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The Early Years
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In the Beginning, 1932

I Hope It Doesn't Rain Hard
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Improving, 1934
Long Time Ago




The Early Years, 1937

Better Yet




[mproving, 1930's — 1950's
Long Time Ago, 1937 Cased
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Many Shapes and Sizes, 1942 Model
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Wireline Logging Trucks
1950'S — 1900'S
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 Cased H T Trucks, Ye Ole ‘Bread’ Truck
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Wireline Logging Trucks
Today; Heavy Duty




The Back
Cables, Cables and More Cables




- Wireline Logging
~ Offshore Unit
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The Recorder Cab
Smoking Was Mandatory
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~ Cased Hole




The Recorder Cab
Early Open Hole




“The Recorder e
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Logging Tools
The Outside; Mult
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- Logging Tools

Compensated Density With Pe




Logging Tools

Formation Micro-Scanner




In The Olden Days

Internal Boards Had Resister and Capacitor Tubes




Logging Tools
Circuit Board, No More Tubes




September 5, 1927 - An Industry Was

Born, Recorded by Henri Doll
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1930’8 and 1940’5 - First Electric Logs
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Logs
Early On;
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Logs
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Logs
1978 to Today - Dual Induction Logs
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Logs
2020 - Array Induction Log
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Sw, The Man Responsible
Gustavus Archie, Shell Oil (12/1901 - 1/1988)




The Archie Equation

Simple Equation Relating Formation Parameters

Archie’s Equation (Combined)

Empirical constant

(usually near unity) Resistivity of
R formatlon water,

Water n Cementatlon

saturatlon / exponent
fraction R (usually near 2)
Saturation
exponent

(also usually True formation

near 2) Porosity, resistivity, Q-m
fraction

From NEXT, 1999



Logs...Why Do We Run Them

To Find Sw, Water Saturation of the Formation

TABLE 25.1 - continued

BASIC MODELS MATHEMATICAL RELATIONSHIPS INVESTIGATORS ~ REMARKS

Dispersed Clay 2 Simandoux, 1963

Dispersed Clay Where d ranges from 1.0 to 2.0 Usually
d=20

"
T AR - Vo)

Dispersed Clay 1 Fertl et al, 1971 Variable saturation exponent for sand
% i} (n = 2.0) and clay component (n, = 1.0),
(”&) - (Mg) ] Hence, n >> n,
R Ry

Dispersed Clay 1 Ve " Poupon et al, 1971 Modifications of the Simandoux equation,
RR T aR, where d = 1.0 10 2.0 for formation water
salinities exceeding 50,000 ppm salinities.

Too pessimistic S,,values for Vg > 20 to
25%.

40sm Where e = (1.0 — 0.5 V). For brackish for-

1 Ve
R VES* il 8,050 mation water environments.

foL = 4o + Xy - Vg Fertl, 1975

Pon
2 : shale correction factor for
o= det Xo Vy P1 Density response; a func-

aVa) 2 aV, tion of the sand matrix

’ + ( L) T" density (Pmg), Shale
L. 2 density (Py), and fluid
density (¢y) of the mud
fitrate.

Ay, -
on — Llnw 1 o comrection factorfor
~ &lma Acoustic response; a func-
tion of sand matrix travel
time (Aty,), shale travel
time (Aty), and the fluid
travel time (Aty).

a = (X, ~ X,). Area experience values for
Gulf Coast a = 0.25, Rocky Mountains area
a= 0354, = effective reservoir porosity,
comected for gas, if necessary.

-1F-(1 +R,B-Q)

Dispersed Clay R S Waxman & Smits,  Applicable over entire range of formation

L 1o FuxBxQl  joeg water salinities. Q, = concentration of
&Ry Su counter ions in formation water in contact with
. Waxman & Thomas, clays (meg/mi). Function of cation exchange
Q = CEC(1 - 4) x Pma x ¢°' 1974 capacity (meq/gm). B = equivalent conduc-
tance of clay exchange cations as function of
R,. Corederived Q, values can be empirically
correlated to porosity
(@, = 3.05 x 10~% x $-349, Jurassic N-Sea
sands), to crossplot data, and natural radio-
activity (gamma ray, Spectralog).




TABLE 25.1 - continued

BASIC MODELS

MATHEMATICAL RELATIONSHIPS INVESTIGATORS

Dispersed Clay Ry = FRea = Rea = RofF

Clavier et al, 1977

=05 (4 + $0)

__ PuwrRwax 42
" Rur Swa + Rus (1

Sw -RJR.
$o =4r(1 - Swa)
Swr = Sw - Sws

MATRIX

REMARKS

Apparent fluid resistivity (Rea) in clean water
sand

Rea = Ry b® = Rue

In shales

Rea = Ran 7 = Rup

Swa is function of shaliness index of reservoir
rock. Technique is modification of concepts
proposed by Waxman & Smits (1968) and
Alger et al (1963) previously.

Logs...Why Do We Run Them

To Find Sw, Water Saturation of the

Formation



Logs, A Continuous Graphic Display Of

Formation Parameters

2300

[\ |
.Jg-il-----lﬂ
mlul 2
S Uranium Stripped Gamm :




Combining The Logging Data
Computer Generated [L.ogs, Middle 1960's

_ LITHOLOGY - MOP LOG
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Combining The Logging Data Computer
Generated Logs, 1980's, SWS CYBERLOOK

COMPLEX LITHOLOGY (PROCESSED LOG)




Combining The Logging Data
Today, Computer Generated [Logs

Permeability ~ Porosity
& Fluid
Volume

We!l A Resistivity Water d
Rock & Fluid (ohmm) ;, Saturation ¢ (md) )
o Volume 1 i 0 1000
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Oil-Water Contact
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Logs While Drilling
WD Product

Phase Shift Resistivity 22 inch Spacing at 2 Ml
Environmentally Corrected. (P22H) IMPulse[1]RT|! 95

Gamma Ray (GR) IMPulse{1] RT
gAPI
Rate of penetration averaged over the last 5 ft
(1.5 m) (ROP5) RT Rotational

Speed Attenuation Resistivity 34 inch Spacing at 2
MHz, Environmentally Corrected (A34H)
IMPulse[1] RT Photoelectric Factor, Bottom (PEB) ADN[1] RT

chm.m

ohm.m
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Logs While Drill
Wireline vs. LWD Data Comparison




Cased Hole Logs
Cased Hole Gamma Ray - Neutron Tool

GAMMA RAY/NEUTRON/CCL
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Cased Hole Logs

Cased Hole Gamma Ray - Cement Bond Log-Variable
Density Log

GAMMA RAY/COLLAR LOG, VARIABLE DENSITY




Cased Hole Logs

Modern Cased Hole Logging Tool and Log




Completing the Well

Bullet Perforating

Muzzle Seal
Barrel
Projectile

S
a Flame Train

Pressure
y— Hold Back

<— Propellant

Figure 4. High Pressure Bullet Gun

Ignition Orifice

Flame Train
For Ignition




Completing The Well

Bullet Perforating Guns - The First Job, L.ane Wells
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Completing The Well

Perforating Guns - Shaped Charges Secured in Gun

Detonater
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Cased Hole Logs

Modern Cased Hole Logging Tool

Basic Measurement Sonde Spinner Flowmeter

Batteries, recorder, casing collar Caliper, water holdup,
locator and sensors to measure bubble count,
gamma ray, temperature and pressure relative bearing, centralizer




Cagcﬂ Hole L@g@
M@ﬂ@ﬁ Cased Hole Logging Tool- Camera




Logging Company Timeline
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> Story Will Continue




