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Introduction to radiological characterization of NORM waste

Important aspects and challenges for NORM characterization 

Good practices / Lessons learnt 

Benefits of a reliable characterization of NORM 

Radiological characterization is usually a complex task. NORM 
waste characterization may be, in some respects, even more 
complicated than other radwaste characterizations.

This presentation provides an overview of key factors to 
perform an effective characterization campaign. 
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• Characterization of NORM Waste is not only 
about total activity, isotopic distribution and 
dose rates measurements. There are other key 
parameters that shall be analyzed.

• Scope and grade of detail should be adapted 
depending on the characterization purpose 
(characterization for final disposal, for transport, 
for radiation protection, …). 

• Characterization provides information at various 
steps relevant to process control and provides 
assurance that the waste acceptance criteria for 
every step is meet.

“Determination of the physical, mechanical, 
chemical, radiological and biological properties 
of radioactive waste to establish the need for 
further adjustment, treatment or conditioning, 
or its suitability for further handling, processing, 
storage or disposal” 
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Characterization will establish a solid criteria for:

• Accurate screening (NORM vs Conventional Waste)
• Efficient segregation and conditioning of waste forms 

optimizing the final waste inventory 

Characterization is a critical input for reliable 
radiological impact assessments, waste 
management planning, waste acceptance criteria 
definition, long term safety assessments of 
repositories, etc.

The characterization process supports the waste management hierarchy 
at all steps, with especial impact on the WASTE MINIMISATION.
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1. FACILTY / SITE level :  Identification of impacted areas for radiation protection of workers,  radiological 
impact assessments, waste management planning (including decommissioning and  site remediation 
planning). 

Radiological characterization can be divided in two levels: 
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Determination of “action levels” (screening criteria) 
for NORM waste pre-classification.

Generic Oil&Gas NORM waste  flowchart for equipment control ADNOC general NORM waste management flowchart
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2. WASTE PACKAGE Level: Characterization for interim 
storage at buffer areas, class 7 transport, waste 
package acceptance criteria verification  at processing 
plants, disposal or clearance of waste packages.

Oil&Gas NORM Pipes Characterization System for Clearance
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ANALYSIS OF EXISTING  
INFORMATION

AND

DESIGN OF THE 
CHARACTERIZATION 

CAMPAIGN

IN-SITU 
MEASUREMENTS AND 

SAMPLING
LABORATORY ANALYSIS

QUALITY ASSURANCE 
APPLICABLE TO THE 

WHOLE PROCESS

EVALUATION OF 
RESULTS WITH ANALYSIS  
OF UNCERTAINTIES AND 

SENSIBILITY

Characterization Process
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NORM waste activity range and 
distribution is wide.  Even within 
the same type of NORM industry, 
geographical area or facility.

Activity of some processed NORM 
waste streams might also be 
classified above LLW. For 
instance, incinerated Oil&Gas
sludge (high volume reduction 
BUT high activity concentration 
reaching levels of thousands of 
Bq/g of Ra-226). 
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e.g., Reported Activity Range in the OIL&GAS Industry 

NORM activity concentrations can vary substantially 
from one facility to another depending on geological 
formation and operational conditions and may also 
change over the lifetime of a single well. 

For seawater injection systems a “new” NORM issue has 
more recently come to light: bio-film deposits fixing 
significant amounts of the seawater’s uranium up to 
~2% by weight in seawater injection systems. 
Accumulation of uranium is made by SR-Bacteria within
the biofouling deposits, resulting in the development of
a microbially-enhanced naturally occurring radioactive
material ("ME-NORM"). 

Concern for workers and waste disposal

Source: IOGP - Report 412 
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Ra-228
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Pb-210
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U-238 Decay Chain Th-232 Decay Chain

Gas

Difficult to perform in situ accurate 
measurements with handheld 
radiometers, contamination probes and 
low-resolution spectrometers:

• Mostly Alpha and Beta emitters (lack of 
competent laboratories)

• Ratio Ra-226 / Ra-228 is highly 
dependent on time since generation

• The ratio between Radium isotopes and 
their progeny is highly dependent on:

 Waste matrix characteristics 

 Waste container Type

3.6% 186 Kev

37.6 %   351.93 Kev

19.3 %   295.22 Kev

7.43 %   242.00 Kev

46.1  %    609.31 Kev

15.4 %   1764.49 Kev

15.1 %   1120.29 Kev

5.8  %   1238.11 Kev

5.1  %   2204.21 Kev
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Oily SLUDGE / Slop 
Oil

Metallic 
SCALE

e.g., Oil&Gas binary classification of NORM waste into Sludge or Scale is a 
simplification of the different waste matrices that can be found with high 
impact on Rn222 buildup

Fresh/wet 
SLUDGE

Dry 
SLUDGE Oily SCALE

Inorganic salts 
SCALE

+ Organic - Organic
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e.g., Initial NORM waste packages that can be found 
in the Oil&Gas industry (important for Rn222 buildup 
and sampling):

• Different drum types (metallic, plastic, 
with/without overpack) 

• Bulk containers

• Pipes (different length, schedule, diameter) with 
or without endcaps

• Scrapings

• Miscellaneous (burnable/ not burnable, 
Compactable/Not compactable)
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e.g., Initial NORM waste packages that can be found in the 
Oil&Gas industry (Continue):

Some important considerations regarding waste characterization

• stratification of the activity within sludge 
containers  (Oil on top, water in the middle, 
most activity at the bottom)

• Inhomogeneity of contamination in scraping, 
potential inconsistent segregation at origin 

• Difficult to assess internal contamination of 
pipes, visual inspection is not valid ( visually 
clean pipes may content significant activity), 
inhomogeneous distribution of internal 
contamination, external dose rate is shielded
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Other important concerns:

• Radon concern itself.  Difficult to 
measure and interpret, need expert 
criteria and equipment. Potential 
impact on workers at indoor 
storage/processing areas. Radon 
release rate (Bq . m-2 . s-1) may be a 
concern in the long-term safety 
perspective of NORM repositories if 
cover is not designed taking this into 
account. Radon release rate is very 
dependent on physical properties of 
the waste forms and cover materials 
that shall be well characterized.
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Other important concerns:

• Other physical and chemical properties 
and contaminants are important for 
future disposal Waste Acceptance 
Criteria and safety impact assessments. 
For instance, the presence of As, Hg, Pb 
and other heavy metals may impact on 
potential disposal routes of NORM 
sludge.

• Site specific data, including 
meteorological conditions at the time of 
sampling/measuring
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Other important concerns:

• NORM contamination usually involves long areas with 
heterogeneous and uncertain distribution of activity.  This 
produces high uncertainty in the results if characterization 
campaign is not carefully designed.

• NORM existing inventory has been accumulated in some 
industries along the years with no characterization. This 
inventory is sometimes like Legacy Waste that needs 
important economic and human resources to get rid of it. 
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 Planning and sampling preparation is >50% of the 
characterization process success. 

 Develop specific procedures for sampling and in situ 
measurements for each different waste stream / 
form.

 Include a set of additional contaminants and physical 
characteristics that shall be analyzed.

 Use accredited laboratories in the field of NORM or 
natural radiation. The use of national 
University/research labs is possible, but very specific 
expertise is required for some tests.  

 The incorporation of some testing capabilities and 
qualified staff within the organization might save 
time. Ge high resolution spectrometry handheld 
(electrically cooled ) can be used.
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 Standardize NORM waste packages and streams. Develop 
waste package specifications, waste transfer protocols, 
waste acceptance criteria…

 Develop specific NORM management procedures. 
Establish a justified screening criteria at different 
management steps.  

 Develop justified clearance protocols and systems for 
waste packages. Support them with QA programs.

 Develop preliminary characterization campaigns for the 
“legacy inventory” characterization. A correct 
understanding of the existing inventory is necessary to 
plan and allocate resources. The probable discover of 
many batches not impacted with NORM will produce an 
immediate benefit for the organization.
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• Reduction of NORM Waste Inventory generation 
and reduction of existing inventory

• Increased confidence of the Regulator, workers and 
society in general

• Solid development of radiological  impact 
assessments, risk analysis and safety assessments.

• Establishment of standardize waste processing 
routes. Industrialization of the NORM waste 
management process, from generation to disposal.

• Others…Reduced timing, less laboratory 
dependance if some capability building is 
performed within the organization, etc…

 EFICIENCY (TIME & COST)

CONFIDENCE

 TRANSPARENCY

COMPANY IMAGE

 ENVIRONMENTAL PROTECTION
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