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YROSITY RELATIONS TIN SANDSTONES

2-dimensional view of pore
network, as seen in thin-section.
Bartlesville Sandstone, Kansas
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FORMATION
FACTOR

3-dimensional
metallic pore cast
from a consolidated
sandstone (from
Collins, 1961).

FLOW OF ELECTRICAL
CURRENT THROUGH
............ CLEAN SANDSTONES

Archie equation :
m
F=1/0
where :

F=R,/ Ry

st
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Possible relationship between formation factor

and permeability : 2 2,

eg. k=PD /(32T) o D /F

where T is tortuosity and D is a characteristic length
(Kimminau and Schwartz, 1987)




PERMEABILITY - POROSITY CROSSPLOTS OF SANDSTONES
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Simple relationship :
b
k= ad ‘. logk = loga+blog®d

Dakota Formation, Kansas ( core data from Preston, 1959)
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Porosity - permeability relationship for 5419 core samples

of Norphlet sandstone ( Upper Jurassic), Alabama.
from Dixon et al (1989)




LITTLE SHOP OF HORRORS: CLAY MINERALS
& THEIR ROLE IN FORMATION DAMAGE

B

KAOLINITE SMECTITE

patchy discrete particles pore - lining / bridging
Migration of fines which Highly sensitive to fresh
can block pore throats water, resulting in clay

swelling and microporosity

CHLORITE ILLITE

__pore -l.ix.ling/b.ridging Pore - lining / bridging
Very ac.ld-sens.ltlve, with Microporosity formation,
production of iron hydroxide some migration of fines

precipitate to fill pore throats

SEM photos by Syed Ali in Bigelow (1985)



INFLUENCE OF CLAY MINERALS/ CLAY MORPHOLOGIES ON
POROSITY - PERMEABILITY RELATIONSHIPS IN SANDSTONES
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INFLUENCE OF CLASTIC GRAIN SIZE ON
PERMEABILITY IN SANDSTONE RESERVOIRS

SIZE
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Porosity, permeability and grain-size variation in a :
Lower Eocene bar sandstone, Louisiana ( Self et al, 1986
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Grain size and sorting control
of permeability in sands
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Kozeny-Carman specific -surface
contours as indicators of grain

size on @ — k plot

( from Fuchtbauer, 1967)

Kozeny - Carman equation :
3
Ad

where A is a constant

and S is the specific surface area
i.e. ratio of surface area to volume
of framework solid _

For a sphere, S = 6/d

where d is the sphere diameter




HERRON MODEL FOR PERMEABILITY ESTIMATION IN
CLASTICS BASED ON POROSITY AND MINERALOGY

3
Ad
Kozeny - Carman equation: K = )
(1-®)°S
grain size
Textural <g‘rain shap\
maturity
. / grain sorting E
o
S ~
E Cementing quantity ———
— — 2 /
E minerals type =
= \Clay quantlty / E
minerals

3
a; e
Herron equation: K = (1 -(D)2 exp ( ZBiMi)

Rewritten :
logK = A +3log® -2log(1-9) +X B M

where A¢is the textural maturity term, M; is the
abundance of the ith mineral and Bi is a constant

Based on data from Venezuela, California and Oklahoma :

A _ = 49 + 2 Feldspar

f max
B ; values :
FRAMEWORK
CLAYS CEMENTS MINERALS
Kaolinite -4.5
Illite -5.5 Calcite -2.5 Quartz 0.1
Smectite .5 Feldspars 1.0

Reference : Herron (1987)



POROSITY AND RESISTIVITY IN CARBONATES

BASIC POROSITY TYPES
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- CONTROL OF POROSITY - PERMEABILITY PATTERNS IN
CARBCNATES BY SEDIMENTARY FACIES AND DIAGENESIS
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CABE
ST UDIES

* CLASTIC CASE STUDY LOGS
Graneros Shale, Dakota Formation,
Kiowa Formation, Cheyenne Sandstone

(Lower Cretaceous); Cedar Hills Sandstone
( Lower Permian)

KGS Braun #1 NENENE 30-12S-18W
Ellis County, Kansas

* CARBONATE CASE STUDY LOGS
Chase Group (Lower Permian )
Mobil Brown #1-2 CNW 11-35S-37W
Stevens County, Kansas

1
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CLASTIC CASE STUDY

Lower Cretaceous - Lower Permian
sandstones and shales
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KGS Braun #1
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Ellis Countyo
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F CHASE

CARBONATE CASE STUDY

Lower Permian dolomites, cherty
Iimestones, anhydrite and shales

A (R
s

Winfield Limestone

paleodepositional
community

(from Toomey & Mitchell, 1986)

Mobil Brown 1-2
C-NW 11-35S-37W

RSO S O AR A AT R A
....................................
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KANSAS Permian
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PATTERN
RECOGNITION
TECHNIQUES
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COMPLEX CARBONATE NEUTRON - DENSITY CROSSPLOT
Zones with gamma ray values < 20 API units
Mineral types: calcite, dolomite, chert, anhydrite
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SANDSTONE - SHALE NEUTRON - DENSITY CROSSPLOT
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CLASSIC LOG ANALYSIS MODEL OF SHALE AND
CLAY DISTRIBUTION IN SHALY SANDSTONES

CLEAN LAMINAR  STRUCTURAL DISPERSED
SAND SHALE SHALE SHALE
T%Coéo
l./,')
________ structural
QUARTZ QUARTZ shale

MORPHOLOGY (Schlumberger, 1972)

dispersed
-1 shale
2.5 -
3}

E -
E -
% .
Q —
2 —
@ -
Q. .

3.0 T T T T T T T T

T
0 10 20 30 40
(I) NEUTRON POROSITY % ls equiv
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Authigenic clays

Floccule w7
- Dispersed
Mudstone matrix
k
frargorgent AN T A ] A lnt'grnsiar!‘gted
Biogenically —53%7 ; e Ll

introduced . cdr Detrital
clay ‘Bl S , mica
%‘" Rip-up clasts
cleavage Biogenic g@ ’ = infiltration
. traces pellets residues
Pseudomorphous Fracture filling {May be altered
replacement to glauconite)

GENESIS ( Wilson and Pittman, 1977)
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MODERN SHALY SANDSTONE MODELS BASED
ON CLAY MINERAL COMPOSITIONS

( Clay mineral points from Ruhovets and Fertl, 1981 )
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illite chlorite
montmorillonite kaolinite
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I { I | |
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(Dnepi- o d
(Data from Ellls, 1987 p. 461)

montmorillonite
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&
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( Clay mineral points from Edmundson & Raymer, 1979
and reprinted in Schlumberger, 1988 )
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SANDSTONE - SHALE SPECTRAL
GAMMA-RAY CROSSPLOTS
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Th/U ratio

Compuied Gamma Ka Th/K ratio
p : Y FM I1.-—8 KFixed-U _Leached-U
0 API units 150 2 35 21
S N SR
Depth J | QE KEY
(feet) | 2.° FORT HAYS i
(_'J'—'_'_r Lithology
1001 R l
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] §E§ shale
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9004 SHALE silty shale
] 4 3 siltstone
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O Accessory
4001 Y bentonite

i (Y

6 glauconite
& carbonaceous

material
O fossils
Th/K facies
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S = smectite
K = kaolinite

1000
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COMPLEX CARBONATE SPECTRAL
GAMMA-RAY CROSSPLOTS
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Depositional Environments Th/U ratio
Gamma Ray from petrographic criteria 2 7
09 ‘ API units 150 ( from Almouslli, 1987 ) Fixed-U Leached-U
265 [ o I
. ‘ S RYRA
Dept Herington |Ls SRRREOR0N
(feet)

2700

28007

2850

2900

29501

3000

3050 4

Paddpck Sh

Krider Ls
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Sh

A4
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3100

Ls

M = marine; O = off-bank; S = subtidal; L = lagoonal; I = intertidal; T = supratidal
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THE M-N PLOT :

A

PROJECTION IN THREE POROSITY LOG SPACE

AS SLOPES ONTO A 2-DIMENSIONAL PLOT

M= (Ati—At )(P,—P;) +0.01
N = (q)Nf_(DN ) pb_pf)

gypsum

1o ® .

- Att
secondary
porosity
S . At
- 0.9 .
M calcite A tmal
o silica
) °
-0.8 dolomite .
oo
(DNf !
anhydrite |
- 0.7 o - !
CI)N 5
0.6 A 2 - !
. ) )] ee--/ matrix .
shale region Nma ' point :
i 0 5 i pma p b pf
0.4 0.5 N o5 0.7
. | | i |
FLUID
(I)N POINT

Burke,J.A.,, Campbell,R.L.,Jr,

and Schmidt,A.W., 1969,
The Litho-porosity Cross Plot:
Trans. SPWLA, Paper Y, 29 pp.
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THE MID PLOT :

A NON-LINEAR PROJECTION IN THREE POROSITY LOG
SPACE AS INTERCEPTS ON A 2-DIMENSIONAL PLOT

FDC Bulk Density, gm/cc

MID Chart
FDC-CNL
P¢=1.0 gm/cc

L
10 20 30 40

CNL Neutron Porosity, p.u.

28| - -

28

A

2ol LI A L
‘ " Gult ‘Coast ‘shales’

3.0 -

30}

Clavier, C., and Rust,D.H.,, 1976, MID plot: A new lithology
technique : The Log Analyst, v. XVII, no.6, p. 16 -24. -
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THE RHOMAA - UMAA PLOT:

A LITHODENSITY - NEUTRON SPECIES
OF MID PLOT

2.3
(Y
2.4 %
%: halite
%.
g 2.5 =
@)
=
R 2.6 | K-feldspar
quartz ®
calcite
2.71
2.8
2.91 dolomite
anhydrite
@
3.0
kaolinite
® illite
3'1 | T | 1 1 )
2 4 6 8 10 12 14 16
UMAA

Gardner, J.S. and Dumanoir, J.L., 1980, Lithodensity
Log Interpretation : Trans. SPWLA, Paper N, 23 pp.
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CALCULATION OF RHOMAA AND UMAA

INPUT :

Fractional neutron porosity (PHIN)

Fractional density porosity (PHID)

Photoelectric factor (PE)

PHIH = ( PHIN + PHID )/2

0.05 0.10 = PHIH

| PHIT = 1.03*PHIH I

4

0D=0.2?+ 1.45*PHIN - 11,.5*PHIR

PHIT = 1.03( SQRT[ 0>+ 40(0.145PHIN + 0.125PHIN) 1 - D) /20

IT PHIN<PHID then PHIT = PHIH

If PHIN> PHID then:

D=0.2?+221PHIN - 12.2PHIH
PHIT = 1.03( SQRT[ D+ 40(0.221PHIN + 0.649PHIX) 1 - D} / 20

If PRIT<0.01 then PHIT = 0.01

If PHIT> 0.45 then PHIT = 0.45

RHOB = 2.71 - 1.?21PHID U = PE( RHOB + 0.188)/1.07
RHOMAR = ( RHOB - PHIT)/( 1 - PHIT) UMA = (U - 0.3PHIT)/( 1 - PHIT)

IHHUMHHI | UMAR I

Algorithm from BASIC program published by :
Elphick, R.Y., 1987, Nuclear log interpretation in hard rock
formations : Geobyte, v. 2, no. 3, p. 44 - 47.
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RHOMAA

COMPLEX CARBONATE RHOMAA - UMAA PLOT
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Depositional Environments
from petrographic criteria
( from Almo i

Gamma Ray
-0 API units
2650
Depth
(feet)
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)
3000-

3050

T

f
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plot

|
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‘ﬂl

B

100

S

{
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Sh

Wreford

3100

Ls

M = marine; O = off-bank; S = subtidal; L = lagoonal; I = intertidal; T = supratidal
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RHOMAA

SANDSTONE -

SHALE RHOMAA - UMAA PLOT
2.3
2.4
2.5
2.6- e feldspar
quartz > O
»~_ + CEDAR HILLS
2.7
2.8
DAKOTA
2.9
3.0 kaolinite « .
O !J w  x x : illite
muscov1teO O
3-1 T L] ) ¥ 1 L] L] T 1 1 -l 1 L)
2 4 6 8 10 12 4 16
UMAA chlorite
__\b

iron content in shales
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Gamma Ray Estimated Iron
0 API units 150 0 from Pe 10%
g:g?)’ J Gran¢ros Sh
500 '
CGR
550 -
600
650~
Dakota Ss
700— Estimation of iron
from Pe:
3.6
i Pe= (Z/10)
For mixture :
750 3.6
Pe =) (Z/10) * wtj
] A  (Pe.log - Pe.ss)
€= 31.2
800 - Kiowa | Sh
Ellis (1987) p. 451-4
850
Cheyenne [Ss
900—
Cedar Hills|Ss

39



COLOR AS INFORMATION: 2.-D LOG CROSSPLOTS
AND STRIPLOGS USING THE BRIGGS COLOR CUBE

white
cyan
<O
R
\,@% yellow
"black" log 2
E ° »/GREEN
BRIGGS
CUBE
Lithodensity - neutron Spectral gamma - ray
color cube color square
feldspar . kaolinite
RED mica illite smectite chlorite
A : . E
: : a
w Yellow RED E orange ! yellow E
SHALE 4 269 7f=-=-=--- bosoeanes Pe-sneoe- o
BLUE 5 GALCITE 2 5 ! chart
g > brown : olive E reuse
R 578 gf--mm-nn- E- -------- Foemmenn-
GAMMA \ / ' " E
RAY . i dark !
Black Black : o een | GREEN | &
DOLOMITE _ ' : ol €
7.4 10.5 3.5 12
umaa ~ GREEN Th/K

References: Briggs (1985) ; Collins and Doveton (1989)
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TOP-DOWN MIETHODS :

Matrix algelbra
solutioms off
normative
petrograplhy

~N

CV = L

/
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i 2.4 % sugar

Dry
Vermouth
Sweet
=35
Gin 5].6g
| 5145
5475 % alcohol
= 05 % sugar
40+
% alcohol *
perfect
30+ martini
204
dry
vermouth .
10 ver mouth
0 I ' l
0 5 10 o sugar ’
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MATRIX ALGEBRA SOLUTION OF
PERFECT MARTINI PROBLEM

G = GIN D = DRY VERMOUTH S = SWEET VERMOUTH

SIMULTANEOUS EQUATIONS

Alcohol: 47G + 18D + 16S = 35
Sugar: 0G + 3D + 14S = 34
Unity: G + D + S = 1

MATRIX ALGEBRA FORMATb
47 18 16 rG 35
0 3 14 || D| =— 34
1 1 1 S 1
L JL ]
C ¥ V=1L
MATRIX SOLUTION
-1
V=C %L
— r —
G 0.60
V =D | =] 020
S 0.20
L - _|
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Program to compute proportions
of N components from (N-1) logs,
using matrix algebra solution of
simultaneous equation set

INPUT:

Well name, section, number of logs,
names of logs and components,
log responses of components,
zone depths and log readings

OPERATION:

* Written in MICROSOFT BASIC

(FORTRAN version in Doveton, 1986)

*Runs on IBM PC or compatible

*Interactive data entry version

*Will solve for up to 6 components,
but can be expanded

46

100 REM
10 REM Kiwi:

120 REM COMPUTATION OF MINERAL AND FLUID COMPONENT PROPORTIONS

121 REM BASED ON LOG RESPONSES.

122 REM

123 REM MICROSOFT BASIC; 1BM IMPLEMENTATION.

124 REM

125 REM JOHN H. DOVETON; KANSAS GEOLOGICAL SURVEY; 1981
126 REM (BASIC ADAPTATION: RICHARD BROWNRIGG; K.G.S.; 1985)
127 REM
128 REM
130 OPTION BASE 1

140 DIM L$(5),C(6)

150 DIM V(8,6),V2(6,6)

160 DIM D3(200),R1(6), R2(6),R4(200,6)
161 OPEN "0" #1,"KIWIWORK. TMP"
170 PRINT "~* K | W | PROGRAM =
180 PRINT “NAME OF WELL *;

190 UNE INPUT "7 *;NS$

200 PRINT "NAME OF SECTION *;
210 UNE INPUT “2 *;S$

211 GOSUB 2000

220 PRINT

230 PRINT “NUMBER OF LOGS *;
240 INPUTN

250 IF N>$ THEN PRINT "“*“NO MORE THAN S CAN BE ACCEPTEDI":LET N=5

260 FOR I=1 TO N
270 PRINT "NAME OF LOG "#;
280 INPUT LK1)
290 NEXT|
291 GOSUB 2080
300 LET M=No1
310 PRINT
320 FOR =1 TOM
330 PRINT "NAME OF COMPONENT “}I;
340 INPUT C$(1) .
350 NEXTI
351 GOSUB 2190
360 PRINT
370 FOR 121 TON
380 FORJ=1TOM
390 PRINT L${l);" VALUE FOR “;C$(J);
400 INPUT V()
410 NEXTJ
420 PRINT
430 NEXTI
44 FOR J=1 TOM
450 LET V(MJ)=1
460 NEXTJ
461 GOSUB 2260
e
490 REM INVERT MATRIX OF LOG COEFRCIENTS:
500 REM V= MATRIX OF VALUES; V2 = INVERTED MATRIX
510 REM D =DETERMINATE D2 = DiVISOR
520 REM R = RATIO
S0 REM ***ressnesasvasunsaarnansanans
540 FORI=1 TOM
550 LET V2(i))=1
560 NEXT |
870 LET D=1
580 FOR I=1 TOM
590 LET D2=V(Ll)
600 LET D=D"D2
610 FORJ=1 TOM
620 LET V(J)=V(l,JyD2
LET V2(L,J)=V2(1JyD2
NEXTJ
FORJx1TOM
IF (1J)=0 THEN GOTO 720
670 LETRaV(J,))
680 FORK=1TOM
690  LET V(J,K)=V(J,K)-RV(LK)
700 LET V2(J,K)=V2(J,K)-R*V2(,K)
710 NEXTK
NEXT 4
730 NEXT !
JAO REM *++oevsscetttttantasassaosanas
750 REM NOW READ AND PROCESS LOG RESPONSES:
780 REM D3(..) = DEPTHS R1(..) = TMP.VR,CALC. OF PROP.
7906 REM R2(.) = INPUT LOG VALUES R3 = TMP.VR.
800 REM R4(..) x COMPONENT'S PROPORTIONS, INDEXED BY DEPTH

801 REM****%*vcrssarcccncanncnsnnnene

g

860 PRINT "ENTER LOG READINGS FOR EACH ZONE, AS:"”
870 PRINT

880 PRINT "DEPTH";

881 GOSUB 2470

890 FOR I=1 TON

900 PRINT ","L&I);

910 NEXTI

920 PRINT

930 PRINT

940 PRINT “...ONE ZONE PER LINE. ENTER -1 FOR DEPTH TO QUtT.”
950 FOR L=1 TO 200

960 LINE INPUT “? “;AS

970 LET A=0

980 GOSUB 1270

981 IF X«<=0 GOTO 9000



990 LET DXL)=X

1000 FOR I=1 TON

1010 GOSUB 1270

1620 LET R2(1)=X

1030 NEXT |

1070 LET Z2Ze1

1030 FORIs1TOM

1090 LETRil)=0

1100 FORJ=1TOM

1110 LEF RI@)=R1(1)sV2(1,J)*R2(d)
1120 NEXTJ

1130 NEXT|

1131 GOSUB 2610

1140 LETR3=0

1150 FORI=1 TOM

1160  IF R1{1)<0 THEN LET R1(})=0
1170 LET R3zR3+R1(l)

1180 NEXTI

1190 FORIz1 TOM

1200 LET R1(}=100°R1(VR3

1210 LET R&(LD=R1())

1220 NEXTI

1230 NEXT L

1260 REM
1270 REM S UB RO U TI N E: ISOLATES THE NEXT NUMERIC STRING IN AS
1280 LET AsA+1

1290 IF A>LEN(AS) GOTO 1420

1300 LET X=ASC(MID$(A$,A, 1))

1310 IF X<45 GOTO 1280

1320 IF X>57 GOTO 1280

1330 LET B=A

1340 LET A=Ae1

1350 IF A>LEN(AS) GOTO 1400

1360 LEY X=ASC(MID$(AS,A, 1))

1370 IF X<45 GOTO 1400

1380 IF X>57 GOTO 1400

1390 GOTO 1340

1400 LET X=VAL(MID$(AS,B,(A-B))

1410 RETURN

1420 LET X0

1430 RETURN

1999 REM
2000 REM SUBROUTINE: PRINT HEADER, AND WELL NAME:
2001 PRINT #1,

2010 PRINT #1,°***KIWI PROGRAM***

2020 PRINT #1,

2030 PRINT #1,

2040 PRINT #1,

2050 PRINT #1,” WELL NAME: ";N$

2060 PRINT #1," SECTION: *;S$

2070 RETURN

2079 REM
2080 REM SUBRAOUTINE: PRINT LOG KEY...

2090 PRINT #1,

2100 PRINT #1,

2110 PRINT #1,

2120 PRINT #1,” KEY TO LOGS:"

2140 FOR =1 TON

2150 PRINT #1,USING " LOG #=\ LS
2170 NEXT |

2180 RETURN

2189 REM
2190 REM SUBROUTINE: PRINT THE KEY TO THE COMPONENTS...
2200 PRINT #1,

2210 PRINT #1,

2220 PRINT #1," KEY TO COMPONENTS:"

2230 FOR |1 TOM

2240 LET A$=CHR${(64+1)

2250 PRINT#1,> COMPONENT “A$;"=":C${))

2260 NEXT |

2270 RETURN

2279 REM
2280 AEM SUBROUTINE: PRINT THE LOG COEFFICIENTS...
2200 PRINT #1,

2300 PRINT #1,

2310 PRINT M1,

2320 PRINT #1," LOQ COEFFICIENTS"
2330 PRINT 1, "

2340 FORI=t TOM

2350 LET A$=CHR$(64+1)

2360 PRINT M1, "iAS;

2370 NEXT)

2380 PRINT M1,

2390 FORl«1 TON

2400 PRINT #1,USING™ LOG# “};

2410 FORJa1 TOM

2420  PRINT #1,USING "#ENFMHEMN V(,J);
2430 NEXTJ

2440 PRINT H,

2450 NEXT |

2480 RETURN

2469 REM

2560 FORI=1 TOM

2570 PRINT #1,° ", CHR$(64+1);" “;
aenp siewr

223 RIXTS

2590 PRINT #1,

2600 RETURN

2609 REM

2610 REM SUBROUTINE: PRINT USER'S LOG RESPONSES AND THEIR PROPORTIONS...

2620 PRINT #1,USING “aaasani;DI(L);

2630 FORA=1 TON

2640 PRINT #1,USING "M ;R2(A);

2650 NEXT A

2660 PRINT #1," *;

2670 FORA=1 TOM

2680 PRINT #1,USING "MA0MF" R1(A);

2690 NEXT A

2700 PRINT #1,

2710 RETURN

9000 REM

9010 REM FINALLY, GENERATE THE GRAPHIC...

9020 REM

9030 PRINT

9040 PRINT " SCALE PLOT FOR 133 CHARACTERS/LUINE QUTPUT (YN)";

9050 INPUT Y$

9060 IF Y$="Y" GOTO 9120

9070 PRINT “...PLOT WILL BE SCALED FOR 80 COLUMN OUTPUT."

9080 W=x2

9091 LET P1$="*..10...20...30..40...50...60...70...80...90..100* %"

9100 LET P23="""+STRING$(50," ")+"*"

9110 GOTO 9150

9120 W=1

9131 LET P18="".. 4.2 10....4 . 20,0 4...30. . 4... 40 4...50....4
08000 ¢.270..c.4..80...4...90....4..100° %"

9140 LET P23="*'+STRING$(100," ")+"*"

9150 PRINT M1,

9160 PRINT #1,

9170 PRINT #1,

9180 PRINT #1," GRAPHIC COMPONENT LOG:"

9190 PRINT #1,

9200 PRINT #1," DEPTH";P18$

9210 LET D4=D3(1)

9220 FORLz1 TOZ

9230 PRINT #1,USING “Meaay’;D4;

9240 IF D}(1)«=D4 GOTO 9280

9250 PRINT #1,P28

9260 LET D4=D4+1

9270 GOTO 9230

9280 LET P3$=P2$

9290 MIDS(P3$,LEN(P3S$)-1,1)=CHR$(64+M)

9300 LET K=1

9310 FORJ=1TON

9320 IF R4{L,J)<0 GOTO 9360

9330  LET I=K+{R&L.J)\W)

9340  MIDS(P3S$,L,1)=CHR$(64+)

9350 LET KA

9360 NEXTJ

9370 PRINT #1,P3$

9371 LET D4=D4.1

9380 NEXT L

9390 PRINT #1,” DEPTH";P1$

9400 PRINT #1," SCALE = ";W;” UNITS/SPACE."

9401 PRINT ¥1,

9410 PRINT #1,

9420 CLOSE #1

9421 PRINT:PRINT “ ROUTE QUTPUT TO PRINTER (YN)";

9422 INPUT Y$

9423 IF Y$<>"Y* THEN PRINT:PRINT " AT DOS-LEVEL, ENTER 'TYPE
KIWIWORK.TMP* TO VIEW THE QUTPUT":GOTO 9500

9430 OPEN 1", #1,"KIMIWORK. TMP"

9440 IF EOF(1) GOTO 9480

9450 LINE INPUT #1,A$

9460 LPRINT AS$

9470 GOTO 9440

9480 CLOSE

9490 KILL "KIWIWORK.TMP™

9500 END

2470 REM SUBROUTINE: PRINT HEADING FOR RESPONSES AND PROPORTIONS OUTPUT.‘..

2480 PRINT M1,

2400 PRINT ¥1,

2500 PRINT ¥,

2510 PRINT #1,” LOG RESPONSES AND COMPONENT PROPORTIONS:"
2511 PRINT #1, DEPTH";

2520 FORIx1 TON

2530 PRINT 4L, USING" # "}I;

2540 NEXT§

2550 PRINT &1, *;
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EXAMPLE OF KIWI PROGRAM RUN IN VIOLA LIMESTONE
SECTION OF CHERTY DOLOMITES AND LIMESTONES

KIWI PROGRALL

B T L L L T o T L L X s s

CITIES SERVICE BECK A-1 SW-SE-SE 14-58-12E
LOWER VIOL& (MIDDLE ORDOVICIAN)

L L o L L T L r L S et L

KEY TO LOGS
LOG 1 = NEUTROR
LOG 2 = DENSITY
LOG 3 = SONIC

KEY TO COMPONENTS
COMPONENT A=DOLOMITE
COMPORENT B=CHERT
COtIPONENT C=CALCITE
COMPONENT D=POROSITY

b e o L L L Ear  r T E r e e T Tt

LOG COEFFICIENTS A B ¢ D
LoG 1 S5.00 ~-5.00 .00 100.00
LOG 2 2.87 2.65 z2.71 1.00
10G 3 43.50 53.10 47.50 189.00

LR X L o T oy L X o T T s

LOG RESPONSES AND COMPONENT PROPORTIONS

DEPTH 1 2 3 Y B C D
2500 2.40 2.72 53.80 .99 .64 -.26 .03
2503 2.00 2.68 52.30 .17 .27 .93 .02
2505 1.70 2.71 51.90 .36 41 21 02
2509 1.80 2.67 51.90 .07 18 73 02
2513 1.80 2.72 52.90 .51 o8 -.11 02
2515 2.00 2.69 52.60 .27 36 35 02
2517 1.70 2.71 53.40 .47 59 -.09 02
2518 1.50 2.67 53.10 .15 35 48 03
2520 .90 2.69 52.50 .24 43 31 02
2521 1.00 2.69 51.40 .16 29 53 02
2522 1.20 2.70 50.90 .20 27 51 02
2525 1.00 2.67 51.20 .00 15 83 02
2527 .90 2.72 51.30 .37 45 16 01
2530 1.20 2.66 50.80 -.10 03 1.05 02
2533 .90 2.67 50.00 -.09 01 1.06 01
2335 .80 2.68 50.40 .01 13 85 01
2537 1.20 2.65 50.10 -.23 ~-. 11 1.32 02
2540 1.70 2.65 52.90 -.01 20 78 03

**************************************************************#**********
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GRAPHIC COtfPONENT LOG

tkkkktkkid i ki kkdd dkkkhkkhkthkdkhkdrkrthhrhkkkdthit
25003 FFFIF S F IS+ Aa & & & & & & a & D*

2501 ¥
2502855~
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235137
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2518L L L8 "o a4 a a a B T rrrr T I I I L IT¥
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2524+
2525 B -
2526*
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2536*
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2539% *
2540%* B C D*
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o
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r
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]
]
1
]
!
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EXPLANATION OF " NEGATIVE COMPONENTS"
IN CONTEXT OF KIWI OUTPUT EXAMPLE

"Secondary porosity"

calcite

quartz
(chert)

. dolomite :
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MATRIX ALGEBRA SOLUTIONS OF COMPONENT
PROPORTIONS (V) FROM LOG READINGS (L),
BASED ON COMPONENT LOG RESPONSES (C),
FOR ALL SYSTEMS OF DETERMINACY

CV = L

PORE FLUID Reference :
Doveton (1986)
p. 170 -177

Praportional

Variance
30

maximum variance

UNDERDETERMINED V = Cr‘r(CCT)'1 L

AR

CALCITE

COLOMITE

unique

1
DETERMINED V=CL
v
@ . 'Q\
CALCITE DOLOMITE

least - squares

T 1 ~T
OVERDETERMINED V=(CC CL

([)n

—

CALCITE DOLOAITE
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EXAMPLE OF A MATRIX ALGEBRA SOLUTION OF
COMPONENTS IN A COMPLEX CARBONATE

HELL NAME: CHASE
LOCATION: DATE:
DEPTH: 2650 .00 TO0 3100.00 BV .90 FEET
LOGS: uvor CGR DENS CNLZ
COHPONENTS: SH DOL SS LS POR
KEY

______ VAR A A L L. « s o o o 5 5 u v oo o [b L 1 L ) ! ) §
______ T 72 T 77 IR T S IR S S S S |
____________ LIIIIII '1'1 . 1 . ) | . 1 . 1l I . I
—————— L L e v L. @« ¢« o o a s s & s o s ® | 1 ) 1 X ¢ ) 8

T 7 7T T 7 7 L1 1T 1T 1

SH DoL SS LS POR

INPUT COEFFICIENTS:

SH DoL S$s LS POR
utor 6.290 g.00 4.78 13 .80 .50
CGR 100.00 5.00 §.00 5.00 §.00
DENS 2.499 2.87 2 .85 2.71 1.00
CNLZ 2B .00 J.ee -9.99 .00 1900.00
EQUATIONS EQUAL LUNKNOHNS Nel=H

SOLUTION CALCULATED PV HATRIX INVERSION

RHOMAA

Key to
interpretation of
"negative
components"
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(LOWER PERMIAN)

CHASE GROUP

Herington

Paddock

2700

Krider

Odell :::Z:Z:Z-M"""—‘—‘:‘—: S L e ==

e ] — v

S O oy iy A Sy By A S S ey Fw " e 2~ v w7 20l rq
. B e e e e e e
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LT S Y SO S S T B B~ e = e T
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= e L Sy AR B A A A S BN Y S S w————
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[ ) & I I I I 4 s --
e ‘-..-_._.—‘—------_--"
= C XL T T2 ] Sttt o el T
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Towanda = "os D
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-

b

Holmesville s ROOOO00ODDIERE:

2900 F——

Fort Riley

Florence =

8
Illll
(8

Blue Springs o= mt0 R

Kinney 3000 —==

Wymore o o B e S e S

Wreford T e ==

Dept

Beet) e e o oo oo
e
CHASE -
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EXAMPLE OF A MATRIX ALGEBRA SOLUTION OF
COMPONENTS IN A SANDSTONE - SHALE SEQUENCE

HELL NAME: BRALN

LOCATION: ELLIS DATE: 1/25/88
DEPTH: 486 .99 TO Ba9sS .00 BV .90 FEET
LOGS: LUMKAR RHOHAA

COHPONENTS: HI-Z2 LO-Z2 SS$

INPUT COEFFICIENTS:
HI-Z LO-2 S$s

UHAA 13.20 7.00 4.749
RHOHAA j.ez2 3.8 2 .64
EQUATIONS EQUAL LINKNOKNS Nel=H

SOLUTION CALCULATED BY HATRIX INVERSION ....

2.6- il feldspar DAKOTA
x + KIOWA
quartz O + CHEYENNE
2.7
2.8-
2.9-
3.0 kaolinite "HIGH-Z
O CLAY"
muscovite
illite
3.1 T T T "IJIOWI'Z T T T T T -y T T
2 4 CLAY" 8 10 12 4 16

UMAA chlorite
—>
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COMPOSITION PROFILE

-

DAKOTA

KIOWA

CHEYENNE
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BOTTOM-UIP
MIBTIRIODS 3

Statistical power tools
to locate clectrofacies

SUPERVISED :

Discriminant function analysis

UNSUPERVISED :
Principal component analysis

Cluster analysis
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( DISCRIMINANT

INPUT : FUNCTION
: > ANALYSIS |
Two groups /
Group interval depth ranges (
Log variables \
COMPUTES: Discriminant function
Z = 7\,X +7\. X + 7» D, GEEE S
1 1 2 2 3 3
Fine Print: ‘
MELL NAME: CHASE Parametric method
LOCATION: Normal distribution
DATE :
Groups have equal
GROUP A 29 OBPSERVATIONS : :
STARTING DEPTH 27HE.00@ ENDING DEPTH 2H0Q.000 \munance/cov?uuance
matrices.
GROUP B 22 OBPSERVATIONS
STARTING DEPTH 2H@0.000 ENDING DEPTH 2H11.000
VECTOR MEAN VECTOR MEAN DISCRININANT  RELATIVE
OF GROUP A  OF GROUP B COEFFICIENT CONTRIBUTION
RHOMAR 2.79d 2.743 131 .HO6 JEL1
UHAR B.907 B.170 -1.887 -.125§
CNLZ 12 .E56 13.235 330 -.01B
TH 1.512 12 5.815 .354
UR 1.050 1.506 -.579 .022
K .sfs .2?5 5.750 153
DISCRIHNINANT INDEX
EROUP A 357.3459
TOTAL GROUP 3G1.488S
GROUP B 355.6523
STATISTICS
HAHALANOBIS DISTANCE  11.5837
T-TEST 146 .2863
F-TEST 21.8931 Group
DEGREES OF FREEDOH E AND 44 ultivariate
COHPUTE DISCRIHINANT SCORES - VES OR NO v muiavaria
means
SIGNIFICANCE TEST:
*significant | 2786
Critical F-test value at 5% Depth
significance and 6 & 44 df (feet)
= 2.31
GROUP A
X2 Group A
2800 ——
Group B GROUP B
X
1 345 375| 2811
)} I |
1 —1
. |
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DISCRIMINATION BETWEEN OFFBANK AND INTERTIDAY CARBONATE
FACIES IN THE WINFIELD LIMESTONE BASED ON 6 LOG VARIABLES

WELL NAME: CHASE TERRALOG
LOCATION:
UATE:
GROUP A 29 OPSERVATIONS
STARTING DEPTH 27HE.008 ENDING DEPTH 2890.009
GROUP B 22 OBSERVATIONS
STARTING DEPTH 2H00.00d ENDING DEPTH 2B11.009
VECTOR HEAN VECTOR MEAN DISCRIMINANT  RELATIVE
OF GROUP A  OF GROUP B COEFFICIENT CONTRIBUTION
RHOMAR Z.738 2.743 131 .B95 E11 — %
UHAA B.4907 B.110 -1.887 -.12§
CNL2X 12 .656 13.2135 L334 -.91E
TH 1.512 ‘B12 5.81% 354 *
LR 1.956 1.506 -.579 922
K K11 285 5.750 153
DISCRIHINRNI INDEX
up 357.13459
TOTRL Gnoup 361.4985 .
GROLUP B 355.6523
STATISTICS
HAHALANGBIS DISTANCE  11.6937
T-TEST 146 .2853
F-TEST 21.8831
DEGREES OF FREEDOH B AND 44
COHPUTE DISCRININANT SCORES - VES OR NO .;;)S:)
*significant
Critical F-test value at 5%
significance and 6 & 44 df
= 231
2786
OFFBANK Depth
(feet)
2800
INTERTIDAL
2811
345 38756
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[ PRINCIPAL

weor. o, | CQUEONENT
One depth interval
Log variables

COMPUTES: Eigenvectors ( principal components) of
covariance and correlation* matrices

YouE: \T : ’
Egggéﬁ SE sezEBEv Gy, 1 ov  soPEE ﬁ:efeﬁeiﬁosm‘:shm logs —
LT T 2 £h43 ? eV E IR \ I Var?zince
uuuuuuuuuuuu RM“E I Deviation

HENEN] e

:

EZ 155553 E R
E

Elgenvalue PCl PC2 Pc3 Pc4 PCs  Pes |PClo
Correlation eigenvectors

i
b
4
AT

Covariance
e:igenvectnr's
(v d
< m
= - 3
-] 3«
m
r—
>
-
1 ]
-2
=

lll"
-o—‘ -‘a
- X

|
'EEEEE
5
b

JINENE|

Eigenvalue %
PC1 59.1 | [WILL PRINCIPAL CORPONENT SCORES BE
PC2 18.9 COMPUTED AND STORED - YES OK MO .... YES
PC3 9.0

CROSSPLOT
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PRINCIPAL COMPONENT ANALYSIS OF LOGS
-IN LOWER CRETACEOUS SANDSTONES AND SHALES

Input log variables:
RHOMAA
UMAA
CNL neutron
Thorium
Uranium
Potassium

Input logs are standardized to eliminate
influence of different measurement units.
The variance - covariance matrix is then
the correlation matrix.

The eigenvectors of the correlation
matrix are the principal components of
the standardized logs, and the
eigenvalues express the relative amount
of the total variation accounted for by
each principal component.

\ 4
Correlation matrix
RHOHAR UMAA CNL TH UR K
RHOHARA 1.0000 .B8147 .6869 7435 .48498 5358
UMAA .B147 1.0000 .9067 Gee3 .3534 5227
CNL .68889 .5087 1.0000 4591 .449H8%S 2429
TH .7435§ .60013 .45481 1.0000 .2200 6554
URrR .4889 .3534 .448% .2200 1.0000 9375
K .5358 .§5227 .24258 BS54 .0375 1.0000
Principal component eigenvectors
PC1 PC2 PC3 PC4 PC5 PC6
RHOMARA .5044 .0654 .0470 -.1517§ -.
UHAA .4525 -.0461 -.0817 -.7864 .
CNL .3a71 .3872 .122%9 .2476 . Etc
TH .4388 -.3013 .0030 .3842 -. .
uRr .27114 .68723 -.626S .24892 .
K L3532 -.56H84 -.278S .2924
Eigenvalue % 59% 19% 8 % 7 % 5% 2 %
4>

principal component scores
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PRINCIPAL COMPONENT SCORE LOGS

0

CGR Gamma Ray | Depth
API units 150 (feet)

-4.8

PCI(') Score

S
+4.8

PC2 Scores
0 +3.4

—500

— 600

—700

— 800
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PATTERN RECOGNITION OF ELECTROFACIES
ON CROSSPLOT OF FIRST TWO PRINCIPAL COMPONENTS

."Facies A+

First principal component

PC score coefficients for compositional
analysis by matrix algebra solution :

PC1 PC2

Electrofacies A 2.3 1.9
B 1.8 -1.6

C -2.8 04
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Matrix algebra solution of electrofacies located on
crossplot of first and second principal components of
RHOmaa, Umaa, (@mn, Th, U, K

CGR Gamma Ray |Depth
0 API units 154 (feet)

500

— 600

DAKOTA [

—700

— 800

Mo
14
.....

“CHEYE.

Facies A Facies B Facies C

. i
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CLUSTER

- Zoned (blocked),

multiple logs

standardized (unit-free),

(
INPUT : — l ANALYSIS

Fine Print:

There are MANY
different kinds of
cluster analysis

CLUSTERS
—

DENDROGRAM

69

LOG CLUSTER
CLASSIFICATION




CLUSTER ANALYSIS OF ZONES IN A
SANDSTONE - SHALE SEQUENCE

A B C D E F G H J
o == 2 R s R T o [ s R 5

=

=2

jie

=

e

c

@
62! o -

0 = "

218 G|g <

w B 5) Z =)

(&) = g

®

dendrogram \

Class n Rhomaa Umaa Phin K U “Th
A 24 2.91 7.7 37.4 1.8 0.9 11.2
B 3 2.91 7.7 37.3 2.3 0 15.2
C 16 2.89 8.5 32.7 2.2 1.0 10.5
D 9 2.91 8.3 32.1 1.6 2.4 8.9
E 8 3.01 8.1 42 .5 1.8 2.2 12.0
F 9 2.94 8.6 43.2 1.6 2.9 8.6
G 20 2.74 5.8 29.6 1.3 0.9 6.6
H 7 2.82 6.0 32.9 1.1 2.1 8.0
I 9 2.81 7.1 28.9 1.9 0.1 8.9
J 18 2.69 5.1 31.6 1.0 0.4 3.9

10




CGR Gamma Ray

0 API units 150 Depth
7 (feet) Graneros Sh
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TR AN Ss s ssssyD 500 -
F
5§50 7
600
0 A
I = |
D
83 /IIIIIIII,gm
% H [y VAV VAV ARV AN E
= E 650
8 "k = Dakota Ss
8, A O
E """"" c 5 ]
-------- B G
o 18 &
9 {E 3
__________________ 700
- =9
N g |
J
H 750
H
J
A
c
E —
800 )
C Kiowa Sh
C
A
c
ﬁ‘ 850
A
c Cheyenne Ss
A -

n
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MLAIPIPIINGr
APPILICATIONS

KANSAS

*

*

*

LOG NORMALIZATION BY TREND - SURFACE
ANALYSIS

COMPLEX CARBONATE FACIES MAPPING IN
THE VIOLA LIMESTONE

THREE - DIMENSIONAL MAPPING OF SHALE
CONTENT OF THE SIMPSON GROUP FROM
MOMENT INTERPOLATION OF GAMMA-RAY LOGS

13




ACE ANALYSI!

LOG NORMALIZATION

Neutron (Ls porosity units |
20 LO 0

i

GCamma Ray
0 AP| 1%

wo:j
3
<

—~ 40 |—
LOWER LlMESTO@

S

é”'

30

Quadratic trend surface
of '"Lower Limestone" zone
neutron porosity variation
( limestone porosity units )
in south-central Kansas

Reference :
Doveton and Bornemann
(1981)




Quadratic trend-surface
neutron porosity residuals

-5 0 5
limestone porosity units

FITS

A S
(I)n= A+BX +CY \lnea

-

~

~.

2 2
+ DX + EY + FXY

3 2 2 N
+ GX+ HXY + IXY + JY | [/

h

4
8

cubic ;"

1

Sum of Mean
Source of Variation Squares DF Squares F Ratio
Linear regression 27.22 2 13.61 5.73*
Linear deviation 377.62 159 2.37
Quadratic—linear regression 21.41 3 7.14 3.13*
Quadratic deviation 356.22 156 2.28

Cubic-quadratic regression 5.99 4 1.50 0.65
Cubic deviation 350.23 152 2.30

Total variation 404.85 161

*Significant at S percent level.
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5600

MATRIX ALGEBRA SOLUTION APPLIED TO VIOLA LIMESTONE
SECTION MINERAL AND FLUID COMPOSITIONS

Ccv=L .. V=CL
V L

‘ depth (feet)
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GRIDS

sonic

",unity"

o

&
s
s s 4
sl

o)

td

LA AR IR I IR A

’

rd
/

o

density
neutron

R7
¢ 4
shtle

?

C

secondary porosity

AL BE IR IR AR B B BE IK IX IR PN
“mu 444444044444
d444444444444
4444444444044
4444444440044
4444444444444
4444444444444

3

Y
Fy
-,
ry
-~
Y
&
&
-
7’
4
4
4
/
4
P
s
4
04
4
7/
U4
4
td
s’
4
td
4
td
rd
4
’
4
il
s
W il s gy s 4

AR R O T N S N N RN L]
44444444 SO OO O
44444444 AR AR Y

AN AN 4
IR A A

M

residual
chert

ty

porosi
C

dolomite
chert
calcite

MATRIX ALGEBRA SOLUTION APPLIED TO VIOLA LIMESTONE
LITHOFACIES MAPPING BY GRID-TO-GRID OPERATIONS

"karstic"
carbonate

/

Z
Z
/

GRIDS

slightly shaley carbonate

17

Bornemann and Doveton (1983)

Reference



depth (feet)

GAMMA-RAY LOG MOMENTS AND POLYNOMIAL REGRESSION

Gamma ray
APl units
0 180
Viola
Top of
) Simpson
iy
2 2
2 S
) ~ {|Simpson
Group

(e

wn

O

<r
center
of
gravity

'cCE:’ _ relative

= standard

deviation

Base of
Simpson

3 Arbuckle

0 1
shale proportion

18

MOMENTS

v,=XSd/ XS center of gravity
v,=3Sd%/ s dispersion
v,=28d% s skewness
v,=38d% £s kurtosis
v,=2s8d/ IS

POLYNOMIAL REGRESSION

m

A 2
S=a+bd+cd+..d

[ matrix solutio%

n ¥d £d2. ¥d™ ||a TS
¥d rd? . ¥sd
a? ., . . c | =] zsd?
zam, . za™ | [=sd
e b - o
D «xA= S
100 1
A=D %S
.E.‘_
S S0
&
0 1 i 1 1 i i 1 i L ]

1 2 3 4567 8 910.
Polynomial Order




INTERPOLATION OF
GAMMA-RAY SHALE
MOMENTS BETWEEN
WELLS TO GENERATE
THREE-DIMENSIONAL
TREND MODEL

-©®

Shale ratio map

50

feet

3-D quartic polynomial
trend profiles of shale ratio

W B\ O N
3 \/>
R NA

200

miles

Reference: Doveton, Zhu, and Davis (1984)
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SHAILIE CONTINWUITTY
N RESIBIRVYOIRS

C—
—
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LATERAL CONTINUITY OF SHALES IN RESERVOIR MODELLING

Stochastic shales Deterministic shales

after Haldorsen and Lake (1984)

e ]
0 i
e el
a—

TTT T TITTT T

Lt L1l 11
T TTTTITTITTT
Lt bt 1orl o111t
b 10 1 ad
T TTT T TITTITIT

1.2 1.1 3 11 (111

o

[o

a
g

Homogeneous reservoir (left) and reservoir with stochastic shales
(right). In horizontal drives, these shales may be advantageous
because of increased vertical sweep (as shown in figure).

(However, they may reduce vertical sweep in vertical drives.)
From Haldorsen and Chang (1986)

82



OUTCROP OCCURRENCE AND SIMULATION
OF STOCHASTIC SHALES

100. S — —

Actual shale distribution in an outcrop
of the Assakao ( fluvial) Sandstone

L~ WELL LOCATION

N
—
3
[—
DEPTH

0.
X-DIRECTION
X, m
- B

Synthetic cross-section generated from parameters
of the Assakao Sandstone outcrop

from Haldorsen and Chang (1986)




2-D AND 3-D STOCHASTIC SIMULATION MODELS
OF SHALES AND CHANNEL SANDSTONES

. X (FT) =10°
& 0b 10,00 20.00 30. 00 40. 00 50. 00
. 'y I i

60,00 70. 00 80. 00 90. 00 lOO.AOO
- T
[ -

from Haldorsen and MacDonald (1987)
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SIMPLE BASIC PROGRAMS FOR SIMULATION OF

RANDOM SHALES AND SANDSTONE CHANNELS

€ File Edit Search Run Windows

~

g

List
RANDOMIZE TIMER
Z=RND*200
FORX=1TO?Z
1=RND*982 -491
J=1+RRD*200

K=RND*299
L=K+RND*10
LINE(] K)-(J,L),,BF

& File Edit Seai<hr RBun Windows

CHANNELS
Se——— — —_—
< = -
) ) EO List ===
—— RANDOMIZE TIMER
Z=RND* 100
_— «——————JFORX=1TD Z
"] I=RND*49 |
N —7<___]J-RND*299
N ————=~K=RND*100
= T————e A=RND/2
< I CIRCLE( J).K,,-3.142,-6.284,4
> o NEXT X
——"" T~—~——————END
~—_~ —_
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GEOLOGIC PREDICTION OF SHALE CONTINUITY, COMBINING
FACIES RECOGNITION FROM LOGS WITH PROBABLE
LATERAL EXTENT OBSERVED FROM OUTCROP STUDIES

100 T T T T T T T
90 P = PRODELTA ; B = BAR FRINGE ~
M= MARSH/BAY; D= DRAPE
A = ABANDONED CHANNEL
8o |- _
A
A
-~
©
e 70 .
n
© B
o A A
8 60} ]
> A
~
g D BM P
S s50 - B N
1%]
> o} -
! B
®
~ M
& 30} M .
() A
~
T
>¢l)
20 - _
B
10 - P -
B
o 1 - 1 1 1 1 1
o 200 400 600 800 1000 1200 1400 1600

NGR *Thickness; APl *Feet

100 — —_———

~
~
ol ~
W ~~ __,—DELTAIC BARRIER (Zelto, 1965)
O —
Z 504 T —
e) —_———
-}
® ~ __,—DELTA FRINGE AND DELTA PLAIN
\\ —_
—
\
) —~
\\(CHANNEL (Zelto, 1965) ~
-~ ~
~ ~
CHANNEL — >~
0 T T T 1
0\ 500 1000 1500 2000
COARSE POINT BAR

(Verrien ot al, 1967)
LENGTH OF SHALE (FT)

From Geehan et al (1986)
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EXAMPLE OF POTENTIAL LINKAGE BETWEEN
SHALE CONTINUITY AND SHALE LOG CHARACTER

KGS BRAUN KGS HABERER
NE-NE-NE 30-12S-18W NE-SE-NE 14-12S-15W
"low -Z clays" ﬁ
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KGS Braun Lower Cretaceous
U - Rhomaa - Umaa crossplots




& File Edit Search Run Windows
CHANNELS

- i List
RANDOMIZE TIMER L
FOR X=1T0 40
“11=RND*491
J=RND*299
|K=RND*100
A=RND/2
CIRCLE(1,JU),K,,~3.142,-6.284,A
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