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Overview of MIT Research Reactor (1)

m Constructed in 1958
m Upgraded in 1975

m Capable of operating 24/7 at
up to 6 MW thermal power,
~65% capacity factor

m  Tank-type, light water to
cool and moderate

m Two-loop cooling system,
modern cooling tower

m Uses heavy water D20 for
neutron reflection

m  Graphite outer reflector
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Overview of MIT Research Reactor (i)

Phase 0 Public Meeting

U-235 fuel

Primary loop
circulates at ~2000 gpm

Secondary loop
circulates at ~1800 gpm

Six shim blades and
one regulating rod

Safety channels:
three on power level,
three on reactor period

Three more channels,
displaying megawatts



MIT Reactor In-Core Experiment Capability.

m Capable of performing up to
three in-core experiments
simultaneously for the highest
neutron fluxes

m [n-core thermal neutron flux
is 3x1013 #/cm2-s, and
fast flux is 1x1014 #/cm?-s;
similar to full-size commercial
light-water power reactors

m  U.S. NRC authorized in-core
fuel irradiations of up to
100 grams of fissile material

m  Advanced materials and fuel
research
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MIT Reactor Experiment Capability

Phase 0 Public Meeting

In-Core Sample
Irradiation Facility
(ICSA) provides fast
neutron flux of up to
1x101* #/cm?-s

Other facilities provide
thermal flux up to
5x1013 #/cm?-s

for NAA and isotope
activation



Reactor Operator Training

Phase 0 Public Meeting



Primary Heat Exchanger & ]
Major Coolant Piping — New in 2010
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Existing MITR Nuclear 1&C — since 1975

Phase 0 Public Meeting

Channels #1 through #6
Ch. #1 - 3 for

short reactor period scram
Ch. #4 - 6 for

high reactor power scram
Ch. #1 - 3 Keithley model
26000 meters measure
period

Ch. #1 & #2 operate on
fission chambers for source
range or on ion chambers
for power range

Ch. #5 & #6 can switch to
low-range amplifiers for
<100 kW operation



Existing MITR Nuclear 1&C — since 1975

= Custom built by MIT-NRL

= Analog components subject
to aging

= NO more spare parts

= Fixing one part breaks
two more

= 120-volt operation

= Set-points drift, particularly
with ambient temperature
and component heat-up
over time

= Channel calibrations and
scram checks only with the
reactor shut down
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Analog Nuclear Instrumentation Channel

Phase 0 Public Meeting

Fully analog safety amplifier
for each channel

Curved meter faces
Non-adjustable zeroes
Scram test signal doesn’t
follow the path of the input
signal from the detector
Meter response
imperceptible for high-range
amplifiers at low power
Can't tell if your detector is
unplugged!
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Analog Nuclear Instrumentation Channel

Phase 0 Public Meeting

Ch. #5 & #6 amplifier NIM
bins (rear pin receptors)
began to fail frequently from
repeated connection and
disconnection

Ch. #5 & #6 require circuit
board switching between
low—range amplifier and full
power amplifier; this
accelerated failure of the
circuit board

Circuit connection strips on
installation-edge of board
physically wearing out
Circuit paths fading

12



Analog Nuclear Instrumentation Channel

= Circuit board layout is
different for every amplifier,
to compensate for different
detector characteristics

= Components and wiring
susceptible to noise
interference, resulting in
frequent spurious trips

= Solder joint corrosion

= Large heat sinks are a must
for heat-producing
transistors; active local fan
cooling was also required,
which added vibration
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One of Four New

Mirion DWK 250 Channels for MITR

Phase 0 Public Meeting

Each channel provides
short reactor period scram
& high reactor power scram
Each channel utilizes one
fission chamber for wide-
range power operation
Reactor power and period
calibration and scram
checks can be done with
the reactor operating

Test signal travels along the
detector signal path starting
from the fission chamber
pre-amplifier

14



One of Four New

Mirion DWK 250 Channels for MITR

Phase 0 Public Meeting

Each DWK 250 monitor
incorporates three different
microprocessor modules for
signal processing

Each microprocessor
executes its function as

set by the firmware
permanently programmed
Into its non-volatile memory
EPROMs.

Execution of firmware is
confirmed by continual
checksum comparison
Microprocessors and
firmware have field-proven
reliable for >25 years in
European nuclear industry
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One of Four New
Mirion DWK 250 Channels for MITR

= The microprocessors
handle pulse signals and
also perform “Campbelling”,
allowing wide-range
indication

= Trip set-points do not drift

= Detector voltage and
internal operating voltages
monitored for compliance
with adjustable tolerances

= Continuous Op-code
handshaking between the
DWK'’s microprocessors
as an active check of
functionality
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One of Four New
Mirion DWK 250 Channels for MITR

= Eight binary (relay) outputs
— DWK uses two for internal
fault indication; MITR uses
two for scram circuit

= Two analog outputs

= One digital output

= MITR will use for display
and recording

Phase 0 Public Meeting 17



[MIT Reactor Protection System

Alarm Annunciator Panel

18



MIT Reactor Protection System
using PLCs in the Coincidence Circuit

Bypass Control Circuit & Remute: Reset from OS

Block Diagram of MIT Reactor Protection System (Dual-PLC Concept)



DWK 250 Quality Standards

DWAKSs, their firmware and their pre-amps
designed and manufactured in Germany

Qualified by TUV per German nuclear regulatory
KTA guidelines 3501, 3502, 3505, 3507, and
1401

Compliance with international standard
IEC 61226 for safety equipment Category A

Equivalent to IEEE 323 Classification 1E
equipment for nuclear power stations, and to
IEEE 344 Classification 1E equipment with
regards to seismic qualification

Phase 0 Public Meeting 20



Description of DWK250 Channels

m  See separate presentation material from
Mirion Technologies:
o Technical Description
o Qualification and Certification

Phase 0 Public Meeting
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DWK 250 Wide Range

Neutron Flux Measurement Channel

= 1 Detector for Start-up/Intermediate/Power Range
= Source Range Pulse Processing o
= Campbell (RMS) Processing for Intermediate Range N|F|M|S
= Combined pulses/RMS signal provides Wide-range output BER
Mirion Tech.nologies
(MGPI H&B) GmbH, Munich
(from the ProTK™ family of signal processors)
Mirion offers an array of solutions and services for managing radiological hazards. MIRION Radiation Monitoring Systems
Learn more at: www.mirion.com n TECHNOLOGIES Division

MITR-NRC 10-17-12 Version Rev.1



proTK™ Signal Processing

Neutron Flux Monitoring System

= MAJOR ATTRIBUTES
o Modular construction
o Versatile applications
o Robust and reliable
o Proven by operational experience

The proTK™ Neutron Flux Monitoring System

combines long term experience in design and

manufacturing of both detectors and signal

i} processing electronics. These products are
APPLIC'_A‘TIONS o strictly oriented to the highest level of safety
o Operational process monitoring  FEEENVERIEE o R AN AT R =N E Tl No)Y,

DWK?250

o Measurement & monitoring several type tests and proven by excellent
of neutron flux & the rate of operational experience. The proTK™ covers
- i requirements for measuring equipment used
f:f}[ange,dslptannlndg start-up, for the reactor protection system according to
In ermfe late, and power IEC 61226 cat A.
operation
Mirion offers an array of solutions and services for managing radiological hazards. n MIRION Radiation Monitoring Systems
Learn more at: www.mirion.com TECHNOLOGIES Division




proTK™ Signal Processing

Neutron Flux Monitoring System

Digital Neutron Flux Channels

DAK 250 Source range and intermediate range monitoring
With pulse processing or DC signal processing, reactimeter optional also used
e.g. for steam generator leakage monitoring (N16)

For MITR: Wide range monitoring

DWK 250 With combined pulse processing and Campbell signal processing using
in-core& ex-core fission chambers

DGK 250 Power range monitoring
For the PWR with 1 or 2 signal paths for neutron ionization chambers

DLK 250 Flux distribution monitoring
For 3 or 6 SPN detectors with background compensation, calibration and noise
reduction

DSK 250/ Local & average power range monitoring

DMK 250 For the BWR with average flux and flow related flux, including stability
monitoring

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com



proTK™ Signal Processing

Neutron Flux Monitoring System

Features

\/Simple & clear

= Modular system w/separate microprocessor

for the safety signal path v
= Cycle time of signal processing starting with 5 ms Fast
= Low heat C-MOS technology
= Software fixed in EPROM, efficient self-monitoring
= Remote signal generators & signal simulation

= Qualified according to KTA 3501/3505, DIN V VDE 0801

» Dedicated analog & binary output signals \/Reliable
Three analog outputs (linear or logarithmic)

Up to 16 adjustable alarm set-points

Remote test generators for testing w/o external equipment v

Digital parameters, lockable & non-volatile Testable
Full testing & data exchange via serial data interface

Continuous functional self-checks e.g. program flow

= Certified by TUV according to KTA 3501/3505 (IEC 61226 Cat. A) \/Type-tested

v Safe

Mirion offers an array of solutions and services for managing radiological hazards. m MIRION Radiation Monitoring Systems

Learn more at: www.mirion.com TECHNOLOGIES Division




v Flexibility
v Sensitivity
v’ Integrity
v Quality
v Reliability

~ ‘l proTK™ Neutron Flux System

MITR CHANNEL.:

WIDE RANGE

DETECTOR:

EX-CORE, AC MODE, WIDE-
RANGE FISSION CHAMBER
SIGNAL PROCESSOR:
DWK 250

Mirion offers an array of solutions and services for managing radiological hazards.
y ging g n MIRION =
Learn more at: www.mirion.co TECHNOLOGIES

m

D

adiation Monitoring Systems
ivision



DWK 250 Digital

Wide Range Channel Main
Electronic Rack

- - : __?-?.
® § : e ®
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| 19"

Processes a combination of pulse and Campbell (RMS) signals from in-core
(BWR) or ex-core (PWR & MITR) fission chambers to produce pulse,
intermediate, and wide-range neutron flux and reactor period signals.

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES  Division

Learn more at: www.mirion.com



TKV 23

= Preamplifier for fission

chambers

* Pulse output for start-up

range

= = Alternate current output for

Intermediate & Power range
= Signal for high voltage
monitoring
m 75Q line driver for
long cable lengths
= Stable HF- proofed brass
housing

Mirion offers an array of solutions and services for managing radiological hazards.

Learn more at: www.mirion.com

MIRION Radiation Monitoring Systems
TECHNOLOGIES Division

®




Wide-Range Fission Chamber

for DWK 250 - slide 1 of 2
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Wide-Range Fission Chamber

for DWK 250 - slide 2 of 2

Hotes:

1
2

9

. Aluminum chamber housing

Mickel jackeled, low nolse guarz cable:
Mechanical:
Mickel jackst diameter: @.2680 in.
Fiberglass insulating tape: @.370in.

Minimurm bend radius:
MuHipke bends = & inch
Permanent bends = 3 inch

MNete that the cable s congtructed with thin walled tubing and all bends must be smooth,

Electrical
Characieristic Impedance: 76 ahms

. Al cables covered with fiberglass insulating tape or sleeving.

Wiire rope elactrically isclated from fission chamber and integral quartz cable.

. Chamber cable terminated with & triasdal plug imesface connestor egulvelant

ta Amphanol 53175 with 7/8-20 mating threads. Loose Amphanaol 52875 mating
triaxial jack connector included for customer termination of their arganic fiesd cable.

. Ceramic insulators provide electrical insulation from instrurment well,

Cable end caramic is not fisld remowvable ! replacesble,

. Centedline of ~ 3 inch sensitive valume length scribed on case,

. Mautron conversion material HEU, = $3%wt U-235. 10-235 content = 0.2g max.

Chamber gas is Ar-Nz al 768 cm Hg

. Operating Temperature: 250° F, maximum

Extarnal pressure: 180 psi, maximum
Emdranment Surrcunding atmosphers i be dry and non- comoasive.
Cperation vellage: 800 Vde nominal, 1000 Wde maximum (see nole 13)

Wiire: rope length is adjustable by adjusting clamps.

10, Max. working load: 139 lbs.

Do mot it using chamber's quanz cable

INFORMATION ONLY

I CUSTOMER APPROVAL REQUIRED |

11, Epoxy seal
12. Target Meutron Flux Rangs: 7 x 10'% to 10 nv using wide range (mulii-mode signal
processing [e.g. Counting, MSY Campballing], DC). n MIRION Sensing Systems Division s
13. High neufren flux operation and proper aperating voltage will be validated by reviewing TEEHRALAGIES  Horseheads, New York ﬂ
in-situ chamber eaturation characteristic at full reactor power. Operational characteristics e -
will be evaluated with considaration given to ower power conditions (i.e. margin). = ,F .I? T Y}"’_’? ;mmz SUEECT:
s £o-9-
14. 1% Meutron Sensitivity Losa: 1.8 x 107 nvt (based solely on newiron / change particle PP, '-‘"_'_“__L A 71 =T =41 aﬂﬁﬁo@iﬁ:ﬂgmﬁﬁ?f?&?ms RANGE 1
comwarsion material effectve cross-section of 614 Bams). i
LHLESS OTHERWISE SPTCIFIED. ELE TOGE CENT RO TIAIIG FIT. =0
mmﬂ TP%\.;? E’r?f;:B:sM1 HaUT
st | B E-4198 -
S0 CEVETATED DG -] [ I P o 2
1 I 2 } 3 )




Signal Processing

= Digital neutron flux monitoring channel DWK 250 is characterized by:

(0

©O O 0O O O

Efficient functions

Useful procedures for periodic testing
Comfortable operators menu structure
Rugged operational behavior

Hardware & software are arranged in modules

Internal multiprocessor structure offers the flexibility of reducing
the region of highest safety relevance to a small, separated part
within the channel

Mirion offers an array of solutions and services for managing radiological hazards. m

Learn more at: www.mirion.com

MIRION Radiation Monitoring Systems
TECHNOLOGIES Division
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Architecture

il analog signals
reactor
bi anals protection
el nary signa system
2
s g "
room
interocks  binay U0 by P NZ 12 WP
S e
NS 01 NB 21 operator's access :’ NK 21
i diversity calculation oooo interface
binary outputs for | PC for test and parameter input,
¢ Mon safety related v central computer,

applications

core monitoring

Mirion offers an array of solutions and services for managing radiological hazards.

Learn more at: www.mirion.com

®

MIRION

TECHNOLOGIES

Radiation Monitoring Systems
Division

11



wide range
detector

DWK 250 Functional Diagram

NZ 21
max. count rate relays > ... Ccps ~
det. voltage ~, 3 fixed : NB 21 g over =
sty max. RMS signal > ..% Pn o
det. voltage deba!::bu'vuﬂsga alarms min. RMS signal _ | 3 relays <..% Pn -
| feadback monifor
kv ;
pulses = b limax finear count rate " 0..20mA e.g. 0...5e5 cps -
TKV 23 h—;" countrata 2]
RMS signal —, 0...401 25 %Pn N
£
.? &
test
1:100 range switch i ranga 0..4001 25 %Pn -
contral =
range L, 1vis o 10 £
indicator = 2
analog
o e.g.0,1..5beb cps o
range select y:‘b due to
“up” = Az o1 eg. -1,25..0..+12,5 %ls
{or auto range) fiunt change rate 5 % 0..20ma 9 2
=1/ penod =-B0.. .= . +Bs
NN53 T NK21
[ op-codes, data
Us = 110vaG —uPPly voltage S-Bus £ =
= inlertace
el adimano . NB 21 [== >
wida ranga alarme and chyg.over
and simus test
changa rata sgmk test & fault £
calodaton B B relays fault 2
status =y
" test enable
service - - SEOEEE oo oo oo ﬂws 01':‘ NB 21 | ol ‘ = ’__F, test
B Pl i 3 ; 3
enabl e ot suliings 2 keys 2inp. funct. montar NS 01 | relay plug-in monitor

relay chg.over

reactor
protection
system,
rod control
system

reactor
protection
system

indicators

1

reconmers,

acquisition

Learn more at: www.mirion.com

Mirion offers an array of solutions and services for managing radiological hazards.

™

MIRION

TECHNOLOGIES

Radiation Monitoring Systems

Division
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Clear & Simple Design

» The functions for the safety signal path are concentrated on the
independent I/O-micro-processor board NZ 21:

o The software is purely sequential and deterministic

o The software operates cyclic in a fixed time grid, e.g. 5 ms
o Therefore, the response time is predictable

o Thereis no operating system

o The volume of the software is as small as 3 kByte

o All other functions e.g. operator’s access are allocated on the “main
processor board” NZ 12 and both processor boards (NZ 12 and NZ 21)
perform self monitoring functions.

» Re-use of type-tested and proven software modules

» The target: zero-fault software
o Designed and developed by well-trained engineers
o Verified and Validated via type test by independent experts (TUV)
o Field-proven by long-term operational experience

Mirion offers an array of solutions and services for managing radiological hazards. n MIRION Radiation Monitoring Systems

Learn more at: www.mirion.com TECHNOLOGIES Division
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Software Credibility

» Measures against CCF of the software
o Additional to the simple and clear design there is:
= No use of interrupts on NZ 21, only 1 interrupt on NZ 12
= No use of real time clock or calendar
» NZ 12 has no direct access to NZ 21 and its
v" Program sequence
v' Data or parameter memory

» The access to DWK 250 parameters & test-procedures is
hardware locked by key switches

= A variety of self monitoring devices, some of them
complementary between NZ 12 and NZ 21

Mirion offers an array of solutions and services for managing radiological hazards. m MIRION Radiation Monitoring Systems

Learn more at: www.mirion.com TECHNOLOGIES Division
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Self-checks & Tests

= Different tools make periodic testing efficient and easy:
o Test generators in both the pre-amps and input-boards of the channel:
v' Activated remotely without manipulation in the wiring
v' Insert areference signal to the input of the electronic channel
o Thetool “simulation” enables users to:
v' Insert arbitrary numbers at defined points of the signal path
v' Generate all desired output values for analog signals or alarms
o Intest mode, binary outputs (relays) may be activated or deactivated
o All testing tools are locked by key-switch and generate a flag signal
o The basic procedure for periodic testing
v' Is described in the user manual

= A variety of items is used to detect faults of hardware and software, e.g. monitoring
of internal voltage, arithmetic, time schedule, micro-processors, transfer of data,
and program memory.

= Additionally the NZ 12 is monitored by a watch dog.

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com
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Operator Access

» The access to parameters and testing is locked by 2 key switches
o Without key: parameters may be displayed, but not modified

= A parameter protocol may be generated on a PC via serial interface using
purely read-only instructions

» The variety of functions and parameters is limited by “configuration”
according to customer/project requirements:

o Delete (enable and hide) unused functions

Establish “fixed parameters”, e.g. scalings or trip thresholds
Use of modified text tables, e.g. language version
Configuration is done by Mirion Technologies

Configuration data are stored in EPROM

©O O O O

Mirion offers an array of solutions and services for managing radiological hazards. n MIRION Radiation Monitoring Systems

Learn more at: www.mirion.com TECHNOLOGIES Division
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Type Testing

» Thetype test of hardware was performed according to KTA 3505
o Theoretical and practical tests observed and checked by TUV
0 Testresults transferable to IEEE 323 and IEC 60780
o Operational history data for all boards available
= Software type test also was performed by independent experts:
o DPK 251 and DSK 250 by ISEB-TUV-Rheinland/K6In
o DWK, DAK, DGK, & DLK 250 by TUV-Nord/Hamburg
o Both institutes used different testing strategies and tools
o)

The type test of the DWK 250 was based on KTA 3501, KTA 3505
and DIN V VDE 0801

= Finally an integration test of hardware and software was performed:
o e.g.functions, characteristics, dynamic response, EMC
O Some tests also under worst-case conditions

Mirion offers an array of solutions and services for managing radiological hazards. n MIRION Radiation Monitoring Systems

TECHNOLOGIES Division

Learn more at: www.mirion.com
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DWK 250 Neutron Flux

Measuring Channel Features

= Single detector for start-up, intermediate & power ranges

= 10-12 decade measuring range w/up to 16
adjustable alarm set-points

= Both pulse & RMS-Campbell signal processing

= \Wide range combining pulses & RMS signal

= Wide range signal calibration to neutron flux or
power units (nv, P/Pn)

» Flux change rate calc. (1/reactor period)

= Signal filtering w/variable time constant

= Replaces traditional pulse & intermediate range
channels

= Smaller “footprint” & isn’t “power hungry

= Precise, Stable & Reliable

» Hardware & Software qualified Category A
(IEC 61226)

20+ years of successful operation in
nuclear power plants and research
reactors

pulse & RMS-signal performed by a
digital algorithm

Variety of self-checks provides highly
reliable remote test generators and
signal simulation for periodic testing.

Mirion offers an array of solutions and services for managing radiological hazards.

Learn more at: www.mirion.com

MIRION

TECHNOLOGIES

Radiation Monitoring Systems
Division

®
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DWK 250 Features (cont.)

= Two analog outputs (linear or logarithmic), 8 binary outputs, defined by MIT
» Dedicated analog & binary output signals
» Remote test generators, also in preamplifier allows periodic
testing w/o external equipment
» Digital adjustable parameters, lockable & non-volatile
» Full operation(e.g. testing)& data exchange via serial interface

= Continuous functional self checks

Mirion offers an array of solutions and services for managing radiological hazards. m MIRION Radiation Monitoring Systems

Learn more at: www.mirion.com TECHNOLOGIES Division
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DWK 250 Wide Range

Neutron Flux Monitoring

3 coax lines

TN

7
7 control lines

1. Wide range fission chamber
2. Preamplifier TKV 23
3. Digital Wide Range Channel DWK 250

24vDC or 115/230VAC analog and
‘L binary signals,
L data:
pulse processing i [3‘;[::;] - reactor
= protection
: neutron flux, system,
wide range & changerate
& = i change rate ntrol room,
. data
P : RMS-signal :
< [>> | Campbell processing / e T recording
Mirion offers an array of solutions and services for managing radiological hazards. m MIRION Radiation Monitoring Systems
Learn more at: www.mirion.com TECHNOLOGIES Division
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DWK 250 Signal Paths

detector preamplifier main electronic rack
| = = T T T E E = = = e T S 1
~ Pulses | diserimi- algorithm neutron flux |
b T nator e s low pass | _ fogartimc) |
® ~ IH ] signal filter |
% | I — il neutron fux |
RMS-signal RMS . change rate *
o S i I corre- converter, lapping dﬂ 493—11
‘.l/ lator calibration t
voltage monitor | m“g.gg_l
I |
! RMS signal -
) detector- . {.mr}‘;—:
N voltage | 1
| |
analog signal processing > digital signal processing >
Mirion offers an array of solutions and services for managing radiological hazards. m MIRION Radiation Monitoring Systems
Learn more at: www.mirion.com TECHNOLOGIES Division
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Start-Up

Reactor Start-up with DWK 250

gﬂa‘-

(o, wide range °

R
lin. RMS-signal

WV

(t)
IRM: Campbell processing

Digifql/ " Wide Range Channel

SRM: pulse processing

, relative flux change rate = \\1! reactor period k
= 1)

count rate n [cps]

7 !@7

1 10 100 e3 ed e5 eb e’ e8 e9 el10

[ [ [ N I N N R

e3 e4d ed eb e’ e8 e9 ell el el2 el3 neutr. flux ¢ [nv]

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com
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Pulse Range

Reactor Start-up: pulse range

RMS-signal

lin. RMS-signal

> (1)
log. count rale IRM: Campbell processing
ale
ount !
\09:
B
SRM: pulse processing
T/ flux change rate = 1/ reactor period
= (1)

count rate n [cps]
1 10 100 e3 ed e5

[ I

e3 e4 e5 e6 e7 e8 neutr. flux ¢ [nv]

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com
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Intermediate Range

Reactor Start-up: intermediate range

RMS-signal
lin. RMS-signal

" B (1)
AT A IRM: Campbell processing
= (1)
SRM: pulse processing
T / flux change rate =v! reactor period
= (1)

1 10 100 e3 e4 o5 e6 e e8 o9 efg Countrate nicps]

[ | [ N N N N A N

e3 e4d ed eb e7 e8 ed eld el1 el12 el3 .neutr_ﬂuxq)[nv]

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com
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Campbell Signal Processing

What is Campbell signal processing?

applied in the DWK 250 in the intermediate range
» background: a very high number of detector pulses

- no more can be counted individually
- will be integrated to a fluctuating current (DC + AC)

* | RMS-processing| of the AC part (= fluctuation) of the detector current

usesthe | Campbell-Theorem
(AC current)> ~ countrate ~ DC current

or lacc ~ n ~ lpc -~ 0]

» same detector as for the pulse range
(fission chamber: robust, long life, LOCA proof)

* no influence of insulation current (I, _, is pure DC!)

= very good y-discrimination (square of n / y charge ratio)

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com
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Signal Processing

DWK 250 signal processing

Fulse range: processing of |detector pulses
» pulse-discriminator with frequency pre-scaler 1:16
* pulse counter is part of the microprocessor
» analog & binary outputs: linear count rate and alarms for the RPS

Intermediate range: | RMS-processing

« fully analog signal processing
* linear output signal for the RPS, 16 ranges (= 8 decades)

Wide range: “wide range signal” generated by|numerical overlapping

of pulse signal and RMS-signal:
* smooth overlapping in a defined range to avoid transients

* wide range neutron flux output signal, e.g. 10 decades logarithmic
« continuous calculation of the flux change rate (= 1 / reactor period)
* remote test signals for both signal paths

MIRION Radiation Monitoring Systems
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DWK 250 Flow Diagram

DWK 250 Signal flow

dead time constant
> time &= Np confrol
B -
-. ]gulse—‘@ _];IscalinglJ NZ21I :
.| . oo 2a0g | o count Emi overlap = A
| B P outout IR algorithm |
| o A 1N
| | [ range | "o RPs &= 2@M ]| N
deiictor %llm PaSSI—T# control | alarms % mgl dt
e | o inRuMSsigna
0..10v
ol range normalizing
multiplier
@ &
& F o
S
FEE
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DWK 250 Software Menu

Menu Table DWK 250
Meas.values | Status Parameters | Testing Diagn.values
* Neutron flux Alarms: General settings: | Binary outputs: N.flux doubl. filtered

1,234e+12 nv :J:gg:l :cliirm has BO#1..8 -> 0/l pulse count raw
' Time constants: [ Test generators: :
Change rate Faults: preamp. off/pulse/RMS NS SinelTan
+12,34e-2 1/s aults: Vil .| discriminator off/F1/F2 | RMS signal
CPU NZ21 oltage monitor: | Rus-input offion ‘
Pul t arithm.NZ21 overflow Simulati ratio Nrms/Np
ulse coun RAM NZ21/NZ12 o imulation: :
1,234e+05 cps EPROM NZz21Nzi2 | Alarm settings: pulse count W cansant
PAR_RAM NZ12 RMS-signal norm. detector voltage
RMS signal S Analog outputs: analon QUpL 12 internal voltage
1,234e+12 cps gokoion wokate Global test status: |
' internal voltages i ) hotmal | est discrim. voltage
discrim. voltage Select dimensions:
Wide range sign. | testing locked Display: checksum NZ21
1,234e+12 cps Plant code: all pixels active checksum NZ12
%ﬂtKwiaSroe-[dent.: Watchdog: Bl-status NZ21/12
; be aware: causes a
o 3100 347A K001 Default param.s: | o rtof the system! | alarm-status NZ21
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(MGPI H&B) GmbH, Munich

QUALITY ASSURANCE POLICY

MIRION

TECHNOLOGIES

Radiation Monitoring Systems Division
Mirion Technologies (MGPI H&B) GmbH, Munich

Quality Assurance Policy

Christine Renn

2012-10-02
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QA Policy in the Quality Manual

demonstrates the process-oriented
management system of MGPI H&B

Quality Manual

gives an general overview of the structure and processes of Mirion
Technologies (MGPI H&B) GmbH

Process Descriptions

includes company processes and the determination of areas
responsibility; the processes can be divided into four different

groups Process Descriptions

1. Business Processes Procedures, Operational

2. Supporting Processes Instructions, Organizational

3. Management Processes Instructions, Forms, etc.

4. Quality Assurance Processes Structure of the documentation of the QA-System

Procedures, Operational Instructions.....

contains regulations on particulars as well as detailed instructions
relating to the job functions

MIRION Radiation Monitoring Systems
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Quality achievements are verified by those

who are not responsible for performing the

Radiation Protection
October 2012 General Management i Export Control

i Environment Protection
. Safety at work / Data Security

Finance & Project R&D / Industrial Production Test & Service Quality
Controlling Management Engineering Engineering Management
and Sales
Accounting PM/ Intern. Sales Systems & Detector Purchasing Planning Testbay Quality
Controlling Support Dev. o . Management
HR / Admin Logistic Elect. Assembly Service
Nat. Sales Electronic Dev. 7 Documentation
IT Industrial Elect. Manuf.
Receptionist S Sales Controlling Software Dev. Engineering Document-
6 Detector Assembly Management
8 10
Mech. Manuf. Export Control
11 Environment
Protection

Total of 54 FTE

1 Managing Directors & Vice President
7 Manager

44 Employees 4
2 Temporary

Students are not included

Safety at work
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Quality Assurance System according to
NRC 10 CFR part 50B and part 21 is audited
and certified by Tractebel, Belgium

TRACTEBEL €ngineering

CERTIFICATE OF AUTHORIZATION
nr. 26438

This is to cerlify that
Mirion Technologies GmbH Kernstrahlungsmesstechnik, in Minchen, Germany

is hereby autherized” to act as Mlanufacturer and repair organization, in accordance with the applicable rules of
10 CFR50 Appendix B

This authorization is grantaed on the basis of the Qualitétsmanagement-Handbuch (QMH) reference 0348 250,
which scope and implementation have been reviewed and accepted by Tractebel Engineering on April o', 2010
{see audit report n°. 10/016 - CNT-KCD/4FR/15833/000/00)

forihe design, procurement, fabrication, examination, testing, repair, storage, handling and shipping of
Radiation Monitoring Systems qualification levels 1EA, 1EB and 1EC; RSQ : 18.xx, 19.xx, 33.xx,34.xx and 35.xx.

at the above iocation from June 20", 2009 uniii March 17, 2013

491; SZLQ’&RM " %ﬁ
Jos SLECHTEN uc RESTEIGNE

Qualification Manager Nuclear Executive Vice-President Nuclear

VIR0 | CANVGRAL | COR 923 REC: fhf0ede i

NEAHHBE | AUTHORM).

1 This suthonzation does not relieve its holder fram his conteaclual obligatens towards the Owner. By this authorization, Tr actebel doss nol "approve”, “certify”, “rate”, or "endorse” any product or construction.

Radiation Monitoring Systems
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Standard Quality Assurance requirements
according ISO 9001:2008 are implemented

and certified

CERTIFICATE & U= oy
% »X N

p IS
DQS GmbH - * % "
THE INTERNATIONAL CERTIFICATION NETWORK

, CERTIFI CATE
MGP(HsB s s s

hereby certify that the company
Mirion Technologies (MGPI H&B) GmbH

hereby certifies that the company

Stralte 328A Mirion Technologies (MGPI H&B) GmbH
B0GET Minchen Landsberger Stralie 3284
Gemany 80887 Miinchen
Germany
has i and maintains a Quality M hasi and maintains 2 Quality M System.
S i e, plciid ey ey o D sales. project enginesiing, tesion, ing. final inspect
i % i documentation and service (start up, iraining, maintenance, repairs) of electrical and

ion and service (start up, training, maintenance, repairs) of electrical and

mechancial instruments and systems in the field of nuclear measurement mechancial instruments and systems in the field of nuclear measurement

: 2 - Through an audit, documented in a report, it was verified that the management system
Through an audit, documented in a report, it was verified that the management system fulfils the requirements o the following standard:
fulfills the requirements of the following standard:

1SO 9001 : 2008 I1SO 9001 : 2008

Date of cerification 2010-03-04
‘Valid until 2013-03-03
Certificate registration no. 281024 QM08 " u_
Registration Number: DE-281024 QM08
Date of certification 2010-03-04 }f
Valid until 2013-0303 L u{ i //éﬁag—r‘f .‘1‘4-
&;} Asz. iur MDr!nhsel J. Bige
Hmdmtdma‘ DrewwsnfDQSLni‘;H
i IQNEt Parners”.
el i"ﬁ“@/ o S e e e e s T i e o
T Aot oA Tuman K KOTee, MEIZT Famgery Nk A3 Ny’ NSAl Teing POBC Patd
Michasl Jan Boge Quaity Austila Austria RR Russia SAI Austrakia Sl lsrmel S0 Slovenia SIRIM GAS Intemational Malaysia
Managing Director ‘Managing Direcior 5QS Swizeriand SRAC Romenia TEST 51 Pelessburg Russia YUQS Serdia
= e A Vb B b et ek Sl
Mirion offers an array of solutions and services for managing radiological hazards. . N
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German NPP Quality Assurance

Requirements according KTA 1401 are
4§ confirmed by the authorities

Confirmation on quality assurance
according to nuciear standard KTA 1401

©On behalf of the German nuclear power plant operators RWE Power AG VI_ZE
as a partner of the WGEB PowearTech e.W. working group "ASSessment of ROsTREED
Cantractors” confirms

Mirion Technologies (MGPI H&B) GmbH
Landsberger Str. 228a, 80687 Minchen

true for the sitae Y
20687 Minchen
and the scape of supply and servicas
development, sales, project engineering, design, manufac- -9
turing, final inspection, documentation and service (trainirng, Zembkrat

maintenance and repair) of electrical and mechanical in-
struments and systems in the field of huciear measurament

the qualificetion for system- and product related quality assurance.

The asscssment was performed on 04.03.2010 by arder of

AHA Ingenieurdienstleistungen GbR

based an the standard KTA 1401 as well as gn the assessment docu-
ments of the WGB FowerTech e.v. waorking group "Assessment of Con-
tractors" in consideration of product related reguirements. ST —

imar
Details of the asscssmont arc given n the repo-t AHA OZ/ 2010, :

—_
o T A L

Thiz confirmation is walid untll March 26™, 20132 provided that the
conditions an wnich the assessment was based have not been chancged.

Esman, 25 03 2011

i Pitice i A(/&J/

RWE Paower AG

Radiation Monitoring Systems
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QA Manager is trained according the 10 CFR
50 App. B and fulfils the lead auditors

requirements

Extract of the examination content

CERTIFICATE OF TRAINING AND The examination content is written to meet the requirements of NQA-1, 10 CFR 50
EXAMINATION Appendix B, and ANSI N45.2 and includes questions to ensure that the participant has
comprehension of and the ability to apply knowledge of the following:
Christine Renn o Nuclear standards including NQA-1, 10 CFR 50 Appendix B, ANSI N45.2 and
has successfully completed the nuclear lead auditor training course and passed a othe‘r nuclear-related COdES, Standards' FEgUIatlons' and regulatory gUIdeS, .
comprehensive written examination. This course provides the participant with training appllcable
body of ki led,; d wri ination required for le uality auditor in " 5 < 5 i
S eaf:o?'ndancel\}deilllhelmwix:gspe:cqiﬁcﬂ:urns SRS e The ability to interpret the requirements and apply them to situations
! e General structure of quality assurance programs as a whole and applicable
10CFR50 Appendix B
ASME NQA-1 elements
ANSI N45.2.23 e Auditing techniques of examining, questioning, evaluating, and reporting

e Methods of identifying and following up on corrective action items and closing
20-23 September 2011 out audit ﬁndmgs

Mirion Technologies e Planning audits of activities affecting quality
Lamanon, France

\ :
‘ M/(;IA‘\’\‘ 23 ber, 2011

DaryPMontie, Lead Instructor  Date
Arsenal Consulting, Inc.
www.NQA-1.com

| 9
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Software Quality Assurance is described and

defined in the Software Quality Assurance Plan
(SQAP) and shows compliancy to the IEEE 730

Purpose of the SQAP

Describes and defines the procedures used
during the software development process for
the TK 250 system

Identifies the documentation during the
development, verification, validation, use and
maintenance of the software product

Describes the organizational elements
responsible for the origination, verification,
validation, maintenance and control of the
required documentation

Shows compliancy to the IEEE 730 standard
(ref. to /2.9/) and with all demands from the
IEC 60880 85.5 ref. to /2.5/

Applies to the software of those TK 250
systems, which are designed for the use in
IEC 61226 category A or 1E applications
(DAK 250, DGK 250, DWK 250, DMK 250,
DSK 250, DLK 250)

SQAP covers the following phases
of the software life cycle

Specification

Design

Implementation

V&V

Installation

Commissioning

Operation and maintenance

Mirion offers an array of solutions and services for managing radiological hazards.

Learn more at: www.mirion.com

17.10.2012
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Based on V-Model of IEC 60880 the software
development process is divided into 8 different

phases; each phase has to be finished and
reviewed before the next phase can be started

Phase
Specification of the . L . Phase
safety functions I.  System requirements specification
Customar . . .
. Il. Software requirements specification
lll. Software design specification
Technical i .
specification IV. Module specification
Customer .
V. Implementation
"""""" VI. Testing
Datailed software V|| |nteg ration “alidation
specification . .
I VIll. Validation VIl
’;pacrﬂcaﬂcn—
Werification
Software Design Integration
111 Wl
’;ﬁign-
Werfication Wearification
Medule specificaton Testing
IV TTINCETTOT VI
Of the Modul —‘
decription Werification
Caoding
A" A
Werification —‘
Mirion offers an array of solutions and services for managing radiological hazards. n MIRION Radiation Monitoring Systems
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MGPI H&B documents are reviewed,

updated & approved by independent
authorized persons

)

Document

creation /

correction
by the author

Every document has to be approved by the
following participants
— the author(s), to check for the correct content and the correct form

— ateam member, or project member to check and sign for the correct content
— a member of the QA team to check and sign for the correct form

by project / team
sUE

member
cessiul?

A verification report is created which
contains information about

— the reviewer
— the reviewed activities and
— the reviewed results

® Review protocol
must be provided

Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards. M | R | o N
TECHNOLOGIES Division

Learn more at: www.mirion.com
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Handling, storage & shipping if items are

conducted in accordance with established
‘ Instructions

= When required for critical, sensitive, or high-value articles,
specific procedures for handling, storage, packaging, shipping

and preservation are provided

= When required special handling tools and equipment is utilized

and controlled to ensure safe and adequate handling
= QOperators of special handling are experienced and trained

= |nstructions for marking and labeling for packaging, shipment,

handling and storage of items are established

MIRION Radiation Monitoring Systems

Mirion offers an array of solutions and services for managing radiological hazards.
TECHNOLOGIES Division

Learn more at: www.mirion.com

17.10.2012
12



MI-Cable type 1 ZsAcCAc 40 was

dedicated as a Commercial Grade
ltem

Identifiy as Commercial
Grade Item performing MI-Cable type 1 ZsAcCAc 40
Safety-Related Function

v \ 4

Specification of MI-Cable § 1.2 of
Document 333879 F100E ed3

Identify and Document Critical Characteristics

General requirements on production,
testion and documentation for MI-Cable
typ 1ZsAcCAc40
Doc-no. 333879 F100E ed3

\ 4

Test Specification & 4 of Document
333879 F100E ed3

Develop Acceptence Method

1. Special tests and inspections are provided

A A A A A
4 4 4 4 4 o 2. Audits according 10 CFR 50 App. B are
Method 1 Method 2 Method 4 o Combination of provided with NUPIC checklist
. . Method 3 Combination Method 1 -3
(Special Test or {Commercial Grade S ificati (Performance fth hod
Inspections) Survey) {Source Verification) Record) of the Methods 3. Control of Raw Material Certificates
4. Method 4 was not used
A 4
v MI-Cable typ 1
ZsAcCAc 40 is
dedicated as an
Item Dedicated Commercial Grade
Item
Mirion offers an array of solutions and services for managing radiological hazards. MIRION — N
Radiation Monitoring Systems
Learn more at: www.mirion.com TECHNOLOGIES Division
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. Purpose of Mirion Export Management and
] Compliance Program (EMCP) is to ensure that

employees are consistently making the right
export decisions

= Mirion EMCP includes the following information which applies to all sites,
followed by separate section that relate to the local laws of each country in
which Mirion has a site:

Management Commitment & Responsible Employees

Mirion Risk Assessment

Product Classification

Screening

Maintenance of Records

Auditing of Export Management and Complience

Training
o Site Implementation

= The EMCP was fully implemented and audited in March 2011 at Mirion (MGPI
H&B); the export control process is documented and trained on the
procedure 0348661 A 12 ed1

= An export license from the German authority (BAFA) is required for the
delivery of the equipment; End customer and end use has to be known;
Delivery without export license is not possible

0O 0 0 0o o o o

Mirion offers an array of solutions and services for managing radiological hazards. m MIRION Radiation Monitoring Systems
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Status Update on PLCs

m  Use of industrial PLCs that have been approved
by NRC, SIL 2 — SIL 4, qualification 1E

m Use of industrial PLCs that have not been
previously approved by NRC

Phase 0 Public Meeting

22



License Amendment

= SAR Revision
= Amendment to Technical Specifications

m Projected Schedule

Phase 0 Public Meeting
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Documentation Content

Technical Report on DWK250

Information on PLCs to be used

Final logic circuit design & testing plan

Phase 0 Public Meeting
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NRC Guidance on Reviewing Digital
1&C Systems for Non-Power Reactors

MIT plans to document the new Mirion system as
a change to the MITR Safety Analysis Report via
10 CFR 50.59 review, using NUREG 1537 and its
newly proposed changes as guidance

Changes within the 50.59 envelope are reported
annually to NRC but do not require NRC approval
prior to implementation; changes beyond the
50.59 envelope require license amendment and
therefore do require prior NRC approval

Potential mechanism is for NRC to require either

an amendment to the Tech Specs or an entirely

new section defining a new envelope of operation
Phase 0 Public Meeting
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Concluding Material

m  Questions & Comments

m Contact Info:

Edward S. Lau

MIT Nuclear Reactor Laboratory
138 Albany Street, NW12-122
Cambridge, MA 02139

617-253-4211
eslau@mit.edu

Phase 0 Public Meeting
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