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RIVER HEAT REJECTION DESIGN 
!

EXISTING HEAT REJECTION DESIGN 
"#$! %&&! '()$*! +,(-.(/0! $1(23(/0! .$2(0/! 4*5)(.$2! 6! 755-(/0! 358$*! 95*! 3#$! #$63!

4,:4! -554! 2;23$:! 35! *$<$73! #$63=! "#$! 755-(/0! 358$*! (2! -5763$.! 5/! 3#$! *559! 59! 3#$!

>,(-.(/0!6/.!75/36(/2!385!61(6-!96/2!8(3#!)6*(6>-$!24$$.!:535*2!63!?@%A!6/.!BC%A=!D3!(2!6!

7-52$.!-554!2;23$:!35!:(/(:(E$!4*57$22!95,-(/0!6/.!6-25!75/36(/2!6!23$6:!>62(/!#$63$*!

35!4*$)$/3!24*6;!863$*!9*5:!9*$$E(/0=!089:;'<!4*5)(.$2!6..(3(5/6-!.$36(-2!59!3#$!F55-(/0!

"58$*!,/(3)'"#$!-554!863$*! (2!>*5,0#3! (/35!3#$!755-(/0!358$*!63!B@?G!6/.!3#$/!755-$.!

.58/! 35! H@G! >;! 24*6;(/0! 3#$! -554! 8(3#! 863$*! 6/.! >-58(/0! (3! 8(3#! 6(*! 35! (/7*$62$!

$)645*63(5/!*63$2=!!
!

!

!

! !

'

'

'

'

! !

"#(2! 2;23$:! 59! #$63! *$<$73(5/! (2! 6.$I,63$! 6/.! 236/.6*.! 95*! :6/;! >,(-.(/02! (/!

J$8!K5*L=!+,3!>$(/0!3#63!3#$!%&&!'()$*!+,(-.(/0!(2! -5763$.!*(0#3!/$13!35!3#$!M623!'()$*N!

3#$! 755-(/0! 358$*! 76/! >$! *$4-67$.! 95*! 6! :5*$! $/)(*5/:$/36--;! 9*($/.-;! 6/.! $/$*0;!

$99(7($/3!:$3#5.!59!#$63!*$<$73(5/=!

!

! PROPOSED RIVER HEAT REJECTION DESIGN 
! "#$! 4*5452$.! #$63! *$<$73(5/! 2;23$:! (2! 35! 6--58! 3#$! #$63! 4,:4! 2;23$:! 35!

*$<$73(5/!(32!#$63!>;!,2(/0!3#$!*$-63()$-;!75/236/3!3$:4$*63,*$!2,44-($.!>;!3#$!M623!'()$*!

3#*5,0#! 6/! 54$/! -554! 2;23$:!8(3#! 9(-3$*2! 6/.! 6! 4-63$! 6/.! 9*6:$!#$63! $17#6/0$*=! "#$!

M623! '()$*! (2! 673,6--;! /53! 6! *()$*! >,3! 6! 3(.6-! 23*6(3N! >*(/0(/0! (/!863$*! 9*5:! 3#$!O3-6/3(7!

P7$6/!63!3#$!+*5/1!>67L!(/35!3#$!O3-6/3(7!.58/!>;!3#$!25,3#$*/!3(4!59!Q6/#6336/=!!

!

"#$! M623! '()$*! (2! .()(.$.! (/35! 385! 2$73(5/2! 63! %$--! R63$! 62! ,44$*! 6/.! -58$*!

45*3(5/2=!"#$!-58$*!2$73(5/!59!3#$!7#6//$-!(2!8#$*$!3#$!%&&!'()$*!+,(-.(/0!(2!-5763$.!63!

6/.!(2!3#$!/6**58$23!6/.!.$$4$23!46*3!59!3#$!*()$*=!"#$!:$6/!.$43#!59!3#$!M623!'()$*!(2!

?C! 9$$3! >,3! 2(/7$! 3#$! 35450*64#;! 59! 3#$! *()$*! )6*($2! 0*$63-;N! 25:$! 2$73(5/2! 76/! >$! 62!

.$$4!62!HH!9$$3=!"#$!:$6/!*6/0$!59!3(.$!63!3#$!3(4!59!3#$!*()$*!(2!2$)$/!9$$3!8#(-$!63!3#$!

:(.45(/3!(3!(2!S=C!9$$3=!1=>?@;'<!2#582!3#$!:64!59!3#$!M623!'()$*=!

!

!

!

089:;'<'A'*BB:=C>'0BD;@'E'F8:G=HB@;'1#IAJKKL'
%$63!'$<$73(5/! TNBB@!Q+%!63!B@HC!RAQ!

'6/0$!"$:4! B@UGVH@G!

O44*567#!"$:4! WXG!

?@!%A!Q535*! HBW!RAQ!

BC!%A!Q535*! WUX!RAQ!

Y?Z!G6/2! BC!%A!$67#!

&4*6;!A,:4! W=C!%A!
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!

!

!

!

!

!

!

!

!

!

!

! ! !

!

1=>?@;'<)'!8M'BN'GO;'%8PG'2=Q;@)'

!

&(/7$! 3#$! M623! '()$*! (2! 673,6--;! 6! 3(.6-! 23*6(3N! (3! 75/36(/2! 26-3! 863$*! 9*5:! 3#$!

O3-6/3(7! P7$6/! 3#5,0#! 25:$! 9*$2#!863$*! .5$2!:(1!8(3#! 3#$! 7,**$/3=! "#$! 9*$2#!863$*!

2,44-;! 75:$2! 9*5:! 3#$!%6*-$:!'()$*N!8#(7#! 7*$63$2! 6! 26-(/(3;!:(1! 59! UC=U[!63!\(--$32!

A5(/3!6/.!UB=S[!63!3#$!]44$*!+6;!+633$*;=!!

"#$!863$*! I,6-(3;! 59! 3#$! M623! '()$*! #62! (/7*$62$.! 2(0/(9(76/3-;! 2(/7$! 3#$! F-$6/!

\63$*!O73!59!BHWU=!"#$!863$*!/58!(2!7-$6*$*!6/.!75/36(/2!-$)$-2!59!>673$*(6!3#63!6*$!-58!

$/5,0#! 35! 2,236(/! 9(2#! 75-5/($2=! "#(2! (2! 6! *$2,-3! 59! *$0,-63$.! (/.,23*(6-! .(27#6*0$! 6/.!

(:4*5)$.!8623$863$*! 3*$63:$/3! 4-6/32=! M)$/! 3#5,0#! 3#$!863$*! I,6-(3;! #62! (:4*5)$.!

2(0/(9(76/3-;N!(32!2$.(:$/32!9*5:!3#$!4623!23(--!*$:6(/2!63!3#$!>5335:=!"#$!25(-!>$-58!3#$!

*()$*!75/36(/2!AF+^2N!__"N!AO%2N!.(51(/N!6/.!:6/;!53#$*!#$6);!:$36-2=!"#$2$!2$.(:$/32!

3#5,0#! .5*:6/3! 63! 3#$! >5335:! 59! 3#$! *()$*N! 23(--! $/3$*! 3#$! 955.! 7#6(/! 59! 3#$! *()$*! 62!

>5335:`-()(/0! 6/(:6-2! 9$$.!599! 3#$! 25(-N!8#(7#! 0$32! $63$/!>;! 9(2#! 59! -6*0$*! 2(E$2! (/! 3#$!

$752;23$:!59! 3#$! *()$*=!"#$! 3$:4$*63,*$!59! 3#$! *()$*!)6*($2!.$4$/.(/0!5/! 3#$! 2$625/=!

089:;'R!>$-58!2#582!3#$!6)$*60$!*()$*!2,*967$!3$:4$*63,*$a!!

!

089:;'R'E'"Q;@8>;'2=Q;@'0;HM;@8G?@;'

Q5/3#! "$:4$*63,*$!YGZ!

b6/,6*;! ?T!

G$>*,6*;! ?W=C!

Q6*7#! ?W=?!

O4*(-! SS=C!

Q6;! SS=C!

b,/$! TT!

b,-;! TW=C!

O,0,23! WS=S!

&$43$:>$*! WX!

P735>$*! WB!

J5)$:>$*! CS!

_$7$:>$*! CU!
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RIVER HEAT REJECTION FLOW DIAGRAM   
"#$! 4*5452$.! *()$*! #$63! *$<$73(5/! 2;23$:!8(--! 75/2(23! 59! 6/! 54$/! -554! 2;23$:!

>*(/0(/0!(/!863$*!9*5:!3#$!M623!*()$*!35!6!4-63$!6/.!9*6:$!#$63!$17#6/0$*=!"#$!M623!*()$*!

863$*! 8(--! 75:$! (/! 9*5:! 3#$! (/-$3! :$2#! 27*$$/! 6/.! >$! 9(-3$*$.! >;! 3#$! 7$/3*(9,06-!

2$46*635*2=!"#$/N!(3!8(--!>$!4,:4$.!3#*5,0#!3#$!#$63!$17#6/0$*!6/.!>$!.(27#6*0$.!>67L!

(/35! 3#$! *()$*! 63!BC!.$0*$$2!6>5)$! (32! $/3$*(/0! 3$:4$*63,*$=!'$.,/.6/7;!8(--! >$!>,(-3!

(/35!3#$!2;23$:!35!6--58!3#$!2;23$:!35!*,/!8#(-$!:6(/3$/6/7$!(2!4$*95*:$.=!"#$!2;23$:!

8(--!6-25!/$$.!6!4*(:(/0!)67,,:!4,:4!(/!5*.$*!35!6--58!3#$!863$*!35!*6(2$!S@!93!6>5)$!

*()$*!863$*! -$)$-2! (/! 5*.$*! 35! 236*3! .*()(/0! 3#$!4,:42=!O! 7#$7L! )6-)$!8(--! >$!4-67$.! (/!

5*.$*!35!/53!6--58!>67L9-58!35!577,*!.,*(/0!2#,3!.58/!4$*(5.2=!1=>?@;'R!2#582!6!9-58!

.(60*6:!59!3#$!2;23$:=!

!

!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1=>?@;'R)'2=Q;@'O;8G'@;S;TG=BC'N:BD'U=8>@8H)'

!

"#$!2;23$:!8(--!>$!4-67$.!>$-58!3#$!9(*23!577,4($.!9-55*!(/!3#$!>,(-.(/0N!;$3!23(--!

3#(*3;! 9$$3! 6>5)$! 3#$! G_'! _*()$=! "#$! (/-$3! 967$! 8(--! >$! 4-67$.! 3#(*3;! 9$$3! >$-58! 3#$!

2,*967$!59!3#$!*()$*!35!$/2,*$!3#63!(3!8(--!/53!>$!2,7L(/0!(/!.$>*(2!9*5:!3#$!354!/5*!3#$!

>5335:!59!3#$!*()$*=!1=>?@;'LV!2#582!3#$!$-$)63(5/!.(60*6:=!

!

!

!
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!

!

!

!

!

!

!

!

!

!

!

!

!

!

1=>?@;'LV)'%:;Q8G=BC'U=8>@8H)'

!

"#$! 2;23$:!4*5)(.$2! .,*6>(-(3;! 35! 3#$!#6*2#!863$*2! 9*5:! 3#$! M623! *()$*=! D3! 6-25!

4*5)(.$2!:5/(35*2! 6/.! 2(:4-$!:$7#6/(2:2! 35! 6--58! 3#$! >,(-.(/0! $/0(/$$*! 35! 4*5)(.$!

2(:4-$!7-$6/(/0!62(.$! 9*5:!3#$!27#$.,-$!:6(/3$/6/7$2=!"#$!2;23$:! (2!6-25!4*$22,*(E$.!

25! 3#63! 3#$! >,(-.(/0! #$63! 4,:4! -554!#62! 6! 0*$63$*! 4*$22,*$! 3#6/! 3#$! *()$*!863$*2(.$N!

4*$)$/3(/0!-$6L60$!35!$/3$*!(/35!3#$!#$63!4,:4!-554=!

 

CORROSION, MARINE GROWTH AND DEBRIS 
D/!5*.$*!35!.$2(0/!3#$!*()$*!#$63!*$<$73(5/!2;23$:a!75**52(5/N!:6*(/$!0*583#N!6/.!

.$>*(2!6*$! 3#*$$!:6(/!75/7$*/2! 35!6..*$22! 9*5:! 3#$!>$0(//(/0=!"#(2! (2!>$76,2$!6/;!59!

3#52$!3#*$$!96735*2!76/!2$)$*$-;!*$.,7$!$99(7($/7;!6/.!$)$/!76,2$!3#$!2;23$:!35!96(-=!"5!

75:>63!75**52(5/N!AcF!4(4(/0!8(--!>$!,2$.!95*!3#$!2;23$:!35!*$.,7$!7#$:(76-!*$673(5/2!

3#63!:$36-!4(4(/0!8(--!#6)$!8(3#!26-3!863$*=!O-25N!6--!3#$!:$36-!$I,(4:$/32!8(--!>$!$(3#$*!

59!#(0#!0*6.$2!:$36-!2,7#!62!3(36/(,:!5*!?BTd!236(/-$22!23$$-N!5*!#6)$!6!24$7(9(7!75**52(5/!

*$2(236/3! 7563(/0! 5/! 3#$:! 35! 4*53$73! 3#$!:$36-! 9*5:!:6*(/$!863$*=!Q6*(/$! 0*583#! (2!

6-25!6/53#$*! (22,$N!62! 3#$!*()$*!863$*!8(--!>$!.(*$73-;! 9$.! (/35! 3#$!#$63!$17#6/0$*2=!"5!

4*$)$/3!:6*(/$! 0*583#! 9*5:!577,**(/0N! 3#$! )$-57(3;! 59! 3#$!863$*!8(--! /$$.! 35! $17$$.!

2$)$/! 9$$3!4$*! 2$75/.N! 3#5,0#! 3#(2! (2/^3! 6!:60(7!/,:>$*! 35!4*$)$/3!0*583#N! (3! (2!#(0#!

$/5,0#!25!3#63!>(5`95,-(/0!8(--!/53!$62(-;!577,*=!!d623-;N!35!4*$)$/3!.$>*(2!6/.!9(2#!9*5:!

3#$!*()$*!35!$/3$*!3#$!2;23$:N!6!/,:>$*!59!9(-3$*(/0!2360$2!8(--!>$!4,3!(/35!4-67$=!O3!3#$!

(/-$3N! 6! :$2#! 27*$$/! 8(3#! #5-$2! /5! >(00$*! 3#6/! ef! 4*$)$/3(/0! >(0! 46*3(7,-63$2! 9*5:!

$/3$*(/0! 3#$!4(4(/0! 2;23$:)' 1=>?@;' LL! 2#582! 6/! $16:4-$!59! 3#$!:$2#! 27*$$/!,2$.!>;!

F-6*L!J$12$/!(/!3#$(*!*()$*!#$63!*$<$73(5/!4*5<$73=!"#$!2$75/.!9(-3*63(5/!8(--!577,*!63!3#$!

7$/3*(9,06-!2$46*635*2!8#$*$!HX[!59!6--!46*3(7,-63$2!5)$*!WC!:(7*5/2!8(--!>$!2$46*63$.!

9*5:! 3#$! 23*$6:=! "#(2! 8(--! >62(76--;! 9-,2#! 5,3! 6/;! 46*3(7,-63$2! >(0! $/5,0#! 35! 7-50! 3#$!

4-63$!6/.!9*6:$!#$63!$17#6/0$*!6/.!3#$!4,:4=!

!
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!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!

1=>?@;'LL)'!;PO'PT@;;C'=CG8W;'TB?@G;PX'BN'*:8@W'-;YP;C)'

'

!!

MAINTENANCE  
"#$! 4*5452$.! *()$*! #$63! *$<$73(5/! 2;23$:! 8(--! *$I,(*$! 6! :5*$! .(-(0$/3!

:6(/3$/6/7$! 3#6/!:523!:$7#6/(76-! 2;23$:2N! 62! (3! (2! 6/!54$/`-554! 2;23$:N!>*(/0(/0! (/!

,/75/3*5--$.!863$*2! 9*5:!3#$!*()$*=!"5!4*5)(.$!86*/(/02! 95*!7-502!6/.!:6*(/$!0*583#N!

2$32! 59! 4*$22,*$! :$3$*2! 6/.! 9-58! :5/(35*2! 8(--! >$! 4-67$.! >$95*$! 6/.! 693$*! 3#$!

7$/3*(9,06-! 2$46*635*2! 6/.! 4,:42! 35! :5/(35*! 95*! 6/;! 4*$22,*$! >,(-.! ,4! 6/.! 9-58!

*$.,73(5/=!!

O-25N!:6(/3$/6/7$!63!3#$!(/-$3!59!3#$!4(4$!(/!3#$!*()$*!8(--!>$!67#($)$.!>;!2(:4-;!

9-,2#(/0! 3#$! 2;23$:! 8(3#! 63:524#$*(7! 4*$22,*$! 8#$/! 3#$! 4,:42! 6*$! /53! 54$*63(/0=!

O..(/0! 6! 7644$.! 6(*! )$/3! 35! 3#$! 4(4(/0! 8(--! 6--58! 63:524#$*(7! 4*$22,*$! 35! 4,2#! 3#$!

863$*!>67L!35!*()$*!-$)$-2N!.(2-5.0(/0!6/;3#(/0!23,7L!5/!3#$!(/36L$!:$2#!27*$$/=!O!7#$7L!

)6-)$! 8(--! >$! 6..$.! ,423*$6:! 59! 3#$! 4,:42! 35! 4*$)$/3! 863$*! 35! >67L862#! 9*5:! 3#$!

4,:42!6/.!#$63!$17#6/0$*!8#$/!3#(2!:6(/3$/6/7$!*5,3(/$!577,*2=!!

!

ENVIRONMENTAL CONSIDERATIONS AND BENEFITS 
! "#$! #$63! *$<$73(5/! 2;23$:! #62! >$$/! .$2(0/$.! 35! 46;! 7-52$! 633$/3(5/! 35! 3#$!

$/)(*5/:$/3! 2,7#! 62! 3#$! M623! '()$*! 6/.! (32! $75-50(76-! 2;23$:N! 8#(-$! 6-25! 4*5)(.(/0! 6!

-$22$*! 7#$:(76-! 6/.! $/$*0;! (/3$/2()$! 6-3$*/63()$! 35! 3#$! 755-(/0! 358$*! 2;23$:=! "#$!

!"#$%&'"(&) *+) ,(-.%*('"(&$/) 0*(1"%-$(23! *+) 4"5) 6*%7! 24$7(9($2! 3#63! 6--! 3#$*:6-!

.(27#6*0$2!2#6--!/53a!

!



 

22 

!"#$%&&'()'*+,%-' +.(/,0"&'1.2'(/%*,"&'(324%25'

"2*+,0%*032"&'%-4,-%%2,-4'(%-,.2'0+%(,('1,-"&'2%/.20' -%$'5.267'-%$'5.26'

• +$!*6(2$.!:5*$!3#6/!95,*!G6#*$/#$(3!.$0*$$2!9*5:!P735>$*!3#*5,0#!b,/$!/5*!

:5*$! 3#6/! B=C! G6#*$/#$(3! .$0*$$2! 9*5:! b,-;! 3#*5,0#! &$43$:>$*! 5)$*! 3#63!

8#(7#!$1(23$.!>$95*$!3#$!6..(3(5/!59!#$63!59!6*3(9(7(6-!5*(0(/=!

• +$! -58$*$.!:5*$! 3#6/! 95,*!G6#*$/#$(3!.$0*$$2! 9*5:!P735>$*! 3#*5,0#! b,/$!

/5*!:5*$! 3#6/! B=C! G6#*$/#$(3! .$0*$$2! 9*5:! b,-;! 3#*5,0#! &$43$:>$*! 9*5:!

3#63!8#(7#!$1(23$.!(::$.(63$-;!4*(5*!35!2,7#!-58$*(/0=!

_,$!35!3#$!$/)(*5/:$/36-!*$23*(73(5/2N!3#$!2;23$:!(2!2$3!35!*$-$62$!BCG!.$0*$$2!

6>5)$!8#63!3#$!863$*!3$:4$*63,*$!76:$!(/!62=!"#(2!3$:4$*63,*$!2$33(/0!8(--!/53!*6(2$!

3#$! $/3(*$! '()$*! 863$*! 2,*967$! 3$:4$*63,*$! >;! SG! 5*! $)$/! B=CG! .,*(/0! b,-;! 3#*5,0#!

&$43$:>$*=!"#(2!(2!>$76,2$!3#$!9-58!59!3#$!2;23$:!(2!:(/,27,-$!75:46*$.!35!3#$!*()$*^2!

-58$23!9-58!*63$!59!C!93V2=!+$(/0!3#63!3#$!*()$*!63!3#63!-5763(5/!(2!WC!93!>;!T@93!.$$4N!3#$!

3$:4$*63,*$!(/7*$62$!8(--!3#$*$95*$!#6)$!-(33-$!699$73!63!3#$!2,*967$=!

O-25N!>;!*$:5)(/0!3#$!755-(/0!358$*N!3#$!>,(-.(/0!$-(:(/63$2!>(5#6E6*.!4-,:$2N!

7#$:(76-2! /$$.$.! 95*! 7-$6/(/0N! 6/.! *$.,7$2! $:(22(5/2=! "#$2$! $-(:(/63(5/2! 4*5)(.$! 6!

:5*$!$/)(*5/:$/36--;!9*($/.-;!:$3#5.!59!*$<$73(/0!3#$!>,(-.(/0^2!#$63=!D/!5*.$*!95*!3#$!

%&&!'()$*!+,(-.(/0!35!-$06--;!.(27#6*0$!3#$*:6--;!6-3$*$.!863$*!>67L!(/35!3#$!M623!'()$*N!6!

(/Z%(' [(G8G;' /B::?G8CG' Z=PTO8@>;' %:=H=C8G=BC' (XPG;H\' -5A]*! 95*:! /$$.2! 35! >$! 9(-$.!

8(3#! 3#$!!"#$%&'"(&) *+) ,(-.%*('"(&$/) 0*(1"%-$(23=! "#$! *()$*!863$*! *$<$73(5/! 2;23$:!

8(--!>$!9(-$.!62!6!g/5/75/3673!755-(/0!863$*!.(27#6*0$f!6/.!76/!>$!)($8$.!(/!"MM;CU=Y'

"=!

METHODOLOGY 
Q6/;!.(99$*$/3!3;4$2!59!$I,(4:$/3!(/!3#$!2;23$:!#6.!35!>$!2(E$.!6775*.(/0-;!35!

3#$! 6:5,/3! 59! 863$*! /$$.$.! 35! 6>25*>! 3#$! #$63! 9,--;! 9*5:! 3#$! >,(-.(/0=! &,7#!

$I,(4:$/32!(/7-,.$a!

!
• A-63$!6/.!G*6:$!%$63!M17#6/0$*2!

• F$/3*(9,06-!&$46*635*2!

• A,:42!h!A*(:(/0!&;23$:!

• A(4$2!

• F5/3*5-2!

PLATE AND FRAME HEAT EXCHANGERS 

"#$*$!6*$!:6/;!.(99$*$/3!3;4$2!59!#$63!$17#6/0$*2!(/!3#$!(/.,23*;N!>,3!8(3#!3#$!

5><$73()$2!59!3*;(/0!35!26)$!2467$N!#(0#!$99(7($/7;N!6/.!-$22!:6(/3$/6/7$N!3#$!4-63$!6/.!

9*6:$! #$63! $17#6/0$*! 862! 2$-$73$.! 62! 3#$! >$23! 7#5(7$! 95*! 3#$! 2;23$:=! ! "#$! #$63!

$17#6/0$*!862! 2(E$.! 6775*.(/0! 35! 3#$! .$2(0/! 6:5,/3! 59! #$63! 3*6/29$*! /$$.$.! 95*! 3#$!

>,(-.(/0!35!755-!.58/!9*5:!B@?G!35!H@G=!O-25N!3#$!.$2(0/!5/-;!6--58$.!BCG!3$:4$*63,*$!

.(99$*$/7$!95*!3#$!*()$*!863$*!35!*$3,*/!>67L!(/35!3#$!*()$*=!"#(2!6--586/7$!862!2$3!95*3#!

>62$.! 5/! 3#$! #(0#$23! *()$*! 3$:4$*63,*$! 59! WCGN! 6--58(/0! 3#$! :61(:,:! .(27#6*0$!

3$:4$*63,*$!59!H@G=!!089:;'LV!.(24-6;2!3#$!(/95*:63(5/!,2$.!35!2(E$!3#$!#$63!$17#6/0$*=!

"MM;CU=Y'F!75/36(/2!:6/,9673,*$*^2!7,3!2#$$32!95*!3#(2!4*5.,73=!!
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089:;'LV'E'/:8G;'8CU'1@8H;'+#'

! '()$*! %&&!!

"$:4$*63,*$!D/! WC! B@?!

"$:4$*63,*$!P,3! H@! H@!

RAQ! H@@! BB@@!

A*$22,*$!d522! S=CB!A&D! W=SH!A&D!

Q+"]! TNWUB!

dQ"_! BS=BC!

J,:>$*!59!A-63$2! BB?!63!?@::!$67#!

!

! !

CENTRIFUGAL SEPARATORS 

D/!5*.$*!35!4*53$73!3#$!#$63!$17#6/0$*!6/.!4,:42!9*5:!:6-9,/73(5/(/0!.,$!35!7-502!6/.!

.$>*(2N!6!9(-3$*!(2!/$$.$.!35!6--58!26/.!6/.!53#$*!*()$*!863$*!75/3$/3!35!2$46*63$!9*5:!

3#$!4(4(/0!9-58=!"#(2!8(--!>$!.5/$!8(3#!6!7$/3*(9,06-!2$46*635*N!:6.$!5,3!59!:6*(/$!0*6.$!

?BTd!236(/-$22!23$$-=!"#$!7$/3*(9,06-!2$46*635*!(2!6>-$!35!*$:5)$!HX[!59!6--!46*3(7,-63$2!

5)$*!WC!:(7*5/2N!2:6--!$/5,0#!25!8#63$)$*!46*3(7,-63$2!8(--!4622!,/.$*!WC!:(7*5/2!8(--!

/53!699$73!3#$!4,:4!/5*!#$63!$17#6/0$*=!"#$*$!8(--!>$!385!7$/3*(9,06-!2$46*635*2!(/!3#$!

2;23$:!35!6--58!95*!23*$6:-(/$!:6(/3$/6/7$N!62!5/$!2$46*635*!76/!>$!7-$6/$.!5,3!8#(-$!

3#$!53#$*!5/$!(2!*,//(/0=!"MM;CU=Y'*!75/36(/2!:6/,9673,*$^2!7,3!2#$$3!95*!3#(2!4*5.,73= 

 

PIPING 

! "#$! 4(4(/0! 2;23$:! (2! .$2(0/$.! 35! 8(3#236/.! :6*(/$! 0*583#N! 75**52(5/! 6/.!

*$-63()$-;! $62;! :6(/3$/6/7$! 95*! 3#$! >,(-.(/0! $/0(/$$*2=! G5*! 3#$! *()$*! #$63! *$<$73(5/!

2;23$:N!6/!Xf_!AcF!27#$.,-$!X@!4(4$!8(--!>$!,2$.!35!4*5)(.$!6!23,*.;!4(4$!3#63!8(--!/53!

75**5.$!.,$! 35! 3#$!26-3!863$*=!O-25N!6--! 9(33(/02!8(--!>$!6-25!:6.$! 9*5:!AcF!25! 3#63!/5!

(*5/!8(--! >$! 4*$2$/3! 95*! 75**52(5/! 35! 577,*=! "#$! (/-$3! 59! 3#$! 4(4$!8(--! 75/36(/! 6!:$2#!

27*$$/!4*5)(.(/0!6!:61(:,:!54$/(/0!59!ef!6/.!8(--!>$!2,>:$*0$.!?@! 9$$3!>$-58!3#$!

*()$*! 2,*967$! -$)$-=! "#(2! (2! 35! 4*$)$/3! .$>*(2! 9-563(/0! 63! 3#$! 354! 59! 3#$! *()$*! 5*! .$>*(2!

2(/L(/0!35!3#$!>5335:!59!3#$!*()$*!35!0$3!76,0#3!(/35!3#$!2;23$:=!"#$!4(4$!8(--!>$!>*5,0#3!

,4!6-5/0!2(.$!59!6!75-,:/!*(2(/0!35!3#$!%&&!'()$*!+,(-.(/0!9*5:!3#$!G_'!_*()$! (/35!3#$!

9(*23! -$)$-! 59! 3#$! >,(-.(/0N! 8#(7#! (2! /53! 577,4($.=! 089:;' LL! 2#582! 3#$! 76-7,-63(5/! 95*!

4*$22,*$!.*54!,2(/0!3#$!$I,()6-$/3!-$/03#!:$3#5.=!

!

089:;'LL'A'/I*'/=M=C>'(TO;U?:;'<V'E'<^Z'

! 1@=TG=BC'&BPP'' @=@W!93VB@@93!

! %_?=Q8:;CG'1;;G' "HB?CG' 0BG8:'1;;G'

SC5!M->58! B@=T! B@! B@T!

"$$!G-58!`!',/! BT=C! U! ??!

&3*6(0#3!! B! U@@! U@@!

AhG!%i!YS=BS!A&DZ! BW!

F$/3*(9,06-!&$46*635*2!YC!A&DZ! BB=C!

%$(0#3!! S@!

0BG8:' K<)`a'
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PUMPS 

! O93$*! 6--! 3#$! $I,(4:$/3! #62! >$$/! 2(E$.! 6775*.(/0-;! 8(3#! 6--! 4*$22,*$! .*542!

:$62,*$.N!3#$!4,:42!76/!/58!>$!2(E$.!35!#6/.-$!3#$!4*$22,*$!-522!59!3#$!8#5-$!2;23$:=!!

"#$! 4,:42!8(--! >$! -5763$.! (/! 3#$!:$7#6/(76-! *55:N! S@! 9$$3! 6>5)$! 3#$! 2,*967$! 59! 3#$!

*()$*=!"#(2!8(--!*$I,(*$!6!4*(:(/0!2;23$:!35!>*(/0!3#$!863$*!,4!35!3#$!4,:4!2363(5/^2!-$)$-!

(/!3#$!/$8!:$7#6/(76-!*55:!5/!3#$!9(*23!9-55*=!"#$!4,:4(/0!2363(5/!8(--!>$!75,4-$.!8(3#!

6!)67,,:!4,:4!4*(:(/0!2;23$:!3#63!8(--!>*(/0!3#$!863$*!,4!S@!93!9*5:!3#$!*()$*!-$)$-!35!

6--58!3#$!4,:42!35!236*3!4,:4(/0!863$*!6/.!/53!6(*=!D/!5*.$*!35!6--58!:6(/3$/6/7$!35!

577,*!8(3#5,3!2#,33(/0!.58/!3#$!2;23$:N!385!4,:42!8(--!>$!,2$.!(/!3#$!2;23$:!25!3#63!

5/$!76/!>$!36L$/!.58/!95*!*$46(*2!8#(-$!3#$!53#$*!8(--!>$!*,//(/0=!089:;'L]!2#582!3#$!

(/95*:63(5/! /$$.$.! 35! 24$7(9;! 3#$! 4,:4=!"MM;CU=Y'Z! 75/36(/2! 3#$!:6/,9673,*$*! +$--!

6/.!R522$33!7,3!2#$$32!95*!3#(2!4*5.,73=!

!

089:;'L]'E'F;::'b'4BPP;GG']c+/'/?HM'

O3:524#$*(7!A*$22,*$! ??=H@X!93!

\63$*!A*$22,*$! UC!93!

&363(7!c645*!A*$22,*$! @=HHU!93!

%$(0#3!9*5:!(/-$3!35!4,:4! S@!93!

G*(73(5/!-522!59!4(4$! @=CB!93!

JA&%O! BW=S@T!93!

"536-!&;23$:!%$6.!-522! TX=WS!93!

! !

! CONTROLS 

' O-5/0!8(3#! 3#$! 2(E$.!$I,(4:$/32!/$$.$.! 95*! 3#$! 2;23$:! 35!85*L!4*54$*-;N! 3#$!

75/3*5-2!59!3#$!2;23$:!6-25!/$$.2!35!>$!2$3!,4!35!6--58!3#$!2;23$:!35!:6(/36(/!4*$22,*$N!

2$3! 45(/3! 755-(/0! 3$:4$*63,*$2N! 6/.! 4*5)(.$! 9$$.>67L! 95*! 7-502! 6/.! .$>*(2=! A*$22,*$!

2$/25*2!8(--!>$!4-67$.!63!3#$!(/-$3!59!3#$!7$/3*(9,06-!2$46*635*2!6/.!6-25!63!3#$!$/.!59!3#$!

4,:42!35!6--58!:5/(35*(/0!95*!4*$22,*$!>,(-.`,4!.,$!35!.$>*(2=!O-25N!3#$!75/3*5-!)6-)$!

5/! 3#$! #$63! 4,:4! -554! 8(--! 75/3*5-! 3#$! 6:5,/3! 59! 9-58! 05(/0! 3#*5,0#! 3#$! #$63!

$17#6/0$*2!.$4$/.(/0!5/! 3#$!755-(/0! -56.!/$$.$.N! 3#$! 26:$!75/3*5-! 3#63! 3#$!$1(23(/0!

2;23$:!#62!75/3*5--(/0!3#$!755-(/0!358$*=!

ENERGY ANALYSIS 
! +;!.$2(0/(/0!6!2;23$:!35!6--58!3#$!%&&!'()$*!+,(-.(/0!35!*$<$73!#$63!(/35!3#$!M623!

'()$*N! 3#$! >,(-.(/0^2! 755-(/0! 358$*! 6/.! (32! 62257(63$.! 7#$:(76-2! 6/.! 4,:42! 6/.! 96/2!

$/$*0;!8(--!>$!*$4-67$.=!"#$!$/$*0;!6/6-;2(2!8(--!75:46*$!3#$!>,(-.(/0!,2(/0!3#$!755-(/0!

358$*!6/.!3#$!>,(-.(/0!,2(/0!3#$!*()$*!35!*$<$73!#$63=!!\(3#!"*6/$!"*67$N!3#$!$/$*0;!,2$!

9*5:!3#$!$1(23(/0!755-(/0!358$*!862!2(:,-63$.!35!>$!UW[!59!3#$!5)$*6--!>,(-.(/0!$/$*0;!

-56.=! "#(2! $/$*0;! (/7-,.$2! 3#$! Y?Z! BC%A! 96/2N! YUZ!:535*2! 63! ?@%A! 6/.! BC%AN! 6/.! ! YBZ!

W=C%A!24*6;!4,:4=!089:;'Ld!2#582!3#$!$/$*0;!,260$!>*$6L.58/=!

!

!

!

!
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!

! !

!

!

! !

!

+$! *$4-67(/0! 6--! 59! 3#$! 755-(/0! 358$*! 75:45/$/32! 8(3#! 6! 2(:4-$! UC%A! 863$*!

4,:4!35!*$<$73!863$*N!3#$!>,(-.(/0!8(--!>$!26)(/0!B??N@@@!L\#*!6!;$6*=!"#(2!76-7,-63(5/!

622,:$.!3#63!3#$!755-(/0!358$*!6/.!4,:4!85,-.!>$!54$*63(/0!95*!?NH@@!#5,*2!6!;$6*=!O!

.$36(-$.!:5/3#`>;`:5/3#!6/6-;2(2!59!$/$*0;!,2$!76/!>$!2$$/!(/!3#$!"MM;CU=Y'%=!!!

!

COST ANALYSIS 
F5/25-(.63$.!M.(25/!YF5/!M.ZN!2,44-($2!3#$!%&&!'()$*!+,(-.(/0!8(3#!6!9-63!*63$!95*!

$-$73*(7(3;! 59! j@=U@VL\#*=!\(3#! 6! 26)(/02!59! UBHNS@X! L\#*2! 6! ;$6*N! 3#$!>,(-.(/0! 26)$2!

jS?NXXB!6!;$6*=!"#(2!$/$*0;!26)(/0!6-25!*$.,7$2!3#$!#$63!*$<$73(5/!75:45/$/3!.58/!35!

<,23!T[!59!3#$!3536-!>,(-.(/0!$/$*0;!,2$=!!

! !

! M)$/!3#5,0#!3#$!/$8!2;23$:!26)$2!3#$!>,(-.(/0!6!-53!59!$/$*0;N!3#$!9(*23!7523!59!

3#$! /$8! 2;23$:! (2! 0*$63$*! 3#6/! 3#$! 9(*23! 7523! 59! 3#$! 755-(/0! 358$*=! "#$! /$8! *()$*!

*$<$73(5/!2;23$:!8(--!7523!6/!$23(:63$.!jBC@NUB@N!6/.!3#$!$1(23(/0!755-(/0!358$*!2;23$:!

(2!$23(:63$.!63!jTTNTUB=!"#$!.(99$*$/7$!(/!(/(3(6-!7523!(2!6/!6..(3(5/6-!jX?NCXH='089:;'La'

>*$6L2! .58/! 3#$! 7523! 59! 3#$! /$8! .$2(0/! 6/.! 3#$! $1(23(/0! 755-(/0! 358$*! 6/.! (32!

62257(63$.!75232=!

!

Table 14 – Equipment Cost Breakdown 

]/(3! k,6/3(3;! A*(7$VM6! "536-!

+;8G'%YTO8C>;@!

"(36/(,:!A-63$!6/.!G*6:$! B! jTSN@@@=@@! jTSN@@@=@@!

*;CG@=N?>8:'(;M8@8GB@!

H@@!RAQ! U! jU@N@@@=@@! jS@N@@@=@@!

/?HM!

UC!%A! U! j?N@@@=@@! jTN@@@=@@!

/=M=C>!

AcF!X@!`!Xl_!YmV-9Z! BT@! jBC@=@@! jUSN@@@=@@!

F544$*!`!Ul!m!]/.$*!!YjV-9Z! C@! jWT=@B! j?NX@@=C@!

D/2,-63(5/!YjV-9Z! C@! jX=U@! jSB@=@@!

!=PT'%_?=MH;CG!

A*(:(/0!&;23$:! B! jUN@@@=@@! jUN@@@=@@!

c(>*63(5/!D25-63(5/! B! jUN@@@=@@! jUN@@@=@@!

&89B@!

k`T!YjV-6>5*#5,*Z! B@@! jX@=@@! jXN@@@=@@!

-;D'(XPG;H'0BG8:' eLcV7]LV)cV'

!

089:;'Ld'E'%C;@>X'F@;8WUBDC'

F55-(/0!"58$*! UH?NXC@!L\#*V;$6*!

'()$*!'$<$73(5/! !!WSNSSU!L\#*V;$6*!

(8Q=C>P' ]LR7aV<'W$O@fX;8@'
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"2*+,0%*032"&'%-4,-%%2,-4'(%-,.2'0+%(,('1,-"&'2%/.20' -%$'5.267'-%$'5.26'

*BB:=C>'0BD;@!

?WC!"5/2! B! jC@N@@@=@@! jC@N@@@=@@!

/=M=C>!

Ul!m!]/.$*!!YjV-9Z! B@@! jWT=@B! jWNT@B=@@!

D/2,-63(5/!YjV-9Z! B@@! jX=U@! jXU@=@@!

&89B@!

k`T!YjV-6>5*#5,*Z! S@! jX@=@@! j?NU@@=@@!

'(00(/0! B! jCN@@@! jCN@@@!

%Y=PG=C>'(XPG;H'0BG8:' eKK7K]L)VV'

0BG8:'Z=NN;@;CT;' e<d7c<R)cV'

!

!

! %6)(/0!6/! (/(3(6-! 9(*23!7523!.(99$*$/7$!59!jX?NCXH!6/.!6!26)(/02! (/!$/$*0;!7523!59!

jS?NXXB=! "#$!/$8!.$2(0/! 95*! 6! *()$*!#$63! *$<$73(5/! 2;23$:!8(--! #6)$!6! 2(:4-$!46;>67L!

4$*(5.!59!<,23!B=H!;$6*2N!$I,6-(/0!5/$!;$6*!6/.!BB!:5/3#2=!

!

! CONCLUSION 
! \(3#!6!46;>67L!4$*(5.!59!6!-(33-$!,/.$*!<,23!385!;$6*2N!6!7#$:(76-!6/.!$:(22(5/2!

9*$$! :$3#5.! 59! #$63! *$<$73(5/N! 6/.! ;$6*-;! $/$*0;! 26)(/02! 59! jS?NXXBn! 3#$! /$8! *()$*!

*$<$73(5/!.$2(0/!2#5,-.!>$!(:4-$:$/3$.!62!46*3!59!3#$!:$7#6/(76-!2;23$:=!!+;!,3(-(E(/0!

3#$!0*$63! -5763(5/!59! 3#$!#524(36-!/$13! 35! 3#$!M623!'()$*N! 3#$!>,(-.(/0! (2!6>-$! 35!,2$! 35!

*()$*! 35! (32!453$/3(6-! 6/.! 755-!.58/! 3#$!>,(-.(/0!8(3#! (3N!8#(-$! 6-25!/53!.(23,*>(/0! 3#$!

*()$*2!$75-50(76-!2;23$:=!!

!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


