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The AKR-2

Training Reactor
of the TU Dresden

Homogenouse, zero-
power reactor with a
maximum power of
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Outline

= Embedding in the European project CORTEX

= Experimental setup
= Design of the pertubation systems
= Detector positions

= Comparison of signals
= Applications beyond CORTEX

= Future sight
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Embedding in the European project CORTEX

11
Countries

Contributers
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Embedding in the European project CORTEX
Overall goals of the project

525 F

520 1

Development of innovative methods for

" |
Ll e

516 1

reactor core monitoring

510

» Based on noise analysis of the

neutron-flux fluctuations 505 | — Reactor power
— Reactor mean power

Power in mW

59'U‘D 59'50 6000 6050 6100
X(r,t) = Xo(r,t) + 6X(r,t) Timeins

Zero-power reactor answer to oscillating pertubation

e Neutron-flux fluctuations due to

statistical character of fission, g Out-core

mechanical vibrations, coolant detector

turbulence, ... In-core
» Develope tools which allow in-situ and B Getector

in-time core diagnostics

O Disturbance

> Use inverse reactor transfer

source
function
* Show location and type of disturbance
source . . .
Detector positions radial-azimutal [3]
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Embedding in the European project CORTEX

Structure

Real
power
plant data

Simulation Machine EINSS

tools learning tools

Simulated
data
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Embedding in the European project CORTEX
Structure

Absorber of variable strength

> Rotating absorber Industrial scale
> Vibrating absorber measurement
compare system

with
. . TUVRheinland®
Vibrating fuel rods *SToc

» COLIBRI [l] Genau. Richtig.
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Zero-power transfer function of the AKR-2

*mﬁ; - : - , .

Theoretical shape
of the zero-power
transfer function of
the AKR-2,

kinetic parameters
are calculated with
Monte-Carlo codes
(MCNP & SERPENT)

|H(w)|
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Dimensiony in cm

Experimental setup at AKR-2

100+

G

—50 -

-100

Vibrating absorber

/I Localization of pertubations
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T — T T T T T T T T T T
-5 o0

o]
Dimension x in cm

Mesh of cross sections of AKR-2 at height of 122,130 and 138 cm
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Dimensiony in cm

Experimental setup at AKR-2
De5|gn of the pertubation systems

100+

G

—50 -

-100

Vibrating absorber

Shape and movement of the linear moving absorber

| L Rotating absorber
AN ; &

1

i Locallzat|on of pertubatlons i |

100 o : : 5 100 Shape and position of the rotating absorber
Dlmen5|on Xincm

Mesh of cross sections of AKR-2 at height of 122,130 and 138 cm

TECHNISCHE h Generation of high precise data for the verification of computational tools
@ UNIVERSITAT / : for reactor signal analysis slide 10 ~ DRESDEN \
DRESDEN WKET k_ TU Dresden, Chair of Hydrogen and Nuclear Energy / Sebastian Hiibner et. al. concept B 4

from ground level
VA

Zittau, KompOst doctoral seminars 2018 // 13th December 2018



Experimental setup at AKR-2
Design of the pertubation systems
Vibrating absorber

Linear support Aluminium shaft Fuel

Linear motor axis Reactor boundary  Absorbing probe

=== Bearings
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Experimental setup at AKR-2
Design of the pertubation systems
Vibrating absorber
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Experimental setup at AKR-2
Design of the pertubation systems
Rotating absorber

Spacer

Shaft
Ball bearings

Absorbing sheet

Y Generation of high precise data for the verification of computational tools
-:3._‘,\ for reactor signal analysis slide 13 DRESDEN
4 TU Dresden, Chair of Hydrogen and Nuclear Energy / Sebastian Hubner et. al. concept

Zittau, KompOst doctoral seminars 2018 // 13th December 2018

TECHNISCHE
UNIVERSITI&T /'7-
DRESDEN WKET ¢

VA

\

~ 4



Experimental setup at AKR-2
Design of the pertubation systems
Rotating absorber
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Experimental setup at AKR-2
Design of the pertubation systems
Reactivity impact

Rotating absorber Vibrating absorber
. e . / !/
Total reactivity: pi = 0.0109 $ pr = 0.0126 $
0,004 0,14
o
0,002 LI 012 ] ® e
] L] ' °®
[ ] ®
i 0@ o 0 ¢ ® *
£ o ® 0,1 °
> [ ]
=
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L 0,004 }
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o -0,006
E {
E 0,04
= 0,008 } } o
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[ J
-0,012 0 ® e
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Angle in ° Absorberposition from core center in cm
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Experimental setup at AKR-2

Detector positions

1| @ Localization of pertubations
1| | Detectors

He-3 proportional
counter

Fission chamber

Fission chamber, wide
range

Y- compensated ion
chamber

TUD EPFL
ISTEC

Mesh of cross sections of AKR-2 at height

of 122, 130 and 138 cm from ground level

100—- -
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1 ]
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Comparison of signals Power spectral density (periodogram)
comparison for Rotating Absorber [5]

Exp. 9 - Detector 1 - Power [W] 2.0 - Rot. Frequency [Hz]l 1.8
ISTec | 712704 data points

ax. peak: 1.008 Hz
1073
-5 | |
a 10 . .
o
' |
1877
0.00 0.25 0.50 0.75 1.00 2.00
Freq (Hz)
EPFL | 608808 data polnts
ax. peak: 1.008 Hz
10°
a -2
Q 10
1074
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Freq (Hz)

TUD | 65534 data points
ax. peak: 1.008 Hz

0.00 0.25 0.50 8.75 1.69 1.25 1.508 1.75 2.00
Freg (Hz)
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Applications beyond CORTEX
Vibrating absorber - Pile-oscillator

0.2

@ Indium - probe
o1 @ Iridium - standard

0,16

0,14
Ua,]n = 202,7 b

0,12

theoretical: 197 b

0.1

0,08 Deviation of 2,9 %

Normalized counts

0,06
0,04

0,02

0 0.2 0.4 0.6 0.8 1

Mass in g
Pile-oscillator meassurement of standard and probe with polynominal fit [6]

VA
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Future sight
After shutdown of BER-II (Berlin), AKR-2 one of two remaining, accessible
neutron source sites in Germany
Proved applicability in research.
 Two more measurement campaigns in
CORTEX
» Development of the pertubation
and data aquisition systems
* Neutron imaging

e Diffractometer

« Moderator test station
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AKR-2 Components
- Fuel - Reflector - Control- and Safetyrods - Experimental Channels A Shielding

| T T T SR T T S T T T T T T 1 | T TR T T TR T T T | T T T T T T T T 1 | T T TN T Y T T T SN TN TN TN SN TN SN TN S SN T TN N TN 1 | T T T T T N T N 1 L | TN W T N T A T 1
100+ - 100
50 - _— 50_-
0 - 0
50 L -50-|
-100 100
...... N S, B - . &) B B B B B B S ' A B R AN S
-100 -59 0 50 100 -100 50 0 50 100

TECHNISCHE ° Y Generation of high precise data for the verification of computational tools fA
@ UNIVERSITAT / 2 e for reactor signal analysis slide23  DRESDEN g \
DRESDEN WKET TP TU Dresden, Chair of Hydrogen and Nuclear Energy / Sebastian Hiibner et. al. concept W

Zittau, KompOst doctoral seminars 2018 // 13th December 2018



Diffusion equation

Initial condition: critical reactor (p =0,k =1) p..reactivity k... multiplication factor

2-group diffusion equation:

Diffusion Loss Source
Fast neutrons (1): V.-(DVd,)— (Za,l + Zm)CDl + evis, P, =1y =0
Thermal neutrons (2): VDV P,) —Z,,P, + pZ,,, P, =1y, =0
D ... diffusion coefficient ® ... neutron flux 3 ... Macroscopic cross section
.. fast fission factor Vv ... mean velocity p ...resonance escape probability
_62 zq)zq) AV
pa - +
1] v (P1HEvEs , @, 0T)dV
TECHNISCHE h Generation of high precise data for the verification of computational tools fA
UNIVERSIT,'&T - : for reactor signal analysis slide 24 DRESDEN ‘
DRESDEN WKET T TU Dresden, Chair of Hydrogen and Nuclear Energy / Sebastian Hubner et. al. concept V)

Zittau, KompOst doctoral seminars 2018 // 13th December 2018



Zero-power transfer function

H(s) = L{n()}  N(s) H(s) = ng
Lp(H}  R(s) A-s+B—py—yo Bidi
0 1=1g + /1,:
S = iw
10°
A ... mean, eff. generationtime
103 of prompt neutrons
3 -_-‘___—'_'_‘_"‘--.,_
T B ... fraction of delayed neutrons
10!
A ... precursor decay constants
10 i ... it group of delayed neutrons
103 10" 10° 103 10°
Frequency in Hz
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Pile-oscillator evaluation method!

AS(m) = ASy + A;m + A,m?

A _ C ZCl, o . Al,U o NU(M,p)
1 — T T I aU — 57 "YaS "7 ri7 N
p(m, V) Ags Ns(M, p)
Oam = 202,7b Theoretical value: 197 b
Deviation of 2,9 %
Deviation of the regressions:
Iridium (standard) : 2,2 %
Indium (probe) : 13,7 %
Sum : 13,9 %
'P.S. Christensen. A Description of the Pile Oscillators at DR 1. Technical report,
The Danish Atomic Energy Commission Research Establishment Riso, 1966.
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Precision of "old" and "new" Pile-oscillator

0,186

0,184 e ) )
Mean deviation:

0,182

0,18 ‘ 2,44 %
0,178
@ o2%

0176

Normalized counts
L ]

0174

0172

017

@ |ndium Proben Hubner  ® Indium Proben Klass
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Simulated neutron flux in experimental channels of

| 180

AKR-2

Simulated, normalized neutron-flux in;:

L0z
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L0019

L0048, L0019

00043 L0018

L0041

0
L0039
L0037
0,005
#r Y ) ®
c 0e ..ooo’ ® ®e
> «®
i)
‘S 0,005 | ® é
2 3
S 3
o -0,01
@
5 0015 0 36 72 108 144 180 216 252 288 324 360

Tangential channel 3-4

Angle in °
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Reactor signals of AKR-2, examples

1.49

1,48

Messspannung in V
S
]

1.46
1.45
150 160 170 180 190 200
Zeitins
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Reactor signals of AKR-2, examples
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Data Acquisition System, ISTEC

| Detector Signal |

| Isolation Unit |

| Data Acquisition Unit |

Control Unit

Input

pulse mode
detector signal,
transformed to
voltage signal
by integrating
counter system
(e.g. Robotron
200486, range
Oto10V)

Input

voltage detector
signal

range: -10 V to
+10V

"

Isolation
Amplifier with
opto coppler

(16 channels,
amplification
factor = 1,
master clock for
channel
synchronization)

Input (front):
<10V
Output (front):
<10V

Y

Cooling Fan (with safety switch)

Amplifier

Filter

Amplifier cards
(8 cards with 4
channel each)
1.DC
compensation
2. Amplification
of input signals
up to a factor
1000to £ 10V

Input (backside)
Output (internal)

FFM cards

(2 cards with 16
channel each,
antialiasing low
pass filters with
100 Hz cut off
frequency for
each channel)

Input / Output
(internal
connection)

SAD cards

(2 cards with 16
channel each,
synchronized
sampling rate
250 Hz,

20 Volts / 12 bit
resolution)

Input (internal)
Output LAN
card)

M o o = = e = = = = = — = = = ————_— = ———

Connection of
four units for a
64-channel-

measurement

Output signal
for checking
mean and
fluctuation
amplitude by
oscilloscope
(device front)

Connection of
two units for a
64-channel-
measurement
by Master-
Slave-
Controlling

Laptop with
software to
control the data
acquisition
system

(setting DC
compensation
level and
amplification
factor for each
signal,

time series data
recording up to
64 channels,
data evaluation
by FFT)

[ ]
tSlec
Data acquisition

system for noise
measurement

V. Lamirand, A. Rais, Qualification of the acquisition systems for experimental

campaigns, presentation, Annual CORTEX meeting, Munich 2018
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Data Acquisition System

Detector Signal

Input
pulse mode
detector signal

Data Acquisition Unit

Control Unit

4 synchronized PCl-based
multichannel-scalers (ORTEC)

4T

Specifications:

» PCl-bus cards

+ Dwell time from 100 ns to 1,300 seconds

» Up to 1,073,741,823 counts per channel
in single or multiple passes

» Countrates up to 150 MHz

« Zero dead time between channels

- Computer adjustable discriminator
thresholds

Card driven and controlled by in-house
developed LabVIEW® software
(ActiveX controls)

Labview software also allows the
verification of cards lower-level

threshold values

Output: binary TDMS Labview format

('

ECOLE POLYTECHNIQUT
FEDERALE DE LAUSANNE

V. Lamirand, A. Rais, Qualification of the acquisition systems for experimental

campaigns, presentation, Annual CORTEX meeting, Munich 2018
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Data Acquisition System, TUD

Detector Signal Data Acquisition Unit Control Unit
Input q Multi-Channel-Scaler q Laptop with
Pulse mode EASY-MCS (ORTEC®) software to read the
detector signal - saved data and
Specifications: control the data
* 65536 channel acquisition system
* Max. of 1,073,741,823 (30 Bit) (via USB 2.0):
counts per channel * number of
* Max. sampling rate 150 MHz channels
*  Dwell time from 100 ns to 1300 s * dwell time
with max. failure £ 100 ppm * discriminator
*  Min. pulse height 30 mV level (between
* No dead time between channels -1.6 Vand 3 V)
* Save the acquired data
TECHNISCHE '7
NIRRT kT

V. Lamirand, A. Rais, Qualification of the acquisition systems for experimental

campaigns, presentation, Annual CORTEX meeting, Munich 2018
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