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• Experimental section dealing with the basic 

investigations required to evaluate factors 

affecting characterization measurements.  

• Review of existing methods to perform initial 

characterization of NORM contaminated 

equipment . 

Objectives of CONCORE 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNCfxYjMkMgCFQrbLAodyQsI8w&url=http://www.bridgebiotechnology.com/fracking-fluids/4586764363&psig=AFQjCNFVAuN0vKsA12HZRzG6oiNevSfBMA&ust=1443215724824844
http://www.wisutec.de/en-gb/divisions/mining/services.aspx
http://www.tgeresources.com/services/environmental-consulting/norm-oilfield-waste.html
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Ion species Formation water, ppm Seawater, ppm 

Na 31275 10890 

K 654 460 

Mg 379 1368 

Ba 269 0 

Sr 771 0 

SO4
2- 0 2960 

Cl- 60412 19766 

Ca 5038 428 

• Formation water is the often hyper saline water in the oil reservoir 

• Produced water is a mixture of formation water and sea water. 

 

Origin of the problem – scale formation 
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Barium in produced water 
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The present problem 

• Need to replace or clean tubulars when scale deposits are too heavy.  

 

• Classification of NORM contamination done at sea using hand 
instruments. Repeated measurements at shore may show different 
values. 

 

• Identification of contaminated material based on the 1Bq/g limit using 
dose rate or contamination monitors. 

 

• Different procedures are being used for categorization of NORM by the 
operators in the North Sea. 
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http://www.amazon.com/Naturally-Occurring-Radioactive-Materials-Training/dp/B008VTLWM2
http://pscnow.com/upstream/norm-decontamination.aspx
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Possible reasons for observed difference in readings between 
offshore and onshore measurements. 
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• Variation in water content of tubes. 

• Decay or build-up of short-lived radioisotopes. 

• Different measurement techniques (instrument, operation, distance). 

• Loss of loss of radon 

• Etc… 

 

The main task of the experimental part was to try and find 
out if any of these parameters may explain the variable 
results often found.  

1 - Experimental part of CONCORE 
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Toys for the present project 

Donated by Mærsk Oil & gas 
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Explosives used in the early days to 
remove loose scale in tubulars ! 

 

A sledge hammer worked well too! 
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Inhomogeneity? 
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Scale (2.66g, 91 Bq/g Ra-226)) from tube nr 7. Note the Ac-228/Tl-208 lines (911 keV and 2614 keV) 

Ra-226 + daughters in equilibrium from standard source 

Major gamma contribution from scale is from Ra-226 - daughters 
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Further on inhomogeneity 
Direct readings using a NaI-detector (2”) on 609 keV 

NaI-cps 609 keV

Tube-7 25,34

26,43

23,42

23,13

21,62

22,83

23,45

26,03

27,08

22,32

Average cps (609 keV) 24,165

1 Stdev 1,8941

%Stdev 7,8380

NaI-cps 609 keV

Unlabelled tube with collar 2,35

2,34

1,98

Tube No 3 0,1-0,3 cps 

Tube 1A < 0,1cps 



cps cps cps cps cps cps cps cps

214Pb 214Pb 214Bi 214Bi 214Bi 214Bi 228Ac 228Ac

0,193 0,376 0,461 0,151 0,058 0,154 0,113 0,158

295 keV 352 keV 609 keV 1120 keV 1238 keV 1765 keV 338 keV 968 keV

POSITION-1 4,397 7,839 7,744 1,985 0,789 1,512 0,205 0,148

POSITION-2 4,108 7,471 7,159 1,913 0,711 1,477 0,244 0,084

POSITION-3 4,201 7,875 7,600 1,785 0,750 1,478 0,175 0,121

POSITION-4 3,940 7,194 7,451 1,840 0,736 1,469 0,173 0,098

POSITION-NED 3,781 6,764 7,048 1,704 0,628 1,348 0,259 0,072

POSITION-UPP 2,558 4,727 4,817 1,297 0,398 0,926 0,197 0,092

Average 3,831 6,979 6,970 1,754 0,669 1,368 0,209 0,102

1 stdev 0,66 1,18 1,09 0,24 0,14 0,22 0,04 0,03

% stdev 17 17 16 14 21 16 17 27

Inhomogeneity tube No1 

• Tube No1 shows a scale inhomogeneity of about 20% for the uncollided gamma in the 
present set-up. 

• Dose rate variation will be less due to scattering. 
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• Radioactivity content varied from about 100 to 10 Bq/g of 226Ra in scale between the tubes 
received. 

• Radioactivity distribution is spatially homogeneous with variations in the order of 10% or 
less on the decimetre scale. 

• Intensity ratio 860 keV to 911 keV (208Tl and 228Ac) shows 228Th/228Ra less than 10%. 

 

• 228Ra/226Ra ratio is about 10% (from 228Ac 338 keV to 214Bi 352 keV). 

 

• Good news since 208Tl results in a significant exposure through the 2614 keV line (100%). 

Conclusions from direct gamma spectrometry of tubes 
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Possible candidates for decay or build-up 
over a time period of days. 

• Rn-222 escape 

• Ra-226 – Rn-222 build-up (days-weeks) 

• Ra-224 decay and buildup of daugters (days) 

• Ra-223 decay and buildup of daugters (minutes) 

• Loss of Rn-220 and decay of Pb-212/Bi-212/Tl-208. (minutes-hours) 
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Escape of radon from dry scale…? 

• Contribution from radon-daughters to 
dose is more than 80% in these kind of 
scales. 

• Any losses of radon thus make a major 
impact in the exposure rate. 

• BaSO4 well documented for it’s capacity 
to keep radon within it’s lattice. 

Intact scale (Tube-7) sealed for 1 month 

Analysed 222Rn flux < 10% of decay. 
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The important parameters governing the dose rate from a steel tube at 
a given source strength are: 

• Tube length. 

• Tube wall thickness. 

• Distance from tube. 

• Scale thickness, density, composition. 

Influence of selected parameters on external gamma dose-rate 

Calculations done 
using point-kernel 
method via 
Microshield. 
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• The sensitivity to the distance becomes less the longer the tube is. 

Distance detector-tube 
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• The thickness of the steel wall has far more importance than the thickness 

or water content of the scale. 

• Retention of radon daughters may be very different in wet vs dry scale 
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• Density of barite used is 3.35g/cm3. Compared to the steel shield this 
layer is of little importance. 

• Various water content of the barite makes not much of a difference.   

 

Scale thickness (constant activity) 
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Possible explanations for different dose-rate readings 

 

• Dose rate dependence on wet versus dry scale (self absorption) is 
insignificant for the 1-2mm scale deposits we have seen. 

• Radon escape seems to be small (a few % for dry scale and less 
for wet scale) but varians is probably large.  

• 228Ra/226Ra in fresh tubes is about 8%. 

• 228Th/228Ra in fresh tubes is about 10% 

• Both ratios above are functions on deployment time and time 
following uptake of tube. 

• Short-lived 224Ra & 223Ra not in significant excess in the water 
phase (produced water). Not likely to play a role in time-dependent 
dose rate from scale. 

• 210Pb-210Bi-210Po ingrowth too slow to be of importance for the dose 
rate and gamma-emission is low. 
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CONCORE-Second part:  

Review of existing methods to perform initial characterization 

of NORM contaminated equipment  

  

Instrumentation used: 

 Dose rate meters (DRM). 

 Contamination monitors (some with beta sensitive probe). 

 Measuring with the "puck" method + contamination monitors. 

13 guidelines (metrological instructions) examined: 

• 4 from national authorities 

• 7 from operators 

• 2 written by international organizations 

Instructions on how to characterize or screen material containing NORM 
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• Only 5 out of 13 guidelines specify that a fixed detector-object distance is 
important. 

• 6 of the guidelines recommend doing measurement on wet material (avoid dust). 
Remaining guidelines do not adress wet vs dry measuerments. 

• None of the thirteen guidelines address directly the challenges of measuring 
items with different geometry  

Summary of reviewed guidelines 
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Conclusion 

• Variable equipment on-shore/off-shore, staff and 
procedures judged as the main reason for observed 
variability. 


