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(mud logging) s le> s 55 )5

Sample collection on doubledeck shale shaker

Gas trap located above flowline
Possum belly

Flowline

Upper screen
(large cuttings)

Lower screen
({fine cuttings and
drilling solids)

Wireline

Drlll-ﬁjﬂn'é
Mathod

(COring) s ,aS » 50

Drilling

Size of cuttings
x

3mm

Coring

#— Inner barrel

Bitface  Fluid
ar crown

Core catcher

Size of Cores
Length: 9/ 18/ 27m
Diameter: 10 - 20cm

™ Method

. i
j-‘;Cf)(eﬁu

at well-site

Whole core

at Laboratory
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(Well logging) L ol
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Wireline Logging Logging while Drilling

1. wire line logging tools

2. Logging while drilling tools
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1. Open hole logging
2. Cased hole logging
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Water

Grain

Rock
Matrix

SH = Hydrocarbon saturation {oil and gas)
Syy = Water saturation

(> = Porosity

Sy +S, + S =1 Spy + S, =1
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Saturation vs Depth
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resistivity of solutions

» resistivity of an electrolyte depends on the concentration and
the type of dissolved salts and temperature.

1- effect of salinity

35.000 i I
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2 20000 e
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1‘ |
% " 100.000 200.000 100000 400.000
CONCENTRATION - PPM
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2- effect of temperature

The resistivity of a solution decreases as the temperature

increases
T,+6.77 )
= —_— in °F
Rur, RW{TZJF&W}
B T,+215
R, _RWT{T2+21.5:| "¢

determination of the resistivity of solutions

» - Gen-9 to determine resistivity of NaCl solution vs. ppm and
T

» - Gen-8 to determine resistivity of equivalent Nacl solution vs.
ppmand T

10/8/2011
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+ Multipliers that do not vary appreciably for low concentrations
(less than about 10,000 ppm) are shown at the left margin of the chart
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Ro oC RW and RO = FR RW then F =%

W

FR = formation resistivity factor
Ro = resistivity of formation saturated with water, Qm
Rw = resistivity of formation water, Qm

formation resistivity factor is the function of rock texture
(tortusity and porosity). Relation between Fr and porosity of a
rock (Sw=1) is as follow (ideal condition):

R

rozrl:ROZ& Frzio
85 S, Ry F 1
LV, 1xS, ~ R~
¢7W71x1x13¢75“ ¢

In reality, the electrical current has to follow a complex path. This
path increases with tortuosity. Variation of cross section area affects
the current path. The nature of the current path depends on the
rock texture. Laboratory measurements on rock samples has shown
that the formation resistivity factor of a shale free rock can be
shown by following equation:

'
1
'
H

1

a = coefficient depending on lithology, 0.6 to 2.0

m = cementation or tortuosity factor, 1 to 3

10/8/2011
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Different type of formation resistivity factor equations for
different type of rocks:

1 —sandstones and detrital quartz 062
formation (with intergranular porosity) F = F Humble equation
2 — well-consolidated formations F. = ¢—m
1
3 —non-fissured carbonates of low F = ¢—m
porosity 5 A Shell equation
m=1.87+—

Archie Formula

Laboratory measurements has shown that S, is related to the
resistivity by an equation of the form:

R, = Resistivity of shale free rock saturated (Sw=1) with formation water , Q-m
R, =True resistivity of formation containing water at saturation S, and
hydrocarbon saturation (1-S,)), Q-m

R, =Formation water resistivity, Q-m

n = Saturation exponent (n=1.2 to 2.2)

10/8/2011
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We can replace R, by FpR, , then: |:\>t — FR Rw

Empirical constant
(usually near unity)

W Q-m

Resistivity of
a R formation water,

- ) ¢——C tati

Water w 11 m emen at jon .
saturation, / exporzlen (usually
fraction g near 2)

Saturation t-

exponent (also

usually near 2) . True formation

Porosity,

N resistivity, Q-m
fraction

Generally, n=2

Archie’s
formula for
clean
formation

Laboratory Determination of Saturation
Exponent, n

100 ([~

Rt/ Ro
5]
I

0.1 li

Sw (fraction)

10/8/2011
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Laboratory Determination of Cementation
exponent , m

m = (log F, —log F;)/(log ¢, — log ¢,) |

1000

100

Ro / Rw

F=

10 -

0.1 1.0
0.01 ¢1 ¢2 ¢

Effect of shale presence on the resistivity
of the rock

Winsauer & McCardell, 1953 “excess conductivity”

Co

Conductivity of
the water
saturated rock

Conductivity of the water

10/8/2011
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Effect of shale presence on the resistivity
of the rock

What are shale, silt and clay ?

Shale is a fine-grained, indurated sedimentary rock formed by the
consolidation of clay or (and) silt. It has a stratified structure
(laminate 0.1-0.4 mm thick).

Silt is a rock fragment or detrital particles having a diameter in the
range of 1/256 mm to 1/16 mm. It has commonly a high content of
clay minerals associated with quartz, feldspar and mica

Clay is an extremely fine grained natural sediment or soft rock
consisting of particles smaller than 1/256 mm. It contains hydrous
silicates of Al***, Mg**, Fe** and minor quantities of finely divided
quartz, feldspars, carbonates, iron oxides and etc.

The resistivity of clays

Structure of clays - clays are sheet like particles, very thin (a few 5), but have a
large surface area depending on the clay mineral type. There is a deficiency of
positive electrical charge within the sheet. This creates a strong negative
electrical field perpendicular to the surface of the clay sheet which attracts
positive ions (Na*, K*, Ca**, ....) and repels the negative ions (CI, So,™, ....) present

in the water. This property of clays is called Cation Exchange Capacity (CEC)

The CEC depends on the specific area of the clay and so depends on the clay
mineral type.

Kaolinite has lowest CEC value and montmorillonite and vermiculite
have highest value.

el ) el g 53 3 B ey Sl Gy i gl 4 @
W o jia Jala ol o e -]
CECL&S)) 2 Gl -2
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Distribution of shales in
the reservoir

1 — laminar shale - laminar shales
are thin beds of layers of shale
deposited between layers of reservoir
rock (sand, limestone, etc.). In this case
shale layers don’t alter the ¢ |,
saturation or permeability of each
intermediate reservoir layer. They don’t
form lateral permeability barriers. They
form vertical prmeability bariers.
Laminar shales can be considered to
have the same properties as
neighbouring thick shale beds

¢

matrix

oD —T o Tw

2 — dispersed shale (clay) —in
this case, clays adhere to the rock grains,
either coating them or partially filling the
pore space.

Permeability is considerably reduced,
because the space available for fluid
movement in the pores and channels is
restricted and the wettability of clay with
respect to the water is generally higher
then that of quarts. The consequences
are an increase in water saturation and a
reduction in fluid moveability.

10/8/2011

18



3 — structural shales — structural shales are grains of shales
forming part of the solid matrix. Their effects on permeability and
resistivity is resembles more closely those of dispersed clays.

Laminar and structural shales are essentially of depositional origin,
while dispersed clays evolve from alteration of other minerals (in-

situ) or precipitation.

Dispersed Shale

Clay

Minerals

Structural Shale

Detrital Quartz
Grains

de

Sw=100%
P

(1) Rock o3
w2z (2) Gas 2 s
G S . g 2
iz B £z
£e 2

(4) Fresh Water
(5) Salt Water

Rock containing pores saturated Satu ration .

with water and hydrocarbons Eq uation Formation

Factor

Non-shaly rock, 100% saturated .

with water having resistivity, Eq uation
RW
B D
&9:/"{‘ ”"‘2 Cube of water
= having resistivity,

Rw

_d

$=100%
Sw=100%
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Borehole Environment

Filtrata Invasion

Due to Mud Spurt

4
[ )

Invaded diameter depends
on:

- pressure difference

- time

- mud reological

physical property

- reservoir characteristics

Invasion

©=20%

shale @=0%

Llle sl A 5 e invasion

2l S JaS i 4 v
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[] Resistivity of the zone
(O Resistivity of the water in the zone
/\ wvater saturation in the zone

Adjacent bed

Adjacent bed
{Invasion diameters)

}—_”_,AIJ

dn
Hole
diameter

e

Symbols used
in well logging
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Fig. 11.9. SBchematic representation of borehole vicinity after drilling. Courtesy Schlum-
berger Well Surveying Corporation.
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Concentrated NaCl

®

®

€
®

E, =K, Iog(awlamf)

K, =24

vV—u
vV+u

RT/F

F = Faraday constant
(96489 coulumbs/mol)

v=mobility of CI
u=mobility of Na

Diluted NaCl

Electrochemical Potential
Ligquid Junction Potential

N

Va4

Origin of Spontaneous Potential (SP)
borehole

Rsh Rsh
Rt

Rt -ifl+Eij

Rsh Rsh

/Rm
R,.>R

na

1
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Membrane potential (Em)es! diwgy sl Jamiliy, -V

Concentrated NaCl Diluted NaCl

E., =K, Iog(awlamf)

F = Faraday constant
(96489 coulumbs/mol)

K,=23RT/F

borehole

Electrochemical Potential \/ shale
Membrane Potential
Rsh Rsh
--(i'ﬁ-E m
N sand
Rt
shale
Rsh Rsh
/ Rm
\\ R.:> Ry
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Electrochemical potential in the reservoir

Shale @ - - --—- + Shale

formation @ |- formation
____________ mud
____________ filtrate

E.=E,+E; = KIog(aW/amf)

K=K;+K,=60+0.133T 7-°

Electrokinetic Potential Seactipnnr 9 )5S Jannily

s3ve ko 5 515 ok dgly5 03le S Olon 1l 55U 4 o Sy S ity
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Electrokinetic Potential

borehole
, mud pressure

Magnitude of electrokinetic potential depends on:
/ * - differential pressure across the medium (A4P)

resistivity of mud filtrate (R,

Reh h R:kh @ - viscosity of mud filtrate
\ " 3 5 .
. K

mudcake
Rsh Rsh
R

\//Rmf> RW
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1395 Jamiliy Jlado

E,=E,+E; =—Klog(C, /C,;)=—Klog(a, /a, )=—Klog(R, /R,)

K =K, +K, =60+0.133T

SP =—-K IOg(Rmfe / Rwe)

— 01+

Shale Base Line
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If salinity of formation water is more than mud, then sp
deflection is to the left and is considered negative (- sp)

If salinity of mud is more than salinity of formation water, then
SP deflection is to right and SP is considered positive (+ SP)

Static Spontaneous Potential (SSP) Siliwl (515395 Jamilis

23555 Caw Caomd diint | 09 (g i JS Jobid 45 S o0 Jgue cilisio 23k £ Olso ISP O
HNie 4z 45 ol Gl s Slgo ol J1 pIsS 2 43 il 83,5 Wblol 1) dule 4V & i 9 25 jle
b o0 G20l Oz b Jab ) Jaiby 3abl 4rils Caoglio

SP Measurement
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SSP =—(60+0.133T) 10g(R e / Ry ) -3l 05T syl pli Sai (sl sl

200-mm hole; 86-mm tool, centered

SP-4m
(Metric)

% Egsp
Correction factor

o
1

L LA UL LA 2 o e s e
ol ol o [
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o
=1

20 15 10 5 3 2 d
Bed thickness, h (m)

SP-1 s P

Ruweq Determination from Essp 6 [N 08
Clean formations i )
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Statistical variations vs. Logging speed
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Gamma ray G ray Gamma ray | | Gamma ray

[1] iGAPH 150] [0 IGAPI) 150 (1] (GAPl) 150] [0 {GAPL) 150

Logging speed Logging speed Logging speed Logging speed

200 ft'hr 1800 ft/hr 3800 ftfhr T200 ft/hr
Accuracy
INEEL |
*'*j 5 — actual formation
b wvalue
v s — tool reading at given
logging speed
‘Gamma ray Gamma ray
0__(GAPI 150 0__(GAPI) 150

Logging speed Logging speed
200 ft'hr 7200 fthr

The radiocactive decay is a
random process. Because of
the random nature of the
process, it is important to log
at speeds slow encugh that
averaging functions can
reduce these fluctuations.
Schlumberger has set
logging speeds for tools so
that accuracy is maintained
and logging speed is
maximized. The appropriate
logging speed can be found
in the Log Quality Control
manual.
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Primary Calibration Standard

Steel Deck Plate

200 GAPI
Corrugated Pipe

Radioactive Concrete

Low Activity Concrete

Casing 5%" 0.0,

The American Petroleum Institute
(AP1) has created a primary standard
that defines the Gamma ray
measurement units known as GAPI.
This unit has become the standard
throughout the world. The GAPI
represents 1/200 of the difference
between zones of high and low
radiation of the Gamma ray calibration
pit of the University of Houston.

GR Log Interpretation

|GR (min)
\
—*/15 GAPI

GR )).uts

W (s 9 s Jod Jo STgdgid 2ol ¥

In sedimentary formations,
radioactive elements tend
to concentrate in shales,
causing a high GR log
reading. Clean formations,
such as sandstones or
limestones, usually have a
very low level of

GR ( 1 SHALY radioactivity and,
- 48 GAPI 1 SAND

!
!
T

1

| GR Tool

90 GAPI

consequently, a low GR log
reading. Thus, the GR log
reflects the shale content.

CLEAN
SAND
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GR-GR,, O35 23 Juds 303 3,91 0 ¥

V, < GR=
sh (Vsh) GRSh—GR

min
e g e et e s —

R (AP
Identify kol L

Reservoir rocks

To discriminate
reservoir and non-
reservoir rock :

= a GR level in thick
shale beds is
identified. This
reading is assumed
to represent 100%

[ CR max

GR pin

GR - GR,;,

v, = P Tmin '
RO S e
Vo : Shale volume = asand line is
GR : GR Log reading DDnS.lru{:iEd by
GR ., : GR Log reading reading the
in Shale zone average GR level
GR_;, :GR Log reading in of thick c!ear‘l sands
clean Sand zone (sands with the
shale M TTTI lowest GR)
'
] « a vertical line in the
H o shate FL: middle of the shale
line and the sand
line is constructed
PRAARARAL for an initial quick-
oo’ 4 H
e e, look (cut-off line).

= all intervals where the GR log is on the left of this cut-off line are assumed to be reservoir.
The actual GR level within the reservoir interval is the measure of shaliness.
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Density-PEF Logging
Atool with a chemical Gamma ray
Formation source (662 KeV) and Gamma ray
detectors is placed in front of the 3 2 ¥ oy
formation. The Gamma raysemitted § |  p=—==-- lL‘JK‘] e SRR
. from the source interact (photoelectri !
Hydraulic absorption and Compton scattering)
sor_wde | vith the formation and are scattered
W!th | back to detectors. The probability of
caliper | absorption occurring is known as the
am Detectors | Photoelectric absorption cross sectior) g
L of the target atom. ok
| gamma rays
“ emitting Source { 0Coor®3cs § | TTTTC dady 4
gy
Ll8- Wl sigus
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Pair production Cad> audgi.)
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Gamma Ray Interactions
Pair Production
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Compton Scattering

Scattered
y-ray

Compton
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Incident
y-ray

Photo Electric S aSlgigd 51
S5 (g0 09T S (g0 3u93 0 51 2 4 (150KeV L)) oS il b 0gigd & Sloj
3o 1 09 1S 3318 cpl g3 32 Uil 09 Sl 4 gdair 900 4 1) 395 (552l plos

D9 0 032 5w LE aridl 9 35,5 0 I 395
35 oy S iSlgigh 31 il Sbj paie soil 33 9 oS LS drdl 555l S Sloj ¢
a3 1) 395

Photoelectric absorption

Ejected e”

Incident
1 -ray

10/8/2011

75



O3> dl,

2l @b cas 0 lg o Ll g5 b bl Sy S ol 4 (a5L) L ST e
398 g0 Ol 3 jlw Sg Sl JB

_ upl
| =1

3jle (JB 9 S Sdl JBs g dil) ¢

Z
Pe :pb(K)N

S35 05 LS a2 JSis sl S 5 9 polie il s Z/A cus Sk 1 e
Cawl Z/A=1 45 g oud > 4 Canl /0

D9 (o0 L )25 ) Oygee 4 (P9 Sl JBs asls cu 5 (pl @

_2p,
(pe)i - N

Lol .l pul o Lo i 55,195 9 Carogled S ool SIS 4w sl 0 Py 9 Pe e o
5 b ogd o0 S0 OI9s3ad 959 Sl BT ) CueS 95 ol g @l D090 0>
a3 o sty o315 JAU Sl 91

128l 238 5 plS gLl b OT I gludl SaT sl JB Il S Sloj  *

p, =1.0704x p, —0.1883

sl Py bl des s P, STl gLl Caoglys 9 SaT gl dwlo ys> *

10/8/2011

76



a1l

Sz 50 0l 01503 4 9 035 8 S slls ((FDL) Formation Density Log

b Lo 9 YL ¢ds 9 535 5 95 slyls :(FDC) Compensated Formation Density
Il (s o3 2audl )3 Cael 9 Al (i W S Cuwl ([SEES D 1N el 4
9 (g0 SIi> S5

I &la.:'b

Jaie (pl oS sl Jolss )5 392 3BlgS> J2eS gt Foo bl i 35 jle JB )33 s
S WA |J DN s 09 h.nS)|)J| U‘" 5|9|)3 .J:;L‘Ju.o Lgl.b AJ)L» J)A.asgobu U».MS

§I30L T9499
Zawl ol |V« FDC (g0 9 gl V7 FDL (61

S5 01331 dhaii

J )T 93 o b douiz 9 b JIS3T g o

SE=z a5 2135l 2 SS90 wlwl o )9S

ol 09,595 S5 1 O3B Sl ieS o 4 S S5 b i kil s )

Pe—sh = Py +Vsh (pma _psh)

o

5L 19l 9 Jodsio 3ijlw 45 (Jogo )3 JB Ul Semius di90 09 1O 39790 Jhw

ol (So9 4)5 9 LS dod Oy RU s ol )> IS (B .l JS o ikid

S 9s Y
lomo pl&in cpl ol 9 Comsl O JI 208 Sl 28l JE 51 0305 4 Lo Sossms J&z

&9 2lr $DBly Jods b 355l I 5 Jobseie Jlows Canl JE LIS 4 (535 jlw (Joebses
29d 0035 T jl glusl

10/8/2011

77



P

_ (pma _pb)

- (pma_pf)

Pty 85
s S (Sles S 9302 9 JB s 45 2 jle ys

&z 3505 Ciliia Jolge 3

S5 e *
ol> buxo ©

S5 e 3T 2Bl gl Ve Sl b 45 o)z ol b
sl i 4l G Jlw 45U 2l Sl

:olg b)|,g.) ‘SJ"A-BU

Mud cake

Sl 4yl

St T Gos
DB (0 e 1) )|l Sezmim duz )3 35290 OVl b

S S 5

)L»B b
wiiT 09) Goe 5 S8z

10/8/2011

78



L;||.§> S) ))._t)'S
&z M8 o)l o

U‘";'? Q)’.‘a UAM C)J,.uo 23 | J:GL'IU wl.‘&n quf.-,; Jlg.i )){)ls u))-n.o.@-o *
Jhw 5 oS 5L

3220 Sl S eFoe Blio s> 1 Jub 9 b dle Jz o6 JalS5 dumlio y3  *

050 OVl §83 9 @ jw parsedS Sacly 0)ng Cuaglio 9 09 59 (I SIS Luglio
.),.';'a «° la ul w‘o) J."u 9

lalz g5 *

Hydrocarbon effect

| Gamma Ray | | Density | Resistivity | Water bearing intervals are
characterized by low resistivity

0 GR 150 1.8 FDC 2802 DILD 20 and tramlining between

L U O P e T e e | 1 L SRR AR S LI

density and resistivity.

The py decreases when the

water is replaced by oil in

formation with the same

+ porosity. Thus, the

L1 L] | hydrocarbon bearing intervals

Anti- i | are not only characterized by

correlation | high resistivity but often by an
[T11 anti-correlation between the

density and the resistivity log.
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Atomic .
Elements and| Atemic | Photoelectrie P ot - a K .
Compounds Nu:;::ler Weight {A}| Index (PEF) e LS?.).&.",J,.Q h.“*’. L}“‘.’.Nl
Hydrogen 1 1.008 0.00025 o jlasl ylul a5 1) S aSlgigd L il
Carboen B 12.011 015898

Oxygen g 16 0.44784 Thw 9 ool 23e b cliie S (0 S
Sodium 1 2290 1.4083 WSS slesls (SO Slgigd O3> ghie

Magnesium 12 24.32 18277
Cawl 255l 220>
| Aluminium | 13 | 26,98 | 25715
| Silicon | 14 | 28.09 | 3.3579 ) .
Density-PEF Logging
Sulphur 16 3207 5.4304

Atool with a chemical Gamma ray
Chlorine 17 35,46 6.7T549 h Formation source (662 KeV) and Gamma ray

detectors is placed in front of the

Potassium 19 391 10.081 formation. The Gamma rays emitted
from the source interact (photoelectrig

Caleium 20 40,08 12,126 Hydrauiic absorption and Compton scattering)

wl‘de with the formation and are scattered

11.78 60,00 1.B06 with ] | back to detectors. The probabiliy of

caliper absorption occurring is known as the
am | Detectors | Photoelectric absorption cross sectio
L of the target atom.
| Anhydrite | 15.69 | 136,146 | 5.055 | Egamma s
- | (Gamma ray
Sylvite 1813 | 74.557 851 g
Halite 153 58.45 4169
| Gypsum | 14.07 | 17218 | 3.42
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Neutron - Energy Loss

== G

Little energy loss to N

) o===2m)p

Little energy loss to N

(o, m— (g

Maximum energy loss to N

. Kinetic energy of the neutron prior to collision

- Kinetic energy passed on to the particle after the collision

Kinetic energy of the neutron after the collision

The neutron energy loss for any particular collision depends upon the mass of
the neutron and the mass of the element or particle being struck. The maximum
loss of energy occurs when the neutron collides with formation nuclei with nearly
the same mass.
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Neutron energy (eV)
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Life of a Neutron

10° - After many collisions
) the neutron's energy  Collisions continue but
is reduced to about with no appreciable energy
0.025€V (at room loss. In this thermal
10 4 temperature). It is diffusion region the
| now at the thermal neutron interacts until itis
energy level. absorbed or captured by
2 an atom. When an atom
1077 captures a neutron a
Joev ¥ gamma ray is emitted.
Approximate
epithermal |
4 0 ==y region
DdeV
swerage themal Capture
ereny 0.025 eV
107 T T
1 10 100
Time (pus)

‘ Life history of a neutron

Epithermal
Neutron

Reaches
Thermal
Energy

Capture

+—Gamma
Ray

Neutron tocls emit high energy neutrons from either a chemical source or a neutron
generator device. As the high energy neutron leaves the source it interacts with the
nucleus of the atoms present in the formation. With each interaction, the neutron loseq
some of its kinetic energy until it reaches a thermal energy state. Eventually the therm
neutron is captured by one of the formation elements, emitting a y-ray.
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' Nuclei of Atoms
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[ GNAM

Neutron Tool History
| SNP  JCNT | | APS

1850

1860 1870

I I HGNs
1880 1950

Neutron Porosity Tool Summary

Advances and Response
Ra-Be chemical source
GNAM |and one Geiger-Muller First neutron porosity tool
r-ray detector
GNT |and oo Gelgeruller | More reliable than GNT and 20"
resolution
y-ray detector
Pu-Be chemical source
SNP (later replaced by Am-Be) | Epithermal pad tool with quantitative
and one He” epithermal output and 15" resolution
neutron detector
Am-Be chemical source Combinable two-detector compensated
cNT |and two He® thermal thermal tool with environmental
neutron detectors correction capabilities and 12" reseolution
{using enhanced resolution processing)
Popular CNT type measurement with
HGNS | Same as CNT Platform Express benefits
Minitron source, one He® Superior epithermal measurement with
APS thermal neutron detector, |porosity output, which is nearly free from
and four He? epithermal matrix effects. Also a formation sigma
neutron detectors measurement, and 4" resolution
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Determine @ : Using Density-Porosity Log

For Water and Hydrocarbon zones
Op+ Oy
- 72 @y, = Porosity derived from density log
@y, = Porosity from neutron log
Both porosities assuming same Matrix
The result is independent of the actual Matrix.

For Gas zones
_ 2 (IJD + (DN
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Log Example : Identify Hydrocarbon bearing zone
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Limestone compatible

Lithology
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Porosity Fluid
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TTi=a+d+c
TT2=a+b+c

Formation Velocity =

Slowness (At)=

Distance - L - L
Time b-d TT2-TT1

Single Transmitter & Two Receivers
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L 0355 sl 33,5 (0 S 213l 45 (635 jle Ao > Caml Dglie Fgo CS > ppuuno

Two Transmitters & Two Receivers

Adding an additional transmitter
solves the tilt problem but the
paths that the waves take to each
receiver are different. Therefore,
the formation being measured is
not the same for each transmitter
and receiver pair combination.
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Borehole Compensated Sonic (BHC)

Two Transmitters &
Four Receivers

Tilt Compensation

TT1 = f+g+e
TT2 = atd+e
TT3 = f+h+c b
TT4 = at+b+c
Slowness (At) = {g-h]z-!-L(h-d) - (TT1 -TT3)Z+L{TT4-TT2}

The next configuration is Two Transmitters and Four Receivers. The zones investigated by
the two transmitter and receiver pairs are the same and the measured slowness is
independent of changes in borehole diameter such as wash-outs or bit size changes. The
measurement is known as Borehole Compensated Sonic (BHC).

Borehole Compensated Sonic (BHC) Tool

Steered Beam
Magnetostrictive
Transmitter

Operating Mode

-

-

R1 Two ceramic R2
piezoelectric receivers
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Two ceramic
R4 piezoelectric receivers
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Long Spacing Sonic (LSS) Tool

" Two ceramic Operating Mode
piezoelectric
i —
) receivers ™ R1
R2 LI
8ft. - 10ft.
10ft. - 12ft. —=
B~ ur
LT [
T 8ft-10ft DDBHC Log (DTLN")
Twa steered-beam 10 ft - 12 ft DDBHC Log ( DTLF?)
magnetostrictive
transmitters Mote :
= LT 1 -In Logs run with other than SDT Tool, known as DT
2 - In Logs run with other than SDT Tool, known as DTL
Array Sonic AS 15l
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(b Determination - Wyllie : Time-Average Equation

A
1-¢
Atp,
ROCK L
MATRIX | >
At,
OIL or GAS |
Formation
Water
'Q‘II _'ﬂ‘rum
Aty = gAL,+(1-9)AL,, omhp ¢ = —2——™
log a )AL, At~ At

where

At o= Sonic log reading

Aty =interval transit time of the saturating fluid
[i#] Porosity

At = interval transit time of the matrix material
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