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Nuclear Imaging Cameras
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= Cameras are often used (& mis-used) in both process
monitoring as well as inspection applications.

Imagmg Inspectlons i NOVY = To be successful, it's important to understand the
You See Me' Now You Don't benefits & trade-offs of various imaging technologies;

whether from the standpoint of radiation tolerance,
size, color, optics, connectivity, or other key attributes.

= |n addition, how you choose to integrate cameras into
your workflow can make the difference between
success & frustration..
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What we Y
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Our value proposition
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Protect What's Next"

We Understand Your Challenges

Delivering confident visibility. Our radiation-tolerant cameras
deliver critical protection through confident visibility in the
most extreme environments

We design & manufacture imaging systems for inspection, surveillance & monitoring in
industries as diverse as Nuclear power plants, reprocessing & decommissioning, With
thousands of systems in use worldwide, Mirion has more than 35 years of experience in
serving global markets - & delivering unrivalled support & expertise to address our clients'
needs. Mirion products are industry recognised for performance, quality & reliability.

Innovation at Work

© 2025 Mirion Technologies. All rights reserved.



Radiation Tolerant Camera Applications

' Radiation Tolerant Came_ras IOFO\_/ide d v Viewing inaccessible areas & processes
tull SpeCtmm of low, medium & hlgh v' Safety, personnel dose reduction ALARP/ALARA
‘ dose solutions to every stage of the
o E nuclear fuel cycle v" Radiological & Chemical Hazards
v ‘Baseline’ data acquisition requirements
. . v
= Operating NPPs — Maintenance, ALARA/HP, Safeguards
. . . v ificati
Refueling/Fuel Handling, New Build Identification
L v" Navigation, Positioning & Alignment
= Waste Management & Decommissioning
v FOSAR
" Inspection & Outage Support v" Remote Handling & Robotics
= Surveillance & Security v PLIM & PLEX
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Why do we inspect

Safety / Risk ] [ Quality

Save time, money & headaches down the road
through planned intervention

v
A
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What We Want to See

NUREGCR-0560

An Assessment of
Visual Testing

= Cracking

= Integrity concerns

Pacific Northwest National Laboratory

= Material Degradation

= Caustic accumulation

U8 Nuclear Regulatory Commission

St R Rk () = Heat effected zones

= Colour indicators

VR
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What We Want to See

e Crud lines that resemble cracks }
Machining marks that resemble weld]

issues

Non-threatening surface
imperfections in the material

. Previously researched anomalies ] : .
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Why Does it Matter?
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Radiation Tolerant Cameras
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Typical of short inspection cycles (minimum exposure)
&/or brand new fuel/very old fuel:

* Pipes & bore holes

- Storage ponds

» Residual radioactive environments
* Ad-Hoc process monitoring

* Remote inspection

Cameras with flexibility for a variety of environments:

» Decommissioning inspections

» Waste processing & segregation
* Ad-Hoc process monitoring

* Remote inspection

HYPERION

- "
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High Radiation Environments

Cameras with uncompromising radiation tolerance
designed for prolonged use in high radioactive
environments:

* Hotcells

* Reactor cores

+ Waste processing & segregation
* Remote inspection
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Camera Controllers

19” Rack Mount Controller

» To achieve required level of radiation tolerance amount of circuitry
in cameras is minimized by locating this within the controller

» Camera controller is traditionally a 19" rack mounted box which
supports 1-8 cameras
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Portable Pelicase Controller

« Cameras designed for mobile inspection (Dotcam, Mini PTZ, HD-
RAD) utilize Pelicase controllers

* These are portable all in one devices featuring:
» Screens
« Camera controls
* Input / Outputs
* Recording Functionality options
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Nuclear Plant Camera Uses
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II BWR Fuel Pool Applications

EQUIPFMENT

PWR Containment

EQUIFMENT

i 80 Turbine Deck Applications

Inspect condition of fuel

R93, R941,
WView serial numbers HYPERION COMPACT,
Loose Parts Retrieval (FOSAR) HD-RAD,
Manitor fuel pool operations R381
BWR
R981TR,

Drywell CROM inspections

HYPERIOMN COMPACT

Shroud cracking
0005 wire @ 127 (30 em)

Weld Inspection

R93, R941, HD-RAD

Torus inspection

HD-RAD, R941,

Core shroud inspection R381
EJ swr containment
R9B1TR,
Post Event Management HYPERION COMPACT,
S5C985
RIBITR,

Torus Inspection

HYPERION COMPACT

£} Pwr Fuel Pool Applications

Inspect condition of fusel

View serial numbers

R93, R941,

Manitor fuel pool operations

HYPERION COMPACT,

Transfer canal monitoring

HD-RAD, R981

Loose parts retrieval (FOSAR)

Conference

BWR

Past Event Managament

R981TR,
HYPERION COMPACT

Paolar Crane Surveillance

HD-RAD, SC985

n PWR - In-Vessel Inspection

Internal Inspection R93, R941,
N . HYPFERIOMN COMPACT,
Core barrel inspection HD-RAD
honitor underwater HYPFERIIMN COMPACT,
maintenance activities HD-RAD
R93, R941,
CRDM "IE;':“““E""W HYPERION COMPACT,
zealwe HD-RAD
R93, R941,
Loose parts retrieval (FOSAR) | HYPERION COMPACT,
HD-RAD, DOTCAM - HR
Steam Generator/RCP Applications
Inspect tube weld/tube cut
honitor maintenance HD-RAD,
activities HYPERIDMN COMPACT,

Leak Detection/|dentification

SC85, DOTCAM - HR

Robotics/Remote Handling

s .
K

Inspect Turbine Blades

Loose parts retrieval (FOSAR)

Inspect Tubes & Piping

Leak Detection/Identification

DOTCAM,
DOTCAM - HR
MINI PTZ MK2

Tuwrbine Hall Swrveillance

L) condenser

C981, MINI PTZ MK2

Tube inspections

Boiler feedwater pump
Service Water Lines

DOTCAM,
DOTCAM - HR

Service water pumgp

- " DOTCAM
Service water line condition I
m Tanks
Waste storage tanks DOTCAM,
Fesin tanks HD-RAD,
Mineral tanks MINI PTZ MK2
Intake Inspection

Inspection condition of pipe

Inspect strainer condition

Inspect for blockages

DOTCAM,
HD-RAD,
MINI PTZ MK2

MIRION'S RADIATION TOLERANT CAMERAS

DOTCAM ™

HD-RAD

C981 ™

HYPERION
COMPACT

| it PTZ K2 »

| poTcam - HR =
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Factors to Consider in

selecting the Right Camera

A



Nuclear Surveillance Systems Nuclear Inspection Systems

Camera Model Radiation Tolerance Camera Model Radiation Tolerance
(% Hyperion Compact High = R93 Camera High
) Gen |l
P NNy R941 High

%\ R981Compact High . Y 941 Camera 9
e i
ﬁ { RC720 HD RAD Medium
— R942 High W
Py ' RC911 Dotcam HR Medium
U SC985 HR Medium 1
3 & RC913 Mini PTZ Mk I Low
%\ C981 Low ~
%, RC911 Dotcam Low

Typical Applications Typical Applications

Safety & Security (fuel handling route), ALARA/ALARP, In-Containment /Post event monitoring,
Ponds/pools & storage facilities, Hot Cell monitoring, Cranes & Bridges, Reprocessing &
Vitrification, Robotics & Manipulators, Critical component monitoring, Fuel dismantling/processing

Fuel handling & identification (Wet & Dry), Remote Handling, Steering & alignment, FOSAR, In
Service Inspection, PLIM & PLEX Surveys, Robotics & Manipulators, Critical component monitoring.
Fuel dismantling/processing
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Radiation Tolerance

« Some things don't change:
« Time, Distance, & Shielding

 Must consider both cumulative
dose & dynamic dose 4

d :
ﬂﬂaﬁﬂg iation * More importantly need to

received understand use & workflow

Greater distance from
source: less radiation

received.

Less fime spent
NEar SoUrce: less radic:
tion recaived.
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Radiation Tolerance: Distance

Dose Reduction
144  1/9 1/16 125 1/36 1/49 1/64

Dose
Rate
(nSwvih)

Distance (m)
@ =« & 0 A W N

Distance Trade-offs Thermal Trade-offs

+ Distance trade-offs * Thermal trade-offs
» Vibration & image instability prevalent in air as distance from *  More prevalent in underwater inspections
panftilt increases » Causes “waving” distortion across video image
+ Compensate with lenses: Zoom, Narrow Angle »  Can significantly “hide” fine details
*  But remember double the distance will quarter the radiation *  Software exists
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Radiation Tolerance: Time

MIRION
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Radiation Tolerance: Time

« At low to modest levels of radiation, for non-radiation tolerant cameras
» Gamma photons impacting detector may appear as saturated pixels
» Typically, long term damage is cumulative & the pixel will return to function
» Near real-time software analysis can identify these pixels & replace with prior & subsequent image data

* Result is in effective noise removal
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Radiation Tolerance: Time

Shielding not as simple as placing a camera in the centre of high-Z material

Camera often directed at the source for most of its useful acquisition

» Various methods for shielding
» Embedded imager & optics within a shielded housing
» Imager in shielded housing with right angle viewing mechanism
« Utilize shielded material (i.e. fused quartz silica blocks) with electronics located outside
radiation area
« The camera to self shield by “turning around”

« Primary trade-off is weight

MIRION
|Connect 25
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Color vs Monochrome
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Monochrome

Difficult in radiation

Larger (mostly)

Greater cable/storage demands
Lower resolution (rad tol)
Decreased sensitivity (more lighting)
Greater processing/latency
Increased storage

Established in radiation
Smaller (mostly)

Easier to transmit/distribute
Higher resolution (rad tol)
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Size & Access

Deploy & Retrieve

Size Matters

Some camera deployments are well known, planned, & optimized
Reactor inspection underwater deployed from the refuel bridge
Others are more difficult

+ Limited access hot cell with air lock tele manipulator positioning
+ Limited access glovebox

MIRION
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Inspections carried out in limited access areas
Often no external lighting sources

Design/Impacts
Entry/egress of equipment/people
Size of optics
Size/heat dissipation of lighting

Innovation at Work
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Optics — Radiation Impacts Design
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Radiation tolerant lens materials

Non-browning

Typically achieved through Cerium Oxide doping

Non-browning lenses can be produced, but are often

higher cost

Innovation at Work
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Optics — Radiation Impacts Usage

* Radiation induced discoloration caused by impurities &
amorphous non-crystalline structure of the glass

* Multiple lens elements in a single lens resulting in
significant reduction of light

» Also impacts lenses on the front of lights

» Some plastic-coated reflectors can deteriorate as well

Connect
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Optics — Imaging Underwater

Light

\ Refraction

Glass

Refractive Index

MIRION
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Using a camera underwater, important to remember that the
refractive index is different

Angle of view will be different
+ Typically 1.33x for radiation stable windows
« Must be considered when choosing lens focal length

for use underwater

Water corrected windows will distort images when used in air

Innovation at Work
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Optics/Viewing Attachments

O

» Support ease of inspections

* May have trade-offs

+ Often impacts lighting availability

» Consider purpose-built or adapted variants

* Multi-purpose drive motors support ¢ ¢

Viewing Attachments

MIRION ,
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Temperature — Imaging Impacts

102°
3
="} 15
@ 10
=
o
L
e 10'°
D
E
—
S 10°
=1}
=
10° : : : : : :
50 100 150 200 250 300 350
Temperature [°C]
Arrhenius Equation Graph

Temperature — Imaging Impacts
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Elevated temp provides several challenges for all
cameras

Component life is shortened

Many cameras packaged in stainless steel (15 watts /
kelvin / meter) A

General rule of thumb: 50% reduction in lifetime for
every 10°C rise when discussing semiconductor devices

Lighting can “self heat” & add to the thermal sources

Innovation at Work
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Lighting

M | RION
Connect




Light and Light Direction

Light & Light Direction

Axial/in-line lighting versus offset lighting
Relief viewing for highlighting depth

Polarizing filter
Reduce glare (air/water interface effects)

Independent adjustability of lighting
Provide “3rd dimension”

Light & Light Direction

MIRION
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Offset lighting highlights crack paths

Just above right arrow, however, “hides” lateral
portion of crack migration

Lighting adjustability remains key in inspections
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Useful Material

Brochures Datasheets

Nuclear Inspection
Systems

ameras hardensd againt th e

Understand Your Challenges

nthesupply of advanced TV

1 chnologie s aeader

Radiation Tolerant
Cameras for
Nuclear Applications

Cameras
for Extreme
Environments

O

e —

Cameras for Extreme Environments

Webinars

Radiation Tolerant Cameras » High Rad Tolerant Cameras

Website o o

Products

Nuclear Cameras:
What's new and what
they can do for you!

1 hour, 30 minutes

Infographics
| MIRION 25 Innovation at Work
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Closing Thoughts

Five Questions to ask:

\

What do you want to see?
(or, sometimes — What don’t you want to see)

Expected Dynamic/Cumulative Dose (how much of what & how

long)
\

How are you going to get the camera in/out

\

Existing cabling, penetrations, access to the signal

\

What do you want in your control room / operator station & where
else do you want to view/archive the video

2
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Thank you
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