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A new mathematical model describing the effect of overburden
pressure on porosity and permeability of Sandstone and Limestone
rocks

Abstract

Measuring the petrophysical characteristics of the reservoir rocks (core) is an
important measure in the reservoir studies because it gives a clear picture of the oil

productivity.

Therefore, studying the factors that affect it is extremely important. One of the most
important factors affecting the amount of porosity and permeability of rock is
overburden pressure resulting from the weight of the ground layers. In this paper,
we used the simple non-linear regression method to formulate several models of
three families of mathematical functions (exponential, power and polynomial),
which describe the relationship between overburden pressure and porosity/
permeability based on laboratory results of porosity / permeability measurements,
we then subjected these models to study, analyze, validate and compare them using
the coefficient of determination R* (which is one of the most important statistical
criteria that measure the quality of regression models) and physical criteria to reach

the optimal model.
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All models were formulated using the famous statistics program Origin8 software.
The results showed that there are several mathematical models that can be applied
to represent the relation between overburden pressure and porosity/ permeability of
sand and limestone rocks, because the value of R? for all mathematical models is
very high (R* > 98). For example, sandstone has shown that all models are a
decrease in porosity @/@; with increasing overburdens pressure and that all of them

give almost identical behavior.

The drop starts from a primary value of 100% to (95.25 - 94.75) %, (i.e. bandwidth
of 0.5%) at a pressure equal to (P = 21 Pi) of primary pressure (Pi = 300 psi). After
this pressure, the behaviour of mathematical models varies greatly, as this
behaviour can be divided into three types: the rise in porosity again to an amount
greater than its initial value, as described by the second-degree polynomial model.
Continue to decrease in porosity and very slowly, as described by the power
function models. Porosity stability, as described by steady state equation (SSE), and
so on permeability and limestone rocks. SSE was chosen as the best mathematical
model that describes the relationship between overburden pressure and porosity/
permeability for several factors, chemical factors and mineral properties of rocks,
migration of granular particles and their transfer from one place to another due to
fluid movement and fluid pressure within the pores. Excessive increase of Pressure
will lead to physical forces and micro fractures between the components of the
rock, all of which play an important role in resisting the effect of increasing

overburden pressure, resulting in the death of pores and other new births.

Keyword: Porisity, Permeability, overburden pressure, Mathmatical model,

Determination coefficient.

dadial) -1

Reservoir 4iSall ) saall Petrophysical characteristics 4b s s il (aibadll (b a3
Akl Letalil e Aaaly 5y pn odaed i s el il b degdl Ll e rocks
Aol Jsdna i o (Ul g aSall il 0381 (e 3 S8 e Dlia Porosity dsebusall 48 e
apging Lo el 4 gial) Aol Leils dpabisall Gipai (peSall (pa Anliil o yall 3y Jaiill dpsLa@y)
il S a1 (ol o g S5yl 3 sally A i) e )il paa) ilebiss (pa 5 il

A20



Abadl) i) Jll 5 & gl Al 2020 (12) -29 sl

saa) 51 Jaiaall g il ZlY) Jaee i (8 La sead Lyl dage Permeability 4dill 48 jae ()
O e Jr bl e dglas Alle duabise <l (5585 b (S Y Aatie Akl (85 Sl sl
LY s Al g A8 5al) e 108 i) (6 o ol cLeIDa (e Sl sudl 5 el Alladl LN e (oS5
Soad) Claa 5 (DB 86 5l ) 5 Al slSlaall Jaal bl Callae 430801 yiad LS Aaiial)
oSl Al @ gl pass 5 Agdadil) el Aglal lua g Agabasal) Jabus ¥ JMA ) shaV1 22l
axdiug s (Ole — dadi - elo) ST o) g LIDA (el sall i el e 3l 4046 Loty 25 (i s
Al allall 48 I A sy el aaylall Calas gy Gl g A3A a8 s yla (5l
Leitlii g 3 iuall dalie o A8e i ) sauall A (e Jil saadl 30 4ibiadle A (e (e ld)
Apabie 5 4,0 Ll 3 550a IS i Gl Wil sall g 5al i 2ie @llia (S dliaie Cilbusal) CailS LS
Gla Gk oo @l b yida ol sell L 5 dpabasall (b o dpiaSe Sl jo ALAN (a3l A
dilida Glael e g agle dul il o) a) 3 all il e s ale (core) il s ) siuall e zila
o sndlly ol sa Jia e glhy sale 5 (300 — 400) psi O sl E A A Lo g Caal
s 4y ) 5 a0 5 dslasal) (8 4800 8 (Wil S5 Leas (routine core analysis) 4yl
LMy abae o 355 A Jalgall (e il lin (i 5 AT A o AiaSall ililuall 8 LY
DA el o g Al Jaly Gl i 3 A8 e dgaan s Glwall (G e Al

sl Jaxal) AyiaSall Jil saall da g s ¢ paall <l 508 S5 el 5 SailSudll

G gl LaS o 5l i Al 5 588 AiaSall ) saall o) bl (b ikl Tl ety Lo
ool 05 Compressive stress 4de Glhyy lele Unbue Uima laga Gy Lee clidall )5
Lalosall Lozl 138 i 881 olad¥) (e 53S0 5 (52 sandl sladWL il (645 8815 50 5ee Gaalaily
G lgialise s Ly lady Lo duala 5 Led 4300 58 5 50l (el &) e S dneSd) ) doall e
(a5 pore volume Slsbuall aan (e i lgdle Jisall laxaall (8 daaSall ) saall calusal) S 3l
224758 add (g gall Jarall Aia jra )5S Sl (pa QL 3 ) A 2328 1A pore shape LS
il Lo gl S Ly Lisabone s Lt 8 a3 Cigan L (53 Laa Lo il Jaieoall J1 53 i
A ptitall Ul (585 () aS el (b Uy yiite Jalisal) Jaraiall (e 58S S) ApiaSll ) iuall e Ll
dnia s 8 dagie elbdl Jpan @l o Lae GeSall & (iiall 430810 5 dpabisall 5 plas
Cual Liild 5 Lgiebun s dieSall ) saall o Jalual) s Jlal) aaall il 48 jaal 5 [1-9] GalSal
Laal) 30l ) aie Al Yl sdall dslhaall 0l lass Jas o} Gus (@) a gady il jall e 2aall
Le 483all Caa’ dpaly y zilal Cinia g 5 AT dga (a5 «(Confining pressure yasll bica) il
) Exponential 4l & Legin A8al) o)) (s Al g cApdlail) 5 dpalsal) (0 JS5 Auhall Jariall

.[10-14] Power law

A21



Abadl) i) Jll 5 & gl Al 2020 (12) -29 sl

Ngr aaial ) Ll Halld (o siadl dadi 4S 55) 5 jeanll Jadi A€y dualaldl g ddall bl jall dally L)
8 Aaalosall 5 40 e gl 3l Al )0) Leaa 5 2018-1972 55l JBA (sl yo Ll g g sall
cliall e ikl ol duje) A0y (677 Auoall [8)) 1982 Hle (RSl ) sl
Al 8 ) 1984 dis (w3l dis Gl sial) Al Jia Ll dpdadil) ) auall 400 58 5 55l
2, 3]s sl 5 kapudl s Sgand) and 8 il a5 Al SN Ca jed (3 ge Le cann 5 (683
Adlidg b graa die Aulia of gell & 200 5 Asabiall (ja JS0 Aglae 88 il pal) cpils il Cua
Oe Aain ¥ Glal ol e Lt dgilia il ple (S8 aiud ) gila cidae )5 ¢psi (6000 — 300)
Adle axd ol Gt jall Gaila o VI eaal) Jaica 53 ) aie Ml g Al laie 8 (il Cus
136d Laale pusdi Ll Jan aly el Jnim a0 5 e 31 5 Apalusall (ymléil 5 jalls Clua dpualy

RO

Aaaly )l Jlsall gas) alasiuly el 23 sed delua IR (e colial ALY e LladU Sl Cangy
A€ Al saoall 43 5 dpalusall (e IS e Jaidal) Jazal) 55 Caiay

£6000 psi (e AS) (I Al azaall 5ab ) wie (alaasl 0l g dpalisal) Hlaie jaios da ]

¢ dudad 48 ANl 5 dualicd) (A8 Ja 2

zisall g Lo s Alaal) 20 2gan 7 A Lkl ad die A0 dpelsall gy i) oSy Ja 3
¢ JieYl g

ol Lty ol ) Jadge ol DA e il g Uil 3 de 53 (e J5¥) iy Y Canill dpaal S

s il Azl ) O ge ol 8 4ke i) (S WS o siiall Ay dplal Jiany 3l

) e Leiuhis dunl ) il sae JLad) 5 siall Lllbeai¥) Jolae Jie s AT 400 58

sda & il K3 ol dlaadle) (677 ) Al all 8 cpia ) ol Al g dpebusal) bl 3 yoal)

z 5 g JiaY) ol I 73 gl U &5 (LY eland in Y 5 Leie 3lail) cadal ) GBlas W) Ayl

(ATl Hal o ilay 45 Hlia 5 3 gatl) 138 @ gy SRV G

bl isall asgda -2
Gl il e dary G alall Sl &) 50l (e Mathematical model (bl 3 saill jiay
e sl maiasiy led Saill o LS sla Cain gy daliaa) dakadl ALl Alalaid) ol il g
O eal) Litlua (33)h Ge oo st da 50 maa s Aalai¥) sdel bl Alall e iS5 ol 5L

Jgﬂjﬁﬁpwb\écwﬁjh\Jﬂ\dMM@thm el Lol C.J}A.\M :\:\]\33:\3).3}\ 33 2
oSG aial) A Coas (S A0 LS ABaY) IS e sad dm gy Y G il ) i lan
‘eLLﬂ\deiag\Jﬁ\gicew\q\ﬁwh\}qgujcJ'Sﬁqéq;\}l\c';}d\oygﬂh}hbchw

A22



Abadl) i) Jll 5 & gl Al 2020 (12) -29 sl

Go Gl Al paly  zasaill el ey () ang A QU A 0 (e Giagll e adiay
Lesbhny A G LA (o) lead) adndla s (Ale A8y @850 Alich (520 (gl) Apaly )l 45 da
by ) zalall Jiaill (e g 53 el a5y 5 i (s ¢(Adaadl Al iy o) doleal) U (s 3 gl
O ) Al Dlaglas o Jsanll Gk e Lehaai (a ad @il e Ledl ad) (205 3 Al

oS A8y &8l ) e yam za sl (M) sl

A9z A Zisall Andla ) painl AilSa) & bl Z3 sl Andla e @Il Allee e
Cidle o Jpanll ddaiinl iy il )l 23 saill adla e S 2rys 58 siall dleall il
zisalll ely 8 daxdiual (G k) aami L) @l paiey Al @l GLeS Glua s dals Azl
Ayl alaaily gy el EUE) (e sale (3R ol N 23 salll Ly o oSy G ¢l
ol mlE & Gws Curve fitting (Slisidl Gd g Aaie ded) Aaidl Addk

X,y 5 simall & bl L) (e de gana e 3 e (Data lilall)

4 5 Interpolation JwSivy) o) aladY) o) cladn¥) 48 )l claa (e 58 ) Giniall 4aiDle 45y yha sy
o S g sl c(Aadla) Alee 8 ol JalS elagind (of) dalud) Blail) 8 Lt siall ey o cany
.Regression analysis Dy Julas ga  Jisiall 2003

Al s gl Glaall o peaall hica 586 Caagl iVl A8k andiud Coge 1 Uiay b
e (o AR S5 aaa) claladind Alaa) Jidaill Cudlal SS) e plaas¥) Jidad ey ) sauall
el X,y Jie GaeS oo G da i Al A8e ) o o rd | JS) ) Jle ey ol
Laghy il 5 A8Mall 0 oladl 5 Lualy ) ol yarciall (G 48Dl JSE 3aa3 8 o) aladial (e s )
Bk b LS dlal) Ll maens aidl e o) 5osomall Gud AY) il AV gkl s
il Jalss J€5 il il Gy Lpamy (g0 B Sl B Qlely e o) (Sl e Js plaBY)
pasl) i g Al Canal 73l Bae Aslual addind sl JadB lasiV) A8 Hh o) 32 sa sall
@A Slaasyl s Japead) Jad U lasa¥) 5 Jalail) g Al jall Lgaazads o5 ¢d3lail) g dalasal) (e JS G
2 (XY ssimall 8 Ll Hlaml) X diieal el 3 Y il el (A8l USG5 4d o S
Y=csaldile 5 Y=ab® diedd) iy Y=a+nX Lwijlesll Akl € b

J15-171 Y =a+b X + ¢ X? el 223 3l 5250l saxia dlile 5 aX°

Aol )l zdadl) o Alaliall -3

S o) Y] L ¥ (AiaDls) i (po (gintl Allisa (paia®s o cmy nialy I 3l ol )
Regression model validation iVl zilad daia (e @83l ol | ol ) Jiiad e S50 ellas o)
e lele Jpemall i 2y puiiall cpa BB s ) Aosad) sl S 13 La 3y ke 50

A23



Abadl) i) Jll 5 & gl Al 2020 (12) -29 sl

s IS5 UL ae @850 zasalll o da JA) ey Y il Caia S A gia lasdV) (s
@lajie (Diverge <t of aela ) Gali) Guilad da jd Qi Guplia alag) ) dalal) ol ol
A aaly g A L () iy Ol paide WAEY 6 Al Ul aialiy (el Lgasy e clilyl)
dla ) ) panall 435 dlall Jlaie o peandl lar pils Caal dnzly ) il sae pladii
Al 58 s Ay Adlaal Hulaa Lein Alalidl g Lgina (e (@iall g Lebdas 5 L) )2y a5 5 4pudSl)

roil e et el 28 (Jia¥) 23 saill I J saca sl

(el y dplanl julae /Y )

(2ol 5 ol ) uilaall s a5l lill) a5l 23 seill daiDle (s sl 3 sl B3 s Anpy -]
UL &Gl yia g (s Iz gail)

il eiall g il siiall s Lls Y158 2

oy ALl il A Sl el A

Inversely S sl Directly proportional 2 b s JEall Juw o) 28l olail -]
Ade Ll Jaaall a4 h aaall glals dlly JUs «(proportional

Ll das g late il puaiall A 0 6Sh o) g @l JU o) juaiall 400 Hull claall 22

RRFERPEEEMENIEHTIE KERTE RPN

da ) (i ) Adlas¥) uledl aal e Determination coefficient R? waaill Jalee s,

) Ll ae aadtid) ol N dasall 38 55 B3 sa e gl 5 B8 Jlany 5 jlasa) 2ilei B3

Shan) Giie 5o R? wasil) Jalas ) bl e Gl s Dy ) iy Jlasi¥ll lad o ) e 40

zsad Adanl g i a3 A ) Gy 4dl ey diial) Clld) BlE e laad¥) had G sl

and o i) i) 3 a3 Gl puaiall sl ASI Ul pai) A 2 gy Gy 43) ) ¢ ylaaiY]

Cia gl BaY Lgitbia s ) g3l (p dlaliall JLaaS adde slaie V) (Say Al Jiivall uiial

OSI lany (A 3 sailld A5 Akl siall L 3 yul) Cliall s Jaall baaall G A8

Jead) 58 o sSuR A A

O bl Y 38 (w63 Correlation coefficient r bli)¥) Jelae e s 2aaill Jalas )
ol Jalas dadd = 5l 53 S o) Al dalii ) 58 Ja g dalii )Y 13s olail g Jiieall juiall g adill puaiall
i Juadl lasi¥) zd el G Alle ated il WIS (0 < R?2 < 1) usall aal sl aall
oY llig candl 138 b laasea Lind s aaadl Jabas boaad daialy ) jona llin Ll U 0 LS bl
Z3 sai (i) 4 5o dalee ¢ ja) die LAl aliay & 3 Original Pro8 padivd) Slas¥) gzl pll

[15-17] o smayll i) s LT g laasY)

A24



Abadl) i) Jll 5 & gl Al 2020 (12) -29 sl

Bl ) 4
panl) Janca 5aly ) Jilie Au0lal) g dsabsall jlatae puail Ay il el il Jiay (4-1) Oe Jslasd)
Laall N P; =300psi Sy harall e (Gl baall pladll 4 pasll haaia Jia)

Aaline Ui sae (e 33 alall 40Kl Sand Stone Al ) sauall (e zilal dxad <6000psi
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. Sl Sz S3 S4 S5 Ss S7
P (pst

300 263 | 26 21 5.8 | 17.7 | 204 | 22.6
400 26 | 258 1 209 | 5.6 | 17.7 | 202 | 225
600 26 | 256 | 208 | 53 | 17.6 | 20.1 | 223
1000 25.8 | 253 | 20.6 - 174 | 199 | 22

1500 257 | 253 | 204 - 173 | 19.8 | 22

2500 257 | 251 | 203 | 5.1 17.1 | 194 | 21.5
4000 255 | 25 202 | 49 17 19.3 | 21.5
6000 - 247 | 20.1 | 4.6 17 19 | 21.5

Al ghuall 4,081 a8 (2) Jgaa

K (md)
P (ps) Si S, S; Sy Ss Se S,

300 364 | 429 | 254 | 135 27 | 481
400 352 | 416 | 242 | 131 | 263 | 467
600 337 | 396 | 240 | 128 | 25.1 | 453
1000 328 | 389 | 233 | 124 | 23.8 | 447
1500 315 376 | 233 | 121 | 22.8 | 416
2500 208 | 354 | 224 | 118 | 21.2| 385
4000 273 | 317 | 216 | 115| 20.6 | 352
6000 253 | 272 | 207 | 113 20| 304
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300 204 | 10.6 | 21.8 | 20.6
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2500 19.6 | 99 | 209 | 19.7
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(md St | Sa | Sy | Si| Ss | S¢ | S| Ss
P (psi)

300 221173092283 | 3| 42207306

400 20.15 [ 1.63 | 0.89 | 26.1 | 2.83 | 4.16 | 201 | 29.3
600 1798 | 1.47 | 0.88 | 23.9 | 2.76 | 3.94 | 194 | 28.7
1000 16.25 | 1.16 | 0.88 | 22 [2.74|3.69 | 184 | 274
1500 15.16 | 0.96 | 0.85|20.2 | 2.64 | 3.69 | 175 | 27.4
2500 13.66 | 0.72 | 0.82 | 18.6 | 2.49 | 3.66 | 160 | 25.8
4000 11.49 1 0.69 | 0.8 | 17.1|2.36|3.09 | 139 | 24.7
6000 8231047 ]0.78 | 12.7|2.23 | 2.96 | 106 | 14.2
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98 —m®— Experimental Jos 99.5 —um— Experimental 1
a6 [ —@— ExpDecayl J 96 a —eo— Allometricl
sk —a— Allometricl doa 9.0 —aA—ExpDecay|
F =w==Parabola 1
Al s I3l Jo2 98.5 |- {=—v=—Parabola
90 [ Jo0 o080 |
88 [ J 88
F ] 97.5 |-
86 [ 4 86
a4 __ _ a4 E‘-* 97.0 |
82 482 T 96.5 |
3 750 9%.0 |-
78 - - 78
26 L _; 26 95.5
74 | 74 95.0 |-
72 172 94.5 - -
70 1 1 1 1 1 1 1 1 1 70
2 4 6 8 10 12 14 16 18 20 94.0 L. ; . 2 2 : - - !
2 4 6 § 10 12 14 16 18 20
P/P. :
i P/Pi
Jaaid) ad g dalad) addll oy 4d e (2) JSi Tlal o g duland) asll) s 4 B4 (1) JS4
dala ) il ALdEL addU) aala ) ) sduall dsalucal adBU) jlaaly)

(empirical A il 483l Jial s jlasl o3 Al z3leill dualy )l fpall Jiad (6 5 5) cplsaadl
Sle Ale )l H ALl Pkl sl ae K 43 5 (), debisall (0 IS G oy 5 AN formula)
Al saall (8 57) ol saadl s ¢ I sl

a1yl Aabaal) ol \gliaas 5 ) Ayl 1 el (5) Jsta

Name of Family 5
Formula a b c R
model fit function
Allometricl Power y=ax? 100 0.0177 - 99.2
ExpDecay Exponential y =a+ be cx~1 95 5 0.22135 98.6
Parabola Polynomial y=a—bx+cx? 100.5 0.6 0.01608 99.1

Lla )l jsiall AT ad o Lt a3 AN Ay ) 3adll (6) Jo>

Name of Family 5
Formula a b c R
model fit function
Allometricl Power y=ax"? 100 0.09569 - 97.2
ExpDecay Exponential y =a+ be ¢*-1 72 28 0.14611 | 97.2
Parabola Polynomial y=a—bx+cx? 100 2.56106 0.97497 97.5
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