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COURSE AGENDA

WELL LOG INTERPRETATION
Manual Exercises

Day 1
AM. Intro Logging objectives and borehole environment Section i
1. Passive electrical properties of earth materials Section1 1-3
2. Resistivity logging Section 2 2-4
P.M 3 Spontaneous potential Section 3 3-3
4. Matrix-sensitive logs: Gamma Ray Section 4 4-13+
Day 2
AM. 9: Depth measurement and control Section 5
6. Borehole calipers Section 6
1. Porosity-mineralogy logs Section 7 2-4
8. Porosity determination Section 8 2-4
P.M. 9. Identification of mineralogy Section 9 9-3+
10. Energy spectrum radioactivity logs Section 10 10-13+
Day 3
A.M. 11. Formation resistivity factor Section 11 11-3
12. Conductivity of shales Section 12
13. Water resistivity determination Section 13 2-4
P.M. 14. Saturation determination Section 14 2-4
15. Reconnaissance and quicklook techniques Section 15 2-4
16. Porosity-resistivity crossplots Section 16 2-4
Day 4
A.M. 17. Permeability by logging methods Section 17 chart K-3
18. Reservoir delineation by pressure measurements Section 18 18-3+
P.M. 19. Nuclear magnetic resonance NMR Section 19 19-3
20. Log analysis by computer Section 20
Day 5
A.M. 21. Sidewall coring Section 21
22. Logging while drilling Section 22
23. Recommended logging programs Section 23
24, Comprehensive exercise 3-7 3-7



Well Log

Theoretical Log

Forward Modelg
An Iteration of Forward Models = Inversion
‘Wedl Log interpretation
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Symbols used in Log Interpretation

] Resistiity of the zone

O Resistivity of the water in the zone
£\ Water saturation in the zone
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Figure i.4.1. The effects of invasion of mud filtrate in a permeable zone and the resultant resistivity profile.




Day 1 Exercise

1. To calculate temperature gradient, Bottom Hole temperature, surface temperature

and TVD must be known.

EXERCISE 1 -3 Suggested Solution

1. During logging, the bottom hole temperature of a newly drilled well, as
measured by a maximum-reading thermometer was 255°F. Total depth
of the well, as measured by the logging cable, was 14,365 feet. The
mean surface temperature was about 70°F. A formation at 9,820 feet
required analysis. What value of temperature should be used?

Calculate geothermal gradient G:

255-170

= ————=1.288°F /100 ft
14365x0.01 &
Calculate formation temperature BHT at 9820 ft:

9820
100

BHT =70+1.288 x =196.5°F

2. A sample of the drilling mud filtrate was measured at the surface and
was found to have a resistivity of 1.48 Qm. The temperature of the mud
filtrate sample when it was measured was 90°F. What value of mud
filtrate resistivity should be used in the analysis of the zone at 9,820
feet?

T1+6.77 _ 90+6.77

Rmf2=Rmflx ———=148x —————
T2+6.77 196.5+6.77

=0.704Qm

Salinity from Schlumberger Chart Gen-9: 3,000 ppm NaCl equiv.

3. A good produced water sample from this same formation was available
from a nearby well, which had encountered this formation structurally
lower. Surface resistivity measurements indicated Rw =0.12 Qm @
72°F. What would be the resistivity of this water at formation depth, i.e.,
at 9820 feet?

T1+6.77 ~012 72+6.77

Rw2 = Rwl x =012 —0m
T2+6.77 196.5+6.77

=0.046Qm

Salinity from Schlumberger Chart Gen-9: 60,000 ppm NaCl equiv.



2. Anunderstanding of formation temperature is important because resistivity

changes (impacts resistivity of fluids Ry, Rw).

Resistivity of NaCl Solutions

Pt
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3. Induction logs measures conductivity and are well suited for fresh water resistivity

(or OBM) borehole fluids and low-medium (400-500 ohm meter, Qm) resistivity.

4. Laterologs measure resistivity and are well suited for conductive resistivity (or

salt mud) borehole fluids and medium-high (2000 Qm) resistivity.
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Focused current sheet
reads resistances radially in series

rLL=rm+rmc+rxd+rl

Works best when r, + . + o
are small compared tor,
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= Electromagnetic field induces concentric
current loops

= Reads conductances in parallel
= CL=Cp+ Ce + Cyo + G
-c=1/r

= Works best whenr,, +r,+r,, are large
compared tor,
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The two primary potentials that create the SP are membrane and liquid Junction.

What 3 conditions must be present for an SP to develop?

Conductive borehole fluid, Rni#=Rw , Shale, permeable formation and borehole

CO-exist.

Chlorine ions
are smaller and
more mobile

Net Current Flow
R e

Original Conditions Dynamic Conditions

PetroSkills

Sand connate

Water
Original Conditions Dynamic Conditions
Chloride anion diffusion is hindered by
the negative charges on the surface of
the clay minerals.
Sodium cation diffusion is not hindered
PetroSkills .




7. Separation among resistivity curves indicates permeable formation (Invasion),

which implies sand exist (or permeable formation).

- Dual Induction Log
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8. Intight formation, which types of resistivity log signature would be expected?

High resistivity, little to NO separation.

EXERCISE 4 - 14b

o - 10+ 00, ..
n T 7 T
> o H o | FHT
T 3 2 i |
T LI B ESELHINN, i i P R 1R | IR AR R R R
i il <

1,
v
R | |
\'\i W
s
= i
iy

B
b
|
‘\
. A
b
1
r
,
£

v

A
1
!

7

| \J ‘\';“\ LY
00€20

::X

Hon, e
“re -+ T T pemeale
; | TSI | e
f)(» T | P i
\ ‘ T il
p;




12% 8p : Gamma Ray log, Calipers, Porosity (Density Neutron and velocity log)

Day 2 Exercise

1. The Gamma ray measures natural radioactivity from Potassium (K), Uranium (U),

and Thorium (Th).

FHTE Typical Gamma Ray Response

PetroSkills

2. The Gamma ray log can be used to differentiate shale from conventional

reservoirs with some exceptions ex. Dolomite (U), fractures (U), Glauconite (K),

Granite wash (K), Mica (K), Kaolinite (w/o K, U, Th).

3. The density log measures Gammy ray counts per second from which electron

density is determined, which is calibrated in limestone and converted to bulk
density with which porosity can be calculated.

4. The neutron log is essentially a log of hydrogen of reservoir.

5. Inagas reservoir, the reason of neutron porosity is low and density is high?

Neutron porosity: hydrogen index of CH, molecule is low compared with H,0

and fluid density is underestimated.

6. The two primary wave types of interest in sonic loggings are compression and
shear. Fastest is compression.
7. Why is it difficult to compare acoustic properties from core, logs seismic? Scale

of measurement.

8. When calculating porosity from a single device matrix density, fluid density must

be known or assumed.
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127 9p : Minerology

Day 3 Exercise

1. Using two porosity device porosity and minerology can be determined and

perhaps an indication of Fluid type or Gas.

2. Comparison of density porosity and neutron porosity can be useful in identifying

secondary porosity

- The Neutron-Density Crossple
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3. Pe (Photoelectric absorption) Curves is a lithology indicator relatively insensitive

to porosity and Fluids(Gas); calcite: 5.08, Quartz: 1.81; Dolomite: 3.14

lﬂﬁ Miheralogy Model
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4. Before doing quick look mineralogy identification, it is important to ensure

compatible scale.

E{}; Limestone Compatible Scales” | HIE\ Sandstone Compatible Scales

1.95 220 p, 245 2.70 2.95 1.85 210 p, 235 2.60 2.85
I | I | | | | 1 | |
45 30 fus 15 0 A5 45 30 fus 15 0 A5
45 30 o 15 0 A5 45 30 @pss 15 0 A5
| | | | | | | | | |
45 30 s 15 0 A5 45 30 uss 15 0 5
PetroSkills IO oy " PetroSkills b et S

12



5. To solve for 3 minerals cross-plot of apparent matrix grain density vs apparent

Time AND apparent matrix volumetric photoelectric factor vs apparent matrix

grain density can be useful.

6. Thick Barite mud cake cause issues with Pe curve data.

7. Spectral Gamma ray tool differentiate Gr from L U Th. Some application are

fractures (U), dolomite vs shale (U), unconform (Th), Source rock potential (T),

correlation (K/Th), V shale(remove K)(micaleous feldspar)

wg Standard Gamma Ray Tools
= Measure GR intensity globally
GR=fK+gU+hTh

where f, g & h are tool parameters
(“detector constants™)

Energy Spectrum Radioactivi ity Logs

PetroSkilils ©2013 PetroSkils, LLC. All rights reserved. 2

8. If you are asked to identify fracture, organic rick shales what are some log
responses you might investigate?
(1) High Uranium. (2)U spikes, (3) Heavy Mud (Barite) from Pe (Photoelectric
absorption) spike (4) Correction rho (5) Spiky caliper (6) High resistivity or

high porosity

13
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Density log is on the left hand side. Uranium log is on the right hand side with

spike

14



12 % 10 p : Saturation

Day 4 Exercise

1. Formation resistivity factor relates porosity and Res, F=Ro/Rw=a/phi™=Ryy/Rms at

what reservoir condition? 100% Sw.

T R e % 03 3 = ==
ﬂi'ﬁnk Experiment m 'Add Glass Beads i
Welor Resistivity <Ry O Formation Resistivity - R,
[R ]_ K Ohmmeter? E Archie Defined:
Sl meter E | —— Formation Resistivity Factor

4 as R

Colloquially the resistivity unit
is called “ohm meter” Vel Water FR =%
olts m Rw
Amps x
W |Remember R, is R, NOT Ro (R sub Oh) |
PetroSkills gy : PetroSkills P g
[E FormationResistivityFactor | [ Reservoir Rock
= Fundamental property of a given sample of .
Permeable Reservoir
rock :
Material
% Nidapehdantof B, . With several Rock Types
= Reflects pore and grain shape
R C R F = Bl = _a_
Fo=—l=—t=_x R, ¢
Rw CO Rmf
PetroSkills ey Pelianiiig [

2. Archie Exponent ‘m’ accounts for tortuosity of reservoir

s¢- Convoluted Tub

= Current path length increases
— Tortuosity increases
— Resistivity increases, as does F

Fe—t

¢m

. “m” reflects tortuosity '

This is tantamount to saying that this equation
holds for Only One Rock Type.

Formation Resiatvity Factor
PetroSkills ©2013 Petrshit, UG
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3. APickett plot is a plot of Neutron porosity vs Resistivity on Log-Log graph and

can be used to determine Rw, m, Sw=(Re/Rw)"(1/n)

FM Pickett Plot WE Pickett Plot

logRt = - mlog¢+ logR,, + loga - nlog S,

y=mx+b 1

Ri—r

Use Rwa to get estimate of Rw to fix end of line, solve for “m”

.............. - k! Pty - Resanty Cromspion
PetroSkills © 7000 Peschmn LUC A8 aghts reservet 3 PetroSkills 2 2300 enerves

4. Quicklook methods work reasonably well in clean reservoir. Some of these

methods are Sw ratio, Fr/Fp, Rwa, Ro overlay

5. How are the Archie exponents “m”, “n” similar? Both account for tortuosity of

conductive fluid. How are they different? m is at Sw=100%, n is at Sw <100%

rﬁi Resistivity and Saturation IHE Effect of Wettability on “n”
= Parallel Tubes, r R ‘ & l
Water-bearing °T 4 | % 1
= Parallel Tubes, = Ry ='" ' [T
Partially Saturated " 9S, ; ‘
R 1|
. . R= L S "
Add Tortuosity Sy o J
Water et ’a.&,
= Change to Grains R = ?"RW" 18,
from Parallel Tubes " S, L I L7}
PetroSkills PR ryrre = o PetroSkills - “::m

6. What are some methods to determine Rw? SP, Pickett /Hingle, Samp, Catelog,
Rwa or Rg

7. When determining permeability from porosity’s water saturation, what water
saturation should be use? Why?
1. Swirr. 2. Because it’s a surrogate for gain surface are/grain size.

8. Ina porr connected pore system high values for ‘m’ should be expected and in a

16



well-connected pore system low values should be expected.

17



122 11p
Final exam

1. Pressure gradie

nt

EXERCISE 18 -4

8450

8500

Given the following shut-in pressure data on an
exploration well, define the O/W and G/O contacts
and determine formation fluid densities.

Depth  Pressure

8800

50

8500

800

Depth
(feet)

OIW Contact at 8820'
\ GIO Contact at 8638'
P, =.17 gm/ce
P, =.64 gmicc
P, =1.02 gm/ce
G
o
N
N o
w
3800 Pressure (ps1) 3850 3900 »

Effective Porosity -
System ".I"| .
o] Ore
Onmr
Oee Dcap | Octmy 4 Ve
Vow '8
O (1-S,) BVW,
Total Porosity BVO ¢|
System Sy
._%w‘
Onun '
&
Potrosking Pemyoegrryponiy " PetroSkiny e pyrpeam] i

3. Final Exam
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2. Tight sand

3. Fracture
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