INt3, Locs, Article ID:2022-P1-22  Caf we- 9?30 0 85 o .9 2

ol Kbl Rl sgslall galell sl
3Ll

@l Al ghdal) Jsia B Cupasl) il i ehlbal ads sale)
G e Lawd Bl ¢« s e jlua ¢ o plidllae 32
Ghall ¢ CSi o S daals ¢ pslell LAS ¢ Ldubil 2)Y) asle aud

uadlal)

M-3, M-2, ) dsas &6 (e 435S0all5 Juasall dira Grd g aS45 s 2 o Ghall e (el ghall (8 Al dilaia o
(M-1

lalaie) (ROCKWOTKS-15 zalin aladiuls &ilias! sual) il sladtuly DN Jsaall 8 40yl s ill (LY Glua salel
<1971 sle Centrozap J& (e ikl o2 Jaloa¥) clus 3 Cels LSy (Ui dank) sall guall dinphas dagall sl e
oo JAY O i L)) Aadall e ¢ 53 65 < 0585 ) e @iall ellaall a5k 5.5 < Lyl slaall 1 oa claaaall oda el
Jis 3 cupl ALl S by &y s el Gl A gall BESH Janes alad) 585 daps e slae¥) e Db el 3
lay)ake dalewal 1 (115,981,053.72) 2= G3liiie Jn A5 ¢Lansis *aS (9.64) laj)aie dalusd 1l (152,608,034.832) 1-G3l5ie
s 78 (13) Wylske daladd (s (197,184,195.32) 016 3= (3lpia in b Lol Ly 25 (6.64)

- Jaal) i ¢ aliaY) o ¢yl elaall ¢ 3hdall cuny€ gia dpalidall cilalsl)

daaial) -1

LS5 sl QBN a8 Laginy duaiiy seill ()l el vie (laid
(1) ISl & measga

el JLlaa¥) sy cles sale) ) ALY Al Gaags
ol alasinly Ailaa) gaall Aaphal) pladiuly oyl Gl gl
e alael (A il cuyS Jsia 4« RockWorks-15
O Db oAl 585 dayy Ay Sl dddal) class ¢ Syl oUaall
calaadal) Gl dged gall ABESY Jane

177

s bl 8 A1) A S Joaall ) e Glrdall Jgis a5
diially ([1] goleai®Y) oSl i (e 2 @laaS o (g9t

2] asil (a5 paaa e AnalY) (e destie JSaL
45 Joa an o Ghall o Sl ghall 8 A dikaia o
M-3,M-) Jsia A3 (e d35Sally duasall diise 3rd igin oS
Lupll dgall vie (M-1) 1-@h-da) Jbs ais Soan ((2,M-1
M-3, M-2 cpliadl Lol ¢ 5usSl 3l iy dlas e oY dllall



Int.3, Loc.5, Article 1D:2022-P1-22

200000 W00 400000
A

Falpl) Adaial daad gal) ddajlad) o1 JSA)

(65,927,000) laa¥) il i FaS (7) dalise dalagin)
asd 2l Al ol e ol

1975 ole tio i) dgdee b gangill o3 () 2ay AN Adayall
s2a Claslee v anl (LAY by bhd gl 15 20 ydag
Y1 LSl bl L) 23 i) HLY) clesbea LY
Ayl alad) BLaaY) s 3 Gam lsal) Clas
o2 G ok (107,306,051) L) als s 1988 e (i
RUITPPN|

o salel I dalall Caa3 1993 sle b iyl ddaal)
O Db ¢SSl olaall Wi Gynas Jal (e clliy lgal)
e 51L)) Lgaal ey Lialal) opidl) 8 clias Al Clasiall
dah LSl dle s O pds dadhall Ol ddlasiay) LY

Ahdial) CupS Joia (A liaY) andi Jala -2

1- G Jia 1-2

D 34 yin gyl CuygraS) 93K A58 cuald 1 oY) ddayall
Bl Gl s 3196271961 ale ops LiLaSial
(4.14) daiSivall dakia)l dalise curly s =5l aniall dasyhy
Sl ol e 5k (156,507,600) abaal) abis %S

i Ligloall g i A58 Caald 1969 ple 8 1450 dajal)
s e Sliaie Iy acl o all Gua cLaliSaul 15 87
o gL B Akl o) il cyglal G 1= @il
Anbaiul o (s Al clihal) Jals (b Asal) jeall ddk
e 1971 sl Jhlaa¥) Gl el 03 13<a calilud) 2114
DLV il g il clasbeal) ) dilial saaall i) g

178



Int.3, Loc.5, Article 1D:2022-P1-22

(Shallow marine) alaca duas iy 68 Axdll (el dune il
6255 Ally Ayl Sllenl Lgiaglie e 0y5aia Slidts <[6]
srdally lagSal Jhe dg pas dunglsiysans JSl (s ()
7] LSy

&b Baa i) lakally Lalaall Slakall e jel) plaiall poy & =2
(12) guliadl Ja s1llg (A-AY) Grabiall oo Gl dakaia
(143) oalindl Jat 53l (B-B) el

il auil) (el Sa¥) D asles dadge auy 3 =3
Gladall dabiy) aladall (ddUazl) caladall clSle s Al
dats ) ikl o2 Waste beds <dladl i 5 dblall
() 3Uailly S GUail) gV GUaill) daeal) 2akiY)
Lahall dzhaie ye Bigiall A8LLN ahlidl i)y Dla e —4
Al sl Al Gl aes i) o5 ALl clalyally )Ll
o liaw (Dl e (Horizon-1 Js¥) glhall) duelial)
2 Clalls Cpiglall chad)l 8 e el LS dillae A2k
Al Sl e 2l 1-Ghte 8 Jllaa¥) Gl
(Ui Ak adas coml) geall Akl 2 L) Adee

L) o Sladal o deais A bl ases liie] a3 =5
Ujle lada () Glailly S GUadl (JsY) GUail ) Asse
cililee 8 Luaal aael Waste beds edladl) cilida ey
e ol (ak ddle saaly dak o) diely eaiall Plaiuy)
A 3Kl Al Liad)

Gyb sas) Stripping  Ratio (SR) il 4w Jaa -6
paa O Adll Ll Capats ¢ paatl) doleal Lol o LSl) Coay
s Aima ald Ao hAnY Lalhl s Al (gaall clladd)
el Al ) gaall elhall aaa Lgih Ll lgie yuail
1) @) ([8] Rale) AR pas e Logedda 1Y)

SR= Volume of Overbuden Thickness/ Volume of
Mineral Thickness

s (A daiall sl (e dnjaiesall Slsall aaa G Al L
o A Ganl) B3 e dacal) 03 3355 A piasal) HLAY) gl
el ) Doasniall JlaeY) sric Joai o coma Cpae 3a ) Jus
9] dmdan s

Slaill alsial) Gl b Aasdi il G hl) -2-3
Bhal) o A 4 )

sac Ao alaieV) ot agh pSl bl aass (ayal —Vg
Jin Lalal) daniall cagyall e Talaiel culicajiy clowlad
15 [1] U8 e sacinally 1= o)yl

aigla U adiad cupsl) e dogla Gk EDB ) ) o ]
By Qlua g DU Joanll 8 AV e duatic S
claadall o3¢l Jaiia JSEy

ufw-d’“su.!"y@g’”,uewm/“ﬁ

@) Jalaa¥) il G o(ad) Aol e hidl
268 (10.5) daiSinall daluall cialis (4 (148,130,059)
Laphall [3] U e hlas¥) clus oo rdaldl) Al sal
(9) s lan U deasncall HLY) ae (LS (ST Lilias sl
O a5y il LELEY) LY G bl o Gua U
Jaal (e daady lalie o aent i€ Lgia Bliiaal) cilostedl)
AL ) gagaally Y1 sl e 5SS L Giaag 08 (530
(121,230,554,6) Akl sdgy cagnall (s3leaid¥) LalaY)
ok

2- @lda Jin 2-2

esall Aalall 3,80 U e 27 (Blhde Jin (b hlaaY) Glaa &
L) Cigy Bl e Talaiel 1989 ale cpasilly asTpal)
slhaall cole i) ¥ asa Lgid padinld <l ([1] (8 (3o da giddll
Ak (S lalosdl pasial LS oI A gial) Al ¢ o5y
dalin (el iy 3yl llaal) o ol el 45,8
GBlaaY) oS5 2o (3.349) AN A, Apkl) 8 deiSins
-0k (65,800,000) Jial) i Meal)

3-Gbda Jia 3-2

esall Aalall 4,80 U e 3= (3lde Jin (b hlaaY) Glaa &
o) e hLaaY) Glas 233 ¢ 1992 ale guaailly aslpal)
Ciadll e JaliaY) aui e dlaie¥) a3 Sy cliiaas
8 e A il liajilly Lpaaiall Cag Bl (e ading 43581 (A)
A Ayl ARl 8 Ao iSine Aaliss (el aily 3 ([1]
dgall 8 IV JhlaaY) oL S5 s <(8,320,656)
.ok (218,456,539)

Jandl G kg dgall -3

luag aaiall a4 Lasdioal) doaglsal) ity 1-3
ki)

Bsine i (193) P (e dnslasal) lbilanally bl &l
5 (38) 5 e1-Glr 3 (93) @l Amse cudyll dihie
Laglgal) GUL Caadin) Eua 3-3hda B (62) 2- Gk
: il LSy Aganall

i a) 3) ([1] 8 e Aadl psSal SLL bl Al 5 1
(Euphrates gyl chall (585 ) Youmy JalSll dadll (0685
G Ol ale (M 23U (g saa e sSialFormation)
ailial Gass 8 Cpasialy (Bitumenous) ddll dlsall e
(HL (gl saall e adlgia) e Dl (lgie Ayglal) ala
el Conll wa il 13ag sl Sl ) el ddl Jlalls
& S s 22 VL [B] 5 [4] el Asdlae (E cpeSal) il
O ) 5all (g el a3 selall ehall o dsjlaall
e Lagin Jualdl) mla ) 2aas a5 284 coglay (21 Aat8 (g S
L) Ll LY Dl ol anss 4880 Gy aaidll Gk

179



Int.3, Loc.5, Article 1D:2022-P1-22

Ailian] dalles elya) Aokl a2 s 4 239 Rockwork-15
I Layil gae ey laaVl Gloa 8 deds i) LS
Jas ddlan] Glalles elya) aa ST 028 adlge (e ad il
(208) 558 ehal a3 3 LA saedial) cladal) Sl ils Led
al) aes Jlaals zalindl s @iy malipdl 8 dlaad) bl
csisal) gl Ayl 8 5Kl ol zls

=225 =2,26)1-Glrde Jin (8 daadgall LS Craie) — LG
e [ 1] s sl (e AN Laliy) clalall (Pa [0k 2.26
A L) wlahll (s [0k 2,23) ulSs 2-Glpie Jon b
2.269 ~2.194 ~2.206) <xilSé 3-Glhda b Lt ([10] crany
T s s e 3D Znla¥) cledall (o /osk

(/25) culSs 1= G3lpda Jin b alal & ol 5S5 Jara Wl
s i) Ao 2D Laliy) clidall (726.727 ¢726.86
/23.87 ¢/19.48) NV aeall cuils 2-3)riia Jin i Lol ([1]
~Ghde b Laiy ([10] Greny D) Zaloy) lahall (£22.55
/20.26) clSy Sl 35 T wigia (e lggbws a5 28 3
L) e EDEN dabay) cladl (723.60 /21.70
AEBlal)y gl -4

32558yl @l o) (et A8bll) adalzal) oy P e —1
it Andl) (1390 cabinal) (ronll yaal) e lida EOUS
saally Dl bl jaall e dslatie joe Gl sae Loty
G ([12]¢ [1] Adite Cualing SlSlewsss Sulegloall (5l
Glaalally dabiy) Gl Glllew (ayal HLY (e Claadial
&b rage LS ¢ canial il (a2 el ciliidag dlaal)
(2)

ufw-&“&)"y@g’”,uewm/“ﬁ

s Aoy 383 UK aalsll 5l Ll oda dlaw caufi .2
-Richness Sl elaall Giles 2 dgidal) clase

& akih JSI duadie <0 oy ST &l Jane 48203
-S% sl aliadd dylaall dleal)

J<a aida JSI LY 4 Richness sl slball Glual .4
Glaa i 3 LAanhll edgy 2 hanu) dalee ae pay Lasg )8k

ool Alslaall 385 iuySH olaal)
mSy |
100

R Zefoh il elaall : o) Cum

M el 40Kl dadal) Slaw

S % sl g daws

Y ok duasal) )

alakll bulk  density (insdsall) deaall 480Kl 4dea.6
oas (e JS Al

L) Claaaal Cadic) 28 Ciliagally Jag yall sda ) ddlal .7
LSy (b danph) (dsall jemall Ayl copsl) jlinad (4
[1] J8 o hoad) seal) Al hlia¥) Glua 3 Csla
gp Glaaal s3a aalg

R =

L) 4zl & Sulphur Percentage <oySll dus Jaze @
%15 e JBY o)

S elaall sy of ey ofrh 5.5 < sl slaall @
bl A ) Cay KU lad 585 Ladie Aol 238 e JB)

< e 05 < S o) e gaall clazll @

el 3 e daY o) Gang Ayl Al Glass @

< Kriging  method dilias)sall da)kll slasia) o5 — Ll
ol (o Badinall liadall (o) LeisS hloal) iy Clus

180



Int3, Locs, Article ID:2022-P1-22 A ine- #0100 5 o .9 3

T3
Owscription uthalogy Descripson
Overburden of
Fatha Fm,
Qverburden of
Fatha Fm.
1
Sulp Bedt
" Waste Bed-1.
Horizon-1 n == a
Sudphurous Bed. o I Bed.
Waste Bed-1. -
NLOOHM-Z Waste Bod-2.
”
hoe 71—
x’x l‘z
I, - _ B IJ' A 8 ‘]'

I S —— P B H; 3
o e _ Ho 3 _'['I‘T P Bed.
rr usp Bed, ™7

100 et —-

I’I’ 'l - -
ad Wasts Bed-3.

[1] BN Jghal) (e Blide JLY aniall auill (Rl & Sl cilisag L)) clially Laliny) clisal) clSlaw g 12 JSA
111
olaily Ji Overburden il slball elow (L Jaagd Al @ilidally A dlaall clidall mjal) p bl asy Pl e 2
3 05 il sllaal) s o iew B8l Qipially Grall lia of 08 (3) S & mdagall Luyall Aikaie b Al
A(5) (4) Sa) 3 mange WS (263) alial) 3 Ko Glaall sda o)) LS @lpdall b o 8 el cubaaail) A 5L
oo Db 3Gl 8 daliy 3l Ggial) elatl ASlew Ui

181



Int.3, Loc.5, Article 1D:2022-P1-22

Sl Sy 1-Glrdie Jin b Aglall ciliall dlawe 55 laaals
(263) oial) 3 el ok

s A ol

1 Duemmary Oepnrn

- | Tt o ove V-
Torrrme ¢ Suptarram Seet w
Numte Gt !
Ferarer 1 Duaptusrie Bed
Wamte Ot

Jrease ! Sustarom Sai
Aemte Bt *

.-.u-nu-

Cilal) ClSlas Gy ABEN (glpdiall Cup€ Jgial NG Jadga 16 JSA
anial) aul) (Al CBLadl) iy Al .au,\ma, daaluy
2 Kriging  method 4sleasfgall dabll sladsul o5 -4
il e Lgd alaie¥) o ally ¢ laa¥) pads il
S ehal @3 3.(3) (2) (1) Jslaadl b Al Slaall dviaedl)
s Jlaals malill ol @lldg malipll 8 Alaad) bl (350)
w3 LS L isall jeall Aanyla 8 5SSl gyl adll
D) daeliall L aall Ll s o 5 bl o)y
Led JAa Al ((Horizon-3) «(Horizon-2) «(Horizon-1)
i) el dlany) clalled) b destiedl 530N (g3 il
Cateatl) Gnen Saeall laLga¥) padig 4wl Aahic 350
Classification <Y
gl jailiadll Lo aaey g3 (Inferred  reserve)
daplal Glasall (e e alaieW) e Sl co Kl clbiaaal
Gl shal & LS L adaw il jgeall Ak G 2 LAY
«(Horizon-1) 4D Leliwall il gidall Jalsa¥) jor &
e Dlilass Lgd Jaa g «(Horizon-3) «(Horizon-2)
ilaia 353a el ] Lilas¥) Sladlaal 6 dessioadl kY
G ) Gl Gran Saeall JLlaaY) iy Al
e 2any My (Inferred reserve) Jxivall Ciiia (ro sl
e lae¥l (e Dl coy €l clivaal daslpal) (ailadl)
caill jgall Layh crws Zhas ) Akl Gl adll (e

g

Juied) Cita o« American

182

Cif e P18 g0 & S0 9 P

* Locstion of Wellh
4 o ) |
B Vigrts River L o l
GZak River
= Crum Sectien
savan sanbee - Mo sbne i

(b daaiiunal) LY adlgag cAudall ahaliall adlga G 13 JSAd)
WA Joiall B Lupsl Jaliay) clua

clidally Laliy) lidal) clslew s (A-A) g i 4 i
aial) il (apl Ul @l 4l

Taly) i) GlSlow oy (B-B) Jlad uae alaa 55 <A
il ) (8l cOLadl) i AUl iy
IS 5 gpnaally Sa) S aslsnll Qusall daadle (a3
Laasall Ghodall il ol b 5S5 ol livas of s (6)
203ia b Ll =3 3liag 1= Glie 5 (iien (e Al
e Ly a5 e Al GLUS 8 et s



INt3, Locs, Article ID:2022-P1-22  Caf we- 9?30 0 85 o .9 2

1-Glsa Jis (b Cu Sl ol sl llaadly liall dacd Liaglpanll clibuad) Gus 11 Jgan

™ ™ o

= — £ — £ — =

sEl5E ss|5E s5: |SE| 5=

Q| 88| 3« g8 Ao a2 ) 0 8

Z| 28| gl gy | Sy | S| e

T | X5|XQ Ec | x9| E¢c X9 | Ec

n|ca|sN¥Es |8 Gg |ef|E¢

S - s |FzT s | FxT S

® I I T
1 105.1 12.6 7.8 | 16.05 8.59 2.1 1.1
2 80.75 | 13.85 8.7 | 1475 7.52 20.55 10.5
3 94.4 18.4 6.8 | 23.95 7.54 20.25 9.26
4 | 119.15 | 12.65 5.8 30.2 7.5 19.85 5.93
5 108.3 | 22.05 7.02 23.5 3.12 19.4 6.66
6 92.3 20.8 6.2 | 14.85 3.47 433. 1.07
7 108.6 | 21.05 5.09 | 28.45 7.1 25.8 10.54
8 | 102.05 | 21.65 5.12 | 28.05 8.78 26.1 11.08
9 112.2 | 11.15 7.6 | 11.35 6.33 29 3.2
10 87.2 27.3 5.8 19.3 6.64 20 11.34
11 94.45 | 21.25 5.7 27 12.3 295 7.72
12 87.15 | 23.05 5.4 | 20.95 7.9 33 4.56
13 87.4 22 7.8 14.1 7.9 25.9 6.93
14 89.9 17.8 5 15.2 14.65 27.95 15.7
15 85.7 12.6 3.6 | 16.85 3.28 28.4 5.51
16 86.8 26.1 6.5 | 27.05 5.6 4.8 5.2
17 84.1 | 23.25 4.75 21.7 6.76 31.5 6.8
18 | 102.55 7.9 7.23 | 14.55 4.8 33.2 5.37
19 89.65 | 12.45 7.5 16.7 7.55 31.8 4.34
20 93 [ 10.25 7.8 | 17.95 11.49 34.6 7.24
21 48.75 26.3 8.6 23.9 5.85 33.3 21.15
22 91.8 | 26.75 5.46 | 15.25 5.22 34.8 10
23 94.4 20.5 8.19 | 23.35 5.56 26.2 6.9
24 104.4 16 3.98 | 24.45 8.31 26.2 5.72
25 84 23.1 4.3 19.2 11.4 24.8 6.7
26 129.6 | 14.65 2.04 12.3 8.32 28.4 4.3
27 84.8 18.5 25 | 18.75 4.8 35.3 5.41
28 109.1 3.1 6.7 15 8.9 24.7 11.46
29 127.7 22.1 3.8 22.4 2.16 175 4.36
30 77.4 31.3 7.03 23.1 7.59 29 4.7
31 102.2 25.3 4.45 17.4 4 19.9 4.3
32 | 107.75 | 30.75 3.1 134 3.4 22.7 7.28
33 108.2 | 29.85 5.5 20.1 2.3 21.1 9.46
34 1014 23 8.85 | 19.55 8 19.8 1.62
35 94.2 28.1 4.38 17.5 9.15 27.8 3.2
36 120.5 21.2 8.03 32.1 3.4 325 4
37 110 16 3.3 33.6 7.7 32.3 7.18
38 89.6 16.9 3.8 29.2 5 28.3 3.7
39 49.7 25.3 4.3 | 27.15 5 19 6.43
40 119 215 5.1 | 16.75 2.64 26.2 1.7
41 122.1 9.6 3.5 | 1545 3.91 22.3 8.68
42 93 20.6 4.5 22.6 4.53 215 13.22
43 120.1 21.2 7.48 25.8 8.13 23.7 9.11
44 122 | 11.15 3.86 20.7 3.45 33 5
45 111 | 11.75 5 12.5 7.23 34.95 6
46 98.3 16.7 4.1 23.3 7.09 18 3.74
47 92 14.9 4.63 16.4 6.54 27.4 6.5
48 125.6 18.4 3.06 | 16.55 9.06 27.05 5
49 110.5 22.4 6.68 19.3 9.011 31.1 5.47
50 109.2 12,5 4.4 17.6 8.42 32.6 3.93
51 108 11.1 8.48 13 8.4 32.95 5.3
52 93 6.35 5.55 | 11.85 4.49 9.15 5.38
53 130.5 18 4.49 18 6.93 16.2 2.83
54 119 19.1 7.34 22.3 10.88 21.4 8.38
55 154.7 20.9 6.75 | 20.65 5.77 36.25 3.09
56 121.5 23.3 3.6 28.9 3.16 8.2 4.28
57 132 15.4 4.8 26 6.5 18.75 8.29
58 | 104.05 24.3 3.3 | 32.15 11.06 17.35 7.84
59 104.5 16.5 3.85 15.5 11.34 33 5.12
60 99.2 11.8 8.4 19.9 7.15 34 2.16
61 117 22 2.6 | 21.15 5.09 31.2 6.51
62 | 118.25 | 19.55 5.08 20.1 4.44 19.1 4.5
63 165.2 20.8 3.62 17 3.46 17.2 8.76
64 86.7 12.7 7.45 14.1 3.5 27.05 11.79
65 139.6 17.5 3.92 5.05 1.97 3.4 1.28
66 | 126.75 | 10.25 25 16.2 19 16.75 35
67 101.9 20.6 242 | 22.75 5.22 29.75 6.2
68 119.3 15.3 6.18 20.1 3.6 33.45 6.98
69 82.3 13.6 8.1 16.4 5.1 17.95 5.46
70 116.1 22 6.17 22.2 3.32 18.35 10.67




INt3, Locs, Article ID:2022-P1-22  Caf we- 9?30 0 85 o .9 2

71 913 [ 61 28 | 168 755 | 3255 3.39
72 | 88.65 | 10.75 25 | 14.15 35 | 2385 14.8
73 [ 150.75 | 20.55 | 3.32 [ 19.05 3.38 9.8 1.99
74 | 892 | 106 45 12 295 118 2.97
75 | 885 | 113 7.57 | 1555 259 | 16.65 6.57
76 | 1142 | 2205 | 556 | 19.7 8.2 | 2315 11.33
77 | 9075 [ 2055 | 6.76 | 22 | 1413 | 375 4.69
78 | 872 | 208 48 | 159 55| 257 5.98
79 | 781 [ 17.55 421185 494 | 475 115
80 | 1198 22 53 | 2245 1222 | 26.15 10.35
81 [ 15035 | 2015 | 456 | 14.4 355 | 3345 1.74
82| 823 46 102 16 6.49 | 2455 73
83 | 106.6 | 258 | 4.84 | 20.9 95 | 278 477
84 | 054 | 236 43 105 3| 3405 3.46
85 | 8175 | 22.75 46 | 152 43 181 5.35
86 | 817 235 547 | 1455 8.77 8.9 7.34
87 | 835 | 2815 8 | 11.85 1.56 3.2 1.92
88 | 073 109 | 419 1205 528 | 2025 12.62
89 | 96811005 7.32 | 14.1 726 | 123 0.17
90 | 989 | 231 2.8 | 198 324 | 314 8.25
91 [ 926 | 17.25 2.3 1385 437 | 162 4.03
92 | 96.75 | 11.45 7.6 | 111 76 | 271 21.14
93 | 76.85 | 25.95 1 17 312 [ 14.05 213
2- (i Jin (b ) Claa il S slaally il clacd Aonslssadl cliluall Gy 2 s
5S |5E |5t |B8E|st |BE |s:
©) 25 B« 0 8 B | g8 B ™ o 2
Z €T | ¢ | &+ Ec| g | Ec | &2
I 3 3 SR £5 SR8 S5 | S8 | €5
o =2 2T SR 2T | SR 2T | SR
F2 |F2 |5 |F2|®5 |F2 |T5
o I T I
1 126.2 6.48 2.48 12.48 8.83 26.39 7.48
2 30.7 1.9 8.87 14.86 16.22 4.68 2.16
3 62.45 15.55 8.41 22.45 13.31 21.66 8.81
4 94 19.68 5.31 23.68 18.31 25.36 12.44
5 1475 14.96 6.21 19.96 5.26 12.88 6.92
6 163 19.88 5.22 22.66 5.28 175 8.24
7 178 12.46 4.15 12.26 8.23 28.66 6.47
8 30.6 5.95 4.83 16.86 2.35 21.85 14.17
9 29.4 12.25 6.66 26.25 14.85 23.26 15.46
10 53.5 12.26 8.84 32.26 14.58 18.25 8.83
11 120 7.48 8.43 35.2 14.58 24.56 8.89
12 171.1 2.28 6.88 22.85 2.45 31.66 11.44
13 179 13.26 5.24 32.63 18.12 22.66 12.61
14 201 4.55 2.87 12.14 8.33 24.48 18.21
15 241 15.68 8.38 6.88 7.65 16.26 8.27
16 34.3 1.16 6.85 16.88 7.46 2.56 11.52
17 26 7.83 2.26 19.6 9.83 12.25 6.25
18 34.25 16.56 3.18 31.31 16.16 8.25 5.88
19 71.9 8.73 8.8 26.36 4.88 36.2 17.26
20 123.7 1.86 6.31 23.26 12.44 28.45 14.8
21 170 3.88 2.23 22.25 7.33 38.25 14.64
22 201.8 2.1 169 | 2166 | 1627 | 2526 | 16.85
23 223.7 16.33 8.23 23.66 13.5
24 38.2 4.48 259 | 2628 | 829 5.46 8.11
25 38.8 4.48 2.38 25.55 11.85 34.25 18.31
26 65 6.86 1.95 12.26 16.12 33.66 12.12
27 104.8 7.96 291 26.3 14.23 315 14.37
28 | 14875 3.16 674 | 2545 | 1187 | 1885 6.32
29 211 2.26 117 [ 1286 | 852 | 2398 | 1212
30 244.2 14.26 8.74 9.86 3.2
31 37 12.85 3.83 18.83 8.86 11.68 7.22
32 30.3 9.7 4 16.05 3.9 22.6 6.9
33 29.4 20.05 4.58 20.05 9.92 29.25 15.97
34 28.7 235 5.47 102 | 737 | 319 5.33
35 71.9 8.7 6.09 16.7 6.38 37.3 7.51
36 62.45 22.9 6.3 15.75 8.2 22.6 7.8
37 144.95 24.55 4.3 38.6 9.34 23.9 7.83
38 144.95 17.05 0.43 19.25 7.005 41.45 10.03
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1 66 6.2 1.48 8.8 22.8 7.8 | 156 37.7 | 21.18 | 24.8
2 87.8 12.2 574 | 21.4 17.3 | 11.48 | 30.2 23.2 | 1405 | 21.9
3 37.3 4.5 456 | 124 31.3 | 21.03 | 30.7 253 | 1542 | 26.9
4 40 24.9 28 | 21.1 21.1 | 3141 | 294
5 40 15.1 6.5 | 19.5 32.2 | 22.02 | 31.2 48.1 | 32.25 | 295
6 88 6 233 | 17.6 35 | 15.38 | 20.0 31.7 | 1452 | 20.2
7 48.6 4,75 2.76 | 26.3 | 28,55 | 10.68 | 17.1 289 | 19.47 | 29.7
8 58 5.3 273 | 23.3 24 | 1047 | 19.9 35.9 | 17.93 | 22.0
9 38.4 4.1 3.98 | 44.0 9.6 6 | 155 27 191 3.3
10 49 9 3.82 | 19.3 40.3 | 1499 | 17.0 17.8 8.04 | 19.9
11 72 5.4 493 | 414 30.6 | 25.11 | 374 36.1 | 25.84 | 31.6
12 91.1 27.4 | 12.17 | 20.2 275 | 19.01 | 305
13 39.5 15.8 8.89 | 25,5 14 8.29 | 27.0 4.7 14 | 133
14 51 7.6 1.62 9.7 329 | 11.69 | 16.6 14.5 9.6 | 29.2
15 68 4.7 145 | 14.0 22.8 9.46 | 18.9 24 9.01 | 16.5
16 82 11.7 5.65 | 21.9 329 | 20.08 | 27.8 40 | 20.33 | 22.4
17 91 15 9.12 | 21.7 20.7 | 15.62 | 33.3
18 72 7 3.2 | 20.7 28.8 18.8 | 29.8 35.1 | 17.03 | 214
19 65 17.5 8.19 | 21.2 314 | 2229 | 324 26.2 | 12.15 | 204
20 103 6.2 1.2 7.5 21.8 | 10.02 | 21.0 17 6.87 | 17.8
21 75 18.1 11.3 | 28.3 30.9 | 22.27 | 32.9 32.7 | 1598 | 215
22 66 | 16.55 2.54 7.0 25.4 5.68 | 10.2 18.2 947 | 22.9
23 84.8 6.2 155 | 11.3 21.9 781 | 16.3 22.9 8.04 | 155
24 | 109.6 3.4 0.94 | 125 25 | 1058 | 19.3 25.6 | 10.64 | 18.3
25 | 119.9 17.2 2,63 | 245 30 144 | 20.8
26 | 117.6 30.9 | 10.03 | 14.9 18.7 | 10.61 | 25.0
27 117 13.2 48 | 16.5 33.2 | 10.71 | 147 19.3 | 10.36 | 23.7
28 84.5 15.8 5.64 | 16.2 35.8 | 14.05 | 17.9 22.8 8.85 | 17.1
29 88 4.5 467 | 47.1 30.2 | 20.31 | 30.7 19 | 20.29 | 47.1
30 90 17.5 552 | 144 20.3 | 11.84 | 25.7
31 131 32.4 13.1 | 184 348 | 1456 | 18.4
32 131 27.1 9 | 15.1 18.9 | 10.78 | 25.2
33 126 19 6.39 | 15.3 22 8.78 | 17.6
34 125 20.6 7.23 | 16.0 27 6.02 9.8
35 92 5.4 415 | 34.8 40.8 | 16.17 | 18.1 7.9 6.63 | 36.9
36 96 7.9 491 | 29.7 30.7 13.9 | 20.6 451 | 2159 | 21.1
37 94.8 17.5 7.83 | 20.3 275 | 15.04 | 24.9 185 | 1843 | 41.7
38 96 | 20.75 11.6 | 25.3 30.3 | 1755 | 26.4 16.1 9.81 | 27.1
39 102 11 254 | 105 255 | 12,12 | 21.7 21.5 8.94 | 22.9
40 | 118.7 30.5 | 10.35 | 155 17.8 7.08 | 28.2
41 134 13.1 571 | 19.9 21 7.07 | 148
42 133 29.8 | 11.18 | 17.1 31.6 | 1299 | 18.1
43 102 6.85 3.49 | 23.1 23.2 | 1353 | 26.6 40.7 | 20.89 | 22.6
44 | 105.2 3.9 3.36 | 39.0 29.9 | 16.47 | 25.1 19.3 | 11.13 | 364
45 120 6.3 144 | 10.3 14.8 8.48 | 26.6 13.3 5.06 | 16.8
46 | 130.2 6 5.17 | 39.3 7.5 0.5 2.8
47 | 1105 9.5 1.87 9.0 25.8 | 12,57 | 22.2 27 19.2 | 313
48 116 18.65 | 10.15 | 24.8 14,5 7.74 | 24.0
49 | 120.1 27.5 4.66 7.7 22 6.44 | 12.9
50 45 14.5 71219 29.7 945 | 145 242 | 1491 | 27.2
51 55 23.2 8.12 | 16.0 33.8 | 18.82 | 245
52 77 15.5 8.2 | 17.7 20.9 | 16.74 | 35.3
53 38 12.8 497 | 176 8.5 11 6.1 14 2.57 8.1
54 43 8.65 5.39 | 28.2 14 9.32 | 30.4 12.2 7.94 | 28.7
55 70 10 3.15 | 14.2 19 6.98 | 16.8 34.5 18.5 | 23.7
56 49 22.6 8.31 | 16.7 312 | 1739 | 25.4 38 | 19.18 | 22.2
57 59.6 12 3.87 | 14.6 34.3 | 1481 | 19.7 17.3 9.77 | 25.1
58 98 31.5 14 | 20.2 18 | 12.02 | 294
59 84.6 9.95 1.78 8.1 | 17.65 13 | 324 8.5 7.96 | 41.3
60 | 109.8 12.3 2.68 9.9 314 | 1312 | 19.1 8.7 3.32 | 16.9
61 50 17.2 9.39 | 24.8 32 | 1487 | 21.2 33 | 20.81 | 27.8
62 103 7.7 | 10.18 | 38.1 6.7 7.09 | 23.3
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1- 3l Jis A Stripping Ratio bl duwi Glus (o 14 Jo>

Stripping Ratio..... Overburden of Mishrag-1

Minimum Thickness Value ............ 65.0m
Maximum Thickness Value ........... 200.0 m

(Raw Data (XYZ Input

Z-Minimum (minimum observed thickness) ...... 48.8 m
Z-Maximum (maximum observed thickness) ...... 165.2m

Distance-Qualified Reserves

Unclassified ........

Inferred Reserves of Overburden ...( 263,185,641.1 Cubic m) ORE RESERVE
(8,942,986.9 Cubic m)

Stripping Ratio = VVolume of Overburden / Volume of Horizon — 1

=263,185,641.1/45,172,375.7 = 5.83

2- @l Jis 2 Stripping Ratio bddl duwi clus ¢y :5 g2

Stripping Ratio..... Overburden of Mishraq -2

Minimum Thickness Value ............ 65.0m
Maximum Thickness Value ........... 250.0 m

(Raw Data (XYZ Input

Z-Minimum (minimum observed thickness) ...... 26.0m
Z-Maximum (maximum observed thickness) ...... 241.0 m

Distance-Qualified Reserves

Unclassified ........

Inferred Reserves of Overburden ...( 89,502,885.0 Cubic m) ORE RESERVE
(5,012,518.1) Cubic m

Stripping Ratio = VVolume of Overburden / Volume of Horizon — 1

=89,502,885.0/9,847,072.5=9.09

3-@liu Jia & Stripping Ratio hdd)) dwd clua a6 Jsia

Stripping Ratio..... Overburden of Mishraq -3

Minimum Thickness Value ............ 65.0m
Maximum Thickness Value ........... 150.0 m

(Raw Data (XYZ Input

Z-Minimum (minimum observed thickness) ...... 37.3m
Z-Maximum (maximum observed thickness) ...... 120.0m

Distance-Qualified Reserves

Inferred Reserves of Overburden ...( 73,719,597.1 Cubic m) ORE RESERVE

Unclassified ........ 0.0 Cubic m

Stripping Ratio = Volume of Overburden / Volume of Horizon — 1

=73,719,597.1/11,799,888.30 = 6.25

«(—1h (5,273,790.157) LVl gl 3~
cladll b ok (97,069,053.8405) ¢k (94,841,351.327)

(9) sl b e LS sl e 2D
hlaaY) LS8 Jis (€ 5 208 cilidall 23l g a3 -8
b cunll gl A padial zhAasudl QL ey
ok (152,608,034.832) (gsleer 1-Gilria Jin 3yl plal
2=Gh—ia ddn 5 Ly ?a €(9.64) s i aladl
Lal L 2a€ (6.64) laylaie dalesad (11 (115,981,053.72)
lalaie daludl (31 (197,184,195.32) (86 3—Glrdo Jis b

A bl cuyl LA Jlaay) Jhlaa¥) s o3 =7
Slihal) (e dds JSI QU 385 Jaea Cupun o5 Jas IS8
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(25,522,392.271) 1-Ghdie in (o3 adaww onll jg )
ekl 4k (75,048,861.252) <k (52,036,781.309) «b
dis 8 Ll o(7) dsaall 8 Ce LS sl e 2501 La i)
(—1 (4,411,882.363) V) L6 2-G, &

el adall ok (59,435,887.363) « ok (52,133,283.995)
dia 3y ¢(8) saall A Gae LS sl e AU Aa i)
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Horizon -1 - Mishrag-1
Minimum acceptable thickness ................ 3.0m
Minimum acceptable Richness ..........c.c.cc...... 5.5 Tons/m’
Standard Deviation between ....... 2.8-84m
Inferred Reserves ..102,089,569.082 Tons (45,172,375.7 Cubic m) ORE RESERVE
Volumetric calculations performed by Delaunay Triangulation method
Weight calculated by multiplying volume by density factor 2.26 ton/m°
Average Percent of sulphur as Element= 25%
Average Reserve of sulphur Elements 25,522,392.271 Tons sulphur
Horizon -2- Mishrag-1

Minimum acceptable thickness ................ 3.0m
Minimum acceptable Richness ........................ 5.5 Tons/m2
Standard Deviation between ....... 2.7-8.7m

Inferred Reserves ...193,733,363.025 Tons (86,103,716.9 Cubic m) ORE RESERVE
Volumetric calculations performed by Delaunay Triangulation method
Weight calculated by multiplying volume by density factor 2.25 ton/m3

Average Percent of sulphur as Element= 26.86%
Average Reserve of sulphur Elements 52,036,781.309 Tons sulphur

Horizon -3- Mishrag-1

Minimum acceptable thickness ................ 3.0m
Minimum acceptable Richness ..............c......... 5.5 Tons/m2
Standard Deviation between ....... 32-9.1m

Inferred Reserves..280,797,924.392 Tons (124,246,869.2 Cubic m) ORE RESERVE
Volumetric calculations performed by Delaunay Triangulation method
Weight calculated by multiplying volume by density factor 2.26 ton/m3

Average Percent of sulphur as Element= 26.727%
Average Reserve of sulphur Elements 75,048,861.252 Tons sulphur
Total Reserve Estimation of Sulphurous Horizon
Average Reserve of sulphur Elements = 152,608,034.832 Tons sulphur

2- 3l Jia A DAY Al il b GhbiaY) cles (o 8 Ja
Horizon -1 - Mishrag-2
Minimum acceptable thickness ................ 3.0m
Minimum acceptable Richness ... 5.5 Tons/m’
Standard Deviation between ....... 2.3-50m
Inferred Reserves.. 22,648,266.75 Tons (9,847,072.5 Cubic m) ORE RESERVE
Volumetric calculations performed by Delaunay Triangulation method
Weight calculated by multiplying volume by density factor 2.23 ton/m®
Average Percent of sulphur as Element= 19.48%
Average Reserve of sulphur Elements 4,411,882.363 Tons sulphur
Horizon -2- Mishrag-2
Minimum acceptable thickness ................ 3.0m
Minimum acceptable Richness ........................ 5.5 Tons/m’
Standard Deviation between ....... 3.3-80m
Inferred Reserves..218,405,043.968 Tons (97,939,481.6 Cubic m) ORE RESERVE
Volumetric calculations performed by Delaunay Triangulation method
Weight calculated by multiplying volume by density factor 2.23 ton/m3
Average Percent of sulphur as Element= 23.87%
Average Reserve of sulphur Elements 52,133,283.995 Tons sulphur
Horizon -3- Mishrag-2
Minimum acceptable thickness ................ 3.0m
Minimum acceptable Richness ....................... 5.5 Tons/m2
Standard Deviation between ....... 35-9.0m
Inferred Reserves..263,573,779.88 Tons (114,597,295.6 Cubic m) ORE RESERVE
Volumetric calculations performed by Delaunay Triangulation method
Weight calculated by multiplying volume by density factor 2.23 ton/m3
Average Percent of sulphur as Element= 22.55%
Average Reserve of sulphur Elements 59,435,887.363 Tons sulphur
Total Reserve Estimation of Sulphurous Horizon
Average Reserve of sulphur Elements = 115,981,053.72 Tons sulphur
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Horizon -1 - Mishrag-3

Minimum acceptable thickness ................ 3.0m

Minimum acceptable Richness ........................ 5.5 Tons/m?

Standard Deviation between ....... 2.1-53m

Inferred Reserves.. 26,030,553.5898 Tons (11,799,888.3 Cubic m) ORE RESERVE

Volumetric calculations performed by Delaunay Triangulation method

Weight calculated by multiplying volume by density factor 2.206 ton/m3

Average Percent of sulphur as Element= 20.26%

Average Reserve of sulphur Elements 5,273,790.157 Tons sulphur

Horizon -2- Mishrag-3

Minimum acceptable thickness ................ 3.0m

Minimum acceptable Richness .........c.cccovvvnee. 5.5 Tons/m?

Standard Deviation between ....... 3.0-10.0 m

Inferred Reserves..437,056,918.559 Tons (199,205,523.5 Cubic m) ORE RESERVE

Volumetric calculations performed by Delaunay Triangulation method

Weight calculated by multiplying volume by density factor 2.194 ton/m®

Average Percent of sulphur as Element=21.70%

Average Reserve of sulphur Elements 94,841,351.327 Tons sulphur

Horizon -3- Mishrag-3

Minimum acceptable thickness ................ 3.0m

Minimum acceptable Richness ...........c.ccco....... 5.5 Tons/m’

Standard Deviation between ....... 4.0-10.3m

Inferred Reserves ..411,309,550.1714 Tons (181,273,490.6 Cubic m) ORE RESERVE

Volumetric calculations performed by Delaunay Triangulation method

Weight calculated by multiplying volume by density factor 2.269 ton/m*

Average Percent of sulphur as Element= 23.60%

Average Reserve of sulphur Elements 97,069,053.8405 Tons sulphur

Total Reserve Estimation of Sulphurous Horizon

Average Reserve of sulphur Elements = 197,184,195.32 Tons sulphur
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Reassessment of the reserves of sulphur deposits in the fields of Al-Mishraq,

northern lraq

Mohammed Abdilfattah Ali , Sabbar Abdullah Salih, Amera Ismail Hussain
Department of Applied Geology, College of Science, University of Tikrit, Tikrit, Iraq

Abstract

The study area is located in the northern part of Iraq, about 45 km southeast of the city of Mosul, and consists of
three fields (M-1, M-2, M-3). The reserves of sulfur deposits in the three fields were recalculated using the
geostatistical method using the RockWorks-15 program. Depending on the determinants followed by the
underground smelting method (Farsh method) and as mentioned by Centrozap in 1971. The most important of
these determinants are: Richness > 5.5 tons / m?, the rock cover must be > 65 m, the thickness of the sulphur
layer must not be less than 3 m, as well as Sulphur Percentage, and the rate of in bulk density of those layers. The
total reserves of sulfur ore in the Mishrag field-1 amounted to (152,608,034.832) tons for an area of
approximately (9.64) Km?, Meshraq field-2 (115,981,053.72) tons for an area of approximately (6.64) Km?, and
Meshraq field-3, it was (197,184,195.32) tons for an area of approximately (13) Km?,

Keywords: Al-Mishraq fields; Richness; Reserve estimate; Stripping Ratio.
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