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What is colloidal silica?
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Soil grouting with colloidal silica

o Turns loose soil into ‘cohesive’ soil
o The grout gains strength overtime as the gelation process evolves -> grouted soils gain

strength overtime

Loose gravel Gravel grouted
with colloidal

silica

¥
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Soil grouting with colloidal silica

Turns loose soil into ‘cohesive’ sail N
The grout gains strength overtime as the gelation process evolves -> grouted soils gain
strength overtime

Lowers soil permeability (gel permeability: 1017 to 1018 m?)

Enhances sorption capacity -> beneficial effect towards radionuclide retention Y.

Colloidal silica grout is a promising
material for nuclear decommissioning
application
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Electro Kinetic Remediation (EKR) of radioactively

contaminated solls

Electro-kinetic remediation: remediation technique using a low-voltage, direct-current electric
field applied across a section of contaminated soil to move contaminants.

Anode (+) Cathode (-)
DC source
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A: Electro-migration
2: Electrophoresis

C: Electro-osmosis
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Electro Kinetic Remediation (EKR) of radioactively
contaminated soils grouted with colloidal silica

EXCAVATION .E DISPOSAL

Reduced risk ofTo[ (e.g. ex-situ
—C radionuclide vitrification)
/S ST ST S S ST | | migration
Cl-
EKR: @ g2+
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solid material T{ Cs*
cr requiring disposal
cr O/ « \/olume
T{ reduction
Temporary * Long-term

immobilisation immobilisation
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Experimental trials
Electrokinetic cells

Electrodes*

\

Y
Anode (+) \\Cathode (-)

Sampling wells  Silica gel
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Experimental trials (1)
Electrokinetic cells

1. Strontium-contaminated soils 2. Caesium-contaminated soil
Electrodes*® Electrodes*
\\ \\
Anode (+) | Cathode (- Anode (+) | Cathode ()

1000ppm 1000ppm
| W R Sr(NOs), = Cs,CO,
A A
Sampling wells  Silica gel Sampling wells  Silica gel

*EKR run for 4 days (96 hours) at 1 V/cm
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Experimental trials (1)
Sampling procedure Sampling well ‘¢’
Electrodes* / whole volume \
(15ml) sampled fresh
for IC/ICP analysis 1000ppm
)\ Sr(NO;), or
Anode (+) \\cathOde (=) 1000ppm CSZCO3
: Sr(NO;), or — solution
Ial Ibl [ ] Ic C52C03
. s s nl olls solution
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Sampling wells  Silica gel
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Sampling well ‘a’ and ‘b’:
[Whole volume sampled once after 96 hours]
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Experimental trials (1)

Results: silica dissolution
initial 24 hrs 48 hrs _ 72 hrs 96 hrs

G e e . ‘ ‘ AT N Water in
Caesium - | : :

sampling
well in
direct
contact with
sand’s pore
water?

- Strontium

Gel dissolution as the alkaline front evolves
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Experimental trials (1)
Results: ion mobility CAESIUM

-©-Sampling wellc O Samplingwella O Sampling well b
Electrodes

\

1000.0

\
Anode (+) \Cathode (-) 600.0
\

400.0

200.0
0.0
-200.0
-400.0

-600.0
-800.0 loss Gel dissolution 9

Sampling wells

Cumulative change in concentration [ppm]

Silica gel
-1000.0

0 24 48 72 96
time [hours]

*EKR run for 4 days (96 hours) at 1 V/cm
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Experimental trials (1)
Results: ion mobility STRONTIUM

-©-Sampling wellc O Sampling wella O Sampling well b
Electrodes 500.0

\

\
300.0
Anode (+) \ Cathode (-)
\

200.0

100.0
0.0
-100.0
-200.0

-300.0

-400.0 .
Gel dissolution

Sampling wells

Silica gel
-500.0

0 24 48 72 96
time [hours]

Cumulative change in concentration [ppm]

*EKR run for 4 days (96 hours) at 1 V/cm
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Experimental trials (1)

Electro-migration vs diffusion

Initial condition: Potential mechanisms of ionic

~ 1000ppm 1000ppm transport:
I _ ] sr(NO,), o Sr(NO,), or

—=> Electro-migration
=> Diffusion Competing

1.4 M NaCl _
(diluted) mechanisms!
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Experimental trials (2)

/Sampling solution,\

silica gel pore-
water and sand
pore-water have
c 0.17M CaCl, /0.17M CaCl, «— |  the same initial
in 1000ppm/ in 1000ppm composition to
Cs,CO, Sr(NO;), . . .
\avmd dlffu5|on/

Electrodes

Anode (+) Cathode (-)

s
//////

I

/

Sampling wells  gjjica gel

half th A
EKR run for 6 days (144 hours) EKR run at \a .t. e
at 0.5 V/cm “—— V/cm to avoid silica

dissolution
N J
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Experimental trials (2)
Sampling procedure

Electrodes

\

\
Anode (+) \ Cathode (-)
\

Sampling wells

Silica gel

EKR run for 6 days (144 hours)
at 0.5 V/cm

Transformative Science and Engineering for Nuclear Decommissioning

Sampling well ‘¢’

(" 1000ppm

—> 10ul for
Sr(NO;), or

IC/ICP-OES

n Cs,CO, = M= analysis
m solution m .
7772 - Al |2
Z # % %
22 :V ] -
o - 5 =
= V i :
P 5 2ahrs A
4 1000ppm 10ul for
Sr(NOs), or IC/ICP-OES
- C52C93 = | = analysis
==/ solution "
24 hrs

Sampling well ‘@’ and ‘b’
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Experimental trials (2)

Results CAESIUM
——Sampling wella —&-Sampling wellb -e-Sampling well c
Electrodes —
c 250
Q .
\ Z 200 gain
: S
Anode (+) \Cathode (-) = 150
\
= 100
0.17MCaCl, §
in 1000ppm & 50
Cs,CO, S
p= 0 B
o -50
c
2 -100
] (&)
] 2 150
: % -200 loss
Sampling wells Silica gel 2
3 -250
0 24 48 72 96 120 144

time [hrs]

EKR run for 6 days (144 hours)
at 0.5 V/cm
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Experimental trials (2)
Results STRONTIUM

——Sampling wella -8-Sampling wellb -e-Sampling well ¢
Electrodes

\

500
400 gain

300

\
Anode (+) \\Cathode (-)

200

0.17M CaCl, in
1000ppm
Sr(NO;),

100

-100

-200

-300

loss

-400

Sampling wells

Silica gel
-500

0 24 48 72 96 120 144
time [hrs]

Cumulative change in concentration [ppm]

EKR run for 6 days (144 hours)
at 0.5 V/cm
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Experimental trials (3)

Electrodes

\

i
\ Cathode (-)
\

0.17M CaCl, in

1000ppm
Sr(NOs),
/
Sampling wells
EKR half th A
EKR run for 6 days (144 hours) run at d the
at 0.25 V/cm “——  V/cmto avoid Sr
precipitation

N J
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. . STRONTIUM
EX p erl m en tal trl al S (3) —-Sampling well a -&-Sampling well b —-6-Sampling well ¢

100
Results
60
Electrodes

\

i
\ Cathode (-)
\

20

-20

A[Sr], cumulative [ppm]

0.17M CaCl, in
1000ppm
Sr(NO;),

loss
-100

CALCIUM
1200

800

400

Sampling wells

-400

A[Ca], cumulative [ppm]

EKR run for 6 days (144 hours) -800
at 0.25 V/cm 1900

0 24 48 72 96 120 144
time [hrs]
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Conclusions

o Colloidal silica grout combined with electro-kinetic remediation provides a
valuable ‘purge and trap’ technology for radioactively-contaminated land
remediation

o Experimental trials were carried out in lab-scale electro-kinetic cells to explore
the mobility of Cs and Sr ions through a plug of colloidal silica hydrogel:

/

** the highly alkaline pH front produced at the cathode resulted in the
dissolution of the silica hydrogel after 48 hours at 1 V/cm; reducing the voltage
to 0.5 V/cm successfully prevented silica gel dissolution over a duration of 6
days

¢ a further voltage reduction down to 0.25 V/cm allowed to prevent the
precipitation of Sr salts at the cathode, while still allowing the mobilisation of
Sr ions through the silica gel

¢ Further experiments will explore the mobility of different ions (+ve and —ve), in
sand and sand+clay samples.
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Understanding caesium's effect on the CAS system due to
vitrification
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The University of Sheffield
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Robert Hadfield Building, Mappin Street S1 3JD, UK

Transcend annual meeting — 15t & 24 August 2022

NATIONAL NUCLEAR @
LABORATORY .. TRAN \-/

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield



University

gy Of
‘”’9 Sheffield.

*  Well known glass formers
* Pristine series created

e Reasons for selection of
sample

Pristine sample CAS 50 10 40

C28AI12Si60 C42AI112S46 CA2.4A15.5542.1 C50AI10Si40 C35AI10Si55

Oxide Mol% Mol% Mol% Mol% Mol%
Cao 28 42 42.4 50 35

Al203 12 12 15.5 10 10
Si02 60 46 42.1 40 55
Total 100 100 100 100 100

Glass series chemistry in Mol%

The Chemical system of TiO,-Na,0-Si0,  NucleUs

Crystalline phases labelled for
the phase diagram divisions

SiO2

Corundum
(a-ALO,)

CaO0, Al,0;, SiO, phase diagram with samples plotted

Edited from Khadilkar et al 2015.

2021 © The University of *lwoodbridge1@Sheffield.ac.uk 1Glass formation in silicates: Insights from composition — Pascal Richet, Mathieu Roskosz & Jacques Roux — 2006

Cheffield
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* Next step was Cs
loading of these
pristine glasses

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield
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e Proof of a proven concept... or not

: 4 : & » .

Very uninspiring batch sandcastles

NucleUS



- Scope melt Process NucleUS

University
Of
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* For the interest of time scoping
melts were undertaken

e Attempt to find the right
temperature

* Attempt to see what the problem
5

10g melt alumina crucibles to do 6 melts at a time

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield
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* |ssues still found at max muffle
furnace temperature

* Alkalis a problem across the
board?

* |sitasizeissue?

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield

Scope melt process

10g melt alumina crucibles most of which didn’t melt

NucleUS



o Scope melt process NucleUS
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* Li, Na and K all perfect at loading
level and temperature

* Rb not perfect but better than Cs

* Pollucite might be the important

Left- CAS 35 10 55 with 1 Mol% Cs and right
1, 5and 10 Mol% K in CAS 50 10 40

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield
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XRD of glasses

XRD analysis of CAS 35 10 55 Cs loading XRD analysis of CAS 50 10 40 Cs loading
U CAS 50 1040 1% C
MM”M CAS 3510 55 1% Cs I e TR
frvone ettt e e R VPV |
' ‘ oo ~ CAS 50 10 40 5% Cs Powder
- Ll | . CAS 35 10 55 5% Cs =) " , CAS 50 10 40 5% Cs Fused
:5_ I WU | U | SONED | NS S DN R o | I U 1] Y WV U SOV R R
m N
~ ‘N _E,’ ﬁ\ CAS 50 10 40 10% Cs Powder
> | ‘ ‘B LAJ_A_A@W\ J‘ o \_MMMMM}MAMNNx_Jwa ]
D | nL _ . CAS 351055 10% Cs Powder c l‘
c b o SIS N e Qo \ I CAS 50 10 40 10% Cs Green
Q E _ S US| V) WY, WSS N SN
£ L CAS 50 10 40 10% Cs Fused
0,
I N CAS 3510 55 10% Cs Fused \ T T T T T T I 17 1T |csAisios) oa-016-6278
\ CUTE U I EE E I T T LI |csalsioa) 04-016-6278 11{Censi08 otcendzre -
DU T VT T 1] |cazauasio7) 01-083-5059
Ca2(Si04) 04-011-6360
|| ]|ca2(Sio4) 01-080-4279 Ca2Al(AISiO7) 01-079-2421
I T R T T A T W A TR AN Ca28i04 00-033-0302
—T - 1 1 T 1T - T T "~ 1T - T T "~ T
—r 1T T T T T T T T T T T 10 15 20 25 30 35 40 45 50 55 60 65 70
10 15 20 25 30 35 40 45 50 55 60 65 70 20 (°)
26 (°)

@ISL_Sheffield
2020 © The University of
Cheffield
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XRD analysis of CAS 35 10 55 Cs loading

XRD of glasses

M | CAS 35 10 55 1% Cs

CAS 351055 5% Cs

CAS 35 10 55 10% Cs Powder

Intensity (a.u.)

CAS 35 10 55 10% Cs Fused

LT T R TR I T T |CsAl(SiO4) 04-016-6278

bt IR AT TP E AR T R T Tfca2(sio4) 01-080-4279

10 15 20 25 30 35 40 45 50 55 60 65 70
26 (°)

g @ISL_Sheffield
2020 © The University of

Cheffield
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XRD of glasses

2020 © The University of
Cheffield

Intensity (a.u.)

XRD analysis of CAS 50 10 40 Cs loading

NucleUS

T e CAS 50 10 40 1% Cs

Nn CAS 50 10 40 5% Cs Powder

1
D SOV NN W Y L;J\ ouvxf NNV SN SES  UN D U SO

CAS 50 10 40 5% Cs Fused
J
1. CAS 50 10 40 10% Cs Powder

| CAS 50 10 40 10% Cs Green
Je.

CAS 50 10 40 10% Cs Fused

Tt S e

CsAI(SiO4) 04-016-6278
Cs8AI8Si16048 04-007-2668
Ca2(Si0O4) 01-080-4279
Ca2Al((AlSi)07) 01-083-5059
Ca2(Si04) 04-011-6360
Ca2Al(AISiO7) 01-079-2421
Ca2Si04 00-033-0302

10 15 20 256 30 35 40 45 50 55 60 65 70

26 (°)

@ISL_Sheffield
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XRD of glasses

XRD analysis of CAS 50 10 40 Li loadings XRD analysis of CAS 50 10 40 Na loading

wna C— CAS 50 10 40 10% Li
WTT——— x mmmm Na

S 5 et
s | 8 " Y
2 WW‘M = #

5 v o e s o

Q | ol \ ) CAS 50 10 40 5% Li ) AP Wl CAS 50 10 40 5% Na
E ———— ol - "M "‘“"“WWMML E MMW WWMWMWW‘*W%WM

w CAS 50 10 40 1% Li CAS 50 10 40 10% Na
10 15 20 25 30 35 40 45 50 55 60 65 70
26(°)

260 (°)

@ISL_Sheffield

2020 © The University of
Cheffield
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XRD of glasses

2020 © The University of
Cheffield

Intensity (a.u.)

XRD analysis of CAS 50 10 40 Li loadings

 CAS 50 1040 10% Li

_ CAS50

b

CAS 50 10 40 5% Li

10 40 1% Li

i

LT e

A
Ll

10

15

20 256 30 35 40 45 50 55 60

26(°)

65

70

NucleUS

g @ISL_Sheffield



The
University
Of
Sheffield.

XRD of glasses

Intensity (a.u.)

XRD analysis of CAS 50 10 40 K loading

2020 © The University of

Cheffield

JM\'_MW " CAS 50 1040 1% K
WWWM"“WWMW
MVM‘\\”

W‘W Wmmmmwww CAS 50 10 40 5% K

V-~ A‘WWJ"WW ! ’Mﬁw%wwmmwmww o)
AN _ CAS 501040 10% K

et e vk I

T I T I T I ! I T I T I T I T I T I T I ' T T
10 15 20 25 30 35 40 45 50 55 60 65 70

26 (°)

Intensity (a.u.)

XRD analysis of CAS 50 10 40 Rb loading

CAS 50 10 40 1% Rb

|

N ,
M N CAS 50 10 40 5% Rb

It . i CAS 50 10 40 10% Rb white top

D ') W VLV |V SNV W NS A A SN B

\
WJ\—“UJL CAS 50 1040 10% Rb Blue bit

NucleUS

Rb2AI2(Si04)2 00-039-0109
SiO2 01-085-0460

RbAI(SiO4) 04-016-6279
Ca2Si04 00-033-0302
RbAISiO4 00-031-1163

Ca2(Si04) 01-077-5295

26(°)

10 15 20 25 30 35 40 45 50 55 60 65 70

@ISL_Sheffield
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XRD of glasses

2020 © The University of
Cheffield

Intensity (a.u.)

XRD analysis of CAS 50 10 40 Rb loading NucleUS

T CAS 50 10 40 1% Rb

CAS 50 10 40 5% Rb
CAS 50 10 40 10% Rb white top
CAS 50 10 40 10% Rb Blue bit

Rb2AI2(Si04)2 00-039-0109
SiO2 01-085-0460

| T A 1 e o A | O R W Ca2Si04 00-033-0302
. IR LELI T RbAISiO4 00-031-1163
Ca2(Si04) 01-077-5295

10 15 20 25 30 35 40 45 50 55 60 65 70
26(°)

g @ISL_Sheffield



- Scope melt Process NucleUS

¥ Sheffield,

* In order to see where the alkalis
sit in the network each loading
level ideally fully vitreous

* Re-do the scopes at 1600°C to try
and achieve this

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield



> ‘ gﬁ?versity NUC].GILS

Of
Sheffield.

XRD of glasses

XRD analysis of CAS 50 10 40 Rb loadings 1600°C XRD analysis of CAS 50 10 40 Cs loading 1600°C

’; M i CAS 50 10 40 10% Rb ’; i\‘ |
p — " i ‘ m - . CAS 50 10 40 10% Cs
<& 1 - | A L W GvY L Y | W WS S S W U
2 o™ 2z o,
2 ¢ \ 2 WM“ ™
" ” W,
0} o Yo, " CAS 50 10 40 5% Rb [} e ity o CAS 50 10 40 5% Cs
E b e M.WMMMMH S ° -E' .WWMM PR drnighitingrogom]

| Ca2Si04 00-033-0302

WA‘W”WW p y
N WWW
W CAS 50 1040 1% Cs
M CAS 50 1040 1% Rb
b Lt
. i

\ [T e e et R rE A T T | CsAl(Sio4) 04-016-6278

10 15 20 25 30 35 40 45 50 55 60 65 70 10 15 20 25 30 35 40 45 50 55 60 65 70
20(°) 26 (°)

@ISL_Sheffield

2020 © The University of
Cheffield
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XRD analysis of CAS 50 10 40 Cs loading 1600°C

XRD of glasses

-

> W
' CAS 50 1040 10% Cs

L h b

>

=

- ",

(D) A byt CAS 50 10 40 5% Cs

e . R L A ‘n‘rmmt. "

£ g

WMW“ _CAS 50 1040 1% Cs

"MMWWM

| | | A | O Y O Ca28i04 00-033-0302

| [T e e e e EEEEE I THE [T | CsAl(SiO4) 04-016-6278

10 15 20 25 30 35 40 45 50 55 60 65 70
26 (°)

g @ISL_Sheffield
2020 © The University of

Cheffield



- Scope melt Process NucleUS

y University
.. 3 of Immobilisation Science Laboratory
“SF* Sheffield. :

* Evidence from the literature that
in other fields Li and Na are
known to decrease viscosity and
K increases it (Chang and Ejima
1987, Sukenaga et al 2006)

e (Can you flux Cs into melt with Li
or Na additions?

3% Na 7% Cs

3% Na 7% Cs

2021 © The University of *lwoodbridgel@Sheffield.ac.uk
Cheffield
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XRD of glasses

2020 © The University of
Cheffield

Intensity (a.u.)

XRD analysis of CAS 50 10 40 Cs/Na loading

| . CAS 50 10 40 9% Cs 1%Na White

e S —

CAS 50 10 40 9% Cs 1%Na Green
W CAS 50 10 40 7% Cs 3%Na White

CAS 50 10 40 5% Cs 5%Na
| Iy A e e A e i

CAS 50 10 40 7% Cs 3%Na Green

Il | I 1 WEEOETE TR F T P MEEeer

26 (°)

CsAl(SiO4) 04-016-6278
Ca2Si04 00-033-0302
Ca2(Si04) 04-007-9746

Ca3Si05 00-055-0738

Si02 04-021-5193

10 15 20 25 30 35 40 45 50 &5 60 65 70

NucleUS

@ISL_Sheffield
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Raman of glasses

Raman analysis of Cas 50 10 40 Cs loading Raman analysis of CAS 35 10 55 Cs loading
//I\h //WW‘\
/ / N
/ N
’/ // \\\
% — CAS 35 10 55 1% Cs N / ™
. |rmsoTesetRes TN R O N ™
5 | 5
\(U./ I \CU./ N
= | = .
QO [CAS5010405% Cs | 3 CAS 3510 55 5% Cs B \
E AN~ . _ . - Y . E sy e - oo e v -
| f
I / f
J [
| /\
. N ‘ CAS 35 10 55 10% Cs [\ 'd
R Lt A S il N AN WAV N
— 7T . 1 - 1 - T -~ 1 - 1 ~ 1 - 1 - T ~ T ° —7T . T - 1 - 1 - 1 - 1 ~ 1~ 1 - 1T ~ T °
100 200 300 400 500 600 700 800 900 1000 1100 1200 100 200 300 400 500 600 700 800 900 1000 1100 1200
Wavenumber /cm’™ Wavenumber /cm’™

@ISL_Sheffield
2020 © The University of
Cheffield
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Raman of glasses

Intensity (a.u.)

Raman analysis of CAS 50 10 40 Li loading

CAS 50 10 40 1% Li

CAS 50 10 40 5% Li e

CAS 50 10 40 10% Li

Wavenumber /cm™’

2020 © The University of

Cheffield

— T T 1 1 1 T T T T T T T T T T T 7
100 200 300 400 500 600 700 800 900 1000 1100 1200

Intensity (a.u.)

Raman analysis of CAS 50 10 40 Na loading

NucleUS

CAS 50 10 40 1% Na

P

CAS 50 10 40 5% Na

SRERINUUSNBISS St

/

/f/w\'/w\w/ .

CAS 50 10 40 10% Na //\H\ /
o A rsongest™ el

S

Wavenumber /cm™’

— T T - 1 - T T 1 T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200

@ISL_Sheffield
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Raman of glasses

Raman analysis of CAS 50 10 40 K loading

CAS 50 1040 1% K

CAS 50 10 40 5% K

Intensity (a.u.)

b e it st p it

AN

s}

2020 © The University of
Cheffield

Wavenumber /cm™’

— T T T 1 T T T T T T T T T T T T T 7
100 200 300 400 500 600 700 800 900 1000 1100 1200

Intensity (a.u.)

Raman analysis of CAS 50 10 40 Rb loading

NucleUS

CAS 50 1040 1% Rb

CAS 50 10 40 5% Rb Crystal

CAS 50 10 40 5% Rb Glassy

CAS 50 10 40 10% Rb White from crucible 7\
T _ M
CAS 50 10 40 10% Rb White

i

\
CAS 50 10 40 10% Rb Blue \\

Wavenumber /cm™’

— T T 1 - 1 T T T T T T T T T T T T T 7
100 200 300 400 500 600 700 800 900 1000 1100 1200

@ISL_Sheffield
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Raman of glasses

Raman analysis of CAS 50 10 40 Rb loading

CAS 50 1040 1% Rb

CAS 50 10 40 5% Rb Crystal

-
©
~ |CAS 50 10 40 5% Rb Glassy
=
2] I
c A
[0 CAS 50 10 40 10% Rb White from crucible 3‘“ (N
‘E \ T - M
CAS 50 10 40 10% Rb White ‘
I
I\
CAS 50 10 40 10% Rb Blue JJ \\

Wavenumber /cm™’

2020 © The University of

Cheffield
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Raman analysis of CAS 50 10 40 Rb loading at 1600°C

NucleUS

CAS 50 10 40 1% Rb 1600
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Raman of glasses

Raman analysis of CAS 50 10 40 Cs loading at 1600°C
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Further work

e Achieve a 10 Mol% Cs fully amorphous sample

* Get SS-NMR at warwick on CAS 10% alkalisand 1, 5
10% Cs

e Potential beamline data to support Raman and NMR
* Compositional data to see volatile retention

e Do melts of loaded Clino

g @ISL_Sheffield
2020 © The University of

Cheffield
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Nt
Research Challenge

ILW legacy sludge at Sellafield needs to be processed for disposal.
Characterisation data on the sludge is difficult to collect.

A remote online monitoring system is needed to determine concentration and particle size.

Figure 13: Composition of ILW by waste group

17/03/2015 15:14:28
® Graphite 66,000 m® Plan B

4%
6%

g
-

1 Plutonium contaminated material 38,700 m®
Conditioned 26,600 m*

m Contaminated metals 25,600 m*
Activated metals 18,400 m®

W Contaminated other materials 17,100 m®

m Others 15,100 m*

Fuel cladding & miscellaneous wastes 14,600 m*®

H: 055.1 °

Flocs 14,200 m* D:4.81 m

1%
Temp: 12.0 °C

Mixed wastes 11,000 m*
Total reported volume = 247,000 m*

https://ukinventory.nda.gov.uk/wp-content/uploads/2020/01/2019-Waste-Report-Final.pdf https://www.youtube.com/watch?v=Yu7-D37SKOY&ab channel=SellafieldLtd



https://ukinventory.nda.gov.uk/wp-content/uploads/2020/01/2019-Waste-Report-Final.pdf
https://www.youtube.com/watch?v=Yu7-D37SKOY&ab_channel=SellafieldLtd
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\_ .
Acoustics

Acoustics has been used to characterise sediments in eaustrine environments and recently in

nuclear decommissioning processes.
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Thorne, Hanes; A reveiw of acoustic measurement
of small-scale sediment processes DOI:10.1016/j.mineng.2011.12.003 DOI: 10.1016/j.apacoust.2018.10.022
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L
Research Aims

Size Characterisation of virgin vs. sieved size fractions and bimodal size fraction mixtures of

spherical glass particles.

Development of Machine Learning code to characterise size and concentration of spherical

glass particles.

Application of aforementioned research to flocculated system:s.
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Acoustic theory — viscous &
scattering losses

Two types of attenuation mechanisms; dependent on particle size, namely scattering and

viscous elastic losses. £ = 3(Xss + Xsv)
4pag
—— SACs 2MHz
1.0 — SACs amHz 0.24¢px*
——- SACV_2MH =
P i Xss = 0.7+0.3x+2 1x2 — 0.7 + 0.3x*
2 0.8 e SACt 2MHz —_
E | SACt_4MHz /; \ (x—5.5)2 21
L i p=1-04e V25 ) x=kas=—-ds
Q I
8 0.6 A ’I
5 / 2 S
= ] = —x -1 2 [ ]
< 041 e~ Xsv 3 (g ) s+ (s + 6)?
@ l’ ’
'E / ,,' 9] 1
& 0.2 f—t g= Ps s = 1 +
I/l ,/ Po 4ﬁ g :B Qg
L B S S (— 1/, 9 oo |2
102 1071 10° 10! 10° 103 6 = 2 1+ 2Ba 2w,
S

Size (um)
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I\/Iethodology Acoustic theory

kikg
Yr

VRMS -
Vrus — backscatter voltage
k, — sediment specific backscatter constant
k, — transducer specific backscatter constant
W —near field correction factor, taken as 1
r —distance from transducer
M — concentration of sediment (g/|)
a,, o, — attenuation due to water and sediment respectively

1
= In(WrV) = In(k;k;) + 7 InM — 2r(a,, + ay)

¢M — concentration independent sediment attenuation coefficient (SAC)

= MEM
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Methodology — Acoustic theory

(2)

1 d?G
 2dMdr

{Tm = _EW[_ ln(‘PrV)]]

G-function \~ T
Dg/dr |

m(gradient) = dg/dr m(gradient) * -0.5 = £

Distance (m) M (g/L)
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-
Setup

To speed up data collection, only in situ acoustic probes were utilised.

+ Mixing
ABS Home System
System
3 -‘ = -
Single > Bafﬂ4es
Transducer X
? Pump
Single
Transducer
Impeller Recirculation
System
Draining
Paint
0.8m

Conical Bottom

I« >

0.3m
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Mastersizer — PSD of bi-modal mixes

Large: | (um) | o (um) |C, =
Small °/|~l —— Large(25%) Small(75%)
o 30 7 Large(50%) Small(50%) A
Wt.% —— Large(75%) Small(25%)
- Large(100%)
251 —— Small(100%)
g
2 20
g
o 151
£
o
50:50 | 64.1 25.3 0.39 = 10 A
75:25| 81.2 | 2856 | 0.35 >

10° 10t 102
Particle diameter(um)



TRANSCEND
N’

G Function

G Function

7%

G-Function v r, Large:Small 25:75 wt.%, 2MHz

-4.0
-4.5 4
-5.0 1
—5.5 4
-6.0 )
1 1
1 1
1 1
—6.5 1 1
1 1
1 1
: : —— 13.69/L
=7:01 1 1 — 27.3g/L
i i — 40.9g/L
=7.51 H H —— 54.6g/L
i i — 68.2g/L
-8.0 -— . L L . : ;
0.00 0.05 0.10 0.15 0.20 0.25 0.30
r(m)
0 G-Function v r, Large:Small 50:50 wt.%, 2MHz
_45 N
_50 .
_55 4
—6.0 1 1 1
1 1
1 1
1 1
—6.5 1 1 1
: : — 2.3¢g/L
: : —— 13.69/L
=70 1 i — 27.3¢g/L
i i — 40.9g/L
—7.51 H H —— 54.6g/L
i i — 68.2g/L
-8.0 — . ! ! . ; .
0.00 0.05 0.20 0.25 0.30

50:50 wt.% mixes

dG/dr

dGdr_v_Conc_H16H22 2575 2MHz

Transformative Science and Engineering for Nuclear Decommissioning

UVP Data — 2MHz — Large:Small - 25:75 and
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G-Function v r, Large:Small 25:75 wt.%, 4MHz
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Sediment Attenuation Coefficient

dGdr v Conc Bi-modal
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Sediment Attenuation Coefficient
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SAC calculatlons with size integral

* Current equation used to express SAC uses only a single mean value:

3M (Xss + Xsv)
4pa,

as =

* Vergne et al (20) expressed the SAC which incorporates an integral over a range of particle

sizes: 0 9
M@y + 2 n@)da
s o 3
4,01!;1U a n(a)da
 Where the n(a) term describes the distribution using the mean and standard deviation of the

distribution:

2, 2

n (@) = I ~oge@-p?r2o?) 1t = log, (ay)

ac\2x

DOI:10.1029/2021wr029589
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Bimodal mixes — volume v number

Acoustic models are built on principle of

scattering events

20.01 —— Large(25%) Small(75%)
Large(50%) Small(50%)
1759 —— Large(75%) Small(25%)
Bimodal PSD is characterised by acoustic e
°
— 12.5 1
backscatter the signal will be a number =)
§ 10.0 -
average. 5
& é 7.5 1
=
5.0 1
2.5 1
Number distributed mixes at same ratios need 0.0
: w1t 10 103
teStIng Particle diameter(um)
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Future work
» Repeat acoustic data collection with number distributed mixes.

> Gather acoustic data on sieved material and as-received material at same concentrations.

» Apply integral sediment attenuation coefficient calculation method and incorporate

weighted coefficients for two-peak PSD.

» Draft a machine learning method for determining SAC and particle size from acoustic data.
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Future work NPL work from ARF
Active work to be completed with a visit to NPL:
» Characterisation of acoustic probe with NPL's hydrophone beam plotting facility:
o Electrical impedance measurements;
o Axial beam-profiling;
o Detailed 2D raster scans, carried out at the last-axial maximum and close to the
transducer face (< 3 mm).
o Reporting the pulse-echo response of the transducer using a standard reflecting target.
o The above measurements to be performed at two drive voltages such that propagation
of ultrasound through the water is under linear and nonlinear conditions (“low” and
“high” drive conditions).
» Irradiate probes up to 1 MGy.

» Repeat characterization to determine if the exposure to radiation has affected the probe.
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Background

The University of Manchester

The Sellafield nuclear reprocessing site in Cumbria © Redharc
Images/Alamy

UK has the world’s largest stockpile
of the PuO.,.

« Sellafield in Cumbria

« 2 ”Magnox” research sites
and 10 nuclear power
stations

Only one container detected H,
The N, and O, ratio is not the same ratio as in air.

Inside of the PuO, storage container, water
and other small molecules (NO) might
interact with PuO,

However, there are limited approaches to fully investigate this material due to the

high restrict regulation and difficulty in preparing and handling this material.



Calculation details
 Periodic condition DFT: VASP; |
« DFT+U: Dudarev approach; 1.
- E cutoff 105 and F cutoff 0.01 eV/A; |
« Grimme-D3 method for vdW
* G-type AFM magnetic ordering for both bulk and surface;
« 3 X 3 with 6 repeated layer supercell for the surface;
* The reaction free energy AG calculated at 300K

AG — AEDFT —+ AEZPE — TAS

* The energy barriers are calculated using Ci-NEB method




Outline:

rsity of Manchester

e Section |: U factor

 Section II: NO and H,O individually reacts on PuO, (111)
surface

» Section lll: Sequence reactions



Section I: Choices on the Hubbard U

The University of Manchester

« The experimental data on lattice parameter, bandgap, bulk modulus, etc.

1) 1.8 eV; electron activation energy(1964);’ (A) The form of the sample
Calcined plutonium oxalatc; 20-1000 C; linear fitting for intrinsic bandgap. (B) The teChniC Of the measurements

2) 2.80 eV; optical band gap (2013);2
PAD thin film; RT

3) 4.1 eV; Ultraviolet Photoelectron Spectra (UPS)+ Inverse Photoemission Spectroscopy (IPS) (2021).3
A linear response approach to the calculation of the effective interaction parameters in the DFT+U

method Linear U
| B a small added potential on f electron (0.2 eV) could
§™ change the number of f electron by nearly 2 e.
S 5.0
2 45
. Revisiting the U effect on PuO, is needed!

T
03 -0.2 -01 0.0 0.1 0.2 0.3

\
. . 1C.E. McNeilly, J. of Nuclear Materials, 11, 53, (1964)
» The redox reaction from the experiment 2 T. Mark McCleskey, J. of Appl. Phys. 113, 013515 (2013);
3P. Roussel, AJ Bishop, AF Carley, Surf. Sci. 714 12191(2021)
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5.50 2.5
. @ Lattice parameters 9
‘<: B Bandgap (eV) ® ' —2.0 -
([ ]
*é 5.45- . o .
|15 3
S * - s « +U overestimates the lattice parameter but opened the
o _1.0 —_
@ 5.40- . ) bandgap
£ 0.5 « U values doesn'’t affect on lattice parameter that much;
J L]
5351 g | -  Larger U, bigger the bandgap
0//" 0//"' 0//“-’ R off’ R

The dash line is the lattice parameter from exp.

Which U could mimic the electronic character?




PuO, in-between

BT CH%SQEER A Mott insulator . A charge-transfer insulator
The University of Manchester . . .
bandgap between bands alike bandgap between anion and cation states
........... Tota|
7000 — Pud
g 6000 — Puf
E — 9 .
E 5000 : : /\'\]\/\M
E 4000 S e
S‘ 3000 8 . \[\/\/W
a | -
-7 -6 -5 -4 -3
Binding Energy
H | | | | | I |
the degeneracy of the plutonium 5f and oxygen 2p bands 3 2 4 o0 1 2 3 4

ARPES for PuO, on a PAD film at 40.8 eV (enhance 5f character)*
; E-E; (eV)

Pu 5f hybridization with O 2p orbital at
valence band is the KEY.

5 10 15
Energy/ eV

Fig. 4. PDOS of bulk AnO; (An = U (top), Np, Pu (bottom)) modelled as An;s03;
clusters with the PEECM and the PBEO functional. Vertical line shows the Fermi level.
*LANL Research Quarterly, Issue 1, page 25, 2014

Vertical scale in arbitrary units.
**Journal of Nuclear Materials 482 (2016) 124-134



5f-2p hybridization and peaks distance

The University of Manchester

U

L
\;’,7

W

N

PDOS (a. u.)

—~~
m
°

PDOS (a. u.)

E-E; (eV)

~

PDOS (a. u.)

PDOS (a. u.)

E-E (eV)

l The O 1s XES :Two shoulders
l with width of 1.8 eV

Intensity {arb. units)

« Small U leads to metallic;

» a charge-transfer insulator in large Hubbard U;
* a Mott insulator in small Hubbard U

» Peaks distance is 0.51 eV and 0.37 eV for U=3

and 4, respectively

U=3 preserved the hybridization
and closer to XES data of the peaks

distance



PuO, (111) work function

Planar-Average Potential (eV)

-20

/ Planar-Average Potential (h Planar-Average Potential (eV)

\ EFerrni

W,=5.47 eV

T T T
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40
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Planar-Average Potential (eV) Planar-Average Potential (eV)

Planar-Average Potential (eV)
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1

W: How hard to remove an electron from the surface

— ® VB
E m CB
8 21
c
)
£
O -4-
% ...... ...... | T B-.-..- !. ...... ! ...... ! oee H-'-/H2
'g e o
8 P P . ...... . ...... . 02/H20
1 T T T T |
\),/\ 0,,‘» 0,,'5 0,)‘ 0,}: 0,,6

[exp. data: 5.6 £0.1 eV’ ]

U=3 is the winner!

For larger U, the band alignments of PuO,(111)
surface is favorable for water redox reaction.

A carefully selected U is essential.

P. Roussel, AJ Bishop, AF Carley, Surf. Sci. 714 12191(2021)



The effective charge

The University of Manchester

S

-§ 260 T * O,

[ . & ¢ m Pu

@ 2.45— - ) ] 1

5 ® . a : s 0,

© . = .

S 230 - v o,

» 0. |

7 93T . o

S -1.10 2

c -1.15 B [

> 120 ¥ o« § * . ® Pu (bulk)
£ 1250 s s ® O (bulk)
L 1.30 1 | | | 1 I

o o// &W ollfb Q//u 0//6 Q”b ...... P B E 0

« DFT+U results are overall underestimated the oxidation states of Pu
 U=3 is closer to the results from PBEO in bulk form;

« When U<4, the surface Pu, is less oxidized than bulk form, reasonable that the
surface atom tends to delocalise its electron to form the surface states
« Meanwhile, the second layer (Pu,) has the same oxidation level as in the bulk form.



Summary of section |

The University of Manchester

- Systematic studied the U value affect on the PuO.,.

experiments ______[theory __________|Outcomes _______

UPS+IPS Bandgap & work function
ARPES Hybrid functional in of and 2p electrons
PEECM method and hybridization
XES period condition DFT Peaks distance of valence
band
Bader charge Surface states from

surface metal electrons

- U=3 is the best to mimic the electron characters of the PuO,;



Section Il The individual NO and H,0 molecule
1824 .
The University of Manchester reaCtlon On Pu02 {111} surface

H,O Step 1A: H,O + * > H,0*; Step 2: H,0* > HO* + H*
(b)  PU-Ou220A Eaa (6V)  AG (eV)
O T Sy Step1  -0.66 -0.68
Step 2 -0.12
E, = 1.15eV
Confirmed our band alignments against
() () ﬁ o water redox potential when U=3
— bonded Pu 5f
;:' ;k ,,,_M& _ ~— H-bonded O, 2p
W W . NO major charge changes in water in
Y e T T emey both molecular and dissociated forms

O,, is more hybridized with Pu in VB



The University of Manchester 1762
(a) Lo 5 (b)) T3 o0
» o -1764.5 " -60  §
S +1763+ 40 5 o ] A A <
: * 8 2 A 4 L, I § e Energy
=] ] <4 20 = 5 A 1L g T
: T z 2 i i o p = NO bond length
W =116~ 418 O 9 -1765.0 T o
e e g o ] % » ° o -1.18 o A /NO-surface
= 2 R . - 2
= ] ] ® H =
1765 e : o *oe o wmaaWg
1.16 = 1765.5-Lrrrrr — ——— —— — 116 =
25 4.0 25 3.0 35 4.0
Pu - O distance (A) Pu - N distance (A)

N pointing down towards Pu is energetic favorable;
N pointing down also stretched N-O bond length when it reached its energy valley;
Both experienced from parallel with the surface to perpendicular;

Step 1B NO + * = ON*//
NO//PUOZ Partial Bader Charge O, , = 0.78e (1.21 e

(b) T in pristine)

— Ono 2P
- NO bonded O, 2p

~ fenmeanies Oy > Nyo in bonding states
Ono < Nyo in antibonding states

PDOS (a. u.)

Pu, . e, Nybrids with NO;
Others contribute to defects states




IR Section IIl Sequence reactions: H,O + NO

1824
The Universitv of Manchester
@ oo NEEL BN
i S o NO+OH  -1.14
* > o + NO 0.16
NO, 2.47

NO favour to react with OH but
hard to release NO,

i — Oxidized O, (d) OgypH: 0.97 A
T C)sub in HOsub

: . |BeforeNO
o :
O, Pristine 1.21e
Step 4: NO,* + 2H*> 2H* +NO .
2 2 0 2 1 I N O, in HO, 1.30e
E-E; (eV) To be oxidizd O, 1.18e

The to be oxidized O, is readily to

The PDOS of oxidized O, and : .
O.,,in HO.,, in the H*+HO*@PuO,. host H when NO is approaching



Section lll Sequence reactions: NO+H,0

NO*+H,0->NO*+H,0*

The University

Adsorption E (eV)

-0.6

-0.8 | T I I
-3.4 -3.2 -3.0 -2.8 -2.6 -2.4

Pu f band center in VB

When NO presents, the adsorption energy
is linearly related to Pu f bond center.

| wnowl A | B | C

NO Bader

-0.64

0.017
partial charge
N-O_,, distance [l

Pu-O,, distance /A

H,O Bader
N/A
partial charge
Pu f band
N/A
centre in VB
O,, 2p band
N/A
centre in VB
L AGi e IT

-0.73

0.026

1.355
2.559

-0.004

-2.55

-3.28

-0.71

-0.52

0.048

1.346
2.553

-0.023

-2.96

-3.59

-0.51

-0.23

0.034

1.353
2.565

-0.004

-3.23

-3.97

-0.22



ek 5 competitive reactions

The University of Manchester

HO*+H*+NO
Pu-Ogup: 2.61 A

&:{’U—OW: 220 A

A2: H,0*+NO*->
(d)

C2: water split H,O*+NO*» HO*+H*+NO
PU-Osub: 2.57 A

B3: H,0*+NO*> HO*+HONF

(e) Pu-Ou: 2. 1214 A

- NO, removal:
o While forming nitric acid at A or nitroxyle at B are easier than NO, removal
- water splitting: A>B>C
o Asite has lower energy barrier than water splitting on pristine surface
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g water splitting with NO presents

The

University of Manchester

PDOS (a. u.)

PDOS (a. u.)

PDOS (a. u.)

A
N
=)
N
IS

E-E; (eV)

— H
— O, 2p
C)sub,H 2P
— Pu,, 5f
— Ono2p
— Nyo2p
— Pubeneath Oy 5f
— related Pu 5f
_ Osub,N 2p

— H
— 0O, 2p
osub,H 2p
— Pu,, 5f
— Opo 2P
— Nyo 2p
— Pubeneath Oy 5f
— Purelated 5f
_ Osub,H 2p

— H
— O, 2p
O, ubH 2P
— Puy,, 5f
— ONo 2p
— Nyo 2p
— Pubeneath Oy 5f
— related Pu 5f
— Ogpn 20

« the defect states merged with VB in C sites

2C2
Pu, |[-255 -229 |-296 -3.01 |-323 -3.30
O, [328 -215|-359 -2.81 |-3.97 -3.60

H,O splitting in
u,, -1.63 -1.49
O -2.68 -1.32

w

The reaction of water splitting has controlled by 2 factors:

A) the f band center of Pu,, relative to Fermi Level;
B) the distance of f of Pu,, and p of O,



Summary

The University of Manchester

» Collectively on lattice parameter, bandgap, peaks distance on VB, work function and

general surface charge, we propose U=3 is the best setting for PuO,

 NO and H,0 individually and sequentially reaction on PuO,

« the f band centre is linearly related
water adsorption on NO@PuO, surfacé;

But more comprehensive studies are
needed, especially for other 5f oxides.
« the water splitting has been
governed by 2 factors:

A) the f band center of Pu,, relative
to Fermi Level;

B)the distance of f of Pu, and p of O,,

v

Step1
H,O*

Section Il

Step2

+NO‘

HO,*+H*

[ perpendicular ] {

[ el Step 1C1 )i tH20
paralle oN'// )

Step 1A
NO* L
Step 1B
ON*L

Step 3A1 Step 3A2
NO,*+2H* NO,+2H*

Section lli

",
.

Section IV

Step 1C2

+H,0*

—

.,
Y
kY
kt

Section V

Step 2A1
B NO,+H.O,*

Step 2A2
HO,*+H*+ON//

Step 2A3
HO,*+HO,N*

Step 2B1 ]
NO,+H,0,*

i

Step 2B2
HO,*+H*+ON//

Step 2B3
HO,*+HON*

Step 2C1 ]
NO,+H,O*

—

7 J\/
;
."" \‘.

Step 2C2
HO,*+H*+ON// ;
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The role of drag in sedimentation modelling of
flocculated inorganic/organic composite nuclear
waste suspensions

TRANSCEND Annual Meeting 15t November 2022 .~

Dr Alex Lockwood, RSci: (He/Him)
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Pile Fuel Storage Pond

Pile Fuel Colloid  Magnox Particle

Magnox Colloid ,
Hydrogen Bubble Algae (Settling)
Surface
o o) O 0 \
. o © ! : /0
0 g 0° o)
ORERCE a2 5 : "
I o A0AM 000N o
e ° (] . § o)
Magnox O | [Magnox Pile aju
0
Fuelskip  settled Magnox  Settled Pile Fuel Tipped over

Sludge Sludge fuel
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Polyacrylamide
dosing tank
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Polyacrylamide
dosing tank
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Polymer settling aid dosing in EDT

Polyacrylamide
f dosing tank

West Chamber Centre Chamber
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* | proposed a MEng project at the
University of Leeds to address poor

settling using the FLOPAM polymer in the /

EDT centre chamber settling programme

\

Increase
e Used University funding and pre-existing Throughput Improve
stock of PFSP test material AN
Reduce z »i_;f;f Reduce
e Negotiated free FLOPAM samples from Texpoyer I volumetic
v Burden
SN F Ltd. R;qukce D:\'l:vsa;er
Faster
* Trained MEng student in several analytical \ /

techniques and design experimental assay
to maximise experiments with minimal
test material requirements
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Characterising Appleby Sludge

* Sludge was characterised using SEM,
EDX, FBRM and electrophoresis

* Presence of silts and organic matter
evident from SEM and EDX

* Investigation into surface chemistry
required




Particles with Fluids Centre of Expertise
Technical and Strategy

Characterising Appleby Sludge

* Sludge was characterised using SEM,
EDX, FBRM and electrophoresis

Element Wt%
C 18.8

* Presence of silts and organic matter o 992
evident from SEM and EDX A o3
s 042

* Investigation into surface chemistry
required

Element W1t%
C 28.54
o 10.36
Mg 0.33
Al 0.58
Si 1.04
S 29.83

Ca 047 EW
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Characterising Appleby Sludge

* Sludge was characterised using SEM,
5x10°

EDX, FBRM and electrophoresis _ Zeta Potential= -13.46 +/-0.24mV | 10

9. Il Supernatant
: I Polyacrylamide baseline

4x10°

* Presence of silts and organic matter .

evident from SEM and EDX _ .
2x10° 4]

* Investigation into surface chemistry 10 - z
required - 1]

0 T 11T 1171 T 1T T 1T 1T T 1T T 17 0—-

-40 36 30 25 20 15 10 -5 O S5 10 15 20 125

Zeta Potential (mV) Polymer Concentration ( ppm)

Total Counts
Carbon Concentration (ppm)
[$)]
|

* Anionic surface charge, high
polyacrylamide affinity

* Combination of adsorption mechanisms
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Characterising Appleby Sludge

* Sludge was characterised using SEM,
EDX, FBRM and electrophoresis

* Presence of silts and organic matter
evident from SEM and EDX

* Investigation into surface chemistry
required

* Anionic surface charge, high
polyacrylamide affinity

* Combination of adsorption mechanisms

Cummulative percentile (%)

700

Aggregate Diameter (um)

B
=1

100

—0 ppm
— — 125 ppm
- - - 25ppm
— - =5 ppm

— - --10 ppm

3
=1

3
S

5]
=1

8
S

HiH

= L]

2 4 6 8 10
Polymer Concentration (ppm)
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Results

* FLOPAM effectively Flocculated PFSP
sludge simulant

* Size of flocs increase significantly

e Settling rate doubles and liquor
turbidity drops by a factor of 10

220

* Data presented to PFSP retrievals = . ]

D @
oS o
1

140

* Opportunity to decrease settler
residence times, reduced waste
package volumes and improve pond
visibility T

Polymer Concentration (ppm) Polymer Concentration (ppm)

120
100

>
Supernatant Turbidity (NTU
o 3
o

Zonal Settling Velocity (cm.mi

L]

T T T T
0 20 40 60 80 100

D
o

1 1 1
HEH

o N £ (=2} o]
1 1 1 1 1

NOA
o o

o
o
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Results cont. ] o Eng

* New floc structure porous in nature 'l L [

* Low solids concentrations and wl |7 | } f
complex fractal structure complicate g -
settling dynamics Yl 3 4 A5 Ao g8 o TTII I R i e e

Polymer Concentration (ppm)

* Typical approaches to residence time
models under-predict residence
times

e Alternative settling model needed
proposing
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FMRZ model

Results Cont.

te (cm.min™")
. o
o

480 £ £
wies i-FMRZ model
wes 2 400
0.4 8
@
300 .

* Fractal modified hindered settling
model (i-FMRZ) was further modified
to include inertial flow regime
considerations (Re > 0.3)

-

Modelled Zonal Settling Ra
= N w

* New model was interrogated and
scrutinised with via multivariate

analysis
(pp _pw)szg Df df 3 Df 3 df
B of2
——d— _ Rz
_ (Pp = Pw)g 3-ds Dfdf ! Dy M ,
Uz = 18y, Dy " 130.15Re06 1_¢<D_p> i-FMRZ
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Results Cont.

* i-FMRZ combined with the
largest particle size predicted
the most accurate zonal settling

MAPE=219% Hyg M.A.P.E =2620% -

iy
-

Modelled Zonal Settling Rate (cm.min")

rates (D) B
° Provided more accu rate model - Measured Zonal Settling Rate (cm.min ™) _ Measured Zonal Settling Rate {cm_min™)
for developments of digital E | ware-en MAPE =6k
twins as well as LSTP sludge & : -
transfer scheduling 2 " J =
¥
gmm 1 10 oo 'y 1 10 E1m

Measured Zonal Setting Rate (cm._min™) Measured Zonal Settling rate (cm.min1)
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Summary of research impact on Business

Utilised visiting researcher status for sandboxing exercise
delivered through supervision of masters student

FLOPAM is likely a viable polymer to flocculate PFSP sludges
through van der Waals attraction and hydrogen bonding

e Resistance to overdosing complex behaviour
» Settling rates improved drastically

* Inertial modification to FMRZ model effective in predicting * =
settling rates s g 200

)

Modelled Zonal Settling Velocity (cm.min
i n w N @

* Simple jar test to test effectiveness on real sludge

* Work required to identify shear effects and best dosing
strategy
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F u t u re Wo r k Optimising Local Sludge Treatment Plant ~
Performance with Polymers: Efficacy and Modelling &9 :
umny®, Mart G. . Dr ] 6-/ SEIIaerId L d

* Sludge and debris is being removed form the File Fuel Starage pond
IPFSE)

- The sludge is being recovered from PSP and been sent to the Los!
sludge treatment Plant (LSTP)

+ Seme of this material consists of inorganicforganic composites which
have law densicy and slow settling behavieur

Test on circulation tank samples in Analytical
lab

* Polymer successfully adsorbed o the surface of Parlicles increasing
their size and settii i

* In LSTP, the sludge laden liquar is lefr o settle, the overstanding liquer
removed and shudge transferred 50 L drums

« Due Lo poor seilling ablity, there is uncerlainty regarding residual
particulates returned 10 the pond leaing t inefficient sludge transfers
and paar visibility

* Floceulation created fractal structures with increzsed porosity complicating
madelling

Engineering considerations (shear rate impact
and dosing strategy

+ To model the selling of these fraclal struclures at low concentrations,
madificstions to an existing fractsl modified hinder settling mode! [Ean. 1;
FRMIRZ) with mathematical modifications to included inertial flow regime
canditionsincluded in Eqn. 2 (i-FRMZ}

* A commencial polymer settling aid (FLOPAM FA 920 SEP) has been

successfullydeployed to improved setling in Magnas waste streams

Ain assessment was requirad to see IF tha pakrmer is campatibla in PRSP

with different waste types and pand water chemistry

* Understanding flocculation mechanism and settling dynamics allows far
aptimisatian of LSTR dlarificstion pracess

Technical paper to be taken to RVSTC for
endorsement

=
) o

N
N
@
5O
2 K
3 o7
=
<
>

50 um

O
=
o
Ll
Lul
=
O
>
T

Currently under peer review in the Journal of
Water Process Engineering

- FMRZ previded greater
alignment witl
expermental results,
where o sizes provided
the strongest predictian:
oA PR

oz 2,

Oz,

= 0 FRT i

Reduce

Burdien

Reduce
Ri

In conclusion: * Future work includes:
VEOPAM  FA 920 SEP  Suceossfully  fMoceulated > Deployment ef FLOPAM onlo real PRSP samples from

inorganic/oraanic composite sludze. circulation tank
v Performance subject to polymer dose with aptimum Deployment strategy to be underpinned

conditions before sterlc stabllisaticn > Engineering muance wonsiderations: effucts of shear
¥ Maditications to existing FMRZ model (-FMRZ model) and electrolyte concentration impact an flacculation

provided bemer alignment witn experimental resuhts ta  » Dosing chart 25 a function of particle/polymer ratia TRAN
\ ekt zonalscuting elocty and claife esidence mes, generation
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Any Questions?
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Alex Lockwood: Impact on Business

* Internal pseudo-consultancy with strong supply chain and
academic links

» Support for programmes across the value stream and knowledge/
govern through the Particles with Fluids working group

* Various delivery mechanisms with varying delivery manifestations

 £500k academic link with university of Leeds

» Support Postgrad/doctoral research aligned with SL business case

e Utilise visiting researcher status for sandboxing exercise delivered
through supervision of masters students
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P Overview

spent nuclear fuel Inponds a e Interim causing the
with the preferred Sellafield. These storage and production of H, and
option now being ponds are buffered disposalandis H,0, - these are
tointerim store it topH11.4to reduce beinginvestigated flammable and
pending a decision the risk of the inthe UK as an corrosive

on disposal cladding corroding alternative respectively

approach

Nuclear Decommissioning Authority (2021) Strategy: Effective from March 2021.
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Experimental Work

Drop Evaporation

Pinhole Flow




7~ N\ .
¥ Lxperimental Work

through these chloride solutions pinholes and the

using samples

cracks & then with the aim of cracks produced constructed out of
conduct full producing by the drop the cracks
vacuumdrying to representative evaporation producedina

validate the model cracks experiments vacuum chamber



/T :
s Drop Evaporation

stainless steel, sensitised at 600°C
5 hours and furnace cooled

oride solution used as the corrosive
tion. 35 g/L NaClin de-ionised H,0

osure durations of 2and 3 weeks
e, 4 weeks ongoing

ence of some pitting corrosion onthe
eek sample with greater damage on
3 week test

NaCl build-up during operation

Drugli, J. M. and Steinsmo, U. (no date) ‘Assessment of Suscetibility to Chloride Stress Corrosion Cracking of Highly Alloyed Stainless Steels. Part Il: ANew Immersion Test Method’, (194).

Jin, L. Z. (1994) The chloride stress-corrosion cracking behavior of stainless steels under different test methods’, Journal of Materials Engineering and Performance, 3(6), pp. 734-739. doi: 10.1007/BF02818373.

Lasek, S., CiHAL, V. and Blahetova, M. (2002) ‘Stress corrosion cracking study of austenitic stainless steels by the drop evaporation test’, in Sb. konf.

Parrott, R., Pitts, H. and Hill, H. D. (2011) ‘Chloride stress corrosion cracking in austenitic stainless steel, 7he Health and Safety Laboratory for the Health and Safety Executive: Buxton, UK.

Pereira, H. B. etal (2019) ‘Investigation of stress corrosion cracking of austenitic, duplex and super duplex stainless steels under drop evaporation test using synthetic seawater’, Materials Research, 22(2). pp.5-8. doi: 10.1590/1980-5373-MR-2018-0211.
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sy Drop Evaporation - Results

14 days exposure 21 days exposure 21 days exposure
Not sensitised Sensitised Sensitised and sanded

Single pit observed Centre punchusedto Centre punch again used
through the corrosion create areas of stagnant to create areas of
product layer with some solution. stagnant solution.
scaring Multiple pits observed Multiple pits observed
and limited fracture and numerous surface
networks on the surface fracture networks
p—

1000pum



mANs@ Drop Evaporation Next Steps

rosion of parts has occurred making
up difficult and have since failed

new rigs being built entirely out of
and 321 stainless steel to prevent this
urring again

ts with other chlorides such as AlCl,
MgCl,

er materials are also being
sidered with a view towards
chanically cracking the samples Corrosion on the experimental rig
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iy Pinhole Flow

cuate agas sample cylinderto act as
servoir

ple discs with pinhole diameters of 1, Pinhole flow rig

,20,50 &100um 1.0-

navalveto letthe air backinto the
nder using the disc as a leak path

Pressure (BarA)
o
o

0.4-
0.2-
er evaporation under vacuum also 0.0 e
. . . 0 10 20 30 40 50 60 70
sible - testing is underway
Time (min)
= 100um 50pm —— 20um

Initial tests done on the pinhole rig
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ey Vacuum Drying

ws forasample to be dried using a
cess similarto that proposed for the
nt fuel

ssure, flow rate and dew point are
ecorded

s measurementsrequire the
eriment to be paused while the
dingis taken

| be used with pinhole samples as well

Drying rig vessel
he cracks produced yingrig
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N\

nd flow are in step
ith each other

he temperature
ounces” duetothe
eater controller

mall bumpsin
ressure etcdue to
ater evaporation
inal drop marks the
st of the water being
emoved

he pressure, dew point

0.08 -

0.06 4

0.04«

0.02

0.00 =

Vacuum Drying - Results

/I
\ va

0 20 40 60 80 100 120

Time (min)
Pressure (BarA) ==Temperature (°C)
Flow (%) m— Dew Point (°C)

= 61
= 60
=59
=58
=57
=56
=55
=54
=53

=30

=20

=10

L 10

L .20
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aking mass
easurements we can
ee the dryingrate

nsurprisingly as
mperatureincreases
o doestherate

eating may not be
iable at industrial
cale

ould provide a means
simulate decay heat
pins

Mass of Water Remaining (g)

lgayp Vacuum Drying - Results

2.5

»e

2.0

1.5 ]

>

1.0 v e

0.5

0 20 40 60 80 100 120 140 160
Time (min)
m 50°C @ 40°C A 70°C v 80°C

Mass of water left in the sample
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Computational Work

Gas Flow

Water at Low Pressure




=S Computational Work

through these Length and width various orifice of exposinga

cracks & then of the cracks are flow equations as quantity of water

conduct full required for the wellas more to avacuum needs
vacuumdrying to flow equations complex crack to be modelled

validate the model network equations



/7~ )\

erent models considered. From
ice models to complex leak before
ak models.

paredtothe experimental data from
pinholerig - Beck et al was deemedto
he best match

erage of multiple methods also
sidered however this was not an
provement over the single model.

TRANSCEND Pinhole Flow Rate

Pressure (BarA)

1.0 -

0.8~

0.6 -

0.4-

0.2+

0.0+

Experiment
Code

10 20 30 40 50 60 70

Time (min)

Comparison of the Beck et al
method and the experimental
data
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Sy Water at Low Pressure

literature there are many
roaches however mostuse a CFD
roach whichistoo complex for this

p options for modelling the
poration: Hertz-Knudsen equation
I vacuum evaporation

i —a 1 Psat Pvap
HK — o
\/Zﬂka \/Tliq Tgas

M
[, =5.84 x 10—2\/;1%
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e water at low pressure equations

2022 MRS M N /
FALL MEETING & EXHIBIT "q

November 27-Decemher 2, 2022 | Boston, Massachusetts
December 6—8, 2022 | Virtual

tinue the drop evaporation
eriments trying other salts

ishthe water tests onthe pinhole rig

EDUCATION &
OPPORTUNITY

IN RADWASTE MANAGEMENT
A MON-PROFIT ORCANIZATION

| validation of process model
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Thank you for listening
Are there any questions?
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Nl A
. /’

What is the
mechanism for y :
bubble formation? How much helium

Computational can the lattice
Stud,’es OF ) accommodate?
Helium e A
Incorporation,
in PuO,

What are the
likely trapping
sites?

Is helium . X | N AR =
diffusion AN ©® N0 e How does
vacancy = : helium
assisted? aggregate?


http://www.sellafieldsites.com/wp-content/uploads/2012/07/Safe-storage.jpg

z N

TRANSCEND Transformative Science and Engineering for Nuclear Decommissioning

Computational
Studies of
H el ium ‘ S?atic.
Incorporation helium in

Puo,

g

in PuO,

Helium Helium
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Frenkel pair:
O Vacancy

® Self-interstitial

. Plutonium
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P U range 12 nm P He range 10 um
~ 7 N

v

°
e O
(o)
5 MeV
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O e © Cascade size 0.8 pm
° e 265 Frenkel pairs

@ Oxygen
L =, g

2 o

\ 4
©

Cascade size 7.5 nm
2290 Frenkel pairs

Defect Formation Energy (eV/Defect)

Schottky Pu_FP

Found Schottky and Oxygen Frenkel Pairs to be most
energetically favourable defects
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S

Most stable Least stable

111

Before relaxation After relaxation Before relaxation After relaxation

Plutonium vacancies are more stable at the surface
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Static
helium in
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He

diffusion
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Nudged Elastic Band Calculations
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H Molecular dynamics for 5 ns over
e
3 ® Molecular Dynamics Simulations range of temperatures

1200 K
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v
¢
“
B
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*
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8x8x8 supercell of PuO, with 0.5% He
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.
e
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.

@ Plutonium ” T
@ Oxygen
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R2 (1500-2500 K):
The diffusivity of He and O increases

T (K)
3333 2500 2000 1667 1429 1250 1111 1000
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I ( . h).l' i ° A Py nere is no diffusion
P.ateéu.ln elium P X @
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becomes mobile R A o
§ 20- .
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c ®
- & a . i
25 4 Vigt . N Oxygen is
Ajaya ® 4o mobile at lower
- - . temperatures
-30 than plutonium
3 4 5 6 7 8 9 10

1/T (10* K™y
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Diffusivity as a function of temperature for He, O and Pu
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He

diffusion Generate defective lattice Three Schottky concentrations
considered: 0.5, 2 and 4%

Minimisation, add helium, run MD
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He Calculate diffusivities
diffusion Helium diffusivity
T (K) Oxygen diffusivity
333 2500 2000 1667 1429 1250 1111 1000
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Diffusivity of oxygen as a function of temperature in PuO, with a range
1T (1 0* K-1) of Schottky concentrations

Diffusivity of helium as a function of temperature in PuO, with a range of
Schottky concentrations, helium input in OIS

When defects are present, helium is mobile at lower temperatures
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He

diffusion Does the He input site affect He diffusion?

2% Schottky defect concentration at 2250K, 1ns MD.

He trajectory V starting sites He trajectory V,, starting sites

Diffusion is reduced when He is input in a V,
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He
cluster
analysisy

E. Murray, Y. Zhou, P. Slater, R. Smith, P. Goddard and H. Steele, PCCP, 2022, 24, 20709.



|

£/

TRANSCEND / Transformative Science and Engineering for Nuclear Decommissioning

He cluster J§

e Helium:vacancy ratio

Schottky trio

0 He interstitial
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RIS Static Calculations

analysis
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-~ Vacancy cluster in centre of lattice — will He migrate?
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Cluster seeded at lower temperatures as available void space
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E. Murray, Y. Zhou, P. Slater, R. Smith, P. Goddard
and H. Steele, PCCP, 2022, 24, 20709.

A . . A
v % y
T W

rranseeny / Conclusions

onal Simulations of Helium in

\)\_\’(.at‘

e How He behaves at
surface

e Migration of He to
surface defects

Translate to low temperature,
long timescales?
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Engineering dual-phase zeolite composites for

remediation of aqueous nuclear decommissioning waste

James Reed, University of Birmingham
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* Fission products of U-235 end up in solution.

* Require immobilisation in a solid waste form for long-
term storage.
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Composition of contaminated wastewater

Fission products Cs-137 and Sr-90, which account for i dlifi i Bl |~ sl -
99% of medium-lived radioactivity in spent nuclear ot
fuel (highly soluble and ~30 year half-lives). ‘ w éé@'

Solids-free ‘ 'y

Feeds . -:

Various cations, commonly including (Na, Mg, K, Ca). [ ) I

Vari ’

arious pH’s.

Key D Spare vessel —— O BQUOS BOW st Liquot flows when spare vessel used as a sand bed (4)
- = & Liquor flow when vessel 6 m lead position = = = = & Liquor flow when spare vessel used as an addwnal IX bed

Current solution at Sellafield

Encapsulation of Cs-137 and Sr-90 in zeolite clinoptilolite

using ion-exchange columns (SIXEP plant). T
Si =
Current supply of zeolite forecast to deplete in the D"/ 'i““‘D -
0

2030s.

New materials must be sourced to future-proof nuclear (Or Al)

decommissioning.
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MOR — GIS controllable transformation

Mordenite (MOR)
* OrthorhombicCmcm
12 and 8 ring channels

1 source: Indonesia
 Si/Al4.6

0.3-0.8 M
NaOH

Zeolite P (GIS)
* Tetragonall4;,/amd
e 8ring channels

Si/Al ~2.5

Uptake / %

Science and Engineering for Nuclear Decommissioning
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Mordenite — zeolite P transformation by SEM

15kV 9.5mm X80 BSE 15kV 9.4mm X120 BSE - i ) 15kV 9.6mm X120 BSE

. Mordenite / zeolite P Zeolite P (fully
Raw mordenite composite (55:35) converted mordenite)

\ 4

. [ ]
* Featureless exterior Development of new * Full coverage

ph'as.e on sur'face of * Particle size maintained
existing particles
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Sample

Use of Dual Imaging and Diffraction (DIAD) beamline (s

* Could we isolate new phase
on exterior and confirm GIS
structure?

 What would tomography tell
us about the interior of the
particle?

* Would a shot down the
middle show both phases by
XRD?

* Look at diffraction
tomography

From
Synchrotron

15kV 9.4mm X120 BSE
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Point and shoot X-ray diffraction of partially [ LR
1? \I E 'l ////// ,E g
converted mordenite (MOR/GIS, 55:35) 3 osf |
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2theta/ degrees
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Diffraction tomography of composite particle (55:35)

MOR signal GIS signal Overlayed
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Proposed mechanism of transformation

* Surface dissolution * Results in outer * Interior dissolved * Whole particle now
followed by ‘shell’ encapsulating and recrystalised. comprised of GIS
recrystallization of partially dissolved Potentially spheres. Larger,
new phase on interior. contained by older spheres on

existing particles. ‘shell’. exterior.
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Proposed
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Rapid ion-exchange method (developed by NNL)
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Point and shoot X-ray diffraction of mordenite (MOR)

MOR (202)
~ MOR (440), (350)

MOR (150)
~ MOR (511), (530)

Intensity
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%— MOR (400)
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Point and shoot X-ray diffraction of fully converted mordenite
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Cs-137 uptake curves
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Blind-tube Monitoring Instrument:

Point-spread Analysis of Photon-depth Spectra
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— Content

* Motivation

e Research focus & challenges

* The concept & hypothesis

* Experimental work:
o 137Cs & °0Sr detector response
» 137Cs gamma-ray depth profile

 Future work



Lancaster NATIONAL NUCLEAR....

/-\ University _— LABORATORY o

(

Motivation

Monitoring well
4

Contamination of
groundwater & other water
receptors

Q) sellafield Ltd
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Radiological risk to
public health &
environment

Figure 1 — Simplified schematic representing the migration of

Groundwater contaminated water into the ground from legacy nuclear facilities.

Figure 2 — Methods to assess radioactive contaminants underground using monitoring wells.

A. Groundwater sampling B. Radiometric logging

(Taken from Groundwater monitoring at Sellafield: Annual data review, 2016 (Taken from www.geozentrum-hannover.de/)

Hybrid

3/18
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Research foCus & challenges

* Radiological surveillance at Sellafield site:

Focus: Liquor from the Magnox Swarf Storage silos (MSSS) have leaked
into the ground contaminated the land below the silo.

Additional challenges:

e Operational infrastructure and deployment constraints. 0!
* Device has to be deployed in the existing in-ground assets: ol s
- Narrow carbon steel blind-tubes (ID 75 mm) “Characterisation and
monitoring using in-ground
* The radioactivity fingerprint in the soil is believed to be assets”

dominated by caesium-137 and strontium-90.

www.gamechangers.technology/challenge
/Characterisation_and_monitoring_using_i
n-ground_assets

* Doses involved can be significant

4/18
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" The concept & hypothesis

Figure 4 — Demonstration of a radiometric logging in the blind-tube
Figure 3 — Simplified schematic of the test pit at Lancaster University.

1

deployment system.

| o
Hybrid

Instruments

13§;

2 GAME
ABACUS E®glaly (#1528

5/18
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The concept & hypothesis

(

Figure 5 — Left: Developed prototype #1 used for preliminary tests; Right: Developed prototype #2 ready for site
tests.

ABACUS
project

6/18
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The concept & hypothesis

Figure 6 — Left Schematic diagram of the detector and right respective components of the logging probe.

Module S|ze ¢1 5 X (6.5 5 cmg A. 10 mm x 9 mm Cerium Bromide

Sensing element A (CeBr;) detector

v' Good y-ray detection efficiency
scintillation =— " | v Good energy resolution: 4 % @ 662 keV
crystal i ‘i | | -;\,\m s | ¥ High count-rate capability: T = 17 ns

' : v High radiation hardness: < 100 kGy

y

Signal conditioning

PM6660-SiPM
I + Preamplifier

}
Signal processing I »

Digitizer MCA

Commercialized by Scionix (Netherlands)

B. TOPAZ-SiPM digital Multi-Channel Analyser

v" Compact full-featured MCA

v" Compatible with dimensions of typical blind-
tubes

v" Designed specially for SiPM detectors

v" 5V low-ripple, low-noise supply

v" Powered from the PC via the USB cable

Visualisation of data

’ - = s Commercialized by BrightSpec NV
USB output Module Size 7 x 4 5x 2 6 cm 7/18
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The concept & hypothesis

Assessment of underground sources in blind-tubes: 137Cs & 2°Sr

Figure 7 — Schematic diagram of detection
of ionizing radiation present in the ground

* y (0.662 MeV)

137Ba

90
Sr\A B (0.546 MeV) ‘ » Direct Detection
90y ><

¥V B(2.28Mev)

907y l

Detection of produced
bremsstrahlung photons

137Cs
. ] surrounding a blind-tube.
\ 137mBg » Direct Detection
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The concept & hypothesis

Assessment of underground sources in blind-tubes: 137Cs & 2°Sr

Figure 8 — Schematic diagram of
Left: probe lowered in the
blindtube and data recorded at
number of depths; right: probe
fixed at a specific depth position
and data recorded at different
times.
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The concept & hypothesis

Assessment of underground sources in blind-tubes: 13’Cs & 2°Sr

Figure 9 — Left: Schematic diagram of conceptual spatial distribution of sources underground; Right: simplified scenario

applied in this study.

Extended
homogenepus
source

source
~.. e B £ ;
S Point source

Range of
detection

Hybrid

Small size sources
Localised close to the
blind-tube wall

Figure adapted from A. Varley et al. (2015). Development of a neural network
approach to characterise 226Ra contamination at legacy sites using gamma-

ray spectra taken from boreholes. J. Env. Radio., 140, 130-140.
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Experimental work

(

Assessment of underground sources in blind-tubes: 137Cs & %0Sr

Figure 10 — Experimental setup to test detector response for contamination via
137Cs and/or 29Sr in a source distribution simplified scenario.

Probe #1
Carbon steel pipe
Disk sealed
point sources
Detector
137Cs (304 kBq) o 20Sr (370 kBq)
—_——

Table 11/18
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Nt :
Experimental work

Assessment of underground sources in blind-tubes: 137Cs & 20Sr

® (Cs-137atPl
¥ 3 ® (Cs-137 at P1 & Sr-90 at P2
2000+ J;e;v backscatter peak ® Sr90 atPpP2
)‘_:;* + bremsstrahlung
X
1500- P
Wbackscatter peak
ﬂ bt 3
=
-]
S 1000-
: Plot 1 — Gamma-ray spectra
. 137
; Con, Cs photopeak obtained for contamination via '3’Cs
5001 ° e ptonco”tfnu J, and/or °Sr in a source distribution
. ctrahlung Y simplified scenario (1 h each
. brem> conti measurement).
C 'Nuum
0 [

0 250 500 750 1000 1250 1500 1750 2000

Channel number 12/18
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Experimental work

Assessment of underground sources in blind-tubes:

Figure 11 — Experimental setup to obtain a 3’Cs gamma-ray depth profile.

The blind-tube test pit

}

Probe #1

Detector

Disk sealed
point sources

137Cs (304 kBq)

NN

SO\ Floor (wood)

Depthgyyrce = 80.2 £ 0.5 cm
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Experimental work

Assessment of underground sources in blind-tubes: 137Cs @ 662 keV gamma-ray depth profile

Plot 3 — Example of an obtained photopeak '*’Cs @ 662 keV fitting analysis._

325 1 'ROI -
300 1 ' _(=w? X— U X—H X — 1
275 4 fi(x) = Ae 202 + ABerfc Vo + ACe To erfc \/_ 7 + b
2501 %, _® e ovV?2 o TvV?2
225 4-“Fx — >
2500415 I -~ x = channel number
= 200 - \ : -~
3175 - “aoy i ”
S 150 \ : -
T+ ~ 4 I
125 1 r
1
1001 E ROI = [1364,1988] channel
75 1 |
50 E A = (262 * 2) counts
25 - : u=(1789.8 * (0.5) channel
ol ' | ' ‘ | - a=(61.7 = 0.4) channel
1300 1400 1500 1600 1700 1800 1900 2000 B=(0.135 £ 0.003) 1

Channel number

it
Ni = [ Gi(x)dx

U.Ni=\/ﬁi

C = (0.00009 £ 0.00005) 1
T=(-09x0.1)1
b=(0.7 £ 0.4) counts

X2 =1.10
df=617.0
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Experimental work

Assessment of underground sources in blind-tubes: 13’Cs @ 662 keV gamma-ray depth profile

A typical profile can be described mathematically by
a continuum 1D point-spread-function (PSF) model.

Figure 12 — Example of analysis of stellar
populations in crowded stellar fields.

original data

Qo

Near-infrared (NIR) images '
QO )

*Analysis of

econstructed data

stellar populations
in crowded stellar
fields

O
residuals

Analytical Point Spread Function fitting
performed on three close stars

Plot 4 — Obtained photopeak
137Cs @ 662 keV gamma-ray
depth profile and 1D PSF fit

(1h each point).

= (41923 + 293) counts
d=(80.7+0.1) cm
w = (6.0 +£0.4) cm
B=(17+01)1
= (0.015 + 0.003) cm™?!

45000
— PSF model fit
40000 - 3 sigma range
Y 4 Data
O 35000 -
e X2 =0.50
+—
6.
2 30000 daf=6.0
o
2 25000 -
Y4
%)
Q20000 1
®
“ 15000 A
S
S 10000 AN
= |
5000 - |
70 75 80 g5 90 95
Depth (cm) |
() GOk s =2
2 (X) = with s(x) = —
s(x)? 1 + evY(x—d)

Moffatt peak-shape function

x = depth (cm)
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Future work

A — Look for complex scenarios:

Extended
homogenepus
source

Heterogeneous
source

-] ’
Tt - ' 3
Point source

B — In field test trials.
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Patent: Elisio, S., Joyce, J. M., 29 September 2022, Method and Apparatus
for Determining Attributes of a Source of Radiation, P347121GB/CAB.

Soraia S. C. Elisio (Lancaster University)
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James Graham (NNL)
Tom Calverley (Sellafield Ltd.)

Poster “Blind tube monitoring instrument to improve the
characterization of underground radioactive plumes”
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Future work

I
I
_ . I
A — Look for complex scenarios: probe . ||
Plot 3 — Peak-to-total analysis I d
obtained from gamma-ray spectra |
with 137Cs + 29Sr point sources.
Detector |
wcs | 11 (s
{ 1ol
Extended 0.0525 1 ONOUOSONUOSONIOIOS NSNS
homogenepis b 0.0520 Only Cs-137
PRy o ‘I
4= 0.0515 {7
| -
f 0.05101 } |
= O
4
4? 0.0505
2 0.0500; |
_
(T 0.0495]
]
a
0.0490- |
20 25 30 35 40 45
B — In field test trials. d (source to top tube in cm)
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