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-*!'+%!'&!/$%!%**%+/-01!%1%3%+/*!'&!A%11!K810++-+.6!R%(0)*%!/$%!$5,40)1-(*!'&!A%11!'8/-3-2%!/$%!

,4-11-+.!8%4&'430+(%9!'8/-3-2%!$'1%!(1%0+-+.9!-384'D%!@\]9!84'D-,%!0!F%//%4!*/0F1%!A%11!0+,!

*0D%! ('*/*6! U%+(%9! -/! -*! +%(%**045! /'! ('+,)(/! 011! $5,40)1-(! (01()10/-'+*! F%&'4%! /$%! ,4-11-+.!

'8%40/-'+6!N0/%4!,)4-+. !/$%!,4-11-+.!'8%40/-'+9! -/! -*!01*'! -38%40/-D%!/'!8%4&'43! /$%!$5,40)1-(!

(01()10/-'+*!0*!&0*/!0*!8'**-F1%9!%*8%(-0115!A$%+!*'3%/$-+.!.'%*!A4'+.!'4!0!84'F1%3!'(()4*6!

U%+(%9!/$%4%!-*!0!*-.+-&-(0+/!+%%,!&'4!%0*5!/'! )*%9!0D0-10F1%9!0+,!0!/-3%K*0D-+.!84'.403!A$-($!

84'D-,%*! /$%! 8'**-F-1-/-%*! /'! 8%4&'43! 011! $5,40)1-(! (01()10/-'+*! &'4!%D%45! *%(/-'+! '&! A%11!

%&&-(-%+/156!#$%!&)115!0)/'30/%,!84'.403!84'D-,%*!/$%!)*%4!0/!/$%!4-.!'4!-+!/$%!'&&-(%!/$%!0F-1-/5!

/'!8%4&'43!/$%!$5,40)1-(!(01()10/-'+!%&&%(/-D%15!&'4!0+5!'4!011!*%(/-'+*!'&!/$%!A%11!0/!/$%!*03%!

/-3%!-+!'+15!0!&%A!3-+)/%*6!#$%!)*%4!'+15!+%%,*!L-(4'*'&/!GB(%1!&'4!A'4E-+.9!/$0/!.-D%*!/$%!

)*%4!$-.$!0D0-10F-1-/5!0+,!*-381-(-/5!'&!)*-+.6!#$%!84'.403!(0+!84'D-,%!0!D%45!0(()40/%!4%*)1/!

0(('4,-+.! /'! )*%4!4%I)-4%3%+/*6!#$%!84'.403! -*! /%*/%,!F5!)*-+.!4%01K/-3%! ,0/0!0+,! -/! '&&%4*!

%B(%11%+/!4%*)1/*!('3804%,!/'!/$%!4%01!'+%*6!!!!!!!!!!!!!!!!!!

#$%!$5,40)1-(*!,%*-.+!&'4!0!A%11!('+/0-+*!0!4'F)*/!%D01)0/-'+!'&!F')+,04-%*!'&!011!('38'+%+/*!

'&!,4-11K*/4-+.9!&4'3!3),!8)38!/'!, 4-11KF-/6!H+!/$%!'8%+!$'1%9!/$%!$5,40)1-(*!*$')1,!F%!0+0152%,!

/'!3-+-3-2%!/$%!G;J6!#$%!1-3-/*!*/04/!&4'3!0!3-+-3)3!&1'A!40/%!'&!,4-11-+.!&1)-,!4%I)-4%, !/' !

84'D-,%!$5,40)1-(!8'A%4!/'!L^J9!8'A%4K,4-D%+!/''1*9!0+,!30B-3)3!F-/!-380(/!S%/!&'4(%!0+,!

G;J! -*!/$%!)88%4!1-3-/!0+,!0!($011%+.%!-+!,4-11-+.6!!

#$%4%!04%!*%D%401!%&&%(/*!'&!/$%!$5,40)1-(!'+!/$%!A%11!*)($!0*!('+/4'1!80403%/%4*!'&!3),!8)389!

('+/4'1!84%**)4%!1'**!*5*/%39!('+/4'1!A%11F'4%!*/0F-1-/59!,4-11!F-/!(5(1%K1-&%9!-384'D%!/$%!@\]9!

'F/0-+!F%//%4!,4-11!()//-+.*!4%3'D016!:7+/'+-+'!">>X?!!!

#$-*! */),5 ! $0*! ('381%/%! %B810+0/-'+9! 0881-(0/-'+9! 0+,! -+*/4)(/-'+*! &'4! &)115! 0)/'30/%,!

$5,40)1-(*!84'.403!A$-($!(0+!$%18!/$%!)*%4!/'!4)+!*-3)10/-'+*!I)-(E 15!0+,!%+$0+(%*!/$%!,4-11-+.!

'8%40/-'+!F5_!!

"6!!!!7((%1%40/-+.!,%(-*-'+!30E-+. !

<6!!!!R''*/-+.!/$%!84',)(/-D%!/-3%!

V6!!!!\8/-3-2-+.!,4-11-+.!8%4&'430+(%!



! [ !

W6!!!!\8/-3-2-+.!$'1%!(1%0+-+.!84'(%**!

X6!!!!GB(%11%+/!%*/-30/-'+ !&'4!G;J !

Y6!!!!GB(%8/-'+01!,%/%43-+0/-'+!&'4!3),!8)38!84%**)4%!

Z6!!!!GB(%11%+/!%*/-30/-'+ !&'4!3),!8)38!4 0/%!

[6!!!!GB(%11%+/!%*/-30/-'+ !&'4!(4-/-(01!0++)104!D%1'(-/5!

!

#$%!&)115!0)/'30/%,!$5,40)1-(*!*'&/A04%!(0+!'&&%4!/'!/$%!)*%46!

"6!!!!7((%**-F-1-/5!!

<6!!!!7D0-10F-1-/5!

V6!!!!C-381-(-/5!

W6!!!!@'F)*/!$5,40)1-(!(01()10/-'+*!

X6!!!!`'',!0(()40(5!4%*)1/*!

Y6!!!!C0D-+.K/-3%!*-3)10/-'+*!!

Z6!!!!U-.$KI)01-/5!*/0+,04,*!!

[ 6!!!!L0-+!D-*-F1%!%B(%1!*$%%/!

>6!!!!C%D%401!$-,,%+!%B(%1!*$%%/*!!

"=6!!P'!+%%,!&'4!0+!-+/%4+%/!+%/A'4E!

!



! >!

2- Hydraulics System  
#$%! $5,40)1-(*! *5*/%3! -*! 0+! %**%+/-01! 804/! '&! A%11! ,%*-.+6! H/!0-3*! /'! 'F/0-+! 30B-3)3! F-/!

$'4*%8'A%49!-384'D%!()//-+.*!/40+*8'4/0/-'+!&4'3!/$%!F'//'3!$'1%!/'!/$%!*$0E%49!-384'D%!/$%!

40/%! '&! 8%+%/40/-'+! 0+,! 84'D-,%! /$%! 4%I)-4%,! 3-+-3)3! $5,40)1-(! 8'A%4! /'! /$%! 8'A%4K,4-D%!

3'/'49!L^J9!0+,!VJ@CC6!!

#$%!$5,40)1-(*!,%*-.+!-+(1),%*!/$%!*%1%(/-'+!'&!3) ,!8)38!80403%/%4*9!*)4&0(%K8-8%1-+%!*-2%9!

,4-11K8-8%!*-2%9!RU7!*-2%9!L^J9!VJ@CC9! ]JL!80403%/%4*9!0+,! ,4-11!F-/! /'/01!&1'A!04%0! '4!

+)3F%4!'&!+'221%*!0+,!/$%-4!*-2%6!H/!,%/%43-+%*!/$%!3-+-3)3!()//-+.*K(0445-+.!,-*810(%3%+/!

0+,! (01()10/%*! /$%! (-4()10/-+.! *5*/%3! 84%**)4%! 1'**! -+! 011! *%(/-'+*! '&! /$%! A%116! #$%! 84'8%4!

*%1%(/-'+! '8/-3-2%*!0+,! -384'D%*!0+!%+/-4%!,4-11-+.!A%11!%D%+/! ,)%! /'!4%,)(%, !('*/*!0+,! /$%!

0**'(-0/%,!($011%+.%*!A-/$!8''4!()//-+.*!4%3'D01!0+,!/40+*8'4/0/-'+!:CE011%!)6,6?6!

#$%!$5,40)1-(*!,%*-.+!-*!/'!,%/%43-+%!/$%!&4-(/-'+01!84%**)4%!1'**!*5*/%3!-+!A%116!H/!-*!-38%40/-D%!

/'!$0D%!0!84'8%4!84%**)4%!1'**!,-*/4-F)/-'+!-+!/$%!*5*/%3!/'!%+*)4%!1'+.%4!,4-11!*/4-+.!0+,!RU7!

('38'+%+/*!(5(1%K1-&%9!1'A%4!G;J!0+,!F%//%4!$'1%!(1%0+-+.!'8%40/-'+6!!!

#$%! %I)-D01%+/! (-4()10/-+.! ,%+*-/5! :G;J?! -*! /$%! 30-+! 1-3-/0/-'+! -+! /$%! $5,40)1-(*! 3',%1!

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

3),! 0+,! *)4&0(%! '&! '8%+! $'1%! 0+,! (0*%,! $'1%6! H/! -*! ($011%+.-+.! /'! %*/-30/%! G;J! ,)%! /'!

('381%B-/56!H/!,%8%+,*!'+!3),!40/%9!,%8/$9!&4-(/-'+!&0(/'49!%I)-D01%+/!3),!,%+*-/5!:GLJ?!0+,!

()//-+.*!80403%/%4*9!%/(6!!

L0+5! */),-%*! $0D%! F%%+! ('+,)(/%,! /'! -384'D%! /$%! $5,40)1-(! 80403%/%4*! ,%*-.+! 3%/$',*6!

U'A%D%49!%B8%4-3%+/0/-'+! -*! */-11! '+.'-+. ! /'! 0($-%D%! /$%! '8/-3)3! 3',%16! #$-*! 84'.403!

84'D-,%*!0!*-381%!30++%4!'&!84'8%4!('38)/-+.!80403%/%4*!&'4!%&&%(/-D%!,4-11-+.!'8%40/-'+*6!!

#$%!+%B/!($08/%4!84%*%+/*!011!%1%3%+/*!-+D'1D%,!-+!$5,40)1-(*!,%*-.+!:70,+'5!<="=? 6!

2.1- Hydraulic parameters  

#$-*!($08/%4!84%*%+/*!011!%1%3%+/*!-+D'1D%,!/'!(01()10/%!/$%!84%**)4%!1'**!*5*/%39!G;J9!0++)104!

D%1'(-/59!0+,!'8/-3-2-+.!$'1%!(1%0+-+.6!H/!,%3'+*/40/%*!/$%!0884'84-0/%!&'43)10*!)*%,!-+!/$-*!

0)/'3 0/%,!84'.403!/'!'F/0-+!/$%!,%*-4%,!4%*)1/*!0+,!/$'*%!)*%,!-+!N%0,-+.!-+,)*/45!*'&/A04%!!

*'&/A04%!/'!('3804%!F%/A%%+!0)/'30/%,!84'.403!0+,!N%0,-+.!-+,)*/45!*'&/A04%!6!!!

2.1.1   Mud pump  
H/!-*!'+%!'&!/$%!%**%+/-01!%1%3%+/*!-+!/$%!,4-11-+.!'8%40/-'+6!H/!-*!0!104.%!%I)-83%+/!'+!/$%!,%(E6!

H/!*$')1,!F%!0F1%!/'!84'D-,%!/$%!30B-3)3!4%I)-4%,!,4-11-+.!&1)-,!,-*810(%3%+/!0+,!84%**)4%!/'!

/$%!*5*/%3!,)4-+.!,4-11-+.!0+,!('381%/-'+!'8%40/-'+*6!#$%!3),!8)38!-*!0!8'*-/-D%!,-*810(%3%+/!



! "=!

8)386!J-*810(%3%+/!0+,!84%**)4%!04%!('33'+15!)*%,!/'!3%0*)4%!/$%!8)38!8%4&'430+(%6!#$%!

8)38!40/%!-*!('38)/%,!0*!1-/%4!8%4!3-+)/%9!4%10/%,!/'!/$%!$'1%!*-2%6!N04.%!$'1%*!4%I)-4%!$-.$%4!

40/%*6!#$%!8)38!,-*($04.%!84%**)4%!-*!4%10/%,!/'! /$%!,%8/$!'&!*%(/-'+!0+,!&4-(/-'+!&0(/'46!a'4!

%B0381%9!0!,%%8%4!*%(/-'+!4%I)-4%*!$-.$%4!84%**)4%6!#$%!1-+%4!'&!/$%!8)38!,%/%43-+%*!40/%!0+,!

84%**)4%6!C3011!1-+%4!*-2%!84'D-,%*!$-.$!84%**)4%!0+,!&1'A!40/%!0+,!D-(%!D%4*06!#$%!*%1%(/-'+!'&!

/$%!8)38!1-+%4!0-3*!/'!0($-%D%!0!F%//%4!8)38!8%4&'430+(%6!H+!/$-*!84'.4039!0!X6X-+!1-+%4!*-2%!-*!

*%1%(/%,!/'! 0($-%D%!/$%!4%I)-4%,!8%4&'430+(%6!788%+,-B!;!84%*%+/*!3'4%!-+&'430/-'+!0F')/!/$%!

3),!8)386!!!!! !

H+!F'/$!/$%!0)/'30/%,!$5,40)1-(*!84'.403!0+,!/$%!N%0,-+.!-+,)*/45!*'&/A04%!9!8)38!84%**)4%!

-*! (01()10/%,! F5! *)33-+.! 011! 84%**)4%! 1'**%*! 'D%4! /$%! %+/-4%! *5*/%3! &4'3! *)4&0(%! /'! F-/!-+!

0,,-/-'+!/' !0++)1)*6!

#$%!N%0,-+.!-+,)*/45!*'&/A04%!!*'&/A04%!0+,!/$%!0)/'30/%,!84'.403!)*)0115!)*%!/$-*!%I)0/-'+!

/'!(01()10/%!/$%!3),!8)38!84%**)4%!-+!/$%!*5*/%36!

!

! ! !"#$ %" #! &"'()*+$,$+ $ ! -$ #$ ! ./0 $ ! 1,2 $ ! )33"4"& ! ! "#$

!

!

2.1.2   Drill string and surface pipe system  
#$%!*)4&0(%!1-+%!*/04/*!&4'3!/$%!8)38!/'!/$%!*/0+,8-8%9!4'/045!$'*%9!*A-D%19!0+,!b%1156!J4-11!8-8%!

-*!0!*-.+-&-(0+/!('38'+%+/!-+!/$%!,4-11!*/4-+.9!0+,!-+!0,,-/-'+9!/$%!RU7!-*!/$%!4%*/!'&!/$%!,4-11!

*/4-+.6!J4-11!8-8%!8105*!0!D-/01!4'1%!-+!$5,40)1-(!,%*-.+6!H/!4%I)-4%*!$-.$K84%**)4%!1'**!-+*-,%!/$%!

8-8%!,)%!/'!0!4%10/-D%15!*3011!-++%4!,-03%/%46!H+!/$%!10*/!,%(0,%*!-+!/$%!,4-11-+.!-+,)*/459!0!F-.!

804/!'&!,4-11-+.!('380+-%*!$0D%!F%%+!)*-+.!013'*/!/$%!*03%!,4-11!*/4-+.9!A$-($!-+(1),%*!/$%!,4-11!

8-8%!/$0/!-*!*%1%(/%,!-+!/$-*!$5,40)1-(*!84'.4036!#$%!+%B/!/0F1%*!F%1'A!84%*%+/!,%/0-1*!0F')/!/$%!

($'*%+!8-8%!*5*/%36!!

%&'()$#*$+,-((.-.)$%/.) $

! J4-11!8-8%! !

C-2%!\J !-+! P'3-+01!^%-.$/!1Fc&/! `40,%!0+,!Q8*%/!#58%!

YXc[! <X6<=! CK"VX!

!

!

!



! "" !

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

! J4-11!;'1104! !

C-2%!\J!-+! ^%-.$/!1F6! #58%!

[ ! WYW=! P; K!XY!

!

%&'()$2$3)&4/$5 )-678$+,-(($9-.) $

! U%0D5!^%-.$/!J4-11!8-8%! !

C-2%!\J!-+! P'3-+01!^%-.$/!1Fc&/! #58%!

YXc[! ZV6X>! C/0+,40,!

!

^$-1%!RU7!-*!0!4%10/-D%15!*$'4/!804/!'&!/$%!,4-11*/4-+.9!$'A%D%49!RU7!0+,!/$%!F-/!('+*)3%!0/!

1%0*/! F%/A%%+! :W=d !K!X=d?! '&! /$%! /'/01!&4-(/-'+01! 84%**)4%! 1'**6! RU7! -+D'1D%*! ,4-11K('11049!

$%0D5KA%-.$/K,4-11K8-8%9!*/0F-1-2%4*9!S049!S'-+/*9!(%+/401-2%4*9!L^J9!VJ@CC9!0+,! ]JL6!G0($!

/''1! -+! RU7! $0*! -/*! 3-+-3)3! 84%**)4%! ,4'8! /'! 84'D-,%!%B(%11%+/! 8%4&'430+(%6! H/! A-11! F%!

,-*()**%,!-+!/$%!+%B/!($08/%4*6!!

H+!/$-*!0)/'30/%,!$5,40)1-(*!*'&/A04%9!/$%!,4-11K8-8%9!,4-11K('11049!U%0D5KA011K,4-11K8-8%9!S'-+/*9!

0+,!*)4&0(%!8-8%!$0D%!/$%!*03%!%I)0/-'+!/'!(01()10/%!/$%!&4-(/-'+01!84%**)4%!1'**!/$4').$!-/6!H/!-*!

84'8'4/-'+01!/'!/$%!1%+./$!0+,!,%(4%0*%*!A-/$!-++%4!,-03%/%46!L),(01(!$0*!)*%,!/$-*!%I)0/-'+!/'!

84'D-,%!84%**)4%!-+*-,%!/$%!8-8%6!!!

!

! ! %&'&( " ) * +,+++- * . / ) * 0%123 * 45+ * #67843 * )9 ,: 7!!

!

! "! $

!

788%+,-B!7!84%*%+/*!0!*%/!'&!%I)0/-'+*!)*%,!-+!$5,40)1-(*!(01()10/-'+6!

2.1.3   Mud Motor  
L),! 3'/'4! -*! ('33'+15!E+'A+!0*! ]'*-/-D%!J-*810(%3%+/!L' /' 4! :]JL?6!H/! -*! 0+!%**%+/-01!

%1%3%+/!-+!/$%!,4-11!*/4-+.!/'!F%!('+*-,%4%,!-+!$5,40)1-(*!,%*-.+6!H/!-*!3'*/15!)*%,!-+!&4'3!3-,K

,%%8!*%(/-'+! /'! $-.$K,%%8!*%(/-'+*6! ]JL!$0*! /A'! ,-&&%4%+/!8)48'*%*!0*! */%%4-+.!0+,!8'A%4!

.%+%40/'46!H/!.%+%40/%*!/$%!/'4I)%!)*%,!/' !4'/0/%!/$%!,4-11!F-/6!H/!4%I)-4%*!'8%40/-+.!,-&&%4%+/-01!

84%**)4%! 0(4'**! -/! &'4! 84'D-,-+.! /$%! +%(%**045! 4'/0/-'+! 0+,! /'4I)%6! #$%! /'4I)%! -*! ,-4%(/15!

84'8'4/-'+01!/'!84%**)4%!,4'8!'D%4!/$%!3'/'46!H/!-+(4%0*%*!F5!-+(4%0*-+.!84%**)4%!,4'89!+)3F%4!

'&!1'F%*!-+!/$%!3'/'46!#$%!($'-(%!'&!0!3),!3'/'4!4%I)-4%*!*)&&-(-%+/!$5,40)1-(!(01()10/-'+*!0+,!

%D01)0/-'+*6!#$%!3'/'4!8%4&'430+(%!4%I)-4%*!0!3-+-3)3!4%I)-4%,!&1'A!40/%!0+,!30B-3)3!'+%!

/'! 84'D-,%!0! *)-/0F1%! '8/-3)3!84%**)4%! ,4'89! /$%4%F5! /$%!+%%,%,! /'4I)%!0+,!@]L6! !H+!/$-*!



! "<!

0)/'30/%,!$5,40)1-(*!84'.4039!/$%4%!-*!+'!&'43)10!/'!%*/-30/%!/$%!4%I)-4%,!84%**)4%!1'**!'D%4!

3),!3'/'4!,)% !/'!('381%B-/59!0+,!/$%4%&'4%!&4'3!/$%!F%*/!840(/-(%*9!-/!-*!0**)3%,!/'!F%!0!:X=!

F04?!84%**)4%!1'**!3),!3'/'46!^$-1%!/$%!N%0,-+.! -+,)*/45!*'&/A04%!!$0*!0!40+.%! '&!($'-(%*!

,%8%+,-+.!'+!(080(-/-%*!0+,!30B-3)3!84%**)4%6!788%+,-B!;!84%*%+/*!3'4%!-+&'430/-'+!0F')/!

/$%!3),!3'/'46! !!

2.1.4   MWD, 3DRSS and Other tools 
L^J!-*!0+!%1%(/4'3%($0+-(01!,%D-(%!1'(0/%,!-+!/$%!F'//'3!$'1%!0**%3F156!H/!0-3*!/'!84'D-,%!

%**%+/-01!,0/0!&4'3!/$%!F'//'3!$'1%!/'!/$%!*)4&0(%!/$4').$ !3),!8)1*%*6!#$%!4'/0/-'+!'&!0!/)4F-+%!

.%+%40/%*!/$%!8'A%4!'&!/$%!/''19!/$%+!/40+*3-//%,!/'!/$%!F0//%456!#$%!/)4F-+%!)*%*!0!3),!&1'A!

40/%!/'!84'D-,%!/$%!4%I)-4%,!8'A%4e!-+!'/$%4!A'4,*9!/$%!/)4F-+%!4%I)-4%*!84%**)4%!1'**!/'!84'D-,%!

0!$-.$KI)01-/5!8%4&'430+(%!'&!L^J6!R%(0)*%!'&!10(E!'&!,0/09!+'!&'43)10!,%*(4-F%*!/$%!84%**)4%!

1'**!'D%4!/$%!L^J!,%D-(%9!*'!-/!-*!*%1%(/%,!&4'3!/$%!%B8%4-%+(%!0+,!F%*/!840(/-(%*!/$0/!"X!F04!

-*!/$%!4%I)-4%,!84%**)4%!,4'8!'D%4!L^J6! !
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\/$%4! /''1*! -+(1),%! */0F-1-2%4*9! S'-+/*9! S049! 0+,! (%+/401-2%4*6! GD%+! /$').$!/$%5! $0D%! 0! *$'4/!
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2.1.6   Annulus and ECD and Slip Velocity 
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2.2-Parameters Effect on Hole Cleaning 

U'1%!(1%0+-+.!0+,!()//-+.*!/40+*8'4/0/-'+!0-3!/'!84%D%+/!()//-+.*!/'!*%//1%!,'A+!0+,!(0445!/$%3!
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(01()10/-'+6!!
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/$%3!/'!*$0E%46!#$%!3),O*!&)+(/-'+*!04%!/'!4%3'D%!0+,!1-&/!()//-+.*!&0(%!,4-11!F-/!0A059!F%*-,%*!

(''1-+.!/$%!F-/6!

a)11K)+,%4*/0+,-+.!'&!()//-+.!/40+*8'4/0/-'+!3%($0+-*3!$0*!F%%+!0!(4-/-(01!-**)%!&'4!,%(0,%*6!

U%+(%9!,%/%43-+-+.!84%(-*%15!/$%!0&&%(/-+.!&0(/'4*!'+!-/!-*!0!($011%+.%6!P'!)+-D%4*0115!0((%8/%,!

/$%'45! (0+! 0((')+/! &'4! 011! /$%! 'F*%4D%,! 8$%+'3%+0!6! U'A%D%49! 30+5! 4%*%04($%4*! $0D%!

('+(1),%,!/$0/!3),!(080F-1-/5!/'!(0445!/$%!4'(E!&40.3%+/*!-*!4%10/%,!/'!3),!/58%9!,%+*-/59!0+,!
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3- Automated Hydraulics Model 

3.1-Automation  
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3.2-Microsoft-Excel  

GB(%1!-*!)*)0115!)*%,!-+!/$%!'-1!0+,!.0*!-+,)*/456!\-1!('380+-%*!%381'5!3'*/15!/$-*!*'&/A04%!
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3.3-MudCalc 
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84'D-,-+.! /$%! ,%*-4%,! 4%*)1/*6! H/!-*! (4%0/%,! 0/! /$%! P'4A%.-0+! Q+-D%4*-/5! '&! C(-%+(%! 0+,!

#%($+'1'.5!:P#PQ?6!H/!-*!('33'+15!)*%,!/'!(01()10/%!0+,!%*/-30/%!$5,40)1-(*!&'4!0+5!*%(/-'+!

'&!0!A%116!U'A%D%49!-/!/0E%*!0!1'+.!/-3%!/'!4)+!*-3)10/-'+*!&'4!%0($!*%(/-'+!0+,!'8%40/-'+!'&!/$%!

%+/-4%! A%116! #$0/!A-11! F%! /-3%K('+*)3-+.! /'! &-11! ')/! 011! -+8)/*! 0+,! 4%I)-4%,! ,0/0! /'! 4)+! /$%!

*-3)10/-'+6!H/!$0*!*%D%401!*84%0,K*$%%/*9!0+,!%0($!'+%!+%%,*!30+5!-+8)/*6!L),;01( !$'A%D%4!-*!

/$%!F0*-*!'&!/$-*!0)/'30/%,!84'.4036!H/!-*!)*%,!84'&%**-'+0115!0*!/$%!*/04/!8'-+/!'&!/$-*!84'.4036!

3.4-Leading industry software  

N%0,-+.!-+,)*/45!*'&/A04%!!*'&/A04%!-*!'+%!'&!/$%!3'*/!)*%,!*'&/A04%!-+!/$%!,4-11-+.!-+,)*/45!

,)%!/'!$-.$! I)01-/5!0+,!0!1'/!'&!&%0/)4%*6!#$0/!30E%*!N%0,-+.!-+,)*/45!*'&/A04%!!D%45!('33'+6!
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H/!-*!0!N0+,304EO*!&03-15!3%3F%49!A$%4%!N%0,-+.!-+,)*/45!*'&/A04%!!-*!3'*/ 15!)*%,!&'4!A%11!

810++-+.!/'!-+(1),%!$5,40)1-(*!(01()10/-'+*9!*)4.%!0+,!*A0F9!/'4I)%!0+,!,40.9!%/(6!H+!/$-*!/$%*-*9!

N%0,-+.! -+,)*/45! *'&/A04%!! -*! *'1%15! )*%,! /'! ('3804%! /$%! 4%*)1/*!A-/$! /$-*! &)115!0)/'30/%,!

84'.4036!#$%!' )/('3%* !&4'3!/$%!84'.403!04%!('3804%,!F5!F'/$!A-/$!/$%!0(/)01!,0/0!.-D%+!&4'3!

/$%!&-%1,!/'!'8/-3-2%!/$%!8%4&'430+(%!0+,!I)01-/5!&'4!/$%!&)115!0)/'30/%,!84'.4036!

3.5-Boundaries of Model 

3.5.1  Annular Velocity 
#$-*!*/),5!-+(1),%*!*%D%401!-+8)/*9!0+,!%0($!'+%!$0*!-/*!F')+,04-%*6!#$%!0++)104!D%1'(-/5!$0*!

/A'!1-3-/ *9!3-+-3)3 !0++)104!D%1'(-/59!0+,!30B-3)3 !0++)104!D%1'(-/56!#$%!(4-/-(01!0++)104!

D%1'(-/5!-*!('+*-,%4%,!0*!3-+-3)3!0++)104!3),!D%1'(-/5!*)&&-(-%+/!/'! 'D%4('3%!/$%!()//-+.*!

*1-8KD%1'(-/5!&'4!4%3'D-+.!804/-(1%*!:H+(6?!">Y>?6!#$%!3-+-3)3!0++)104!D%1'(-/5!D04-%*!F0*%,!

'+!A%11!-+(1-+0/-'+9!0+,!/$-*!3%0+*!A$%+!,%*-.+-+.!&'4!0!D%4/-(01!*%(/-'+!*)($!0*!/$%!)88%4!/A'!

804/*!'&!3'*/!$'4-2'+/01!A%11*9!/$%4%!-*!'+15!'+%!3-+-3)3!D01)%6!^$-1%!1'+.!*%(/-'+*!('+/0-+!0!

D%4/-(01!*%(/-'+9!3-,!0+,!$-.$!-+(1-+%,!*%(/-'+*9!/$%4%!04%!/$4%%!3-+-3)3!0++)104!D%1'(-/-%*!&'4!

%0($!8'4/-'+6!H+!/$-*!(0*%9!-/!*$')1,!F%!0884'84-0/%15!0+0152%,!/'!($''*%!/$%!F%*/!/'!'F/0-+!/$%!

,%*-4%,!8%4&'430+(%6!U'A%D%49!/$%!30B-3)3!0++)104!D%1'(-/5!-*!1-3-/%,!F5!G;J!0+,!4%*-*/0+(%!

/'! /$%! &'430/-'+! %4'*-'+6! H/! %B-*/*! 04')+,! RU7! -+! A$-($!-/!$0*! /$%! 3'*/! *-.+-&-(0+/! ')/%4!

,-03%/%4!*%.3%+/*!-+!/$%!%+/-4%!,4-11!*/4-+.6!#$%!0++)104!D%1'(-/5!-381-%*!0!&1'A!40/%6!#$%!$-.$!

&1'A! 40/%! .-D%*! $-.$! 0++)104! D%1'(-/5! 0+,! D-(%! D%4*06! U%+(%9! /$%! 30B-3)3! &1'A! 40/%! 0+,!

3-+-3)3!'+%!04%!,%8%+,-+.!'+!0++)104!D%1'(-/5O*!1-3-/0/-'+*6!#$%!&'11'A-+.!%I)0/-'+!84%*%+/*!

/$%!0++)104!D%1'(-/59!0+,!%0($!'+%!$0*!-/*!F')+,04-%*6!
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3.5.2  Cuttings Density  
#$%!&'430/-'+*!$0D%!D04-')*!,%+*-/-%*!F0*%,!'+!/$%!/58%!'&!&'430/-'+!0+,!F)4-01!,%8/$6!H/!-*!0+!

%**%+/-01!&0(/'4!-+!$5,40)1-(*!,%*-.+6!#$%!$-.$%4!,%+*-/5!()//-+.*9!/$%!*$'4/%4!/-3%!/'!&011!')/!0+,!

*%//1%!,'A+6!#$0/!4%I)-4%*!3'4%!/'8!3),!(0445-+.!(080(-/59!/$%4%F5!3'4%!$5,40)1-(!%+%4.5!/'!

1-&/!/$%!804/-(1%*6!U-.$!()//-+.!('+(%+/40/-'+!-+!3),!305!30E%!/$%!3), !$%0D-%4!/$0+!/$%!'4-.-+01!

'+%6!H/!1%0,*!/'!3'4%!84%**)4%!,4'8!-+!/$%!0++)1)*!0+,!$-.$!G;J6!U%+(%9!/$%!G;J!305!%B(%%,!

/$%! &'430/-'+! &40(/)4%! 84%**)4%9! 0+,! 1'**! (-4()10/-'+! /0E%*! 810(%6! :G.%+/-! <="W?6! #$%! &)115!
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') /!F5!,4-11!F-/6!!

3.5.3  Pore and Fracture pressure 
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-+*/0F-1-/56!!
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R)/9!-&!F'//'3!$'1%!84%**)4%!%B(%%,*!&40(/)4%!84%**)4%9!/$-*!305!(0)*%!(-4()10/-'+!1'**!0+,!E-(E6!!

R0*%,!'+!/$%!-38'4/0+(%!'&!)+,%4*/0+,-+.!/$%!$5,40)1-(*!,%*-.+9!/$%!&40(/)4%!84%**)4%!-*!/$%!

30-+!1-3-/0/-'+!-+!/'/01!,4-11-+.!,%*-.+!0+,!$'1%!(1%0+-+.!'8/-3-20/-'+9!%*8%(-0115!0/!/$%!+044'A!

A-+,'A6 !

3.6-Standardization 

#$%!'-1!0+,!.0*!-+,)*/45!/%+,*!/'!*/0+,04,-2%!84'(%**%*!0+,!%I)-83%+/!*8%(-&-(0/-'+*!/'!30E%!
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RU7*9!,4-11-+.!&1)-,O*!84'.4039!0+,!0!F-/!,%*-.+!&'4!%0($!*%(/-'+!-+!/$-*!84'.403!&4'3!/$%!F%*/!
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*0/-*&5-+.! 4%*)1/*! F5! )*-+.! /$%*%! */0+,04,*6!C/0+,04,-20/-'+! -*! 0+! %*/0F1-*$%,9! /-3%K/%*/%,!

84'(%**!/'!)*%!A-/$!$-.$!I)01-/5!0+,!4%1-0F-1-/5!'&!/$%!84',)(/6!H/!F''*/*!84',)(/-D-/5!0+,!*0D%*!

/-3%9!('*/*9!0+,!%&&'4/*!/'!%B%()/%!0+5!0(/-D-/5!'4!*-3)10/-'+ !:R4-/0++-(0!<="[?6!!
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4- Automated Program/ Work Flow  
7*!3%+/-'+*!0F'D%9!0!&)115!0)/'30/%,!84'.403!-*!,%*-.+%,!)*-+.!%B(%16!#$%4%!-*!'+15!'+%!D-*-F1%!
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.-D%!/$%!)*%4!3'4%!.)-,0+(%!0+,!,%*(4-F-+.6!#$%!&)115!0)/'30/%,!$5,40)1-(*!84'.403! (' +*-*/*!
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#gJ9!LJ9!J]9!;0*-+.9!RU79!G;J9!a1'A!40/%9!L),!84'.4039!C$'%9!0+,!a40(/)4%!84%**)4%6!#$%!
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