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Radionuclide Contamination at Sellafield

Groundwater monitoring at Sellafield: Annual Data review 2016 Sellafield Ltd, 2016

Sellafield has legacy storage facilities 

and silos from historical operations

Significant radionuclide contamination 

of the subsurface

Focus of this work 90Sr and U 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attac

hment_data/file/625719/sellafield-magazine-issue-4.pdf pg21

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/625719/sellafield-magazine-issue-4.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/625719/sellafield-magazine-issue-4.pdf
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Phosphate Mineralisation 
➢ Phosphate containing minerals such as hydroxyapatite (HAp) have been shown 

to incorporate 90Sr within their structure

➢ Uranium phosphates are highly insoluble mineral phases 

➢ Direct injection of phosphate containing solutions into the subsurface can 

lead to injection well clogging

➢ In situ, slow release phosphate delivery is promising for co-treatment of Sr2+ 

and UVIO2
2+

J. M. Hughes, Am. Mineral., 2015, 100, 1033–1039. 
Szecsody, J., Williams, M., Burns, C., Girvin, D., Moore, R., Mckinley, J., … Phillips, J. (2007). Hanford 100-N area apatite emplacement: Laboratory results of Ca-Citrate-PO4 solution injection and Sr-90 immobilization in 100-N sediments.

Cleary, J. R. Lloyd, L. Newsome, S. Shaw, C. Boothman, G. Boshoff, N. Atherton and K. Morris, Chem. Geol., 2019, 509, 213–222.

Newsome, L., Morris, K., Trivedi, D., Bewsher, A., & Lloyd, J. R. (2015). Biostimulation by Glycerol Phosphate to Precipitate Recalcitrant Uranium(IV) Phosphate. Environmental Science and Technology, 49(18 )
Vermeul, V. R., Szecsody, J. E., Fritz, B. G., Williams, M. D., Moore, R. C., & Fruchter, J. S. (2014). An Injectable Apatite Permeable Reactive Barrier for In Situ 90Sr Immobilization. Groundwater Monitoring and Remediation, 34(2), 28–41. 



In-Situ Remediation of Soil, Sediments, and Groundwater Contaminated by Hazardous Substances. Author: Mauro Capocelli, Researcher, University UCBM – Rome (Italy) http://www.oil-
gasportal.com/in-situ-remediation-of-soil-sediments-and-groundwater-contaminated-by-hazardous-substances/?print=print



Biomineralisation
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Sediment Characterisation and Synthetic 
Groundwater   

[Sellafield Ltd, Groundwater Monitoring at Sellafield: Annual Data Review 2016 2016.



Biomineralisation of Sr

• Peel Place Quarry (PPQ) Sediment

• Calder River (CR) Sediment

• Oxic Experiments

• Synthetic Groundwater
➢ 1mM (88ppm) Sr Spiked 

➢Calcium citrate/sodium phosphate

➢Glycerol phosphate



0 5 10 15 20 25 30 35

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0

2

4

6

0

2

4

6

8

10

0 5 10 15 20 25 30 35
0

5

10
 PPQ Sediment Soprtion Control

 1 mM Ca, 2.5 mM Citrate and 10 mM phosphate

 5 mM Ca, 12.5 mM Citrate and 10 mM phosphate

[S
r]

 /
 m

M
 

 

PPQ Sediment Ca-citrate/Na-phosphate 
[C

a]
 /

 m
M

 

[P
O

4
] 

/ 
m

M

 

[C
it

ra
te

] 
/ 

m
M

 

Time / Days

EDX

SEM

0.5 1.5 2.5 3.5

|𝑥
(𝑅

)|
  
(Å

−
4
)

Radial Distance (Å)

Sr-O

Sr-P

Sr-Ca



0 5 10 15 20 25 30 35

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0.0

0.2

0.4

0.6

0.8

1.0

0

1

2

3

4

5

6

0 5 10 15 20 25 30 35
0.0

2.5

5.0

7.5

10.0  PPQ Sediment Soprtion Control

 10 mM Glycerol Phosphate

[S
r]

 /
 m

M
 

 

PPQ Glycerol Phosphate Amended
[C

a]
 /

 m
M

 

[P
O

4
] 

/ 
m

M

 

[G
ly

ce
ro

l 
P

h
o

sp
h

at
e]

 /
 m

M

 

Time / Days

Sr-O

Sr-P
Sr-Ca



Sr-O

Sr-P
Sr-Ca

Released into solution

Ca2+ PO4
3- 

Sr Speciation during Mineralisation 
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Microbiology of Sr biomineral systems



U Bioremediation at Sellafield
➢U mobility in the environment is 

controlled by pH and redox

➢Past work on U(VI) bioreduction using 
Fe(III)-reducing bacteria [1],[2]

➢Sellafield sub-surface has oxic regions 
and anoxic regions[2]

➢Oxic conditions present challenges to 
redox-driven U(VI) remediation

➢Application of in situ phosphate 
technologies to U(VI) under Sellafield 
relevant conditions

[1] L. Newsome, K. Morris, D. Trivedi, A. Bewsher, and J. R. Lloyd, "Biostimulation by Glycerol Phosphate to Precipitate Recalcitrant Uranium(IV) Phosphate," Environ. Sci. Technol., 
49(18), 11070–11078 (2015).
[2] L. Newsome, K. Morris, D. Trivedi, N. Atherton, and J. R. Lloyd, "Microbial reduction of uranium(VI) in sediments of different lithologies collected from Sellafield," Appl. Geochemistry, 
51, 55–64 (2014).



U(VI) Biomineralisation
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U(VI) Phosphate Mineralisation 
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Summary of Batch Oxic Microcosms  

➢Ca-Citrate/Na-phosphate highly successful for both UVI and Sr2+

➢Glycerol phosphate successful for both UVI and Sr2+

➢Sr/U bearing phosphate minerals formed in both treatments



Flowing Column Experiments

➢Columns enabling 90Sr experiments 

under flowing conditions

➢Flow regime representative of 

Sellafield subsurface

➢Treated columns for 21 days with Ca-

phosphate amendments:

➢Calcium citrate/sodium phosphate

➢Glycerol phosphate

(With a lot of help from Gareth Law and Mallory Ho (Uni of Helsinki) M. S. Ho, G. F. Vettese, K. Morris, J. R. Lloyd, C. Boothman, W. R. Bower, S. Shaw, and G. T. W. Law, "Retention of immobile Se(0) in flow-
through aquifer column systems during bioreduction and oxic-remobilization," Sci. Total Environ., 834(February), 155332 (2022). [M. S. Ho, G. F. Vettese, P. H. Keto, S. P. Lamminmäki, M. Vikman, E. Myllykylä, K. 
Dardenne, and G. T. W. Law, "Mechanisms Governing 90Sr Removal and Remobilisation in a VLLW Surface Disposal Concept," Minerals, 13(3), 436 (2023).



Flowing Column Experiments
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Column Results Stable Sr at 20 ppm



Solid Phase Analysis of Columns
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Micro Focus XRF



90Sr Flowing Column Experiments 

➢Pre-treated columns for 21 and 58 days 

with Ca-phosphate amendment:

➢Calcium citrate/sodium phosphate



Summary of Phosphate Mineralisation Study 

➢ Batch experiments - removal of Sr2+ using phosphate 

biomineralisation (oxic conditions)

➢UVI phosphate biomineralisation under Sellafield representative  

conditions

➢Dynamic flowing column study - 90Sr sequestration via in situ 

phosphate biomineralisation
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