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Valence, May 22nd 2018 

 

CRIIRAD report N° 18-32 

Radiological analysis of sediments  
From the River Parrett close to the Hinkley Point power stations 

 

Writing: Bruno CHAREYRON, engineer in nuclear physics, director of the CRIIRAD laboratory. 

Contact : bruno.chareyron@criirad.org 

 

1 / Context 

The Hinkley Point Power Station sites are situated on the Somerset coast, west of the River Parrett 
estuary. There are two separate A and B stations that include two Magnox reactors and two AGRs, 
respectively. Hinkley Point A started electricity generation in 1965 and ceased in 2000. This station 
completed de-fuelling in 2004 and is undergoing decommissioning. The Hinkley Point A site will enter the 
Care and Maintenance phase by the year 2027. Final site clearance is expected to commence in 2081 and 
be achieved by 2090 (NDA, 2017). It is estimated that power generation will continue at Hinkley Point B 
until at least 2023.  

In response to concerns raised by the Stop Hinkley group, about the fate of radioactivity discharged from 
the Hinkley Point power stations, the Environment Agency has carried out radiological analysis of the 
sediments in the River Parrett whose mouth is located about 8 km East from the nuclear site. 

Stop Hinkley’s main concern was around the radioactivity from the Hinkley Point sites accumulating and 
concentrating in fine sediments in the inter-tidal zone of the River Parrett. 

Members of Stop Hinkley accompanied Environment Agency and contract staff to sample 5 sites on 8 
March 2016 and 16 August 2016.  

The Stop Hinkley group has contracted the CRIIRAD laboratory in France for performing independent 
analysis of the 5 samples collected in August 2016. An additional one collected in May 2017 has been 
included as well. It was sampled from a furthest point inland of the tidal high water level beyond the 
Langport site. 
 

Pictures 1 and 2 : collection of the samples of sediments 
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Map N°1 : Hinkley point nuclear power station and the localities of Bridgwater and Burrowbridge (on 
River Parrett). 

 

 

2 / Analytical Methodology 

The samples of sediments have been kept frozen since collection and delivered by post to the CRIIRAD 
laboratory on 11 January 2018. Each sample has been dried, crushed, sieved below 2 mm, and 
homogeneized. 

About 400 to 600 grams of dried material have been inserted in a calibrated plastic pot (Marinelli type) 
for counting on a HpGe gamma spectrometry detector.  

Samples have been processed by Sara Ortuno (laboratory technician), Stephane Patrigeon (metrology 
technician), Marion Jeambrun (Dr. in geochemistry) and Bruno Chareyron (Engineer in nuclear physics). 

The CRIIRAD laboratory is licenced by the French Nuclear Safety Authority (ASN) for the monitoring of 
radioactivity in the Environment.  

For solid samples (soil, sediments), the agreement covers the monitoring of : gamma emitters with an 
energy < 100 keV and > 100 keV ; isotopes of uranium and thorium, Ra-226 and its decay products ; Ra- 228 
and its decay products. 

Pictures 3 (sediments when received) and 4 (gamma spectrometry equipment at CRIIRAD lab). 
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3 / Results of monitoring of the sediments (gamma spectrometry) 

The detailed results are given in annex 1. 

3.1 / “Natural” radionuclides 

Potassium-40 

Natural potassium-40 is detected in all 6 samples.  

K-40 is commonly detected in the earth crust (typically 300 to 600 Bq/kg) and therefore in the marine or 
river sediments. The activities are coherent with expected values in a natural environment : 

Table 1 : K-40 in the sediments of the River Parrett  

 

As indicated in table 1, the activity of K-40 in the sediments of the River Parrett is decreasing while the 
distance from the coast is increasing : from 690 ± 80 Bq/kg dry (mouth of the river) to 520 ±60 Bq/kg dry 
(Burrowbridge about 25 km inland). The value is even lower beyond the Langport site 
(460 ± 50 Bq/kg dry). 

These results are coherent with the results published by the Environment Agency for the August 2016 
campain (see Annex 2 and Table 1).  

The Agency made a particle size analysis of the sediments and a comparison between March and August 
2016 results and concluded :  

“Potassium-40 (K-40) is detected in higher concentrations in sediments with smaller particle sizes, due to 
the higher surface area presented. It therefore provides an indicator of particle size.  

Similar to the March results, the August results show that higher levels of Potassium-40 activity are 
detected in the finer marine dominated sediments found closer to the mouth of the River Parrett (sites 1 
& 2). Potassium-40 activity levels in the August samples are slightly higher than the March ones, reflecting 
the finer particle size distribution. These results are consistent with historic values measured in our Hinkley 
Point environmental monitoring programme.” 

 

Other “natural” radionuclides 

The Environment Agency gave no results for the other natural nuclides. 

Natural radionuclides belonging to the decay chains of uranium 238 and thorium 232 are detected by 
CRIIRAD in all 6 samples (see annex 1). For example : 

 Uranium 238 (thorium 234) : from 27 ± 5 Bq/kg dry to 30 ± 5 Bq/kg dry. 

 Radium 226 : from 22 ± 3 Bq/kg dry to 25 ± 3 Bq/kg dry. 

 Actinium 228 : from 26 ± 3 Bq/kg dry to 29 ± 4 Bq/kg dry. 

These radionuclides may also have a man-made origin, but the activities are in a “normal range” and there 
is no abnormal desequilibrium identified in the decay chains. 

There is no obvious variation of the activities depending on the distance inland except for lead-210 
(Pb 210) whose activity is slightly higher in sample 1 (76 ± 10 Bq/kg dry) and has a tendency to decrease 
when moving inland (49 ± 7 Bq/kg dry in sample 6).  

The excess of Pb-210 compared to its “father” Ra-226 is common in the upper surface of soil and 
sediments. This is due to the fact that radon gas which is naturally present in the atmosphere decays into 
lead 210 which accumulates at the surface. Lead 210 is a beta-gamma emitter with a half-life of 22.3 
years. 

Location #1 #2 #3 #4 #5 #6

Distance inland

Sampling time 2017

K-40 (CRIIRAD) 690 ± 80 620 ± 70 580 ± 60 510 ± 60 520 ± 60 460 ± 50

K-40 (Environment Agency)

> 25 km

August 2016 August 2016 August 2016 August 2016 August 2016

3 km 10 km 15 km 15 km 25 km

678 615 514 501 471
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3.2 / Artificial radionuclides 

CRIIRAD has checked all gamma lines on the gamma spectra, from 20 keV to 2 MeV. If an artificial 
radionuclide is identified on the spectra, its activity is calculated.  

Two gamma emitting artificial nuclides have been detected in all 6 samples: caesium-137 (Cs-137) and 
americium-241 (Am-241). 

No other artificial gamma emitting nuclides have been detected. This means that if other artificial 
gamma emitting radionuclides are present, their activity (concentration) is too low for being detected 
taking into consideration the detection limit of the methodology used for monitoring. In order to improve 
the detection limit, the counting duration was extended from 30 000 seconds to more than 230 000 
seconds.  

In CRIIRAD reports, the detection limits are1 given for the following radionuclides : Mn-54, Co-58, Co-60, 
Ru-106 (Rh-106), Ag-110m, Sb-125, I-129, Cs-134, Ce-144. For example, the activity of cobalt 60 is below 
the detection limit in all 6 samples (< 0.11 Bq/kg dry).  

Caesium-137 

Caesium-137 is a fission product, emitting beta and gamma radiation with a Half-life2 of 30 years. It has 
been widely dispersed in the environment by the past military tests in the atmosphere and by the 
Chernobyl accident. It is also present in the discharges of nuclear sites including nuclear power plants (like 
Hinkley A and B) and reprocessing plants (Sellafield for example). 

The activity of Cs-137 in the sediments of the River Parrett is decreasing while the distance from the coast 
is increasing : from 17.5 ± 2.1 Bq/kg dry (mouth of the river) to 9.6 ± 1.2 Bq/kg dry (Burrowbridge about 
25 km inland). The value is even lower beyond the Langport site (6.4 ± 0.8 Bq/kg dry). 

 

Table 2 : Cs-137 in the sediments of the River Parrett 

 

These results are coherent with the results published by the Environment Agency for the August 2016 
campain (see Annex 2 and table 2).  

The Agency made a particle size analysis of the sediments and concluded that the distribution of the 
Cs- 137 activity : “ is reflective of the greater particle size and decreasing influence of marine sediments 
with distance from the mouth of the river”.  

It should be noted that the activity of Cs-137 in the sediments of the Parrett River is generally higher 
(sometimes more than 10 times higher) than the values monitored in the marine sediments further east 
and west from Hinkley point nuclear power stations. This illustrates the specific accumulation of 
radionuclides in the sediments of the mouth of the river. 

For example, the value of 17.5 ± 2.1 Bq/kg dry in the River Parrett near Yearsley farm is much higher than 
0.88 to 1.1 Bq/kg dry monitored on the sea shore further west of Hinkley point (Kilve) or further East 
(Burnham-On-Sea or Weston Super-Mare). See extracts of the RIFE 2016 report in Annex 3. 

  

                                                           
1 Usually the detection limit is given also for I-131. But for the present study, taking into consideration the relatively 
short half-life of I-131 and the time elapsed between sampling and counting, there was no chance to detect I-131. 
2 The half-life is the time needed for the radioactivity to be divided by 2. After a duration equal to 10 times the 
half-life, the radioactivity is divided by about 1 000. 

Location #1 #2 #3 #4 #5 #6

Distance inland

Sampling time 2017

Cs-137 (CRIIRAD) 17,5 ± 2,1 14,2 ± 1,7 12,7 ± 1,5 9,7 ± 1,2 9,6 ± 1,2 6,4 ± 0,8

Cs-137 (Environment Agency)

August 2016 August 2016 August 2016 August 2016 August 2016

> 25 km3 km 10 km 15 km 15 km 25 km

16,7 13,1 9,7 8,7 8,3
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Americium-241 

Americium-241 is a very radiotoxic transuranic nuclide, emitting alpha and gamma radiation with a half-
life of 432 years. It has been widely dispersed in the environment by the past military tests in the 
atmosphere. It is also present in the discharges of nuclear sites including power plants (like Hinkley A) and 
reprocessing plants (Sellafield for example). 

Am-241 is detected by CRIIRAD in all 6 samples. Its activity is higher in samples 1 and 2 close to the mouth 
of the River Parrett (maximum 1.15 ± 0.29 Bq/kg dry) compared to samples 3 to 6 taken more inland 
(0.40 ± 0.17 Bq/kg dry to 0.49 ± 0.20 Bq/kg dry). 

The Environment Agency’s report (20 January 2017) stated that “the presence of Americium – 241” (March 
and August 2016 samples) was “below limit of detection”. For the March 2016 campain, the reports 
indicates that the limit of detection is “around 0.75 Bq/kg”. No value is specified for the August 2016 
campain. 

Am-241 has been detected by CRIIRAD because the counting duration of the analysis has been extended 
in order to lower the detection limit.  

The detection of americium-241 is an indication of the very probable presence of plutonium isotopes 
(Am  -241 is a decay product of Pu-241). 

Gamma spectrometry is not a suitable methodology for detecting plutonium isotopes. It is necessary to 
use other analytical methodologies like beta counting for Pu-241 and alpha counting for Pu-238, Pu-239 
and Pu-240. 

 

4 / Recommendations 

CRIIRAD has been contracted by the Stop Hinkley group for monitoring radionuclides in sediments of the 
River Parrett using gamma spectrometry. Gamma spectrometry enables to detect many natural and 
artificial radionuclides and is commonly used for a preliminary “check” of the radioactivity of 
environmental samples. 

The results concerning natural K-40 and artificial Cs-137 are in agreement with those published by the 
Environment Agency and confirm : 

1 / the specific accumulation of radionuclides in the sediments of the river, particularily in the mouth 
and 

2 / the fact that the radioactivity decreases when moving inland. 

CRIIRAD detected other natural radionuclides belonging to the U-238 and Th-232 decay chain and also 
artificial Am-241 which is a very radiotoxic alpha emitter. 

The detection of americium-241 is a strong argument for asking to the local authorities a more detailed 
monitoring of the sediments of the River Parrett and in the sea. 

CRIIRAD strongly recommends the implementation of a more comprehensive environmental monitoring 
programme including pure beta and pure alpha emitters that cannot be detected using standard gamma 
spectrometry. This monitoring should include :  

 Tritium (Beta emitter, half-life of 12.3 years). In 2015, according to the operators [HP 2016]3, Hinkley 
Point A and B discharged 31.778 GBq and 242.74 TBq of tritium into the sea. Tritium is the dominant 
radionuclide discharged to the sea. It is therefore important to check the level of tritium 
contamination (free tritium and Organically Bound Tritium) in the marine environment. The RIFE 2016 
report does not give results of tritium monitoring in the sediments near Hinkley point.  

                                                           
3[HP 2016] / Report on Radioactive Discharges and Environmental Monitoring at Hinkley Point A Site and Hinkley 
Point B Power Station During 2015, EDF Energy and Magnox, presented June 2016. 
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 Carbon-14 (Beta emitter, half-life of 5 730 years) which is very probably discharged by Hinkley point 
Nuclear stations into the marine environment. Curiously, C-14 is not specificaly mentionned in the 
operators’report. The operators should be required by the autorities to give these results to the 
public. In France, CRIIRAD has been campaigning for the monitoring of C-14 activity in the liquid and 
atmospheric effluents of EDF nuclear reactors. For a few years, these results have been made 
available. They show that C-14 is in second position after tritium in the liquid discharges of the French 
PWR reactors. 

 Sulphur-35 (Beta emitter, half-life of 87.51 days). In 2015, according to the operators [HP 2016]4, 
Hinkley Point B discharged 270.11 GBq of S-35 into the sea. 

 Strontium-90 (Beta emitter, half-life of 28.5 years) which is discharged by Hinkley point A into the 
marine environment. The official report [HP 2016] does not give a detailed figure for the amount of 
the discharge. Sr-90 is included in the category “Other Activity” whose value was 187.752 GBq in 2015 
according to [HP 2016]. 

 Technetium-99 (Beta emitter, half-life of 213 000 years). This radionuclide is not mentionned by 
Hinkley point Nuclear stations operators [HP 2016]. But, according to RIFE 2016 report, Tc-99 has been 
detected in seaweed in the environment of Hinkley point (it may come from more remote nuclear 
sites including Sellafield). 

 Plutonium-241 (Beta emitter, half-life of 14.4 years) which is discharged by Hinkley point A into the 
marine environment The official report [HP 2016] does not give a detailed figure for the amount of 
the discharge. Pu-241 is included in the category “Other Activity” whose value was 187.752 GBq in 
2015 according to [HP 2016]. It should be noted that Pu-241 decays into long lived Am-241 which has 
been detected by CRIIRAD in all 6 samples of sediments of the River Parrett. 

 Plutonium 238-239-240 (alpha emitters, half-lifes from 87.74 to 24 110 years). These radionuclides 
are not mentionned in the operator reports, but as Pu-241 is discharged in the liquid effluents of 
Hinkley Point A, the question is raised of the potential presence of other plutonium isotopes. In 
addition, plutonium isotopes may also be present in the sediments due to the discharges of other 
nuclear sites including Sellafield. 

CRIIRAD has not been contracted to perform a detailed analysis of the official documentation 
regarding the discharges of radionuclides by Hinkley Point nuclear stations and the monitoring of the 
impact on the marine (and terrestrial) environment.  

But a very preliminary examination of the report published in 2016 by EDF Energy and Magnox shows 
that the operators do not give a detailed and comprehensive information about the radiological 
impact of their facilities.  

 

  

                                                           
4[HP 2016] / Report on Radioactive Discharges and Environmental Monitoring at Hinkley Point A Site and Hinkley 
Point B Power Station During 2015, EDF Energy and Magnox, presented June 2016. 
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ANNEX 1: Detailed Results of gamma spectrometry analysis of the 
sediments performed at the CRIIRAD laboratory 

 

  

Sample description

Place of sampling River Parrett River Parrett River Parrett River Parrett River Parrett River Parrett

Location #1 #2 #3 #4 #5 #6

Sampling time 16/08/2016 16/08/2016 16/08/2016 16/08/2016 16/08/2016 12/05/2017

Processing

CRIIRAD N° 110118A1 110118A2 110118A3 110118A4 110118A5 110118A6

Processing time 12/01/2018 16/01/2018 12/01/2018 29/01/2018 08/02/2018 08/02/2018

Method

Gamma spectrometry analysis

Analysis N° C29906 C29913 C29916 C29917 C29925 C29929

Counting time 19/01/2018 26/01/2018 30/01/2018 02/02/2018 09/02/2018 13/02/2018

Counting duration (s) 235 095 234 735 285 628 232 173 233 307 245 383

Counting Geometry MAR500CC MAR500CC MAR500CC MAR500CC MAR500CC MAR500CC

Analyzed quantity  (g) 418,53 574,8 469,32 612,62 487,88 495,68

State Dry Dry Dry Dry Dry Dry

Dry / wet ratio 52,9% 58,3% 57,2% 66,1% 65,1% 69,8%

Activities expressed in Becquerels per  kilogram of dry material (Bq/kg dry)

Activity and uncertainty or detection limit if <

Natural nuclides* Activities are given at counting time

238 Uranium decay chain

234-Thorium ** 30 ± 5 28 ± 5 30 ± 5 27 ± 5 28 ± 5 28 ± 5

226-Radium *** 22 ± 3 22 ± 3 22 ± 3 22 ± 3 25 ± 3 23 ± 3

214-Lead 23 ± 3 23 ± 3 23 ± 3 23 ± 3 26 ± 3 24 ± 3

214-Bismuth 21 ± 3 22 ± 3 22 ± 3 22 ± 3 24 ± 3 23 ± 3

210-Lead ** 76 ± 10 61 ± 8 63 ± 9 51 ± 7 52 ± 7 49 ± 7

235 Uranium decay chain

235-Uranium < 1,7 < 3,0 < 2,7 < 1,3 < 2,5 < 4,2

232 Thorium decay chain

228-Actinium 29 ± 4 27 ± 4 28 ± 4 26 ± 3 29 ± 4 26 ± 4

212-Lead 32 ± 4 30 ± 3 30 ± 3 29 ± 3 32 ± 4 28 ± 3

208-Thallium 11 ± 1 10 ± 1 10 ± 1 9 ± 1 10 ± 1 9 ± 1

40-Potassium 690 ± 80 620 ± 70 580 ± 60 510 ± 60 520 ± 60 460 ± 50

7-Beryllium < 0,6 < 0,5 < 0,5 < 0,5 < 0,6 < 0,5

Activity and uncertainty or detection limit if <

Artificial nuclides Activities are given at sampling time

137-Caesium 17,5 ± 2,1 14,2 ± 1,7 12,7 ± 1,5 9,7 ± 1,2 9,6 ± 1,2 6,4 ± 0,8

134-Caesium < 0,13 < 0,1 < 0,1 < 0,09 < 0,11 < 0,08

58-Cobalt < 14 < 11 < 12 < 11 < 15 < 1,1

60-Cobalt < 0,11 < 0,09 < 0,09 < 0,08 < 0,10 < 0,08

54-Manganese < 0,30 < 0,24 < 0,25 < 0,23 < 0,29 < 0,15

125-Antimony < 0,33 < 0,26 < 0,27 < 0,24 < 0,29 < 0,23

144-Cerium < 1,6 < 1,3 < 1,3 < 1,3 < 1,5 < 0,7

110m-Silver < 0,34 < 0,26 < 0,29 < 0,26 < 0,31 < 0,15

241-Americium ** 0,73 ± 0,24 1,15 ± 0,29 0,44 ± 0,21 0,40 ± 0,17 0,49 ± 0,20 0,40 ± 0,18

129-Iodine ** < 0,17 < 0,13 < 0,13 < 0,12 < 0,14 < 0,13

106-Ruthenium **** < 2,0 < 1,6 < 1,7 < 1,6 < 1,9 < 1,1

*Radioactive elements that do exist as natural ones. They may be of natural origin or due to industrial activities

** Low energy gamma emitters (<100 keV),    due to possible self absorption, results may be slightly underestimated.

*** Radium 226 activity is calculated from  Lead and Bismuth 214 activities. This result may be underestimated, the counting being done without waiting for the normal delay for

       equilibirum (21 days)

**** Ru-106 activity is calculated from its daughter Rh-106

2 mm sieving.

Drying and 

mechanical crushing,

Drying and 

mechanical crushing,

Drying and 

mechanical crushing,

Drying and 

mechanical crushing,

Drying and Manual 

crushing,

Drying and Manual 

crushing,

2 mm sieving.2 mm sieving.2 mm sieving.2 mm sieving.2 mm sieving.
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ANNEX 2: Extract of the report from the Environment Agency 

”River Parrett Sediment Sampling-Results of March and August 2016 Sampling” 

Nuclear Regulation Group (20 January 2017). 
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ANNEX 3: Extract of the RIFE5 2016 REPORT : Environmental monitoring 
near Hinkley point nuclear power stations 

 

 

 

                                                           
5 Radioactivity in Food and the Environment 2016 : 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/665561/Radioactivity_in_Food_
and_the_Environment_2016__RIFE_22_.pdf  

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/665561/Radioactivity_in_Food_and_the_Environment_2016__RIFE_22_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/665561/Radioactivity_in_Food_and_the_Environment_2016__RIFE_22_.pdf
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