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== | Project description
Sy by pe s o B
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SRR AlariBR use - m%g'g&qﬁgite'gam'm ofCirculation
and Medical Imaging , NTNU. It is currently used for medical
M UISGRPULS MERa Yual-band technique => relies on simultaneous
N transmission of two frequency pulse complexes in the same
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The centre frequency separation typically from 1:7 to 1:10
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PhD project

Project description

The Ilow-frequency (manipulation) pulse is used to
manipulate the elastic properties of the material e.q., rock.

Manipulation pulse generates a local change in the speed of
sound
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Preliminary project

Research motivation

Verification of reasonability of the SURF method implementations
Into the rocks testing

It is realised by the creating the similar conditions as occure
during the SURF measurements

In preliminary test => the manipulation puls is replaced by the
oscillations of the mechanical uniaxial stress

Preliminary project

ROSE seminar 2010



Experimental set-
up

Tests => a combination of the quasi-static and dynamic
measurement methods

“Transmission
method |

e

Pore preszure Pizton
[fluicd flow)
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transcucer

Test

sintered plate

Pc = <— Pp¢
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izonfining fluid
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Stress protocol

— Pp Pc

— 2 5 9 13 17 21 25 29 33 37 41 | « 1 series
6 9 13 17 21 25 29 33 37 41 45 | « 2 series
10 13 17 21 25 29 33 37 41 45 49 | « 3 series
14 17 21 25 29 33 37 41 45 49 53 | « 4 series
18 21 25 29 33 37 41 45 49 53 57 | « 5 series
22 25 29 33 37 41 45 49 53 57 61 | « 6 series
26 29 33 37 41 45 49 53 57 61 —~ 7 series
30 33 37 41 45 49 53 57 61 ~ 8 series

o 34 | 37 | 41 | 45 | 49 | 53 | 57 61 < 9 series

§ 38 41 45 49 53 57 61 — 10 series
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The additional requirments fo+

Unﬁrained conditions - the pore fluid is not allowed to
escape - variable pore pressure Pp

KO0 mode - the radial strain is keep at zero or negligible value
during loading of axial stress Pax - realised by adjusting the confining
pressure Pc

Specimen:
Sample => ¢ Iindical 0lug of Castlegate sandstone

Castlegate sandstone is
a weak, high porous (~
1.5’ 27%), outcrop rock. It
| consist of 70% quartz, 30%
feldspar and other rock
fragments, and a low clay
content

3"

Saturation:
Pore fluid => Brine (3.5%) and Oil (Kerosene

@ NTNU \\ ROSE seminar 2010



Measurements - monitored
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= | Tested parameter
Th T an derivative of the wave
€ noniinear _ agp _ velocity with
___________ parameter = L "] = ioqpecttostress
AVpL?q vs;. Geff ’m
7" og Brine . 1
st ™ Nonlinearity
o . decreases with
: Ik increasing net stress
- IR -
o ; :
: . '
=
Z E 10
No statements can be ’
made about the ) .
relation between pore
m= . pressure and - = = & = & = = @
— S— nonlinearity oS e

ROSE seminar 2010



== | Brine and Oil saturation - results
comparison
PostamPa AVpiAG s o [ e rerms |
‘Bring’ — Power (Brine_Pp=14MPa)
55 1 ;ggivl?a?:(éﬂdpﬁaimmpa)
a0
. - Oil- ‘saturated  sample
-E ! oL reveals the higher
i 40 4 . . .
& nonlinearity. than« brine
o 2 saturated
Dy = | T . .
E < =] - curves representing an oil
o £ ' are above the curves for
g 2] brine
P e
g *0 20 - /
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== Qil saturation - results
comparison
- Npwew e
Qi saiurafed samples’ i;‘-tress

OIL after stress release

3400 - —('/"-(—"—" The difference

[
2
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o
& between curves,
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o . . . e
(] | 101
j . Suspicion = =>  the
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3100 A . .
“ elocity vS. StreSS associated with the
charts confirm  the U=
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= | Qil saturation - results
__comparison
ﬁ\‘FI:"'J*A"'-T"\‘;S-6*’1’f = Test 1_after
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45 4 i LBDE\'L_; Test_2)
. ¢ Test 3
Power (Test_3)
a0 4 4 Drine
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= . :
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= I 15
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=  Theory -
assumptions
- - o ".H.S.q.l:. -
Model => Hertz-Mindlin T i
. * e R s = P G A
I&%Céi(mg%cture => grain pack el “.s‘f;?ﬁ;
model (identical spherical grains) AL

=, -‘J
Grains => rigid quartz bodies BRI
d (deformable parts framework and GRS A
i fluid) R
4 Describe => Bulk K and shear G
4 frame moduli
a4 Conditi => Hydrostatic sterss ¢, and undrained
g ons conditions
Saturation => 100% , single substances: Brine (3.5%)
and Oil (45 deg. API) :
Biot-Gassmann => Effective bulk Keff and shear Geft
equation moduli
Batzle & Wang, => Fluid parameters Kr and ps
i 1992 vs. Pp _
== Bijot’s theory of elastic wave == P-wave
mm propadgation velocity Vp
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=  Nonlinear
parameters
Determination of the nonlinear
parameter
avp total —~ V' (G ) :V' i aKfr aC:;fr E aq) i aKf apfji
pyTp p | > g 2 ’ X
9o, (.90, 90, 190,/ 90, 99,]
,,,,,, Y 3
4 7 The stress-dependent
= parameters
— e LN
> : ) / )
& | The nonlinear parameter i The nonlinear parameter |
3 f:(\)r the solid part (framework) E E for the fluid part ,i
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— j d Oil saturati h
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Similar trend of characteristics:

- decrease of nonlinearity with increasing stress
- decrease of nonlinear separation between brine and oil for
higher stresses
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Theory

Research vs.

Brine and Oil saturation - research vs.
,,,,,,,,,,,,,,,,, rheorv
Pp=6MPa AVp/AGvs. o Pp=6MPa anfAl_rvs 2
theory' s B ‘experiment’ ® Oil_before
UL s I o
1 H/ :I- 04 )l
\ +  Oi_Nc=6 4
0 { % W\
# 51 \
28 '\
. 2 4 \\\
z iy \\ \'\ OIL before siress rel
E 0 OE 1 \\ \ i i
= Z 18 N
:Tr ! E 16 \..\
£ ER
4 8 12 18 ZDEﬁemivez:tress [MPZ:] 32 ¥ 40 44 i ) : 5 B Eﬁec::e SMHIM;:] ! % o P
N, - coordination Rock structure is characterized py the
grain contact number Nc (in the
number theoretical studies)
(the average number
of contacts per : :
sphere) & Change in the grain arrangemnet
(consequently the number of micro-cracks)
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noniinearity
Theoretical study allows to estimate what is the impact of fluid and
solid part on nonlinear parameter

Theory - contribution of fluid and soild part on

80%

Theory

Research vs.

0%

(AVp/Acp)serd(AVpiAop)Tota vs. Net stress = Solid => Ne=4

Fluid == Oil

Solid ==MNc=12

100% -
90% -

70% -
60% -
50% -
40% -
30% -
20% -
10% A

— %Elﬁll% %arlFluid part

— Solid part Nc=12
— Solid part

8 12 16 20
s [MPa]

24 28 32 36 40

Solid part Nc=4

Pp = 2MPa

- The contribution of soild part is higher than fluid (especially for
lolBe sghiffenence in the rock structure has high impact on the

nonlinearity

- The difference between Brine and Oil saturated sample is
insignificant
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Summary

Conclusions

1. The nonlinear elasticity is not sufficiently sensitive parameter
to kind of saturating substance => most likely, it can not be

ffectiv fluid distincti
© Iggseﬁg era urg ?\/Calws 3 ?Arbee/e et al., 2002) - nonlinearity could
give better results in study degrees of saturation

2. The parameter seems to be sensitive to the structure - grains
arrangement inside the rock - number of discontinuities (fractures)
3. Theoretical consideration reveals that:

a. The nonlinearity is strongly dependend on the rocks

BUTUBBYFE solid and fluid part has an impact on the nonlinear

c. PPRBMEYH of saturated substance has an impact on the
nonlinearity

d. AWM iBE eSS PAHIHLABIvork, is much higher than
fluid
(especially at low net stress)
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Plans for future

work .
" Tests on the artificially fractured sample

(the method of fracture detection)

Verification of crack influence on the nonlinear elastic
rone
" RO(H( té?enua?‘on measurements

" Design of the prototype of dual-band array
transducer capable to transmit the low- and high-
frequency pulses simultaneously

Summary

* Tests with the SURF method
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