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RESISTIVT_TTY - POROSITY   REIATIONS   IN   SANDSTONES

20              30       40      50                     100%

poRoSIH   a

FLOW  OF   EIECTRICAL
CURRENT  THROUGH
CLEAN   .SANI)STONES

Archie  equation :

F  =  1,®m

where :

F=  Ro/  Rw

Possible  relationship  between  formation  factor
and   permeability:e.g.     k  =  ®D2/(32T)     G   D2ri

where  T  is  tortuosity  and  D  is  a  characteristic  length
(Kimminau  and  Schwartz,  1987)
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PERMEABILITY - POROSITY  CROSSPLOTS   0F   SANDSTONES

20       ®     25            30          35%
10000 I ''

I I I
I I I
I 1^,
I I I

I I I
I I

:,,
II

IIIIIIIII.IIIII,

:.,,,t
:,

I
I
I
I
I

I

I,

POROSITY %
Simple   relationship :

k=a®b          ...   |ogk=loga+blog®

Dakota  Formation,  Kansas  ( core  data  from  Preston, 1959)

Porosity -permeability  relationship  for  5419  core  samples
of  Norphlet   sandstone  ( Upper  Jurassic ),  Alabama.

from  Dixon  et  al  (1989)
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LITTLE    SHOP  OF  HORRORS :     CLAYMINERALS
&  TIIEIR  ROLH  IN  FORMATION  DAMAGE

SEM  photos  by  Syed  Ali  in  Bigelow (1985)
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INFLUENCE  OF  CLAY  MNERALS /  CIAY  MORPHOLOGIES  ON
PoRoSIT¥ -  pERJ`mABILIT¥  REIATloNSHps  IN  SANDSTONES

(Wilson, 1982)
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INFLUENCE  OF  CIASTIC  GRAIN  SIZE  0N
PERMEABILITY  IN  SANDSTONE  RESERVOIRS
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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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Kozeny-Carman   specific -surface
contours  as  indicators  of  grain
size on   a-k    plot

( from  Fuchtbauer,1967)

Grain size  and  sorting  control
of  permeability  in  sands

(from  Krumbein and Monk, 1942)

Kozeny - Cannan  equation

A®3
k=       (1-®fs2

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
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HERRON  MODEL  FOR  pERnmABH.ITV  ESTIIVIATloN  IN
CIIASTICS  BASED   ON  POROSITY  AND  MINERALOGY

A®3
Kozeny-Carman  equation:    K    =

( 1 -a )2 s2

Herronequation :     K
( 1.a)2

exp(Z:8iMi)

Rewritten :
108K    =Af  +3log®   -21og(1-a)    +I;B.M.

11
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Based  on  data  from  Venezuela,  California  and  Oklahoma :

A f  =   4.9  +  2 Feldsparmax
8 .  values :

I

CLAYS

Kaolinite
Illite
Smectite

CEMENTS

-4.5
-5.5         Calcite       -2.5
-7.5

FRAMEWORK
MINEELS

Quartz              0.1
Feldspars         1.0

Reference :  Herron (1987)

7



POROSITY  AND   RESISTIVITY  IN   CARB0NATES

from  Choquette  and  Pray,  1970
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POROSITY a
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FLOW  OF   ELECTRICAL
CURRENT  THROUGH
cjrmoNATEs
Archie  equation :

F  =  1,®m

where :
F=  R   /R
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CONTROL  OF  POROSITY -PERMEABILITY   PATTERNS  IN
CARBONATES  BY  SEDIMENTARY  FACIES    AND  DIAGENESIS
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after  Choquette  and  Traut,  1963
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*      CI.ASHC  CASE  STUDY  LOGS
Graneros  Shale,  Dakota  Formation,
Kiowa  Formation,  Cheyenne  Sandstone
( Lower  Cretaceous) ;  Cedar  Hills  Sandstone
(  I.ower  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

in





CIIASTIC   CASE   STUDY

Lower  Cretaceous  -  Lower  Permian
sandstones  and  shales

(from  Hattin.  1967)

in
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CARBONATE  CASE   STUDY

Lower  Permian  dolomites,  cherty
limestones,  anhydrite  and  shales
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COMPLEX  CARB0NATE  NHUTRON - DENSITY  CROSSPLOT
Zones  with  gamma  ray  values  <  20  API  units
Mineral  types :   calcite,  dolomite,  chert,  anhydrite
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®cNIJ NEUTRON  POROSITY %  ls  equiv

:  1_:1=-==
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SANDSTONE - SIIALE   NEUTRON - DENSITY  CROSSPLOT

10                     20                    30                     40

®cNLNEUTRON  POROSITY %  ls  equiv
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CliASSIC  LOG  ANAIJYSIS  MODEL  OF  SIIALE  AND
CLAY  DISTRIBUTION  IN  SHALY  SANDSTONES

0                      10                     20                    30                    40

®cNLNEUTRON  POROSITY %  |8  equ|v

GENESIS    ( Wilson  and  Pittman,1977)



MODERN  SIIALY  SANDSTONE  MODELS  BASED
0N  CIAY  NINERAL  COMPOSITIONS
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SANDSTONE -SIIALE  NEUTRON -DENSITY    Z-PLOT
Z - variable  =  Potassium %
Integer  range  0 - 9  for  0 - 3% K
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SANDS'l]TONE - SIIALE   SPECTRAL
GAMMA-RAY   CROSSPLOTS

( ratio   boundaries   from  Adams   &   Weaver, 1958 )
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Thma   facies
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S   =   smectite
K    =    kaolinite



COMPLEX  CARBONATE  SPECTRAL
GAMMA-RAY   CROSSPLOTS
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( ratio   boundaries  from  Adams   &   Weaver, 1958 )

uppm        10

E=
5n



Depositional   Environments Thru  ratioGamma  Ray
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THE  M - N  PLOT  :
A   PROJECTION  IN  TIIREE  POROSITY  LOG  SPACE
AS  SLOPES   ONTO  A  2-DIRENSIONAL  PLOT

gypsum
®

0.9

M

0.  8                        dolomite-

secondary

porosity+
calcite

®

anhydrite
®

L=
shale   region

M=(AH-At)/(Pb-Pf)      .0.01

N  =  ( @Nf-®N  )/(  Pb-Pf)

silica
®

0.4                  0.5      N      o.6                  0.7

32

Burke,J.A.,    Campbell,R.L.,Jr,
and    Schmidt,A.W.,  1969,
The  Litho-porosity  Cross  Plot:
Trams. SPWIA, Paper Y, 29 pp.



THE  MID  PLOT :
A  NON-LINEAR  PROJECTION  IN  THREE  POROSITY  LOG
SPACE  AS  INTERCEPTS  ON  A  2-DIRENSIONAL  PLOT

50                                 cO                                7 0

(Atma)a

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

A  I.ITHODENSITY - NEUTRON  SPECIES
oF rm  PLOT

2                4                6               8              ro              12             14              rs

UMAA

Gardner, J.S.  and  Dumanoir, J.L., 1980,  Lithodensity
Log  Interpretation : Trams. SPWIJA, Paper N, 23 pp.
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CALCUIATION  OF  RHOMAA  AND  UMAA

Fractional  neutron  porositu  {PHIN)

P1„H

lNPUT:         Fractional  densitg  i]orositg  {PHlo)

Photoelectric  facti]r (PE)

PHIH  =  t  PHIN  +  PHID  }/2

0.1]5                                              1].'0

I      'i:::.    .

JIpH[T="3
P H I 11

D  =  0,27  +   I.45*I'11lN  -11.5*PHll1

F]HiT  =   I .03{  sQRTt  rf+  4O{O.145pHIN  +  0.125pHIHi  I  -D  i  r20

lf   PHIN  <  PHln    then    Pl+IT  =  PHll+

If    Pl+lN>PHII]    then:          D=o.27+2.2lpI+lN-12.2PHIH

PHIT  =   I .05(  S0l]T[  D2+  40{t].22I PHIN  +  0.049Pl+IH}  I  -1]}  /  20

lf   PHIT<0.0l     then    PH]T=0.OI

lf   PHIT>  1].45    tlien    PHIT  =  0.45

FIH0B  =  2.71   -1.7IPHID U  =  PE(  RH0l}  +  0.188)/I.07

FiiioMFm  =  {  F!HOB  -piiiT  )/{   1   -F]iiiT  } Uhf)  =  (  U  -0,3PHIT  )/(  I   -PllIT  }

I   I,l]nHHH   I I      uMflfl      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.

EE



COMPLEX  CARB0NATE  RHOMAA - UMAA  PLOT
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Depositional    Environments

3
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M = marine;  0 = off-bank;  S = subtidal;  L = lagoonal;  I = intertidal;   T = supratidal
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SANDSTONE - SHALE    RH0IwlAA - 'u'MAA  PLOT

2              4                6               8               io             ra              14              16

UMAA

iron  content  in  shales

EE
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Gamma   R_ay                               Estiffiated   Iron
0                 Ap|  units              150              0               from  pe             10%

)epthfeet)5005506006507cO750800850900 7       Gran ros  Sh

CGR    Dakota  Ss

^Fe

Estimation  of  iron
from  Pe :

Pe--(Z||of.6
For  mixture  :

Pe=Z)(Z/|o;.6*wt£

^      (Pe.log-Pe.ss)Fe=31.2Ellis(1987)p.451-4

Kiowa Sh

Cheyenne Ss

i=edarHills Ss



COLOR  AS   INFORMATION :  3=D  I.OC-   CROSSPI.OTS
AND   STRIPLOGS  USING  THE  BRIGGS  COLOR  CUBE

E                  magenta                      wh
Ca Cyan

66

•`

cO
ec=              fy®Sfy'black„

n®g  2   L

yeuowGREEN

-
BRIGGS

CUBE

Lithodensity - neutron
color  cube

Spectral  gamma - ray
color  square

References:   Briggs (1985) ;  Collins  and  Doveton (1989)
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IVIATRK  ALGEBRA   SOLUTION   OF
PERFECT  MARTINI  PROBLEM

G  =  GIN     D  =  DRY  VERMOUTH       S  =  SWEET  VI]RMOUTH

SIMULTANEOUS   EQUATIONS

Alcohol:         47G   +    18D     +    16S     =     35

Sugar:            OG   +      3D     +     14S   =       3.4

Unity:               G   +        D    +         S   =       1

MATRIX   ALGEBRA   FORMAT

MATRIX    SOLUTION

EE



1,a  REil
1 20  PEW
'2'  F'EN
122  FIEN
123  FEN
12,  BEN
1 2S FEN
Ice FEN

I,  I  W  I  :

COWPuT^TIOW OF NINEFIAL  AND FLUID COWPONEt`lT PflopoFtTIONS
BASED Ot`I LOO FIESPONSES.

WicFIcrsoFT Ei^sic: iBii iwpiEWENT^TioN.

Jowl I+ t)OvETON; I{Ms^s OEOLoaic^i out)vEy; icoi
(B^s]c ^D^FT^TioN: F]cH^Fro Ermo\mlFiioa ; K.a.a.: 1.es)

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
twill   solve   for   up   to   6   components,

but  can  be  expanded

EE

1 27 qu1 28 FIE]J .~ --------- ~~ ------------------.
1 ae onTio.I BASE i
Ice "W l*5}CX6)
1 cO Oiw v(a,6*ve(6,6)
1 cO  txw  DH200hR1 (6LFt2(6hF14(ZOO,6)
1 61  cw>EN ~O'./ii,..KiwwoFiK."pr
i7O pFiNT "-. K I w I pRoaFiAAI -.
I cO  pFilNT "NAME Or wEiL '.:
1 cO  UNE ltlpuT "? ..;N$
200  PF]NT I.NAAJE OF SECTION '.;
210  LJNE INPUT '.? ";S.
2H  oOsuB acoo
220 Pf]NT
2co pf]NT "iNWBEf) oF Loa8 .':
2cO NPUT N
2so if Nrf "EN pF]NT "-"o wofl: THM 5 CAI ENE ^ccEPTE[)i'.:LET N±
2cO rofi I-1 TO N
27o   pFilRT..N^wE OF loo..I;
2eo   INpuTLXo
2cO NEXT I
2.1 esuB 2oco
•00 LET Nat.i

10 PflNT
•20  FOFl 1=1  TO LI
3co    PfllNrT -N^NE OF Collpot`IERT..;I:
3cO    INPUTCsO)
eso NEXT I
®51  COSUB 21 cO
360 F"NT
•70 ron i=i TO N
eoo    FOFt.=i  TON
•cO      PftNT L*I);.. VALUE Fort..€stJ):
cO     WPuTV(lJ)

10    NEXTJ
ae   P"NIT

•ae NEXT I
•cO FOFt J=1  TO N
•sO   LETvquJF1
•co NEXT J
•61  COSUB 22cO
leo REIJ ,,,,,, * ,,,,.,.,.,,......-.....
•co F`EN iNVEj]T wATT`ix oF loo coEFFiclENTs:
500  F)EW     V = N^TPIX  OF VALUES;   VI  = ]NVEFITED LIATflx
510  FIEN      D= I)ETEF)WNATE          D2  =  DIvlsoFt
520F`El.     R=F`^TIO
530  F'EIJ ,,,,,,,,,,,,,,,,,,,,,,..,.....
5cO  roFt i=i  TO N
5sO    LETV2(lJisl
5cO  NEXT I
570  LET D=1
sO FOR 1=1  TO W
5cO    lET D2=V(Ll)
6cO    lETD=D'D2
eio   roRi=iTON
6cO      LET vqJys=V(I,JyD2
coo      LET V2q,J)=V2q|yD2
e4O    NEXTJ
eso   Eon.-1 Tow
e¢o     N=q.Fo"EN ooTo7ae
e70      lETFi.v(J.I)
eeo      Foi)K.iTON
coo        LET V(J,l{bv(J,l{}l]V(I,K)
700        LET v2(j, KEv2 (.,KrR ry2¢, K)
710       NEXTK
7ae   NERT.
7cO NEXT I
710 REII ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
7sO FiEN wow FtE^D AND pF]OcEss loo REspot`isEs:
7cO BEN   D3(..) -txpTlls               Fl1 (..) = "P.VFl.C^LC. OF PFIOP.
7®o RE]i   R2(..) I lNFUT Loo V^LUE8   Fia -"p.VFL
®oo REli   n«..) . coiipoNENT.8 pflorof)TioNs, ilDEXEo Bv DEp"
®0' nE|| ,,,,,,,.,.,.,,,,,,,.,..,,,,,.,
eco LET zed
un LET Rartyi
eco Pf]NT
eeo PFINT ..ENTEFi loo FtE^"ra8 FOF] E^cH ZONE. rs:-
e7o pfiNT
8cO PflNT "DEP"..:
0.I  COSUB 2.70
eco ron I.I To N
0o0    PFllNIT ",";L*D:

'0  NEXT I
0sO  PflNT
9ae pflNT
040 PfllNT ..... ONE ZONE PEJ) LINE.     ENTEFl -1  FOFI D6P" TO Out.-
9sO FOFi i=i  TO aeo
9cO  lJNE INPUT -?  ..;AS
070 LIT ^cO
9cO  COSUB  1270
aei  iF X<=o ooTo cooo



OcO  LET D3{L)=X
iooo roFi i=i  TO N
1010    OOSU81270
1020    iET R2(r)=x
1030  N EXT I
io7a    iETz=z+1
loco   Fani=iTOw
loco      LETnj¢)=O
1100       FOFtJ=1TON
1110         LET FtlqFl]1(I)+V2(I,J).Ft2(J)
W20      NEXTJ
'',a   HEXT'
ii.1    oOOuB2eto
""  LETmed
1150    Fof`l=1TOW
iico      iFFiiqxpTHEN LETFti(ileo
1170        LETF13=R3.Fl1(I)

iiee    NEXTi
llcO    FORl=1  TON
1200       lET  Fl1(I)=100.Fl1(lyFt3
1210       lETF14(I,I)=FI1(I)

1220    NEXTl
12®0 NEXT  L
1260 REIJ ----- ~ ----- ~ -------- ~ ---- ~-~-".
i27o FiEN  a u a n o u T I N E: IsoL^TEs THE NE){T NuwEFic 3TFiive IN A.
1 2cO iET dr^.1
1 Zoo iF AiEN(^O ooTo 1 .ae
1 coo iET xrdecquD«^*4 I ))
I 3i a IF x<.5 OOTO i2eo
i coo IF xrf 7 aoTo 1 2eo
1330 LET 8=^
i3ae iET dr^.1
1 aso iF AiEil(^O aoTo 1.oo
I aaa LET xAsO(wDx^*^,1))
i®7o IF x<45 aoTo 1 too
• co IF Xrd7 ooTo 1 .oo
I.co aoTO i3io
1®0 LET X-V^lqulo&",B,(A-B)))
1.10  FIETUFIN
1 «0 IET XsO
1 do RETURN
I ,,® REII ~~~~~~~-~~~~~--~~~~~~~~~~~~--„,
2000 REN OuBFtou"\IE: PF`IRT HE^DEFl. AND WELL N^NE:
2ooi  PflNrT ii,
2oio PRINrT ii," . . . K I W I    P Ft 0 a Fl A W . . "
2020 P"RT .I,
20®0 pftiur ii,
2o" pfnNT ii,
2050 PftlNT .1," WELL NAJJE: "qu$
2Oco pfiiNT.1,"   sECTion:.'s$
2070 FIETURN
2070 F`EW
2000 FtEw OuBFiouTiNE: FmiNT LOG KEy.,
20cO PFllNT .1,
2100  PfllNT 11,
2 I 10 PP'NT ,I,
2120  Pf`INT 11," KEY TO  LOGS:"
21cO  FOFl 1=1  TO N
2i5O   pflNTii,uslNG"   loo fe\              \''];L*I)
2170 NEXT I
21cO  RETUFIN
2ie. F`Eil ----- ~---+ .......- ~---„ -......-- ~.Mh..
21cO BEN OuBflou"E: PPINT "E I{EY TO THE COWPOwENTS...
2aeo p"ur li,
2210 P"RT 11,
222o p"ur i.." KEv To coupoNENne:"
22ao FOR I-I  TO il
22"   LET A.ctllR«6.+I)
223o   pf"Tm,"   coNpoNENT "AS;..a"€*l)
2ae NEXT I
2270 RETUFIN
2m F'E,I -a-~~~~~~k~~„-~~-~-~~~~~~„~-~~~,
22eo aEW euEw]ouTWE: pFi"T "E loo coEFFiciENT8..
2ae rmRT ii,
2cOO PflNIT 11,
I.1 o pftlur *i ,
232o PI]INT ii,-loo CoEFFiclENTs:"
2aeo p"RT ii ,-.. :
23" fan I.I To 11
2aso   lET ^S-cHR&e.+ty
2®®0   Pf"T ,I,-         `';„;
2,70 Hm I
2ae p"NT ii,
2" Fofl I-1 TO N
24oo   pF"Tli.UgiNa-loo i "]:
2.10   Fol)J|1TON
2«0    pFiim ii,u8ive '.::::.=:.w';vq,j);
2«0   NEXTJ
eon   pflNTm,
2cO NEXT I
2cO RETUFm

25cO  Fot) 1=1  TO  W
2570    PR]NTl1 ,... 'fHF)*64.0;..   .';

2590  PFllNT 11,
2600  FtETUF]N
2609 FtEW -.-....------..----- ~ ------- ~ ---- ~--
261 a PEN suBFiouTv`iE: pftiNT usEJ]'s Loo FtEspOwsE9 MO "Em pf)OroF]Tio.Is...
262o PFilNT Ii ,u6Na -£:::::=;-';D3(L);
2630  FOR ^=1  TO N
2640   pF"T *i.ustNa..x***#.:Ftz(A):
2650 NEXT A
26cO  PF]INTl1,..     ":
2670 fop A=1 TO N
2600    pftNT *i,usiNa "IwaEiL#';Fti(A);
2690 NEXT A
2700 PRINT 11,
2710 RETuflN
9000 F]EAJ ................ ~ ------ ~~ ----------- ~ ----.
9010 F]EN FINALIY,  GENEFt^" "E GF)^PHIC...
9020  Flew
9030 PF)lNT
9040 pFiiNT '. sc^LE PLOT ron i.. cH^fi^cTERstuNE OuTpuT (y")..;
cO50 INPUT YS
•OcO iF y€'y. aoTO .i2O
co7o pf]Irrf ..... plot wlii BE 9c^LED FOFi co coiu" ouTpuT...
90cO Wd
co.1  LET pi t ..... io..izo...co..ca..cO_eo...70.iro...eo„i oo. *..
•ioo iET p2t="-..s"iNa«5o ,-.. )+ ..-.
•110 00TO ®1 cO
®120 W,I
•131  LET P1 €" ...... 10 .... +..20...+...cO ...... ".~+..£O...+

n.eo.. +..70...+..eo... +... cO._+n 1 oo. *"
•i 4o LET p2€"-..8"iNaflioo,-')+.I..'
01SO  PRINT 11,
O'cO P"NT ,''
•170 PfllRT 11,
®ieo pfiiNT *i," aFtAPHlc coupoNENT Loo:-
•1 cO P"NT 11.
•aeo pftlNT *i," DEPTii..:Fii .
®210 LET D4=t)3(1)
•220 FOFt 1=1  TO Z
®2.a   pf]NT ii ,usiNa..======';D.:
•2ae   lF o3(ik=tw aoTo e2eo
•250   PF]NT fl,P2.
•260    LET D.=EW+1
®270   00TO.230
9an   LET p®S=p2.
®2cO   NI>S(ro`LEN(p3fri.1)aclm#6.+N)
9300    LETK=1
a.10    FOE)J=1  TON
0320      lF R4{L.J)<O GOT0 0360
9330       LET I=K`(l]4(L,J)\W)
9340      NID&P3S,I,1)=CHR&64J)
9350      LETK±
93cO    NEXTJ
0370    PF]NT*1,P3S
0371     LETD4=D4+1
0300 NEXT L
0390 PRINT *1,'. DEP"";PIS
OcOO pFtiNT.1,..       sO^iE =..;w:~ unlTs6p^cE"
"' P"Nr' 1''
•.10 PftlNT 11,
®«0 Close 1'
•.21  pFHNrT:pf]NT " FrouTE Output TO pFiNTEf) rvAI)"i
ee2 INpuT y.
a.23 lF Y*>.Y~ TllEN Pf)INT*f]NT - ^T DOS-LEVEL. ENTEJ) .TYPE

I(iwlwof]X."P. To ViE\A/ "E output.'.ooTo esoo
a.ao opEii I".in ,' l<m/iwonk. "P..
®~0 IF EOF{i) aoTO .leo
•qo LINE INPLIT *1,^S
cO LP"ur „

•.7o aoTo "co
•co close
•.00 KILL N"WOFtt."Fr.
•cOO END

24¢® F'EW ---- ~~ --....- ~ --------- „ ----------.
2.7o f]EW ouBFtou"E:  pFiwT HE^DINa FOE) REspoNSEs Ant) PflopoFmot`i9 output...
2cO PftlNT 11,
24cO P"NT 11.
2cOO Pf«NT 11,
2sio pf`iNT *i," Loo FiEspoNSEs AND coMpoNENT pF`ofroFiTroN§:"
25H  pfllNT.I,-DEPTtt.:
2520  Fof` I.I  TO N
25.a    pPINTii.usINa"     #  ..;I;
2S40 NEXT I
2550PfllNTI1,"     "; 47



EXAMPLE  0F  KIWI  PROGRAM  RUN  IN  VI0IA  LIRESTONE
SECTION  OF  CHERTY  DOLONITES  AND  LIRESTONES

Kin  pRE6EN

+++*+++***++*+++++**++*++++++++**+++I++i+++++*+++i++*+**+*++++++++*++i++i

CITIES   SERVICE   BECK  A-1    SW-SE-SE   14-5S-12E
LOwl:R  VIOLA   (RIDDLE   OREOvlclan)

*************************************************************************

FEY   T0   LOBS
I.oG   1   =   REUTmH
I.06  2   =   DENSITY
LOB  3   =   SONIC

KI:Y   T0   COEDORERTS
cormoRERT   A=DOI.ONITE
C0tlpoRERT   B=Cld=RT
C0tff OITERT   C=CELCITE
C0tffoREIIT   D=POROSITY

*************************************************************************

LOB  COEFFICII:IITS
L0BI
L062
LOGS

A                          a                           C                          I)
5.00                 -5.Ocl                          .00                     10Cl.00
2.87                  2.65                  2.71                         1.00

43.50               55.10               47.50                  189.00

*************************************************************************

LOB   RESP0ITS£S   AHD   COHPOREIIT   PROPORTI0ITS

III:PTH
2500
2503
2505
2509
2513
2515
2517
2518
2520
2521
2522
2525
2527
2530
2533
2535
2537
2540

123
2.40           2.72        53.80
2.00           2.68        52.30
1.70             2.71          51.90
1.80            2.67         51.90
I.80           2.72        52.90
2.00           2.69        52.60
1.70            2.71         53.40
1.50            2.67         53.10

.90           2.69        52.50
1.00            2.69         51.40
1.20           2.70        50.90
1.00            2.67         51.20

.90           2.72        51.30
i.20          2.66        50.80

.90           2.67        50.00

.80           2.68        50.40
1.20            2.65         50.10
1.70           2.65        52.90

AB
.59               .64
.17                .27
.36                 .41
.07                 .18
.51                 .58
.27              .36
.47              .59
.15                .35
.24              .43
.16                .29
.20               .27
.00                 .15
.37              .45

-.10                .03
-.09               .01

.01                    .13
-.23           -.11
-.01                 .20

CD
-.26               .03

.53                .02

.21                   .02

.73                .02
-.11                  .02

.35               . 02
-.09               .02

.48                .03

.31                  .02

.53                .02

.51                  .02

.83               . 02

.16                    .01

1.05                 .02
i.06                 .01

.85                  .01
1.32                 .02

.78                .03

*************************************************************************

EE



GRAPHC   C0tooRERT   LOG

2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530

++++++++++++++i++++±±±±*++**+I+**++*+++++++++++++T-7,7I,,,,,,,,,1_--
i-Zi-:tJC.   t>   t>   Z>   t>   t>   t>   C.   t>_---aaaaa4c>77',J',,,,,,,,,
T€;;ZT17£+C`   t>   C>   t.   a   A

a     A     a     a     a               +I   '[.I.]'.I'll[.Il.']J'|l;5;5;ff5f;f|A,SaAa4a4®4..I:I::::::::::::::::::::::::::::::,.-----------I

',',',',   ,   ,   ,   ,   ,   ,      a      a      A      a      A      a      _            .   ,   .   .   .   .   .   .   .   .;Iiffff=5ii;I;5:;;'iAAaAaAAAaAa4.:f=:,:::::::::::::::,,,,,,,,,,,,,,,,`I-44aaA........................'.-.,,,,,,,,-aaaaI.I...................I....I.1..[.,,`,,,,,,,AAAA.11.I.I.I.I.I.I......'1.I...I.I.I...,.[111A`=aaAaBI,I:-::::::::::::::::::::::::::::::::::::::::::::I-----------------.

A    A    A    A                   .  .   .   .   .   .   .   .   .   .   .   .   I  .   .   .  ',,,,,,,,,,,,,,,,,aAaaa-.I.11.II....II-----------
7==:I:I:±1J+±+   Z>   CL   ZL   t>   a   a

aaaaAaa.....
5;5;5;5:i;;;5;5;;;5;;;5;5;;5=£AaAaaaA^A^Aa^AHB

5,5,5,5,5,;,5,5,5,5,5,   ^^aa^aAa^aAB`          I.,:.:::::::::::::::.
',',',',',',',',',',`,',,     aA     a    4     4     4     a     A        .   .   ....'...TEzfz±:F aG a` ba LL b^ i:=±jie,,11,,
'5'5',',',CL             A       A       4        A       A     8+.     .     .     .I.']',I.I...I.I.'.I.'.",```,,,`,,,,^AAa..Ill.I..'.'..I.I.I.I.1'1'..`,-

*                                                                                                                                                             -I.'.I'....I.I...I..I..

*                                                                                                     I.    .    I    .***

***I

2531+
2532*
2533*8
2534*
2535*A
2536*
2537*
2538+
2539*
2540*                      a

*
*

CD*
+

CD*
+

CI)*
+
*

C1)*
+******************+**+*++*+**********+++++++++++**+

EE
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.M_A_TRlx.  AIJGEBRA  sOIJUTIONs  oF  col\moNENT
PROPORTIONS  (V)  FROM  LOG  READINGS  (L),
BASED  ON  cOMpONEr`IT  LOG  REspoNSEs  (c),

FOR  ALL  s¥sTEMs  oF  DETERmNAC¥

CV=L

POFtE     FLUID

Properllonal
V.riance

Reference :
Doveton (1986)

p. 170 - 177

maximum   variance

UNDERDETERMNED =   CT(CCT)-1 L

C A LC  I TT

51
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EXAMPLE  0F  A  MATRIX  ALGEBRA  SOLUTION  0F
COMPONENTS  IN  A  COMPLEX  CARBONATE

I.ELL    NAllE  :         CHf`SE
LOCATION:                                                                                                             DATE:
DEPTH:                       ZE50.00     TO        ]100.00    BV             .5®    FEET
LOBS:                             UTOT                        CER                            DENS                        CNLZ
COHPONENTS:         SH                DOL            SS                LS                POR

--------11--Ir,------.I ------I-----IT,------A ---|----I--\J. ------I
SH                                          DOL                                      SS                                          LS                                          POF`

INPLIT     COEFFICIENTS:
SH                       DOL                   SS

UTOT                                         Ei.2®                 I.00                 4.7EI
CER                                loo.0®              §.®0              a.00
DENS                                    Z.40               Z.E7               2.E5
CNLZ                                   ZEI.00                I.0®             -q.®®

LS                      POR
IJ.E]O                    .§0
5.00             5.00
2.11               1.00

.®0        loo.00

EQuflTIONS     EQuflL     LINKNOHNS                    N.1=ll

SOLIJTION     CflLCLILflTED     BV     Hf`TRIX     INUERSION      ....

UMAA
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(feet)3100 I- - - - - - - - - - - - I--------------I-

53



EXAMPLE  0F  A  MATRIX  ALGEBRA  SOLUTION  0F
COMPONENTS  IN  A  SANDSTONE - SIIALE  SEQUENCE

LIELL     NAllE:         BRfluN
LOCATION:             ELLIS                                                                     DATE:                            1/Z5/BEl
DEPTH:                                4EIEI.®®      TO              I]E]E.®®     BV               .50     FEET
LOES  :                              lJHAA                         RHOHAA
coripoNENTs:       HI-z       Lo-z       ss

HI-Z LO-Z

INPUT     COEFFICIENTS:
HI-Z              LO-Z              SS

uHfm                               i].zO              7.®®             4.7g
PHollf`A                             a.OZ               I.®E               Z.E4

EQuflTIONS     EQuflL     IJNKNOLINS                     N.1=H

SOLUTION     CflLCuLflTED     DV     IlflTRIX     INVERSION      ....

54



COITOSITION  PROFILE

feet
sub.

00RE000000
I:rJ'.+.'_:+.':

DAKOTA

•'.-I.'..'.-`.'-.:..:.:.:::;i::

....'...i.i.I::,:;;,1:::

- ._ + `_ i•.....:..:..:.::.:;::.::.::•.....-.......+.:...i-I---..-.-..._....
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DISCRIMINANT
rmuT :

Ttwo groups E>
Group interval depth ranges
Ijog variables

FUNCTION
ANALYSIS

COIVIPUTES :    Discriinant function
z=   ^x    +A   x    +   A

11 22
X

33
+....®,..

HELL     NflHE:          CHflsE
LOCA  T  ION   :
D fl  T E   :

GROUP     A                      Zg     OBSERVATIONS
STaRTINE     DEPTH         z7EE.ooo

EnoLip    D                    zz     oDSERVATloNs
STf`RTINE     DEPTH         ZEIOO.000

RHOHAA
u H fl A
CNLZ
TH

llR
K

VECTOR     HEAN
OF     I=ROuP     FI

Z  . 7gE
a  . E] a 7

1 Z  .  Ei § Ei
1. 51Z
1.0€0

.EOE

DlscplHINaNT     INDEX
Ef}OuP     fl                      ]E7.]45g
TOTf`L     GROUP          ]E1.4]BE
EROuP     B                        ]55.Ei5Z]

S  TA  T  IS  T  ICS
HaHflLf`NOBIs     DISTf`NCE
T  -TIS  T
F-TEST
DEEf`EES     OF     FREEDOH

COHPuTE     DISCRIHINANT     SCORES

ENDINt:     DEPTH         ZBOO.00®

ENDINE     DEPTH        2811.000

llECTOR     HEf`N
OF    EPOuP    a

2  .143
El  .170

11.235
.  El  1 2

1.  50Ei
.295

D ISCP Ill INA

Fine  Pl.int :
Par.alnetric method
Normal distribution
Groups have equal
variance / covariance

mtrices,

COEFF  IC  IEN
IJ  1. EBEi

-  1   .  EI E] 7

.330
5  .g15
-  . 5 1 E]
5  .750

11. EI37
1 q Ei  .  2 EI Ei I

Z 1  . a E] I  1
i    flND              44
-     VES    08     NO

SIGNIFICANCH  TEST :*significant
Critical F-test value at 5%
significance and 6 & 44 df

=  2.31

Group
multivariate

means

2786
depth
(feet)

GROUP A

GROUP 8

2811
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DISC,RIMTNATION   BETWEEN   OFFBANK  AND   INTEP,TID.AI   CAP.BONATE
FACIES  IN  THE  WrlNFIELD  LIMESTONE  BASED  0N  6  LOG  VARIABI.ES

WELL    NaHE:         cHflsE
I.Ocfl  T  ION  :
D f)  T E  :

I:ROuP     f`                     Z9     ODSERuf`TIONS
:;TflRTING     DEPTH          2lEEi.®®®

EROuP     a                    ZZ     OBSEfluATIONS
STFIRTING     DEPTH          ZBO®.00®

lERRALOE

ENDING     DEPTH         ZE.®.®O®

ENDING     I)EPTH         ZBl1.®®®

DISTflNCE            ll.E]]1
14E  . ZEE]

Z  1. BBJ 1
DEI:REFS     OF.     FREEDOH                    I     flND                44

COHPIJTE     DISCPIllINANT     SCORES      -VES     OR     NO

*significant
Critical  F-test  value  at  5%
significance  and  6  &  44  df

=231

OFFBAVK Depth
(feet)

INTERTIDAL
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INPur :        D
One depth interval
Log variables

PRINCIPAL
COMPONENT

ANALYSIS

COMPU'IES :    Eigenvectors  ( principal components ) of
covariance and mathces

lii!i!°l::BB;§i[7!I.ol"    :]iwmv       .5BD£EEf

* prefened choice  when logs
have different units

|E6!||!6H      RH2||i!i    "!|EEE!    ¢!!:!!!!    "g;E]g]    uki:i#i    I  t:iE|E

§§§;::¢E-¢oUAR5fl

Eigenvalue

Eigenvalue %
PC1   59.1
PC2   18.9
PC3     9.0
•...  etc  ®,.,

PCI    PC2     PC3     PC4     PC5      PC6
Comehation eigenvectors

Mean
Valance
Ileviation

coffice

Conehtion
matrix

PC  loadings

First two prfucipal
coxpnents
acount fu
78 % Of total
vrfution

CROSSPLOT



PRINCIPAL  COMPONENT  ANALYSIS   0F  LOGS
IN  LOWER  CRETACEOUS  SANDSTONES  AND  SIIALES

Input  log  variables
REonRA

tmRA
CNL neufron
Thoriun
Undum
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.

Correlation  matrix
R li o ri f` fl u H A fl CNL TH uR K

R H 0 11 fl f` 1.0000 .  1]  1 4 7 . i I Ei E] .74JE . q EI B I . 5 I 5 1]
u H fl fl .  E]  1 4 7 1. 0000 . 5 a Ei 7 .E00J .3EJ4 .52Z|
CNL . E 1] a I .5®E7 1. 0®00 .4591 . i i El 5 .Z4Z5
TH .7415 .EO®I .4§g1 1. ®000 .2200 . Ei 5 5 4
uR .  4 E] El 9 .J5J4 . 44E5 .ZZOO 1.0000 .®375
K . a I 5 1] .5ZZ7 .Z4Z§ .E§§4 .OJ15 1.0000

Principal  component  eigenvectors
PCI          PC2           PC3          PC4           PC5          PC6

RHOHfm            .5®44                   .oEi54                   .®47®               -.1uiif`a.4E25-.®4Ei-.®i]i7-.7CNL.]1]11.]57Z.7ZZ5.ZTH.4]I]E-.]®1].®0]®.auP.Z114.E7Z]-.EZE5.ZK.]§]2-.§EiE4-.Z7E§.Z 75E4

7 a                            Etc.
4Z
EZZ4

Eigenvalue % 59%         19%            8%           7%          5%           2%

principal  component  scores
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PRINCIPAL  COMPONENT  SCORE  LOGS

CGR  Gamma   Ray Depth PC1. Scores PC2  Scores
0               API   units         15 (feet) -4.8                    0                   +4.8 -3.4                    0                   +3.4
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PATTERN  RECoGNITloN  oF  EI,ECTROFACIES
ON   CROSSPLOT  OF  FIRST  TWO  PRINCIPAL  COMPONENTS

t],•E.1q.

u,*x

xx               I       x.      -

I-      aj+xXx**X      I.]'x'Facies     A

xx. Xxla-.ITtrf--*I-Xx*"'t::*.:iff.irfF-.;--:-J--ng*--f**Ix
I.I    xt.xl.!Ex"FaciesC"."II.II-II-ut

*  ;fffgRErfu - iI
x*:-x`x      ;_             ,Ix   I -I.`+gRE#_:±*f--.:-..
r1   x:*-I      I    II+*xr::xi.:.;:=[!x

".'    +x        'Tacies  B"
I                Zl.-xx I        I   xx                                  x

XXxXX|
*uI xxx

XX
X

I
.I                                  I                                                 .I                            I        I                                            +

-2.8                                                           1.8  2.3

First  principal  component

PC  score  coefficients  for  compositional
analysis   by  matrix  algehra  solution :

PCI

Electrofacies A                2.3
81.8
C                  -2.8
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Matrix  algebra  solution  of  electrofacies  located  on
crossplot  of  first  and  second  principal  components  of
RH0maa,  Umaa,     ®n,   Th,   U,   K
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CLUSTER  ANALYSIS  0F  ZONES  IN  A
SANDSTONE - SIIAIH  SEQUENCE

Class     n      Rhomaa

A          24              2.91
a             3             2.91
C           16              2.89
D               9               2.91
E              8               3.01
F              9              2.94

G           20              2.74
H              7              2.82
I             9             2.81
J          18             2.69

Th

11.2
15.2
10.5
8.9

12.0
8.6



CGR  Gamma  Ray
o                 API   units            150                          Depth
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MAPPHRE©
APPE4H(gATFH©RES

*     LOG  NORMALIZATION  BY  TREND -SURFACE
ANALYSIS

*      COMPLEX  CARBONATE  FACIES  MAPPING  IN
THE  VIOIA  LIMESTONE

*       THREE -DIMENSIONAL  MAPPING  OF  SIIALE
CoNThNT  oF  THE  SlrmsoN GRoUp FROM
MOMENT  INTERpolATloN  oF  GArm4A-RAY  LOGS
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LOG   NORMALIZATION   BY  TREND - SURFAC.E   ANALYSIS

KANSAS

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

Reference :
Doveton   and  Bornemanh

(1981)

0                                    20    miles



Quadratic   trend-surface
neutron  porosity  residuals

-5 0
limestone  porosity  units

32

iiii=L .`-+/

+  GX  +  HXY  +  IXY  +

Sum  of Mean
fource  of Variation Squares DF Squares       F ratio

Linear regression 27.22 2 13.61                 5.73*

Linear deviationQuadratic-linear regression 377.6221.41 1593 2.377.14                3.13*

Quadratic deviationCubicquadraticregression 356.225.99 1564 2.281.50               0.65

Cubic deviationTotalvariation 350.23404.85 152161 2.30

* Significant  at  5  percent level.



MATRK  ALGEBRA  SOLUTION  APPLIED  TO  VIOIA  LIMESTONE
SECTION  MINERAL  AND   FLUID  COMPOSITIONS
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MATRK  ALGEBRA  SOLUTION  APPLIED  TO  VIOIA  LIRESTONE
LI"OFACIES  MAPPING  BY  GRID-TO-GRH)  OPERATIONS

Reference:   Bornemann  and  Doveton  (1983)
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GAI\maA-RAY  LOG  MolVIENTs  AND  poL¥NOMIAL  REGRESsloN

Gamma  ray

A[)I   units

0180

CJ|r\-tJCJC3r-q

I
ViolaTOpOSimpSimpsoGroupcen(erOf9ravit\relativestandardeviatioBaseofSimpsorbuckl

a,IaIroun ®E®roJ=n

•'.i.';i,i;i;;i:;;:iii:;;i.;i:.:..`g:::;:
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I

01

shale  proportion

78

MOMENTS

v, -£sd/ £S center  of  gravity

V2  = £Sd2/  ZS dispersion

v. = =sd3,  =s skewness

v. = Zsd4/   ZS kurtosis

vn = zsdm,  zs

PoL¥NonHAL  REGRESsloN

^S  =   a + bd + cd2+ ...  d

n

matrix   solution  I

£d   I:d2.  I;din      a  t  ZS
Z;dz:d2.        .      .             b            £Sd

I:d2.                                        c     =   I:Sd2

'          I        '2m       .                   .      in

Z:din.           .         .   I:d             .              Z;Sd

D   *A=   S
loo-LL-:50La)fu0

A    =    D-1*    sI11II'I'''

12       3      4      5      6      7      8      910,

Polynomial  Order
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INTERPOIATION  OF
GAMMA-RAY   SIIALE
MOMENTS  BETWEEN
W'ELLS  TO   GENERATE
THREE-DIMENSIONAL
TREND  MODEL

hale  ratio  map

3-D   quartic  polynomial
trend  profiles  of  shale  ratio

Reference:  Doveton, Zhu, and Davis  (1984)
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LATERAL  CONTINUITY  0F  SIIALES  IN  RESERVOIR  MODELLING

'1'1

H

C

•:  .   ...  .. . .  .. ...  :`.    :   ... .  . ..`  .:  ..   . .   .   .  `   .      `    `     ,    .     .   .  .•...........,.....•.,,,

`

•   .   .     .   .      .   ...   .  ..   .  ....'.  ..'....    .   .        '1-i_
..    ..     .............sriAiE`          -I..-T.....--:.I•...

`...................

.       .     .       .           .         .         .•......                                     .    .           ..   ..   ..  ...          .      `

•.  .  .. : .. ...                                                     . .•..........'.-....

d  rese

....                                                                                 ......     .        ..
•. .. .  .`  .`.  .•........:..I      -

mogeneous  reservoir  (left)  a rvoir  with  stochastic  shales
(ri ht).  In  horizontal  drives,  t ese  shales  may  be  advantageous
be ause  of  increased  vertical  sweep  (as  shown  in  figure).
(H wever,  they  may  reduce  ve tical  sweep  in  vertical  drives.)

Fro in  Haldorsen  and  Chang  (1986)
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OUTCROP  OCCURRENCE    AND  SIMUIATION
OF  STOCIIASTIC  SHAI.ES
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Actual  shale  distribution  in an  outcrop
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hetic  cross-section  generated  from  param
of  the  Assakao  Sandstone  outcrop

from  Haldorsen  and  Chang  (1986)
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2-D  AND   3-D   STOCIIASTIC   SIMUIATION  MODELS
OF  SIIALES  AND  CIIANNHL  SANDSTONES

Ou                  '0.  00              20.  00              30.00
x      lFT.)      ,.10]

10.  00              SO.  00              60.  00              70.  00              80.  00              90.00              loo.  00

from   Haldorsen  and  Lake  (1984)

from  Haldorsen   and  MacDonald   (1987)
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SIMPLE  BASIC  PROGRAMS  FOR  SIMUIATION  OF
RANDOM  SIIALES  AND  SANDSTONE  CIIANNELS

t      File      EI]it      S`(3<II.tl`      l]un      uJlndoujs

SIlf'LE

___i-==L:T=:-

RAND0H I zE T I riER
Z=RND*200
FOR  X=   1  TI]  Z

l=RNI)*982  -491
J= I + RND*200
K=RND*29g
L=K+RNDtt I 0
LinE(I,K)-(u,L)„BF
NEXT  X

END

'_   _                          _   ______i

¢       F.ilo       Edit       ```{?<.!}.<lt       F}un       LLJindoLijs

CHflNNELS

Eii-

RANDOHIZE   TIHER
Z=RND*too
FOR  X=1  T0  Z

l=RND*49 I
J=RND*299
K=RNDJ+ I 00

A=RND/2
I I RILE(I ,J),K„-3.142,-6.284,A
NEXT  X

END
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GEOLOGIC  PREDICTloN  oF  SHALE  CoNTINulTy,  ConmlNING
FACIES  RECOGNITION  FROM  LOGS  VITH  PROBABLE
LATERAL  EXTENT  OBSERVED  FROM  OUTCROP  STUDIES

100

a

A
M

DBM

a
a

M
MA

AA

P = PRODELTA  ;  8 =   BAR  FRINGE
M=   MARSH/BAY;     D=   DIIAPE
A I   ABANDONED   CHANNEL

0                  200               400               600                BOO              1000             1200             t400            1600

NGR  *Thlckness:   API  *Feet

==_-_-\\\\ \ \\\\\\ ii=
ii=\ \ \ \

Ei=
FLO0DPLAIN     `

ABANDONE
CHANNEL

--_ _ _ +-MARINE  (Zelto,1985)_------_

` _DELTAIC  BAPlf]|Ef]  (Zolto,1965)

---Oil TA   Ff]lNGE   AND   DELTA   PLAIN

<CHANNEL   (Zollo,   t066)

500
COABSE   POINT   B^F`
(Vorrlon   ot    al.    1967)

1000 2000

LENGTH  OF  SHALE  (FT)

From  Geehan  et  al  (1986)
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EXAMPLE  0F  POTENTIAL  LINKAGE  BETWEEN
SHALE  CONTINUITY  AND  SHALE  LOG  CIIARACTER





KGS Braun Lower Cretaceous
U - Rhomaa - Umaa crossplots
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(     File     Edit     Searclt     Run     LIJindoLLls

CHRNNELS

RANDoiilzE   TiriER
FOR  X= I  TI]  40
l=RND*49'
J=RHD*299
K=RHD*100
A=RIID/2
C I ROLE( I ,J),K,,-3.142,-6.284,A
NEXT  X

:--..,.-.....:.::-;..;;::..I
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