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SP Log

Introduction

L SPis a passive measurement and no energy is provided

by the logging tool.

O SP log is a record of direct current (DC) voltage
differences between the naturally occurring potential of a
moveable electrode in the well bore, and the potential of

a fixed electrode located at the surface.

O Electric potentials are created by chemically induced

electric current.

L This electric potential is measured in millivolts.
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Applications

Indicating permeable zones

Detecting permeable zone boundary

Indicating shaliness (shale volume) of a formation
Determining R, and hence of formation water salinity

Indicating depositional environment changes
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SP Log

SP Sources
1) Electrochemical :

 Liquid Junction Potential (Ej)
v’ Diffusion of ions with higher mobility (Cl-) from concentrated solution to the dilute solution.
v Happens from virgin zone to the invaded zone.

« Membrane Potential (E,)

v’ Selective diffusion of ions (Na*) from concentrated solution to the dilute solution.
v Happens from virgin zone to the borehole.
v" Dominant source of SP

2) Electro-Kinetic :

v" Produces by electrolyte passage through porous media (E,)
v Small potential and commonly disregarded.
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SP Log

Liquid Junction Potential

If two sodium chloride solutions of different concentrations
are separated by a permeable membrane, then ions from
the most concentrated solution will tend to migrate into the
less concentrated solution.

0 Na* and CI ions do not move with the same alacrity. ClI-

lons (anions) move faster than Na* ions (cations). The net
effect of more anions (negative ions) in the weak solution
and more cations (positive ions) in the more concentrated
solution creates a potential difference. This is known as a
liquid junction effect.

In terms of the solutions present in a formation, mud filtrate
can be substituted for the weak solution and formation water
for the more concentrated solution. The potential is referred
to as the liquid-junction potential (Ej).

s

®

=7

)
M

) @@
—— x._,;
ler) &

Concentrated

solution

. )
o) A

{;;)

-

~ .
Criegm=ri_ G
N

o

e
>

=~ L+
'.D-l_ --l--l---'__
Coe=rF174.. :
|
+ (e
) S
Y +*‘\@®

Original Conditions

Dynamic Conditions

Virgin
Zone

+ + + 4+ +

}

Formation
Water

+ o+ o+ o+ o+

HE

2102 ‘uewoleg




Membrane Potential

0 Shales are permeable to Na* ions, but not so
permeable to CI ions. A shale, therefore, acts as
an ionic sieve. This phenomenon occurs because
of the crystalline structure of clay minerals, which
have exterior surfaces with exchange sites to
which cations can temporarily cling.

SP= Elj +Em

— o — —

0 Because Na* ions effectively manage to
penetrate the shale bed from the saline formation
water to the less saline mud column, a so-called
membrane potential (E,,) is created.

Q E.=E;+E,=SP
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SP Log
SP Source
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Normal SP vs. Reverse SP

Large positive (right) deflection

Positive (right deflection)
No deflection
Negative (left) deflection

Large negative (left) deflection
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SP Resistivity
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Shale/Sand Lines

High SP deflection combined
with GR log (Not available here)
would suggest sandy formation

/

Shale baseline is the SP
@ thick shale zone or gy
several shale zones

No separation in
resistivity logs

1) Separation
between
resistivity logs is

along high SP(GR)
is indicative of
non permeable
zone (shale)

SV

N

indicative of

\ permeable zone

2) Low resistivity
suggests water
bearing zone

From Schlumberger
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SP as Shale Indicator

The presence of shale in an otherwise clean sand will tend to
reduce the SP. This fact can be used to estimate the shale content
of a formation. If SP_, IS the value observed in a clean, water-
bearing sand and SP .. IS the value observed in shale, then any
Intermediate value of the SP may be converted into a value for the
shale volume (V) by use of the following relationship:

SP — SP. n4
Spshale o Spsand

(Vsn)sp =

s
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SP Log

Example sand

Baseline

What is the shale volume in
zone “B” if Zone “A” is a clean
water bearing sand zone?

shISP SPShale — Spsand

(Spshale _ SPsand) N (Spshale _ SP)
SPshale _ SPsand

—100mV — (=76 mV)
—100 mV

;

(Vsn)sp =

= 24%

Bateman, 2012
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Static SP (SSP)

In the terminology used here, SP refers to observed SP deflection on the log and SSP
(static SP) to the value it would have had if all disturbing influences were removed. These
disturbing influences result in a smaller recorded SP deflection than SSP deflection.

Conditions where SP measurement is equal to SSP:

v’ Thick formations

v’ Water-bearing zones

v’ Clean (no shale) zones

v High permeable formations

§_
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SP Log
Factors Affecting SP

v No SP in oil-based muds: absence of electrical path in the
mud column

v" Shaly formation will reduce the measured SP.
v" Hydrocarbon saturation reduces SP deflection.
v' Thin beds avoid SP to fully develop.

v SP amplitude deflection is also affected by following
parameters:

L ‘_.\:V.___

——SP
electrode

e The formation true resistivity, R; .

« The invaded zone diameter, D,.

e The invaded zone resistivity, Ryo.

» The surrounding formations resistivity, R
e The mud resistivity, R,,,.

* The diameter of the borehole, d,..
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Effect of Bed Thickness, R /R, on SP

Ja81aquinjyds wou4

o - Permeable strata

\—_— Static SP diagram
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SP-4

ESP"IESPI:ur

SP Thickness Correction m
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8-in. Hole; 334-in. Tool, Centered
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SP Log =
Determining R,, from SP Log (Bateman and Konen 1977)

Step by Step Procedure by Using Charts:

1) Reading R, @ surface temperature, Max depth and Max Temp from Log header

2) Estimating formation temperature from chart Gen-2.

3) Calculating R @ formation temperature and 75°F using chart Gen-6.

4) Converting R, toR_¢.:

if Rp>0.1Q.m @ 75 °F, R, ,=0.85R, if R +< 0.1 Q.m 75 °F, use chart SP-2
5) CalculatingR,,.: SSP = —Klo Rmye
g Rye - 5 R, SP must be corrected for SSP (SP-4 or SP-5)

6) Converting R, to R, @ formation temperature using chart SP-2

18



SP Log
Determining R, from SP Log (Bateman and Konen 197
Step by Step Procedure by Using Equations:

D

1) Reading R, @ surface temperature, Max depth and Max Temp from Log header

2) Estimating formation temperature: Ty = Tsurs + Depth x Temp. Gradient
o p Lt677
3) CalculatingR @ 75°F : TR+ 677
0.85X Ry if Rps>0.1 at75°F
0 R =)
4) ConvertingR_toR_..: e ey =5 o
) g mf mfe 377Rmy + 77 if Rmy<0.1 at75°F
Rm e
5) Calculating R, from: SSP = —Klog wae SP must be corrected for SSP (SP-4 or SP-5)
—(0.58 — 10(0-69%Rwe=024)y £ R > 0.12 at75°F
6) ConvertingR,.to R, @ 75°F : Ru=1 s0p .o
Y _W;77R if Rye<0.12 at75°F

T, + 6.77

7) Calculating R, @ formation Temp. : Ry =Ry
; 19



By Using Equations

D_étermining R, from SP Log (Batemaﬁ and Konen 1977) ”

Initialize
R'n.‘t Trr‘f

L mf
SF T,

= = |
: Calculate H,,

. . ___[.___l
K= 60+0.133 T,
[ g [ SP/K
i

we

Standardization @ 75 °F

Woe

77 Ryo+ 5

——— ( 6OR, 24) |
146 — 377 A, Wrs | .58-10 _

|

]

- log (R,...— 0.0123)
0.955

ppm (NacCl) 10

- 82
g T; + 7

Bateman, 2012

WAk
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Example

The R, ; iIs measured 0.0676 Q.m @ 90 °F. If SP is measured in a thick,
clean water bearing zone to be -120 mV at depth of 11,000 ft, what is the
water formation resistivity, R,?

The temperature gradient is 1 °F/100ft and annual mean surface temperature
IS 70 °F.

1) By using charts

2) By using equations (computations)

§_
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SP Log

1) Finding Formation Temperature
Tr = Tsyry + Depth X Temp. Gradient

(e]

100t
2) Calculating R,; @ 75°F :

= 180 °F

Tr =70+ 11,000 x 1.0

T, +677
K=k Te77 °F
90 + 6.77
RZ = 00676m = 0.08Q.m Rmf@ 75 °F

3) Converting R, t0 R .:

0.85 x Rmf lf Rmf > 0.1 at75°F

Rinfe =\ 146Rp — 5
377 Ry + 77

if Ry <0.1 at75°F

o _ \46Rp;—5 1460085
™€ " 377Rms + 77 377 X 0.08 + 77

s

= 0.0642 at 75 °F

Example

4) Calculate R,

Rmfe

K =60 +0.133 T}
Rye K =604+ 0.133 x 180 = 83.94

SSP = —Klog

0.0642

—120 = —83.94log R, = 0.002387 @ 75°F

we

5) Converting R, to R, @ 75°F

—(0.58 — 10(069%Rwe=024)y i R > 012 at75°F

i 77Rye + 5 if R,.<0.12 at75°F
146 — 377R,,, Y Ruwe<0.12 a
77R,e + 5 77 % 0.002387 + 5

= 0.0357 at 75 °F

R. = =]
Y 146 —377R,, 146 —377 x0.002387

6) R, @ formation Temp.

T, + 6.77
R =R T, + 6.77
75+ 6.77
Ry = 00357 7oo———-=10.01563 2.m R, @ 180 °F

22




- - - — Annual mean
— surface temperature :
w—— p ——

i 50 15 100 125
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o] [ s

Example (Using Charts) ” =&, . Move 11,000 ft down

“on 1 °F/100ft line

4 000TT

1) Finding Formation Temperature

of feet)

T=180 °F

[

8070 100 1 180 2 250
Ar!nualmean perature (°F)

surface temperature

, {9C6 fout From Schlumberger XD)




8 : NG : NaCl
! i A EENNERNEANE concentration
: ! : : {ppm) {grains/g4

= e RN T at 15°F)
10

Example
2) Finding R« @ T;& 75 °F
R, @ 180 °F = 0.035 Q.m

Resistivity

S|m||ar|y. of solution

{ohm-m)
R @ 75 °F=0.08 Q.

1 1 I 3 280,000 ppm

300,000 ppm

I : ] ] ; I I I ] '
9010 1 1150 18Go 20 300 350 400
30 4 50 60 70 80 90100 120 140 160 180 200

1 1 1 1 1 1 L1 1 1 1 1 1.1 1 ]

'III 3 -

From Schlumberger
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Example

3) Converting R, 10 R «.:

Saturation

R,+=0.08< 0.1 Q.m 75 °F, use chart SP-2

R @ 180 °F=0.027 Q. m

4) Calculate R,
Rmfe

Rue
K =60 + 0.133 T}

K =60+ 0.133 x 180 = 83.94

0.027 Rye = 0.001 @ 180°F
Rue

SSP = —K log

—120 = —83.94log

20 Ll | P T | il i
0005 00 002 003 _ 005
0.035

, From Schlumberger \ 25




 SPLog

Example

5) Convert R, to R,

0.016 Q.m

R, @ 180 °F

20

/Y \

Saturation

SP-2

From Schlumberger

0.005




SP Log
Determining R, from SP Log (Silva and Bassiouni 1981)

By having R @ T; and SP
value, R, can be estimated
from a single chart:




SP Log

250
Example

200 b1
R, Is calculated 0.1 Q.m at Il i ,r:::—-j:r",-- AI
formation temperature of 150°F. If il AL

. . . AL | | #.* ) .
SP is measured in a thick, clean ol | LAY T I
water bearing zone -50 mV, what E L /\(/\’?Tﬂf"' 1
iS RW’? g I Hr‘::,: jr. i
y o |0 i
NN LLLRLLLLL R RRMEL o g0 R g
100-50=50 mv Ml A THTL A
AT | L
11|
' ' i e ":'a’ bl
Compare this method with classic AU 11k
|
(Bateman and Konen) method: / / I
A i
—_ Rmf=0.1
R, =0.031 ohm. m | L
006 008 01 02 D4 06 08 01 02 04 08 08 10 20 40
Rw= 0.03 R, . Resistivity ol Waler (ohm-m)
Ay « Resislivity of Mud Fillrate (ohm.m)
Bateman, 2012

;
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SP Log

SP Depositional Patterns

SP deflections also respond to depositional changes.
In particular, channels, bars, and other depositional
sequences where sorting, grain size, or cementation
change with depth produce characteristic SP shapes.
These are variously described as bells or funnels.

General Depositional Environment

SP Curve Shape

Alluvial point bar in river bed
or
shoreline deposit
(sea moving onto land)

Turbidites, river channel

The Bell

The Cylinder

Bar, shoreline deposit
(sea moving away from land)

Deita marine fringe

The Funnel

Bateman, 2012
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Log Zonation

Zone:
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An interval with similar properties for interval evaluation or well to
well correlation.

Criteria: Rpome
v’ Lithology G i"~=-
v" Fluid Type (Oil, Gas, Water) R

v Rock Property (Permeability, Porosity)
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SP Log
Summary

* SP log deflection is the result of electric potential exists between the wellbore and formation due to
the different salinity/resistivity between mud filtrate and formation water:

v" Negative deflection (normal SP) when R >R,
v' Positive deflection (Reverse SP) when R ; <R,
v" No deflection when R._;=R

w

* SPlog can be used to:

v’ Detect permeable formations

v’ Detect boundary of permeable formation
v' Calculate Shale volume, V,,

v' Calculate formation water resistivity, R,

* SP logis affected by several parameters and requires correction:

s

v Formation thickness

v" Resistivity (mud, surrounding formation, invaded/uninvaded region)
v" Shaliness

v Presence of HC

32



Useful Charts from Chart-book (2013 Edition)

OSP-2
oSp-4
OSP-5

0Gen-2
0Gen-6

33



SP Log

Example

A well has been logged with SP tool to the max. depth of 4,800 ft.

The temperature @ max. depth is recorded 120 °F.

Also the R, ~=1.47 Q.m @ 74 °F & R_=2.07 Q.m @ 74 °F.
What is R, for zone “B”?

What is R, for “A”.

Assume both zones are clean water bearing zones and:
for zone A: d.=35“ and R=27 Q.m.

for zone B: d=30" and R=22 Q.m.

Average annual surface temperature is 67 °F.

;

4500

4550

4600

4650

4700

4750

34



SP Log
Example

Zone A thickness : 10 ft Zone A SP : -90mV

Zone B thickness : 54 ft Zone BSP : -103mV

Tr = Tsyry + Depth X Temp. Gradient
120 = 67 + 4800 X Temp. Gradient

(e

100ft

Temp. Gradient = 1.104

s

Sand

<

Baseline

Top: 4550 ft 90 mV

4500

Bottom: 4560 ft

Top: 4614 ft

4600

Bottom: 4668 ft

4650

4700

4750

Shale
Baseline

35



SP Log

Zone A analysis:

Zone A thickness : 10 ft
Zone ASP :-90mV

Mid zone A: (4550+ 4560)/2=4555 ft

Tr = Tsyry + Depth X Temp. Gradient
Tr = 67 + 4555 X 1.104 = 117.29 °F

o _p 11677 .
2T, 4677 a

74 + 6.77

R, = 2.07117.29 Y677 1.348 Q.m R, @ 117.29 °F

74 + 6.77

s

Example

= 0.957Q.m R, @ 117.29 °F
117.29 + 6.77 m Ry @

Ro = 147 o 77

Zone B analysis:

Zone B thickness : 54 ft
Zone BSP :-103mV

Mid zone B: (4614+ 4668)/2=4642 ft

Ty = Tsyrr + Depth X Temp. Gradient
Tr = 67 + 4642 X 1.104 = 118.26 °F

T, +677

Re=kot677 °F
74 + 6.77

Ry = 207w r=z = 1.337 .m Ry, @ 11826 °F
74 + 6.77

R, = 1.47

= 0950.m R, @ 118.16 °F
118.26 + 6.77 m R @

= 1.452 0.m Ry ;@ 75 °F

36



w - A . 8-in. Hole; 3%6-in. Tool, Centered 10
g 100 Osp-5
) \
Example (SP to SSP) 91%| N I
Zone A Analysis: \
R, = 2.07 7+ 677 = 1.348 Q.m R,,@ 117.26 °F 80
2 =4 1729+ 677 T Hm | L
Zone A thickness : 10 ft R, 27 o . \ B
Z .- = = 1
one /f SP : -90mV R, 1348 \\ 15
60 Zone B is thick enough \ 1
R=27 Q.m {qug;’ and dogs not need \\\ : Cnfgssﬂ"rnn
correction
Zone B Analysis: 50 \ \ -
74 + 6.77 ) Zone B Zone A \\\ \\ - F
R; = 2.07 Tro——o—m = 1337 0m R, @ 11826 °F 10 V‘- 0 29
Zone B thickness : 54 ft \\& T - 3.0
Zone BSP:-103mV  p. * W\ [ e
di=30” Rm = 1348 = 163 \\: j-EH:I
R=22 Q.m 20 2o [
70 50 40 30 20 15 098 7 6 5 4 3

T

Bed thickness, h (ft)



SP Log

Example
Zone "A" R, i
5 1 (0]
1) Converting R, t0 R, .. 3) Converting R, to R, @ 75°F
—(0.58 — 10(0-69%Rwe=024)y £ R > 0.12 at75°F
Ry; = 1.4520.m @ 75 °F p
w = 77Rye + 5 _ )
085X Rys  if Rys>01 at75°F 146 — 377R,,, if Rwe <012 at75°F
Rmfe = 3 146R,,; — 5 _ 77Rye+5  77x0.0608+5 .
377Rmff+ 77 1 Rmp <01 at75°F Rw=146—377R,, 146—-377x00608 0 00 7>F
Rye = 0.85 X Ry = 0.85 x 1.452 = 1.234 at 75 °F
4) R, @ Formation Temp.
2) Calculate R, o T+ 677
Rinfe 2 T, + 6.77
SSP = —Klog— K =60+ 0.133 x 117.29 = 75.60 e
+ 6.
we — — o
K =60+0133T; Rwe=00608 @ 75°F Ry = 00786 ———=————=10.05202.m R, @ 117.29 °F

s
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SP Log

Example

Zone “B” R,

w

1) Converting R, t0 R,

mfe-
Rpr=1452Q.m @75 °F
0.85 x Rmf lf Rmf > 0.1 at75°F

Rinfe = | 146R; —5
377 Ry + 77

if Rps<0.1 at75°F

Rpmse = 0.85 X Rpyr = 0.85 x 1.452 = 1.234 at 75 °F

2) Calculate R,

R

SSP = —K log Rmfe K = 60 +0.133 x 118.29 = 75.73
we

K =60+0133T; Rwe=00538 @75

s

3) Converting R, to R, @ 75°F
—(0.58 — 10(0-69%Rwe=024)y  jf R > 0.12 at75°F
R, =

77Rwe +5 if Ry.<0.12 at75°F
146 — 377R,,, i Rwe<012 a
77R,,s + 5 77 x 0.0538 + 5

= 0.0727 at 75 °F

R — —
W~ 146 — 377R,,, 146 — 377 x 0.0538

4) R, @ Formation Temp.

T, + 6.77
Ry =R T, + 6.77
75+ 6.77
Ry = 0.0727 oo———-=0.047 2.m R, @ 118.29 °F
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Igneous Sedimentary Metamorphic

(Bio)Chemical Organic

Gravel Sand
Eva porates Carbonates
Grain Size > 2mm 2mm <GS < 1/16




1st

92% of Earth Crust

Feldspar

1st

8% of Earth Crust

Non-Silicates

Carbonates

Evaporates

Natural
Elements
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SP Log

Mineralogy vs. Lithology

e In well logging literature, mineralogy and lithology are used with ambiguity.

* In many cases, the rock name is used as (most dominant) mineral name or vice versa.

Lithology

Sandstone

Limestone

Dolomite (Dolostone)
Shale

Salt

Mineral

Quartz , SiO,

Calcite, CaCO,

Dolomite CaMg(CO,),

Clay minerals (illite, kaolinite, montmorillonite)
Halite, NaCl
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