid



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (4)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Cement production
– Production rate 3.200 (1998)

– Calculated aerial discharges of a “typical” cement plant at  
2000 ktonne/y output: 78 GBq/y Po-210



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (5)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Steel production
– Zinc rich filter cake 10 15-25 Pb-210
– Slag 1,000 0.15 U-238/Th-232

(Po/Pb-210 depleted)

– Calculated aerial discharges (1990): 91 Po-210; 55 GBq Pb-210
liquid discharges (1990): 8 Po-210; 0.5 GBq Pb-210



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (6)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Electricity production from coal-fired stations
– Fly-ash 1,000 0.05-0.2 U-238

0.06-0.3 Th-232 



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (7)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Brick production
– Production rate 3.200 0.035 U-238/Th-232

– Calculated aerial discharges: 1.2 GBq/y Po-210; 0.2 Pb-210



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (8)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Titanium oxide pigment production (chloride process)
– Solid residues 10 per 90 of ore up to 7 U-238 

up to 11 Th-232

– Calculated liquid discharges: 22 GBq/y Ra-226, 38 Ra-228, 3 Po-210, 
9 Pb-210

– Figures depend on process parameters! (pH)



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (9)

Most important residues in Dutch industry
ktonne/y spec. act (Bq/g)

• Historical reused residues from tin production 
– Mineral wool ? ktonnes 4 U-238; 10 Th-232

(0.5 at present detected)



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (10)

Mineral wool in Netherlands
• Used as thermal insulating material and as substrate in 

green houses
• Discovered in a wide variety of installations
• Most likely origin: slag from tin production
• Probable production period: 1946 - 1960
• Probably large volumes already disposed as non-

radioactive waste



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (11)

Refined tin production in European Countries 1993 as % 
of total production of 5.6 thousand tons

Country % of production
• Belgium 4 
• Germany 2
• Greece 4
• Spain 36
• Netherlands 4
• Portugal 2
• United Kingdom 50



Regulatory Approaches for NORM in NL
Volumes of NORM Residues and Discharges (12)

Mineral wool in other EU countries
• No written evidence of application of tin slag mineral 

wool in other countries
• Historic Dutch tin production small compared with 

Spain and UK
• Estimated application of tin slag in civil engineering in 

UK 30 Mtonnes
• In UK at least two former smelter sites remediated
• Large amounts of tin slag from site remediation 

disposed as non-radioactive waste on licensed landfill or 
disposal sites



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal

Sludge from oil/gas industry
• Reported or Authorised material 
• No reuse foreseen: radioactive waste
• No conditioning method for storage at radioactive waste 

repository
• Disposal into abandoned wells forbidden
• Occupational doses by repackaging of drums: ?

No final solution



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (2)

Slag from phosphorus production
• Reported material
• Residue, not waste
• Reused in road construction
• Occupational doses in road construction: 0.3 mSv/y 

(normal situations)



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (3)

Calcinate from phosphorus production
• Authorised material
• No reuse foreseen: radioactive waste
• Stored in containers at radioactive waste repository 

(long term engineered storage for decay of Pb-210)

Discharges from Phosphorus production
• Authorised



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (4)

Discharges from phosphoric acid production 
(discontinued in 2000)

• Phosphogypsum as such cleared material
• Discharges authorised



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (5)

Discharges from cement production
• Calculated discharges not yet confirmed
• Authorised?



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (6)

Filter cake (blast furnace dust) from steel 
production

• Cleared or reported material
• Reusable?
• Stored on site (200 ktonnes at present)
• Occupational doses: low, because of precautions against 

resuspension

• No final solution



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (7)

Slag from steel production 
• Cleared material
• Residue, not waste
• Reused in cement

Discharges from steel production
• Authorised



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (8)

Fly-ash from coal-fired power stations
• Cleared material
• Residue, not waste
• Reused in cement



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (9)

Discharges from brick production
• Cleared



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (10)

Solid residues of titanium dioxide production
• Reported material
• Reused as backfill material



Regulatory Approaches for NORM in NL
Possibilities for Reuse or Disposal (11)

Mineral wool
• Authorised material
• Reusable?
• Study to introduce as additive in phosphorus 

production
– material will end up in slag
– may then be used in road construction

Working to a solution



Conclusions

• NORM regulations in NL based on pragmatic approach
– 300 µSv dose criterion
– EL same as CL; values based on realistic scenarios

• Clear view of involved industries

• Solutions for a pragmatic approach for reuse and disposal of 
residues are still under development 
– System of reporting needs to be elaborated
– Final fate of residues and wastes still unclear for some industries



Conclusions (2)

• Need for international consensus on approach
– Large differences in NORM regulations
– Agreement on disposal options 
– Avoidance of competitive advantages and disadvantages

• Disharmony in regulations leads to sub-optimal results
– Solutions should be affordable in many countries
– Migration of industries to countries with less stringent 

regulations does not improve radiation protection



11/10/2005

1

STATUS OF NORM IN 
NIGERIA: A NEW 
BEGINNING



11/10/2005 2

SOURCES OF NORM 

PETROLEUM INDUSTRY
MININIG INDUSTRY
PHOSPHATE FERTILIZER PLANT



11/10/2005 3

PETROLEUM INDUSTRY
1.7 million barrels of oil per day
Proven reserve of about 30 billion 
barrels
445,000 barrels per day for 3 refineries
1000 standard cubic feet of natural gas  
associated with each barrel of oil
1272 bcf of natural gas per year
Proven reserve of natural gas stands at 
159 trillion standard cubic feet
3 petrochemical plants and one organic 
fertilizer plant using natural gas
4 trains of LNG



11/10/2005 4

Attention Areas

List delays and problems since last 
status update was given
– List corrective actions being taken 
– Address schedule implications

Make sure you understand
– Issues that are causing delays or 

impeding progress
– Why problem was not anticipated
– If customer will want to discuss issue 

with upper management



11/10/2005 5

Schedule

List top high-level dates
Keep simple so audience does not 
get distracted with details
Distribute more detailed schedule if 
appropriate
– Make sure you are familiar with details 

of schedule so you can answer 
questions



11/10/2005 6

Deliveries

List main critical deliverables
– Yours to client
– Yours to outside services
– Outside services to you
– Other departments to you

Understand your confidence rating 
to each deliverable
– Indicate confidence level on slides if 

appropriate



11/10/2005 7

Costs

List new projections of costs 
– Include original estimates 

• Understand source of differences in these 
numbers -- be ready for questions

If there are cost overruns
– summarize why
– list corrective or preventative action 

you’ve taken
– set realistic expectations for future 

expenditures



11/10/2005 8

Technology

List technical problems that have 
been solved
List outstanding technical issues 
that need to be solved
– Summarize their impact on the project

List any dubious technological 
dependencies for project 
– Indicate source of doubt
– Summarize action being taken or 

backup plan



11/10/2005 9

Resources

Summarize project resources
– Dedicated (full-time) resources
– Part-time resources
– If project is constrained by lack of 

resources, suggest alternatives 
Understand that customers may 
want to be assured that all possible 
resources are being used, but in 
such a way that costs will be 
properly managed
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Goals for Next Review

Date of next status update
List goals for next review
– Specific items that will be done
– Issues that will be resolved

Make sure anyone involved in 
project understands action plan



Identification of Primary 
Issues Relating to Regulation 

of NORM

Zama Zituta



Talk Outline

1. Scope of Regulation
2. Public Exposures form NORM
• Issues
• Concluding Remarks



1. Scope of Regulation

Industry Number

Gold mines 40

Rare Earth (Monazite) 1

Mineral Sands 3

Zircon Millers 2

Copper Mines 1

Phosphate Mines 1

Fertiliser Companies 4

Scrap Metal Dealers 6

Gold Recovery Companies 2

Fluorspar Mine 2

Small Users 27



2. Public Exposures from 
NORM

COMPLIANCE WITH DOSE LIMIT
(Hypothetical include)

26%

74%

Complied

Non compliance



Public Exposures from 
NORM (Cont)

COMPLIANCE WITH DOSE 
(Existing critical group)

44%

56%

Complied

Non-compliance



Public Exposures from 
NORM (Cont)

PATHWAY CONTRIBUTIONS

63%

30%

7% Aq

At

External



Public Exposures from 
NORM (Cont)

Distribution of Doses

9%

52%

39%

Below 25 µSv/a

Above 250 µSv/a

Between 25 and 250 µSv/a



Public Exposures from 
NORM (Cont)

ATMOSPHERIC PATHWAYS

60%

40%

Radon

Dust



3. Issues 

• Contaminated sites due to former 
mining activities.

• Unregulated products/goods 
containing NORM.

• Illicit trafficking of scrap metals.
• Regulatory requirements



Contaminated sites due to 
mining activities

Problem:
• Owners not traceable
• Local government and developers want to 

develop low cost houses
• Existing owners unable to finance the 

cleanup of thier sites
• Regulatory approach

– Release criteria
– Instrumentation



Contaminated sites due to 
mining activities

Strategy:
• A comprehensive guideline document 

which addresses all the above 
problems has been developed and is 
now a discussion document.



Unregulated products 
containing NORM

Problem:
• Some of the products are not regulated 

but their levels are within the scope of 
regulation.

• There is a lot of companies handling these 
products to regulated.

• Lack of resources within the regulator.
– Assessing these products and its uses
– Enforcement of necessary controls



Unregulated products 
containing NORM (Cont.)

Strategy:
• Different working groups have been formed.
• TOR have been developed for each working group
• The outcome of this exercise will be a status 

report on the public exposures due to the use of 
these products.

• The report will also provide some 
recommendations regarding regulation of these 
products



Illicit trafficking of Scrap 
Metals

Problem:
• Mines were formally not regulated
• Theft of scrap
• Illegal mining – intrusion
• Illicit trafficking
• Mushrooming of small scrap dealers
• Decommissioning and closure of uranium 

and acid plants



Illicit trafficking of Scrap 
Metals (Cont.)

Strategy:
• International lessons
• National workshops, involving all 

stakeholders, were held
• Working groups were established
• Recommendations were provided by 

the working groups



Illicit trafficking of Scrap 
Metals (Cont.)

Recommendations:
• Increase control at source by 

changing authorisation requirements.
• Involve other government 

departments
• Establish and implement controls at 

boarders
• Ensure harmonisation of standards



Regulatory Requirements

• Different requirements for regulation of 
NORM and Nuclear Installations

• New safety standards not yet finalised
• The discrepancy between transport 

regulations and BSS



Concluding Remarks

• An agreement must be reached as to how 
far regulations must be applied to the down 
stream products.

• A common assessment methodology for 
quantifying public exposures in different 
countries must be developed.

• Information exchange amongst countries 
must be encouraged.



NORM

RWE NUKEM Limited is involved with NORM in
• Land survey and remediation
• Oilfield equipment descaling
• Oilfield land remediation

1RWE NUKEM 



NORM

1RWE NUKEM 

UK Disposal routes for NORM wastes
• Commercial landfill

• wastes below exemption limit (eg 4.9 Bq/g Ra 226
• National LLW Repository at Drigg

• can accept most NORM above exemption limit
• unwilling to accept oilfield scale NORM

• Nuclear site repository at Dounreay
• currently used for North North Sea scale
• soon to close for external waste sources

• Discharge of oilfield scale to inshore waters  



NORM

1RWE NUKEM 

Contaminated land
• radium from luminising
• tin smelting slag
• fertiliser production
• thorium alloy production
• oil industry evaporation lagoons



NORM

1RWE NUKEM 

Land remediation in the UK
• mostly occurs on change of use from industry to        
housing

• clearance criteria:
• traditional 0.37 Bq/g
• risk based example

• 0.1 Bq/g Ra 226
• < 0.1Bq/g slag

• sophisticated survey techniques can detect 0.1Bq/g
• difficult to detect the lower level
• no major disposal problems



5RWE NUKEM 

Interpolated CPS
< 100

100-199
200-299
300-399
400-499
500-599
600-799
800-999

1000-1499
1500-1999
2000-2999

> 3000



NORM

1RWE NUKEM 

Oil field equipment descaling

• ultra high pressure water jetting
• safe and harmless to the environment
• scale activity in north north sea;

• 0 to 500 Bq/g actinium 228
• 0 to 750 Bq/g radium 226

• disposal to National Repository unacceptable
• future disposal may be a major problem



NORM

Issues:
• clearance criteria for contaminated land
• UK disposal routes for oilfield scales
• Ignorance of the existence of contamination

1RWE NUKEM 
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UK Regulations for NORM
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nrpbNational Radiological Protection BoardNRPB©

Content

• UK Regulations on NORM

• NRPB studies on environmental impact 

of NORM industries in UK

• EC study on control of effluents from 

NORM industries - harmonised 

approach



nrpbNational Radiological Protection BoardNRPB©

UK Regulations

• Historically UK regulations on 

radioactive materials cover natural and 

artificial radionuclides

• Consistent with requirements of EU 

Basic Safety Standards



nrpbNational Radiological Protection BoardNRPB©

EU Basic Safety Standards I

• ‘Practices’ - artificial sources and 

naturals processed for radioactive, 

fissile or fertile properties

• `Work activities’ - natural radiation 

sources that lead to significant increase 

in worker and/or public exposures



nrpbNational Radiological Protection BoardNRPB©

Ionising Radiations Regulations 1999

• Scope: workplace
• apply to NORM industries if doses likely 

to be above 1 mSv/y
• Example, requirements for dose records 

for workers involved in cleaning of scale 
contaminated oil and gas equipment



nrpbNational Radiological Protection BoardNRPB©

EU Basic Safety Standards II

• Title VII requires Members States to 

identify work activities that may be of 

concern

• Guidance document indicates that for 

work places no regulation required if 

doses below 1 mSv/y



nrpbNational Radiological Protection BoardNRPB©

UK NORM regulations

• Radioactive Substances Act 1993

• Ionising Radiations Regulations 1999



nrpbNational Radiological Protection BoardNRPB©

Radioactive Substances Act 1993

• Scope: registration, accumulation and 
disposal of materials

• Exclusion levels for naturals
• Exemption orders for some naturals
• Example, atmospheric releases from 

steel plant in the UK are authorised 
under the Act.



nrpbNational Radiological Protection BoardNRPB©

NRPB study on NORM industries

• Aim to consider radiological impacts of 
all UK NORM industries

• Include industry, waste and use of by-
products

• Coal-fired power stations, steel 
industry, oil and gas industry, tioxide 
etc.



nrpbNational Radiological Protection BoardNRPB©

EC study on NORM industry effluent 
control

• Organisations: NNC, NRG, CEPN, NRPB 
• Aims

– review industries and approaches to 
authorisation

–methodology for realistic assessment 
of doses

– simple approach for identifying 
discharges requiring regulatory 
control



IAEA TECHNICAL MEETING 
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TENORM/NORM REGULATION IN 
THE UNITED STATES
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U.S Historical 
TENORM Studies

• EPA studies on TENORM from early 
1970’s:
– Uranium, other hard rock mining
– Phosphate, phosphogypsum
– Oil and gas, geothermal



U.S Historical 
TENORM Studies (continued 1)

• Definition of TENORM used for this 
presentation:

• Materials containing radionuclides not 
covered under the U.S. Atomic Energy Act 
(AEA) whose radioactivity has been 
concentrated or exposed to the accessible 
environment as a result of human activities 
such as manufacturing,  mineral extraction 
or water processing. 



U.S. Radiation Protection Law (1)

U.S. law assigns Uranium&Thorium regulation 
to Nuclear Regulatory Commission.
– Atomic Energy Act
– Usage for Nuclear Power, Weapons
– <500 ppm U or Th, Not Licensed
– NRC Jurisdictional Working Group—Federal 

and State Agencies to Assume Regulatory 
Controls for U and Th (?)

– NRC licenses TENORM to be processed at U 
mills, disposed of as “by-product”



U.S. Radiation Protection Law (2)

• EPA—More than a dozen laws form legal 
authority for radiation protection standards, 
regulate radioactive materials including 
TENORM. 

• Air emissions –radon
• Water discharge & drinking water standards
• Land -- radioactive waste disposal, cleanup; 

(radium cleanups take care of U and Th)



U.S. Radiation Protection Law (3)

• Other land owning agencies 
regulate/cleanup TENORM on their lands:

• Department of Energy 
-- Includes closed and reclaimed uranium 

mill tailings facilities
-- Also operate WIPP (and Yucca 

Mountain Site)
• Defense Department, Department of Interior



U.S. Radiation Protection Law (4)

• Department of Transportation

• Department of Labor--Occupational 
Health and Safety Administration

• States



OTHER Organizations’ TENORM 
Efforts

• Conference of Radiation Control Program 
Directors

• Health Physics Society
• Interstate Oil and Gas Compact Commission
• American Petroleum Institute
• National Council on Radiation Protection 

and Measurements



U.S. National Academy of Sciences 
TENORM Study

• Study requested by U.S. Congress in 
1996/1997. Completed 1999

• To examine EPA guidances for 
TENORM and radon and compare with 
those of other organizations:
– Summarize agreements/disagreements
– Determine scientific/technical bases for 

differences

• EPA to transmit its response to NAS 
study To Congress



NAS Charge and Conclusions

• U.S. and international organization 
differences in TENORM guidelines: Based 
essentially on differences in policy 
judgments for risk management

• If the differences are technical, what are the 
relative merits of the differing scientific 
assumptions? Differences are not 
technical



NAS Recommendations

• TENORM risks should include 
assessments of existing background 
radiation levels, distinguish discrete 
TENORM sources from background 
radiation

• EPA should further examine the 
chemical and physical forms of 
TENORM and document various uses 
and dispersals of TENORM



NAS Recommendations
(continued)

• Exposure assessments should consider 
bio-availability, leachability, and radon 
emanation rates

• TENORM risk assessment should include 
consideration of exposure to non-
radioactive chemical agents

• It is reasonable to truncate risk 
assessments in time



EPA Radiation Protection 
Standards

• Individual, radiation risk 
10-4 to 10-6

• Superfund site cleanup, 
annual dose limit of ~0.15 
mSv, plus groundwater 
protection, for combined 
Ra, U and Th for 
reasonably maximally 
exposed individual

•Individual, radiation risk 10-4 to 10-6

•Superfund site cleanup, annual dose 
limit of ~0.15 mSv, plus groundwater 
protection, for combined Ra, U and Th 
for reasonably maximally exposed 
individual



EPA Radiation Protection 
Standards

• Soil cleanup standard of ~0.2 Bq/g for 
combined Ra, U and Th above background



EPA Radiation Protection 
Standards

• Radon mitigation between  70-150 Bq/m3

• Limits in drinking water of ~0.2 Bg/g Ra, 
30 g/l U, 0.6 Bq/l gross alpha 



Contact Information

Loren Setlow
U.S. EPA
Office of Radiation and Indoor Air 
(6608J)
Washington, DC, 20460, USA

Phone  01-202-564-9445
E-mail   setlow.loren@epa.gov
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In Brazil, the  National Nuclear Energy Commission (CNEN) is the Regulatory Authority 
concerning the nuclear area. In the scope of its activities it is included the licensing and control of 
nuclear installations, that involves nuclear power reactors, uranium mining and milling facilities and 
nuclear fuel facilities. 

 
These activities are based on international recommendations and on regulatory standards 

which can be found at www.cnen.gov.br. The technical and scientific support for the regulatory 
activities developed by CNEN, concerning Radiation Protection issues, is given by the Institute of 
Radiation Protection and Dosimetry. The IRD is composed by five technical departments: a) The 
Metrology Department – in charge of keeping the rastreability of radiological quantities and 
responsible for its dissemination; b) The Department of Medical Physics – in charge of the control 
of medical institutions in respect to radiotherapy and  nuclear medicine; c) The Department of 
Industry – in charge of controlling the occupational exposures in the nuclear and conventional 
industries, d) The Department of Individual Monitoring – that carries on measurements for internal 
dosimetry and external dose assessment of workers and public in case of accident and e) The 
Environmental Radiological Protection Department that is in charge of the assessment of the 
environmental impacts of nuclear installations for the purpose of licensing and control activities. In 
each of this departments, besides the regulatory support activities, research studies, aiming at 
improving the performance of the Institute in the field of Radiation Protection and Dosimetry, are 
developed. 

 
Since the 80’s it has been recognized that the non-nuclear installations have the potential to 

cause radiological impacts that can be of concern. Until now, these industries did not suffer any 
kind of constraint in respect to the potential occupational and environmental impacts that they may 
cause. On the other hand, until 1994 the extent of these impacts was not  assessed in a systematic 
way. However, sketchy data was available, mainly from research works developed by universities 
and by of some of the institutes of CNEN, IRD included. 

 

mailto:hmf@ird.gov.br
http://www.cnen.gov.br/


In 1994 it was decided to carry out a broad investigation effort to assess the potential 
radiological impacts of some of the industries associated to TENORM problem. As most of the 
available information were related to the mining and milling industries, CNEN  decided to launch  
the Mining Project.  
 

The Mining Project was coordinated by the IRD and involved three of its technical 
departments. Because of the continental dimensions of the country, a careful analysis of the most 
relevant industries in which uranium and thorium could be found associated to the main ore was 
undertaken. The study focused most on the evaluation of the operational process rather on the 
analysis of environmental samples potentially affected by effluent releases. Briefly, the overall 
working methodology consisted on the examination of the operational process in which the points 
of residues generation and effluent releases were identified. Samples of the generated wastes as well 
as liquid and gaseous effluents were collected and analyzed in terms of natural radionuclides 
concentrations. With the aid of information regarding the wastes and effluent fluxes, a mass balance 
could be developed. This knowledge permitted the assessment of the amount of wastes (residues) 
generated by the individual industry. The environmental impacts were estimated based on  
hypothetical exposure scenario. The potential mobilization of radionuclides from the wastes was 
also considered. The working place was characterized in terms of radon concentration, external 
exposure, aerosol composition. Excreta samples from workers (urine and feaces) were also 
collected and analyzed.  

 
This protocol was applied to two niobium industries, two coal industries, three phosphate 

industries and a gold one. Investigations outside the scope of this project were also developed when 
requested by federal and state legal authorities. The results of this project can be found at Fernandes 
et al. (2002) and  Pires do Rio et all. (2002). 

Generally speaking, it was found that the most important environmental aspects were 
related to the generated wastes containing NORM. It was estimated that in case of using these 
wastes as landfill where houses could be further built, exposures as high as 800 mSv/y would 
possibly take place. The use of some of the wastes as building material was also investigated. The 
general conclusion was that the use of this type of material should be examined in a case by case 
basis and that some kind of regulation was needed. On the other hand, effluent releases into the 
environment did not seem to be of major concern with the exception of one of the investigated 
industries in which the elevated 226Ra and 228Ra concentrations in the tailings produced significant 
concentrations of both radionuclides in groundwater (about 5.0 Bq/L). It was also found out that 
acid mine drainage was an important issue. In two of the investigated industries, uranium 
concentrations in the range of 30 to 100 Bq/L were determined in these acidic waters. Radon 
concentrations in work-places as high as 20 Kq/m3 were also found in underground galleries. 
Exposure to external gamma as high as 4.0 mR/h was recorded in some slag deposits. 

 
It became clear that the problem of residues containing NORM should be addressed in order 

to avoid undue exposures of members of the public and workers to radiation. It was also evident 
that the mining and milling industries were one of the most important industries generating these 
type of material.  As mentioned above, the Brazilian legislation do not allow that CNEN may 
license and control these industries because they cannot be termed as nuclear installation.  

 
As a result of this, it was decided that a system of  certification should be installed. In this 

system, each industry would have to satisfy some general radiological protections and safety 
requirements before any kind of certificate can be assigned to the industry. The process is directed, 
at the moment, solely to the non-uranium mining and milling installations. However, plans exist to 
encompass all the industries in which radiological aspects may be found. 
 



The General Coordination of Licensing and Control (CGLC) and the IRD are working 
together in order to achieve a consensus to produce the Regulatory Standard NN 4.01 entitled 
“Certification of the Compliance of Safety and Radiological Protection Requirements by the Non-
Uranium Mining and Milling Industries”.  This would be a volunteer process.  

 
Two general tendencies are considered. One involves the classification of the industries in 

terms of the specific activity concentration of the ore or any other residue or by-product existing in 
the process. According to this system, one industry could fall into one of three categories: Category 
I – industries that present raw material or residues with specific activity equal or higher than 500 
Bq/g or that show doses equal or higher to 1.0 mSv/y to members of the general public or/and 
workers; Category II – industries that lie in the range of 10 to 500 Bq/g; and Category III – 
industries in which the specific activity concentrations of the raw material or residues are bellow 10 
Bq/g and doses to members of the public and/or workers are bellow 1.0 mSv/y. 

 
The classification of the industry in one of the above categories will imply in the 

elaboration of a Safety Analysis Report (RAS) that will demand more or less information according 
to  the classification. The kind of information requested in the Report (RAS) would include 
information about: geography; demography; geology; hydrology/hydrogeology; meteorology; 
ecology; mining engineering, milling process; personnel organization; personal training program; 
operational plans; quality control programs; emergency response plans; plans of physical and fire 
protection; occupational radiological plan; environmental monitoring plan; waste management plan 
and radioactive material  transportation plan. The organization to be certified should also be in 
compliance with legal standards requirements of the Commission (CNEN) whenever applicable. 
Any process alteration would have to be informed immediately to the Commission as well as any 
accident and containment failures.  

 
The validity of the certification would be of two years with automatic renovation if the 

prevailing conditions when the first certification was issued are maintained. The installation would 
be part of a control scheme that would include regular inspections and auditing. If the organization 
violates any of the requirements and does not present any plan to improve the situation the 
certification will be suspended and other regulatory organizations (like federal and state 
environmental agencies) would be immediately communicated about the suspension. Despite the 
content of radionuclides in the raw material and residues the organization will have to present a 
preliminary set of information that would include: a) simplified flow sheet; content of uranium, 
thorium, 226Ra,  228Ra and 210Pb in the ore, effluents, residues, tailings and waste-rock; solubility of 
radionuclides associated to the solid residues; granulometry of the aerosols; a general description of 
the storage installations for raw materials, products and wastes and a general description of tailings 
ponds. 

 
The second approach deals with the problem in a different perspective. Here, the 

installations are considered in terms of their operational status, i.e., if they are in operation, in the 
planning stage or if they ceased operation. This approach has an important bearing on the fact that 
the operator is able to deal with the problem while the installation is still in operation or even at the 
planning stage. Proactive actions are thought to prevent future problems regarding NORM residues 
generation. In this situation, if the controls can be planned with anticipation it may be possible that 
this installation may be treated as a practice in the sense of what is described in the IAEA BSS 
(1996). As a result, doses to be observed when operations are ceased will not be allowed to be 
higher than doses observed while operations were taking place. If the installation has ceased 
operations, then a de facto situation exists and the way to deal with the problem is by mean of 
intervention. In the case of the installation being still in operation a medium term situation is faced. 
Some negotiations shall take place regarding waste (residue) management and cost-benefit analysis 



will have to be carried out. The system of bands as proposed by the ICRP 82 for intervention would 
be  taken into consideration in the case of the installations that have already ceased their operations.. 
This situation is, for example,  of extreme importance when there is a need of the transaction of the 
land. A certificate will be of extreme importance to state that the land is free of relevant 
contamination or it can only be considered for restricted use.  

 
In respect to the releases into the environment, if the primary dose limit to members of the 

general public is exceeded, the industry will have to demonstrate that efforts are being undertaken 
to reduce this releases to acceptable levels. It also has to assess the radiological exposure of the 
working force. For example, if radon levels are above 1,000 Bq/m3, remedial actions will have to be 
implemented. If the doses of the workers are bellow 1,0 mSv/y no action will be required. If they 
are higher than 6,0 mSv/y requirements of occupational radiation protections will have to be 
fulfilled. If the installation can demonstrate that its operation will not violate the limit of 1,0 mSv/y 
a certificate will be granted stating that its operation are of minor radiological consequences if  kept  
at  the same conditions when the assessment was made. For the certification granting, the industry 
will have to deliver to the Commission a series of relevant preliminary information that will allow 
the evaluation of the assessment made by the operator. In the situations where relevant operational 
radiological impacts may take place the operator will be requested to maintain a environmental and 
occupational  monitoring program. In addition, the installation will have to maintain a Radiation 
Officer that will be responsible for carrying out all the relevant work related to the radiation 
protection requirements. If the Commission considers appropriate, the operator will have to present 
an emergency response program as well as  a waste management and radioactive material 
transportation plan. It was decided that the present standard will not address the problem of the use 
of products and by-products that will be treated in another standard to be developed soon.  

 
The main differences into both approaches rely on the fact that the first one bases the 

classification of the installation in terms of activity concentration in the raw material and residues; 
while the second one relies  on the dose.  Regardless the individual merits of both approaches the 
concept of intervention will have to be inserted in the present Brazilian Regulatory Standards.  
 

The Brazilian Basic Safety Standards (CNEN N.E. 3.01) is  under revision and will the 
concept of intervention will be included in the new version. If not, unnecessary expenditures will be 
practiced to clean “contaminated” environments as it was the situation of a mineral sand processing 
plant located at the south-east region of Brazil. The overall costs with decontamination of the area 
corresponded to 20% of the market value of the land (Lauria et al. 2000). 
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ABSTRACT 
 
Now that increasing numbers of nuclear power stations are reaching the end of their 
commercially useful lives, the management of the large quantities of very low level 
radioactive material that arises during their decommissioning has become a major subject of 
discussion, with very significant economic implications. Much of this material can, in an 
environmentally advantageous manner, be recycled for reuse without radiological restrictions. 
Much larger quantities – 2-3 orders of magnitude larger – of material, radiologically similar to 
the candidate material for recycling from the nuclear industry, arise in non-nuclear industries 
like coal, fertiliser, oil and gas, mining, etc. In such industries, naturally occurring 
radioactivity is artificially concentrated in products, by-products or waste to form TENORM 
(Technologically Enhanced Naturally Occurring Radioactive Material). 
 
It is only in the last decade that the international community has become aware of the 
prevalence of TENORM, specially the activity levels and quantities arising in so many non-
nuclear industries. The first reaction of international organisations seems to have been to 
propose different standards for the nuclear and non-nuclear industries, with very stringent 
release criteria for radioactive material from the regulated nuclear industry and up to thirty to 
a hundred times more liberal criteria for the release/exemption of orders of magnitude larger 
volumes TENORM from the as yet unregulated non-nuclear industries.  
 
There are significant strategic issues that need to be discussed and resolved. Some examples 
of these are: 

− Disposal aspects of long-lived nuclides, 
− The use of radioactive residues in building materials, 
− Commercial aspects of differing and discriminating criteria in competing power 

industries in a world of deregulated electric power production. 
 
The regulatory treatment of low dose radiating materials is based on the quantitative risk 
levels of exposure to ionising radiation. The current estimates are almost exclusively based on 
doses taken by exposed populations of Hiroshima and Nagasaki (ICRP 60). In this 
connection, an interesting development, for both the nuclear and non-nuclear industries, is the 
increased scientific scrutiny that the populations of naturally high background dose level areas  
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of the world are being subject to. Preliminary biological studies have indicated that the 
inhabitants of such areas, exposed to many times the permitted occupational doses for nuclear 
workers, have not shown any differences in cancer mortality, life expectancy, chromosome 
aberrations or immune function, in comparison with those living in normal background areas. 
 
This presentation will develop these issues in a series of slides and underline the need for 
consistency in the management of redundant low radiation material from both the nuclear and 
non-nuclear industries. 
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Abstract 
 

 

        Liquid radioactive wastes (LRW) produce as a result of the operation, repair and 

disposal of nuclear energy installations can be classified in different ways (1). Use of 

selective sorbents in liquid radioactive waste management is widely spread in the field 

of different nuclear objects liquid waste decontamination (2). The presence of uranium 

in the environment not only originates from the nuclear industry but also from other 

anthropogenic activities such as lignite burning in power stations, ore processing and the 

use of fertilizers (3). A number of studies have promoted the potential use of in-situ 

reactive barriers for the remediation of contaminated groundwater. Although, one of the 

major applications of natural zeolitic materials is the removal of radionuclides from 

aqueous environments and especially the radio-cesium and radio–strontium 

decontamination of polluted water and waste water streams (4) Due to their large 

surface areas, high cation exchange capacities, favorable hydraulic characteristics, and 

low cost zeolites, are a major category of materials being considered for the removal of 

uranium isotopes from liquid medium (5). 

     The main aim of this project is to determine the capability several natural, synthetic 

and modified Iranian zeolites as well as some zeolitic based composite would enhance 

the ability of up taking of uranium ions from nuclear wastes. obtained data the ion-

exchange isotherms were plotted and distribution coefficients (Kd) on the different 
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exchanger were calculated using batch operation method, from the extracted results it 

can be conclude that among the investigated exchangers the composite which was 

prepared by potassium nickel hexacyanoferrate- loaded Iranian natural clinoptilolite and 

relevant synthetic zeolite-P (6) are more effective ion-exchangers and could be good 

candidate for sorption of uranium ion (uranyl ion) from nuclear waste streams. The 

obtained results will be present and discuss.   
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ABSTRACT 

Naturally Occurring Radioactive Materials (NORM) arise from three sectors of the Nigerian economy  
These are the petroleum industry, mining industry, phosphate fertilizer industry. NORM is found in 
petroleum producing and processing operations since the rock formations that hold the oil and gas 
also contain natural radioactivity (

.
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236U, and 232Th decay progenies and 40K) which is enhanced by the 
production and processing operations  The two commonest sources of NORM in the petroleum 
industry are Radium (226Ra and 228Ra) from the production facilities arising from production water  
scales and sludge sand Radon (222Rn ) from natural gas and associated production facilities. Scales 
and sludges are essentially co-precipitates of calcium and barium carbonates, also have associa ed 
radium(226Ra and 228Ra) due to their similar chemistry. The precipitates affect piping, sludges, pits, 
filters, brine disposal, injection wells and do lead to enhanced radioactivity in pipe cleaning yards and
environment. Films, coatings or plating, formed during natural gas production and processing contain 
high concentrations of radon. These are found at gas wellheads, transport piping, headers, treater 
units and pumps. Radon tends to concentrate in the lighter Natural gas Liquids (NGL) due to similar 
boiling point.  The petroleum industry is very active and robust and is over 40 years old. Nigeria has 
a proven reserve of 30 billion barrels and a daily production of 1.7million bar els with about 1000 
standard cubic feet (scf) of associated gas with each barrel of oil. The oil comes mainly f om the 
Niger Delta and it is both onshore and offsho e. According to the 1977 UNSCEAR report, radon 
concentration at the gas wellheads in Nigeria is about 1-3pCi/L. There are no records that 
measurements of NORM were carried out by any of the six major oil producing companies operating
in Nigeria. It is thus a common sight in the Niger Delta of Nigeria to have NORM contaminated pipes,
machines and equipment in the workshops and even in junkyards. There are no baseline data on 
NORM in the Nigerian petroleum industry. One of the major oil producing companies however  
reported in 1993 that no NORM above 5µR/hr (0.05µSv/hr) was found in its operations. 
Tin mining activities used to be very strong over the last six decades. Tin mining was and is still 
carried out on the Jos Plateau with the associated tin smelters. There are tonnes of tin-mine tailings 
in the Plateau State of Nigeria with the attendant problems. High concentrations of U and Th have 
been measured in the in the tailings.  Here  again  there was no regulation on NORM arising from 
mining activities. The same situation applies to the Kaduna Superphosphate Company, which 
produces in organic fertilizer.  

Radiation protection was not enforced until the promulgation of the Nuclear Safety and Radiation 
Protection Act of 1995 and the subsequent establishment of the Nigerian Nuclear Regulatory 
Authority (NNRA) in 2001.TheNNRA is now set to develop the appropriate regulations for the 
management of NORM contaminated waste in the country in collaboration with the various sectorial 
regulatory bodies. The petroleum industry is regulated by the Department of Petroleum Resources in
the Ministry of Petroleum Resources. The mining industry is regulated by the Department of Mines in 
the Ministry of Solid Mineral Development. There is yet another body for regulating industrial safety 
in the Federal  Ministry of Industry.  
Paper presented at the 
 
IAEA Technical Meeting on Regulatory Approaches for 
the Control of Environmental Residues containing  
Naturally Occurring Radioactive Material (NORM) 
IAEA Headquarters, Vienna, Austria, 23rd-27th September 2002
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1. Introduction 
In August 1995, the Federal Government of Nigeria promulgated the Nuclear Safety and Radiation 
Protection Decree 19 of 1995[2]. This single act facilitated the supply of the nuclear reactor to Zaria. 
The installation of the reactor was completed during the first quarter of 1999. It is pertinent to add 
that the same Federal Government invested a lot of resources to provide the buildings and other 
infrastructure for the nuclear reactor. The nuclear reactor could however not be commissioned 
because there was no nuclear regulatory authority on ground. The Nuclear Safety and Radiation 
Protection Decree 19 of 1995 provides for the establishment of the Nigerian Nuclear Regulatory 
Authority, but could not be implemented until February 2001. In Nigeria today, generation of NORM 
waste can arise from: 
i.) the petroleum industry; 
ii.) mining industry; 
iii.) fertilizer manufacturing industry  
 
2. The Nigerian Petroleum Industry 
The petroleum industry is the most important sector of the Nigerian economy and it is regulated by 
the Department of Petroleum Resources. Presently, there are sixteen multinational oil companies in 
Nigeria and seven indigenous operators. There are six major international oil companies operating in 
Nigeria. They are: 
1.)Shell Petroleum Development Company of Nigeria Limited (SPDC) 
2.) Mobil Producing Nigeria Unlimited (1955) 
3.) Chevron Nigeria Limited (1961) 
4.) Texaco Overseas Nigeria Pet. Co. Un-Ltd (1962) 
5.) Elf Petroleum Nigeria Ltd. (1961) 
6.) Nigerian Agip Oil Company (1961) 
While there are seven indigenous upstream operators (all of which were licensed post 1991) include:  
 
Currently, Nigeria produces about 1.7 million barrels of oil per day (mbpd), including condensates, with a 
proven reserve of about 30billion barrels The export of oil accounts for about 95% of Nigeria's export 
revenues, 80% of the Federal Government's revenues, and about 13.4% of the Gross Domestic Product. 
The six majors account for about 97% of Nigeria’s oil reserves and production, leaving the balance of 
3% each of oil reserves and production, to the rest of the operators. 
 
Naturally Occurring Radioactive Material (NORM), which are concomitant with petroleum operations 
in both oil and gas fields. NORM occurs in produced water, scales, sludges and filtration units. These 
can lead to exposure to ionizing radiation by workers and the general public. These exposures are 
over and above those arising from anthropogenic sources used in industrial radiography, well logging 
and radiotracer technique. All these applications are neither regulated nor controlled, except for the 
radiation protection practices imposed by the home countries of the multinational companies. The 
industry was so concerned about the situation so much that the Department of Petroleum Resources 
in 1993[1] organized an International Workshop on Radiation Protection in the Nigerian Petroleum 
Industry. This was the first call by a user industry for legislation on radiation protection in Nigeria. 
There is no record of  any investigation carried out by any of the major oil companies in establishing 
the level of NORM generation in their various platforms, except the unconfirmed report of not more 
than 0.05µSv/hr reported by one of the major oil producing companies[1]. 
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2. Mining Industry 
This is mainly coal mining and tin mining. There is also gold mining but not as developed as tin and 
coal mining. Relevant to the present paper are the tin-mine tailings on the Jos Plateau [2,3]. 
Phosphates are imported and are also mined (on a small scale) as feedstock for the Kaduna 
Superphosphate Company. 

 
3. The Nigerian Nuclear Regulatory Authority (NNRA) 
The Nuclear Safety and Radiation Protection Act of 1995[4] provides for the establishment of the 
Nigerian Nuclear Regulatory Authority (NNRA). In preparing the Nuclear Safety and Radiation 
Protection Act, the International Atomic Energy Agency (IAEA) has been of tremendous assistance in 
terms of expertise and training. The Act is therefore largely derived from the IAEA ‘Basic Safety 
Standards’ and several other IAEA ‘TECDOCS’ and ‘Safety Series’ documents. 
 
According to Section 4 (1) and (2) of the Act, the NNRA has the responsibility for nuclear safety and 
radiological protection regulation in the country.  
The NNRA shall: 
i.) regulate the possession and application of radioactive substances and devices emitting 

ionizing radiation; 
ii.) ensure protection of life, health, property and the environment from the harmful effects of 

ionizing radiation, while allowing beneficial practices involving exposure to ionizing radiation; 
iii.) perform all necessary functions to enable Nigeria meet its national and international 

safeguards and safety obligations in the application of nuclear energy and ionizing radiation; 
iv.) advise the Federal Government on nuclear security, safety and radiation protection matters;  
v.) liaise with and foster co-operation with international and other organizations or bodies 

concerned having similar objectives; 
vi.) regulate the introduction of radioactive sources, equipment or practices and of existing 

sources, equipment and practices  involving exposure of workers and the general public to 
ionizing radiation, and  

vii.) regulate, as appropriate, the exploration, mining and milling of radioactive ores and other 
ores associated with the presence of radioactive substances.  

 
Thus, the issue of NORM contamination is covered by section 4 of the Act in terms of sources, 
equipment and their disposal. The NNRA is therefore empowered to: 
 
(a) categorize and license activities involving exposure to ionizing radiation, in particular, the 

possession, production, processing, manufacture, purchase, sale, import, export, handling, use, 
transformation, transfer, trading, assignment, transport, storage and disposal of any radioactive 
material, nuclear material, radioactive waste, prescribed substance and any apparatus emitting 
ionizing radiation; 

(b) establish appropriate register for each category of sources or practices involving ionizing 
radiation; 

(c) issue codes of practice, which shall be binding on all users of radioactive and prescribed 
substances, and of sources of ionizing radiation 

(d) review and approve safety standards and documentation 
(e) protect the health of all users, handlers and the public from the harmful effects of ionizing 

radiation 
(f) provide training, information and guidance on nuclear safety and radiation protection: 
(g) establish in co-operation with other competent national authorities, plans and procedures which, 

shall be periodically tested and assessed for coping with any radiation emergency and abnormal 
occurrence involving nuclear materials and radiation sources: 

(h) undertake investigations and research into ionizing radiation sources and practices: and 
(i) do everything necessary to ensure that all concerned persons and bodies comply with laid down 

regulations under the Act. 
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4. Registration of Practice 
As from 7th May 2001, no person shall on any premises which is used for the purpose of an 
undertaking carried on by him, keep or use a source of ionizing radiation of any description unless 
either 
(a) he is registered under this Act in respect of the those premises and in respect of keeping and use 

thereon of the nuclear Material or the source of ionizing radiation of that description; or 
(b) the source of ionizing radiation in question consists of apparatus in respect of which a person 

registered under this Act or is exempted from registration under section 17 of this Act. 
 
5. Registration Of premises 
An application for registration under this Act shall be made to the Authority specifying. 

(a) the premises to which the application relates; 
(b) the undertaking for the purposes of which those premises are used; 
(c)  the description of the source of ionizing radiation proposed to be kept or used in the 

premises and the maximum quantity of material or source of ionizing radiation, the 
strength and the output the source to be kept or used thereon at any time; 

(d) the manner in which the source of ionizing radiation is proposed to be used in the 
premises; and 

(e) such other information as may be prescribed by the Authority.             
 
On registering a person in respect of any premises, the Authority shall furnish him with a certificate 
containing all material particulars of the registration and shall send a copy of the certificate to the 
Ministry of Health and the Commissioner of Police of the State in whose area the premises are 
situated. Copies of the certificate will also be sent to the Nigerian Customs Service in the case of 
importation or exportation of radioactive substances. 
 
6. Exemptions 
Without limiting the power of the Authority under this Act the Authority may : 
a) exempt from the provisions of section 15 and 16 of the Act cases where the health hazards of 

ionizing radiation or radioactive substance or from any activity involving exposure to radiation is 
deemed minimal; 

b) exempt special sources or practices from the control by the system referred to in section 18 of 
the Act if, based on an analysis of the health hazards involved, the Authority is satisfied that: 

 
i.) the annual committed dose equivalent to any individual resulting from the practice will at no 

time exceed the established dose limit as determined by the Authority; and 
ii.) the collective dose received in one year of the unregistered practice will be less than the 

established dose limit. 
 
Among the categories of radioactive substances, sources and practices for the purpose of   this Act are: 

a.) mining and milling of radioactive ores and other facilities of the nuclear fuel cycle; and, 
b.) Non-uranium mines and mills having associated radioactive substances in concentration, 

which can lead to significant radiation exposures to workers and the public. 
  
In addition, the licence for exploration, excavation, mining and milling of ores containing radioactive 
materials shall be subject to the appropriate Code of Practice as laid down by the Authority.  The 
applicant for a licence, for the construction of an installation connected with the exploration, 
excavation, mining or milling of ore containing radioactive materials or for its operation, shall submit 
information on the waste management system, as laid down in the Code of Practice for the different 
categories as specified in Section 29 of the Act. 
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7. Challenges 
Nigeria has for a very long time been engaged in peaceful applications of nuclear energy without any 
form of legislation. The petroleum and mining industry that generate NORM predate the 
establishment of the NNRA, hence the initial inertia and even unwillingness from some operators in 
the industries to comply. The petroleum industry is better organized. Most of the oil producing 
companies are multinational and are therefore expected to comply with radiation protection 
regulations of the parent companies. The case of NORM has however generated the appropriate 
enthusiasm in most of them. With the establishment of the NNRA, it will require education, 
consultation and dialogue to enforce compliance with the law. The challenges being faced by the 
NNRA from the side of operators include: 
 

i.) inadequate infrastructure, trained personnel and  equipment; 
ii.) regulatory guidelines are yet to be developed ; 
iii.) NORM are not regarded as capable of inducing radiological hazard, unlike radiation 

sources; 
iv.) NORM is not regarded as a radioactive waste; 
v.) Inadequate awareness of radiation protection amongst the workers. 

 
8. WAY FORWARD 
The IAEA has been very supportive of Nigeria in establishing a sound radiation protection regime in 
Nigeria. In fact the IAEA was very instrumental to the promulgation and even the implementation of 
the Nuclear Safety and Radiation Protection Act 1995.The IAEA has agreed to provide specialized 
training for the employees of the NNRA. Similarly, IAEA will sponsor Radiation Protection experts 
from various organizations to advise in the development of the physical infrastructure and 
regulations. We however need the support of other national and international organizations and 
professionals, through the : 
i.) establishment of collaborative fora with other regulatory bodies in the country, such as the 

Department of Petroleum Resources (DPR) in the case of the petroleum industry, the 
Department of Mines in the case of mining industry; 

ii.) development of regulatory guides for the management of NORM; 
iii.) establishment of protocol with the major NORM-generating organizations in all relevant 

sectors; 
iv.) carrying out survey of NORM levels in the various industries; 
v.) cooperation with major service companies in the petroleum and mining industry; 
vi.) cooperation with older nuclear regulatory authorities in the area of NORM control and 

management; 
vii.) development a Waste Management programme for NORM; 
viii.) organization of sensitization workshops for the HSE managers in the relevant organizations; 
ix.) organization of radiation protection training courses for the workers in those organizations 

that may be potentially exposed 
x.) participation in national and international activities in the area of radiological protection. 
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Up to recent time in Russia regulation in the area of management of industrial waste 
containing naturally occurring radioactive materials (NORM) had been carried out by those industry 
branches where this management took place. As a basis for such regulation they used the national 
basic radiation safety standards issued by Ministry of Health of Russian Federation. These standards 
are based on recommendations of the ICRP publication 60 and fixed legislatively in the federal law 
"On Public Radiation Safety" according to which they joined into force since 2000. 

Gosatomnadzor of Russia did not participate actively in this regulation. It is connected with 
the fact that this radiation safety regulatory body is still rather young. The first decade of its 
existence (1992-2002) was devoted, basically, to formation of Gosatomnadzor of Russia as the 
regulatory body in the field of nuclear and radiation safety in the industry branches traditionally 
connected with production of nuclear energy, nuclear fuel and radioactive materials, and also with 
the management of nuclear and radioactive waste generated during this production. 

It does not mean, that Gosatomnadzor of Russia disregarded a problem of  safety ensuring in 
industry branches where radioactive materials are present as  accompanying useless impurities 
which are not used in the basic manufacturing processes and generate radioactive waste on the basis 
of NORM. On the contrary, during this period Gosatomnadzor of Russia collected the appropriate 
information about real radiation conditions at facilities of energy park and mining and reprocessing 
industry of Russia, and also about results of regulation of radiation safety at these facilities, carried 
out by forces of these industry branches. Besides Gosatomnadzor of Russia had started 
implementation of licensing and supervision of separate aspects of the NORM management. 

This information gathering has yielded the following results and has revealed the following 
problems in regulation and control of radiation safety ensuring at the facilities with NORM. 

The oil, gas, coal, artesian water and other minerals mining and reprocessing processes 
change properties of a plenty of materials containing NORM. The redistribution of NORM has 
place: concentration in one and pauperization in other materials. The physical and chemical 
properties of compounds containing NORM are changed too: they become more chemically active, 
get increased migration ability etc. It is especially typical for cycles of extraction and initial 
reprocesses of oil and gas where NORM concentration can increase more than by 100 times due to 
their sedimentation and accumulation in the equipment. As a result of this the equipment, 
installations and constructions where such processes take place become dangerous radiation sources. 



Their effect is shown not only by creation of radiation-hazardous conditions during 
maintenance and repair of the equipment, but also by increase in a radioactivity background of site 
territory. The big half-life periods of radionuclides, their multi-stage nuclear decay, presence of 
different types of radiation and formation of gaseous radon in a decay chain promote serious man-
caused changes in radioactivity background. 

At that effect of such radiation-hazardous factors can be see at facilities sites as an external 
exposure of the personnel and the public by NORM contained on walls of equipment and in storage 
facilities for contaminated waste, an internal inhalation exposure due to presence of NORM and 
their decay products in the air which are evolved at contaminated waste storage facilities and at 
contaminated part of facilities sites under conditions of normal and emergency operation modes. 

Since harmful effect of NORM at mining facilities was revealed and realized rather long 
time ago it is taken into account already at a stage of design and exploration work. And this 
essentially facilitates the solution of problems related to radiation safety ensuring. However, for 
some reasons, essential difficulties arised in technologies of the energy park: oil extracting, burning 
of coal, water-preparation on artesian water etc. 

The main reason lies with unavailability of comprehensive legal and regulatory basis for 
radiation safety ensuring. Previous legal and regulatory base was department-oriented, closed and, in 
essence, concealed danger of man-caused NORM concentration. It also ignored universally 
recognized in the world concept of non-threshold effect of ionizing radiation on a man, i.e. it did not 
take into account the effect of small doses of exposure. One more  feature was that under conditions 
of the centralized economy the responsibility for radiation safety ensuring was assigned to the 
ministries and departments, instead of operating organizations (operators). Separate person or 
population in a whole, who was or could be under conditions of exposure, did not have right to 
receive information about this and even more  – to demand creation of safe operating conditions and 
residing. 

Situation concerning legal and regulatory base changed in the radically since adoption in 90-
th of federal laws "On Public Radiation Safety" and «On the Use of Nuclear Energy» and also of 
new national safety standards – the Radiation Safety Standards (NRB-99), based as it was specified 
above on 60-th ICRP publication, and the Basic Health Rules for Radiation Safety Ensuring 
(OSPORB-99)  which, as against earlier existing standards, defined the basic criteria and 
requirements for protection of the personnel and the public against effect of natural radiation 
sources.` 

However, the further development of existing regulatory base for radiation safety ensuring of 
facilities with NORM up to level of safety guides now has been essentially slowed down. The 
technical support organizations of radiation safety regulatory bodies have proved to be not ready for 
comprehensive development of regulatory base for these facilities and, first of all, of concept of 
radiation safety ensuring of personnel, public and environment taking into account specifics of 
NORM in contrast to man-caused radionuclides, if available. 



In this situation Gosatomnadzor of Russia is compelled to implement a  conservative 
approach to regulation of radiation safety at these facilities on the basis of criteria and requirements 
existing in branches of the energy park in the field of low and intermediate radioactive waste 
management. Simultaneously development of separate safety guide has been begun, one of which, 
namely, "Safety Ensuring in Management of Radioactive Waste Generated during Extraction, 
Processing and Use of Minerals " was developed and put into effect in 2000. 

Implementation of such approach is complicated by unavailability and unwillingness of 
operating organizations to develop and to introduce technologies and equipment for the radioactive 
substances management, which comply with safety requirements existing in the energy park, into 
the basic technological processes, which are designed and carried out without taking into account  
NORM availability. 

At that many of these operating organizations in their own way are anxious about radiation 
safety of the personnel, the public and the environment in areas of their location. The facilities order 
development of technologies and the equipment for removal of radioactive impurity from 
production, organize monitoring of exposure of the personnel and radioactive contamination of 
workplaces and the environment. 

At the same time, the separate operating organizations counteract the organization of 
licensing and supervision according to a procedure established in Russia for operating organizations 
of the energy park in accordance with requirements of the law «On the Use of Nuclear Energy». 
Their motivation is based on the fact that their main activity is not connected with use of  atomic 
energy and is not under jurisdiction of the law «On the Use of Nuclear Energy» , accordingly. 
Therefore these operating organizations consider that they are not under supervision of 
Gosatomnadzor of Russia and that the requirements, existing in branches of a energy park, do not 
concern them. In their opinion, these requirements are developed for branches in which the 
management of man-caused radionuclides is carried out. Because these man-caused radionuclides 
have a distinct from NORM nature, so, accordingly, their requirements differ from those 
requirements which can be placed on facilities with NORM. 

The real reason which is behind this motivation is, that implementation of safety 
requirements, existing in a energy park during radioactive waste management, at these facilities will 
result in essential increase of capital investments and significant increase in price of their products 
and decrease in profitability of production, accordingly. 

However, the measures taken by Gosatomnadzor of Russia, nevertheless result in the 
following – a number of the facilities of the energy park, which have obtained and are obtaining 
licenses of Gosatomnadzor of Russia, is gradually being increased.  

Among the further tasks in the field of safety regulation ensuring in management of waste 
with NORM, Gosatomnadzor of Russia sees the following one – organization of development of the 
regulatory documents to oblige all operating organizations, which main activity is connected with 
NORM, to provide for development and implementation of a full cycle of measures for safe NORM  



handling, including collection, transportation and disposal of waste containing NORM. These 
measures should provide for forecasting of NORM occurrence, and also development and 
introduction of the appropriate technological processes on safe NORM handling during design of 
new and modernization of the existing facilities. 

The solution of this problem should be accompanied by revealing of such facilities and 
establishing of the state supervision of radiating safety ensuring , including their licensing within the 
framework of the law «On the Use of Nuclear Energy». 

Separate discussion is deserved with a question of radiation safety regulation on sites of 
facilities which do not now exist. In this case now there is no the operating organization responsible 
for safety. By virtue of the economic situation existing now, described by decentralization of 
economy and bankruptcy of the unprofitable facilities, there are many such facilities in Russia now. 
At that not each regional administration at which territory such enterprises are located and which 
according to law in such cases is responsible for a safety, is able to realize this responsibility 
because of unsatisfactory status of its budget. But this question due to established in Russia 
competence share between regulatory bodies in the field of nuclear energy use does not concern  the 
Gosatomnadzor competence. 

In conclusion of this presentation it seems to be expedient to sum up results of assessment of 
the state-of-the-art in Russia in the field of regulation of safety of NORM management in the energy 
park by listing some of the basic problems which hamper, in opinion of Gosatomnadzor, 
comprehensive safety ensuring: 

absence of the concept of radiation safety ensuring in NORM management in the non-
nuclear industries, which will allow to extend safety requirements existing in a energy park to the 
NORM management or to define distinction between them; 

as consequence of the previous problem - insufficiency of regulatory base for safety ensuring 
in  NORM management in the non-nuclear industry; 

the certain counteraction of operating organizations to placing safety regulatory requirements 
existing in branches of a energy park on them; 

uncertainty of the approach to regulation of radiation safety at facilities which do not exist 
any more. 
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1. Introduction 
 
The primary UK legislation relating to the use of radioactive materials are the 
Radioactive Substances Act 1993 (RSA, 1993) and the Ionising Radiations 
Regulations 1999 (IRR, 1999). These implement the European Union’s Basic 
Safety Standards Directive (EUBSS) (EC, 1996). The Radioactive Substances Act 
1993 (RSA93) regulates the accumulation, storage and disposal of radioactive 
waste, principally to control potential doses to members of the public. The 
Ionising Radiations Regulations 1999 (IRR, 1999) deal primarily with regulating 
the doses that people receive at work. Both of these pieces of legislation apply to 
the use of materials containing naturally occurring radionuclides. Historically UK 
regulations relating to radioactive materials have covered both artificial and 
natural radionuclides. 
 
 
2. The EU Basic Safety Standards 
 
The European Union has its own set of regulations relating to radioactive 
materials (The Basic Safety Standards Directive, BSS, 1996) which the UK had to 
bring its regulations into line with by May 2000. The primary scope of the EUBSS 
is ‘all practices which involve a risk from ionizing radiation from an artificial 
source or from a natural radiation source in cases where natural radionuclides are 
or have been processed in view of their radioactive, fissile or fertile properties’. 
Therefore the general scope does not cover exposures due to natural radiation 
sources other than when these are part of the nuclear fuel cycle. However, 
paragraph 2 of Article 2 states that the Directive also applies to ‘work activities 
which involve the presence of natural radiation sources and lead to a significant 
increase in the exposure of workers or members of the public which cannot be 
disregarded from the radiation protection point of view’. Title VII of the EUBSS 
expands on this by requiring each member state to identify work activities 
involving exposure to natural radiation sources which may be of concern from a 
radiological protection point of view and to apply the requirements of the 
Directive to the identified activities. The EUBSS therefore allows each member 
state a degree of discretion in this area.  
 
The European Commission (EC) has, however, produced a document to assist in 
the implementation of Title VII, which gives reference levels for workplaces 
processing materials with enhanced levels of naturally occurring radionuclides 
(EC, 1999). This guidance is not binding on member states but it offers a simple 
technique for screening and categorising the relevant industries based on 
radiation dose criteria. The guidance is limited to consideration of occupational 
exposures. The guide proposes four control bands, as follows: 
Band 1  no need to consider regulation, 
Band 2  lower level of regulation should be applied, 
Band 3  higher level of regulation should be applied, 
Band 4 process should not be permitted without a full individual 

assessment. 
The four band system has three marker points to separate the bands related to 
the radiation doses workers receive. The doses chosen are 1 mSv y-1, 6 mSv y-1 
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and 20 mSv y-1 under normal conditions, and 6 mSv y-1, 20 mSv y-1 and 50 mSv 
y-1 under unlikely conditions. The guide therefore recommends that, for the 
relevant industries, if worker exposures are under 1 mSv y–1 under normal 
conditions no regulation is required.  
 
 
3. The Radioactive Substances Act 1993 
 
Under the provisions of RSA93 all work activities that use radioactive materials 
need to be registered, and the accumulation and disposal of waste authorised, 
unless the material is specifically excluded from RSA93. RSA93 covers work 
involving materials containing naturally occurring radionuclides; however, under 
Section 1 of RSA93, materials that have concentrations of naturally occurring 
radionuclides below those values presented in Schedule 1 of RSA93 are not 
considered to be radioactive and are therefore excluded from the provisions of 
the Act. Schedule 1 contains exclusion levels for solids, liquids and gases or 
vapours. Those for solid materials and gases or vapours are given, respectively, 
in Tables 1 and 2. In addition to exclusion, there are a number of Exemption 
Orders (EOs) made under RSA93 that exempt specific materials from certain 
provisions of RSA93. Of particular relevance to industries that use or produce 
materials containing enhanced levels of naturally occurring radionuclides is the 
Radioactive Substances (Phosphatic Substances, Rare Earths etc.) Exemption 
Order 1962 (RSEO, 1962). This EO exempts certain materials containing naturally 
occurring radionuclides from the requirement for registration and authorisation of 
accumulation and disposal under RSA93. The activity concentrations defined in 
this EO are given in Table 1. 
 
 
4. Ionising Radiations Regulations 1999 
 
Regulation 3 (Application) of IRR99 makes it clear that the scope of the 
regulations includes work with radioactive substances containing naturally 
occurring radionuclides. The associated approved code of practice (HSE, 2000) 
provides more detailed guidance in this area. In the case of substances containing 
naturally occurring radionuclides used in work other than a practice∗, eg steel 
plants, the regulations only apply if ‘their use is likely to lead to employees or 
other people receiving an effective dose of ionising radiation in excess of 1 
millisievert in a year’.  
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TABLE 1  RSA93 Schedule 1 and Radioactive Substances 
(Phosphatic Substances, Rare Earths etc.) Exemption Order 
(RSEO, 1962) activity concentrations for solid materials 

Activity concentration (Bq g–1) 

Element RSA93 EO     

Actinium 0.37 14.8    

Lead 0.74 14.8    

Polonium 0.37 14.8    

Protactinium 0.37 14.8    

Radium 0.37 14.8    

Thorium 2.59 14.8    

Uranium 11.1 14.8    

 
TABLE 2  RSA93 Schedule 1 activity concentrations for 
gases/vapours 

Activity concentration (Bq per gramme of gaseous 
release) 

Element RSA93  

Actinium 2.59 10-6  

Lead 1.11 10–4  

Polonium 2.22 10–4  

Protactinium 1.11 10–6  

Radium 3.70 10–5  

Thorium 2.22 10–5  

Uranium 7.40 10–5  
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     ABSTRACT: 

TENORM wastes and consumer products are regulated in the 
United States by either Federal or State government agencies. Most agencies 
apply general radiation protection and waste disposal standards devised for all 
sources of radiation to TENORM.  Generation of TENORM by some industries, 
however, is controlled by specially designed Federal or State regulations (e.g., 
phosphate, oil and gas, elemental phosphorous, and uranium mining).  Advisory 
organizations in the United States are in the process of proposing model radiation 
protection regulations or standards specifically for TENORM that could be used 
by State agencies or industries, respectively. The U.S. National Academy of 
Sciences has provided recommendations that may affect how protection standards 
for sources of TENORM are developed in the country.  

 
 RADIATION PROTECTION LAW IN THE UNITED STATES –  
 
 The Environmental Protection Agency (EPA) and Nuclear Regulatory 
 Commission (NRC) 
 TENORM as used in this paper refers to materials containing radionuclides not 
covered under the U.S. Atomic Energy Act (AEA) whose radioactivity has been 
concentrated or exposed to the accessible environment as a result of human activities 
such as manufacturing, mineral extraction or water processing. Appendix 1 provides a 
tabular summary of U.S. governmental and advisory body guidance on TENORM. 
 
 U.S. controls or licensing of sources of radiation differ from many other 
countries. Although any of the TENORM radionuclides, which include uranium, thorium, 
radium, and potassium, and their decay products, could be present in a TENORM waste 
or product, the Atomic Energy Act of 1954 as amended assigns health, safety, and 
licensing responsibility specifically for just uranium and thorium (termed “source 
material”) to what is now the U.S. Nuclear Regulatory Commission (NRC).  However, 
NRC does not license individuals or companies which utilize uranium or thorium in 
concentrations below 500 parts per million. In fact, mining operations are not licensed by 
that agency with the exception of in-situ uranium leaching facilities. The NRC also 
licenses radioactive waste disposal facilities.  Under that agency’s authorities, it can 
delegate its statutory authority to States whose regulations are compatible with NRC’s. 
Because of this special situation, and judicial decisions affirming NRC authority over 
uranium and thorium, regulation of TENORM exposures, waste handling, and disposal is 
complicated if a site contains a mixture of uranium, radium, and other radionuclides. 
 



 More than a dozen major laws form the legal basis for the programs of the 
Environmental Protection Agency (EPA). That agency’s authority to develop radiation 
protection standards and to regulate radioactive materials including TENORM is derived 
from a number of those Federal laws, plus Executive (Presidential) Orders. EPA is 
currently working with a number of other Federal agencies to update U.S. guidance for 
radiation protection of members of the general public 
 
 EPA also has responsibilities for radiation emitted into what are termed 
“environmental media”, either air, water, or land (in this case, as wastes).  Under the 
Clean Air Act, EPA regulates radon and radioisotope emissions into the air. Regulations 
promulgated by the agency specifically target emissions from underground uranium 
mines, Department of Energy facilities, elemental phosphorous plants, and radon from 
phosphogypsum stacks. Required by laws specific for radon abatement, EPA has also 
developed guidance for control of radon in housing, businesses and schools. 
 
 The Clean Water Act and Safe Drinking Water Act give EPA the authority to 
establish water quality standards, regulate the discharge of pollutants into waters of the 
United States, and set standards for drinking water. In the case of drinking water, 
regulatory standards have been set for uranium, radium-226 and radium-228, and address 
combined alpha, beta and photon emitters.  Draft proposed limits have also been issued 
for radon.  
 
 Laws which established the "Superfund” are used for removals and clean up of 
radioactively contaminated sites.  EPA guidances establish clean up levels of soils 
contaminated with radiation from all sources including radium, thorium, and uranium.  
Standards for hazardous waste disposal facilities could be used for disposing of certain 
types of TENORM.  In a very few locations, based on State agency regulatory decisions, 
waste disposal sites created for chemically hazardous wastes under the Resource 
Conservation and Recovery Act can also be used for TENORM.  EPA is currently 
working on ways to increase the number of sites available for low-level and mixed 
chemical/radioactive waste disposal. 
 
 Regulations applicable to remediation of both inactive uranium mill tailings sites, 
including vicinity properties, and active uranium and thorium mills have been issued by 
the EPA under the Uranium Mill Tailings Radiation Control Act.  The NRC was required 
to adopt the EPA standards, and it uses those regulations to approve the closure of sites 
managing mill tailings, which then fall under the long term oversight and monitoring of 
the U.S. Department of Energy (DOE). 
 
 Other Agencies  
  The DOE has the responsibility to protect human health and safety from the 
hazards of radiation and radioactive materials, including TENORM, associated with 
research, development and production activities on its own lands.  However, the 
Department of Energy does not regulate TENORM at facilities where it is not the owner. 
 



  Other Federal land management agencies are responsible for clean up and control 
of radioactive materials on their lands by virtue of either enabling legislation, or 
requirements of the laws to protect land, air and water described above. The U.S. 
Department of Transportation (DOT) has developed regulations under a number of laws 
for the safe transportation of hazardous material (including radionuclides and TENORM) 
in intrastate, interstate, and foreign commerce. Additionally, the Occupational Safety and 
Health Administration (OSHA) in the U. S. Department of Labor has developed 
standards to protect employees from exposure to ionizing radiation.   
 
 States 
  State authority to regulate radioactive materials including TENORM is based on 
the Constitutional law tenet that any authority or responsibility not specifically assigned 
to the Federal government may be exercised by the States.  Many States actively regulate 
radioactive material through radiation control and other State programs.  Control under 
State law includes naturally occurring and accelerator-produced radioactive materials and 
other sources of ionizing radiation.  Most States also control radioactivity through 
programs laws authorized by the EPA to implement clean air, water and other 
environmental laws. Several States have asserted specific authority over TENORM, 
especially cleanup approaches and disposal.  Approximately 10 have developed 
regulations specifically for TENORM, though many of those are specific to oil and gas 
TENORM.  Most States regulate TENORM under general rules for radiation protection.   
 
OTHER ORGANIZATIONS’ TENORM EFFORTS 
 
 Conference of Radiation Control Program Directors 
 Comprised of officials from State radiation control programs, usually health, 
natural resources, or environmental agencies, the Conference of Radiation Control 
Program Directors (CRCPD) has been working for several years to find solutions to 
exposure to radiation from TENORM sources. This non-profit organization has 
developed a series of model regulations for States to use, either to implement Federal 
regulations, or to provide new radiation protection controls if Federal regulations are not 
available.  A committee of the CRCPD has developed draft proposals for control and 
licensing of TENORM materials which have not yet been officially approved. 
 
 Health Physics Society 
 A committee of the U.S. Health Physics Society has been developing a separate 
standard for TENORM radiation control, handling, transfer, storage, and disposal of 
those wastes and products. This professional organization is preparing its voluntary 
private sector consensus standard independently from the CRCPD, with the intention of 
getting it approved for inclusion as an American National Standards Institute (ANSI) 
professional environmental standard. 
 
 InterState Oil and Gas Compact Commission and American Petroleum Institute                      
 The InterState Oil and Gas Compact Commission (IOGCC) is an association of 
State governors from oil and gas producing States responsible for promoting production, 
and examining regulatory issues for oil and gas at the State level. The IOGCC’s 



Environmental and Safety Committee formed a (TE)NORM Subcommittee  which 
provided guidance to be used by State oil and gas regulators in determining appropriate 
controls for the petroleum industry (TE)NORM (IOGCC, Undated).  On the private 
industry side, the American Petroleum Institute, an association for the U.S. oil and gas 
industry, has a (TE)NORM committee which has published a series of guidance reports 
for oil  companies(API, 1996, 1992, 1990). 
 
 National Council on Radiation Protection and Measurements 
 The National Council on Radiation Protection and Measurements (NCRP) is a 
non-profit organization  which formulates and disseminates information, guidance and 
recommendations on radiation protection.  The NCRP has published a number of 
previous reports on TENORM including background radiation (NCRP, 1993a, 1988, 
1975). 
  
NATIONAL ACADEMY OF SCIENCES TENORM STUDY 
 In 1996 and 1997, the U.S. Congress requested that EPA arrange for the U.S. 
National Academy of Sciences (NAS) to conduct a study to investigate the scientific and 
technical bases for EPA’s TENORM guidelines.  The NAS formed a committee which 
compared the existing guidelines for TENORM developed by EPA and other U.S. and 
international organizations concerned with radiation protection.   
 
 The NAS report (1999) concluded that “differences in the guidelines for 
TENORM developed by EPA and other organizations are based essentially on 
differences in policy judgements for risk management”. The NAS Committee also found 
that the information used to evaluate risk from ionizing radiation arising from TENORM 
and other (generally man-made) sources of ionizing radiation was, and should be, the 
same.  The risk assessment methods for TENORM were found not to be different from 
methods used for assessing risk from other sources of ionizing radiation. They concluded 
that different judgements on the maximum acceptable risk to the public have led to 
different risk management approaches.  The Committee noted additionally that, although 
a uniform national standard for TENORM exposure is desirable in order to achieve 
complete protection from TENORM- related hazards, development of such a standard 
probably is not possible for a variety of reasons, including the major differences in 
physical and chemical characteristics of the TENORM materials, and felt that EPA 
should concentrate its efforts on individual sources of TENORM. 



APPENDIX 1 
 
EXISTING U.S. REGULATORY STANDARDS AND GUIDANCES 
 
 Presented below in a tabular format are regulatory or other guidances for 
TENORM materials by major government agencies or advisory bodies in the U.S.  Table 
1 provides radiation protection standards for radon, Table 2 provides radiation protection 
standards for the general public, Table 3 provides selected radiation protection and waste 
disposal standards for TENORM radionuclides and materials. The tables are modified 
from NAS (1999) tables 7.1, 10.1, 10.2, and 10.4. 
 
TABLE 1, RADON GUIDANCES FOR MITIGATION LEVEL 
SOURCE ORGANI- 

ZATION 
LEVEL 
IN BQ/ 
M3

LEVEL  
IN 
PCI/L 

COMMENT 

Homes EPA&DHHS 
(1994) 

150 4 Mitigation at 70-150Bq/m3 

recommended if concentration can be 
reduced below 70 Bq/m3

 NCRP 
(1993b, 1984) 

370  Mitigation level is exposure to short 
lived radon decay products at 7x10-3 
Jh/m3/y (2 WLM/y); radon 
concentration assumes decay products 
are in 40% equilibrium with radon. 

Schools EPA & DHHS 
(1994) 

150 4  

Water EPA (1999)  4000 
(in liter 
of water) 

Draft proposed maximum 
contaminant level 

     



TABLE 2, RADIATION GUIDANCE FOR THE GENERAL PUBLIC 
Organi- 
zation 

Maximum 
Annual 
Dose 
Equivalent 
mSv 

Annual 
Dose  
Equivalent 
mRem 

Comment 

FRC 
(1960) 

5.0 500 Currently under revision by EPA to eliminate 
1960 FRC guidance standard of 5 mSv for the 
general public, and include concept of as low as 
reasonably achievable (ALARA).  
 
1960 dose limit is for controlled sources 
combined, including TENORM and man-made 
radionuclides, but excluding indoor radon and 
medical exposures. Dose limit is for maximally 
exposed individuals, average individual dose 
should not exceed 1/3 of that number in exposed 
populations.. 

DOE 
(1990) 

1.0 100 Dose limit for all routine DOE activities and 
exposure to TENORM under DOE control. 

CRCPD 
(2002) 

1.0 100 Draft suggested state regulations, dose limit for 
all controlled sources combined, including 
TENORM, and man-made radionuclides 
excluding indoor radon and medical exposures. 

NCRP 
(1993a) 

5.0 500 Recommended remedial action level for natural 
sources including background, TENORM, and 
naturally occurring radionuclides from nuclear 
fuel cycle but excluding radon.  

 
 



TABLE 3, RADIATION PROTECTION STANDARDS  
Material or Guide Agency Standard Comment 
Dose Criterion for 
Site cleanup; 
contaminated soil 
cleanup standard 
for combined Ra, 
U, Th 

EPA 
(Luftig  
and 
Weinstock, 
1997) 

Annual dose 
equivalent 
0.15 mSv/annually; 
limit of combined 
Ra226, U, and Th = or < 
5 pCi/g (~0.2 Bq/g) 
above background for 
site cleanup of 
contaminated soils 

EPA guidance on 
complying with lifetime 
cancer risk of  
10-4 under “Superfund” law 
(40 CFR Part 300). Used to 
establish site cleanup 
criteria. 

Drinking water EPA  
(40 CFR 
Part 141) 

Radium = or < 5 pCi/l 
(~ 0.2 Bq/l), uranium 
at 30 Φg/l, gross alpha 
= or < 15 pCi/l (0.6 
Bq/l) in drinking water 

Standards for drinking water 
at the tap, including 
background developed 
under Safe Drinking Water 
Act, used as guidance fro 
protection of groundwater 
sources (EPA 1991b) 

Discharges from 
uranium and 
vanadium mines 
and mills 

EPA 
(40 CFR 
Part 440) 

Dissolved Ra226 at 0.4 
Bq/l, total Ra226 at 1.1 
Bq/l, and uranium at 4 
mg/l in liquid 
discharges 

Standards for daily effluents 
in liquid discharges from  
mines or mills used to 
produce  uranium, radium, 
or vanadium; limits on 
average concentrations in 
daily effluents for 30 
consecutive days are factor 
or 2 or 3 lower. 

Airborne 
emissions from 
phosphate, 
elemental 
phosphorous, 
underground 
uranium mines, 
and  certain 
federal facilities 

EPA (40 
CFR Part 
61) 

Annual dose 
equivalent of 0.1 mSv 

Standard for airborne 
emissions from specified 
sources developed under 
Clean Air Act and based on 
lifetime cancer risk of 10-4; 
limits on emissions of Po210  
from some sources also 
specified. Requires 
phosphogypsum be placed 
in stacks. 

Standards for 
control of uranium 
and thorium mill 
tailings 

EPA (40 
CFR Part 
192) 

Annual average release 
rate of Rn222 to air of 
20 pCi/ m2 per second  
(0.74 Bq/m2 per 
second) or increase 
concentration of  Rn222 
in air outside disposal 
site by 0.5 pCi/l (~0.02 
Bq/l). 

 



Average 
concentrations of Ra226 

in soil above 
background over any 
area of 100 m2 of 5 
pCi/g (~0.2 Bq/g) in 
top 15 cm or 15 pCi/g 
(0.55 Bq/g) below 15 
cm. 
 
Indoor gamma 
radiation level above 
background of 20 
ΦR/h as an action 
level. 

Exemption from 
licensing 

CRCPD 
(2002) 

Materials containing < 
5pCi/g (~0.2 
Bq/g)exempt from 
TENORM licensing 
requirements 

 

Soil cleanup levels 
and exemption 
levels 

States Ra226 at ~0.2-1.1 Bq/g Range of cleanup standards 
and exemption levels in 
several state regulations; 
limits are based on cleanup 
criteria in soil in EPA 
standards for uranium or 
mill tailings and additional 
considerations of radon 
emanation rate from 
contaminated materials 
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HistoryHistory

1998: Agency’s International Conference on Topical 
Issues in Nuclear, Radiation and Radioactive Waste 
Safety concluded that further practical guidance is 
needed on the control of exposure to natural 
radiation

1999: Programme Performance Assessment 
recommended a review be carried out in Member 
States to provide the information needed to decide 
which industries are primarily affected and which 
industrial process and materials require control as a 
priority
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History (contd.)History (contd.)

May 2001: TCM on “Assessment of Occupational 
Protection Conditions in Workplaces with High 
Levels of Exposure to Natural Radiation”

Nov 2001: Consultants Meeting – compiled Working 
Material based on material from the above TCM, the 
NORM III Symposium, and the TCM on scope of 
regulatory control

Aug 2002: International Conference on Occupational 
Radiation Protection, Geneva 
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RecommendationsRecommendations

Sector-specific Safety Reports
Define scope of regulatory control
Advice on graded regulatory approach
Training
Support actions – measurement, regulatory
Information exchange – internet, international 
& regional networks, workshops, research
IAEA/ILO collaboration
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Publications on NORMPublications on NORM

Existing
IAEA/ILO Safety Guide on Occupational Radiation Protection 
(1999) – general, but some useful guidance on NORM

Publication expected early 2003
IAEA/ILO Safety Guide on Occupational Radiation Protection 
in the Mining and Processing of Raw Materials
IAEA/ILO Safety Report on Radiation Protection against 
Radon in Workplaces other than Mines
IAEA Safety Report on Radiation Protection and the 
Management of Radioactive Waste in the Oil and Gas Industry
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Publications on NORM (contd.)Publications on NORM (contd.)

In preparation
• Safety Report on Radiation Protection and Radioactive Waste Management 

in the Zircon Industry – 1st Consultants Meeting 28 Oct–1 Nov 2002
• Safety Report on Radiation Protection and Radioactive Waste Management 

in the Phosphate Industry – 1st Consultants Meeting 11–15 Nov 2002

Future
Industrial Uses of Thorium – some material already drafted
Monazite / Rare Earths – some material already drafted
Titanium Dioxide – some material already drafted
Metal mining/extraction industries – tin? ferroniobium? tantalum?
aluminium? etc.
Coal and coal ash ??
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TrainingTraining

Mining and processing of raw materials – Lusaka, 
Zambia, 1998 (based on draft Safety Guide)
Oil and Gas – Syria, 2000 (based on draft Safety 
Report)
Oil and Gas – SE Asia, planned for 2003 
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Removal from Regulatory ControlRemoval from Regulatory Control

Dennis W. ReisenweaverDennis W. Reisenweaver
International Atomic Energy AgencyInternational Atomic Energy Agency
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ObjectivesObjectives

Describe the Agency activities for removing NORM from Describe the Agency activities for removing NORM from 
regulatory controlregulatory control
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Fundamental PrincipleFundamental Principle

In 1960, the IAEA Board of Governors stated:In 1960, the IAEA Board of Governors stated:

“The Agency Basic Safety Standards …. Will be based on “The Agency Basic Safety Standards …. Will be based on 
recommendations of ICRP”recommendations of ICRP”

In 1996, the IAEA issued Safety Series 115, “International BasicIn 1996, the IAEA issued Safety Series 115, “International Basic
Safety Standards for Protection against Ionizing Radiation and Safety Standards for Protection against Ionizing Radiation and 
for the Safety of Radiation Sources”, commonly known as the for the Safety of Radiation Sources”, commonly known as the 
“BSS”.“BSS”.
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Basic Safety StandardsBasic Safety Standards
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Options for Radioactive Material ControlOptions for Radioactive Material Control

Radioactive
Material

Regulatory
Control

Authorized
Disposal

Authorized
Discharge

Exemption

Exclusion

Clearance
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ExclusionExclusion

An exposure that is essentially uncontrollable or An exposure that is essentially uncontrollable or 
unamenable to controlunamenable to control

Examples Examples –– cosmic rays or cosmic rays or 4040KK
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Exemption CriteriaExemption Criteria

Effective dose to to any member of the public is of the order ofEffective dose to to any member of the public is of the order of
10 10 µµSv or less in a yearSv or less in a year

Collective effective dose committed by one year of performance Collective effective dose committed by one year of performance 
of the practice is no more than about 1 manof the practice is no more than about 1 man--SvSv

OrOr

An assessment for the optimization of protection shows that An assessment for the optimization of protection shows that 
exemption is the optimum optionexemption is the optimum option



11/10/2005 NSRW/WSS 8

ExemptionExemption

Radiation risks to individuals are sufficiently low as to be of Radiation risks to individuals are sufficiently low as to be of no no 
regulatory concernregulatory concern

Collective radiological impact is sufficiently low as not to Collective radiological impact is sufficiently low as not to 
warrant regulatory control under prevailing circumstances, warrant regulatory control under prevailing circumstances, 
trivial radiation risktrivial radiation risk

The practice or scenario is inherently safe, with no likelihood The practice or scenario is inherently safe, with no likelihood of of 
scenarios that could lead to a failure to meet the above two scenarios that could lead to a failure to meet the above two 
criteriacriteria
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ClearanceClearance

The removal of radioactive material or objects from any The removal of radioactive material or objects from any 
further regulatory control by a regulatory bodyfurther regulatory control by a regulatory body

Bases is the same as for exemption except have different scenariBases is the same as for exemption except have different scenariosos
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Developing of ValuesDeveloping of Values

Rarely expressed in terms of individual or collective doseRarely expressed in terms of individual or collective dose

Should be expressed as derived values and are directly Should be expressed as derived values and are directly 
measurablemeasurable

Units normally total activity, radionuclide specific, mass or suUnits normally total activity, radionuclide specific, mass or surface rface 
area units (Bq/g, Bq/cmarea units (Bq/g, Bq/cm22))

Either generic or caseEither generic or case--byby--case basiscase basis

Values should not be above exemption levelsValues should not be above exemption levels
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September 2000September 2000

General Conference Resolution GC(44)/RES/15 requested the General Conference Resolution GC(44)/RES/15 requested the 
Agency’s SecretariatAgency’s Secretariat

““to developto develop, using the Agency’s radiation protection advisory , using the Agency’s radiation protection advisory 
mechanisms and in collaboration with the competent organs of mechanisms and in collaboration with the competent organs of 

the United Nations and with the specialized agencies concerned, the United Nations and with the specialized agencies concerned, 
during the next two years and within the available resources, during the next two years and within the available resources, 

radiological criteria for longradiological criteria for long--lived radionuclides in commoditieslived radionuclides in commodities, , 
particularly foodstuffs and wood, and to submit them to the particularly foodstuffs and wood, and to submit them to the 

Board of Governors for its approval”.Board of Governors for its approval”.
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ApproachApproach

One set of values for all commoditiesOne set of values for all commodities

Use concept of Exclusion for all material not under regulatory cUse concept of Exclusion for all material not under regulatory controlontrol

Prepare values that will be for the followingPrepare values that will be for the following
General commodities containing artificial radionuclides (excludiGeneral commodities containing artificial radionuclides (excluding ng 
food & drinking water)food & drinking water)
General commodities containing natural radionuclides (excluding General commodities containing natural radionuclides (excluding food food 
& drinking water)& drinking water)
Food & drinking waterFood & drinking water

General assumptionsGeneral assumptions
General commodities not greater than BSS Schedule I valuesGeneral commodities not greater than BSS Schedule I values
General consumption of food and drinking water not greater than General consumption of food and drinking water not greater than 
general commoditiesgeneral commodities

Develop values for same radionuclides as in Schedule I of BSSDevelop values for same radionuclides as in Schedule I of BSS
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Commodities Approach (artificial)Commodities Approach (artificial)

Use scenarios representing typical exposure situationsUse scenarios representing typical exposure situations
Using realistic parameter values and a dose criteria of 10 Using realistic parameter values and a dose criteria of 10 
µµSvSv/a/a
Using low probability parameter values and a dose criteria Using low probability parameter values and a dose criteria 
of 1 of 1 mSvmSv/a/a

Consider metals & concrete as special cases since large Consider metals & concrete as special cases since large 
volumes generated during decommissioningvolumes generated during decommissioning
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Commodities Approach (natural)Commodities Approach (natural)

10 10 µµSvSv/a is not practicable/a is not practicable

Pick value which is greater than average value in nature but lesPick value which is greater than average value in nature but less s 
than what would give a dose of too much concernthan what would give a dose of too much concern

Reviewed UNSCEAR 2000 Report for average soil values Reviewed UNSCEAR 2000 Report for average soil values 
worldwideworldwide

Reviewed typical activity concentration in ores and industrial Reviewed typical activity concentration in ores and industrial 
residualsresiduals

Established value (0.5 Established value (0.5 BqBq/g)/g)

Radon excluded from this consideration since covered in BSS Radon excluded from this consideration since covered in BSS 
separatelyseparately
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Food & Drinking WaterFood & Drinking Water

Use Codex Use Codex Alimentarius Alimentarius for general consumption and for milk and for general consumption and for milk and 
infant foodsinfant foods

Use WHO guidelines for drinking waterUse WHO guidelines for drinking water
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