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Exper imental study on ultrasonic propagation
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Abstract: Drilling fluid isa caommon flushingmedium used in pile foundation, geological drilling and petroleum
drilling Study on ultrasonic propagation properties in drilling fluid is of vital importance, not only for develo-
ping equipments to non-contact measuring concrete casting level for bored pile, but al for developing equip-
ments considering drilling fluid as signal channel The existence of clay particlesmakes the ultraonic propaga-
tion and attenuation in drilling fluid much different from purewater. In order o know the relation anong ultra-
sound frequency, slurry density and depth, a series of laboratory experiments about ultrasound propagation in
water-based bentonite slurry were finished W avelet method was adopted t process the gained original waves of
ultrasonic propagation in slurry, 0 we knew the velocity and attenuation coefficient of ultrasound propagated in
different drilling fluidswith different density The first group experiments shows thatwith density of drilling flu-
id increase, ultraonic velocity will decrease but attenuation coefficientwill increase if ultraonic frequency keep
constant The second group experiments shows that the power of ultraound will intensify in gnall bore hole, the
attenuation coefficient ismuch snaller than theoretical value
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Introduction

Drilling fluid is a caommon flushing medium used
in pile foundation, geological drilling and petroleumn
drilling Study on ultranic propagation properties in
drilling fluid isof vital importance, not only for devel-
oping equipments o non-contact measuring concrete
casting level for bored pile, but al® for developing e
quipments considering drilling fluid as signal channel

A's a convenient non-contact method, ultrasnic
measurement iswidely used in distance measuranent
in air media, and in liquid density or concentration
measurament (Lan, 2008). A lthough sme literature
reports the ultraonic propagating results in liquid
media (Zhao et al , 1999; Suetal , 2002; Zhang et
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2006) , there are fewer papers referring ultrasonic
propagation in water-based bentonite durry (Podio et
al , 1990; Orban et al , 1991).

Based on echo method, laboratory experiments
were designed b study the relationship betveen ultra-
Dnic velocity, attenuation coefficient and p roperties of
drilling fluid Thismakes a theoretical preparation for
the relative study referring ultrasound propagation in
drilling fluid

1 Laboratory exper ments

L aboratory experiments were finished in Drilling
L aboratory Hall of China University of Geosciences
The aim of the experiments is  clarify the relation-
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ship betveen ultranic propagating characters and
properties of drilling fluid For this reaon, wo kinds
of experimentswere done:

Group 1: Ultraoound with different frequencies
propagates in different drilling fluids

Group 2: Ultraoound with constant frequency
propagates in drilling fluidswith constant density and
different depth
1.1 Frequency of ultrasound

Choosing the optmal frequency of ultraound is
of vital mportance © the successof laboratory experi-
ments The realts from Profesor Podio (1990 )
shawed that the practical frequency for drilling fluid
ranges from 200 kHz to 600 kHz In the experiments
finished by Baker Hughes (Orban etal , 1991) , 280
kHzwas adopted Shao Chun (2006) thinks that lov
frequency ultraound should be used for long distance
propagation in drilling fluid Based on thes literar
tures, o frequencies (50 kHz and 200 kHz) were
used in our experiments The power of the ultrasound
is300W.
1.2 M aterials

Two kinds of experments were finished in wo
different pipes, the sizesof the pipes list in Table 1

Table1l Sizesof exper mental pipes

Characters Pipe 1 Pipe 2
Properties steel UR/C
Thickness (m) 4x10° 6.5 x10°
Inner diameter (m) 0.60 0.237
Length (m) 0.95 3.87

Calcium bentonite used in the experiments was
caming from Bureau of Geological Exploration & De-
velopment of Hubei Province; tgp water was used ©
mixwith bennite; and electric blenderwas chosen
mix drilling fluid
1.3 Exper ments design

Group 1 was aimed to clarify ultrasound propager
tion and attenuation characters in drilling fluids with
different densities Experimental gpparatus and meth-
odswere illustrated in Fig 1 Properties of the water-

based bentonite durry prepared for these experments
listed in Table 2, which were tested in Drilling fluid
laboratory of China U niversity of Geosciences
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Fig 1 Apparatus and exper mental methods for ex-
per ment Group 1

Group 2 was amed 1o clarify ultrasound propaga-
tion and attenuation characters in drilling fluids with
constant density but different depths Experimental
goparatus and methodswere illustrated in Fig 2 The
density of drilling fluid in these expermentswas1. 14
g/an’, and the depth of the drilling fluid in Pipe 2
was 3. 715 m.
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Fig 2 Apparatus and exper mental methods for ex-
per ment Group 2

2 Exper ments reaults and signal
process

In our experments, ultrasound with 50 kHz fre-
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quency cannot gain clear echo signals after propagar
ting in drilling fluids compared with 200 kHz ultra-
ound S the reaults listed in this pgoer are gained
fran echo signals generated by 200 kHz ultrasound
On the other hand, this situation corroborates that 200
kHz ultraoound is valid for propagating in water-based
bentonite slurry.
2.1 Realtsfran exper ments Group 1

Fig 3 shows the received signal wave for 1# dur-
ry listed in Table 2 W e should locate the exact echo
signal from the received signal wave, for this reaon,
noises in original signals should be eliminated In our
research, wavelet method was used and Fig 4 shows
the details and gpproximationsof the received signals
In the ssmeway, signal waves for 2# and 3# dlurry

can be procesxed o locate the echo pitch

Amplitude (V)

Time (ms)

Fig 3 Signals for 200 kHz ultrasound propagating n
1.03 g/an’® drilling fluid

Table2 Test reaultsfor drilling fluids n exper ment Group 1

Slurry number Density (g/an®)

Echo distance (m)

Visosity (mPa: 9 W ater temperature( )

1# 1.03 0.88
2# 1.16 0. 87
3# 1.20 0.85

21. 6s (Funnel visoosity) 2.7
8 (Abwlute); 7.5 (Apparent); 7 (Plastic) 2.7
11 (Abolute) ; 9.5 (Apparent); 8 (Plastic) 2.7
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Fig 4 Detailsand approxmations of signals fran 1#
slurry

2.2 Realltsfran exper ments Group 2
Fig 5 shows the received signal wave when 200
kHz ultraound propagating in drilling fluid whose

density is 1. 14 g/an’ and depth is3.7 m. W avelet
method was used © elminate noises And Fig 6
show's the details and gpproximations of received sig-
nals In the ssme way, signal waveswhen depth is
2.7m and 1. 7m can be procesed  locate the echo
pitch

3 Realt analysis

3.1 Data post-process for exper ment Group 1
The depth of durry in pipe 1 is0. 88 m when 1#
slurry wasused Because the face of the senor is5b. 3
an below the durry aurface, the distance from senor
face © the bottom of the pipe is 0.827 m. Using
wavelet method, we can gain the singular signal
points, point 316 and point 895 For sample tme in-
terval is2J s, we can gain the velocity of 200 kHz ul-
traound propagating in water-based bentonite durry
whose density is1. 03 g/an’. It is1428.3m/swhen
temperature is2.7 . Using the received anplitudes
for point 316 and 895, we al® gain the attenuation
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Amplitude (V)

15
Time (ms)
Fig 5 Signals for 200 kHz ultrasound propagating n
1.14 g/an® and 3. 7m Surry

coefficient of 200 kHz ultraound propagating in war
ter-based slurry whose density is 1.03 g/an’. It is
6. 646 3 dB /m when temperature is2.7

In the sameway, velocity and attenuation coeffi-
cient for 200 kHz ultraound propagating in 2# and 3#
durry are listed in Table 3
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Fig 6 Detailsand approximations of received signals

fram 1.14 g/an® and 3. 7m slurry

The depth of Slurry in pipe 2 is 3. 715 m when
slurry density is1. 14 g/an’. The distance from sen-
r face © the bottom of the pipe is 3.635 m under
the first condition U singwaveletmethod we can gain

Table 3 Ultrasonic velocity and attenuation coefficient propagating n slurry calculated fran expr mental results

Experiment Group 1

Experiment Group 2

Density Echo distance V elocity A ttenuation Density Echo distance V elocity A ttenuation

(g/am®) (m) (m/9 (B /m) (a/an?) (m) (m/9 (B /m)
1.03 0. 827 1428. 3 6. 6463 3.635 1356. 3 1. 2597
1.16 0. 812 1425.1 13. 1209 1.14 2.715 1289. 2 0. 3632
1.20 0. 800 1248.0 26. 1107 1.715 1218.0 0.5151

the singular signal points point 735 and 1271 For
sanpling tme interval is1Q s we gain the ultrasonic
velocity and attenuation coefficient under this test con-
dition They are1 356.3m/sand 1.259 7 dB /m.

In the sameway, velocity and attenuation coeffi-
cient for 200 kHz ultrasound propagating in the other
tvo different depths are listed in Table 3
3.3 Data analysis

Experiments Group 1 disover that  with the
increase of fluid density, ultrasonic velocity would de-
crease non-unifomly; with the increase of fluid
density, olid wlume increase and energy dissipation

become obvious, ® the ultranic attenuation increa
®s Becaus the dianeter of pipe is ten tmes than
that of ultraonic nor, © we can ignore the size
effects and the reaults can reflect ultraonic attenuar
tion in drilling fluid

Experments Group 2 discovers that with the in-
creasze of distance velocity and attenuation coefficient
would increase if fluid density keeps constant But
Table 3 dhovs?2 abnomal phenamena Experiment
Group 2 exits size effect and the results show that if
€enor sdianeter is comparable © pipe dianeter, ul-
traonic attenuation would decrease, which is helpful
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o long distance propagation W hen fluid density
keeps constant, measured velocities are diverss; we
think that is fram the error of equipment In other
words, because the PVC pipe isvery long, the densi-
ty of the lower fluid was great than the upper section
for sttlanent and flocculation effects That causes the
fluctuation of measured velocity and attenuation

4 Conclusions

200 kHz ultraound ismore campetent o propar
gating in water-based bentonite durry than 50 kHz

W avelet method can be used o process echo sig-
nals and obtain ultranic velocity and attenuation

Size effect exits in experiments and it shows that
ultrasonic can propagate much farther in snall pipe

W ith the increase of fluid density, ultranic ve-
locity would decrease gradually and attenuation would
increase shamly.

L aboratory equipments should be refomed o e
Iminate fluid settlenent and flocculation effects o re-
wlts
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