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STRESS

AXIAL STRAIN

¢ The stress strain behavior of a natural rock like sandstone is a combination
of its mineralogical components, in this case: quartz and calcite
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Hand held, spring loaded hammer measures rebound
from rock surface; rebound values correlate with UCS

and decline significantly in fractured rock. sz ‘
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( slake durability index ) alss peild

Table 1. Visual description of the rock samples retained in the test
drum after the second cycle (after Franklin and Chandra. 1972).

Type Description
| Pieces remain virtually unchanged
I} Consist of large|and small pieces
{1} Exclusively small fragments

Table 2. Slake durability index classification (after Franklin and
Chandra. 1972).

1D, (%) Durability classification
0-25 Very Low
26— 50 Low
51-75 Medium
76 - 90 High
91-95 Very High
12102025 G - 100 Dr. Hasan Ghasemmremly ngh 2

./ 0.0 0=
»
Los Angeles Abrasion st _wd sl (halo3T

b (s byl hule Coaglin ST 555 o0 (5,5 o160 s 1o ol Conglin S2le3T cpl s
3405 (6 e ST glia

Sy SialasT cpl Soay O  FRA o leds 5 jldikal
dlja..\ifjdnua}aﬁddgdlacjwk
Cljao,,aépcsmjlwcﬂu:iujl
Voo G b oY 55 a8 (g lhan b g odd aiu
45‘5(,..::)3émo‘}:ﬁ.bﬁdﬁrbbﬁjjajjé
@@xoéﬁ&’bjﬁjw)‘mau\awb
o\,;agdu_u;uacsmoj,uulfw,;..ﬂ
RS- PP U HON P RN BC-A I W

12/30/2025

Petroleum GeoMechanics

12/30/2025

1"



K.N. Toosi University of Technology

./ & Y
»
Brittleness Value (S,,) 83y due k3T
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Miller test o L2 il malo3T
Normal force:
F=22.24N the Slurry Abrasivity
(Miller Number)
And
Reciprocating the Slurry Abrasion Response
motion: 200mm

el (SAR Number) )

Standardised

steel block
Test slurry:
for example: bentonite slurry + sand
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<1lmm

- AV: 100rev./5 min
< 6> avs: 20rev/1 min
SAT: 20rev./rev min

AV: Tungsten carbide
AVS: Cutter ring steel
S ~ SAT: Cutter ring steel
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( Sievers’ J-miniature drill test) 29 E395liwn B 9o b3l

a measure for the surface hardness (or the resistance to indentation) of the rock

The tests are run until the drill bit has performed 200 revolutions. An electronic micrometer is
used for measuring the depth of drill holes. The tests are repeated 4-8 times for each rock type.
The Sievers’ J-value is calculated as the mean value of the depth of the miniature drill holes,

measured in 1/10 mm
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lm‘ 230 200
// L The drilling rate index is found by
%0 A . . .
100 intersecting the values obtained from
g &0 /// '///;,23 brittleness and Sievers’ J tests on the graph
5 20 - y. ///// : o
§ 60 ,%/ ///A o Classification categories of DRI (Dahl, 2003)
A (1 = -
% 50 / // ’ ,/ // ] Category DRI
7 ”z
’ %/A/ //// Extremely low <25
€0 ///7// Very low 26-32
& Z //’ 7 Low 3342
20 didia Medium 43-57
" High 58-69
Very high 70-82
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Table 1. Pressure magnitudes typically used for each test stage

Test Stage Description Pressure Step
pressue 1" Low 0.50 Praax
o Medium 0.75 Puax
preun 3° Maximum (peak) Puax
5. 4 Medium 0.75 Puax
5" Low 0.50-Puax

Pmax does not exceed the confinement
Sttted Pipe stress (03) expected at the depth

ingle stage consists of keeping a constant water pressure at the test
interval for 10 minutes by pumping as much water as required

Petroleum GeoMechanics
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Table 3. Summary of current Lugeon interpretation practice
(as proposed by Houlsby, 1976)
x
g REPRESENTATIVE
=
§ PRESSURE STAGES LUGEON PATTERN DESCRIPTION LUGEON VALUE
@
© 1 sta0e |
< 7+ Siage PR All Lugeon values about
E 3 Stage PRRRRRWY equal regardless of the ‘g“l‘ggi%if;‘ll‘:?;%g
= ol m— water pressure 9
4 EEET -
= . Lugeon values decrease
& i m— as the water pressures Lugeon value
5' increase. The minimum corresponding to the
m » oroe S Lugeon value is observed highest water
n:: Lupeo at the stage with the pressure (3" stage)
L maximum water pressure
1 stage [N Lugeon values vary Lowest Lugeon
14 51age [ERRRER 1w e p—
g — —— proportionally to the water value recorded,
= pressures. The maximum | corresponding either
j EE S S SSSS] Lugeon value is observed to low or medium
o = oo - i at the stage with the water pressures (1%,
maximum water pressure 2™ 4™ 5" stage)
5| roespEmm— 1= e [E— Lugeon values increase
o 2+ Stage| BRSSO as the test proceeds. Highest Lugeon
I e — o Discontinuities” infillings value recorded
- > AN S -
g e = = o —— are progressively washed- (5" stage)
2 — L s out by the water
OSP,  07%, 100w
14 Stage [IERRRERRY F T — Lugeon values decrease
O| 2= 1200 s B ] as the test proceeds
[=] % Either non-persistent Final Lugeon value
9 2|+ smoe S 4" stage PO discontinuities are (5" stage)
LLf snsmge [P B Ligeons progressively being filled
12/30/2025 050w D7 1000 Dr. Hasan GHad¥nsMelling is taking place 39

- Laminar Flow: The hydraulic conductivity of the rock mass is independent of the water
pressure employed. This behavior is characteristic of rock masses observing low hydraulic
conductivities, where seepage velocities are relatively small (i.e., less than four Lugeons).

- Turbulent Flow: The hydraulic conductivity of the rock mass decreases as the water
pressure increases. This behavior is characteristic of rock masses exhibiting partly open to
moderately wide cracks.

- Dilation: Similar hydraulic conductivities are observed at low and medium pressures;
however, a much greater value is recorded at the maximum pressure. This behavior — which is
sometimes also observed at medium pressures — occurs when the water pressure applied is
greater than the minimum principal stress of the rock mass, thus causing a temporary dilatancy
hydro-jacking) of the fissures within the rock mass. Dilatancy causes an increase in the cross
sectional area available for water to flow, and thereby increases the hydraulic conductivity.

- Wash-Out: Hydraulic conductivities increase as the test proceeds, regardless of the
changes observed in water pressure. This behavior indicates that seepage induces permanent
and irrecoverable damage on the rock mass, usually due to infillings wash out and/or permanent
rock movements.

- Void Filling: Hydraulic conductivities decrease as the test proceeds, regardless of the
changes observed in water pressure. This behavior indicates that either: (1) water progressively
fills isolated/non-persistent discontinuities, (2) swelling occurs in the discontinuities, or (3) fines
flow slowly into the discontinuities building up a cake layer that clogs them.

12/30/2025 Dr. Hasan Ghasemzadeh 40
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Porosity-Permeability plot for the Gassum Formation (15% porosity cut-off applied)

gas_Permeability (mD)
8

Gassum Fm. Avg. data
ST-6, -4, -10 and -15
ST-1and -12
§T-2,-13and -14
ST-18

ST-19

Thisted-3
MAH-2
Farso-1
Vedsted-1
Horsens-1
Gassum-1

nexomPBPDBPRPDBP -

Flyvbjérg-1
Borglum-1
Helsingborg
General Model
= Upper bound
Lower bound

X eoO

/

Gassum Fm. Avg. data
Log-based averages
(small, open diamonds)

and

averaged core analysis data
(color-filled symbols)
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10° Estimated oil and gas rates
" (Mbopd)  (MMsefd)
/-] £ 10%
m— -9
10 I )
/" o] 2
Chart can be used -______,_._-—-'--' ) )
for calibrating ] z 1's 100's
microsimulation 10 = &
at the pore throat ______,_.——-—' :
level to estims L . =
e K. phi, relative ) } =
perms, capillary 10 / —— £ viscous  O.l's 10's
i |- £\ flow
properties, S oy Z
mechanics. ('nn"““‘“m‘) I £
i ot £ 0.01's 1's
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| & " g
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// gt 22 i
Tig Knudsen Number &
—— 2
Ll —=F ~— B
Brittle? L zfale g2® 0.0l 5 o
Ductile? F 5! ._____—-—"‘"7 Diffusion-
Type of 710 = - < based flow
Effect of S,. mud - (Nano-scale,
filtrate, leak-ofT po r.ch .Aln.d
on embedment? i e pore throats)
C ol
!
1
Crushed
[Ty
10 15 20 25 30
Parosity (%)
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Rock type

Rock mass jointing

Type and continuity
Frequency

Rock mass factor Orientation

Hydrothermal decomposition
Stress distribution in rock

Drilling machine type

The influence Thrust force
factor of . Machine factor Bit type
drillability Rotation

The quality and intensity of flushing
Power transfer

Drilling methods

Operating process Operation and maintenance of machine rig
Experience of operator

Logistic support
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Instantaneous Cutting Ratio (ICR)
Rock Mass Cutting Index (RMCI)

RMCI = UCS x (RQD/100)** (Bilgin et al_, 2004)

ICR =719 / (UCS) *™ (Gehring, 1989)

ICR = 1739/ (UCS) " (Gehring, 1989)

ICR =75.7—-14.3 In (UCS) (Thuro and Plinminger, 1998)
ICR = 0.28x P x (0.974) ™ (Bilgin et al., 2004)

UCS : uniaxial compressive strength of rock (MPa),
ICR :instantaneous cutting ratio (m3/h),

RMCI : rock mass cutting index,

RQD : rock quality designation
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