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Piping 32,0
Total Modnie
Concrete - 8.9 Factor
(X3.48)
Steel 1.7 I
Anstrument 7.3
Slecerical 8.3 Labor DitectCost
Insulation 3.4 Factor Factor
Paint 0.6 (0. 58) (x2.20)
v
Material
- Tactor  (%1.62)
v ¥
> 1622 4+ 58.0 = 220.2
L]
L/M rdtio l
’ (X6.38) Indirect  Factor
(x1.34)
Bare Module
Factor ~——>  Toral barc module —_— 2951
(%2.95) .
Contingency &  Fec (18%)953. 1
Tocal Module Cost = 3482 e

— 15—
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x 28 {LtBRIE BRIERS B #48 Equipment FoB# =100
Ltems Vess‘el Tower ?fglganger g‘;?:,gs& Compressor | Furnace Tank
' juesfreel p | g 2 | E | P | s | P|E|P]E|P]|E
Equip ment ool 7.6 100 14.0 100 & 100 9.7 100 10.0 104 —| 100 o.¢
Piping 40 59.4) 45. 0" 30.4 204 18.0 11.0
Concrete 6.7 9. € 5.5 4.0 12,1 10.0 8.0
Steel = 7.8 3.0 — —| — —
Instrument 6.0y 51.00 11.7{{ 81.3 10.2{)54.7| 3.2/(60.720 8.1/)48.0] 4.0)29.6] —|bj12.!
Electical 5.1 5.0 2.0 o 14. 4 2.0 -
Insulation 5. 8.0 4.8 2.6 2.5 — -
. Paint 0.6 1.3 0. 5 0.8 0.5 — 1.0
Sub total 163.0 58.6| 203.0| 95.3 171.0, 63.20 172.0{ 70.4| 158.0[ 58.4) 134.0) 29.6 12,0/ 13,!
total 221,6 298.3 234, 2) 242. 4 216, 4 163. ¢ 133.
% 2—9 LB TRe HIERE MAEs §
Furnace Igi;(::shan- Tower | Vessels P‘umps‘? Es(ér;pre- Tanks Total
Fquipment (FoB Cost) 14.0%  18.0%  15.0% 8.0%|  7.0%] 30.0%  8.0% 100,
Materials 4.8 12.78 15. 45 .5.04 5.04 17. 40 1. 60 62.
Sub-total 18. 8 30.78 30.45/ - 13.04 12.04)  47.%0 4,600 - 162
Direct Labor Cost 4.14 11.38 14. 33 4. 49 4.93 17.53 1. 06 58.
Total 22. 94 42,16 44.76 17.73 16.97 64.93 10. 86 220.
R RS Ee) A, Bk dist ¥ 211 REO et HES RERL
MLIKIE A e 2E R woa b ow o w | ow | SS] a
Procurcment Fee FREAFIE 450 wbshel o 7ol :
AR R E e kel WK o i R R R R
aebd o HRMEE THN Fumet g F W o2 o4 0dfg roes 08
fjr 0. 22 0.29 0.35 0. 04 0.9
*® 2—10 oy 2R HAA RN
. . e 0.27 0.47, 0.2 0.05 1.0
W & | B w G| DLy g | peineenine sowl ool o oz ool o
By 14 ' ! l | o Ax U, 27, [IRRK e v, U4 (I
EL ‘0.76 1.06 0.62 .
o 0.78 0.75 0.56 ol wieh —i@stal obvishvh ol L A
o 0.95 . 25 0. 56 B R e o) R T 1 221 S R e A 2 3
o3t 7k
1] m 0. 80 0.78 0.56 .
H A 0. 95 0. 93 0. 53 ARLIE))
& LN ¢



®r 12 VRO A Of VMY (I 1ET
Tower | Vassel I‘:xjclm;gcr ;‘)\;111\11&«\ Compressor ll“"fl"‘rilrnce Tank Othe:
Alnlals A“ B la|Blalnla]nslalslals
WO R A Yt|oo 400 2 100 1| - 100 1| oo 1| 100 8 1oo  f oo
W T | 500 200 40| 24 40 20 30 12 20| 8 15 6 10 51 16| 4
+ | o2 4o 10 2 0 2 10 1 ) g = - -] -
1 , W 8 6 4 3 4 3 8 é 8 6 8 6 &4 5 5 4
Jt # Wl - = - - _ - 16 5 12 4 _ S R R R
japort & Structure 8 1 1z 16 1 - - - - - = =| —| Oy 1
'l Ry MRS MR | 18| 12) o) 9 8 7 2 V] 2 2 8 R I IR T+ -
B % 3% fb] s 2 5 = 2 1 33 13 s 6 2 o= ~t ] .
M T i | 206 18) 180 109 165 138 1. | 155
R A ] 27 24 24| 26 21 18 14 | 20
o ofe Mosr 1% 48 43 as 40 28 26 1 24
A AR UL Y A 281 248 23 265 214 182 136 20
TATRLRL i I WoE — R
Project Eng . WO R 4k
— BB @ i B EEE
® R Models BE
" — AR TR
O F £ THERESE Ta¥Ed ZHe A
B o714 AR Hefliel TRL HRTE AfFHAY
ito® —REIC 2 AR —BT HEE Fotg —
HREB BEERE @Ak
*ofo KESEHO = o) WAL 1.25~3.00) 1} i
7 1.8~2. 8828}l sheh
Cost-Eng % HHARRE ores ol vk
Purchasing. & Expediting B RS = ABE X (1. 8~2. 8) + &%
REE R 2k R Landau: EIAGRS 100% 8 over
EBEER headz worow =e|x L JRE projecte]
TEE A whe} ghea] b EE6 A= Engineering M-H#
TEiEE W BEA. 182 23 ok
HEERA o] 1$/M-He A#HE7t $5~$7/MHq 1%
w5 @ Bell 20%RE siFTon 2 HFARKEE
Resident Eng ik = e Xt AEFE X (2.2) +6% of plant cost} 3 7ol
B ® R = -
HpMESE & B (1) BT W3 BMEHLE

7 —



o] HFARES WEBE T BEEEA BT
HAL BT BEUES Aol fReho] opat o}
Ebviul ol 2] SOkel) ksh B3 Aek

o] = Home office?] iR ES ¢alv &
BEBV MAMEEEE s AR %

(D Bauman

Baumang 19644 Ri#gsko]l Bk 100/ELA
o Tage) BBl fkakel BN Ee
&Y. 4~21 %" Fabr]. KBS 10%
g1 skg o}

@ Peters

Peterst= 1.9 Kol 4 BMNHEs [HER
ol ol sho] IRJE 4~21%el= Frge 13%=t

shglom o NEe cheat Aot sy

Range  Medium
Engineering 1.5~ 6.0% 2.3%
Drafting 2.0~12.0%  5.0%
Purchasig 0-2~ 0.5% 0.3

Accounting, Constr-

uction and const Eng 0-2~ 1.0 0-3
Travel and Living 0.1~ 1.0 0.3
Reproduction and 0.2~ 0.5 0.3

Communications

Total(indude over head)4.0~21.0 13.0

3 Guthrie

Guthrie Engeneering Costi #§2% % Cost
o 13.6% TIiEIRS) 10% MIAELLFTe) 7. 4%k
b M1 50 ) B

‘1 o] zto] 85004 Projecte] Labors| Ma
terial Cost H:7} 0.3 28} a2 MY
process plant B fbifeg) o =l o) fEusfiolw] £
Tactor9] g#{Lel) ole} #ikgs] Fx8 shglod
ol Lngincering Coste] A% vld-af #uls

).

Chemical

Project Engineering 14.3%
procoss ” 4.5
Design & Drafting 26.8 7
Procurement 2.7
flome Ofce Canstenctiog (). o
Over-head and Indirect 50.9 7

Total T 0%
1#] v} Fielde] Construction Supervisiono] i

B 3.2%etm st oy ki ol B9 3% E
o3t 7ol Bl MLl kedse) B el
@) Brosnan
P.F. Brosnane. [EEHE it BIHEEL
S8 25 WEHEELLE |
\ , ]

N

e

SNy BN S

BN

- =2 4 £ ,0. .,.'D
Bl B 100853
o] fhEe] # 6%z skt

ol & b HIfEKRE NEAT Aoz opE X

et KRS (23 2—5)
@) Bk mELAL

© Home office ATH{EZEIE]

BUBER T B4t Engineering 3l pro-
carement Man-hri= projects} Jitvl processoll
wbel geba vk 2 R EBPRE =B R
REHRE 2&d ob8 & 2—133 e}

# 213 bR REAE AT

® B AF Al
process Engincering 4.5
project Mannpgemen 4.0
#  Lngineering 8.0
Design ” 50.0
Initial Operation 0.5
Construction 2.0
Stcnograph 7.0
Estimate 3.0
procurement 9.0
Administmtioq 12.0
& it 100. 0

w8 Desin Engincering®] &b 8 2w

Al ‘;]4'(
#we-Las) el

i

® 214 SRIRER B VR B RS M b B
N oo

Tower 7.3%



Vesscl(Reactor) 6.2
Machinery 0.7/
Heater 8.0/7
Heat Pxchanger 13.27
Pump & Compressor 1.57
Piping 28.8%
Building & .Structure 9.5%
Foundation 3.07
Instrument 7.5
Elecerical 2.2/
others 2.0 m

& & 100%

s g Manhre) fEEe vhesh el &

%Y B HEHME BEY Al olF
=

B Bl K3 HEE

fRoll WIS & B MM MY 9 700 M-H
7wl o 2 Flow-sheetoll falo] LHEARAMIK
THiE el fETE M-HE EHE
@FE M-He 15 Ml ket B
TR BRI MH 5ol Kt Fik
sw-sheetol fkaho} TS e oot
th-g % 2—150l {kile] o}r]e] FiEEE =
gn/Draft M-Hs} Engineerin?g Specialist ¢
::} skate] ol & JidEo = K 2—160] {K3H
M-HE g},

v

o] 7)ol == Process Designe] {923 o] ¢1#] of
o s 5~8%%F mmgLsled Process Designg-
el M8 Enpincering M-TTx &Fv), mak 7k
#& Procurement, Construction, Initial operation
o] %8 Home-office M-H: jtifnz  fnprs] of
of %hc}.

® &t Tl B PEERR
A RGN AL B S Mg 2l
eh- & 2—17 ® % 2—18% ek
@ Field FrEEfksEmei
Bithell A ) #H= WRITHFL NEigo)
HRo AP AL o] F XBE B BE
ARl % 5hod x1 1} gk
o] ARE S Iy, B TE%Zd
ghold 1 HES depxglov —mpyo R
%4 Home offices] 10~15%7} F7Eisi e}
@ BmAL
o] o} 2 FTEfFRNREE M7 B
e = & HTPeeb] HPY Engineer® #
AAZ A E ) (RS RO R Hol Be A
Aol FRrl] ol ftHdF glon s
EEpeR BT T Axs M HAust
At
I 7 fiRA BAREEY BAEYE AR
< % 2199 FRECh
=8} B RTEEfE R 200, 000 MH 9

Frojec

E2-15 Manhonrs per Unit of Process Equipment
] Manhours per Unit (Average)
Type of Equipment - - Frnsinderin
Design/Drafting Spigcxalxstsg
Columns and reactors 200-—500 50—100
Vessels drums and accumulators o } 20
Storagé tanks (standard) 30 10
Heat exchangers (nonstandard) 80 30
Heat ” (Standard) 20 20
Furnaces (nonstandard) 1,500 500
/#  (standard)- 500 200
Complessors pumps with drivers - 20
Special equipment such as mixers etc — 10




# 2—16 Additional percentages for the Auxiliaries (Within Battery Limits)
when the process Equipment Manhours are Stated as 100 percent
o L Percentages tor:
Prepaling Auxiliaries _ e
Design/Dreting] "Suriiint
Fiow diagram 15 ] %
Plot plan 15 x
General piping 200 x
“Pipe Supports 25 | x
Instruaents - 30 75
Electrical 30 25
Civil (foundations sinall buildings) 50 15
" Structural 35 20
Insulation and painting — 5
Project Engincering (including items X) — 20
Administration time miscellancous job work 20 _
Total: Multiply these percentages by the design drafting
manhours and engineer-ing specialists manhours (Table—1) 42% 180%
x 2—17 EARHREGESM Ejector 5
Material Balance Unit Mach,inery 1
leat Balance 100~200 M-I 8 ?g _?_{_‘_ "’HE‘ :& 2_203} 78 }\QO] i

Flow Sheet 1% = 10 el ek ol ¥ a Projectt AL
Instrument piping ILH 200—250 Y47} & 3007 § o) 11 Projects] HHLE
- 50~200 -
e ! 3,0008 $°) @ Al
Equi t List 20 ; .
b me“ﬁ i ) AAS) fiZiel Engineering B389
P' i 120, O . - _ -
iping B EEE) R RES 148 gl iR
HE. Heater. Cooler 2—~7 . o . R
.‘:: s % 45 5 L ci-8. £
Reboiler Condenser 5—9 Ae HWES BN ARE 2 e R
f— I z 3
Heating Furnace 40 2213} A
Tower 2—10 (4) EHBRAE o2 HPIERNE
Pump & Compressor 3—5 BmrmEs £08N XBE BTES U
#* 2—18 £ MUK KL R 1 IR
w it Material List figf i N it
Heat Exchanger 6—12 1—3 2035 2750
Towet 15—25 47 120—200 140230
Vesscl, Tank 15—9 0.5-—2 20—80 22--90
- 1llurnace 40 7-+15 4()0--4‘1,000 450—1,050
Instrument 2—10/Area 3—y/Area 2~3/8heet
Tlectrical 2—10/ » 2—7) n 1520/ 1
Piping 1040/ 17 5—15/ 7 150—220/
Insulation, painting 10/ # 3—7/ n a—s/ w
Foundation 1—7/Set 0.5—~2 20/ #
Building, Structure 20—100 5—15 150~300 170—410
Muachinery Spec /S
Draw. Check 3--)5/8et

—_— 20 —



319 EXEEHo| Este AM
B . Recycle| Oncethrough

# i # ! Process| Process
van Mg loeer HI 12
ng # (ILLE) 3—5 3—5
s~ (Furnacb) 1 1
ument Eng : ? 2
1g Lay-out Engineer 3, 2
vinery Engincer 1—2 1—2
cl Enginecr 2—3 2—3
r (Civil Electric) :]\ib;egeq

228} zeh

—20 0{= Projecto] ¥Rl

WEdES MM B3 st 2w ohg K
7

BB EAR
Ao N PERENERT { AL 0
ss Engineering 9,000 MH| 9% 4'rionth
:t Management’ 8,000 # | 2/ {20 #
:t‘Engineerir;g 16,000 my 7 2.7
n ” (100, 000)i 607) (8' ”y.
Drafring 66,000 '] 66 5 ‘//
Tower 2, 500 j 3 4 n
Vessel 2,100 ’ 3 47
Machinery 1200 ' { 2 0.5
Heater 2,700 3 4
H.E 4,500 || 6 4
"Pump & Comp 500 | 2 }
Piping 10, 000 10 5
BmldlS!:;gugiure 3,200 4 -4
Foundation h , 000 3 2
Instrument 2, 500 } 4 3
Electrical 800 2 2
Others 5,000 3 8
al Operation 1,000 2 42.5
truction 4,000 Su |4 n
rgraph 14, 000 w12
nate 4, 000 77 4

Procurement 18, 000 oun |10 »
Administration 24,000 6 | 20 #
i 1 200, 000 .

. ) 10
Construction Supervision| 20,000 10 1 onth’
Initial Operation 20, 000 207 | 4 »

Pewimee Ry I FAmE A
Muchinet -
lin"‘;i;lclc(‘r y Pk (4712)
Piping-.Engineer ” ”
Structure # g, +k
Foundation » FK, I
Building . » e
# 2—21 B2 Engineering 3580|
EXRIERH
BN meel | Rk &
Resethng 227 7.3%] 202 5.1%]| 429] 6.1%
& B | ez 5.2 293 7.44| 455 6.37
Proposal l .
Estimate 609[19. 67 64516.3 7] 1.24517.8/r
Project '
Sales . 201 6,5 129| 3.3#7| 330 4.6
Design
Eng
Process #
Mecha- .
nical » 1.435/46. 37| 2.083152. 6 7| 3.518/50. 07
Instrume-
nt Eng
Electric-
al ”
Civil  »
- Purchase- | -
Eng !
wpedit- | ] : -
‘ iEnng =, 121] 3.9%| 2420 6.1%| 363 5.1%
Inspect-
ion 7
Field Eng
Operation 34901122 366 9,27 71.5010.1%
Eng
Total  {3.104 3. 940 7.064
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bR, SLH, LT

Instrument »~

Electrical # e
Utilities » BB, 100, iR
Initial Operation I, MR
Inspection' {ir;sgpiencezel?n e, LT
'C°“SS‘;;§§;‘I?;OH Cunstruction 7 kK, g, 4.0
_Estimation Cost Enginger. 1, R
. Drafting " Dea-man oy If
<F& 222>  EHKU E EPIEWE
A, FA Research Engincer {61 Tk
EaidsiE 162 LT Lk
‘Project bt
Management feL Bk
Project . .
IOJ%Cngineering Project Engineer {hT
Proclgzsginecring Process Engincer L1 L1k {b/3
Rating Engineer {bL (%)
Desi : "
esxgggineering Vessel Engineer  #k({£1)
Great Transfer
Engineer v ”
Pump & Compress ”

Engineer

W2 BWEBE T Qe BAY Engir
ering ¥ffio] %L = &Y Bl
e 2o vhe E2—239 Aok

<% 2—23> H%9 Engineering ¥l ,

REIEHE
PR Eng JUEGRE Eng fR@t A
%ﬁi;}:‘ﬂlﬁ 520 16.9% 313 10% 833 13.&

WETE 241 7.8% 337 10.9% 578 9.%
B M 1,577 51.5% 1,597 51.5% 3,174 51.¢
il 229 7.4% 238 7.7% 467 7.¢

AR 220 7.1% 90 . 2.9% 310 5.¢

& B 42 . 1.4% 54 1.7% 96 1.¢
H fie 254 8.2% 472 15.3% 726 11.
&  §t 3,083 3,101 ' 6,184

A4 nm ERERS BRiEC 2He 4
& AA AL YFE g 9o bl L
ERLIE o = $edetel A% {bTak NG
= THBY EHo] HES 59907
Process& Iuifsk= Engineering o] I
MBS AN ST R e BT & ¢

ol
rie

I8

o

ool o R
ke

[o]
o
£

Sorpssh ARIRAHES T ehEakel THEe 2 4EksHAl 5



