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2- Hydraulics System
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:Q./($)EA)!I<="X? 6! H/!-*1%*/0F1-*$%,!F5!3),| &1'A*1/$4").$! 0++)1)*1,)%! /' &4-(/-'+ FY8/A%%+

3),1 0+, )480(%! '&! '8%+! $'1%! 0¢0*%,! $'1%6! H/! -*! ($011%-+.-+.! /'BOBIH! G;J! ,)%! /'
('381%B-/561H/!,%8%+,*!'+13),140/%9!,%8/$9!1&4-(/-'+| &DIAYeHY!3), !, %o+*-/51:GLI?10+,!
()//-+.*180403%/%4*91%/(6!

LO+5! */),-%*! $0D%! F%%-+! (+,)(/%,! /'l -384'D%! /$%! $5,40)1-(! 80403%/%4*! ,%*-*61 3%/$'
U'A%D%ABBSA-3%B7L +! -*1 */-111 '+.'-+.1 /' 0($-%D%! /$%! '8/-3)3! 3',%16! #$-*1 84'.403!
84'D;%*10!*-381%!30++%4!'&184'8%4!('38)/-+.180403%/%4*1&'41%6&8%(/-D%!,4-11-+.'8%40/-'+*6!
#$%!+%B/!($08/%4!84%*%+*10111%1%3%+/*I-+D'1D%, |-+1$5 ZN¥I5(€:96+2. 8!

2.1- Hydraulic parameters

#$-*1($08/%684%*%+/*10111%1%3%+/*!-+D'1D % /N (ELO!BA%**)4%!1**1*5*/%39!G;J9!0++) 104!
D%1'(-/59!0+,!'8/-3-2.1$'1%! (1%0+-HB%3'+*/40/%*! /$%! 0884'84-0/%! &'43) 10*1)*%,! -+!/$-*]
0)/'3 0/%,!84'.403!/"1'"F/0-+!/$%!,%4%,!4%*)10%,1/$*%d)*%,!-+N%O0,-+.!-+,)*/45!*' &/ A04P%!
*'&IA04%!/'('3804%!F%/A%%+10)/'30/%,!84'.403M%D,-+.!-+,)*/45!*' &/ AO46H!

2.1.1 Mud pump

H/-*1'+ 06! &1 /$%!%**%+-011%1%3%+/*1-+1/$%!,4-11-+.!'SUHADAGIBINHB3Yo+/!'+1/$%! % (E6!
H/1*$)1,]F%!0F1%!/184'D-,%!/$%!30B-3)314%I)-4%, ! 4-11-+.1&1)- 1, -*810(%3%+/10+,184%**)4%!/'
I$%*5*5/%31,)4-+.1,4-11-+.10+, (' 381%/-+!'8% 4G 6 4#$%!3),18)381-*1018"*-/-D%!,-*810(%3%+/!



8)386!J-*810(%3%+/!0+,184%**)4%!04% ¢ B3)*%,!/'13%0*)4%!/$%!8)38!8%4&'430+(%6!#$%!
8)38!40/%!-*1('38)/%,!0*1 1-/%4!8%4!3-+)/%9!4%10/%,!/' /$% ! HQ4¥H2%814%I)-4%! $-.$%4!
40/%*6! #B)38!,-*($04.%! 84%**)4%! -*14%10/%,! /' /$%! ,%8/$!'&! *%(/-'+! 0+,! &4-(/-a'4&0(/'46!
%BBB1%9!0!,%%8%4¥1%Xol)-4%B. $%4!84%**)4%6!#$%! 1-+%4!'&!/$%!8)38!,%/%4 3-+%*140/%! 0+
84%**)4%6!C3011!1-+%4!*-2%!84'D-,%*!$-.$!84%**)4%!0+,!&1'Al40/%!0+,!D-(%!D%4*06!#$%!*%
1$%!8)38!1-+%4!0-3*!/'10($-%D%!M%4!8)38!8%4&'430+(%6!H+!/$-*18QNMOZH o4 *- 295!
*%1%(/98,0($-%D%18%l)-4%8%4&'430+(%6!788%+,-B!;184%*%+/*13'4%!-+&'430/-'+!0F")/1/$%!
3),18)386!11! |
H+!F'/$!/$%!0)/'30/%,!$5,40)1-(*!84'.403!0+,!/$%850,-+.!-+,)*/45!*' &/ A04968) 38! 84%**) 4%
-*1(01()10/%,! F5!*)33-+.1 011! 84%%H)4"**%*D%A4! /$%! %+/-4%! *5*/%3! &4'3! *)4&0(%! /'l F-/!
0,,-/-'+!/' 10++)1)*6
#PYIN%O0,-+.1-+,)*/451*' &/ A04Y&/A04%!0+,!/$%!0)/'30/%,!84'.403!)*)0115!)*%!/$-*1%I)0/-'+!
/'(01()10/%!/$%!3),!8)38!84%**)4941$%*5*/%I36

Ligs o Hempnssr Sleg®B!o $!1129% Nazge ! S

2.1.2 Drill string and surface pipe system

H$961%)4&0(%!1-+% /0 4/4184'31$%!8) 38/ /$%61/0+, BABEHIHOA-D%19!0+, 10%1156114-1118-8%!
Q1% +-&-(0+/1 (38" +Yo+/1-+1/$%! 4-111%/4-+.910+,1-+10,,-/-+91/$%! RUT!-*1/$%! 4%*1'&! /$%! ,4-11!
*/4-+.61J4-1118-8%!8105*10!D-/0114'1%!-+1$5,40) I A0+ +B¥6* | FEBYo**) 496! 1%+1-+*- 051/$%6!
8-8%!,)%!/101406D%15!*3011!-++%64!,-03%4/SAELEH (0, %6k +1/$%!,4-11-+.1-+,)*/4591 0! F-.!
804/I'&!,4-11-+.1('380+-%*1$0DY%!F%%6+!)*-+.1013"*/1/$%*03%!,4-111*/4-+ OIAS$-($!-+(1),%*1/$%! 4-1
8-8%$0/1-1%1%(/%, 1-+1/$-*1$5,40)1-(*184". 4036 #SVEOFHEAY6 1 AB4%* %o +/!,%/0-1*I0F")/1/$%!
($0%+18-8%!*5%/94B6

%&' ()8t $+,-((.-.)$%/.) $

! J4-1118-8% !
C-2%) -+ P'3-+011"%-.$/11Fc& | 40,%!0+,1Q8*%/'#58%
YXc[ <X6<= CKVX




%&'()$ $,-(($01((&$

! J4-111;'1104 !
C-2060\J!-4 "%-.$/11F8 #58%
[! WYW= P; KXY

%&'()RB)&4/$5 )-678F,-(($9-.) $

! U%0D5!"%-.$/1J4-11!8-8% !
C-2%N\J!-+ P'3-+01!"%-.$/'1Fc&/ #58%
YXc| Z\6X> C/0+,40))

|
A$-19%!RU7!-*1014%10/-D% 158U /$%! ,4-11*/@$A%DY%49! RU7! OMGUF-/{'++)3%!0/!
19%0*/! F9%/A%%eH MM 2! '&1 /$%! /'/018:4-(/-'+01! 84%**)4%! 176! RU7! -+D'1E1%#11049!
$%0D8.%-.$K4-188-8%9! */0F-1-2964*9! S049! S'-+/+9! (%-+/401-2%4*9! LOJIWIBCTS!
["11 -+ RU7! $0*! -/*1 3-+-3)31 84%**)4%! ,4'8! /'l 84'D-, 9B (%1 1BHMA&'430+(%6! H/! A-11! F%!
()70, 1-+1/$% ! +BH ($08/%6 46!
H+1/$-*10)/'30/%,!$5,40) 1-(*1* BA\04%9!/$%! }8-BY69!, 4K111 049! U%ORD 1 K4- 183-8%69! S '- 8/*
0+,1%)4&0(%!8-8%!$0D%!/$%!*03%!%I)0/-"+1/'1(01() 10/%/$%!&4- (/- +01184%**)4%!1**1/$4").$!1-/61H/
84'8'4/-+011'$%!1%+./$10+,!, %6 (4% 0 IGHA+%41 -03%/%461L), (0L (I$SO*1)*%, /$-* 1960
84'D-,%184%**)4%)!-+*-GIBSW6!
!

! | OQ'&( " ) * +4+++-* /) * 0%23 * 45+* #7843 * )9 ; 7! g

| |

788%-+,-B17184%*%+/*101*06/1'&1%1)0/-'+*1)* &5 461) 1-(*1(01() 10/- 46

2.1.3 Mud Motor

L),! 341 -*1 ('33'+15! E+'A+! 0% *-/-D%! J-*810(%3%-+/!L' /' 41:]L?6! H/! -* 0+! %**0%+/-01!
%61%63%-+/1-+1/$%6! 4-111%/4-+ 1 IFYI(+*- %64%, 1-+1$5,40) 1-(*1,%*- +BIH/1-*13*/151)*0%, K+1&4'3!3-,
969681 *0o(/-+1 'l $- K% %8! *%6(/-+%61 |ILI $O*I /A"l -&&Y%6A%+/! 8)48'*%0*] 04 +/YEhk,! 8'A%64!
Yo+9%40/'46! H/! . %+%40/%* /SPH)UA' 0/ $% 4-1 1! F-/61 H/1 4%1)-4%*!'8%40/-+.! -&8&Y%A%+/-01!
84%*)4%! O(4*H &'4 84'D-,-+.!1 /$%! +96(%**045! 4'/0/-'+1 0+,! /'41)%6! #$%! /'4)%! -*! -4%(/15!
84'8'4/-'+011/'184%8)4%!,4'8!'D%A4!/$%! 3/ 46 (Y60~ Y65 -+ (4%60F. 184%**)4%!, 4'8IBF 64!

‘&1 FYA+Y$%!3' A6 1#$%! ($'-(%!'&1013),13'/'414%))-4%*1%) &&-(-%+/1$5,40) 1-(1(01()10/-'+*10+,!
06D01)0/-'+*61#$%!3'/'418%4& 430BADEUYHB-+-3) 314%])-4%, 1&1'Al40/%!0+,130B-3)3!'+%!

/' 84'D-,%! 0! *)-/OF 1% '8/-3)3! 84%**)4%! ,4'89! /$%4%F5! /$84!/41%! 0+,! @]L6! H4/$-*1



0)/'30/%,!$5,40)1-(*184".40391/$%4%!-*+'1&'43) 10!/'1%*/-30/%!1$%! 4%)-4%, 184%**)4%! 1"**I'D%4!
3),137'41)%  1/'1('381%B-/5910+,1/$%4%& 4%! &4'31/$%! F%*/1 840 (/5 TH6/1 1F %! 0: X=!
FO47?!84%*%)4%! 1**1 3),1 3461 7$-1%! I$%D, -+.1 -+, )*/451 * SAQAUS0*! 0! 40+.%!'&! ($'-(%6*!

9%68%+#. I'+1(080(-/-%*10+,130B-3) 3184%**)4%6!788%+,-B!;184%*%6+/*13'4%!-+&'430/-'+I0F")/!
1$%1!3),!13//'46! I

2.1.4 MWD, 3DRSS and Other tools

LAJI-*10-+19%1%(/4'3%($0+-(01!,%D-(%! 1'(0/%, !-+1/$%! F'//'31$'1%! 0**%3F 156! H/10-384'184'D-
0*%-+/-011,0/01&4'3Y/$%6!F//'31$' 1%/ /$%1*) AZDAYES 13),18)1*06*61#$%6!14'/0/-'+1'&10Y)4F-+%!
Yo+9%40/%*1 /$%! 8'AVA!' & /$%! /" 191/$%-+1/40+*3-1/%, | ' IS HBBRUARSE! ) *06+10! 3),1 & 1Al
40/%!/184'D-, 9651%1)-4%, 18' A%bde!-+1'/$%AIA'4, 91/ $% WAB-A9B184%6*+)4%1 1**1/184'D-, %!
0!$-.$K)01-/5!8%4&'430+ (%! &IL I6IRY6(0)*UIBE"'&!,0/091+'18'43) 101, %6*(4-F%*1/$%!184%**)4%!
1%+1'D%A41/$%! LA, %D-(%91* H1+061%(/%, |84'31/$%! %6B8Y4-%-+(%6! 0+, F%*/1840(/-(%*1/$0/!" X! FO-
-H1/$%149%1)-4%,184%**) 4% IDBAINI6! |

@'/045!C/%%40F 1%! C5*/%31:VI@CC?1-*101/"11)*0, 1/ -4%(/\/$%! F-/6!H/!-*13'*/151)*0%, I-+1 %6 D-0/%
0+,1$'4-2'+/011 A%11*6!H/!1+%%, *10! 1-//19%!$5, A0 YA BEW ), %! %6& 8% (/-D%!4%*) 1/*6! U'A%D%A49!
-[*$) 1, IF%YOEYo+!-+/10(()+/,)4-+.Y$%!$5,40) 1106~ +1(01() 10/-+61#$%!84%**)4%!, 4'8I'DY%A4!
VI@CCH96*/-30/%/1F%K!FO46!

\$%4! /"1#! -+(1),%! */OF-1-2%4*9! S'-+/*91 S049! 0+,! (%-+/401-2%4*6 YIS SIHYSD! *$'4/!

1%-+./$9! F)/1 1$%5! *$)1,! F%! (+*-,%4%,! -+! /$%! $5,40)1-(!,%*-.+! &'41 %0($! *% (418510,
804/-()104!&-B%,!D01)%6! H/!KHHEFOLO*BNY60, -+.1-+,)*/45!* &/ AOABBIAY DU+ /0-++10!
F4'0,1%06/1'&1($'-(%*'&ILAJI0+, IVI@CCIA-/$84%**)4%! 1H+6

2.1.5 Bit

#$%! ,4-11! F-/1$0*1 30+5! D04-')*1 /58%*9! 84'&-1%*9! *-296*91 0+, *$08%*6! R-/! , YkF+K %6/%43-+
84'&-1969K-2%9! R$08%! 0+, 1#/011a1'Al 74%0! :#a7?! 41 +'221%*1*-2961 0+,1+)3F%46!#a7! -*I 0!
(4-/-(01180403%/%41-+1$5,40) 1-(*1,%*- +6!H/!, 0o &+ 4+ USYH! IDYAL'(-/51/$4").$1+'221%*10+,!

1$%! 4%1)-4%,! 30B-3)3! S%/! 8'A%46! #$%! 30BSHB 8'AT4! $' 4*068'A%4! -*I($RE+045! /']
'8/-3-2%1/$%!$'1%!(1%0+-+.19%D%+/61H/1*$)1,184'D-,%!/$%!$5,40) 1-(18'A%A41/'13),IF%+%60/$!/$%! F
['11-&/10+,1/40+*8'4/1()//-*I0A056 SV 84%6+*)4%! 1| O(SIF-/1-*1('+*- %4 %, |0*10+1%6**0%p+/-01!
80403%/%4!-+1$5,40)1-(*,%*- AHEH 6! '& ! +)3F %41 fI*-2061'&1 +'221%*! %6/%43-+%6* 84%6**)4%!
A4'81'DY%4! F-/1 0+,1 104.%41 #a7! 84'D-,%*! 1%6** 84%*%)4%! 1'**61 #$%! &'11'A-+.1%1)0/-'+! 84%*%+/
8495)49%!,4'8*10(4™1/$%6!F-/1)*%%, 1-+1/$9610)/'30/%, $5,40) 1-(*184'.4036



D KD FHE?_ o T 123
|, # <>9<< "

5+:9; *#®AB*5: 9 ' !

!
N0, -+.1-+,)*/451% &/ AQADEY6*/$%! &' 11 A-961)0/-'+1/'('38)/%!/$%! 84%**)4%! 1' B%A4!/$%!
4-111F-I6!

! Oy *#5 1" $
2% BT s
!

2.1.6 Annulus and ECD and Slip Velocity
#$%10++)1)*1-*1/$%! D'1)3%! %6B-*/-+.| FOUPTHUM+L 11 */4-+.108%+141(0*%,1$'1%6!#$%! & 1'Al
04%0!'&!/$%!0++)1)*1-*10+1%**0%+/-011804/!' &!/$%! $5, 40 FAHDYSHW/BEY 18*1 /', %6&-+%!&1)-,!
0++)1)*ID%1'(-/59!1AS-($!-*101(4)(-0LI&O(/ 41-+1()//-+.*1/ 40+*8' 40K 4$5,40) 1-(*!, %o*-.+BIH$%!
84Y%6*%)4%! 1+*1-+1/$%61 0++)1)*1-*1 JOEYo+! -+/10(()+/!1-+1$5,40) 1-(*,%6*-.+61#$%! &4-(/-+! &O(/'4!'&!
'896-+1$'1%9! (0*%,1$'1%! 0+ 46! '&! ,4-111*/4-+.1-*1('381-(QIYB 84%,- (/6! U'A%DY%A9! -/ -*1 0+!
06**0/6+/-01! &O(/'46! H/'*$') 1, BF9B12%, | 0+,1-384'D%, | /'l -+(4%0*%! ,4-11-+.1 &1)-,! (O8OF-1-/5! /'
(0445/$%!4'(E!840.3%+*61H/1-*11-3-/%,IF5!G:J10+,1%4'*-'+1'&10,S0(%+/1&'430/-'+6!H+IL),(01(9!
ISUR! 11 A-+.1%1)0/-"+1-*1) %0, 1'1(01() 10/%!84%**)4%! 1**1-+1/$%! 04 +) 1)*6

! Dyaggrg " B * At SHD * 0 %6 " $

*#5+J09 : # FGg74.H )9, * FGg g, |! !
!

#$%1%1)-DO1%-4E0/-+.! %+*-/51:G;I21-*19%6B%4/%, | F5! (-4()10/-+.13),10.0-+*/1/$%! & '480/-'+
0+,1(0*%, 1$'1%66!H/!-*101(4)(-011% 1 BEBLOYAUE.!-/1%B (%%, *!/$%6!&'430/-'+&40(/) 4% 88%%*) 4%
-/130511960, 1'1(-4() 10/-"+!1**10+(+, IE-(E91%*8%(-01 1$%!*3011184%18496A1804/6!U%-+(%9!
1$%!G;J11-3-/%1$'1%! (1%0+-+.1'8%40/-'+10+,1$5,40) 1-¢:4:6814%, - (/-'+10+,130+0.%63%+/'&!
G;J! -H$-.$151('381-(0/%,!,)%/'1)+(%4/0-+/-%*10+,1('381%B-/-%*6!G;J|(0+!F%!%*/-30/8%, IF5
%I)0/-'+@&

! lyaaare 1"<$

" I
KDG" # # 1 o) = 33

P $
IN%O,-+.1-+,)*/45!*' &/ A04@1!%I)0/-"+!1-*1013"*/$9603%6



! lg$#He 1"=$
" |
KDG" # gy = 3% .

2.2-Parameters Effect on Hole Cleaning

U'19%!(1%0-+-+.10+, 1()//-+. 1/ 40+*8'4/0/-'+10-31/184%D%-+/| (F/H%//1%!,'A+10+,1 (0445263
1*SOE%46! #3%! 3),0%! &)+(/-'+*1 04%! /'l 4%3'D%! 0+,! 1-&/! ()//-+.*1 &0(%! ,4-19! FHBAES
("1-+.1/$%!F-B

a) LK+, %640+ +.1'&1 ()//-+.1/40+*8'4/0/-'+13%($0+-*31 $0* F%%+! 0! (4-/-(01! -**)%! &'41 %(0,%*6!
U%+(%9!,98%4+ .184%(-*%15!/$%6!0&8%(/-+.1&0(/'4*'+1-/1-*101($011%+.%6!P')+-D%4*0115!0((%8/"
1$%'45! (0+10((")+/!&'41011!/$%! " F*%4 D%, !8$%+1388601>>\WE2U' A%D%A49! 30+51846$%4*!
$0D%!("+(1),%,/$0/!3),!(080F-1-/5!/'1(0445!/$%!4'(E!&40 3%4610/%, /13),B8%9!, %o+*-/59!
0+,14$%'1'.59!3),1&1'Al40/%!"410++) 104!3),ID%1'(-/5617+,1()//-+.*1*-2%10+,1, %+*-/591$'1%!10+.1%9!
@]LO!@\]! O+,!,4-11!8-8%!%((%+/4-(-/5'$0D%!0+!-38IDBI A
#$%10)/'30/%,1$5,40)1-(*184'.403!-*1+'/I0F 1%!/'1('+*- %4101 1!84%D-')*180403%/()H+61#$%
*$089%9!,4-1118-8%1%((Yo+/4-(-/5910+,1$' 1% (1%60+-+.18-11*104%!+'/1(‘+*- %4%, 1-+1/$-*184'. 403910+
()1,IF%!0+H%B(%11%+/18)4/$% A A AE-+1/$%18.)/) 89668 =D IS 19%610+. 1%, %o 1+/1,-4%(/15!
-380(/!I'+1$5,40)1-(*1 (01()10/-'+*1'&! A%116! U'A%DB6G6! "HNNH7LC! "> X 1F*%4D%, ! /$0/!
£'/0/-'+1'&) 4-111 */4-+.1 %&&%(/-D%15! 8105* USYABLY%6! (1%0+-+.! '8%40/-'+6! H/! $0*! FY%%+!
(+(1),%, $0/1/$%14'/0/-+184'D-%6*101(%+/4-&). 0118 ' 4(%!/1804/-(1%*/$0/1$%18!/'18)*$!-K/'10!$-.$
D%1'(-/5! 2'+%! -+ /$%NAY*1 /'l F%! 408-, 15! /40+*8' 4/%5 68 &% 430+ ">H<P1),%,!/ $0/1,4-11!
8-8%!14'/0/-'+14%)(%*10++) 1041 ()//-+ *IF)-1,)8!)+,%4!(%4/0-+1(+,4-'+*6

\E40S+-1">[YS0 &)+,1/$0/1 /$%! $'1%! 0+.1%! O+, *- OHH0 - +-&-(0+/! %6&&Y6(/! '+! ()//-+.*!
*1-880.%! D% 1BQ1/$%A%F5! ()//-+.*1/40+*8'4/61 U BB *-2%!-*101 D-/011 &O(/'4!-+1$5,40) 1-(*!
(01()10/-'+8!

#$%! 84-3045! ('33'+! &O(/'4*! FY%/A%%+! $1%! (1%60+-+.1 0+, $5,40)1-(*1 OAYHDLRN! 4 *!
Yo+*-/5812046910+,13),184'8%4/-%6*18105!0!(4)(-01!4'1%61788% A BRI/ 64!-+&'430/-+6

%&'()$ P&,&>)8,)?$) @ @)A8$1B$71()$A()&B-B6$&BCHE/C,&D(-A?

Cl%].8&08% G5*&'*&/3"34# GFA%/$*" 7
U'1%!0+.1% J-4%(/151%&EY%(/ H-+,4%(/15!%&8&%(/
U'1%!C-2%6! J-4%(/15!%&8.%(/ J-4%(/151%&EY%(/
N+ *1%-204] H+,-4%(/151%&&%(/ J-4%(/151%&RY%(/
NI+ %+*-] 5 H+,-4%(/151%&&%(/ J-4%(/151%&EY%(/




Cl%].8&08% G5*&'*&/3"34# GFA%/$*" 7
M-+ *%$08 | H+,-4%(/15!%&&%(/ J-4%(/15!%&EY%(/
L)1, %+*-/5 | J-4%(/151%8&E%(/ J-4%(/15!%&EY%(/
L) ,14$%'1' 5! J-4%(/151%8&E%(/ J-4%(/15!%&EY%(/
1),1/58% ! J-4%(/156&&Y0(/ J-4%(/15!%&EY%(/
al'Al40/% J-4%(/151%8&E%(/ J-4% (/15868
@\ ! H+,-4%(/15!%&&%(/ J-4%(/15!%&EY%(/
@]L! J-4%(/15!%&EY%(/ H+,-4%(/15!%&&%(/
11t J-4%(/15!%&EY%(/ H+,-4%(/15!%&&%(/
J4-118-8%{(%+/4-(4/5 H+,-4%(/15!%&&%(/ H+,-4%(/15!%&&%(/
J4-11%/4-+.1*-2% H+:4%(/15!%88&%(/ J-4%(/15!%&EY%(/

|

#$%4U'1911%0+-40+,!()//-+.*1/40+*8'4/0/-'+10-3!/"184%D%+/' )//-¥/'*%//1%!,'A+!0+,!(0445!
1$%3/'1*$0E%46'#$%!3),0*1&)+(/-'+*104%!/'14%3'D%!0+,! 1-&/!()//-+.*1&0(%!,4- DIFRA*OARS
("1-+.1/$%!F-B

a)1K+,%4*/0+ +.1'&! ()//-+.1/40+*8'4/0/-'+!3%($0+-*3! $0* F%%+! 0! (4-/-(01!-**)%! &'4!,%(0,%*6!
U%+(%9!,%8%4+.184%(-*%15!/$%!0&&%0(/-+.1&0(/'4*!'+!-/1-*101($011%+.%6!P'1)+-D%4*0115!0((%8/"
1$%'45! (0+! O(()+/! &'4! 011! /$%! 'F*%4D%,! 8$%+&%HAYD%49! 30+5! 84($%4*! $0D%0!
(+(1),%,!/$0/!3),'(080F-1-/5!/'1(0445!/$%!4'(E! &40.3%-#14%10/%,!/"3),B8%9!,%+*-/59!0+,!
4$%'1'.59!3),1&1'Al40/%!'410++)104!3), D%1'(-/56! 7+,1 )//-+.%1*-2%61 0+,! %+*-/591$'1%! 0+.1%9!
@]L9'@\]! 0+,!,4-11!8-8%!%((%+/4-(-/5!$0D%!0+!-38%K1LDB'A
#$%10)/'30/%,1$5,40)1-(*184" . 4031-*1+'/I0F1%!/'1("+*-,%41011184%D-")*180403%/¥)A*6!#$%
*$08%9!,4-11!8-8%!%((%+/4-(-/59!0+,!$'1%!(1%0+-+.18-11*104%!+'/1("+*-,%4%,!-+/$-*184'.4039!0+
(')1,!F%!0+1%B(%11%+/1&)4/$%4IA'4E 1-+1/$%!&)/) 8%EBDH- 1S 1%!10+. 1%!,'%*1+'/1,-4%(/15!
-380(/! '+! $5,40)1-(*! (01()10/-'+*! '&! A%116! U'AYBIRE%AD%,! /$0/! 4'/0/-'+1'&! ,4-11! */4-+.!
%&&%(/-D%15!8105*! AI$UAH 196! (1%0+-+.1'8%40/-'+6!H/' $0*! F%%+! ('+(1),%,!/$0/!/$%! 4'/0/-'+!
84'D-,%*10!(%+/4-&).01!1&'4(%/'1804/-(1%*1/$0/!1$%18!/'18)*$!-HDIHS($5!2'+%!- +1/$%)QF*!
I''F%!408-,15!/40+*8'4/%:6(1),%,!/ $0/!,4-1118-8%!4'/0/-'+14%,)(%*0++)104! ()//-+.*I F)-1,)8!
)+,%41(%4/0-+!("+,-/-'+%6

$0*1&")+,1/$0/1/$%!$'1%! 0+.1%! O+,! *- OHRO-. +-&-(0+/!1%&&%(/!'+! ()//-+.*1*1-880.%! [F@1'(-/
1$%4%F5!()//-+.*1/40+*8'4/6'U' AXIBA %! *-2%!-*10!D-/01!&0(/'4!-+1$5,40)1-(*!(01() 10/-'+6!

#$%! 84-3045! ('33'+! &0(/'4*! F%/A%%+! $'1%! (1%0+-+.! 0+,! $5,40)1-(*! O4Y/S@L (NI 4. *!
,%+*-/5812%9!0+,!3),!84'8%4/-%*!18105!0!(4)(-01!4'1%6! 788%A*BIRIFE04!-+&'430/- 16



"4$%&1,-*8105*1011180403%/%4*1-380(/-+.1"+1()//-403*8'4/10+,1$5,40) 1-(13',) L%6!H/*$' A*!
1$0/1,4-1118-8%1%((Yo-+/4-(-/519%6&8&Yo(/*I-+,-A%(/ L5 +IFSI()//-+.1/ 40+*8 Y106 BEH AD6'$ 1%
*-20913),184'8%4/-%*91()//-+.*910+,/$%1& 1' AlAD/IGIS@%(/!-380(/!'+!$5,40) 1-(*1(01() 10/-'+*!

0+,1$'19%! (1%60+18/-3-20/-'+6! U%-+(%9! /$%5! 04%! 9%**%+/-01!,0/0! &' 41/$-*I*&/A04%6! C-+(%!-/! (0
(+14'1Y/$%!&1'Al40/%!'&Y/$%)!, 4-11-+ ¥Q/EY08) 38140/%!- 96!, 3-+0+/1%1%3%+/1)*%b, 1-+1/$-*!
84'.4036!:'+/4'11-+.1/$%!&1'Al40/%!-381-%*1/$%! (+/4'11'&!G;J10+,10++) 1048B%$%6! &) 1 15!
0)/'30/%,1$5,40)1-(*184'. 4031 (+*-,%64*1 ()//-+.*1/40+*8'4/10*10! (4)(-01!-**)%6!#$%! 84'. 403! -*!
Y6*-.+%,1 FO*%6#! $5,40)1-(*! (OL()10"+*1 0+, $'1%! (1%0+-+.1'8/-3-20/-"+6! #$%! -+&'430/-'+!
-D%+1-+1/$%!/0F 1%!0F'D%!-*10,%1)0/%15!/0EY%o+1-+18¢ 303!, %6*- +-+.61



3- Automated Hydraulics Model

3.1-Automation

H1.%+9%4019!0)/'30/-"+! (0+! PA&-+%, ! 0% 0! /%($+'1'.5! (+%, ! A-/$! 8%4&'43-+.101 84" (%**!
/$4').$!84'.4033%, ! ('330+,*! (‘3F-+%, ! A-/$10)/'30/-(1&%%, FO(E! (+/4'11/'1 %+*)4%! 84'8%4!
%BY%()/-+1'&! [B%*/4)(/-+*1: 4" D%41)6,68! 1 #$%! 30-+1"FS%(/-D%*1'&!1 0)/'30/-'+! 04%! H0D-+.

1-39%69! ()f/-+K'*/ *9$-.$%4! 84" )(/-+! 40/%9! O+, F%//%A4! %&&-(-%+(56! H+! '-1! (380+-%*9! 30+5!
0881-(0/-'+*1'&! 0)/'30/%,! *5*/%3* 04%! }*%%,! /'l 4%,)(% KB4, )(/-D%! /-3%G )/'30/-'+! -*]

84'DY%+! /'l 84'D-,%! $-.$! 1)01-/5! 0+,! %&&I6(/-D%! 4%*)1/*! 0+,1 *'1)/-"+*1 -+1 011! -+,)*@5! 0*8%(/*
7)'3 Of-"+1-X10Y)4+-+.18'-+/1,)%/'1408-,1, % D%1'83%-+/!-+ TEL&-(-011-+/%11-.%+(% 10+ 14'F'/-(!
1%($+'1'.56! @'F'/*! (0+! (+,)(/! 30+5! &)+(/-+*! A-/$)/! $)30+! -+/%4 D%-+/-'+6! U%+(%9! '-1!
('380+-%6*1/%-+,1%/4"+.151/' - -/01-2%!0+,10)/"30/%!/$%-41'8%40/+-H8E (%6%646

3.2-Microsoft-Excel

GB(%1! 4)0115)*%,1-+1/$%!'-110+,1.0%1-+,)*/456!\- 1! ('380+-%*1%6381'51 3%/ 15! /$-*I *' &/A04%!
%! [1%-381-(-/51 0+,1 T'Al (*/1'& 1)*0.9%61/! -*! '+051 ‘&1 9! L-(4'+'&/! 84'.403*6! H/! 8%0/)4%*! 0!
(01()10/-+1/"191.408$-+.1/"19130(4'9!0+,!(',-+.1D-01g-*)01!R0*-(1&'47881-(0/-+:gR7?6
H+1/$-*184'SYA(IOI™*' &/ KGB(%b1)*% /' (4%0/%! 0! %/0-19%0)/'30/%,!$5,40)1-(*!,%*-.+6
C3%!g R7!(,-+.10+,1%3%!*-381%! %B(%1! §%,)4%404%! )*u, | %D%1'8!/$84'. 4036!#$%!
)*%4D+%&&Y%(/-D%1HHEN514)+/$-484". 4031 &'4D($-%D-+3+. $K)01-/5!,%*-4%, 14%*Y1/*6

3.3-MudCalc

L), ;01(! -*! 0+ GEVHEO*%,! $5,40)1-(! *-3)10/-'+! /"16! H/! -*1 0! $-.$15! 4%1-0F1%! 84'.403! &'4!
84'D-,-+.! 1$%! ,%*-4%, KYIE6! HiH (4%0/%,! 0/! /$%! P'4A%.-0+! Q+-D%4*-/5! '&! C(-%+(%! O+,
#Y6($+'1.51:PH#PQ?6!H/I-*1('33'+15!)*06,1/"1(01() 10/%!0+,1%*/-30/%!$5,40) 1-(O& B+ (/-'+!
'&I0A%116!U'A%DY%A9!-///OEY%*I0!1'+.1/-3%!/'14)+1%-3) 10/-'+*1& ' 41960($1*%o(/-'+10-+ BHHAD/-'+!
%oh4%! A%116M$ 11! FY%! /-BY%*)3-+.1/1 &-111")/1011! -+8)/*10+,1 4%1)9b,!,0/0! /'l 4)+! /$%!
*-3)10/-'+6!H/1$0*1*06 D% 40 1 HEBIATIO+,190($!'+06!+%6%, *130+58)61L),;01( !$'A%D%A!
I$%!IFO*-*I'&1/$-*10)/'30/%, 184" 4036!H/1-*1)*06, 184'&%6**-'+01 15! (UBSLH/I'&/$-+184'. 4036

3.4-Leading industry software

N%O,-+.!-+,)*/45!"&/A04%Y' &/ A04%! -*!'+9%0!'&! /$%! 3*/1)*%, 1 *'&IA04%! -+1/$%! ,4-11-+.1-+,)*/45]
,)%0!/'1$-.$! 1)01-/5!0+,!10!1'/I'&!&%0/)4%*6'80EP0N%0,-+.!-+,)*/45!*' &/ A04H9645! ('33'+6!



H/!-*10!NO+,30EO*! &03-15!3%3F%49! ABY0,%6!! -+ ,)*/45! * &/A0AH 3™/ 18)*%,1&'4A%11!
810++-+.1/1-+(1),%!$5,40) 1-(*1(01() 10/-'+*91%)4.%!10+,*AOF9!/'41)%!0+,1,40.91%/ (6B HEGL*!
N960,-+.1 -+,)%/45] *&/A0AYH * 1% 15*%! /'l (‘3804%! /$%! 4%*) LE$! /$1 &)118)/'30/%,!
84'.4036#$9% )/('3%* 184'31/$%!84'.40D4Y3804%, IF5IF/$IA-/$$%!0(/)01!,0/0!.-D%+!&4'3!
1$%!&-H18/-3-2%1/$%!8%4& 430+(%!10+, 1) 0B B5%!&) L DH30/%, 184" 4036!

3.5-Boundaries of Model

3.5.1 Annular Velocity

#$-*1%/),51-+(1),%*1*%DOA-+§*91 0+,1%0($! +%! $0*I-/*|F')+,04-%+*6 ! #$%! 0++) 104! D%1'(-/5! $0*!
JA11-3-/*913-+3)3 10++)104! D%1'(-/59!0+,! 3B !0++)104! D%1'(-/56!#$%! (4-/-(01! 0++)104!

D% 1'(-/54('+*-,%4%, 0% 3-+-3)310++) 104! 3),| D%1'(-15) &&= (-Y%6+/! ' D%A('3%! /$%6! ()//-+.*1

*1-8D% (-/5!8'414%3'D-+.1804/-(1H* (62! "> Y&I2A$%! 3+-3) 31 0++) 104! D%1'(-/5! DO4-%* F0*%,
AL L1-+(1-+0/-"+910+,1/$-*13%0+*I A$Yo+! 9b*- . +-+.1&'4101D%4/-(0 LUSYOEHBIE)) 88%6 4! /A
804/*1'&I3*/1$'4-2'+/011A%11*91/$%A4%!-*I'+ 1 5H+SHTDO1) %61$-1%! 140/6(/-+*1('+/0-+10!
D%4/-(011*9%(/-'+913-,10+,8+(1-+%, 06 (/-+*91/$%4%104%!/$4%%6!3-+-3)310++) 1041D%1L'(-I-%*1&'4!
060($!8'4/-'+6!H+1/$-*1(0*069!-/1*$) 1, FUBBB/%1510+0152%, 1/ ($"+%6! /$%! FY%*/1/'1'F/0-+1/$%!
%6%-4%,18%48' 43T61U' A%D%49Y$%!30B03)8 1041D%1'(-/51-*11-3-/%, IF51G; J10+, 14%6* 980+

I 9% & 430/-"4 %4"*-+6] H/! %B-*/*1 04)+,] RU7! —+! AS(SS0*! /$%6! 3%/1 *- +-&-(0+/1')/%4!
-03%/%41%%.3%+HA$%!%+/-4%! , 4-111%/4-+.61#$%!0++) 1041 D%1'(-/5!-381-%*10! &L B! 40/%6#$%!
&1'Al 40/%! .-DY%*$$0++)104! D%1'((B+,! D-(%! D%4*06! U%+(%9'B$IIBBR1'Al 40/%! 0+,
3-+-3)31+96104%!,%68%+,-+.I'+10++)1041D%1'(-/50*11-3-/0/-'+*6 1H#$%!& 1 1'A-+.1%]) O I8 4%*%
1$%!10++)104!1D%1'(-/5910+,19%0($!'+%6!$0*!-/*IF")+,04-%*6

! .M " #= J Bl LS

3.5.2 Cuttings Density
#$%18'430/-'+*1$0D%!D04-)*1, Yo+*-/-%* I FO*%, I'+1/$%6!/58%!'&1&'430/-'+10+,1F)4-01!,%8/$6!H/1-*10+
6% 00+/-0118&0(/'41-+1$5,40) 1- (1, %*- +61#$%!$-.$%641, Yo+ *IFEWIHS' 4/95-3%!/'1&0111")/10+,!

*0b//1%)! ' A+61#$0/14%1)-4%*1 3'4%! /'8! 3),1 (0445080(-/59!/$%4%F 5! 3'4%!$5,40) 1-(1%+%4.5!/'
1-&/1$%'804/-(1%*6!U-.$I()//-+.1(+(%+40/-+1-+13) 1305!IGEB)! 1$%60D-%4$0+/$%!'4- -+01!
+9661H/119%60,*1/'13'4%! 84 4)8% 1/$%618+)1)*10+,1$-.$!G: J61U%+(%691/$%! G J1305!%B (%%,

1$%! &'430/-'+! &AO())49868H)4%9! 0+, 1'**1 (-4()10/-'+! /OE%* B1B(%6/-! <="\F#$%! &)115!



0)/'30/%,!$5,40)1-(*184".4031('+*- % 4*1$%!()//-+ . *IAYo-. $/10%10 - +-&-(0+/'&0(/'41HIBb6*-. +6!
#$%!%,40)1-(1(01()10/-"+*1.-D%!F%//%A414%*) 1/*I F519%BOBH)H-HS6H/1-* A'4/$113%6+/-'+]

IS0/ ISY! ()/-+.*1-+1/$%!, Yo&-+-/-'+104%!/$%! 4'(E! &40.3%+/*10+,1*301 1| F4' E%+! F-/*I'&!*'1-,! 4-11%,
Y 'F5!,4-111FY/6!

3.5.3 Pore and Fracture pressure

711A%11* $ODY)ADY65! /'l ,%3'+*/40/%! /$%! 8'4%! 84%**)4%! 0+,! &40())4%! &LHFE0(S!
&'430/-"+! -+ /$%! ('1)3+! O+, /$%! -+(1-+0/-'+*! 0/06! #$%! 8'4%! SBAUHW4B-+%,! 0*1 /$%!
$5,4'+/0/-(1 84%**)4%! %B%4/%,! F5! 0! ('1)3+!'&! *%60A0/%4! 0/! 0! (%4/0-+! %S/ BEHLI$%! F'//
84% P! -*1 1961 /$0+! 8'4%! 84%+H)BOEN%0,! /1 *06D%A4%! (B4 (%! *)($! 0*1 A%IL1F'4%!
~+*/0F-1-/56!

#$%1&40(/)4%! 84%4*8)85430/-'+1-*104%)-4%, 184%**)4%! /'l (40(E!&'430/-'+10/10! (%4/0-+!,%8/$6!
R)/9L&IF'//'31$'1%!84%**)4%19%B (%%, “I&A0 (1 %684%* 1 308)*9%6!(-4() 10/-'+11"**10+, |E-(E6!
RO*%,1'+1/$%!-38'4/0-9!'&!)+,%4%/0+,-+.1/$%! $5,40) 1-(*! ,%*-.+91/$%! &A0(/)4%! 84%**)4%! -*1 /$%!
30-+113-/0/-"+1-+1/'/011, 4-11-+.1,%6*-. +10+, 1$' 196! (1%0+-+.1'8/-3-20/-'+9196*8%(-01 1510/!/$%!+044'Al
A-+"'AG !

3.6-Standardization

#$Y%!'110+,1.0*1-+,)*/451/%+ *1/'1%/0+,04,-2%! 84" (%**%%*1 0+ 188%6-+/1*8%(-&-(0/-'+*1 /"1 30E%!

*_ +-&-(0+/1*OD-+ 464 1/$%! 10*/1, VBB /$S% 11!, 4-11-+.1-+,)*/ 45 }OR6A5!*-3-104!%I)-83%+/9!
/"1*91 80403%/%4*9! O+,! 84'(%,)4%*618%-+*! /$-+E-HA05*! /'l (4%0/%+0 -++'D0/%! +%A!
3%/$',*9184'(%**9%6*910+,184'. 403*1&-///IEY%!") 411 8% %6 GFSYBY . 1% B8Y64-Yo+(%10+,1%6B/%+*-D%!
,0/0F0*%!&84'B96*/1840(/-(%!8Y64B/0+,04,-2961% DY UBR)/*6!U%-+(%0!-/1-*1*/0+,04,-2%, /A
RU7*9!,4-11-+.1&1)-,0*I184' 4B, |0IF-/!, %*- +1& 419%60($1*0%6(/-'+1-+1/$-*184' 4031 84'3!/$%! F%*/!
840(/-(%60+,!1'+.19%B8%4-%+{HIEL.) 115!0)/'30/%, 1* &/ A0A%! & &% 4* 1V iBIHERIABOH (%!0+,!
*0/-*&5-+.1 4%*)1/*] F5! )*-+.1 [$%*%! */0+ @IF$I04,-20/-"+! -*1 0+ %*/OF 1-*$%, OHABY80,!
84'(%*1/'1)*%6! A-/$!$.$!1)01-/510+,14%1-0F-1-/51'&!/$%!84" ) (/6! H/IF™*/H@D-/510+,1*0DY%*!
1-3%91(**/%910+,19%&&'4/*1'%BY%()/%!0+5!0@LDIRI0/-'+ 1:R4-/0++-(0!<="[6!



4- Automated Program/ Work Flow

7*13%+/-'+*I0F'D%W8115!0)/'30/%,!84'.403+*1,%*-.+%)¥-+.1%B Qo H8%4%W15!'+%!D-*-FA!
%B(%1!*$%%/!/$0/!,-*8105*! 0! A%11!*($%30/-(10+,! F)#LARIZ401! $-,,%+! %B(%1! *$%%/*6! #$5-*!
,%*-.+1$0*1&-B%,!*/0+,04,-2%,!,0/0!/'1&0(-1-/0/%"/$%!")*0.%!'&!-/6!U' A%D%49!/$%6# )eeHal (0+!(
&Y%A! DO4-0F1%*! /'l 4)+! *-3)10/-'+3)(B! 0*1 ,%*-4%,6! H/! %+0F$%)*%4! /' (01()10/%! 011!
$5,40)1-(*'%&&%(/-D%15!&'41 Q¢ ARV R &! &-D%!*%(/-'+*IF5!'+15!-+*%4/-+.1*'3%!4%l)-4%,!
,0/06!#$-*184'(%**!(0+!*0D%!0! 1'/!'&!/-3%! 0+, ! 98B! 904! %& &% (/-D% 156! #$%!84'.403! (0+!
,%3'+*/40/%*'3%! -+&'430/-D%! 3%**0.98*)4,%! /$%! )*%A4! -+!/$%! 4-.$/! AO56! #$%! 30-+! 80.%!
(+/O-+*UATR)/'+*1/'"*A-($1'1%-/$%4'RUTIA-/$!3),13'/'413',%'4IRU7IA-/$VI@CC!3',%6!
H/1$0*1-+8)('1)3+*1*)($!0*1$'1%!*-2%9! DO4LYFF('1)3+*9!-6%69!&1'Al40/%!0+,!")/('398K*D)!
-6%69!G;J!('1)3+!0*! A%El #$%!84'.403!$0*!,%&0) 1/*10+,1*'3%!'&! ('33%+/*10+,! 96,1 - +%0*! /']
-D%!/$%!)*%4!3'4%!.)-,0+(%!0+,!,%*(4-F$%R)115!0)/'30/%$5,40)1-(*B4".403! (' +*-*/*I
&1

"8 a-B%,!*/0+,04,-2%0/0 !('1)3+* !

<6 ; '1)3+* 1&'4D04-0F1%*

V6 H-8)/180403%b64*

W6 @%*)1/*

X6 H&'430/-DiBYE*0.%*

Y6 ; '33%+/*!

Z6 #A'N F)I['+* 1['! *%1%(/!/$%!,%*-4%,IRU7
#$%! +%B/! &-.)4%! ,-*8105*!/$%! %B/%+*-D%! 804/!'&! A%11!*($%30/-(! %B(%1! *$%%/! - +! A$-($! /9
80.%!'&!/$%!*'&/A04%6!#30/!*$'A* 108" F)//'+*91'+%! &'4IRUT7!A-/$!VI@CC! 0+%%/$%4!
&'4IRUTIA-I$IL),L'T  46!7+,1-/1,%3'+*/40/%*!1&-11-+.1("1) 3+*1/'|/$UAB!*-2%9!$'1%!-+(1-+0/-'+9!
#gJ9!LJ91J]9!;0*-+.91RU79!G;J9'al'Al40/%9IL),!84'.4039!C$'%9!0+,1a40(/)4%!84%**)4%6#$%!
'1$%43-**-+.1 ('1)3+* 10+,!,0/0%)($!0*!7++)104!D%1'(-/B9!! 8)38 '84%**)4%9!@\]9!;)//-+.0*!
Y%+*-/591C/0/)*910+,! @]L!(")1,!+'/1088%04 a+1)4%%! 6111
! $
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5.875" DP Annular Flow rates for 6,625" DP
12,25 in velocity 12,25 in 13,50 in 14,00 in 15,00 in 16,00 in

[LPM] [m/s) [LPM] [LPM] [LPM] [LPM] [LPM]

3220 0,88 2850 3710 4080 4860 5690
3270 0,90 2900 3780 4150 4950 5790
3330 0,91 2950 3840 4230 5030 58390
3390 0,93 3000 3910 4300 5120 5990
3440 0,94 3050 3970 4370 5200 6090
3500 0,96 3100 4040 4440 5290 6190
3550 0,98 3150 4100 4510 5370 6290
3610 0,99 3200 4170 4580 5460 6390
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150 —— _ 40,000
Maximum Operating Load |
| Torque
RPM @ 1,200 GPM [
125;
+30,000
100{RPM @ 900 GPM ’ 3
e+
3 75 20,000 g
= ""|rPM @ 600 GPM o
50. ' g
10,000
25
0 0

750 1,000 1,25
OPERATING “DIFFERENTIAL” PRESSURE ACROSS MOTOR (psi)
1"#$%89'0%$;'0,/,% '
Q7>:11>B,9%/:/0+:1C,;19,C9!19.)+!+)1:/./?2+1+7/1.>0/*1<0;!9,C9!19%*/:: */1;/9/0;>0B!)0!1.)2!

*<+/%!

Performance 12-P-160 Performance 14-P-220
Liner Size Liner Size
7500 45" 50" 6.0" 6.5" 7.0" 7.25" 7500 50" 55" 6.0 7.0" 75" 8.0" 9.0"
6750 6750
6000 6000
5250 5250
4500 4500
3750 3750
3000 [ 3000
2250 [k 250 [
1550 [ 1550 [
750 750 :
0 0
297 367 529 621 720 772 375 454 540 735 843 960 1215
Gallons Per Minute (GPM) Gallons Per Minute (GPM)
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