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Crossplots

Crossplots

Graphical / Mathematical Approach

v' 2D Plots
v" 3D Plots

Various Properties (Units)

v’ Density, Transit time, Porosity, Pe

Addressing Properties

v" More accurate Porosity
v’ Lithology

No Unique Interpretation



Cross Plots

Porosity Crossplots

Neutron-Density

Sonic-Neutron

Sonic-Density

Density-Photoelectric

/ S

Complicating Factors: > Presence of Gas

Fractures

; 3



Crossplots

Neutron-Density Crossplot

Most Common

* For clean, liquid saturated formations

Water based muds: Fresh mud (p=1.0 gr/cm3), Salt mud (p=1.1 gr/cm?)

Charts Por-11 & Por-12

;




Liquid-Filled Borehole (p; = 1.000 g/cm? and C; =0 ppm)
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Corrected apparent limestone neutron porosity, deyicor (P.U.) From Schlumberger




Liquid-Filled Borehole (p; = 1.000 g/fcm? and C; =0 ppm)
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Corrected apparent limestone neutron porosity, deyieor (p.U.) From Schlumberger




Liquid-Filled Borehole (p; = 1.000 g/cm? and C; =0 ppm)
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Crossplots

Sonic-Neutron Crossplot

* For clean, liquid saturated formations
* Water based muds:

e Chart Por-20
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t; = 189 ps/ft and p; = 1.0 g/cm?
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Crossplots

3-Measurement Crossplots

e 2D Plots
e 3 Mineral Matrix

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

v" M-N Plot
v MID Plot
U

Pmaa~Ymaa
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cCrossplots

M-N Plot
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t; =189 psfft and p; = 1.0 g/ecm?
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t; =190 psfft and C; =0 ppm
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Liquid-Filled Borehole (p; = 1.000 g/cm? and C;= 0 ppm)
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Crossplots
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Example

Fresh-mud filtrate with p,= 1.0 g/cm3,
pp=2.368 g/cm3, Pws=25%, P,=3.3 barns/e

What is the lithology?

Pma—Pp 271 —2.368

= = 209
Do Pma—Pr  271—10 o
Onrs + O 0.25+ 0.2
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P, xp, 3.3x2.368
Umaa =77 0, 1-0225 10.08
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Lith_3 Fresh Water (p; = 1.0 g/cm?), Liguid-Filled Borehole

| | + S
p 21 E i X

Fresh-mud filtrate with p,= 1.0 g/cm3, . e t e

p,= 2.368 g/cms, .= 25%, P_=3.3 barns/e 3 2 1- s
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What is the lithology using Pe-Density Crossplot? 25 = S '
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Lith-3

Fresh Water (p; = 1.0 g/cm?), Liguid-Filled Borehole

Class Example

Fresh-mud filtrate with p;,= 1.0 g/cm3,
pp=2.368 g/cm3, Pus=25%, P,=3.3 barns/e

What is the lithology using Density-Pe Crossplot?

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

Unity

Neutron Log

Density Log

Pe Log
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Computational Analysis
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Unity

Neutron Log

Density Log m

Pe Log

GR Log

Crossplots

—

Computational Analysis

gumm—

VSS+VDOZ+VLS+VSh+®=1

TABLE 24.1—LITHOLOGY INDICATORS FOR COMMON MINERALS
Oy ssVss + On poiVpor + Dy sVis + Oy snVsn + Onp? =1 (Schlumberger 2005b)
v v v Y Mineral Os Oma Oenr Alra M N
+ + + + Pruia®= —
pma,SS SS pma,Dol Dol pma,Ls Ls pma,Sh sh pfluld San _ 2 648 15 55.5 0.84 0.64
Limestone  2.71 2,710 0.0 475 0.85 0.60
UccVee +Up Vo YU Vi + U Ver + Uspnia® = 1 ’
§s¥ss T ¥ Dol Dol 1sVis + UsnVsn + Urinuia® | Dolomite 287> 2876 2.5 435 0.80 0.53
Anhydrite ~ 2.96  2.977 0.0 50.0 0.72 0.52
- GRssVss + GRpoiVpor + GRsVLs + Vsh + GRpia® = 1 Halite 217  2.032 0.0 67.0 1.24 1.02
Sylvite 198  1.863 0.0 74.0 1.41 1.23
GR of clean SS (either read it from the log or assume a reasonable value) Gypsum 2.32 2.351 60 52.0 1.05 0.31
gm—
Vss + Vpor + Vs + Ve + 0 =1 TABLE 24:2—DENSITY AND PHOTOELECTRIC INDEX FOR
COMMO RALS (Schlumberger 2005b)
_1-5%VSS + 2.5%Vp; + 0V + Q)N,sthh + 100%0 = 1 Mineral P, Drmas U as O U
2'65VSS 4 287VD  + 271VL +p Sth + pfi 'd® =1 Dolomite 3.14 2.88 9_1'|\2?B§\9_D5
° §° Tmasnts flu Limestone 508 271 1378 271 1378
4.79Vss + 9.05Vp0; + 13.78Vis + UspVep + Uppig® = 1 Sandstone 181 265 47 26 979
__ GRgsVss + GRpoiVpor + GRysVs + GRspVsp + GRp110® = 1 Luckily your are saved!
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Cfrossblots

Computational Analysis-Composition

Depth | RHOB | PHIN PE GR D [ U Quartz__Calcite _Dolomite _Porosity __Shale Depth _Quartz__Calcite Dolomite Shale Porosity
50935 2825767 2261 3294  §4.7053 -677  9.308076 PHIN -15 [} 25 100 30 50935 0 0 0690877 0305323 0.0038
5094 2899468 1022  3.8149 441485 -11.08 1106118 RHOB | 265 271 287 1 25 5094 0 0066063 0686395 0247542 O
50945 2990782 07 44634 244168 -16.42  13.34906 Umaa | 479 1377 9.05 195 7 5004 5 0 0274389 050984 0125771 O
5095 3052342 092 49529 13.2308 -20.02  15.117%4 GR 25 10 10 10 120 5095 0 0311166 0618228 0070607 O
50955 3.092185 -0.83 50815  10.3604 -2235 1571294 Unity 1 1 1 1 1 5095.5 0 0284921 0653283 0061796 O
5096 3080475 -127 | 50294  10.0367 -2225 1554323 5096 0 0.2857 0655478 0058822 O
50965 3086022 -1B6 | 40308 90424 2199 1521658 50065 0 0283001 0665433 0051476 O
5097 3.079873 -058  4.8875 9.2494 -2163 15.05288 5097 0 0.25681 0.689174 0054016 O
50975 3069613 -0B1  4BI66  BI1G46 2103 147851 inverse | Quartz  Calcite Dolomite Porosity  Shale 5097 5 0 0257254 0696288 0046450 O
5098 3050974 -104 | 46787  10.1834 -19.04 1427459 PHIN |-0.04277 -189952 -D.08704 0.002681 £.319477 5098 0 0259326 0GEBS41 0052134 O
50985 3024982 036 43929 155015 -1842 13.28844 RHOB | -0.02678 -18023% 0133188 000278 4.293676 5098 5 0 0210354 0711758 0077889 O
5099 2953162 364 | 39613 246784 1422 1169836 Umaa |0.057556 3742648 -0.05451 -0.01191 -9.27281 5099 0 0141212 0729372 0129416 O
50995 2917252 747 | 36745  37.6308 41212 1071944 GR | 000617 -0.19977 -0.0035 -0.00228 0.612412 5099.5 0 0053576 0733833 0212591 O
5100 2890063 974 | 36665 44915 -1053  10.59642 Unity | 0.005832 0250025 0.01187 0.008725 -0.95266 5100 0 0049488 0692039 0.258473 O
51005 2958376 764 | 40986  38.6539 -1456 1212766 51005 0 0111208 0682 0206792 O
5101 3013867 092 46062 2610
51015 3.039858 -0.55 = 48842 2092 +
5102 3.010618 116 47667  28.82! 1005 ",
51025 2957266 515 @ 44665  39.97 &
5103 2825631 765 41591 4385 0
51035 2872621 1064  3.8686  GR.5M a0% T
5104 2810377 1729 35776 73.448 U
51045 2767962 1599 32061 8285 ’_-___:_’_?_______ 75 557 0
X g . 50% - e o
S5 rioss s | au e I °
5106 286219 1517 34986 63581 = ¢¢¢$$$§=’:$ 0
51065 2928196 774 41329 43,5t a0% % Dolomite 5’5‘555; o
5107 3012499 257 47303  24.80¢ 5 Calcite gsillltt o
51075 304345 123 50892  14.55( ) cQuartz 48 0
5108 3057472 058 51487 930 % & Shale 92 0
51085 303832 -075 51253 7.9 g2 0
5109  3.045331 -101 51268 66 o | 0
51095 | 5.065509 -0.8B7 5.1669 §.48: W oo nonon o I W nonoq o9 1]
5110 3055078 -124 51916 8.78( g 228 g2333 2228 223324 2333 0
51105 3041568 08 | 51713 8.31( 0
3001726 -02 50436  11.00° 0
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R, Calculation Methods

R, Calculation Methods

* Direct measurement from a water sample (DST, Produced water at separator)
 Computation from chemical analysis of a water sample
v" + From SP log
v« From sonic log (R,,.)
* The ratio technique
* Crossplots (Pickett plot, Hingle plot)
* R, catalogs from AAPG and SPWLA
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R, Calculation Methods

R, from Chemical Analysis

- If Na*and CI™ are the only ions present in a solution, computation of an R.value is estimated
by entering the chart Gen-6 with a total NaCl concentration and a temperature and exiting

with an R.value in Q-m.

« When working with formation waters that contain ions other than Na"and CI~, 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 CI”.
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R, Calculation Methods

Example oy o
Li(25)"  OH (5.5)
D ST
— NH, (1.9)" ~ Mg |
. _‘H
Water sample from a well has the following ST 1 |
chemical analysis at 75 °F. What is the water 15 ‘\..__‘_\ l!K
resistivity of the formation if T=125 °F Ca NS /
| ——— .
co, R N S/
| — — 1.0 E"Na and C1{1.0) ! AN 1.0
on ymbo oncentration (ppm) — R '“'-..__ -y \
Sodium and chloride Na" and CI 25,000 Multiplier —~ |
Carbonate COs 2,000 S0, — L Co, \ Ca
Sulfate SOs 5,000 0.5 [~ NO,(0.55) T — A\
Bicarbonate HCO," 10,000 !
Magnesium Mg 4,000 — 1(0.28) HCd. 'W:: \ "L\
Total 46,000 — \
0 » [ \o
lon Concentration (ppm) Multiplier Effective Concentration "{‘ ‘I
Sodium and 25,000 1.00 25,000 \
chloride M \
Carbonate 2,000 0.40 800 g \
Sulfate 5,000 0.37 1,850 —0.5
Bicarbonate 10,000 020 2,000 10 20 5 100 200 500 1,000 2,000 5000 10,000 20,000 50,000 100,000 300,000
Magnesium 4,000 0.95 3,800 Total solids concentration (ppm or mg/kg)
Total 46,000 33,450 From Schlumberger 46,000
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R, Calculation Methods

Example (Continued)

Effective Concentration

lon Concentration (ppm) Multiplier
Sodium and 25,000 1.00
chloride
Carbonate 2,000 0.40
Sulfate 5,000 0.37
Bicarbonate 10,000 0.20
Magnesium 4,000 0.95
Total 46,000

Equivalent NaCl Concentration

Alternative of using Gen-6:

_ 3.562 —log(Ry, 75 — 0.0123)
B 0.955

X

RZ_R

- T, +6.77

Ry, 125 = 0.1158 ohm.m

ppm(NaCl) = 10*

T, + 6.77 = Ry, 75 = 0.1866 ohm.m

Resistivity
of solution
(ohm-m)

0.11 Q.m

0.08

0.06
0.05

0.04

13819qwin|yds wo.4

0.03

0.02

0.01 [

300,000 ppm

°F 50
°C 10

|
100

30 40
1 1

|
200
60 70 80 90 100

| | |
250 300 350
120 140 160 180 200
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R, Calculatlon Methods
Ratio Technique

R,
S =F R; Only In water zone Rons i R,/
I R., R: R
S n _ F Rmf Sw — Sxo= 100% X0 X0
X0
R,

Other Applications of Ratio Technique

RXO

S. >S5 xo . —mf
o v » R, Ry R,
; 31

In HC zones ~ 1 In Shales
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chnique

SP with R, /R,

Shale

R,./R; separates from
the SP curve

R,./R; tracks the
SP curve
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R, Calculation Methods

Pickett Plot
< ~nla Ry
w VQm Rt

1
logsS,, = E(log aR, —mlog® —log R;)

In water zone
logR; =logaR,, —mlog®
—_— - a, m, R, can be found

S —100% by trial and error on
w Y Int. Slope X log-log plot.
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R, Calculation Methods

——GR  ——SP ——IlD ——ILM =——SFL e DPHI = NPHI LS Scale
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R, Calculation Methods

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

Pickett Plot

Reservoir

= m=204 v T
8 ! 2 Water line(Ro) is placed ™.
& Rw =0.066 by the location of the
/ T data points
Field Data Water ||ne (SW=1OO%)
PHIX or S Slope=-1/m
= = Sw=75%
PHID or — ws0%
PHIS - = Sw=40%
Sw=30%
0.01
0.01 0.1 1 10 100 1000

R, , OHMM




R, Calculation Methods

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 (¢ = 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.

. *Adapted from Asquith
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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: BVIWW = () X §,

If a reservoir is at S, 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.

Bulk Volume of Water (BVW)

Common BVWi Values

Grain Size (millimeters) Bulk Volume Water (BVW)
coarse 1.0t00.5mm 0.02 t00.025
medium 05100.25mm 0.025100.035
fine 025100.125 mm 0.035100.05
very fine  0.125100.0625 mm 0.05 10007
silt < 0.0625 mm 0.07 100.09

(after Fertl and Vercellino, 1978)

Carbonate Porosity Bulk Volume Water (BVW)
Vuggy 0.0051t00.015
Vuggy & Intercrystalline 0.015100.025
(intergranuiar)

Intercrystalline 0.025tc 0.04
(intergranular)

Chalky 0.05

From Asquith
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Buckle Plot
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Porosity Transition
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0 water saturation 10025
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BVW

LS Scale
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Example

Porosity

0.4

0.35

0.3

0.25

o
N

0.15

0.1

0.05

Buckle's Plot

Reservoir

(Water Free zone)
BVWi=0.025-0.035

Transition Zone
(Water cut production)

0.5
Water Saturation

/Q@o

Water Zone




Example

Porosity

BVW=0.08

e
‘e
.
.
‘e

m =2.04 \

n=2

e
[

a=1
Rw =0.066

Field Data
Sw=100%
- = Sw=75%

—_— Sw=50% HC with Water cut Zone

- = Sw=40%

Sw=30%

0.01

R, , OHMM

100

\ Free Water Zone

BVW=0.025




Crossplots

olLith-3
olLith-4
oLith-6
oLith-7

Useful Charts

oPor-11
oPor-12
oPor-20
oPor-22

oGen-4
oGen-6
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