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Abstract

Clay minerals affect essentially every measured petrophysical property. They destroy effective porosity and permeability, as well as
contaminate essentially all wireline measurements.

A simplified mixing model consisting of coarse and fine grains of about two orders of magnitude difference offers qualitative, if not
quantitative insight on these effects. The qualitative results predicted from this simplified model are remarkably similar to those observed from
a Canadian Arctic shaly-sand well and published by Alan Heslop, in the mid-1970s.
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Clay Minerals
Bane of Petrophysicists Since 1950’s

Destroy Effective Porosity & Permeability.
Increase Apparent Neutron Porosity.
Decrease/Increase Apparent Density Porosity.
ncrease Apparent Water Salinity.
ncrease apparent S,,.

ncrease Apparent Sonic At.

Decrease Apparent NMR T,. (Surface
Relaxation).
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Shaly-Sand Petrophysics

Not Needed in 1940’s:
» Only Clean Pays competed.

Then Some Crazy Idiot Completed a Shaly-Sand:

» There was a lot of oil in those rocks.

The Birth of Shaly-Sand FE:
> Vg, Algorithms.
» Electro-Chemical Algorithms.

Now Hundreds of Shaly-Sand Algorithms Abound:

» Each one seemingly more complex than the last.
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Need a Simple Model to Expla




Consider A Rock Consisting of

A Coarse-Grained Framework:
» Porosity, @..
» Matrix volume, V...

 With Coarse-Grained Framework Pores
Filled with Fine-Grained Material:

» Porosity, -
» Matrix volume, V__..
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Conceptual Model
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Bi-Modal Grain Size Model

Two Orders of Magnitude

Sedimentary Particle Size = Two Orders of Magnitude
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Recent Gulf Coast Sediment Sieve Analysis

HELL '
FIELD :
DEPTH : GRAIN SIZE DISTRIBUTION
{(Extended Range Analysis)
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Two orders of Magnitude Difference
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Gulf Coast Compaction Models
(Both Indicate Deposition Porosities of ~ 42.5%)

Sand Compaction Model  shale Compaction Model

POROSITY (%)
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Coarse & Fine-Grained Porosities

Coarse-Grained Framework Fine- Grained Intergranular

“Porosity’ “Porosity”
v Voa
XC _ mac Xf — f
(Vmac + Vmaf ) (Vmac i Vmaf )
and : and :
Vpc = VR — Vmac Vﬁl = fo + Vmaf
and; and :
j — Vp ¢ VPC J _ fo fo
C fn -

|78 } (Vpc + Vmac) Vi i (fo + Vmaf) |
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X. & Xo. Mixing Relationships

For 1.00 > X_ > X', For X', > X_ > 0.00
; 1-X,),
— V_p — (VpC_Vmaf) — (Vpc+fo_me) J,= El — )If)
Pr = VR (Vpc+Vmac) (Vpc+Vmac) J 5
or. or: |
(1-¢.) _ (9c=Xfn) j, = Xl
— —QPc) _ c”4Afn T o ¥
or=1- Xe  (1-Xgn) (1 St Xpl fn)
at .
1 -
7 o o=l
(1— fJ fn)
and :
L
./T=.ITmn =V_R=,/G/fn
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Through the Magic of Algebra

-
Seo
-

Xe

@; & @, for 100:1 grain size and ¢, = @5, = 40%
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Variation of X" and ¢,
with Changes in ¢, and ¢,

@, Variations X’ Variations

Coarse Grain Fraimwork
Porosity

s 040

mmmmm ()35

Minimum Porosity

Coarse-Grain Fraction for Porosity Minimum

Fine-Grain Intergranular Porosity Fine-Grain Inter-Granular porosity
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Bi-Modal Model ¢y — ¢y X-Plot
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Heslop Canadian Arctic Well
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Heslop Canadian Arctic Well

W/L GR vs. Core Clay Content
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Density vs. GR

Heslop Canadian Arctic Well Bi-Modal Model
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PhiN vs. GR
Bimodal Model

Heslop Canadian Arctic Well
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Heslop's Canadian Arctic Well
GR Log Picks

=) X0 400 500 00 0
1l (T T

T
IS FEAREST PRSI I R e
1
‘.

w0e TTTYTTTY 'I')I 7Y B 4 - 1T T ‘ y] v
l shosal iigs b SHALE LINE -1-61“8. boabbidsddbosstbing

|
RIRRERIRREERa NN )| }
- - . 1~ FEEERRE RN R . .o -r rosiahs

L

]
bdobdinniss 3 ‘ - MY R TTEIIITEIIIE
|

boae + — b pad b h GOt s & 8% taad ! - o »

i}t“j;"h] i ‘:’ } ! 81 | | ! I ’l% 17150} 19141 B

4 . 'POES FESSS SN SN T R 11 TR SR - '§ PSS S soddibdee + $ B A IR Sl TS S - ok - '

l Lq‘ e -1-35 o’o l.ono b rde ,I gyl el .I .....~ 1Y BESY IS 58 PR .!. QI :o . -a‘Il 4l B AR R ..fL..-.
‘Jo]o nit oja 1 -h B “ND L'“E -y ‘.|.-.‘. “—h e ]

» i.»oo.uq. Y DS SN ‘I.. NS EE S e
|
! LUt

' ’s |
| . . » - S —- ™ ' , ' en veregee
TR ERE Y B - b ‘o tadomee . ‘ ) REEEERE RS B L RN
2R
l‘o 1' ,,-m;~_.-,[-to; D bl e S S P soAll—o-o&—‘o L
| |

} ’ :
BTN ._.:___--_ ' 3 i Il., | i T lfn {11t [ II | 1 { ]

cos

GAMMA AAY
AP) UNITS

stdrdontisinds 3

.
|
.
t
+

i |
“oae .0.0[0.-' .;-a‘o‘t-o IEE X
|

|
+ :
r—.u.s. degibits

200 300 400 S00 600 700

GAMMA RAY

100 rorprer=rw ..,VI..T..FI.:.' 2081 08500 SEEES SESR £ 1208 SERE S S SOmEE 122 24 $5884 IR 50841 e pr——
-;Togncon ! .lsNA‘.E L'NE -~--l-.4. $ . «|
EERRARTNS ! ITEIRITIIN  pEY 9 '

i i |
w0 e * !
el . |
4
3 L R : - '
- brrid ) @~ » ’ ; — . ’ |
o ! |
o 0.;0 ‘ T

‘e sodritadrnny EER R ’ . .T . z
0!“0 “~'T’0-1 IAAS e AEmas as & e & ooy po———
P RLLRAOERRRRRREDNRRERATRU AR RUURRURRA DURRIDENE) DORTY Dy NUATS PUTA ADORAERTOI ARARINE I IHTITFRRI TN IRV DR T DOTs i i

Donald G. Hill, Ph.D., R.Gp., R.G., R.P.G., L.Gp.
dgh@hillpetro.com




Why this Iis Important

Matrix grain Surface change

© Net negative
B

Capillary barrier ——|
Bound layer Mo

@
\\\@

il s ca

Helmholtz layer
@

Darcy Flow —>

% —
% % Pore Throat
Rt

Outer Helmholtz

b % %\,{ layer

Matrix grain
EXPLANATION

@  H20 molecule
K

Bound layer
@ Hydrocarbon

Donald G. Hill, Ph.D, R.Gp, R.G., R.P.G,, L.P.Gp.




References

Heslop, A., 1974a, “Gamma Ray Response of Shaly Sandstones”,
15t Annual Logging Symposium, SPWLA, Paper M.

Heslop, A., 1974b, “Gamma Ray Response of Shaly Sandstones”, The Log Analyst,
v. 15, No. 5 (September-October, pp. 16 — 21..

Hill, D. G., 1978, “Bi-Modal Shaly Sand Rock Model Petrophysical Relationships”,
Technical Memorandum, TM78000300, Chevron Oil Field Research Company.
Seevers, D. O., and Hill, D. G., 1971, “An Alternative Model for SARABAND”,

Formation Evaluation Committee Meeting Minutes - Supplement, Standard Oil
Company, of California.

Seevers, D. O., 1977, “Bimodal Model and Permeability”, Presented to: Oil Field

Research Committee, Standard Oil Company, of California (Transcribed by W.
J. Plumley).

Donald G. Hill, Ph.D, R.Gp, R.G., R.P.G,, L.P.Gp.




Donald G. Hill, Ph.D., R.Gp., R.G., R.P.G., L.Gp.
dgh@hillpetro.com




	Button1: 


