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X-RAY AND NEUTRON IMAGING

Woracek (2021)

[ ttenuation coefficients with X-ray [an?] Attenuation coefficients with neutrons [em??]
1a 2a [ab] 40 | 5b | 8b | 7b | 8 [0 [ 2p 3a | 4a| 5a | 6a [ 7a | 0 3b | 4b | 5b | Bb | 7b 8 | o[ 20 | 3a [4a | 6a |6a|7a| O
H . He —
o For X-rays = proportional o For neutrons = completely
o |0z | i ; 28 027 011 015|014 ot unsystematic!
006 | 022 028 | 027|011 016014017 !
v [ mg | INNCIEASE: Al | si| P [ S| Cl|ar S y
0.13 0.24 038 | 033 | 025 | 030 | 023|020 = :
K Ca | 8¢ ; ° : | ; ozs ocoas 0 uz:;‘a
oﬁr 0.26 | 0.48 0 : R - - Rb sr Y | Zr [ Nb
0sr ; ; 0.08 | 014 027|029 0.40
B 9 At Cs Ba ; g s : !
; A 029 | 007 49 : 46 047 |0.38]0.27
- Fr Ra Ac Rf Ha
Fr Rf Ha 034
Ce Pr Nd Pm )y Ho Er Tm ¥b Lu E . B 2 1H° . R
R e e . B .07 1091 1170 12.49 B 14.07 Lanthanies W8l 572 171.47 04.58 1470 04 3242 225 548 353 140 275
ST PRNTIM Np | Pu |Am | Cm | Bk | Vf | Es | Fm | Md | No | Lr - Np  Pu S Md | No | Lr
e 2895 3965 49.08 X-ray A ctinides 50.20 | 2.86 neut.
Fe Ca S Si AlMgO|D H Element/ | Coh. Scattering | Inch. Scattering | Absorption
_even for Isotope (barn) arn) (barn)
X-Rays . . 9000 - | different isotopes H 1.757 80.26 0.555
of the same )
element! D 5.592 2.050 0.001
Neutrons . ® 00000 . . . . .
This contrast makes possible fluid front tracking with

close to a “single phase” condition

Vieira Lima et al (2022). Characterization of triaxial deformation and hydraulic behavior of porous sandstones through in-situ testing with X-ray and neutron tomography.
ILL-ESS User Meeting 2022.




1. INTRODUCTION :

Neutron EuroTrip (June 2021)

Mar do Norte rY
Dinamarca !.BLU“"
i~ Source: Tengattini et. al (2020)
Hamb
am‘grgo /\(
)_/ Berlimw
@
Paises} /—/ - T
SN " NeXT
g by . e
(NS ; A h )
\/\ Brwéelas ‘/ ’.A;.eman a ;u/I’
“@{IglcaQ} S ' e \V% S . N
PN . & LB Imaging zone Collimetion zone
Luxemburgo & it
\ﬁ : L 9 Tchéquia
Rofls f V> " F= Scinillator Xeray detector | Sample Flight guide Flght guide ‘Neutrnn beam
i
= 17 h 49 min | plunds l%na\@B”

1.84ckm f W,—*"L‘) Austria f”“(\
= y oY v’
Franca / ® Sulca /} M
,. Eslovema N
gl i ~ ®Zagrebe

'll Vb L NEUTRONS
_4 G FOR SOCIETY

Pinholes changer

-ray generator | Somple fable

FOR SOCIETY Monéco \\‘ .
i ltalia S X-rays Source: Tengattini et. al (2020)
Vieira Lima et al (2022). Characterization of triaxial deformation and hydraulic behavior of porous sandstones through in-situ testing with X-ray and neutron tomography. \ LTH
LUND

ILL-ESS User Meeting 2022.



1. INTRODUCTION |
EXPERIMENTAL SETUP
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EXPERIMENTAL SETUP
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EXPERIMENT OUTLINE
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What can we get from the in-situ experiments?

FROM BULK MEASUREMENTS (TRADITIONAL)
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What can we get from the in-situ experiments?

FROM FULL-FIELD MEASUREMENTS (ADVANCED)
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What can we get from the in-situ experiments?
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What can we get from the in-situ experiments?
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What can we get from the in-situ experiments?
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2. RESEARCH QUESTIONS 1

Q1 - HOW CAN SAMPLE HETEROGENEITY AFFECT THE FLUID FLOW (UNDEFORMED
STATE)?

Q2 - HOW CAN SAMPLE HETEROGENEITY INFLUENCE THE DISTRIBUTION OF
DEFORMATION THROUGHOUT DEVIATORIC COMPRESSION?

Q3 - HOW DOES FLUID FLOW EVOLVE ALONG DEVIATORIC COMPRESSION?

Vieira Lima et al (2022). Characterization of triaxial deformation and hydraulic behavior of porous sandstones through in-situ testing with X-ray and neutron tomography. LTH
ILL-ESS User Meeting 2022. LUND | i



3. RESULTS 1
Q1 - HETEROGENEITY VS FLUID FLOW
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Q1 - HETEROGENEITY VS FLUID FLOW
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Q2 - HETEROGENEITY VS DEVIATORIC DEFORMATION DISTRIBUTION

STATISTICS - FOUR GROUPS OF POROSITY: THE STRAIN EVOLUTION COMPARED TO THE SAMPLE’S AVERAGE
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Q2 - HETEROGENEITY VS DEVIATORIC DEFORMATION DISTRIBUTION
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Q1 - HOW CAN SAMPLE HETEROGENEITY AFFECT THE FLUID FLOW (UNDEFORMED
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Q3 - FLUID FLOW EVOLUTION ALONG THE DEVIATORIC COMPRESISION
FLOW SPEED FIELDS VS CROSS-SECTION VOLUMETRIC STRAINS
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Q3 - FLUID FLOW EVOLUTION ALONG THE DEVIATORIC COMPRESISION
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5. CONCLUSIONS AND FURTHER DEVELPMENTS 23

* A novel testing system for rock's hydromechanical investigation

* 4D imaging of flow and deformation under a triaxial state of stress .
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