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Non-intrusive monitoring for nuclear applications

e Process Monitoring
e Control
o Safety
e Process Diagnostics
e Optimisation
e Better understanding of the process
* Predictive power

 Improved modelling
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Imaging and Remote Sensing Capability

e \What do you want to know?

 Changes in density, radiation, conductivity, phase,
chemical composition, etc...

e How much information do you need?

* A point measurement, full 3D scanning, or something in
between...

e Access to the process?

* Does it need to be remote, completely intrusive, etc...

e |s the process/unit dynamic?
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Imaging and Remote Sensing Capability

Temporal Spatial Resolution Ease of
Resolution deployability
MRI Excellent Excellent Poor
PET Moderate Good Poor
PEPT Excellent Excellent Poor
SPECT Excellent Good Poor
Electrical Good/Excellent Moderate Good
Acoustic Good Moderate Excellent
Xray CT Good Good Moderate
OCST Excellent Moderate Moderate
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Imaging and Remote Sensing Capability

Delivered Information

Sensor/detector

arrangement

Radiation
(transmission)

Radiation
(emission)

Acoustic

Electrical

MRI

Optical

Radiation
(Naturally
Occurring)

Attenuation coefficient
(density)

Location of radioactive
material

Acoustic impedance
(reflection, scattering)

Conductivity or permittivity
distribution

Spectroscopic distribution
of material

Chemical species
distribution

Location of high atomic
number materials

Radiation source and
detectors

Radiation detectors

Acoustic transducers

Metallic sensor electrode
arrays

Induced current in
antennae

Diode Lasers, fibres and
photodiodes (transmission)

High energy radiation
detectors
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Imaging and Remote Sensing Capability

Glass Frit Feed Pipe R Removable Furnace Sections
% otating e i
. Calciner Tube f : _!_ HA Liquor
_' ! L B Feed
" pE -Z . -5 ' ~

| % - - To Primary
| ' ____.‘ Off-Gas
| System

Glass Seal

inductor

. Rabble Bar Drive Mechanism

sk ! __Temperature for Rotating
~— l I Probes Calciner Tube

Pouring o

Nozzle — L

[

Empty Nozzle

:’
J Air Sparge __
I

VITRIFICATION CELL

Segregation
Dome

POUR CELL
Containe
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Imaging and Remote Sensing Capability

Injection
point
l Detector Detector
H /WDD
Flow P yessel

Inlet Pulse Exit pulse
nse ‘A Response ‘ i
Tirme Tirme
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Imaging and Remote Sensing Capability

-
- g
—_— s
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Imaging and Remote Sensing Capability

< REPLAY =
=
Shielded Soarce
Containers %
\‘.-g 7
Z
O 50% 100%

Lewe|
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Imaging and Remote Sensing Capability
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Imaging and Remote Sensing Capability

| w—  To Moniloring System

II LDensity Measuremeni II
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Radiation Tomography Test

. . .'. 2 g 2 .
nexiasolution S.'.. Nuclear expertise intelligently applied




Radiation Survey

[T Wy e
B oW ScemBy T8 @0 m

E©BNFL
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Tomographic Reconstruction

. . ". 2 g 2 .
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Acoustic Process Monitoring

e Sijze of vortex indicates
residence time for the reactor

e (Can be used as a control
point

e Monitoring of start up and
shut down

e Approach to steady state

nexiasolutions :o
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Acoustic Process Monitoring

Echo
Intensity
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ERT Tomography: The Solution
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Vortex Video

ﬁ ITS VYortex Finder Version 3.3 {c) 2005

File Enginser

_Stari_|

Lower threshold Upper threshold Mo, of incidents  Time of the last incident

-l |
|15 = 20 = 0

Start (or File|New) a new measurement or File|Open a file to play back

Shallow

x|
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Comparison: Predicted

1.00 +
0.80 A
0.60 A
0.40 A
0.20 A
0.00

Ug (M/s)

z=0.060 m

0.000

1.00 §
0.80 A
0.60 -
0.40 A
0.20 { &
0.00

Ug (M/s)

0.025 0.050
r(m)

z=0.072m

0.075

0.000

1.00 -
0.80 A1
0.60 A1
10.40 -
0.20 9 A
0.00

Ug (M/s)

T T

0.025 0.050
r(m)

z=0.084 m

0.075

0.000
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0.025 0.050
r(m)

0.07¢

Ug (M/s)

Ug (M/s)

Ug (M/s)

vs Measured
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Validation
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Electrical Imaging of Solid Suspensions
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Electrical Imaging of Solid Suspensions

Deployable sensor
electrode array

.

0.15

0.1

) Constant ‘draw £
off’ solids
concentration

i

0.05

Y

L/ 0.04

Desirable suspension
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Electrical Imaging of Solid Suspensions

016 4 Fully
Suspended
0.14 -
0.12 4
£
@ 0.1+
™
i |
£ 0.08
= Fully Suspended
%D.DE f|—— : imins
2 IErnfl'ns
............. +
0.04 - mins

—a— + 8mins
—#—+ 10mins

0.02 A _
----- +—+ 12 mins
0 — & -+ 14 mins | | |
-0.0029 -0.0024 -0.0019 -0.0014 -0.0009

Reconstructed Conductivity (S/m)
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Typical Flow loop

Water Inlet Sl

Xv7
Gl T
E
1m observation section 2—
T1
B o &
V11 -P) Electromagnetic
Flow Meter
500 litre | @)

Mixing -
viy =~ <® & @ E&é@ D ®

‘Water Inlet o
_’_gL Heat Exchanger XTlS J\ \ P@

Water Outlet 1m observation section

—
L V4 |
To Drain

V2
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r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

RadBall is a deployable radiation mapping device which can locate,
qgquantify and characterise radiation hazards from a single position.

Polymer plastic Gollimation sheath RADBALL
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r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

Nexia Solution will offer a radiation mapping service based on
the RadBall device

ah

e Radiation mapping in: s
» Active cells :‘:
+ Glovebox .:.
* Confined spaces @
» Hard to reach parts of the plant Cell/glovebox

* Plants with high radiation levels

e Quality control for decontamination efforts
» Before and after surveys

» Detection of untreated areas
Through a drilled hole
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r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

STEP 1: Place Device into position

Distributed Point
Radiation Source
Source

Active cell
or confined

space
Proposed &

Device
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r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

STEP 2: Leave device for sufficient exposure time

Distributed
Radiation
Source

Active cell
or confined
space

Proposed
Device
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r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

STEP 3: Remove device from cell /confined space

nexiasolutions :o




r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

STEP 4: Remove collimation sheath

-@

Proposed Collimation Polymer
device sheath plastic
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r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

STEP 5: Analyse polymer plastic matrix

= Light
Light source
detection

Polymer plastic sample is rotated to obtain 3D information
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A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

STEP 6: Radiation hazards located and characterised

g B B B EEEEEEEEEE NN EEEEEN
o Y

Radiation is located,

quantified and
characterised

e"EEEEEEEEEENEN,
SRR EREEEREEREERL

-----nu-u-----n--u-l-a-
0

..IIIIIIIIIIIIIIIIIIIII‘
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Al
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

BASIC OUTPUT: -

Radiation deposited on the device . .

From a particular direction
+

An estimate of the incident

radiation energy Radiation Intensity (Sv/hr)

Low B High
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A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

Radiation Intensity
(Sv/hr)

Low IS @ High

nexiasolutions :o




r
A
@ RADBALL: THE DEFLOYABLE RADIATION MAPPING DEVIGE

Radiation Energy
(keV)

Low IS @ High
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++ t+ + ++++ ‘: ;(+++ +‘+ +++++++ ++
LOCATION PROCESS

Beyond the solar Incoming cosmic ray (up to
system and/or the 1000 TeV¥)
sun
. L
( . . . .
® High energy collision:
o ¢ . - cosmic ray interacts with
gaseous molecules
s * e ." producing secondary cosmic
. e . ” rays
Upper atmosphere < . ° s ¥ B
L]
. L . .
l L Further interactions

> producing more particles
{some of which are muons)

A Y 28

.
¥

Atmosphere .
P > Some particles approach sea
level
,
o
3
N Muon trajectory into object

aboratory -{ of interest is logged

J
Attenuation and scattering
. [ — T— angles are measured
Data acquisition Events recorded
system 1
|:| Data logged =2 image
COTTpIriEEr { .a \ } reconstruction
Sea level = ; Sea level
Primary cosmic ray (e.g. proton) - © =~ ;ﬂ 5 (e
® Secondary cosmicray I'Ie.g':'pianj LT s T\ e R S,
Electrons® "~ = ¥y : 4
e Neutrons
T~ ¥ ¥
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Imaging in the nuclear industry

Isometric View Side View
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Imaging and Remote Sensing Capability

" ITS Interface Detection System
File Control Wiew DAS

File Control Wiew DAas

Lser defined parameters: Frobe length =100 cm, Phases = 2,
1 =0.85 mSicm, ©2=1.05 mSicm, Threshold = 0.01 mSicm.

Interface

™ TS Interface Detection System

File Control Yiew DAS

User defined parameters: Probe length =100 ¢m, Phases= 2,
1= 0.95 mSfem, C2=1.05 mSfem, Threshold = 0.01 mS/cm. IEERE
Moverment:
100
Interface Diowhiwards
Level {zm)
Yalocity:
a -2.3cmis
11:01:14 11:05:51 111023
Time
Frame 210, Yalue 54.2857%, 11:10:23 08/11/2004
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Interface Detection Video

" [TS Interface Detection System

File Control View DAS
Liser defined parameters: Probe length = 100 cm, Phases = 2, s
C1 = 2.8 mSfcm, C2 = 2.9 mSicm, Threshold = 0.01 mSfem. Htaks
P Movement,
Upwards
Interface
Lewvel {cm)
o velocity:
0 +10.0 crnis
15:39:15
Time
Frame 6. Value 1852, 15:39:15 20/03/2003 {Sxtarl:
A

. . ". 2 g 2 .
nexiasolution S.'.. Nuclear expertise intelligently applied




Mixing Video

484175 OPTOMIX PROBE

SRS

hE
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Filtration Video

s System 2000 - [w3-3B0-B00-process <Conductivity Tomogram>]
}%f File Wiew Control Mwdiary DAS ITS ‘Window Help
|

[
0.000 0.031

IEH|

Timing {ms) - DAS: 74920,000, Rec: 0.841, Other; 9.953

1
0.063

[
0094

Frame 47/420

Z2{1]2004

0125 {mSficm)

13:41:08

SEP

i

-

nexiasolutions :o




nexiasolutions Je

16/01/08




Glass Particles in Model Settling Tank

Total concentration (red ~ 19 kg/m3)

e
A

Concentration in 20-30 um range.

Concentration in 60-70 um range.

Concentration in 90-100 um range.
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Concentration in Model Settling Tank

e
//f

1.408+01 \\ 1.408+01 \AH\

1208401 ™. 1206401 "*\M =

1.00s+D1 N 1006401 ea,
soncentration 1 \\t\ soncentration 1 "\

5.00e+00 W 8.00e+00 P

£.008+D0 \‘ B.00+00 \\ \\\.\

£.008+D0 \‘\“ 4.006+00 0 \

2.008+00 :;%H‘\‘“\'i,‘ 2.006+10 "‘-‘u\\*.

0.00e+00 0.006+10

0 002 004 008 008 0.0 012 DLl4 0.5 0 00z 004 D06 008 00 042 D4 D6
Positian (m) Pasition (m)

Total concentration at 0.1m along tank (left) and 0.4m along
tank (right). Red is experiment, black calculated.
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Concentration in Model Settling Tank

\ |

1202401 [ 1.20e+01 SR e

e L

4 Ran s o o F B
%a_._.‘._.
L00s+01 - 1.005+01 hﬂ“k
8.00e+00 \ 8.008+00 ‘N\\
concentration ] soncentration ] \X

B.00e+00 B.00e+00 \\
4,008+00 \\ 4,005+00 \\
2.008+00 \\\ 2.008+00 l\
0.00e+00 1.00e+00

0 002 0.04 008 008 DL 012 0.4 0.1B 0 0.02  0.04 D06 008 DL 012 D4 0.1B

Pasition (m) Pasition (m)

Total concentration at 1.3m along tank (left) and 1.8m along
tank (right). Red is experiment, black calculated.
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Glass Particles Iin Settling Tank - Scalars

Evolution of concentration over first 85 seconds.
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Sludge Erosion ( Horizontal Jet - SAGE226)
-

0.50e-00
0.02e-00
B.55e-00
B.07e-00
7. Ble-d0
f12e00
B.B5e-00
B.1Be-00
5. 70ex00
5.22e-00
4.75e-00
4.268e-00
3.B0e-00
3.33e-00
2.B5e-00
2.36e-00
1.80e+00
1.42e+00
0.50e-01

4.75e-01 %:j
a

A0e-d0ny

Contours of Yelocity Magaitude Imfs) [Time=2.0000e-01] lan 24, 2005
FLUENT B.1 [3d, dp, =egregated, sped, ske, unsteady)
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Sludge Erosion ( Horizontal Jet - kaolin)

g.50e+01
0.02e+00
B.55e+01
B.07e+00
7.BOe+00
7.12e+01
B.B5e+00
B.1Be+00
5.70e+01
5.22e+01
4.75e+01
4.PBe+01
3.B0e+00
3.33e+00
2 B5er00
2 3Be+00
1.90e+00
1.42e+00
9.50e-01
4.75e-01 .
0.00e~00 ¥

Contours of Yelocity Magaitude Imfs) [Time=4.0000e-01] lan 24, 2005
FLUENT B.1 [3d, dp, =egregated, sped, ske, unsteady)

nexiasolutions :o




Windscale Pile 1 Safety

To show that the unlikely event of self-heating due to
uranium hydride oxidation in the core of Windscale Pile 1 will
not lead to a fire.

To enable a reduction in the cost of surveillance and
emergency response cover.

To enable physical intrusion into the core, leading to cost
effective decommissioning options.

nexiasolutions :o




Windscale Pile 1 Safety

Using Computational Fluid Dynamics (CFD) technology and
the latest data available for the chemistry of hydride:

The behaviour of the core was predicted under quiescent and
accident scenarios;

Rigorous examination of the work was carried out, being
reviewed by national and international experts.
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Windscale Pile 1 Safety

Modelled Fuel Element
with Uranium Hydride
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Windscale Pile 1 Safety

Predicted hydride and
fuel element
temperatures
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Windscale Pile 1 Safety

Additional work has now included the presence of
stored energy In the graphite core:

Predicted stored energy
power density in
graphite surrounding a
fuel channel
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Windscale Pile 1 Safety

Moving heat sources have been represented for
decommissioning:

Temperature in C

Time 4.68g

fuel channel

Predicted fuel channel
wall temperature
\T;)]uwnjjgj,i?c heat source = 78e6 W/m3 diStribUtion

graphite thermal condueclivity of 2.1 W/{mK}

Moving heat source at 10m/hr
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Windscale Pile 1 Safety

Reassessment of current safety management arrangements
leading to a saving of thousands of pounds per year.

The work has shown that large quantities of inert gas are not
required for decommissioning, saving millions of pounds and
making the process safer and quicker.
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Settling, Pumping Power and Wear

= Circular section encourages particles to collect at the bottom of a pipe.
Fluid velocity must be high enough to prevent this

* N.B. pumping power « velocity?3

= High velocity causes pipe wear
e impact wear
* Ploughing wear

 N.B.
wear per tonne o velocity?->
wear per annum « velocity3-°
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Slurry Transfer

21/6/2000 11:34

27/6/2000 11:37

nexiasolutions :o




Slurry Transfer

27/6/2000 11:37
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Slurry Transfer

27/6/2000 11:35
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Slurry Transfer

Original
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