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Neutron source multiplication method

e Subcriticality measurement technique based on

S
1—k

CR=£(S+Sxk+Sxk?+--)=

CR :count rate, k : neutron multiplication factor
S :neutron source strength, ¢ :detector efficiency

e Features
Simple technique by neutron source and detector

Reactivity difference Ap can be measured from the
reference state where k_; Is known beforehand
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Modified NSM [1]

calculated neutron flux

CR — Kegt <Zd Wcalc>/
1- keff <|§D:alc|: Wcalc\

<S (Dc;ralc

fundamental

e Neutron count rate at target subcritical state

)

adjoint eigenfunction

g
Correction to extract fundamental mode
. component of A-eigenvalue equation

~

[1] Mizoo, N., 1977. JAERI-M 7135, (JAERI).
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Purpose of this study

e Issues of Modified NSM

Numerical results has uncertainties
e Size, nuclide compositions, cross-sections
o analytical models

Estimated correction factors have also uncertainties

e Purpose

To clarify appropriate detector positions to reduce
the impact of correction factors in NSM experiment

» ldeally, correction factors nearly equal to unity

e Reconsideration of definition of measured
“neutron multiplication factor”
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Decomposition of neutron flux

source-flux term fission-flux term

<Zd ¢> = <Zd ¢s> +<Zd ¢f>

)
)

Z

& Geor*
detection of primary detection of fission
neutron due to source neutron
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Detected-neutron multiplication factor!l

B <Z ; ¢f> - <| f - ¢s> A\ annihilation operator

FF production operator

det — <Zd ¢> o <| T A¢S> |Tdetector importance

e Ratio of “detected fission-neutron” to “detected
all neutron”

Similar to the definition of “Subcritical mulitiplication
factor: kg 2"

Note: reaction rate of neutron detection is used
in the difinition of kg,

[2] T. Endo, et al., Ann. Nucl. Energy, 38, pp.2417-2427 (2011).
[3] K. Kobayashi and K. Nishihara, Nucl. Sci. Eng., 136[2], pp.272-281 (2000). | -

k




Relationship between
neutron count rate and k

(5, 4) - <12 k¢> (5, 400Ky K2+

det

e Detected total neutron count rate can
rigorously expressed by summation of
Infinite geometric series

15t term: detected primary neutron due to
emission of external source

Common ratio: kg,
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NSM expression using K.

r )

K . 1T I(l_ 1:c,ref keff, ref )<<Zd ¢r€f >

= >
eff, target S
fc,targ et Zd ¢targ et > )

.

e Correction factor for source-flux

1:s = <zd ¢s,target>/<zd ¢s,ref >

e Conversion factor from k. to kK g

1:c = kdet/keff

e Note: f; & f, can be evaluated by only forward
calculations, without adjoint ones
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Appropriate detector position In

NSM experiment

r )

<Zd ¢ref > Y
Zd ¢target>)

keff,target — f ! 11— fs (1_ 1:c,ref keff, ref ) <

c,target

.

e Detector position where K ..=K
Conversion factor f, is equal to unity

This search can be achieved by only forward
calculations at reference state

e Detector position where f.=1 is better
Note: need for forward calculations for target state
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How to numerically solve K,

source source

1. Forward external source problem with
fission

2. Forward external source problem without
fisison (vZ~=0 or v=0)

3. ¢fIs evaluated by ¢—o.

4. Kye=<Zy 0e>/<Zy 6>
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NSM experiment at Kyoto University

Critical Assembly(KUCA)
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Kyet=Kor Mmap for Am-Be source

by SRAC/DANTSYS,16-group Sn transport calc.

kdet/kefft1 [%)]

........ i 1.0
10 — #3 _ 10 0s
___________ K |:| ) B
20— / 20 07
&% Wiind 0.6
30— ~— N\ @ 0
/ / 0.4
4':' ] #2 ‘ ...................................... \ ﬁ'l 4|:| |:|3
£ 0] o 7 £ o 0]
=3 £ i . /X, o, I:II:I
= B0 — ..... = [0 01
..... / 0.2
70— R /— 70 03
# L 04
80 [} — a0 e
.................. X FC# 08
a0 — = 07
100 — ) 100 0s
""" g : _1|:|

10 — | | | 110

o 10 20 30 40 &0 B0 FD B0 90 100 MO o 1w 20 30 40 50 GO YOO B0 S0 100 110
¥ [cm] ¥ o]

k only C3 rod in All rods in /

reference state
2012 ANS Winter Meeting, DATA ANALYSIS IN NUCLEAR CRITICALITY SAFETY—II, Nov. 15, 2012 13



Result of NSM for Am-Be source
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K4et=Kesr Map for Cf-souce

by SRAC/DANTSYS,16-group Sn transport calc.

Almost same f_=k /K. Value for all detectors
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Result of NSM for Cf-source
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Conclusion

e NSM based on k.

Good results without corrections at detector position
where Ky =K
e position can be searched by calculation for reference state

Correction factors can be evaluated by only forward
calculations without adjoint ones

e Future works

Evaluation of k., and correction factors using
continuous energy Monte Carlo code

Uncertainty Analysis for k., and correction factors
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