
Crossplots

Rw Calculation Methods

PNGE 450: Formation Evaluation
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Crossplots

• Graphical / Mathematical Approach

• Various Properties (Units)

• Addressing Properties

• No Unique Interpretation

 2D Plots
 3D Plots

 Density, Transit time, Porosity, Pe

 More accurate Porosity
 Lithology

Crossplots
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Cross Plots

Porosity Crossplots

• Neutron-Density

• Sonic-Neutron

• Sonic-Density

• Density-Photoelectric

Complicating Factors:

Shaliness

Presence of Gas

Fractures
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Crossplots

Neutron-Density Crossplot

• Most Common

• For clean, liquid saturated formations

• Water based muds: Fresh mud (ρf=1.0 gr/cm3), Salt mud (ρf=1.1 gr/cm3)

• Charts Por-11 & Por-12
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Crossplots

N-D Crossplot

Por-11

From Schlumberger

• Neutron Limestone

• Bulk density or LS DPHI

• SW-NE are lith. Lines

• NW-SE are porosity lines

• 2 more & less likely lith. Possibilities

• True porosity

• Lithology %
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Crossplots

Example

Por-11

From Schlumberger

ρb= 2.4 gr/cm3    φNLS=24% 

More likely: Dol, LS

A

B

C
LS % = BC/AC = 1.0/2.5=40%

DOL % = AB/AC = 1.5/2.5= 60%

Less Likely: Dol, SS
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Crossplots

N-D Crossplot

Por-11

From Schlumberger

Gas

Shale

Fracture: 
N-D logs measure total porosity, 
no effect

Shales tend to behave like dolomite, use 
GR discriminator to distinguish them.
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Crossplots
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Crossplots

Sonic-Neutron Crossplot

• For clean, liquid saturated formations

• Water based muds: 

• Chart Por-20
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Crossplots

Sonic-Neutron 

Crossplot

Por-20

From Schlumberger

Gas

Shale

Fractures
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Crossplots

Sonic-Density Crossplot

Por-22

From Schlumberger

• Poor porosity resolution

• Poor lithology resolution

• Useful for evaporates
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Crossplots

Density-Pe

Crossplot

Lith-3

From Schlumberger

Lith-4
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Crossplots

3-Measurement Crossplots

 M-N Plot

 MID Plot

 ρmaa-Umaa

• 2D Plots

• 3 Mineral Matrix

• Multiple logs (D,N,S  D,N,Pe)
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Crossplots

M-N Plot

Lith-7

Fro
m

 Sch
lu

m
b

e
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r

𝑀 =
∆𝑡𝑓 − ∆𝑡

(𝜌𝑏−𝜌𝑓) × 100

𝑁 =
∅𝑁𝑓 −∅𝑁

(𝜌𝑏−𝜌𝑓)

∅𝑁 is in fraction

∅𝑁𝑓 is assumed to be 1.0

1. φ=0
2. φ <12 p.u
3. 12<φ <27 p.u
4. 27<φ <40 p.u



15

Crossplots

Example

Fresh-mud filtrate with ρf = 1.0 g/cm3 ,  Dtf = 189μs/ft, 

Dt = 69 μs/ft , ρb= 2.5 g/cm3, ΦN = 10%, 

Dt - ρb crossplot?

Dt -ΦN crossplot?

ΦN - ρb crossplot?

M-N plot?

Lithology mixture?

Por-22

From Schlumberger

Dolomitic Sand
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Crossplots

Example

Por-20

From Schlumberger

Limy sand (more likely)
Dolomitic sand (less likely)

PHI=12.5%
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Crossplots

Example

Por-11

From Schlumberger

Sandy lime(more likely)
Dolomitic sand (less likely)

PHI=11.5%
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Crossplots

Example

Lith-3

Fro
m

 Sch
lu
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b

e
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r

𝑀 =
∆𝑡𝑓 − ∆𝑡

(𝜌𝑏−𝜌𝑓) × 100
=

189 − 69

(2.5 − 1.0) × 100
= 0.8

𝑁 =
∅𝑁𝑓 −∅𝑁

(𝜌𝑏−𝜌𝑓)
=

1.0 − 0.1

(2.5 − 1.0)
= 0.6

Dolomite-Sand mixture
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Crossplots

MID Plot

𝜌𝑚𝑎𝑎 =
𝜌𝑏 − ∅𝑥 × 𝜌𝑓

1 − ∅𝑥

∆𝑡𝑚𝑎𝑎=
∆𝑡 − ∅𝑥 × ∆𝑡𝑓

1 − ∅𝑥

∅𝑥 =
∅𝑁𝐿𝑆 + ∅𝐷𝐿𝑆

2

Limestone scale

Lith-7

From Schlumberger

∅𝑥 is in fraction
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Crossplots

𝑈𝑚𝑎𝑎 =
𝑃𝑒 × 𝜌𝑏
1 − ∅𝑥

∅𝑥 =
∅𝑁𝐿𝑆 + ∅𝐷𝐿𝑆

2

𝛒𝐦𝐚𝐚 − 𝐔𝐦𝐚𝐚 Plot

𝜌𝑚𝑎𝑎 =
𝜌𝑏 − ∅𝑥 × 𝜌𝑓

1 − ∅𝑥

Lith-6

Fro
m

 Sch
lu

m
b

e
rge

r∅𝑥 is in fraction
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Crossplots
Lith-6
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Example
Fresh-mud filtrate with ρf = 1.0 g/cm3 ,  

ρb = 2.368 g/cm3, ΦNLs = 25%, Pe=3.3 barns/e

What is the lithology?

∅𝐷 =
𝜌𝑚𝑎 − 𝜌𝑏
𝜌𝑚𝑎 − 𝜌𝑓

=
2.71 − 2.368

2.71 − 1.0
= 20%

∅𝑥 =
∅𝑁𝐿𝑆 + ∅𝐷𝐿𝑆

2
=
0.25 + 0.2

2
= 0.225

𝑈𝑚𝑎𝑎 =
𝑃𝑒 × 𝜌𝑏
1 − ∅𝑥

=
3.3 × 2.368

1 − 0.225
= 10.08

𝜌𝑚𝑎𝑎 =
𝜌𝑏 − ∅𝑥 × 𝜌𝑓

1 − ∅𝑥
=
2.368 − 0.225 × 1.0

1 − 0.225
= 2.765

40% Dolomite
20 % Quartz
40% Calcite
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Crossplots

Fro
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Class Example

Fresh-mud filtrate with ρf = 1.0 g/cm3 ,  

ρb = 2.368 g/cm3, ΦNLs = 25%, Pe=3.3 barns/e

What is the lithology using Pe-Density Crossplot?

Lith-3
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Crossplots
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Class Example

Fresh-mud filtrate with ρf = 1.0 g/cm3 ,  

ρb = 2.368 g/cm3, ΦNLs = 25%, Pe=3.3 barns/e

What is the lithology using Density-Pe Crossplot?

Lith-3

Limy Dolomite (most likely)
Sandy Limestone (less likely)
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Crossplots

Computational Analysis

Matrix

Shale Volume

Porosity

Sandstone

Dolomite

Limestone

Unit Volume of Rock

𝑉𝑆𝑆 + 𝑉𝐷𝑜𝑙 + 𝑉𝐿𝑠 + 𝑉𝑠ℎ + ∅ = 1

∅𝑁,𝑆𝑆𝑉𝑆𝑆 + ∅𝑁,𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + ∅𝑁,𝐿𝑠𝑉𝐿𝑠 + ∅𝑁,𝑠ℎ𝑉𝑠ℎ + ∅𝑁,∅∅ = 1

𝜌𝑚𝑎,𝑆𝑆𝑉𝑆𝑆 + 𝜌𝑚𝑎,𝑆𝑆𝑉𝐷𝑜𝑙 + 𝜌𝑚𝑎,𝑆𝑆𝑉𝐿𝑠 + 𝜌𝑚𝑎,𝑆𝑆𝑉𝑠ℎ + 𝜌𝑓𝑙𝑢𝑖𝑑∅ = 1

𝑈𝑆𝑆𝑉𝑆𝑆 + 𝑈𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + 𝑈𝐿𝑠𝑉𝐿𝑠 + 𝑈𝑠ℎ𝑉𝑠ℎ + 𝑈𝑓𝑙𝑢𝑖𝑑∅ = 1

𝐺𝑅𝑆𝑆𝑉𝑆𝑆 + 𝐺𝑅𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + 𝐺𝑅𝐿𝑠𝑉𝐿𝑠 + 𝐺𝑅𝑠ℎ𝑉𝑠ℎ + 𝐺𝑅𝑓𝑙𝑢𝑖𝑑∅ = 1

Neutron Log

Density Log

Pe Log

GR Log

Unity
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Crossplots

Computational Analysis

𝑉𝑆𝑆 + 𝑉𝐷𝑜𝑙 + 𝑉𝐿𝑠 + 𝑉𝑠ℎ + ∅ = 1

∅𝑁,𝑆𝑆𝑉𝑆𝑆 + ∅𝑁,𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + ∅𝑁,𝐿𝑠𝑉𝐿𝑠 + ∅𝑁,𝑠ℎ𝑉𝑠ℎ + ∅𝑁,∅∅ = 1

𝜌𝑚𝑎,𝑆𝑆𝑉𝑆𝑆 + 𝜌𝑚𝑎,𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + 𝜌𝑚𝑎,𝐿𝑠𝑉𝐿𝑠 + 𝜌𝑚𝑎,𝑆ℎ𝑉𝑠ℎ + 𝜌𝑓𝑙𝑢𝑖𝑑∅ = 1

𝑈𝑆𝑆𝑉𝑆𝑆 + 𝑈𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + 𝑈𝐿𝑠𝑉𝐿𝑠 + 𝑈𝑠ℎ𝑉𝑠ℎ + 𝑈𝑓𝑙𝑢𝑖𝑑∅ = 1

𝐺𝑅𝑆𝑆𝑉𝑆𝑆 + 𝐺𝑅𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + 𝐺𝑅𝐿𝑠𝑉𝐿𝑠 + 𝐺𝑅𝑠ℎ𝑉𝑠ℎ + 𝐺𝑅𝑓𝑙𝑢𝑖𝑑∅ = 1

Neutron Log

Density Log

Pe Log

GR Log

Unity

GR of clean SS (either read it from the log or assume a reasonable value)

𝑉𝑆𝑆 + 𝑉𝐷𝑜𝑙 + 𝑉𝐿𝑠 + 𝑉𝑠ℎ + ∅ = 1

−1.5%𝑉𝑆𝑆 + 2.5%𝑉𝐷𝑜𝑙 + 0𝑉𝐿𝑠 + ∅𝑁,𝑠ℎ𝑉𝑠ℎ + 100%∅ = 1

2.65𝑉𝑆𝑆 + 2.87𝑉𝐷𝑜𝑙 + 2.71𝑉𝐿𝑠 + 𝜌𝑚𝑎,𝑆ℎ𝑉𝑠ℎ + 𝜌𝑓𝑙𝑢𝑖𝑑∅ = 1

4.79𝑉𝑆𝑆 + 9.05𝑉𝐷𝑜𝑙 + 13.78𝑉𝐿𝑠 + 𝑈𝑠ℎ𝑉𝑠ℎ + 𝑈𝑓𝑙𝑢𝑖𝑑∅ = 1

𝐺𝑅𝑆𝑆𝑉𝑆𝑆 + 𝐺𝑅𝐷𝑜𝑙𝑉𝐷𝑜𝑙 + 𝐺𝑅𝐿𝑠𝑉𝐿𝑠 + 𝐺𝑅𝑠ℎ𝑉𝑠ℎ + 𝐺𝑅𝑓𝑙𝑢𝑖𝑑∅ = 1 Luckily your are saved!
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Crossplots

Computational Analysis-Composition
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Rw Calculation Methods

• Direct measurement from a water sample (DST, Produced water at separator)

• Computation from chemical analysis of a water sample

• From SP log 

• From sonic log (Rwa)

• The ratio technique

• Crossplots (Pickett plot, Hingle plot)

• Rw catalogs from AAPG and SPWLA





Rw Calculation Methods
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Rw from Chemical Analysis

• If Na+and Cl−are the only ions present in a solution, computation of an Rw value is estimated

by entering the chart Gen-6 with a total NaCl concentration and a temperature and exiting

with an Rw value in W∙m.

• When working with formation waters that contain ions other than Na+and Cl− , the effect of these

other ions on the electrical behavior of the electrolyte must be considered. The two factors that

must be taken into consideration are (1) the charge carried by the ion and (2) its mobility through an

electrolyte in the presence of an electric field.

• A practical method of dealing with this problem is to use multipliers (Chart Gen-4) for each ion to

compute its effective charge-carrying power relative to Na+and Cl− .

Rw Calculation Methods



29

Example

Water sample from a well has the following
chemical analysis at 75 °F. What is the water
resistivity of the formation if Tf=125 °F

Gen-4

From Schlumberger

Rw Calculation Methods

46,000
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Example (Continued)

33,450 ppm

0.11 Ω.m

Gen-6

Fro
m

 Sch
lu

m
b

e
rge

r

Rw Calculation Methods

Equivalent NaCl Concentration

𝑥 =
൯3.562 − lo g( 𝑅𝑤,75 − 0.0123

0.955
𝑝𝑝𝑚 𝑁𝑎𝐶𝑙 = 10𝑥

R2 = R1
T1 + 6.77

T2 + 6.77
℉

Alternative of using Gen-6:

𝑅𝑤,75 = 0.1866 𝑜ℎ𝑚.𝑚

𝑅𝑤,125 = 0.1158 𝑜ℎ𝑚.𝑚
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Ratio Technique

Rw Calculation Methods

𝑺𝒘
𝒏 = 𝑭

𝑹𝒘
𝑹𝒕

𝑺𝒙𝒐
𝒏 = 𝑭

𝑹𝒎𝒇

𝑹𝒙𝒐

Only In water zone

𝑺𝒘 = 𝑺𝒙𝒐= 𝟏𝟎𝟎%

𝑹𝒎𝒇

𝑹𝒙𝒐
=

𝑹𝒘
𝑹𝒕

𝑹𝒘= 𝑹𝒕 ×
𝑹𝒎𝒇

𝑹𝒙𝒐

𝑹𝒙𝒐
𝑹𝒕

<
𝑹𝒎𝒇

𝑹𝒘

𝑹𝒙𝒐
𝑹𝒕

≅ 𝟏In HC zones In Shales

Other Applications of Ratio Technique

𝑺𝒙𝒐 > 𝑺𝒘
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SP with Rxo/Rt

Ratio Technique

Shale

Rxo/Rt tracks the 
SP curve

Rxo/Rt separates from  
the SP curve
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Pickett Plot

𝑺𝒘 =
𝒏 𝒂

∅𝒎
𝑹𝒘
𝑹𝒕

log 𝑆𝑤 =
1

𝑛
( log 𝑎𝑅𝑤 −𝑚 log∅ − log𝑅𝑡)

log 𝑅𝑡 = log 𝑎𝑅𝑤 −𝑚 log∅

Y Int. Slope X

In water zone

𝑺𝒘 = 𝟏𝟎𝟎%
a, m, Rw can be found 
by trial and error on 

log-log plot.

Rw Calculation Methods



34

Pickett Plot0.1 1 10 100
ILD ILM SFL

-0.1500.150.30.45
DPHI NPHI

7900

7950
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8050

8100
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0 30 60 90 120 150

GR SP

Example

Gas Zone?

Water Zone

LS Scale

Rw Calculation Methods
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Rt  , OHMM

Field Data

Sw=100%

Sw=75%

Sw=50%

Sw=40%

Sw=30%

a =1
n=2.00
m =2.04

Rw =0.066

35

Water line (Sw=100%)
Slope= -1/m

Reservoir

The intercept of  the water 
line at PHI=100% is a*Rw

PHIX or 
PHID or 
PHIS

Rw Calculation Methods

Water line(Ro) is placed 
by the location of the 

data points

Pickett Plot
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Pickett Plot

*Advantages:

• Water saturation can be predicted without prior knowledge of Rw, a, or m. Rw is directly predicted (if tortuosity
factor (a) is known or estimated) from the intercept of the water-bearing line at a porosity of 1.0 (φ = 100%).

• Cementation exponent (m) is directly predicted from the slope of the water-bearing line.

• Reservoir zone can be seen easily on the plot. Hydrocarbon-bearing points lie away from the line, moved
horizontally to the right from the water-bearing line by their increased resistivity. The horizontal distance of a point
from the water bearing line depends on the water saturation (Sw) of that point.

*Limitations:

• Presence of water zone is required to find the water (Ro) line.

• A wide range of porosity must be present to positively determine a water-bearing line. Formation lithology and
water resistivity must be constant over the intervals compared in the plot.

Rw Calculation Methods

*Adapted from Asquith
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Bulk Volume of Water (BVW)

BVW

• Calculating Sw from Archie’s equation or Pickett plot, is not sufficient to
determine whether the HC zone will produce HC, water, or HC with
water cut.

• The production is controlled by factors such as pore size, capillary
pressure, wettability, surface tension.

• BVW is a useful measure controlled by pore size indicating the
productivity.

• BVW is product of porosity in water saturation:

• If a reservoir is at Swirr, it produces water free HC. BVW @ this
saturation is “Irreducible BVW (BVWi)”.

• To find if a zone is likely producing water free or not, we can use
Buckle’s plots.

𝑩𝑽𝑾 = ∅ × 𝑺𝒘

Common BVWi Values

From Asquith
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Buckle Plot

BVW
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Pickett Plot0.1 1 10 100
ILD ILM SFL
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Example
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Water Saturation

Buckle's Plot

BVWmin=0.025

BVW1=0.035

BVW2=0.05

BVW3=0.07

BVWmax=0.08

Reservoir
(Water Free zone)

Water Zone

Transition Zone
(Water cut production)

BVW

BVWi=0.025-0.035
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Example
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Rt  , OHMM

Field Data

Sw=100%

Sw=75%

Sw=50%

Sw=40%

Sw=30%

a =1

n =2
m =2.04

Rw =0.066

BVW2=0.05

BVWmax=0.08

BVW3=0.07

BVW1=0.035

BVWmin=0.025

BVW

BVW=0.025

BVW=0.08

Free Water Zone

HC with Water cut Zone
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Useful Charts

Crossplots

oPor-11

oPor-12

oPor-20

oPor-22

oLith-3

oLith-4

oLith-6

oLith-7

oGen-4

oGen-6


