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ABSTRACT 
 

A third Nuclear Industry Proficiency Test Exercise (formerly known as ‘drum comparisons’) 
has been run by NPL. One sample was prepared, consisting of a nominal 200 L drum loaded 
with steel and Nylon sheets and ‘bubble wrap’. The steel sheets were spiked with known 
weights of standard solutions of 241Am, 60Co and 137Cs. The activity concentrations 
(averaged across the drum contents) were approximately 5.7 Bq g-1, 2.3 Bq g-1 and 2.1 Bq g-

1 respectively.  
 
The participants were required to report the activity concentrations of the individual 
radionuclides. Information disclosed to the participants initially included the radionuclides 
present, a range for the total activity concentration, details of the empty drum (e.g. its mass 
and dimensions) and the percentage by mass of each material type present. The drum was 
measured by 16 UK and 4 overseas participants. After the initial results deadline, the 
‘internal structure’ of the drum, more details of the materials present (e.g. which types of 
plastic) and the locations of the activity were disclosed. Participants were then invited to 
submit additional data. The exercise was followed by a workshop for discussion of the 
results. 
 
Approximately 63% of the initial results submitted were ‘in agreement’ with the NPL value. 
Following disclosure of the additional information on the drum’s contents, this figure 
increased to 73%, albeit from a subset of the participants who had submitted data initially 
(the figure for the initial results submitted by the subset was 71%). Different approaches to 
efficiency modelling (even using the same software) yielded varying results, some in 
agreement with NPL and others not. This emphasises the importance of accurate input data 
for efficiency modelling. As in previous exercises in this series, participants using 
Segmented Gamma Scanners submitted some discrepant data, possibly due to the small 
size of the active areas within the drum. 
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There is an ongoing need for the accurate measurement of radioactivity in large volumes of 

potentially active materials (e.g. building materials, laboratory wastes, etc.) being produced in the 

context of nuclear site decommissioning. Such measurements are essential for correct waste 

categorisation, which is in turn necessary for public safety, minimisation of disposal costs and 

minimisation of volumes of Low Level Waste in accordance with UK LLW policy. To support this 

need, the National Physical Laboratory (NPL) has already run two ‘drum comparison’ exercises 

[Dean, 2007, 2010] to enable laboratories involved in the clearance and sentencing of bulk -emitting 

waste to test their existing measurement procedures. These exercises have proved very useful to the 

participating laboratories, both for validating the modelling techniques used for calculating detection 

efficiencies and for enabling participating laboratories to demonstrate their measurement capabilities 

to third parties. 

 

These exercises were based on ‘standard drums’ prepared at NPL, containing waste simulants (e.g. 

ion exchange resins and vermiculite) loaded with traceable quantities of radioactivity. The participants 

suggested that future exercises should include samples of ‘real’ waste, to provide a more realistic test 

of measurement capability. A third exercise was therefore run in 2011, this time based on a standard 

drum containing materials that might be encountered in actual waste. This report covers: 

 

 The background to the exercise; 

 Briefly, the methods used to standardize the radioactive starting solutions; 

 The preparation and certification of the ‘standard drum’; 

 The conduct of the exercise; 

 The results obtained and how they were analysed; 

 Discussion and conclusions. 

 

 

 
 

2.1 PREVIOUS EXERCISES 
 

Prior to the current (2011) exercise, NPL had run Nuclear Industry Proficiency Test Exercises (known 

as ‘drum comparisons’) in 2007 and 2009 [Dean, 2007, 2010]. These exercises were run in response 

to needs for standards and reference materials for nuclear decommissioning and site clearance 

identified at an NPL workshop in 2005. The overall plan for each exercise was: 

 

 Production and certification of a 200 L drum (or drums) containing a low-density matrix 

spiked with -emitters; 

 Circulation to participating laboratories; 

 Reporting of results; 

 Data analysis at NPL; 

 A follow-up workshop to discuss the results. 

 

For each exercise, one or two ‘standard drums’ were prepared by filling (for each drum) 

approximately 240 plastic bottles (volume 500ml) with ion-exchange resin or vermiculite, spiking one 

or more of the bottles with a standard solution of the radionuclides of interest (
241

Am, 
60

Co and 
137

Cs) 

and then loading the bottles into a 200 L steel drum. The approximate activity concentrations in the 

drums (i.e. total activity / total mass of drum contents) were: 
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 2007: 0.3 Bq g
-1

 

 2009 (Drum A):  0.3 Bq g
-1

 

 2009 (Drum B): 9 Bq g
-1

 

 

These concentrations were chosen so that the drums’ contents would be similar in activity 

concentration to ‘RSA Exempt’ waste and LLW respectively. In the 2007 exercise, the activity was 

distributed in a heterogeneous manner throughout the drum whereas in 2009 the activity in both 

drums was concentrated in a ‘hot spot’ (i.e. the activity distribution was heterogeneous). The 

participants were told the approximate activities present in the drums, and also information such as 

details of the matrix in the bottles. 

 

Feedback from the 2009 exercise indicated that the exercises had been useful to the participants and 

that a further exercise should be run, this time using a drum with contents more like those of a ‘real’ 

sample. Suggestions included: 

 

 A drum containing ‘artefacts’ (e.g. metal bars or tools); 

 A ‘standard canister’ of activity for the participants to insert into their own ‘regular’ sample 

container; 

 A drum containing uranium. 

 

It would also be more ‘realistic’ if little or no information was provided on the contents of the drum. 

Typically, the only information provided with a real sample is the approximate percentage by mass of 

the matrices present. 

 

A subsequent survey of users indicated that a 200L drum containing soft waste and/or metal and/or 

concrete at 1-10 Bq g
-1 

would be preferred for a third exercise. 

 

2.2 PLAN FOR 2011 EXERCISE 
 

Based on the above feedback, it was decided to prepare a standard 200 L drum containing a mixture 

of plastic and thin metal sheets. This would keep the overall contents mass low and make it relatively 

easy to manufacture a ‘drum insert’ which would fit flush to the drum walls and be dimensionally 

stable in transit (thus ensuring that the drum’s ‘internal structure’ and activity distribution would not 

change). The nuclides would again be 
241

Am, 
60

Co and 
137

Cs and the overall activity concentration 

would be 1-10 Bq g
-1

. However, to make the sample more realistic, the activity would be added as 

‘surface contamination’ of the metal rather than as a spiked sample of resin or similar. 

 

The overall plan would then follow the stages in 2.1 above but the only information supplied to the 

participants prior to measurement would be a generic description of the matrices present (e.g. ‘metal’, 

‘soft waste’) and the percentage of each matrix present by mass, along with details of the empty drum 

(e.g. wall thickness). 

 

As in the 2009 exercise, there would be two deadlines for the submission of results. The first deadline 

would be for results where the participants had only the information given in the previous paragraph. 

After this deadline, NPL would disclose details of the ‘drum insert’ and the location of the activity 

and invite additional results before the second deadline. This would enable participants to submit 

results for two different measurement scenarios. The two datasets would be treated separately and no 

changes to results submitted before the first deadline would be accepted after that deadline. 
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NPL, as the UK’s National Measurement Institute, carries out metrology-related research and 

provides measurement standards, reference materials, calibration services and support to users (e.g. 

via guidance documents, training, comparison exercises and workshops) across some 20 generic areas 

of science and engineering. At the international level, NPL forms part of the international 

measurement system, being one of many National Measurement Institutes (NMIs) worldwide who 

work together under the auspices of organisations such as the BIPM (Bureau International des Poids 

et Mesures) to share resources and to harmonise standards.  

 

The Radioactivity Group holds NPL’s expertise in radioactivity measurement, and amongst its many 

activities develops and maintains primary and secondary measurement systems. Some of these 

systems were used in the preparation and certification of the standard drum for this exercise. This 

ensured that the source would be directly traceable to national standards of radioactivity. 

 

The activity concentrations of the solutions used in the preparation of the standard drum were 

measured using a re-entrant secondary standard ionisation chamber. The radionuclidic purity of these 

solutions was checked using high-resolution -spectrometry. Both instruments have been calibrated 

using solutions determined by absolute counting techniques using instruments maintained at NPL.  

 

 

 
 

The following materials were procured: 

 

 Standardised radionuclide solutions of 
241

Am, 
60

Co and 
137

Cs (activity concentrations in the 

range 100 - 300 kBq g
-1

); 

 3 x filter papers (80 mm x 80 mm); 

 1 x 200 L steel drum; 

 1 x roll of ‘AirCap
1
’ plastic bubble film 

 Approximately 12 kg of Nylon 6-6 

 Approximately 5 kg of 0.9 mm BS 1449 stainless steel sheet. 

 

The ‘drum insert’ was prepared at NPL and is illustrated in Figure 1. It consisted of a u-shaped frame 

on Nylon 6-6 with a sheet of stainless steel inserted in grooves on either side of the ‘u’. This formed a 

box-like structure with the top of the ‘box’ open. 

 

The activity was applied in the form of three ‘spiked’ filter papers taped to the outward-facing walls 

of the steel plates, as illustrated. These filter papers had been previously spiked (in a uniform manner) 

with weighed aliquots of the standard solutions of the radionuclides. The activities of these solutions 

has been previously determined by assay in glass ampoules in a re-entrant secondary standard 

ionisation chamber. Each ampoule had been measured using a -spectrometer to check for the 

presence of any -emitting impurities. The drum was certificated for the activity concentrations of 

each radionuclide present (see Table 1) and was designated source X11131. 

 

  

                                                 
1
 Sealed Air Limited, Kettering NN16 8UN, UK 
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A mailshot was prepared (see Appendix A) and circulated to around 440 contacts in the nuclear 

industry. The mailshot gave full details of the exercise. Key points made in the mailshot were: 

 

 There would be one drum type available, with an activity concentration in the range 1 – 10 Bq 

g
-1

 

 The radionuclides present would be 
241

Am, 
60

Co and 
137

Cs; 

 The drums would contain a mixture of metal, hard plastic and soft-waste material; 

 More details of the drum’s contents would not be disclosed until after a ‘first deadline’ for 

submission of results. There would then be a ’second deadline’, for submission of additional 

(but not replacement) results based on the additional information. 

 

The drum was dispatched from NPL to one of the UK participants; thereafter, it was moved directly 

from one UK participant to the next according to a pre-determined timetable with NPL organising the 

courier service each time. Each participant was given three working days (including the delivery and 

pick-up days) in which to carry out their measurements. In one case, two participants at the same 

laboratory measured the drum within the three-day period. After most of the UK participants had 

measured the drum, it was returned to NPL and then dispatch to the overseas participants (and also 

two further UK participants). 

 

A Reporting Form (see Appendix B) was sent to the participants for reporting their data. Also, the 

participants were provided with the following details: 

 

 A supplier’s ‘Certificate of Packaging Performance’ and other details of the ‘empty’ drum; 

 The mass of the drum and its contents. These values were nominally: 

o Drum empty: 18.3 kg 

o Drum full: 35.4 kg 

 The matrices present and the nominal percentage of each by mass. The values were: 

o ‘Metal’: 24.6% 

o ‘Hard plastic’: 68.6% 

o ‘Soft-waste simulant’: 6.8% 

 

A total of 20 participants received the drum. This included four overseas participants (two in Belgium 

and one each in France and Italy). The participants are listed in Appendix C. 

 

 

 
 

To preserve anonymity, each participant was assigned a code number, and their results were coded 

accordingly. Some of the laboratories had also participated in previous exercises and their codes were 

changed for the current exercise. 

 

On receipt of the results, NPL carried out data analyses using the method described below [Harms, 

2009(a)]. 

 

Firstly, the deviation from the assigned (NPL) value of each laboratory value was calculated, given 

by: 

 

1100100
N

L

N

NL
D         [1] 

 



NPL Report IR 25 

5 

where: 

 

D = deviation from the NPL value (%) 

L = the participant’s value (Bq g
-1

) 

N = the NPL value (Bq g
-1

) 

 

The deviations are given in Tables 2 - 7 and are plotted in Figures 2, 6, 10, 14, 18 and 22. They are 

also plotted ‘by participant’ in Figures 26 – 41. The figure titles indicate whether the results were 

submitted before or after disclosure of full details of the drum’s contents. The error bars in the graphs 

represent the standard uncertainty (k=1) of the deviation: 

 

2

N

2

L
D 100

N

u

L

u

N

L
u        [2] 

 

where: 

 

uD = standard uncertainty of the deviation (%) 

uL = standard uncertainty of the participant’s value (Bq g
-1

) 

uN = standard uncertainty of the assigned value (Bq g
-1

) 

 

The results were evaluated using three tests:  

 

2

N

2

L uu

NL
        [3] 

 

L

u
R L

L           [4] 

 

 

 
NR

NL
z

med

         [5] 

 

where: 

 

ζ = zeta score 

RL = relative uncertainty of the participant’s value 

z = z-score 

Rmed = median of the values of RL 

 

The zeta and z-scores were used to determine whether the difference between the participant’s value 

and the NPL value was significantly different from zero. An IQR (Inter-Quartile Range) outlier test 

was used to determine whether a particular RL value was significantly larger than the other values in a 

data set; the IQR was used to calculate a limiting value of RL, ‘Rlim’, for each data set. The zeta scores, 

z-scores and outlier results are also given in Tables 2 - 7. The zeta scores are plotted in Figures 3, 7, 

11, 15, 19 and 23. The RL values are plotted in Figures 4, 8, 12, 16, 20 and 24. 

 

Results for which the absolute values of the zeta score and the z-score were both ≤ 2.576 

(corresponding to a significance levels of α = 0.01) and for which the relative uncertainty RL was not 

significantly larger than the other values in the data set were regarded as being ‘in agreement’ with 

NPL. These are marked in dark blue in the deviation plots. If either (i) the relative uncertainty RL was 

significantly larger than the other values in the data set, (ii) the result passes the zeta test but not the z-



NPL Report IR 25 

 6 

test (i.e. large deviation from the NPL value combined with a large uncertainty), or (iii) the result 

passes the z-test but not the zeta test (small deviation from the NPL value combined with a small 

uncertainty), the participant’s value is classified as ‘questionable’ (these are given in yellow in the 

deviation plots). If the absolute values of both the zeta score and the z-score are > 2.576, then the 

participant’s value is classified as ‘discrepant’ from the NPL value (red points), regardless of the 

value of the relative uncertainty RL. The findings for all the data are also given in Tables 2 - 7. 

 

Now, the zeta score and the z-score are related by:  

 

z
uu

p

2

N

2

L

        [6] 

 

(where σp = RmedN, the standard uncertainty for proficiency assessment (Bq g
-1

)). 

 

This can be rewritten as:  

 

2

2

2

2

2

2

p

L

p

N uuz
         [7] 

 

The relative uncertainty of the laboratory RL and the z-score are related by:  

 

Nz
R

u
p

L

L          [8] 

 

This can be rewritten as:  

 

2

2
2

2

p

L

p

L

uN
zR          [9] 

 

Consequently, comparison data can be neatly summarised by plotting the square of the ratio of uL to 

σp against the z-score, and superimposing one parabola to represent a zeta score of 2.576, a second 

parabola representing the outlier limit Rlim of the relative laboratory uncertainty RL, and vertical lines 

representing a z-score of 2.576. These are known as ‘Kiri’ plots [Harms, 2009(b)], and are given in 

Figures 5, 9, 13, 17, 21 and 25. Data points that are inside the zeta parabola (i.e., for which zeta ≤ 

2.576), within the z-score lines and outside the Rlim parabola (i.e., for which RL ≤ Rlim) are ‘in 

agreement’ with NPL. Data points which fail either the z-test, the zeta test or the relative uncertainty 

outlier test (but not both the z-test and zeta test), are classified as ‘questionable’ and are either:  

 

(i) inside the zeta parabola with a z-score < –2.576 or > 2.576, or 

(ii) outside the zeta parabola with a z-score > –2.576 or < 2.576; or  

(iii) inside zeta parabola with a z-score > –2.576 or < 2.576, but inside the Rlim parabola.  

 

All other data points are classified as ‘discrepant’. 
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n.b. As stated in Appendix A, NPL held a follow-up workshop for the PTE. This discussion takes into 

account comments and suggestions made at the workshop. The minutes of the workshop are given in 

Appendix D and the presentations given at the workshop are in Appendix E. 

 

A total of 19 laboratories received the drum, and at one laboratory the drum was measured by two 

participants. Two laboratories did not submit results, therefore 18 participants in all submitted data. 

The data submitted by Participants 1 – 16 are given in Tables 2 – 7. Participant 17 did not report 

measurement uncertainties and Participant 18 did not submit results within the required timescales. 

The results from Participants 17 and 18 are given in Table 8. 

 

Five participants (Participants 9, 11, 13, 14 and 16) reported additional data after disclosure of details 

of the drum’s contents. (n.b. For convenience, the terms ‘pre-disclosure’ and ‘post-disclosure’ are 

used in the discussion and conclusions to differentiate between results submitted before and after 

disclosure of the details of the drum’s contents.) 

 

Two participants each reported results for more than one detector and one participant  reported more 

than one result for one detector. All participants used -spectrometry. Six used collimated hyperpure 

Ge crystals, three used Segmented Gamma Scanners and a further two used three-crystal Ge detector 

systems. Source-to-detector distances varied from 10 cm to 185 cm. Count times varied widely, from 

600 s to approximately 63000 s. 

 

A variety of detector efficiency models and calibration standards was used. Six participants used 

ISOCS, three used ISOTOPIC, two used NDA 2000, one used SNAP, one used Winner/Track 

software and one participant used a ‘Particle Swarm Imaging’ model (PSIM). Seven participants 

derived calibrations using standard drums prepared ‘in house’ or using point sources from various 

suppliers (e.g. NIST and IPL).  

 

7.1 AMERICIUM-241 
 

Measurement of the 
241

Am component is difficult because the attenuation within the drum wall is 

much greater than for the other radionuclides present. Small differences between the actual 

composition of the drums and their composition assumed in efficiency models will also be much more 

important. 

 

‘Pre-disclosure’, 19 results were submitted for this radionuclide, including two results from 

Participant 6 (using two different detectors), three results from Participant 8 (different count-times) 

and three results from Participant 9 (different detectors). Three results were ‘discrepant’ (3, 13 and 

14), three results were ‘questionable’ (4, 6B and 16) and the remainder were ‘in agreement’ with 

NPL. Participant 3 calibrated their system with ‘standard drums’ containing sources which simulate a 

homogeneous activity distribution, but corrections for heterogeneous matrix or source distribution 

could not be made at the time of measurement. Also, their quoted uncertainty was for counting 

statistics only. The classification of Participant 4’s result may have been due to the low uncertainty 

quoted. Participant 6 (result 6B) used a Segmented Gamma Scanner (SGS) and obtained a low result, 

so possibly the emissions from the 
241

Am filter was ‘split’ between two adjacent segments, with one 

segment containing a level of activity below the limit of detection. 

  

Fewer results were submitted ‘post-disclosure’, indeed so few that it was not possible to carry out an 

outlier test. However, the results for Participants 13 and 14 were clearly much closer to the NPL 

value, and in agreement with that value. Also, Participant 4 was now in agreement. Curiously, the 

results for Participant 9 were lower than pre-disclosure, this participant having changed their 

calibration to a ISOCS ‘complex box’ model; however, they were still in agreement with NPL. 
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7.2 COBALT-60 
 

Pre-disclosure, 25 results were submitted for 
60

Co. Again, this included multiple data submissions. 

Participant 6 again submitted data for two different detectors. Participant 7 submitted a value for each 

of the two main -emissions from this radionuclide; Participant 8 did likewise, but for three different 

count-times (therefore submitting six results in all), and again Participant 9 submitted one result for 

each of their three detectors. Overall, four results were discrepant (2, 3, 4 and 10), eight were 

questionable (7A, 7B, 8A, 8B, 8C, 8D, 8E and 8F) and the remainder agreed with NPL. 

 

Participant 2 submitted a low result using an SGS system, and again possibly this was due to the 
60

Co 

emissions being split between adjacent segments of view, although Participant 10 also used an SGS 

and achieved a high result. It is curious that the results from Participants 7 and 8 were all questionable 

and were all obtained using an ISOCS ‘complex cylinder’ template. They both assumed the drum 

contained carbon steel, high-density polyethylene and cellulose. However, their data for the other two 

nuclides present were in agreement with NPL. 

 

With the exception of Participant 11, the same group of participants submitted data post-disclosure as 

for americium-241, and again an outlier test was not possible due to the small data set. The data were 

very similar to the pre-disclosure values. 

 

7.3 CAESIUM-137 
 

Pre-disclosure, 21 results were submitted for this radionuclide. Participants 6, 8 and 9 once again 

submitted multiple results, as described in 7.1 above. The overall level of agreement with NPL for the 

participants as a whole was very good, with only 2 discrepant (2 and 6A) and 3 questionable (3, 4 and 

6B) results being submitted. 

 

The same group of participants as for cobalt-60 submitted data after disclosure of the drum’s internal 

contents. Again, the data were very similar to the pre-disclosure values. Again, Participant 4’s result 

was now in agreement with NPL. 

 

 

 
 

Overall, 63% of the data submitted prior to disclosure of the drum’s internal structure were in 

agreement with the NPL assigned values, whereas 73 % of the data submitted after disclosure were in 

agreement with NPL. This is logical given that more information on the drum was available. It should 

be noted that the post-disclosure data came from a subset of the participants who had submitted data 

pre-disclosure; 71 % of the subset’s pre-disclosure data was in agreement with NPL, so there was still 

a slight improvement in the overall quality of the data even if one considers the data from just the 

subset. 

 

Some participants who had used Segmented Gamma Scanners obtained discrepant data. These 

deviations may have been due to the small active areas within the drum and the possibility of one 

segment containing -emissions below the limit of detection. It is interesting to compare the (pre-

disclosure) results from using SGSs with results from ‘open geometry’ measurements (see Table 9). 

Although there appears to be no significant difference between the SGS and open geometry means, 

the SGS mean is lower for all three radionuclides. Although these data sets are small and there are 

many other factors affecting the measurements, similar effects were observed in previous exercises 

[Dean, 2007, 2010]. This should be investigated further.  

 

A key finding of the exercise (as in previous exercises) was that the participants who had used ISOCS 

had obtained differing results (noticeably for 
241

Am and 
60

Co), some in agreement with NPL and 



NPL Report IR 25 

9 

others not. It may be significant that these participants had made various assumptions about the drums 

and their contents. These results once again underline the importance of accurate input data in 

obtaining accurate assay results with modelling software. 

 

Also of interest is possible differences between results using different analysis software. For example, 

the means of the ISOCS results (pre-disclosure) appear higher than the means from using ISOTOPIC 

software (see Table 10). However, the data sets are again small and there are insufficient data from 

previous exercises to confirm this finding. 

 

The specifications of the ‘standard drum’ (i.e. matrix, radionuclides present, etc.) had provided a 

useful test for the participants, but the next exercise should include something still closer to a ‘real’ 

sample, ideally containing some concrete, so often a component of field samples. This should not 

pose manual handling problems provided the sample mass is no more than around 100 kg. The 

activity concentration range should be kept at 1-10 Bq g
-1

, although each participant should be 

allocated a sample count time of 2 days (excluding receipt and dispatch days).  
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Table 1 - Principal radionuclides in X11131 

Radionuclide Decay 

mode 

Activity concentration 

(averaged across 

contents of drum) @ 

1200 UTC  01/03/11 

(Bq g
-1

) 

Standard 

uncertainty (k=1) 

(Bq g
-1

) 

Standard 

uncertainty 

(k=1) (%) 

241
Am /  5.70 0.03 0.56 

60
Co -

/  2.293 0.011 0.47 
137

Cs -
, 

-
/  2.053 0.016 0.81 

 

 

                                                 
 Universal Time, Co-ordinated. This replaced Greenwich Mean Time in 1972. 
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Table 2 - Reported results for 
241

Am, pre-disclosure 

NPL activity concentration = (5.70  0.03) Bq g
-1

 (k=1)        Reference time = 1200 UTC 1 March 2011 

 

Participant 

code 

Reported 
241

Am activity 

concentration (Bq g
-1

) 

Reported 

uncertainty (k=1) 

(Bq g
-1

, unless 

indicated) 

Deviation 

from NPL 

value (%) 

Z score Zeta score Result of outlier 

test 

Conclusion 

1 5.95 30% 4.39 0.28 0.14 Not outlier In agreement 

3 10.4 0.6 82.46 5.20 7.82 Not outlier Discrepant 

4 4.61 0.21 -19.12 -1.21 -5.14 Not outlier Questionable 

5 6.74 1.24 18.25 1.15 0.84 Not outlier In agreement 

6A 5.47 0.59 -4.04 -0.25 -0.39 Not outlier In agreement 

6B 3.58 0.2 -37.19 -2.35 -10.48 Not outlier Questionable 

7 6.29 3.16 10.35 0.65 0.19 Not outlier In agreement 

8A 7.02 1.57 23.16 1.46 0.84 Not outlier In agreement 

8B 6.38 1.43 11.93 0.75 0.48 Not outlier In agreement 

8C 6.58 1.38 15.44 0.97 0.64 Not outlier In agreement 

9A 5.99 1.200 5.09 0.32 0.24 Not outlier In agreement 

9B 7.045 1.413 23.60 1.49 0.95 Not outlier In agreement 

9C 6.42 1.29 12.63 0.80 0.56 Not outlier In agreement 

11 4.86 0.77 -14.74 -0.93 -1.09 Not outlier In agreement 

12 4.37 2.19 -23.33 -1.47 -0.61 Not outlier In agreement 

13 2.18 0.29 -61.75 -3.90 -12.07 Not outlier Discrepant 

14 3.35 0.24 -41.23 -2.60 -9.72 Not outlier Discrepant 

15 6.27 2.09 10.00 0.63 0.27 Not outlier In agreement 

16 8.79 1.21 54.21 3.42 2.55 Not outlier Questionable 
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Table 3 - Reported results for 
241

Am, post-disclosure  

 

NPL activity concentration = (5.70  0.03) Bq g
-1

 (k=1)        Reference time = 1200 UTC 1 March 2011 

 

Participant 

code 

Reported 
241

Am activity 

concentration (Bq g
-1

) 

Reported 

uncertainty (k=1) 

(Bq g
-1

, unless 

indicated) 

Deviation 

from NPL 

value (%) 

Z score Zeta score Result of outlier 

test 

Conclusion 

4 4.69 0.51 -17.72 -1.42 -1.98 Not outlier In agreement 

9A 4.65 0.93 -18.42 -1.47 -1.13 Not outlier In agreement 

9B 4.58 0.92 -19.65 -1.57 -1.22 Not outlier In agreement 

9C 4.28 0.86 -24.91 -1.99 -1.65 Not outlier In agreement 

11 6.89 0.51 20.88 1.67 2.33 Not outlier In agreement 

13 5.24 0.74 -8.07 -0.65 -0.62 Not outlier In agreement 

14 6.16 0.540 8.07 0.65 0.85 Not outlier In agreement 

16 10.1 1.96 77.19 6.18 2.24 Not outlier Questionable 
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Table 4 - Reported results for 
60

Co, pre-disclosure  

 

NPL activity concentration = (2.293  0.011) Bq g
-1

 (k=1)
       

Reference time = 1200 UTC 1 March 2011 

 
Participant 

code 

Reported 
60

Co activity 

concentration (Bq g
-1

) 

Reported uncertainty 

(k=1) (Bq g
-1

, unless 

indicated) 

Deviation from 

NPL value (%) 

Z score Zeta score Result of outlier 

test 

Conclusion 

1 2.6 20% 13.39 2.21 0.59 Not outlier In agreement 

2 1.26 0.02 -45.05 -7.44 -45.26 Not outlier Discrepant 

3 2.78 0.15 21.24 3.51 3.24 Not outlier Discrepant 

4 2.92 0.13 27.34 4.52 4.81 Not outlier Discrepant 

5 2.33 0.340 1.61 0.27 0.11 Not outlier In agreement 

6A 2.06 0.1 -10.16 -1.68 -2.32 Not outlier In agreement 

6B 2.33 0.01 1.61 0.27 2.49 Not outlier In agreement 

7A 2.9 0.9 26.47 4.37 0.67 Not outlier Questionable 

7B 3.0 0.9 30.83 5.09 0.79 Not outlier Questionable 

8A 2.95 0.38 28.65 4.73 1.73 Not outlier Questionable 

8B 2.97 0.37 29.52 4.88 1.83 Not outlier Questionable 

8C 2.88 0.34 25.60 4.23 1.73 Not outlier Questionable 

8D 2.90 0.37 26.47 4.37 1.64 Not outlier Questionable 

8E 3.01 0.37 31.27 5.16 1.94 Not outlier Questionable 

8F 2.85 0.34 24.29 4.01 1.64 Not outlier Questionable 

9A 2.280 0.322 -0.57 -0.09 -0.04 Not outlier In agreement 

9B 2.271 0.321 -0.96 -0.16 -0.07 Not outlier In agreement 

9C 2.21 0.32 -3.62 -0.60 -0.26 Not outlier In agreement 

10 3.44 0.13 50.02 8.26 8.79 Not outlier Discrepant 

11 2.44 0.11 6.41 1.06 1.33 Not outlier In agreement 

12 2.42 0.17 5.54 0.91 0.75 Not outlier In agreement 

13 2.45 0.24 6.85 1.13 0.65 Not outlier In agreement 

14 2.56 0.155 11.64 1.92 1.72 Not outlier In agreement 

15 2.18 0.48 -4.93 -0.81 -0.24 Not outlier In agreement 

16 2.50 0.132 9.03 1.49 1.56 Not outlier In agreement 
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 Table 5 - Reported results for 
60

Co, post-disclosure 

NPL activity concentration = (2.293  0.011) Bq g
-1

 (k=1)
       

Reference time = 1200 UTC 1 March 2011 

 

Participant 

code 

Reported 
60

Co activity 

concentration (Bq g
-1

) 

Reported 

uncertainty (k=1) 

(Bq g
-1

, unless 

indicated) 

Deviation 

from NPL 

value (%) 

Z score Zeta score Result of outlier 

test 

Conclusion 

4 2.84 0.03 23.86 4.31 17.12 Not outlier Discrepant 

9A 1.89 0.27 -17.58 -3.17 -1.49 Not outlier Questionable 

9B 2.1 0.29 -8.42 -1.52 -0.67 Not outlier In agreement 

9C 1.88 0.27 -18.01 -3.25 -1.53 Not outlier Questionable 

13 2.43 0.24 5.97 1.08 0.57 Not outlier In agreement 

14 2.04 0.113 -11.03 -1.99 -2.23 Not outlier In agreement 

16 2.65 0.137 15.57 2.81 2.60 Not outlier Discrepant 
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Table 6 - Reported results for 
137

Cs, pre-disclosure  

NPL activity concentration = (2.053  0.016) Bq g
-1

 (k=1)
       

Reference time = 1200 UTC 1 March 2011 

 

Participant 

code 

Reported 
137

Cs activity 

concentration (Bq g
-1

) 

Reported 

uncertainty (k=1) 

(Bq g
-1

, unless 

indicated) 

Deviation 

from NPL 

value (%) 

Z score Zeta score Result of outlier 

test 

Conclusion 

1 2.2 20% 7.16 1.04 0.33 Not outlier In agreement 

2 1.21 0.04 -41.06 -5.95 -19.57 Not outlier Discrepant 

3 2.41 0.13 17.39 2.52 2.73 Not outlier Questionable 

4 2.44 0.2 18.85 2.73 1.93 Not outlier Questionable 

5 1.98 0.290 -3.56 -0.52 -0.25 Not outlier In agreement 

6A 3 0.18 46.13 6.69 5.24 Not outlier Discrepant 

6B 2.15 0.02 4.72 0.69 3.79 Not outlier Questionable 

7 2.3 0.8 12.03 1.74 0.31 Not outlier In agreement 

8A 2.31 0.33 12.52 1.82 0.78 Not outlier In agreement 

8B 2.34 0.33 13.98 2.03 0.87 Not outlier In agreement 

8C 2.19 0.29 6.67 0.97 0.47 Not outlier In agreement 

9A 1.95 0.390 -5.02 -0.73 -0.26 Not outlier In agreement 

9B 2.226 0.445 8.43 1.22 0.39 Not outlier In agreement 

9C 2.14 0.43 4.24 0.61 0.20 Not outlier In agreement 

10 1.82 0.12 -11.35 -1.65 -1.92 Not outlier In agreement 

11 2.08 0.12 1.32 0.19 0.22 Not outlier In agreement 

12 2.03 0.14 -1.12 -0.16 -0.16 Not outlier In agreement 

13 2.15 0.22 4.72 0.69 0.44 Not outlier In agreement 

14 2.28 0.11 11.06 1.60 2.04 Not outlier In agreement 

15 2.23 0.50 8.62 1.25 0.35 Not outlier In agreement 

16 2.22 0.151 8.13 1.18 1.10 Not outlier In agreement 
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Table 7 - Reported results for 
137

Cs, post-disclosure  

NPL activity concentration = (2.053  0.016) Bq g
-1

 (k=1)
       

Reference time = 1200 UTC 1 March 2011 

 

Participant 

code 

Reported 
137

Cs activity 

concentration (Bq g
-1

) 

Reported 

uncertainty (k=1) 

(Bq g
-1

, unless 

indicated) 

Deviation 

from NPL 

value (%) 

Z score Zeta score Result of outlier 

test 

Conclusion 

4 2.19 0.06 6.67 0.95 2.21 Not outlier In agreement 

9A 1.78 0.34 -13.30 -1.90 -0.80 Not outlier In agreement 

9B 1.99 0.39 -3.07 -0.44 -0.16 Not outlier In agreement 

9C 1.67 0.34 -18.66 -2.66 -1.13 Not outlier Questionable 

13 2.28 0.24 11.06 1.58 0.94 Not outlier In agreement 

14 1.98 0.130 -3.56 -0.51 -0.56 Not outlier In agreement 

16 2.24 0.157 9.11 1.30 1.18 Not outlier In agreement 
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Table 8 - Reported results from Participants 17 and 18 

Reference time = 1200 UTC 1 March 2011 

 

Participant code Radionuclide Reported activity 

concentration (Bq g
-1

) 

Reported uncertainty 

(k=1) (%) 

17 
241

Am 11.82 - 

17 
60

Co 2.8 - 

17 
137

Cs 2.66 - 

18A 
241

Am 6.44 200.30 

18A 
60

Co 2.63 30.8 

18A 
137

Cs 2.06 40.6 

18B 
241

Am 8.13 32.00 

18B 
60

Co 2.48 26.00 

18B 
137

Cs 2.19 26 

 

 

 

  

 

Table 9 - Comparison of Segmented Gamma Scanner results with ‘open geometry’ results (pre-

disclosure) 

Radionuclide SGS mean 

(Bq g
-1

) 

Uncertainty 

(k=1) 

(Bq g
-1

) 

Open 

geometry 

mean (Bq g
-1

) 

 Uncertainty 

(k=1) 

(Bq g
-1

) 

Zeta score 

241
Am 3.58

1
 0.2 5.89 2.08 1.06 

60
Co 2.34 1.09 2.53 0.28 0.16 

137
Cs 1.73 0.48 2.26 0.25 1.00 

 

 

 

 

 

Table 10 - Comparison of ISOCS results with ISOTOPIC results (pre-disclosure) 

Radionuclide ISOCS mean 

(Bq g
-1

) 

Uncertainty 

(k=1) 

(Bq g
-1

) 

ISOTOPIC 

mean 

(Bq g
-1

) 

 Uncertainty 

(k=1) 

(Bq g
-1

) 

Zeta score 

241
Am 6.74 1.23 5.06 2.51 0.60 

60
Co 2.54 0.40 2.32 0.14 0.52 

137
Cs 2.38 0.35 2.12 0.13 0.70 

  

                                                 
1
 Single measurement. 
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Figure 1 - Schematic diagram of ‘drum insert’ 
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Figure 2 - Deviation plot for 241Am results, pre-disclosure 
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Figure 3 - Zeta-score plot for 241Am results, pre-disclosure 



NPL Report IR 25 

 21 

 

  

0

10

20

30

40

50

60

70

80

90

100

4 6B 3 14 6A 13 16 11 5 9A 9B 9C 8C 8A 8B 1 15 12 7

R
e
la

ti
v
e
 u

n
c
e
rt

a
in

ty
 (

%
) 

Participant code 

Figure 4 - Relative uncertainty plot for 241Am results, pre-disclosure 
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Figure 5 - 'Kiri' plot for 241Am results, pre-disclosure 
(1 result above plot) 
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Figure 6 - Deviation plot for 241Am results, post-disclosure 
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Figure 7 - Zeta-score plot for 241Am results, post-disclosure 
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Figure 8 - Relative uncertainty plot for 241Am results, post-disclosure 
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Figure 9 - 'Kiri' plot for 241Am results, post-disclosure 
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Figure 10 - Deviation plot for 60Co results, pre-disclosure 
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Figure 11 - Zeta-score plot for 60Co results, pre-disclosure 
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Figure 12 - Relative uncertainty plot for 60Co results, pre-disclosure 
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Figure 13 - 'Kiri' plot for 60Co results, pre-disclosure 
(4 results above plot) 
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Figure 14 - Deviation plot for 60Co results, post-disclosure 
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Figure 15 - Zeta-score plot for 60Co results, post-disclosure 
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Figure 16 - Relative uncertainty plot for 60Co results, post-disclosure 
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Figure 17 - 'Kiri' plot for 60Co results, post-disclosure 
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Figure 18 - Deviation plot for 137Cs results, pre-disclosure 
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Figure 19 - Zeta-score plot for 137Cs results, pre-disclosure 
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Figure 20 - Relative uncertainty plot for 137Cs results, pre-disclosure 
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Figure 21 - 'Kiri' plot for 137C results, pre-disclosure 
(2 results above plot) 
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Figure 22 - Deviation plot for 137Cs results, post-disclosure 
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Figure 23 - Zeta-score plot for 137Cs results, post-disclosure 
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Figure 24 - Relative uncertainty plot for 137Cs results, post-disclosure 
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Figure 25 - 'Kiri' plot for 137C results, post-disclosure 
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Figure 26 - Deviations for Participant 1 
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Figure 27 - Deviations for Participant 2 
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Figure 28 - Deviations for Participant 3 
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Figure 29 - Deviations for Participant 4 
(* denotes post-disclosure result) 
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Figure 30 - Deviations for Participant 5 
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Figure 31 - Deviations for Participant 6 
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Figure 32 - Deviations for Participant 7 
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Figure 33 - Deviations for Participant 8 
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Figure 34 - Deviations for Participant 9 
(* denotes post-disclosure result) 
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Figure 35 - Deviations for Participant 10 
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Figure 36 - Deviations for Participant 11 
(* denotes post-disclosure result) 
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Figure 37 - Deviations for Participant 12 
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Figure 38 - Deviations for Participant 13 
(* denotes post-disclosure result) 
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Figure 39 - Deviations for Participant 14 
(* denotes post-disclosure result) 
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Figure 40 - Deviations for Participant 15 
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Figure 41 - Deviations for Participant 16 
(* denotes post-disclosure result) 
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Dear Colleague, 

  

THIRD NPL NUCLEAR INDUSTRY PROFICIENCY TEST EXERCISE 
 

In 2007 and 2009, NPL ran bulk-waste proficiency test exercises (‘drum comparisons’) to enable UK 

laboratories involved in decommissioning and site clearance to test their bulk-waste gamma 

measurement procedures. NPL prepared 200 litre drums (illustrated above, during loading) filled with 

HDPE bottles containing various matrices, some being spiked with accurately-known activities of 

radionuclides directly traceable to UK primary standards of radioactivity. These drums were circulated 

as ‘blind samples’ to the participants and their results were discussed at follow-up workshops. The 

reports on both exercises (NPL Reports IR2 and IR19) are available as free downloads from the NPL 

website (www.npl.co.uk). 

 

I am now writing to invite you to participate in a third exercise. The purpose of the exercise is to 

provide the user community with a voluntary, independent and confidential test of their bulk waste 

measurement procedures. 

 

In brief: NPL will prepare a single ‘mock waste’ sample in a 200-litre steel drum. The drum will 

contain metal, hard plastic and soft-waste material. The radionuclides 
241

Am, 
60

Co and 
137

Cs will be 

present and the overall activity concentration (activity/total mass of material in drum) will be in the 

range 1 – 10 Bg g 
-1

. The activity will be distributed in a heterogeneous manner. The drum will be 

available for measurement between April and July 2011 and participants will be asked to report the 

activity concentrations of the individual radionuclides. A workshop to discuss the results will be held in 

October 2011 and a report will be published in December 2011. All results will be coded and treated as 

confidential. 

 

If you are interested in participating, please read the full details given on pages 2 to 3 below and 

then complete and return the PTP Enquiry Form. Please note that requests to participate must 

be received by 11 March 2011. We hope you are interested and that you will be able to participate. 

 

Yours faithfully 

  

Julian Dean        February 2011 

  

http://www.npl.co.uk/
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A) Plan for Third NPL Nuclear Industry PTE  

 

NPL will prepare a single ‘mock waste’ sample in a 200-litre steel drum. The drum will contain metal, 

hard plastic and soft-waste material. The radionuclides 
241

Am, 
60

Co and 
137

Cs will be present and the 

overall activity concentration (activity/total mass of material in drum) will be in the range 1 – 10 Bg g 
-1

. 

The activity will be distributed in a heterogeneous manner within the drum. 

 

The drum will be delivered to (and collected from) the participants on agreed dates. Participants will 

be given 1 working day to measure the drum (excluding arrival and dispatch days). The drum will be 

an Excepted package. 

 

Note that, prior to measurement by the participants, NPL will disclose only the above information 

plus: 

 

 the percentage by mass of each material present; 

 the dimensions of the drum; 

 the mass of the drum (empty and full). 

 

Participants will be asked to report their measurements of the individual radionuclide activity 

concentrations along with details of calibration procedures and instrumentation used, by a ‘first 

deadline’ (see Timetable below). NPL will then disclose: 

 

 more details of the materials (e.g. which metal) and the ‘internal structure’ of the drum; 

 the location(s) of the activity present. 

 

Participants will then have the opportunity to submit (by a ‘second deadline’) additional results based on 

this more detailed knowledge of the drum. Note that revisions to earlier results (i.e. those submitted 

before the first deadline) will not be accepted during this period. 

 

NPL will then prepare a draft report (including all results, coded for anonymity), issue it to all 

participants and run a follow-up one-day workshop to discuss the exercise and decide on a forward plan 

(e.g. another comparison or maybe investigations into any calibration or measurement problems arising). 

A final report will then follow. 
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B) Timetable 
  

13.1.1 Action Dates 

Interested laboratories to reply to this mailshot By 11 March 2011 

NPL to contact each laboratory, advise if they can 

be accommodated, and, if so, agree receipt and 

dispatch dates 

By 31 March 2011 

Participants to submit Purchase Orders  Within two weeks of notification of 

receipt and dispatch dates 

Participants to measure drum Within agreed dates in the period April 

to July 2011 inclusive 

Participants to submit results (not knowing details 

of drum contents) 

By 5 August 2011 

(First deadline) 

NPL to declare further details of drum contents 8 August 2011 

Participants to submit any additional results 

(knowing details of drum contents) 

By 26 August 2011 

(Second deadline) 

NPL to disclose activity concentrations 30 August 2011 

NPL to issue draft report October 2011 

NPL to hold one-day workshop 26 October 2011 

NPL to issue final report December 2011 

 

C) How to participate 

  

Please complete the enclosed Enquiry Form and return it by 11 March 2011 to: 

radioactivity@npl.co.uk 

Please indicate on the form which weeks in the period April to July you would prefer for delivery of 

the sample drum to your site. Note that you will be allocated one full working day to measure the 

drum (excluding the arrival and dispatch days). 

   

IMPORTANT: If the exercise is oversubscribed we shall deal with requests for inclusion on a first-

come-first-served basis, so please PLEASE DO NOT SUBMIT A PURCHASE ORDER AT THIS 

STAGE. We shall contact you in March to confirm whether or not we can accommodate you, and if so 

we will agree receipt and dispatch dates with you and ask you to submit your order at that time. 

Participants must ensure Purchase Orders are submitted within two weeks to ensure that they receive the 

drum on the allocated date. 

 

D) Fees 
 

The fees will be as follows: 

 Participation (including loan of drum and workshop attendance): £875 

 Delivery: To be advised 

NPL will arrange for a courier to deliver and pick-up on the agreed dates. 

  

mailto:radioactivity@npl.co.uk
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NPL 200 L DRUM COMPARISON EXERCISE 2011 – RESULTS 

  

Name:   

Organisation:   

Date of submission of results:   

                

 

Details of measurement method (please include, e.g., detector type/model, source-to-detector distance, 

background correction method, counting time, scan pattern, collimation, density correction routine, 

etc.) 

 

 

 

 

 

 

Calibration method (please include, e.g., standard sources used, traceability of standards, uncertainties 

on standards, any geometrical correction factors used, all associated uncertainties, etc.) 

 

 

 

 

 

 

Efficiency models (please include, e.g., details of any software used, and any validations carried out) 

 

 

 

 

 

 

Any other information or comments 

 

 

 

 

 

 

  



NPL Report IR 25 

 55 

NPL 200 L DRUM COMPARISON EXERCISE 2011 - RESULTS 

 

                

Nuclide: Am-241           

                

Reference time 1 March 2011 12:00 GMT         

  (Bq/g) 

Activity concentration   

Combined standard uncertainty (k=1)   

      

Uncertainty budget components Relative uncertainty (%) 

Uncertainty component associated with net count 

rate of nuclide 

  

Uncertainty component associated with detector 

counting efficiency 

  

Uncertainty component associated with emission 

probability 

  

Uncertainty component associated with 

decay/ingrowth correction 

  

Other uncertainty components (please specify)   

Combined standard uncertainty    

                

Nuclear data used   

Half-life (days)   

Emission probability (%)   keV   

Emission probability (%)   keV   

               

Limit of Detection   
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NPL 200 L DRUM COMPARISON EXERCISE 2011 – RESULTS 

 

                

Nuclide: Co-60           

                

Reference time 1 March 2011 12:00 GMT         

  (Bq/g) 

Activity concentration   

Combined standard uncertainty (k=1)   

      

Uncertainty budget components Relative uncertainty (%) 

Uncertainty component associated with net count 

rate of nuclide 

  

Uncertainty component associated with detector 

counting efficiency 

  

Uncertainty component associated with emission 

probability 

  

Uncertainty component associated with 

decay/ingrowth correction 

  

Other uncertainty components (please specify)   

Combined standard uncertainty    

                

Nuclear data used   

Half-life (days)   

Emission probability (%)   keV   

Emission probability (%)   keV   

               

Limit of Detection   
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NPL 200 L DRUM COMPARISON EXERCISE 2011 – RESULTS 

 

                

Nuclide: Cs-137           

                

Reference time 1 March 2011 12:00 GMT         

  (Bq/g) 

Activity concentration   

Combined standard uncertainty (k=1)   

      

Uncertainty budget components Relative uncertainty (%) 

Uncertainty component associated with net count 

rate of nuclide 

  

Uncertainty component associated with detector 

counting efficiency 

  

Uncertainty component associated with emission 

probability 

  

Uncertainty component associated with 

decay/ingrowth correction 

  

Other uncertainty components (please specify)   

Combined standard uncertainty    

                

Nuclear data used   

Half-life (days)   

Emission probability (%)   keV   

Emission probability (%)   keV   

               

Limit of Detection   
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Dr H Beddow 

Nuvia Ltd 

B351.15 

Harwell Oxford 

Didcot 

Oxfordshire OX11 0TQ 

 

Mr P W Clarke 

Magnox Ltd 

Oldbury Power Station 

Oldbury Naite 

Thornbury 

South Gloucestershire BS35 1RQ 

 

Mr W De Boeck 

SCK-CEN 

Boeretang 200 

2400 Mol 

Belgium 

 

Mr S Defour 

IRSN/DEI/SIAR 

Route du Panorama 

92262 Fontenay-aux-Roses 

France 

 

Mr A Fisher 

B462.6 

Research Sites Restoration Limited 

Rutherford Avenue 

Harwell Oxford 

Oxfordshire OX11 0DF 

 

Mr P Harding 

AWE 

Aldermaston 

Reading 

Berkshire RG7 4PR 

 

Mr K Hoyle 

Magnox Ltd 

Berkeley Site 

Berkeley 

Gloucestershire GL13 9PB 

 

Mr T Huys 

Belgoprocess 

Gravenstraat 73 

2480 Dessel 

Belgium 
 

Mr M Jackson 
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The Grove Centre 

White Lion Road 

Little Chalfont 

Amersham HP7 9LL 

 

Mr R Major 

AMEC 

The Renaissance Centre 

601 Faraday St 

Birchwood Park 

Birchwood 

Cheshire WA3 6GN 

 

Mr C McKay 

Serco 

Walton House 

Birchwood Park 

Risley 

Warrington WA3 6GA 

 

Dr T J Miller 

AWE 

Aldermaston 

Reading 

Berkshire RG7 4PR 

 

Dr D Parvin 

Babcock International Group 

Sellafield 

Seascale 

Cumbria CA20 1PG 

 

Mr M Rushby 

Canberra UK Ltd 

B528.10 Unit 1 

Harwell Science and Innovation Campus 

Oxfordshire OX11 0TF 

 

Mr G Simone 

Nucleco S.p.A. 

Via Anguillarese 301 

00123 S.M. di Galeria (Rm) 

Rome 

Italy 

 

Ms M Skelland 

Research Sites Restoration Ltd 

D60 Winfrith 

Newburgh 

Dorchester 

Dorset DT2 8WG 

 

Dr S Tucker 

Babcock International Group 

Devonport Royal Dockyard 
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Plymouth 

Devon PL1 4SG 

 

Mr G Ward 

Magnox Ltd.  

Sizewell A Site 

Nr Leiston 

Suffolk IP16 4UE 

 

Mr A Wilson 

D2003 Zone 3 

Dounreay Site Restoration Limited 

Dounreay 

Thurso 

Caithness KW14 7TZ 

 

Mr A Wright 

Magnox Ltd 

Dungeness A Site 

Romney Marsh 

Kent TN29 9PP 
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Participants 

 

Helen Beddow Nuvia Ltd 

Julian Dean NPL 

Andrew Frith Serco 

James Gregory G E Healthcare 

Paul Harding AWE 

Martin Jackson G E Healthcare 

Cyrus Larijani NPL 

Bob Major AMEC 

Sanders McDonald DSRL 

Chris McKay Serco 

Tim Miller AWE 

Daniel Parvin Babcock International Group 

Martin Rushby Canberra UK Ltd 

Michelle Skelland RSRL 

Gareth Ward Magnox Ltd 

 

Welcome, domestic issues, introductions and agenda – Julian Dean, NPL 
 

The Chairman welcomed the delegates to the meeting. The main objectives would be (i) to identify 

any measurement issues and possible solutions, and (ii) to identify preferences for the format of the 

‘sample’ for the next PTE in this series. In relation to objective (ii), it was not yet clear whether 

funding would be available for an exercise in 2012 and it was estimated that the project may cost in 

the region of £4-5k per participant as a ‘ballpark’ figure and that funding would be a potential issue. 

However, this number was tentative as it would depend on the number of participants.  

 

Nuclear Industry PTE - background, source preparation, results and discussion – Julian Dean 

 

The PTEs are important to the participants and provide a useful reference standard. The difference in 

performance of the various detectors was of interest; the participants wanted to see more patterns and 

trends, especially the data gathered from the SGS detectors. From the discussion it was apparent that 

most participants used a single germanium detector and many labs did not use collimated detectors. It 

was noted that AWE’s NDA group had used a few different detectors and that all should be noted in 

the final report. 

 

The fact that NPL had standardised the drum for individual radionuclides was seen as a positive, 

although the fact that NPL did not (due to not having a suitable drum scanner) measure the drum itself 

was seen as a negative. Also it was seen as a legitimate and worthwhile point. 

 

The results yielded from the SGS detectors were sometimes low, and possibly the active areas within 

the drum were being ‘split’ between adjacent segments. This was of particular concern due to the 

potential underestimation of activity. When measuring a real sample, this could potentially result in a 

laboratory unintentionally consigning more activity than they have declared. 

 

It was felt that the uncertainties quoted by some participants were too large. It was noted that 

Participants 2 and 10 both used SGSs but their results differed significantly.  

 

It was noted that the data inputted to the software was critical. 
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Participant presentations  

 

Tim Miller (AWE) presented their measurement methods, the reasons for measuring drums, 

typical drum samples, performance levels achieved, the reasons for participating in 

proficiency tests, the results of EA and NPL tests, and what AWE would like to see from 

future tests. The NPL PTEs are key for maintaining UKAS accreditation and AWE are very 

supportive of them. Regarding future exercises, a more challenging drum is required (e.g. 
other radionuclides could be added, or perhaps steel). Paul Harding (AWE) explained the NDA 

group’s measurement methodology for the NPL drum. A combination of techniques were used to 

measure the drum, similar to the methods used in earlier PTEs. Radiography established the overall 

internal structure and a hand-held NaI(Tl) detector and a gamma imaging system were used to locate 

the ‘hotspots’. The drum was then assayed using a hyperpure Ge crystal at different source-to-detector 

distances. 

 

Daniel Parvin (Babcock) explained the Particle Swarm IMaging (PSIM) method of analysis used to 

measure the NPL drum, and compared it with ‘conventional’ Ge-based methods. Additional 

uncertainty analyses had been carried out since the PTE finished, and these were included. One 

delegate asked about data processing time for PSIM. This is of the order of 6 minutes (plus the actual 

measurement time). Michelle Skelland (RSRL) explained the SGS system used at Winfrith, its 

operation and calibration. It is automated and uses NDA 2000 software. The system measures 
137

Cs 

and 
60

Co as ‘primary’ radionuclides and other radionuclides are inferred from fingerprint. The system 

will be used in future to determine whether material is VLLW or Out Of Scope. Chris McKay 

(Serco) outlined their approach to measuring the drum. They participated in the PTE to conduct a 

blind test, to validate in-house Ge spectroscopy methods, and to experiment and develop techniques. 

 

AOB – Julian Dean 

 

The Chairman mentioned the upcoming ‘Metrology for Decommissioning and Site Clearance’ 

Workshop to be held at NPL on 11
th
 January 2012 and raised the question of where we go from here. 

The main points raised were: 

 

 The report should compare methods used (e.g. open geometry v SGS) and ISOCS and other 

modelling techniques should be taken into consideration. 

 More work is needed to explain why 
241

Am data are so different from 
60

Co.  

 The weight of the drum was a vital piece of information, but note that some participants do 

not routinely include the empty drum mass in their activity concentration calculations. 

 Perhaps in future PTEs, participants could be required to measure total activity, or total 

gammas. 

 The participants wanted a much more challenging drum with potentially uranium being 

involved. However, this may cause problems with transport or acceptance onto some sites. 

Concrete should be included if possible. The overall concentration should be of the order of 1 

– 10 Bq g
-1

. 

 Participants wanted more time to measure the drum (perhaps two full days). 

 The maximum mass of the drum should be 100kg. 

 

 

Cyrus Larijani 

Julian Dean 

 

26 October 2011 
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