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Sonic Log

Sonic Log Application

Porosity determination

Secondary porosity determination (combined with N-D logs)
Lithology determination (combined with density log)
Formation mechanical properties determination
Determining R, (combined with resistivity log)
Over-pressurized formation detection

Cement bond log evaluation (cased hole log)

Fracture detection

C OO0 00 000D

Seismic studies
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Sonic Log

Sonic Tool Principle

1) A sound signal is emitted from the “Transmitter”.

2) Signal is recorded by “Receivers”.

3) Signal is analyzed based on :

e Wave type(s)
e Velocity/ transit time of the wave
e Attenuation(loss of energy)

Transit(travel) time or slowness:

Difference in arrival of the compressional wave at receiver

TR¢,.. — TR 10°
At = —L4 =T usec/ft V. =— ft/sec
Lg At

s

Borehole wall

Refracted ray path

e

. RN

'Rh'll'

Sonde
body

Transmitter signal
n o B Y
TR B

}—'I = 40 psec

Receiver signals

Shear & Rayleigh
armvals

Time

armvals

Compressiona
ar I'u'a|5
ﬂ Emnele:.-a ivals
mige )

Dok il JU‘*UUUUUV a

ﬂﬂnﬂnﬂhﬂﬂn\___
UUVUU”

e LU

From Schlumberger




Sonic Log

Compressional Wave

e Known as pressure wave (P-wave)

e Longitudinal waves Com/‘p/‘r;‘ssm dl/la/t‘a;‘lon
* Propagation direction |l particle movement f

e Passes through solid, liquid and gases.

e Speed solid > liquid > gas

e First arrival wave (fastest wave) Wave Direction

e Range in rock : 17390-25000 ft/sec (57.5-40 psec/ft)
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Sonic Log

Shear Wave

e Known as S-wave

 Transverse wave AN RN AL

* Propagation direction J_ particle movement

* Propagates through solid. '

e Does NOT propagate through gas and low viscous liquid. Wave Direction
e Some propagation in high viscous liquid with severe attenuation

e Second arrival wave (2"9 fastest wave)

e At/At_ (V. /V,) in formation: 1.6-2.3

e Sensitive to fractures




Sonic Log

Stoneley Wave

Condition

e Travels at mud (in the wellbore) and formation interface

@™
e Last arrival wave (slowest wave)
e Sensitive to permeability Permeable
formation
e Sensitive to fractures
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Sonic Log

Sonic Log Waves

Total Shear Mud
transit time arrivals arrivals
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Bateman, 2012
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Slowness (us/ft) TABLE 16.3—At RATIO FOR ROCK TYPES

— e — 40 240 == [AFTER MASON (1984)]

Sonic Log 2900 ' Formation Lithology Ratio At/At

Anhydrite 2.45

Basalt 1.55

Chalk 2.45

Chert 1.6

Clay 3.2

3000 Claystone 1.9

Diabase Ats/ AtC 1.7

Diorite 1.75

| ‘MStoneley Dolomite 1.8

! Epidosite 1.7

- Alghear Gabbro 1.6

Sonic Waves [

% 3100 . — Granite 1.7

éi ' Gypsum 2.45

Hornstone 1.85

Limestone 1.9

Limestone (silty) 2.1

Alcompr ‘__'j: Limestone (argillaceous) 23

Marble 1.8

il Mudstone

e Pyrite 1.7
Quartz
Quartzite 1.5
Salt
Sandstone 1.6
Shale
3300 Siltstone 1.8

From Schlumberger Bateman, 2012




Sonic Log

Sonic Tools

4 Basic sonic (mono and dual recelver) s Obsolete
4 Borehole Compensated (BHC) =)  Most Common
d Long Spacing Sonic (LSS)

4 Array Sonic Tool

 Dipole Sonic Tool

s




Sonic Log

Basic Sonic Tool

Mono Receiver

The measured travel time includes the travel
time in mud (a & c) rather than formation (b)

Dual Recelver

If tool is tilted or borehole size is hot uniform
(wash out), causes error.

s

TtoR =t, +t, +t,

TtoR, =t +1t, +t,
TtOR2=ta+tb+td+te
RitoR, =ty +t, — t,

If tool is axial

lte:tc




Sonic Log

Basic Sonic Tool

RitoR,=ty;+t,—t,

to # L,

s
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Sonic Log

BHC Tool

One T & 2 R added to compensate wellbore effect

3 ft from T to near R

2 ft distance between pair Rs

1-2 inch depth of investigation

2 ft vertical resolution

Problem t=

Low DOI which causes error in reading of
undisturbed zone transit time in shales.

s

TutOR2=ta+tb+td+te

TitoR,=t, +t, +t, +t,

[(Tuto Ry) + (Tuto RY] = [(Tito RY + (Tyto RY] |+

2




Sonic Log

Long Spacing Sonic (LSS)

2Tand 2R
8,10, 12 ft from T to R

2 ft distance between pair Rs

e 6 inch depth of investigation (beyond damaged zone)

1-2 ft vertical resolution

Compensation is achieved by memorizing

s
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From Schlumberger
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Sonic Log

2Tand 10R
Combines LSS & BHC

Records multiple different wave forms
2 ft distance between pair Rs

6 to 18” depth of investigation

6” vertical resolution

Array Sonic Tool

Compr Shear Stoneley
Reci iy |

Compensation is achieved by memorizing

Similar to Array Tool

Incorporates P & S waves

Dipole Sonic Tool

Sonic

logging — 1

receiver ‘]

section 35 f ]
8 ft o8

Sonic =

logging

sonde 3 ft

Mud At
measure
section

Two ceramic
receivers

Two ceramic
Transmitters

From Schlumberger
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Sonic Log

Sonic Porosity

Wyllie Time-Average Equation
At = @ X Aty + (1 — @) X Atypq

AT — Aty
T Aty — Aty

Consolidated formations

At from log
Raymer-Hunt-Gardener (RHG) Equation
At — At
@, =0.7 -

At

;
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Atma

At;

;

Sonic Log

<

J \

At in Common Materials

Material

Dolomite

Limestone
Sandstone
Anhydrite
Gypsum
Salt
Water (fresh)
Water (100,000 ppm NaCl)
Water (200,000 ppm NaCl)
Qil

~— Air

Casing

Travel Time At (us/ft)

43.5
47.5
55.6
50.0
52.5
67.0
200
189
176
232
919
57

Velocity (fi/sec)

23,000
21,000
18,000
20,000

19,000
15,000
5,000
5,300
5,700
4,300
1,088
17,000

Density gfcm3

2.87
2.71
2.65
2.97
2.35
2.03
1.00
1.06
1.14

Bateman, 2012
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Sonic Log

Measuring At in Lab

35 L
Time average fi/sec {m/s]
oo Matrix 19500 (5944)
ok - Fluid 5000 {1524)
.--
75 |-
20~
15
10
5 A=
e T
. At usec/ft
1240 110 100 g0 B0 70 Gl Al

Wyllie, 1961



At=189 psec/ft v=5,300 ft's
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Sonic Log

Sonic Porosity in Unconsolidated Formations

* Unconsolidated formations exhibit travel times longer than Wyllie time-average equation.
* Itcan be handled by compaction factor B,

* B, is avalue greater than unity and can be obtained from transit time in adjacent shale formations.

_ At—Atpg 1
> Aty —Atpmg By

Atsh/\‘

= At in adjacent shale
P 100 :

B,

20



At=189 psec/ft v=5,300 ft's
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Sonic Log

Secondary Porosity from Sonic Log

Primary: Developed during deposition

Porosity Dissolution

Secondary: Developed after deposition oo

Fractures

Vugs, channels

* Sonic tool is Insensitive to secondary porosity and ONLY detects primary porosity.

* Combination of other porosity tools (Neutron &/or Density) with sonic porosity tools can result in secondary porosity
estimation.

s

Dsec. = (DN,D — Qg

22



Sonic Log

Mechanical Properties from Sonic

Shear Modulus

Young’s Modulus

Bulk Modulus

Poisson’s Ratio

Formation Fracture Pressure:

s

B = pp (VZ—3/,Vs)

(V2 = 2V¢%)
=

2(V2 = V)
5 2V « P+ 1—3v
fFm1—g 0T,

Pma: Bulk density(from density log)

V.: Compression wave velocity

Vs: Shear wave velocity

B,: Pore pressure

P,: Overburden pressure

2 Pp a: Constant (Appx.0.5)

23
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Sonic Log
R, as HC Indicator
Py n RW
Archie’s Law: Sy = |F—
N e
n| R
: a L w
From Sonic Log:  F =— >'» w— [p R
¢S V wa - w S 1
. Rya
Assume: R,y = Ft Always: Sw =1
- R <R Min value of R, on the log g (Rwa)min — R,, In Water zone
RW w wa
<1
Rwa - R, <Ry, In HC zone
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Sonic Log

Example

Any possible reservoir?
Any Water Zone?

Rw?

s

ILD

A

RN

GR 100 Rwa 0.05 S:i = 11(())(())(; o DT (psec/ft) €0
/ q
j | ¢
<iiRSSSeS
P % ??
1» ¢ g
I X (
: |
— é{ }
<) - <§
1& ]
. \
d q i;
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Sonic Log

Example

/

Permeable zone:

e LowGR

e Separation between
SFL & ILD

o

/

(Rwa)min =R,

s

ILD

SFL

S

DT (pusec/ft)

HC zone:
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ook

— Aﬂw”
o

YaEe=h ks dhanatis




Sonic Log

Over-Pressured Formations

T T

i || wentw
=0NIc Log | Jefferson Co. Texas |
| |
. . . zaa] [ |I I ; _‘|- 5 — i
* The deeper a formation is, the more compact it becomes L] | | |
(overburden pressure increase). HEER ‘
A -
e The more compact the formation is, the less transit time |
is recorded. | N | |
6000 +— 1+ -]

Jepth, it

e The transit time on a logarithmic scale vs. depth on a
linear scale, should show a straight line as compaction

trend. DUEF]F—]UIES?:[JFEIES
LTI AN
e |f thereis a break in the compaction trend with depth to 10000 [ F’ ’ ;f -3'?L~—
higher transit times with no change in lithology, it might ‘ | | A f
indicate the top of an over-pressured zone. i i_J' ii;'! .
uEE -
| e
e This behavior is common in shales. ’ | | l °
14,000 _l_|_._L_ |
50 100 150 200
Ay Hsec/ft

From Schlumberger Hottman, 1965 28
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Sonic Log

Over-Pressured Shale

s

Gamma Ray

0

gAPI 150

Rate of Penetration Sonic LWD At

50

fith 0| 750  wsft 50

i ———

el
-
-

gl _ >

.

L

Onset of over-pressure

Compaction trend line

Bateman, 2012
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Sonic Log

Cement Bond Log (CBL)

v A proper cement behind casing assures:

e Casing is well supported.
* Producing zones do not contaminate water bearing zones
* No surface fluid leakage

i Amplitude

v' CBL is similar to BHC.

v" It measure the amplitude of the first arrival waves. Transmitter

firing  ~ap

v" The amplitude indicates the quality of the bonding.

v’ CBL is usually accompanied by wavetrain display of variable
density log (VDL).

v A good cement bond exists when later wave arrivals on VDL Bateman, 2012

are strong.

s
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Sonic Log

Cement Bond Log (CBL)

Bad Cementing (Free Pipe):
High Amplitude

Week VDL (Formation)

V shape @ CSG collar

Partial Cementing:
Moderate Amplitude
Moderate VDL (Formation)

Good Cementing:
Low Amplitude
Strong VDL (Formation)

;

ACOUSTIC WAVEFORM

WMSG

VDL

250

CCL: Casing Collar Locator

uoingijjeH woa4

Formation Arrival

Casing Arrival

31



N
o

—— . TOP OF CEMENT

g
¥
4
=1
=~
1E2E0

o i

1
1

o et s
_ ECTY
BE

J__““ e

(__:7
FREE-PIPE

B}

=1
=

(=R -
- o
o B
Ao ac
(L k= =
) I
=

Sonic Log

Cement Bond Log (CBL)




e
T — Y30

Fracture Detection

X100

e Fracture causes delay (due to attenuation) on
wave-train of compression, shear and Stoneley
waves.

X110

X120

Uy
y
o

A

e Fracture causes a “chevron pattern” (V shape)
effect on Stoneley waves. X130

Compr Shear Sturleley

X140

AR

vy

ey

X150

L L O

en i A g

I |F il’j ‘:ﬁ ‘-‘II IMIIHH'I.FWI.F

From Schlumberger
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Sonic Log

Fracture DetecV

Fullbore Formation Microlmager (FMI)

Ultrasonic Borehole Imager (UBl)/

Azimuthal Resistivity Image (ARI)

Fracture

;

Orientation north
120 240 36010

Orientation north

120 240 360

—
—

L RS
Y

L
I

Prassure (bar)

360

320 4

280 4

240

Orientation north o3
120 240 360]™

nductive FMI Resistive | Low UBI amplit igh SOnic waveform
N B0
= S< . =
i 'H 1 —_—_r—n-;.':._-";"
*Eg gs = = -
255 S
]S
=8 B2 e =
> F;E-‘EE- 2=
4 | = = &= e
ta ﬁﬁ“'é 2
miieEAH I S
_E i i! !. SR
h = i H._ '_;é - +-t:; .
& e 25 E§ =
E == = wak) EE 51
B g= ﬂi A =
SEE- 2
3 1 Ei g! - :. - -..'_,-l
. Ei HEd s =
i,. E 5
- '_- 12
E 2
- e

200

Conductive ARl Resistive

—

W

il

Packer setting
Fressure test

Cleanup (40 liters)

Sample 1 {450 cc)

T
15
Time (hours)

T T
1.5 2

T
3

J381aquinjyos wo.4
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Sonic Log

Fracture Quantification

* A dipping plane becomes sinusoid wave
on projection (3D to 2D).

* Dip can be calculated from amplitude,
A, and borehole diameter, d.

e Azimuth can be read directly from the
sinusoid.

s

™ High-angle
dip
L
HLDW—HHQ'E
dip ol 0°  90° 180° 270°  360°
Py
From Schlumberger
35




SOHIC Log unij;;_';mtlln?nu: 22;' .

ORIENTATION: MORTH

70 315 a6
a0 135 180 225 270 a1s 360 U] :

- =

- = P —
o - — ' e |
- > o= - | - -
- T e i R — e —~
" ] - *
.-

14
!

TR BN | |

e = 5;_;;;;_.,. —:-_-:-.‘-* [ 1g19.0 o f_”‘ﬂ‘i '—"'“‘:""a ;I‘
FMI Application in Fractures e &= == =] =3 == "

e Qualifies the fracture

v' Azimuth 3=
v’ Dip i
v' Aperture :

3
al

* Type of fracture (natural or induced)

Induced fractures (Dip=90°) after
hydraulic fracturing job.

s

=

i
s

Luthi, 2001 36




S(;nic Lo'g
Sonic Porosity Limitations

To estimate porosity the matrix lithology must to be known.

It is Insensitive to secondary porosity and cannot detect it.

Requires compaction correction.

Transition from one lithology to other one is not easily evident.

O O O O

Gas bearing zones are not easily detectable.

Replaced with Density-Neutron logs to overcome these problems

;

37



Sonic Log
Summary

1 Can be used for mechanical properties, porosity, fracture studies.
1 Requires correction for borehole, mud and compaction.

d R,, method.

U Identifying over-pressured zones

Useful Charts
O Por-1

s

38



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38

