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Huarepnperanua aoavubix I'TIC

IIocaeAOBATEABHOCTH
KOAMYECTBEHHOU UHTEPIIPETALINN:

OnpeaereHrIE AUTOAOTHYECKOT'O COCTABA IIOPOA
OnpeaeseHne TAMHUCTOCTH

Onpeaesenue odmen u 3pPpeKkTUBHOM
IIOPUCTOCTH

Koppekiua mopucroct 3a TAMHUCTOCTD
OnpeaeseHrIE BOAOHACHIIIIEHHOCTHA
IIporro3supoBaHue IPOHUITAEMOCTH



AuTororndyecKuii COCTAB U IIOPUCTOCTD
IIpocThie (HETAMHUCTBIE) KOAAEKTOPHI

Crossplots:

Neutron-Density
Sonic-Density
Sonic-Neutron
Litho-Density
Litho-Density - Natural Gamma Ray
Spectrometry
Natural Gamma Ray Spectrometry
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ation from
Neutron Pore

Freshwater, liquc filedhales NCUtron-D enSity
Crossplot

Chart
CP-1a
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Poramesr, MEUTON porosity index P.u) (appaentlimestones porasity)
W bbby

The nevtron- density- sonic crossplot chaets (Chats CP-1, CP-2 Sordc-nevtron canbe used to differectizte betwesnthe coramon
zad CP-7) provide insight irto litholgy sad pettait the detertai- reservoir rocks when clay cortert & negligble Sonic-densiy
nation of porosity. Chat szletion depends on the anticpated canbe used to differectizte betwesn 2 single known reservoir
rirerabgy. Neutron-density canbe used to differentizte betwesn rock and shale zad to idertify evaporate rinerals.

the coraraon reservoir rodks [quartz sandstons, caleite (licee- Contnned on nextpage
stone) zad dobraite] zad shals and sorae evaporites.




Crossplots for Porosity, Litholegy and Saturation

Porosity and Lithology Determination from
Formation Density Log and CNL* Compensated Neutron Log
For ONL logs before 1986, or labeled NPHI

Neutron-Den
sity Crossplot

Fresh water, liquid-filled holes (p, = 1.0)
19

20| .

21

22

Chart
CP-1c

23

24

25

Ps. bulk density (glem™)

Porosity = 21.4%

26

&0, density porosity (p.u.) (pes =2.71; py = 1.0)
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28| Langbeinite. | ..

T 15 O I O -
o ‘ .
0

Polyhalite -

29

3.0

N A B R I R e R R o
0

10 20 30 40

o Soncor NEULON porosity index (p.u.) (apparent limestone porosity)
© S rtrger




Crossplots for Porosity, Lithology and Saturation

Lithology Identification from
Formation Density Log and Sonic Log

P-7

(English)

L, = 189 psecit; py = 1.0 SOHiC-D enSity
- R Crossplot

18

19
— TIMO @VOrage
— Fiold observation

20| .

22

231 .

24

Pe. bulk density (glcm®)

25| .

26| .

Porosity = 19.5%

27
28| [ 1i

29|

40 50 60 70 80 90 100 110 120
1. sonic transit time (usec/ft)

© Schiumberger




Crossplots for Porosity, Lithology and Saturation
rosity and Litholo
Sonic Lo

For CNL I

y Determination from
g and CNL* Compensated Neutron Log
e 1985, or labzled NFHI

ty = 189 psech

NI NN INENEEEENENENEE
— Time average ‘
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Chart
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Crossplots for Porosity, Lithology and Saturation

Porosity and Lithology Determination .
from Litho-Density" Log cre

Litho-Density EmEmenenE

20 1 £

Crossplot

Chart
CP-16

25

Py DUk density (g/cm?)

26

27
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29

3.0

e o F,. photoelectric faclor

For more information see Reference 27,

426




15

AMTOAOTHIYECKHI COCTAB IIOPOA
CA0’KHBIE KOAAEKTOPHI

Crossplots

M-N Plot
Matrix Identification (MID) plot
Lithology Identification plot



OnpeaeseHre AUTOAOTHYECKOTO COCTABA
IIOPOA CAOYKHBIX KOAAEKTOPOB

Sporosity M - N Plot
Calcite At _ A-t _
W M= 001 ang = 27N
Dolom.ite pb _ pﬂ Pb _ Pf[
& | / / Fresh Mud  Salty Mud
Shale Qﬂ 1.0 1.1
oN. | 1.0 1.0
At 189 185

Calcite

Dolomite

Py




OHPEA&ACHI/IE AUTOAOTHUYIECCKOT'O COCTABA ITOPOA

17

N N I Y

CAO?KHBIX KOAACKTOPOB

Fluid coefficients for various fluids and
types of porosity

Primary Porosity
(Liquid - Filled): Fresh mud 189.0
Salt mud 185.0
Secondary Porosity
(In Dolomite): Fresh mud
Salt mud

(In Limestone): Fresh mud
Salt mud

os ||

Salt mud



OHPCACACHI/IC AUTOAOTHUYIECCKOTO COCTABA ITOPOA
CAOKHBIX KOAACKTOPOB

Fresh Mud Salt Mud
(er=1) (er=1.1)

Sandstone 1 0.810 | 0.636 | 0.835 | 0.667

Vi = 18,000 ---- M and N values for
Sandstone 2 0.835 | 0.636 | 0.862 | 0.667 common minerals
Via = 19,500

o527 | 055 | 0854 | o2

Dolomite 1 0.778 | 0.489 | 0.800 | 0.517
¢ =5.5-30%
Dolomite 2 0.778 | 0.500 | 0.800 | 0.528
¢=1.5-5.5%
Dolomite 3 0.778 | 0.513 | 0.800 | 0.542
¢=0-1.5%
Anhydrite 0.702 | 0.504 | 0.718 | 0.533
ma=2.98

I I K KT




rA-IN Plot for hMineral Identification

For CNL* curves thathave beenervironrentlly comec ed s
14
’
'
I/ Gypsum
i0
4 s
Secondary e é’\\
porosity R
o0s 11 [ |
Vs = SHE M s
=13, frisac
X i
Calde i A7 Quarz sandstone
s TOe) S50 -2 Lee
[ | - - 6";"54' Yo =9[1<36|m19[~'~
05 ! S - = 12000 o=
EERL # =1 ‘
M 324 | 4 A
o7 - lAarbwdie
/ /
/ 4
Sulfur et
Approzinmae
05 shale
reg
oFreshnud -
p,=1.0Mgtn?, f; =620 ps=cin| |
pe= 1.0pcm?, {; =159 pescAt
0s +Saltmbd
i pe= 1.1 Magtn?, f; =607 psscin| |
pe= 1.1 Plomn®, {; =185 ps=cht [
I N N A I O
03 0.4 oS 0.6 0.7 0.3
@it N
This crossplbt roey be used to help identify raineral modxtures {dogre —ag . .
from soniz, density zad neutron bgs. (The CNL neutron bg N =—"—""—— (Englishor matric)
2 . X R 2 Po =Pz
is used T the bove chant; thetitne soersze sonicresponses & . . ; . X
assurasd. ) Except i gas-bearing formations, Maad I we FPoits forbinary mixhures plot along 2 line connexting the
practically indspendent of porosity: They e defined =s: two mineral points. Ternzey raixtures plot within thetriangle
defined, by the thres constitusnt minsrals. Theeffect of g3s,
b S . shaliness, secodary porosty, &2c., is to shift datapoints inthe
M= 0.01 Tish
Po— Pz % {Englishy directions stownby the arrows.
The doloraite zad sandstons linss on Chaet CP-8 are divided
g =t 3 by porostyraage = follows: 1) ¢=0 {ighe forraztion);
S s py 20003 frevic) 2y¢p=010 12p.u;3) ¢ = 1210 27p.u; 2nd 4) ¢ = 27 1o 40p.uL

.20




OHPCACA@HI/IC AUTOAOTHUYIECCKOT'O COCTABA ITOPOA
CAO?KHBIX KOAACKTOPOB

Mineral | Atna | pma | Omaswe | Omecn

Sandstone 1 -0.035"

(Vi = 18,000)

f > 10°/o

Sandstone 2 -0.035" Matrix coefficients of various
Vo 2 10,5000 minerals

Limestone

Dolomite 1
(f = 5.5% to 30%)

Dolomite 2
(f=1.5%t0 5.5%
& > 30%)

Dolomite 3
(f =0.0% to 1.5%)

o O N T )
o O o K
CR— N N N KL




Crossplots for Porosity, Lithology and Saturation

Determination of Apparent Matrix Parameters from .
Bulk Density or Interval Transit Time and Apparent Total Porosity Etnrq i:h:,
Fluld density = 1.0
Lo, apparent malrix transit time (=sec/it) Tmaa: 59 mksec/ft

IIapaMeTPOB
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N
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2 ~3 30
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Pmaa=2.68 .. seperent matix densty (g/om?)

© Schiurbenger

The MID plot permits the ideatification of rock mineralogy or
litholegy through @ comparison of neutron, density and some
measurements,

To use the MID plos, three steps are required, First, an appar-
ent crossplot porosity must be determined using the appropriate

neutron-density and empirical (red curves) neulron-sonie cross-
plot (Charts CP-1 through CP-T). For any data plotting above the
sancstone curve on these charts, the apparent crossplot porosity
is defined by a vertical progection 1o the sandstone curve,
Continued on next page



Crossplots for Porosity, Lithology and Saturation

Matrix Identification (MID) Plot

CP-15

(English)

MID Plot

Prmas versus U,
20
sat O
i I . v
A T T T T T T R T T T T T T TR T T St I
, . | sne O
22
2 1
24

N
EEiY

on e e
Quarz O
- Calcte O
1 54 IR O O O O O 0 O O
{ Dolomiteo
29 0 O O
3.0 ! ! Anhydrite O
L AN SN IS NN IR
40 50 60 70
1, (HsEC/)
© Schhurrbenger
Examples: Level 1 Level 2 gIving Paripy = 1 Py = 21
= 67 pscc/ft T 63 psecsft s = <1 axes = 21
Pe = 2.04 glem® Pe = 2.46 glem’ and Trnae = 66 pisec/ft Tomae = 43,5 psecift
o = =3 P = 24 pu,

pr= 1.0 g.‘an3

Pmae = 2.03 glem?®

Pmas = 2.85 glom?®

From the MID plot, Level 1 is identified as salt and Level 2

as dolomite,

Continued on next page
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OHPEACACHI/IG AUTOAOTHYICCKOIO COCTAaBA ITOPOA
CAOKHBIX KOAAEKTOPOB

8 10 12 14

Umaa, Apparent Matrix Volumetric
Cross Section (Barns/cm?3)

Lithology Identification plot
oMaa Versus Umaa Plot

Pb — P fiPta(N-D)
Prmaa =
1=,

_U-Undtan-p)
1= @ta(n-D)

maa

Fresh Mud  Salty Mud
ofl 1.0 1.1
Ufl 0.4 1.36



Lithology Identification
plot

Onpeaserenue

IIapaMeTPOB
MATPHUIIbI

Crossplots for Porosity, Lithology and Saturation

Determination of Apparent Matrix

Volumetric Photoelectric Factor

3.0

25

g
o

P DUk density (g/cm)

6 5 1 3 2 1 4 6 8 10 12 14

- ___ Fresh water (0 ppk), py = 1.0, Uy = 0,398 {1~
— — — Salt waler (200 ppk), py=1.11,U;=1.36 | [ %
CEily W ! i

3 8 B

.., @pparent total porosity (%)
[

F,, photoelectric factor U e @pparent matrix
volumetric photoedectric factor

Umaa = 5.5



Crossplots for Porosity, Lithology and Saturation

Lithology Identification Plot —_—

Proaa VErsus Uy,

Lithology
Identification fmgfﬂwgunwgwmiﬂijwﬂ
plot

salt |

ESEE EEEE ok Quértz — 85 %
24 g i % HE Calcite — 5 %
Y3l Dolomite —10 %

Onpeaeaenue

25

COCTABA
IIOPOA

Prveas Bpparent matrix grain density (g/cm?)

Chart A EIEHISSIS S - QHIRRIES
CP-21 i e

i Kaolinfe|Oo |

lite O |
a1 '

2 4 6 8 10 12 14 16
U, apparent matrix volumetric photoelectric factor




OnpeaeneHue u y4YeT rMUHUCTOCTU

a2 OnpenennTtb Ka4eCTBEHHbLIN COCTaB
[MUHUCTBIX Nopona

2 Onpepenutb 0O6bEM MNH B KOMEKTOpe

o [NpounsBecTn KoppekLno NoOpPUCTOCTH 33
MUHUCTOCTb

26
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200.00
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1 0.0 40.0001 0.9
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30.00
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Natural
Gamma Ray
Spectrometry

Chart

CP-19

Crossplots for Porosity, Lithology and Saturation

Mineral Identification from )
NGS* Natural Gamma Ray Spectrometry Log o=
25
i 9
b ,sg Possible 100% kaofinde,
» ;’ W& 100% illite point __|

Thorium (ppm)

Feldspar - — 7 — TWK:0.

Potassium evapo{ilos, ~30% leldspar

Mok o SHunteger
© Schumberger

Radioactive minerals often oceur in relatively small concentra-
tons i sedimentary rocks. Even shales typically contain only
3010 T0% radiosctive clay minerals,

Unless there is & complex mixture of radioactive minerals
in the formation, Chart CP-19 can be used (o wdentify the more
common ones, The ratio of thorium 1o uranium activity—the

3 4 5

Potassium (%)

thorium/potassium ratio, Th/K-—does not vary with mineral
concentration, A sandstone reservoir with varying amounts of
shaliness, with illite as the principal clay mineral, usually plots
in the illite segment of the chart, with TH/K between 2.0 and 2.5,
Less shaly parts of the reservoir plot closer to the origin, and
more shaly parts plot closer 1o the T0% illite area,



Litho-Density —
Natural Gamma
Ray Spectrometry

Chart

CP-18

Pe=1.9
ThIK = 24

Crossplots for Porosity, Lithology and Saturation

Mineral Identification from Litho-Density* Log
and NGS* Natural Gamma Ray Spectrometry Log

10

CP-18

8
Glauconite
g Chiorite Blotite
8 6 - o i®}
£ 4 lllite
a® [ [+] 1
Montmorilonite —
2 g = fel 8 |
:1. Kaolinite
o
0 2 4 -} 8 10
K, potassium concentration (%)
10
8
Glauconite
Blotite Chilorite

Mixed layer

momdh |

Muscovite
2 . e}
Montmoerilionite

F,, photoelectric factor

[ ——
Kaolinite

01 02 03 06 1 2 3 6 10

Dk of SHuUNBaOw ThK, thorium/potassium ratio
© S umberger
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OrnpeaeAreHNIE TAMHUCTOCTH
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DopMyABI AAA PACU€TA TAMHUCTOCTU

Vsh=0.083(2""" —1)

Vsh=1.7-+/3.38—(1,+0.7)’

Vsh=0.5L/(1.5-1)




Koppexkiua aoanabix I'IC 3a ramauCTOCTD

Neutron
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Nclean 1— Vsh

Density

5 _ Pb = Psh - Ve
bclean 1— Vsh

Sonic
At — Aty, - Vg,
1— Vg,

Atcl ean —




BAuaame raAMHUCTOCTH HA IIOPUCTOCTH

Neutron - Density
Cross-plot with the
Shale point Scaled

0 10 20 30 40 50 60 70 80 90 100
oN




BAauauue ramaucroctu Ha Aauabie I'IC
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