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Introduction

A Brief History




1955 a™

1. Abolition of Occupation Statute — Paris
Agreements (05/1955)

2. Civilian nuclear energy authorized — 1st
Geneva Conference (08/1955)

« Decision to build first research reactor

» AEG: construction & instrumentation supply
» Construction start:  Nov 6, 1956

« Commissioning: Oct 31, 1957

« 1 MW pool reactor, upgraded to 4 MW
Applications: research and medical

First research reactor in Germany:
Begin of construction to start of operation: 11 months

TAEIET

AMERICAS Empowering Progress.
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https://www.frm2.tum.de/fileadmin/w00bnv/www/Aktuelles___Medien/Broschueren/Sonstige/40Jahre_Atom-Ei.pdf
https://www.frm2.tum.de/fileadmin/w00bnv/www/Aktuelles___Medien/Broschueren/Sonstige/40Jahre_Atom-Ei.pdf
https://www.frm2.tum.de/fileadmin/w00bnv/www/Aktuelles___Medien/Broschueren/Sonstige/40Jahre_Atom-Ei.pdf

1955

1. Abolition of Occupation Statute — Paris
Agreements (05/1955)

2. Civilian nuclear energy authorized — 1st
Geneva Conference (08/1955)

« Decision to build first research reactor

» AEG: construction & instrumentation supply
» Construction start:  Nov 6, 1956

« Commissioning: Oct 31, 1957

* 1 MW pool reactor, upgraded to 4 MW
» Applications: research and medical

First research reactor in Germany: Bavaria's Minister-President presents the first fuel element,
Begin of construction to start of operation: 11 months 1957
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Radiation monitoring systems in air lock (,Reaktorschleuse*)

Reator control panel
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Analog to Digital

1950ies 1970ies 2020ies

‘ DGK 260 Digital Power Range Channel with UICs
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NFMS and proTK




Neutron Flux Density ...

What is it?

A direct and fast measurement of the reactor power

Reactor “off” to 100 % full power: >10 orders of magnitude W 7 nidasiocs
Why measure it?

Too many neutrons = reactor might overheat; too few = not enough power

Too fast increase = chain reaction might get out of control

The Neutron Instrumentation System helps control the reactor power

It shuts down the reactor if something goes wrong (= Safety Relevant)

It helps balance the fuel and keep operation safe and efficient

AMERICAS
, © 2026 Mirion Technologies. All rights reserved.
Annual Users’ Conference irion Technologies ights reserve
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Typical NIS (NFMS) of a PWR

WE detector reactor
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NFMS - The Challenge

» Reliable and accurate determination of the
reactor power, expanding over 10-12 orders of
magnitude

 Integration in existing 1&C infrastructure;
compatibility

* Provide reactor trip safety signal (SCRAM)

« Withstand harsh environments and high
radiation (detectors + cables)

« Compliance to a variety of strict nuclear
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standards =
» Qualification and life cycle for 40+ years of _
operation _
« Fast response times comparable to Analog ; INTERMEDIATE
= RANGE

Systems (milliseconds)
« Convincing strategy to improve trust in digital

safety systems S
RANGE

E/lcl ﬁnl g (:'\1',l 26 Advancing Radiation Safety.
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Measurement Ranges

Complete neutron flux coverage from reactor start-up to full power — four monitors, one integrated proTK™ solution.

REACTOR POWER (%FP)
1E-9% 1E-7% 1E-5% 1E-3% 0.1% 10% 100%

Wide Range Monitor
Wide-range fission chamber (guarded / unguarded) * DWK 260

1—110"nv + 107°— 150 %FP (log +

n)

Power Range Monitor
Uncompensated neutron ionization chamber (UIC) * DGK 260

1-10?°—110""nv ¢ 0— 150 %FP (IineaL)

Intermediate Range Monitor
y-compensated neutron ionization chamber (CIC) « DAK 260-g

107 — 100 %FP (Io;)

Source Range Monitor
B-10 / BF; proportional counter or fission chamber © DAK 260-i

110> — 110" nv °

0.1 —110°nv - +0'°—10'Z%FP(I09)

YIRION 26 10 nv 1E3 nv 1E5 nv 1E7 nv 1E9 nv Advancing Radiation Safey.
AMERICAS NEUTRON FLUX (nv) Empowering Progress.

© 2026 Mirion Technologies. All rights reserved.
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proTK™ - Typical Implementation
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Reactor Building /

Containment

Ex-core detector assemblies

PN 50

Proportional Counter

KNK 50 ACH

Compensated lon Chamber

Reactor [m————————————————————

KNU 50 ACH (uic)

KNU 50 ACH (uic)

NY-11040
WR Fission Chamber
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4 1 | CO——— pre-amplifier in Source Range —
| : 8 | protective box [} . Signal Processing Unit
S |
1§ >
| 3 Safety alarms
| .
= E'|: 3 NV 10x.xx H % = DAK 260-g Status signals
::El‘ ] [ i | I/F converter in Intermediate Range — Analog signals
L1 ] : @ : protective box [} - Signal Processing Unit Q RS-485 network
________ 1 S -
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g | :
| = _
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I @ I-g Power Range — = Power supply
D—| ] : ’6 | Signal Processing Unit § Control signals
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1 | I ] WR pre-amplifier Wide Range
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Example of NFMS Solution with proTK

« Multiple SMR projects have been awarded in the US
« Customers show strong interest in digital NFMS

« Mirion has received highly favorable feedback as a comprehensive NFMS

service provider

Cabinet

l
I
— : NV 320

RG 58 (2x)
— | NK 508 NH
§ & TKK 33.41H — A
i e ] Source Range e — T i — i
1 1] DAK 260-i for
| || Detector PN 50 e \':Q:_] ___ cr—_ ,
| source range Alarms,
status
SR & IR Detector Assembly
| 1ek3333H NV 102 | NKS08NH " (dry contacts)
_______________ fo) >
Intermediate Range : AR z Analog
Detector | . dg tor 2 outputs
i KNK 50 ACH —lz8 DS ! intermediate S (4-20 mA)
| range > »
S— RS-485
PR Detector Assembly | TKK 33 Serial Data
I ——————————————— —
= Power Range Detector T ‘
= DGK 260 for
KNU 50 ACH ; L ‘
et ot power range

I s i i

two (2) complete systems per
cabinet

| Sonec

Annual Users’ Conference

2000

Source range

Intermediate range 1|

'ower range 1

Source range

Intermediate range

Power range

Enclosure heater with fan|
250-710 W

-33°C...+65°C

edundant power suppl

800
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EMI/EMC Design Considerations

Detection assembly & cable routing with EMI = RG 1.780:2003

shields

Applicable Standards

= |[EC 67000 series
System grounding concept « |EC 62003:2009
EMC protection for cabinet and feedthrough: = EPRI-TR-102323:2013
 EMC seals
» Metallic separation of EMI/EMS components in cabinet
« Potential equalization RM junction  Site junction :_._._ T 1|
boxes box [ RG 58 (3x) :
POWer Supply :_V_‘— S_OLI_F;:gk;n;e_‘_v_ - _F_A_I _A_'TKC21‘11P R TKK 33.41 H : Rics08 1 _l
« HF filter ‘ detector E— |r = ———o] Nv320 [ | pakzeod e [T MEY
! PN 50 . . I Alarms,
» Surge and burst protection | sRamDetcorAsemily E : T)fczzm,g'r, : mca233H | 658 60 2 {ery contacts)
. . ! : | | j ! : 3 Analog
In'/ OUtpUt ISOIatI on : lnterrzz:tittif e : i NV102 | | DAK260-g [ % — outputs
i KNK 50 ACH o 3 ro_ ‘ z (420 mA)
| = — — — - - —. - -2 ’ ’ & RS-485
; Pi;i:e;t:r'::s:én:ly : _________ / o [ — = RG 58 (2x) ® Serial data
: detector : / ! | DGK260
N T/—.—-—-—v—!_.. B i =

iz
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DGK 260 / Pow

proTK™ Platform

| o Voo Lo | g | st |
Wng | e T A | B | U3 | |8 | ‘ I

Digital, modular, accurate, fast, testable
and reliable NIS

= Scalable 19" rack-mounted
multiprocessor platform for Radiation
and Process Monitoring and Neutron
Flux Measurement

= Highly customizable to meet functional,
normative and customer requirements

]

= Perfect for Retrofit, Advanced Nuclear,
new Builds and Research Reactors

= Recently upgraded to modern

I—I Con tr OI I ers Advancing Radiation Safety.

Empowering Progress.
© 2026 Mirion Technologies. All rights reserved.




proTK™ — Main Features

« Fast response time due to a cycle time of 5 ms (2.5 ms power range)
« Adaptive signal filtering / time constant over the complete dynamic range
« Signal processing and calculation of linear and/or logarithmic neutron flux signal | I'&

« Seamless determination of the change rate |

 Isolated analog and binary output signals (SW configurable) for the reactor protection syste;
« Up to 8 adjustable trip thresholds (=safety alarms) for the RPS
« User adjustable parameter, locked by a key switch, non-volatile
» Elaborated testing concept based on
v'Remote controlled test generators in the input module, for both signal paths
v'Simulation of measurement values, analogue and binary outputs
« Operation and monitoring via serial interface, RS-232 or RS-485 (optional)

« Continuous functional self-monitoring

MIRION
Conn (Ca) ct 2 6 Advancing Radiation Safety.
AMERICAS Empowering Progress.
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proTK™ - Digital NIS

Digital, modular, accurate, fast, testable and reliable

DGK 260 / Power Range Channel

Software Architecture & Key Features
« SW s pre-developed, V&V'ed and certified

« Common base SW across the proTK™ platform

 Project-specific configuration with user-adjustable parameters

 Continuous self-diagnostic; redundant intrinsic design
preprocessing postprocessing
Detector hardware i~ S-afety functiqns, > hardware > 1&C system
« Structured test strategy for simplified maintenance o nazz S monorg, S
o NI11,NI21 self tests binary: NB xx
----------------------- vD—Bus I
. . External computer NZ 13 External computer
Field Proven Experience i) | v ) IR U B O en
. Y Computer interface | | computer interface, Computer interface {
.. . . E.g.,.englneerlng with built-in firewall alarm monitoring, with built-in firewall E.g., continuous
« 35 years of digital safety systems in the field et it
A
« 3500+ operational years across 400+ safety critical systems e
Interface
« 5x Westinghouse-designed European NPPs operating with proTK
proTK™ delivers all the benefits of digital signal processing with proven reliability
Lonnect ° Advancing Radiation Safety.
Em, ring Progr
AMERICAS powering Progress.
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proTK™ — Reactor Start-up Range

SRM 510™ Source Range Monitor IRM 510™ Intermediate Range Monitor

Signal processing / pre-amplifier §> Signal processing / pre-amplifier

DAK 260-i / NV 320 DAK 260-g / NV 102

Detector type Detector type

B-10 / BF3 proportional counter - Fission y-compensated neutron ionization chamber (CIC)

Neutron flux range Neutron flux range

0.1..1E5nv 1E2 .. TET10 nv

Typical output / scaling* Typical output / scaling*

0.7..1E5cps 1E2 .. TE10 nv

1E-8 .. 1E-2 %FP T10E-6 ... 100 %FP

-1.25..0..+12.5%/s (-0.33 .. 0 ... +3.3 DPM) -1.25..0..+12.5%/s (-0.33 ... 0 ... +3.3 DPM)
Ié/l ol § I1| g CNt Advancing Radiation Safety.
AMERICAS *) All output scalings are fully configurable — tailored to customer requirements and the specific application and implementation Empowering Progress.
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proTK™ — Wide Range & Reactor Power Operation

WRM 510™ Wide Range Monitor PRM 510™ Power Range Monitor

Signal processing / pre-amplifier §> Signal processing / pre-amplifier

DWK 260/ NV 230 or NV 231 DGK 260 (no pre-amplifier)

Detector type Detector type

WR fission chamber (guarded or unguarded) (1 or 2) uncompensated neutron ionization chamber (UIC)

Neutron flux range Neutron flux range

1..1E10 nv 100 ... TET0 nv (course gain adjustment at input module)

Typical output / scaling Typical output / scaling

1..1E6¢cps&1..1E10 nv 0 .. 150 %FP (avg)

10-8... 150 %FP (log) & 0 ... 150 %FP (lin) -10..0 .. +10 %FP/s

-1.25..0..+12.5%/s (-0.33 .. 0 ... +3.3 DPM) -30 ... +30 %FP (axial deviation)
Ié/l ol nR I‘ll g CNt . ' ' ' 3 o . . Advancing Rad[ation Safety.
AMERICAS *) All output scalings are fully configurable — tailored to customer requirements and the specific application and implementation Empowering Progress.
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proTK™ - Basic Architecture

‘ DWK 260: Wide-Range Neutron Flux Channel

MIRION
Connect

AMERICAS

26

Annual Users’ Conference

\ 4

1&C system
of the NPP

External computer
system
(optional)

DxK 260
Signal NZ 22 Signal
preprocessing postprocessing
Detector -l hardware Safety functions, | hardware
system 1 signal processing, -1
o NA22, alarm monitoring, E.g., analog: NT xx,
o NI11,NI21 self tests binary: NB xx
A
D-Bus
External computer NZ 13
S NK 21 NK21
(optional) (optional) User interface, S-Bus (optional)
. - Computer interface |~ computer interface, Computer interface
E.g., engineering with built-in firewall alarm monitoring, with built-in firewall
station and test self tests
equipment
N
User
Interface
Legend

Equipment performing safety functions
Processor board performing safety functions (NZ 22)

Signal pre-processing hardware

Detector system

External NPP I&C systems performing safety functions
(not part of the DxK 260)

OO

Equipment not performing safety functions

Processor board without safety function (mandatory)

===
Lo.Jd

[
i

i
[E—— 1]

i Processor board without safety function (optional)

| External systems that are not part of the DxK 260 (optional)

E.g., continuous
data logging

Reactor Power
/ Change Rate

Alarm / SCRAM

Advancing Radiation Safety.
Empowering Progress.
© 2026 Mirion Technologies. All rights reserved.
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24

Basic Architecture of the proTK™ / 260 series

Annual Users’

Connect

Conference

‘ DWK 260: Wide-Range Neutron Flux Channel

pulse input modules 11O processor e . DxK 260
_;l ;t-e-c-t;)-r -8: -a-r;a;l-(;-_i or DC sign. NAToCor NZ 22| Iisolation amplifiers
: preprocessing g ' NIxx [~ B nom pulse or NT
e : | ) EERage SR 3::8";2 = = ?nalog 9utp:11)s
i norm signals
A" control sign : 2 Gootiol sl ot outputs TRl 9
high voltage R | D] signals sig|nal(s) logic binary outputs
4 |nigh | TTANLXX | INB XX
0o 1 F [|alams| FsF-—---pj(opt) | — & alarm outputs
S ki | T (contacts)
POWSr SUPDIY *[T7] serial interface
NN xx > test / param. data | L IR
supply voltage o b 8| |release LVDS| “out |° Ur'B:;/'\"’ 1 NK xx |
(115/230 VAC or 24 VDC; Vo 3 R { >} (opt) 4
optionally Aw redundant supply) € > | / S > RS 232/ RS 485
g : i SBusorCBusH /! (isolated digital
&| main processor : serial interface)
binary inputs = board control
gl |NZ1 LVDS|S-Bus| |
; NS 01 [NB21 g 4| 1| loop (CL)
operator access ———— — - - 2 oys [ = o ;
control (2 keys) 4 inary i msrtan | I I Lhm ML fog
external o & ' status signals:
L = gnals: test
control signals [B][=] z’y"srd clarm ! 4 == > and cumulative fault
@[E] status (contact) . L
main electronic rack Advancing Radiation Safety.

Empowering Progress.
© 2026 Mirion Technologies. All rights reserved.



proTK™ - Reactor Start-up Channels

DAK 260-i Source Range Channel
Start-up/pulse range, with pulse pre-amplifier for proportional (B-10, BF3, He-3) & fission counters (U-235)
DAK 260-g Intermediate Range Channel

With current-to-frequency converter for DC current measurement from gamma compensated or un-
compensated neutron ionization chambers (CIC, UIC)

DAK 260-1 Reference Channel

IiH 3251 - NE 3127

NZ 01
NI 21.21 | NK 21.23 | NZ 22.11| NZ 13.11

NB 2121 | NS 0132 | NK2121 | NB 28.16 -- NT 6651 | NT 6451 NT6£.51 NN S3.21

i &
naen

el=

Note: DAK-260-i, DAK 260-g and DGK 260 share one system plattform with identical base SW.
They differ in analog input modules (HW) and SW Configuration, only.

'\C/Iol I‘Flzl‘l g Cl\tl 2 6 Advancing Radiation Safety.
Empowering Progress.

AMERICAS

, 2026 Mirion Technologies. All right d.
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proTK™ - Reactor Start-up Channels

DAK 260-i NV 320
1
NI 21 . #1-#3 |TAU_CR conv.,
l [> 5, |shift-reg. S K de/dt | | ~Bpm S
2 ¢ -
| + | ~ or%ls | | flux change rate
counter tube preamplifier discri- |
minator .
NH 3x 9 counter, TAU_log calibr.
detector supply < | ” > [ |- [%FP >
pply ! [A1/ [cps] ~No [/eFP] log. flux and/or
. : multi-range lin. sign.
high :
DAK 260-g NV 102/3 voltage ! :
I NI 11 | TAU—Im calibr. -
1 > [ |- [%FP g
| [ P N [%FF] linear flux
I
ionization I/f standard
chamber converter pulse input
| analog signal pre-processing > | digital signal processing >

« 5 mscycle time

«  Many different configuration options to comply to project demands

MIRTON 2 Advancing Radiation Safety.
AMERICAS mpowering Frogress.

, © 2026 Mirion Technologies. All rights reserved.
Annual Users’ Conference



27

proTK™ - Reactor Power Range Channels

DGK 260 Power-Range Channel
Linear channel for DC current measurement from gamma compensated or
un-compensated neutron ionization chambers (UIC)

DGK 260 Reference Channel

liH 3251 NA 2212

NZ 01
NK 21.23 | NZ 22.11| NZ 13.11

NB 2121 | NS0132 | NK2121 | NB28.16 | NT 6451 | NT6451| NT6451| NT 6451 NTGL.51 NN53.21

Note: DAK-260-i, DAK 260-g and DGK 260 share one system platform with identical base SW.
They differ in analog input modules (HW) and SW Configuration, only.

MIRION

Connect 26
AMERICAS

Annual Users’ Conference
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proTK™ - Reactor Power Range Channels

DGK 260 >
I QI NA 22 J calibr. noise analySiS
> CF A 5 >
11 detector currents | | path A s [%FP] upper flux
upper
> CF_B >
path B — [%FP] - $ lower flux
°
I ChEE * >
? I avrg. pwr.
A2 *
lower CF_D >
NH 3x axial dev.
d/dt — <
0 T
detector supply [%FPis] lin. rate
high
voltage
analog signal pre-processing > digital signal processing >

«  Two separate adjustable signal paths for connection of
one or two neutron-ionization chambers with individual calibration
«  Configurable lin power outputs with different ranges

Connect

AMERICAS

Annual Users’ Conference

MIRION (e.g9.0...120 % and 0...200 % in parallel)
« 2.5 ms cycle time

Advancing Radiation Safety.
Empowering Progress.
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proTK™ - Wide Range Channel

DWK
DWK 260 Wide-Range Channel 260
Pulse, Campbell (AC) and DC processing and combined wide range lin./log. [ s o>
signals, for wide-range fission chambers
- Wide-Range Neutron Flux Channel \
MIRION [P I
: 27 i i Ad Radiation Safety.
ﬁ. (E)erlcffsetetD LC 0 shares most of the HW with DAK 260 and DGK 260, but has ist own base SW Va';:_f;‘;?fl'agowz ”!;’;' g’%’;o ;r :s%sl.

Annual Users’' Conference © 2026 Mirion Technologies. All rights reserved.



‘ DWK 260: Wide-Range Neutron Flux Channel .

DWK 260

DWK,

Campbell/ /processing

260

= Works with wide-range fission chambers fission chamber [y, 53 TN N oy atgoritm | iy oM 20
with guard-ring preamp Y P| “nator [ counter for signal 095
. . . . overlapping, || .. SURSIEN
(with or without guard-ring design) cor| o | g ana [ [N
Q : Q ”| corre- — convei:ter, log ratg 1dP log rate |
. lator calibration calculation P dt
= Can potentially cover all relevant measurement [
® 1 o= current AID- algorithm for linear power
. — % Y amp [ | converter, calibration
ranges with one detector catbraton] | andlinear | e e
— () detector rate LA L >
. f - I voltage % calculation Py dt
= Combines Pulse, Campbell (AC) and DC signal
= Seamless transition due to digital calibration s —
1649 “®
. . . . . )i -
= Tested with high-temperature fission chamber = o
s 1E+6 E 1E+6 ]
P =
g i: ‘—g 162 ™~
s 1en e 8 e :2’: [SCI gn: Smooth transition from
s . . Aclrbu] pulse (Np) to .
WIE: —:,Ac [a‘rb.u.] - | [ - ‘ I% W\de Rang Signal Ny
I(\:/l ol |5 nl g CNt Advancing Radiation Safety.
AMERICAS Empowering Progress.
Annual Users’ Conference © 2026 Mirion Technologies. All rights reserved.




DWK 260

= Works with wide-range fission chambers S = I .°’°
(with or without guard-ring design) 10 o peln e = ;

= Can potentially cover all relevant measurement & ... i
ranges with one detector s ;’;”g,?

= Combines Pulse, Campbell (AC) and DC signal m ”‘xﬁxx-x"‘"

= Seamless transition due to digital calibration oo XX xx X A

= Tested with high-temperature fission chamber |

Neutron Flux (thermal) [nv]

Pulse Campbell DC

aaaaa ] 0%
o0 00
= 00008 5 00020

AMERICAS Empowering Progress.

Annual Users’' Conference © 2026 Mirion Technologies. All rights reserved.

I(\:/lol I$|‘|I S cNt ‘ Advancing Radiation Safety.



Functional Diagram of DWK 260

main electronic rack

DWK 260
NT 64.53

NE 21{ F NZ 22.12 AO2 count rate, 2 to 10 V, ) 41020 mA:>
N e.g. 0.1~ 5.0E+5 cps
count
) dldt AB, | AO4 change rate, 210 10V, 41020 mA
~ NV 230 pulses 9 o NI 21 in A e.g.-15 ~ +15 %/s
orpilsle 3 T e & e
< = = AO5 log power, 210 10 V, / 4 to 20 mA .
B <H—— test NI, £ 7
- : L oreccale o0, 1E-B ~ 150%FP > isolated analog outputs
T - A AC input Al AC
T 3
|z 0.1 kv.Z 2in AOB Campbell signal, e.g. >Z 41020 mA_
-3 ~ L) 4
Wide range NA 23 3 bi s 2to 10V, 1E-3 ~ 150%FP
. fronts
fission chamber (oreniod) DC gain 2 bit| |cntrl & test
with “guard-ring” supply M DC input Al 6 DCin i
inpel 208 tost ) AQ7 linear power, 2 to 10 V, 410 20 mAb
WY mon jE=titecy SCa8 ™76 5. 0 ~ 150%FP
- Jpr=f=======—mm—mem e e ——e—ee 1 Al5: mon adj
test NH 22 vltg. mon | getector trips
voltage b
I % e | Aot ol (SAL'S) = NB 28 GTIOYES > safety alarms
—
Al mon status | fault 8 elays
signals | fest DPOT
NN 53
230 VAC ™ intern. vitg. =] supply voltage NS 01
power supply e i +5 +15V i monitoring =
—sCL
—> BI25 test enable DWK 260: Wide-Range Neutron Flux Channel
—>{ BI28 param. enable LVDS NK 21 L - . m
access e instructions,D E;:])O © access
c_onlro\ :; data
signals 3 serial
g TS'BUS interface =
operator access 2D%itgam o NZ13.11 LvDS |[s-BUS NB 21
control: ’ 8 releys, SPDT
binary inputs ~ parameter setting o NS 01| |NB 21 N Z‘;E:stg' operational L 8016 - contacts:
test T T 2 keys [ ey alarms, L 5 BOIS
(contacts) ~ fest____________ F-of T3 ] 4 binary p | functional - ot 1e ] OP-alarms i, operational alarms
inputs monitoring, - 2 m v channel test _
recalculation signais Bo{e vy channel fau'i ehs | fault
£ BOt. channel fau
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Breakout — Counting
Statistics and

Response Time




Why do we need Filters?

Source Range:

= The count rate signal of the source range
detector as statistical fluctuation
(Poisson, Gauss)

= Can we determine a count rate increase
from 5 cps to 6 cps?

MIRION
Connect

AMERICAS

Annual Users’ Conference

Impulse pro Sekunde

40

30

—— 1 S|MULATIONSVORGABE: Erwartungswert f, r die Z%alrate in Impulse/Takt
. 2 simulierte Pulszahl [Imp/Takt]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ffffffffffffffffffffffffffff

ffffffffffffffffffffffffffff

ffffffffffffffffffffffffffff

03[

20

Messzeit in Minuten

Sl

0z

(0 —X)

14

o€

(0+%)

oY

g
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Smoothening / Filtering the Signal

° R ® e
analog: ¢
° ® ° Example t=1s;€=0,1;d.h.t~10s
Detektor-
impulse . E, .- : A T
> Zahler —— | digitales Filter ————p» 10r=—=—=—=;F === == === = = = =
e 4
digital; [
9 I T 0,65
I
Taktgenerator I
I
I
l
t=0 10s 20s 30s
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Empowering Progress.

AMERICAS
Annual Users’' Conference © 2026 Mirion Technologies. All rights reserved.



Example: Signal Filtering

Digitales Zahlraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips. v PZ_Sollwert
; [ Pulszahl

[T — F1_Zaehirate
[T — F2_Zaehlrate
[ F3_Zaehlrate

[ F4_Zaehlrate

00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00
Zeit [h:m:s]

Parameter i Filter 2
Tau(l ips) (5] = 7,500e+02
Max. Tau (5] ’ / 3,600a+03

t=0 bis t=3600 s : count rate = 5 cps

t > 3600 s: count rate = 6 cps

E/lcl I5I‘|I eO Cl}l 26 Advancing Radiation Safety.
Empowering Progress.
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Example: Signal Filtering

MIRION
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Digitales Zahlraten-Filter des DPK 251
Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.

* e
* *e + * * + ’

4+ 4 -4 - + -+ Saadt o L Sl 3

s 4 + * * * -+ +0- - 4 - e ND -4 L L o e L

L ok - * G- NGO 0 GHERIS 4 - B SN C - BW - DN

sa a5 S B 2 ok B R 2 R L B L 2 * - O e o b e emd B b bobibd ¢ bordedieeioint ¢ 6ot B BBt oo G @eeodd oo b B IR ¢ 0 d o

B00 0 & G 0 b Gl cElme (R B 0 i 90 = (U el (ol sl e (el o (Rl R G LR O R R e el e D

B O o e e B e e e el e e e e

ST SEBC I SO St <D ISR @ Ot E G o SR ¢ S SD > CHREP S SO BP0 WD ¢ = O D 5 & suiiimd it ¢ SO 00 & B

9 - G- SN AN S - BN IR 8- 4 - Lo ol L & R B 2 -t e P-4

00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00
Zeit [h:m:s)

t=0 bis t=3600 s :
t > 3600 s:

count rate = 5 cps
count rate = 6 cps

v PZ_Sollwert
v Pulszahl

[T — F1_Zaehlrate
[ — F2_Zaehlrate
[ F3_Zaehlrate
[ F4_Zaehlrate

Advancing Radiation Safety.
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Digitales Zahlraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips. v

PZ_Sollwert
v Pulszahl

[V — F1_Zaehlrate
| — F2_Zaehlrate
[ F3_Zaehlrate
[ F4_Zaehlrate

© B

‘e LR B e o o °
4+ - ) + - 4 -0
- ER3 - - -t - 4 Lo dut 2 TS 2R L L S S
SS9 o G 0 NEBNEL S CHERIS 40+ N GNP M B PO DI
P B P04 4 P -2 -0 I I A ias BT = B e e e e eI R R e e Y R RIS S S S SRR BER SN
G000 00 GIINI S HDIIBEEN BRI S 4D S-S 5 Bls)(issiiisis 40 4Bt HDIABDDOEDEEINGED SoDHII ¢ SHGSOERGHES ¢ SEEN O CEEEDSEN NI b Bet
AR AR & (20 O Ce=iTm <08 =00 © RSIRITR0RD (RO R AR TR AR TR e (TR S el Omm0snr SRR (o>

ML Y AT A, & PR N AR T wE YR T T

€14 AL SO JALY A TR T Rl T T T T D AL T SR O D S R R O D RV R R R D R
o — — S S G G . G D D SUND  GHES 050 S 0 S G— S—— S S a0 0 S S— ' e—— e— " ot
e R e R T e e e TN T e D el el TR0 (e O ST ORI T (T

- SO BS I DD SOt St <D ISR @ ¢St o it ¢ 2 GED o CHmBP O SO BD oo B ¢ w0 O D ¢4 & uiluind chintd ¢ SO oo & B

10 - G0N H-4- 40D AP S 4 DL BBNCS N0 4O SN+ S -t e - -0

:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00
Zeit [h:m:s]
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Digitales Zahlraten-Filter des DPK 251

ignals (Pulszahl) von 5 + f6, + .
Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips = PZ_Solwert

1] Pulszahl

v — F1_Zaehlrate
[T — F2_Zaehlrate

Standard TAU [~ — F3_Zaehirate

[ F4_Zaehlrate

00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00
Zeit [h:m:s)

ilter 2
6,000=4+01

3,6002+03

MIRION Advancing Radiation Safety.
Connect 2 S varing Procrese
AMERICAS mpowering Frogress.
Annual Users’' Conference © 2026 Mirion Technologies. All rights reserved.



Digitales Zahiraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.

Fast TAU

00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00

Parameter
Tau(l ips)
Max. Tau

Connect PAG

Annual Users’ Conference

Zeit [h:m:s)

{1 -
240682 <

3,6008+03
3,6002+03

01:20:00 01:30:00 01:40:00 01:50:00 02:00:00

I‘ PZ_Sollwert
[ Pulszahl

[T — F1_Zaehlrate
[T — F2_Zaehlrate
[ F3_Zaehlrate
v F4_Zaehlrate

Advancing Radiation Safety.
Empowering Progress.
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Looong Tau Digitales Zahlraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.

00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00
Zeit [h:m:s)

Parameter
Tau(l ips)
Max. Tau

Connect PAG

Annual Users’ Conference

e W N N e

e .

P Ve D e e -

L —

01:20:00 01:30:00 01:40:00 01:50:00 02:00:00

[ PZ_Sollwert
[ Pulszahl

[T — F1_Zaehlrate
[ — F2_Zaehlrate
v F3_Zaehlrate
1] F4_Zaehlrate
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DWK 260 - LOG Signal DWK 260 - DC LIN Signal

= Cycle time 5 ms; 100 ms averaging = Cycle time 5 ms

» Responsetime=<=60ms+0.7 - TAUyp
(Log signal, symmetric step)

= Change rate (CR):
Response time dependent on

= Response time <15 ms + 0.7 - TAU

= <22 ms (for TAU,y = 10 ms)

e A Characteristic curves to adjust tau to the detector signal level
. . N
« signal amplitude (neutron flux) t ey
CR tau(A)
100 —

at start of transition,

Characteristic curve for

/ change rate signal filtering

CR tau(B)

 nature and characteristics of input transient P

o step change:
9 appfOX 1.66 : + 60 mS YT Characteristic curve for /

CR tau(C)
wide range signal filtering B
o log-ramp: Rt | O |
01 ——
- approx. 0.2 -
a
% | | | | | | | | | |
R T T T 1 T ] T ] T ] >
3 1e1 1e0 1el 1e2 1e3 1e4 1e5 1e6 1e7 1e8
b R = Change rate, WR = Wide range, DS = Detector signal

WR signal [cps]

‘ E/lol nRI'lI S C'\tl Advancing Radiation Safety.
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Achievements




proTK™ Installed Base
 Safoty channsls | DAK—Startupand R [DGK-Power ____[OWK-Wie

NPPs & Germany, Netherlands, Belgium, Germany, Netherlands, Belgium, Germany, Netherlands, Switzerland,
Research Jordan, Switzerland, USA, Finland, USA, USA, Jordan, Bangladesh

Reactors China, Brazil Jordan, Bangladesh, Brazil

Total installations 262 63 57

Available since 1994 1996 1988

Channels x Years >2000 603 750

plus >500 non-safety installation for RMS applications

NIS Only No of Reactors | Projected Average MTBF >170 000 hrs (20a)
381 36 +9

Total Failures due to SW = 0
Large NPPs 21 +0 Total proTKs

Research Reactors 15 +3

Advanced Nuclear & SMR 0 +6

E/lcl nRI'lI S C'\tl 2 6 Advancing Radiation Safety.
Empowering Progress.
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In the News (1) Lo Temoes=

3 Wochen - ®

We are honored and excited to share that we've been awarded the contract
to supply the Radiation Monitoring System (RMS) and the Nuclear
Instrumentation System (XIS) for the Natrium Reactor ... mehr

Ubersetzung anzeigen

(W) Westinghouse —
N TerraPower
Home > Blog share £ B4 < 59,229 Followerinnen
3 Wochen» ®
RIS e o e — & Procurement Milestone &= TerraPower has awarded contracts to three

additional suppliers for the Natrium® Reactor Demonstration Project,

completing 100% of the long lead procurements necessary for ... mehr
Additlve Manufacturing (1)

Advanced Fuel Solutlons (17) Ubersetzung anzeigen
AP1000 (6)

Blog (72) TerraPower Awards Another Round of Vendor

P, . l — . Contracts for Natrium® Reactor, Completes...
arbon-Free
terrapower.com

i oot Westinghouse is Partnering with
Englineering (18) L =
e Mirion Technologies &
Vincl (1)
= November 16, 2023
General Toplcs (56) June 25, 2025 by Westinghouse Electric Company, M I R I o N
Instrumentation & Control Categorles: Blog . . - = =
@ Mirion Technologies Signs Agreement with
dershi h Westingh d Mirion Technologies Inc. llaborating t I =
Leadership Insights (4 i B R TerraPower for Molten Chloride Reactor
TS advanced digital Excore Nuclear Instrumentation Systems (NIS), s
leveraging the state-of-the-art Mirion proTK™ product line to upgrade Expe rlment
Microreactors (5) the aging NIS which exist today in operating nuclear power plants.

Contract to provide Nuclear Instrumentation System Design and Fabrication that will
Advance the World’s First Critical Fast-Spectrum Salt Reactor

'(\':/Iol I‘IRI‘l 2 cl\tl 2 6 Advancing Radiation Safety.
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Example — MIT Reactor
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Purdue Research Reactor
whn

world nuclear news

Energy & Environment | New Nuclear | [[Xe[NETeIRSEEIEN | Nuclear Policies | Corporate | Uranium & Fuel | Wi

US research reactor goes digital in licensing ‘first'
10 July 2019

< Share

The US Nuclear Regulatory Commission (NRC) has licensed the first entirely digital nuclear reactor
instrumentation and control (I&C) system in the USA, at a university-based research reactor originally
built in 1962. The NRC licence also for the first time covers parts certified under standards laid down by a
non-US regulatory body.

PUR-1 (Image: Vincent Walter)

Purdue University Reactor Number One (PUR-1) and its associated research facility have undergone a digital
conversion which began in 2012, when the US Department of Energy awarded the university a grant under its
Nuclear Energy University Program to replace reactor equipment with a state-of-the-art instrumentation and
control system. The fully digital system was developed by the university in collaboration with Mirion
Technologies and the Curtiss-Wright Corp.

Channel Loa N ond Period Channel

MIRION 2 6 Advancing Radiation Safety.
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Bangladesh (BTRR)

BAEC TRIGA Research Reactor

[26.7 mm]

D: g3.88 n_| ﬂ l__

[#98.4 mm]

T.

138.00 in
[3505.2 mm]
L

% 25.26in

[641.5 mm]
D,

@4.00 in
[101.6 mm]

Advancing Radiation Safety.
Empowering Progress.
© 2026 Mirion Technologies. All rights reserved.
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Full digital NIS upgrade of the Belgium Fleet (Doel & Tihange)
’ i

=5 |

RMS Upgrade for Doel 1,2and 4
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Join Us for a Pre-NECX Open House

Paragon, Certrec, and Mirion Technologies—the companies behind Mirion WHAT  An Open House before NECX
Nuclear Solutions—invite you to an open house at Paragon’s Fort Worth

headquarters ahead of the NECX opening reception in Dallas. WHERE Paragon Headquarters
7410 Pebble Drive, Fort Worth, TX

Join us for:

Facility tours showcasing advanced capabilities and innovation, including Monday, August 24

seismic testing tables, loss-of-coolant accident (LOCA) simulation, priEH Drop in between 10:00 a.m — 4:00 p.m.

electromagnetic interference and radio-frequency interference (EMI/RFI)

' testing, and a real-time reactor simulation environment RSVP Scan QR code to register by August 7th
A hands-on look at solutions supporting today’s operating fleet and
. 3 ; i e i i I in Dall
advanced reactors, including MCCs, plantwide modernization, digital Transportation between the Hilton Anatole (NECX headquarters in Dallas)

and Paragon will be available throughout the day.
upgrades, HVAC systems, and radiation monitoring technologies

Insights into I&C repair and reverse engineering as a bridging solution

SHUTTLE SCHEDULE
Departure times from Hilton Anatole to Paragon:
9:30 a.m.; 11:30 a.m.; 1:30 p.m.

. Licensing support services
Conversations with the Mirion Nuclear Solutions team on unified I&C
approaches and the future of nuclear operation
Lunch and refreshments

MIRION NUCLEAR SOLUTIONS ‘ Paragon M | MIRION

TECHNOLOGIES

Departure times from Paragon to Hilton Anatole:
12:30 p.m.; 2:30 p.m.; 4:00 p.m.

A MIRION TECHNOLOGIES COMPANY

Connect 2 J Raaratic ;
AMERICAS Empowering Progress.
, © 2026 Mirion Technologies. All rights reserved.
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Join Us for a Pre-NECX Open House

Paragon, Certrec, and Mirion Technologies—the companies behind Mirion WHAT  An Open House before NECX
Nuclear Solutions—invite you to an open house at Paragon’s Fort Worth

Paragon Headquarters

headquarters ahead of the NECX opening reception in Dallas. WHERE
7410 Pebble Drive, Fort Worth, TX

Join us for:

Facility tours showcasing advanced capabilities and innovation, including WHEN Monday, August 24
seismic testing tables, loss-of-coolant accident (LOCA) simulation, Drop in between 10:00 a.m — 4:00 p.m.

electromagnetic interference and radio-frequency interference (EMI/RFI)

V4 °
YO ( ' re In VI te testing, and a real-time reactor simulation environment RSVP Scan QR code to register by August 7th

A hands-on look at solutions supporting today’s operating fleet and
advanced reactors, including MCCs, plantwide modernization, digital
upgrades, HVAC systems, and radiation monitoring technologies

Transportation between the Hilton Anatole (NECX headquarters in Dallas)
and Paragon will be available throughout the day.

Insights into 1&C repair and reverse engineering as a bridging solution

Licensing support services i SHUTTLE SCHEDULE
Departure times from Hilton Anatole to Paragon:

Conversations with the Mirion Nuclear Solutions team on unified I&C 9:30 am.; 11:30 a.m.; 1:30 p.m.

approaches and the future of nuclear operation
Departure times from Paragon to Hilton Anatole:

Lunch and refreshments 12:30 p.m.; 2:30 p.m.; 4:00 p.m.

MIRION NUCLEAR SOLUTIONS = =Ci on m MIRION

TECHNOLOGIES

. g _]
A l I,,,
Connect 26 Advancing Radiation Safety.
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Your Voice Matters

2026 Customer Satisfaction Survey
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Why is it usefull?

P ol e S
Source Range: =3
= The count rate signal of the source range ; : ) =
detector as statistical fluctuation _: o
(Poisson, Gauss) ) : - —
= Can we determine a count rate increase '_ i:—T
from 5 cps to 6 cps? e a o:

Messzeit in Minuten

03[

Advancing Radiation Safety.

MIRION __ L
Connect 26 * Empowering Progress
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Smoothening / Filtering the Signal

° R ® e
analog: ¢
° ® ° Example t=1s;€=0,1;d.h.t~10s
Detektor-
impulse . E, .- : A T
> Zahler —— | digitales Filter ————p» 10r=—=—=—=;F === == === = = = =
e 4
digital; [
9 I T 0,65
I
Taktgenerator I
I
I
l
t=0 10s 20s 30s

E/lcl Enl S C'\tl 26 Advancing Radiation Safety.
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Example: Signal Filtering

Digitales Zahlraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips. v PZ_Sollwert
; [ Pulszahl

[T — F1_Zaehirate
[T — F2_Zaehlrate
[ F3_Zaehlrate

[ F4_Zaehlrate

00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00
Zeit [h:m:s]

Parameter i Filter 2
Tau(l ips) (5] = 7,500e+02
Max. Tau (5] ’ / 3,600a+03

t=0 bis t=3600 s : count rate = 5 cps

t > 3600 s: count rate = 6 cps

E/lcl I5I‘|I eO Cl}l 26 Advancing Radiation Safety.
Empowering Progress.
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Example: Signal Filtering

MIRION
Connect

AMERICAS
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26
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Digitales Zahlraten-Filter des DPK 251
Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.

* e
* *e + * * + ’

4+ 4 -4 - + -+ Saadt o L Sl 3

s 4 + * * * -+ +0- - 4 - e ND -4 L L o e L

L ok - * G- NGO 0 GHERIS 4 - B SN C - BW - DN

sa a5 S B 2 ok B R 2 R L B L 2 * - O e o b e emd B b bobibd ¢ bordedieeioint ¢ 6ot B BBt oo G @eeodd oo b B IR ¢ 0 d o

B00 0 & G 0 b Gl cElme (R B 0 i 90 = (U el (ol sl e (el o (Rl R G LR O R R e el e D

B O o e e B e e e el e e e e

ST SEBC I SO St <D ISR @ Ot E G o SR ¢ S SD > CHREP S SO BP0 WD ¢ = O D 5 & suiiimd it ¢ SO 00 & B

9 - G- SN AN S - BN IR 8- 4 - Lo ol L & R B 2 -t e P-4

00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00
Zeit [h:m:s)

t=0 bis t=3600 s :
t > 3600 s:

count rate = 5 cps
count rate = 6 cps

v PZ_Sollwert
v Pulszahl

[T — F1_Zaehlrate
[ — F2_Zaehlrate
[ F3_Zaehlrate
[ F4_Zaehlrate

Advancing Radiation Safety.
Empowering Progress.
© 2026 Mirion Technologies. All rights reserved.



Digitales Zahlraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips. v

PZ_Sollwert
v Pulszahl

[V — F1_Zaehlrate
| — F2_Zaehlrate
[ F3_Zaehlrate
[ F4_Zaehlrate

© B

‘e LR B e o o °
4+ - ) + - 4 -0
- ER3 - - -t - 4 Lo dut 2 TS 2R L L S S
SS9 o G 0 NEBNEL S CHERIS 40+ N GNP M B PO DI
P B P04 4 P -2 -0 I I A ias BT = B e e e e eI R R e e Y R RIS S S S SRR BER SN
G000 00 GIINI S HDIIBEEN BRI S 4D S-S 5 Bls)(issiiisis 40 4Bt HDIABDDOEDEEINGED SoDHII ¢ SHGSOERGHES ¢ SEEN O CEEEDSEN NI b Bet
AR AR & (20 O Ce=iTm <08 =00 © RSIRITR0RD (RO R AR TR AR TR e (TR S el Omm0snr SRR (o>

ML Y AT A, & PR N AR T wE YR T T
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Connect P16)

AMERICAS

Annual Users’

Conference

H —_— Digitales Zahlraten-Filter des DPK 251
Tau (1 ips) = ’

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.

Standard TAU
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Digitales Zahiraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.

Fast TAU
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Parameter
Tau(l ips)
Max. Tau
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Annual Users’ Conference

Zeit [h:m:s)

{1 -
240682 <

3,6008+03
3,6002+03

01:20:00 01:30:00 01:40:00 01:50:00 02:00:00

I‘ PZ_Sollwert
[ Pulszahl

[T — F1_Zaehlrate
[T — F2_Zaehlrate
[ F3_Zaehlrate
v F4_Zaehlrate

Advancing Radiation Safety.
Empowering Progress.
© 2026 Mirion Technologies. All rights reserved.



Looong Tau Digitales Zahlraten-Filter des DPK 251

Sprung des Eingangssignals (Pulszahl) von 5,000e+00 auf 6,000e+00 ips.
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