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Spatially high rsolution hydraulic
testing: Concepts (II)

Hydraulic single-well tests Hydraulic cross-well tests
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Hydraulic Tomography
Advantages of Hydraulic Tomography:
- » Direct measurement
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A « Proof of hydraulic fracture connectivity
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Spatially high resolution hydraulic
testing: equipment

Multi-packer system Interval and Packer Control unit



ANDRA

French national radioactive waste

monagement agency

4
QAQHSGIEARm W@de > I . B Qe

inhouse borehole simulator

48297.626 h / 1403 bar [El: 88 tosgingplot setiing 1000.00 =
= o 5 S 4
FREBARAKRIN A ENNOHNEGRERM
Multism: CDZ1306 006 8 = - } . (o (@ [ | Properties ax
- <! HI-HIS18_03 [Pression] SRR~ table Pressure EEr=]
Part / Name i Value ) @ A B c {2] | Graphics elements
v & Date 1 Datetime Time [h] Pression [bar] v @ Dplot-5
:'E““’E sgglggu g 25 2 2401201124230 000 105 . HI-HIs18_03
ate .01.; 3
Temperature 3 2401201124300 833e-3 105 .. Measurement of CDZ1306 006
2 4 2401201124330 0.02 105 N\ Xais
Additional data Y i
3 H 24015
i Geometry 20 mulation editor [HI-HIS1_02] Be
Sequences s 201
v Diagnostic
Combination 7 2401. Borehoe  Fomaton | Study  Numeric  Inverse  Relations | General
 Loglog N
‘Aganwal Plot B Value Unit  Metch Lowert A
Modified Agarwal Plot S BT o Flow model Liquid - single poro...
Modified Plot = 15 W= 0 Nomborof S
v No Superposition ° fumber of zones
HIls 20e-09 LI 7 Fracture flow option Barker L
Hist 4107 . - Active formation length 2m 0O
HIS10 6.1e-07 v i
His11 1.7e-07 13 Formation . Value ~
Hen 1707 Seqanes 513 Static formation press. 03231% bar ] O e
HIS13 45¢-08 Slope of help ines: 1 Radius of discontinuity 0067578 m ] i
:E}‘; 1‘5"% +172 +1/4 +0 12 15 ~ Innerzone 2
e
His16 12e-07 — NN 16 Conductivity 147691e12 m/s - [ Pression [%unit%]
Hist? 43008 R 1 Specific storage 9.0343e5 Vm [ =
Histe 37e-08 Flow dimension 2 O e
His2 31e07 Ctz analysis vi]l|1s
HIs3 3.6e-07 ¥ Quterzone . center
Hist Ste0? Neme Value Unit Conductivity 10250312 m/s [ NG
HISS 44607 v Sequence Specific storage 10984e-5 Um [ B
:}2? §2=g; Mean flow rate 078 ml/min Flow dimension 2 O 16
e v
s Sreor (yh?drlca\ boundary - [ False
Hiso 307 ype constant pressure Ol Fatee
Transmissivity Normali... Distance 1000 m (] [ False
Full Superposition Plot v Linear boundaries S
v Semilog Number of linear bou.. 1
Constant Head Fi
Flow-dimension analysis - v First
Horner Plot Selectin graphic Distance e m 05
Modiied Horer lot Results Type constant pressure Left
< > v Fluid
- | Name Value Unit “'Dmlty 100 g/ 1.0
3 HI-HIS18_03 [Pression] Test zone compressibility 453125¢-8 1/Pa — sl v
Simulation editor [HI-HIS18_02] < >
7 No Superposition (loglog) of HIST3 050
T Mescirament tahle ‘Drscenra’ 131 | = = -
Projects  Multisim: CDZ1306 006 1 List of laveis
—— Distance 000
emplates - Position Left
Type Name [ Show resuits on plot Text orientation  Horizontal
L New template Text centered [ False
[P Pczion v Font A IAral 141 v
P test Save Cancel Apply
N



‘ Hydraulic/pneumatic tomography:

- A useful tool for characterizing the EDZ (evolution)?

ANDRA
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Conceptual model of the EDZ Conventional hydraulic testing
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The Meuse /Haute Marne

Underground Research Laboratory
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de la Vaissiére et al., 2015, J. Hydrol



Experimental set-up _IFSTTAR

NBRA CDZ-Experiment (Compression of the Damage Zone)
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L IFSTTAR

‘ Evolution of the damage
zone under loading

Cross-holes interferences Seismic tomography results
ANPRY T results

- the velocities increase by several
hundreds of m/s below the
loading area

* Number of interferences
decreases during the loading
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@ Inversion technique

line integral (hydraulic travel time tomography): Eikonal
solver
1 ¢ ds 1 % ds
\/tpea (x,) = Nlpa =
= o ¢ J6fua ){JD@)

Vasco et al., 2000, WRR Brauchler et al., 2003, 2011 WRR



‘ Data processing (I)

ANDRA 1. Wavelet denoising e o cormos
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Inversion results 2-D

Prior to loading, based on 28 interference signals

] . - CDZ1301
1.5 J
T 1 -
= | . g o+ CDZ1304
0.5
: il ah
= - T CcDZ1302
0 L I | I | I | L I 1T 1T T I T T T I T T T I
3.5 3 25 2 15 -1 05 0
[m]
I | | | | | | | [ ]
0.001 0.0015 0.0025 0.0045 0.0065 0.0085 0.01 0015 002 0.025
gas diffusivity [m%/s]
Zone 1: Zone 2: Zone 3:

« sub-vertical tensile
fractures

 |ocated between 0.6m
and 1m away from the
drift wall

« “impregnated” shear
fractures

 |ocated between 1m
and 1.5m away from
the drift wall

* “non-impregnated”
shear fractures
 |ocated more than

2m away from the
drift wall



@ Comparison of seismic and
diffusivity tomograms

Qualitative interpretation

., IFSTTAR
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Inversion results 2-D

After loading cycle 1 of 2 MPa based on 27 interference signals
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Inversion results 2-D

Comparison with single borehole gas tests
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‘ 2-D Relationship Tomogram

B AR Comparison of the tomograms prior to loading
ez and after loading step 1
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Inversion results 3-D

Prior to loading and after loading of 2 MPa
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3-D Relationship Tomogram

Comparison of the tomograms prior to loading
and after loading step 1
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3-D Relationship Tomogram

Comparison of the tomograms with the vertical induced stress

ANDRA  beneath a circular loaded area, Boussinesq solution

jo———— Diamcter= 8 -|

‘ Circulor loaded arca ‘l ?
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Figure 10.10, page 330 in Coduto [1999]
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@ Summary
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 Hydraulic/pneumatic tomography: A useful tool for
characterizing the EDZ (evolution)? YES

« reconstruction of hydraulic changes orthogonal and parallel to the drift
wall with a high spatial resolution

» the reconstructed diffusivity values are in accordance with numerical single-
borehole analysis performed with the borehole simulator Multisim

« the obtained diffusivity tomograms depicts three different zones of the
excavation-induced fracture network, which are in accordance with
the conceptual model

- Relationship tomograms show a similar pattern as the vertical
induced stress beneath a circular loaded area (Boussinesq
solution)

« Strong positive correlation between the reconstructed
diffusivity distribution and p-wave velocity
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Outlook (II)

Discrete fracture inversion -Theory

generate initial DFN observations

- The inversion procedure is initiated by
randomly generating a DFN realization

based on the following a priori \ ‘
information: /
forward model calculate misfit
+ The results of the travel time based - ¢ o
inversion, derivation of potential positions of i - [ H:l"
fractures and appraisal of the hydraulic ' 1”—(»
properties / RMS = [ (Coim — Cone
- Statistical information: e.g. fracture length lterative
distribution, minimum fracture length, fracture duu'pd‘ate DT ‘ DFN
orientation solver

Jalali, 2013 MHG criteria

epl ¥ rej,

store

» The transdimensional reversible jump
Markov Chain Monte Carlo (rjMCMC) is a
unique variant of MCMC, in which the
number of parameters can vary
among subsequent iterations during
the inversion process

ensemble

Somogyvari et al.,, 2017 WRR



Outlook (III)

Transdimensional reversible jump Markov Chain Monte Carlo
(rjMCMC) inversion

POS1

POS4

POS7

X X

Somogyvari et al., 2017 WRR
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‘ Outlook (IV)
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Discrete fracture inversion - pressure data
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Ringel et al., 2019, Geoscieneces
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‘ Outlook (V)
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Discrete fracture inversion — Tracer data
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