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REPORT V I I  I 

CAPITAL COST ESTIMTE 

i . o INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 

The major ob jec t i ve  o f  the I n i t i a l  E f f o r t  f o r  the  Breck inr idge P ro jec t  i s  

t o  develop engineering t o  the  p o i n t  where rea l  i s t i c  economics f o r  the 

cons t ruc t ion  and operat ion o f  the p l a n t  can be ~ a d e ?  

The p l a n t  i s  designed t o  process 23,000 tons .per day o f  .run-of-mine coal  

t o  produce a nominal 50,000 ba r re l  s  per  day o f  1  i quid products us ing the 

H-coal @ and standard i ndus t r y  techno1 ogy. The p l a n t  w i l l  be 1  ocated i n  

Brecki  n r i  dge County, Kentucky. 

Cost es t imat ing f o r  prev ious synfuels p r o j e c t s  has proved t o  be d i f f i -  

c u l t .  This i s  usua l l y  because no p re l im inary  engineering was performed 

and h i  s t o r i c a l  data  i s  n o t  ava i l ab le  f o r  such plants.  Estimates f o r  coal  

conversion p l an t s  have been made w i t h  1  i t t l e  o r  no s i g n i f i c a n t  bas is  and 

have i n v a r i a b l y  been found t o  be o f  poor qua1 i ty .  

The I n i t i a l  E f f o r t  was undertaken t o  r e c t i f y  t h i s  s i tua t ion .  Consider- 

able p r e l  iminary engineer i  ng has been perfonned f o r  t h i  s  estimate. Thi s  

work uses a  s ing le -po in t  design based on the Process Demonstration U n i t  

(PDU) data from run  5, pe r iod  29 o f  the p i l o t  p lan t .  The design bas is  i s  

discussed i n  Volume I 1  o f  t h i s  report .  Many aspects o f  p l a n t  construc- 

t i o n  and c o s t  have been .considered t h a t  were no t  taken i n t o  account i n  

the pas t  studies. 

Substant ia l  experience from the H - c o ~ ~ "  p i l o t  p l a n t  a t  Cat le t tsburg,  

Kentucky, w i l l  be ava i l ab le  a t  i n i t i a t i o n  o f  the de ta i l ed  engineer ing 

phase. Thus, the data  obtained from p i l o t  p l a n t  experience w i l l  be 

incorporated i n t o  the design o f  the  commercial p lant .  



Ash1 and and Bechtel be1 ieve  the accuracy o f  the c a p i t a l  est imate t o  be 

+I %, -1 7%. Th is  accuracy i s  postu la ted on January 1981 do1 l a r s ,  the 

as-spent do1 1 a r  amount n a t u r a l l y  depending upon the  i n f l  a t i o n  r a t e  

through the cons t ruc t i on  period. 

Considerable a t t e n t i o n  has been devoted t o  re1 i a b i l  i t y  o f  operation, and 

redundant equipment has been used where i t  was deemed necessary t o  assure 

reasonable onstream time. Th is  equipment i s  inc luded i n  the c a p i t a l  

estimate. 

1.2 COST SUMMARY 

The c a p i t a l  c o s t  i s  summarized by t o t a l  p l a n t  c o s t  on Table 1. The sub- 

t o t a l  p l a n t  cost ,  excl  u d i  ng contingency, fee, and adjustment i s  
,.. 

$2,710,940,000. The contingency shown on t h i s  Table and der ived from 
P. 

ana l ys i s  o f  r i s k  Figure 1 i s  def ined as the  c o s t  which w i l l  r e s u l t  i n  a 

50:50 p r o b a b i l i t y  o f  overrun on the p ro j ec t .  Th is  was determined by 

us ing  t he  RAC 8 program, a r i s k  ana lys is  program used by Bechtel t o  
> -- determine overrun p r o b a b i l i t y  and based on a Monte Car lo  random number 

--  s imulat ion.  The adjustment shown on Table 1 represents the d e l e t i o n  of 

one 600 TPH coa l  washing u n i t  p l u s  associated contingency and fee. 

Adding the contingency, fee  and adjustment, the t o t a l  depreciable cos t  of 
the  p l  ant  i s $3,167,430,000. 

Working cap i t a l ,  t he  non-depreciable cash requ i red f o r  p l  ant  operations, 

i s  assumed t o  be recovered w i thou t  l o s s  a t  the end o f  the  pro jec t .  Work- 

i n g  c a p i t a l  i s  usua l l y  d i v i ded  i n t o  t h ree  categor ies  - cash, accounts 

rece ivab le  and .inventory. The l a t t e r  two are sel f -explanatory and the 

f i r s t  i ncl  udes the cash ,necessary t o  meet payro l l ,  accounts payable and 

o t h e r  expenses as they a re  incur red  dur ing  - the p l a n t  operations. Adding 

the  working c a p i t a l  t o  the  t o t a l  p l a n t  c o s t  r e s u l t s  i n  t o t a l  c a p i t a l  

requirements of $3,258,430,000 as shown on the ind iv idua l .  p l a n t  c o s t  sum- 

mary Table 2. 



The downside economics f o r  the p r o j e c t  w i l l  be based on a  contingency 

re f1  e c t i  ng a  20 percent probabi l  i ty o f  overrun. Th is  c o n t i  ngency shown 

on Table 2  i s  der ived f rom F igure 1  and r e s u l t s  i n  the  t o t a l  c a p i t a l  

requi  rement o f  $3,695,861,000. 

1.3 COMMON COST FACTORS 

The c a p i t a l  est imate i s  a  fac tored est imate based on the "bare equipment" 

cost. The bare equipment c o s t  i s  determined by in-house and vendor e s t i -  

mates. The cos t s  f o r  foundations, p ip ing,  insu la t ion ,  process bu i ld ings,  

pa in t ing,  ins t rumentat ion and e l e c t r i c a l  a re  determined by t a k i  ng a  per-  

centage o f  the bare equipment cost. Subsequently, these accounts are  

broken down i n t o  mater ia l  s  and 1 abor, a1 1  owing est imates o f  the  f i e l d  

cons t ruc t ion  1  abor requirement. The number o f  manhours requ i red t o  e r e c t  
- the equipment i s  taken from Bechtel I s  standard manhour manual. The bare 
*. .. 
.- equipment cos ts  f o r  t h i s  study have been based on data sheets prepared by 

- Bechtel t h a t  a re  be l ieved t o  be the  most complete t o  date f o r  t he  deter -  - 

m inat ion o f  these cos ts  f o r  a  commercial coal  1  i que fac t i on  p lant .  There- 

;, fore,  the bare equipment cos ts  have been estimated as accurately as 

, poss ib le  a t  t h i s  stage o f  p r o j e c t  development. 

Addi t iona l  f ac to r s  a re  used f o r  f i e l d  i nd i r ec t s ,  engineering, home o f f i c e  
' 

allowances, and fee. Th is  r e s u l t s  i n  an i n s t a l l e d  c o s t  f o r  each p l a n t  

and i s  a  1  i n e  i t em  on Table 2. Addi t iona l  1  i n e  i tems are in terconnect ing 

p i p i ng  ( taken from an over1 ay o f  the  p l a n t  p l o t  p lan) ,  o f f s i t e s ,  steam 

p lan t ,  admi n i  s t r a t i o n  bu i ld ing ,  shops, etc. These 1 i ne i tems t o t a l  the 

p l  ant  cons t ruc t ion  cos t  mentioned previously.  

The f ac to r s  used a re  determined from h i s t o r i c a l  data compiled by Bechtel 

f o r  s i m i l a r  plants. Obviously, d i r e c t  para1 l e l  s  are no t  a1 ways poss ib le  

f o r  a  new technology, and some judgement by the est imators  i s  thus 

. required. However, because o f  the experience o f  both the Ashland and 

Bechtel personnel, i t  i s  be1 ieved t h a t  these judgements a re  sound. 



The equipment 1 i s t  and equipment data  sheets are ava i l ab le  as backup t o  

t h i s  est imate and a re  contained i n  Reports I V  and V. 

Const ruct ion 1 abor p r o d u c t i v i t y  a f f e c t s  the determi na t ion  o f  the f i e l d  

l a b o r  requirement mentioned above. For  t h i s  p r o j e c t  the Bechtel system 

of r e l a t i n g  p r o d u c t i v i t y  t o  a standard i s  used. That i s ,  the  p'roductiv- 

i t y  i s  determined from h i s t o r i c a l  data from recent cons t ruc t ion  jobs  i n  

the geographical area under cons iderat ion and an appropr ia te  adjustment 

f a c t o r  i s  used. The r e s u l t i n g  p r o d u c t i v i t y  i s  then incorporated i n t o  the 

est imate a f t e r  the  f a c t o r s  are broken down for mater la l  arid 1 abor. 

1.4 ESTIMATING METHOD 

Each of the numbered p l a n t s  are  t r ea ted  separately f o r  es t imat ing so t h a t  

t he  i n s t a l l e d  c o s t  f o r  each p l a n t  i s  determined independently of a1 1 

9': 
a- 

o the r  p lants.  Th i s  a l l ows  the app l i ca t i on  o f  d i f f e r e n t  f a c t o r s  t o  the 

bare equipment c o s t  depending upon the type o f  p l a n t  being estimated, as 

w e l l  as  the cons idera t ion  o f  the  r e l a t i v e  complexi ty o f  the d i f f e r e n t  

p lants .  We1 1 -def ined f a c t o r s  can be used f o r  the  conventional sect ions 

of the  p lan t ,  and t he  probable e r r o r  i n  the  t o t a l  est imate i s  thus 

reduced. 

The summary f o r  each i nd i v i dua l  p l a n t  f o l l ows  the  t o t a l  c a p i t a l  summary, 

Table 1. An est imate o f  the manhours required f o r  cons t ruc t ion  of each 

p l a n t  i s  made which a l lows  l e v e l i n g  o f  c r a f t  requirements as the d e t a i l e d  

schedule i s  developed. Fo r  each p lan t ,  the  l a b o r  i s  d i s t r i b u t e d  over a1 1 

accounts w i t h  a d i  s t r i  butabl  e manual 1 abor a1 1 owance based on mater i  a1 

c o s t  and an allowance f o r  non-manual f i e l d  labor.  Then, f o r  each p l a n t  

the est imated bare equipment cos t  i s  determined and the t o t a l  i n s t a l l e d  

c o s t  estimated. 



2.0 ESTIMATE BASIS 

2.1 GENERAL, 

T h i s  i s  an es t ima te  o f  t h e  c a p i t a l  c o s t s  f o r  a  ma jor  c o a l  l i q u i f a c t i o n  

f a c i l i t y  t o  be l o c a t e d  i n  B reck in r i dge  County, Kentucky. The p l a n t  

c a p a c i t y  i s  a  nominal 50,000 b a r r e l s -  pe r  day o f  pe t ro leum l i q u i d s ,  u t i -  

1  i z i n g  H-coa l@ technology. 

The es t ima te  i s  based on a  scope d e f i n i t i o n  produced by  Bechte l  as a  

p roduc t  o f  t h e  i n i t i a l  coope ra t i ve  agreement e f f o r t  between DOE, ASFI, 

and AECI. It inco rpo ra tes  a d d i t i o n a l  d a t a  and i n fo rma t i on  supp l i ed  by 

var ious 'equ ipment  vendors and t h i r d - p a r t y  eng inee r ing  f i r m s .  A complete 

d e f i n i t i o n  o f  t h e  scope b a s i s  can be found I n  Repor ts  111, I V ,  and V. 
-. 
L- 

The re fe rence  m a t e r i a l  u t i l  i z e d  i n  p repa r ing  t h e  es t ima te  c o n s i s t s  o f  t h e  
.. f o l l o w i n g  documents: 

a Major  equipment i t e m  1  i s t s  
* 

a General des ign  s p e c i f i c a t i o n s  

a Equipment d a t a  sheets 

a Equipment des ign  sketches 

a P i p i n g  and Ins t rument  Diagrams 

P l o t  p l a n s  

a Rout ing  diagrams 

A scope c u t o f f  da te  was e s t a b l i s h e d  f o r  c o n s o l i d a t i n g  i n f o r m a t i o n  t o  be 

used i n  t h e  est imate.  However, c e r t a i n  a d d i t i o n a l  da ta  a v a i l a b l e  a f t e r  

t h a t  t i m e  was a l s o  i nco rpo ra ted  when a  s i g n i f i c a n t  impact on f a c i l i t y  

c o s t s  was ev ident .  P r i c i n g  f o r  t h e  es t ima te  i s  based on January 1981 

l e v e l s  w i t h  no a d d i t i o n a l  al lowance f o r  esca la t i on .  . 



 his i s  a  p r e l  im inary- type es t ima te  w i t h  an assoc ia ted  accuracy o f  +19%, 

-17%. Costs f o r  ma jor  equipment have been developed f o r  each i n d i v i d u a l  

i tem. From t h i s  in fo rmat ion ,  t h e  t o t a l  i n s t a l l e d  c o s t  was de r i ved  

u t i l  i z i n g  v a r i o u s  curves, r a t i o s  and f a c t o r s  based on Bechte l  ' s  h i s t o r i -  

c a l  d a t a  f o r  s i m i l a r  o r  r e l a t e d  f a c i l i t i e s .  - 

The paragraphs t h a t  f o l l o w  desc r ibe  t h e  methods and techniques used i n  

complet ing each p o r t i o n  o f  t h e  est imate.  

2.2 METHODOLOGY 

2.2.1 Major  Equipment 

The equipment was p r i c e d  us ing  curves  and u n i t  c o s t  comparison f o r  s i m i l a r  

i tems f rom o t h e r  recen t  Bechte l  p r o j e c t s .  The remain ing  equipment, espe- 

-* 
c i a l l y  unique o r  s p e c i a l  items, was p r i c e d  us ing  vendor est imates. 

The major  equipment was considered on an i tem-by- i tem b a s i s  w i t h i n  each 

p l a n t ,  u n i t  o r  f a c i l i t y .  General design parameters were e x t r a c t e d  f rom 

d a t a  sheets, r e c o g n i z i n g  such f e a t u r e s  as s ize,  capac i ty ,  meta l lu rgy ,  w a l l  
t 

th ickness,  e t c .  T y p i c a l  design c h a r a c t e r i s t i c s  and u n i t s  o f  measurement 
-Jr .+ t h a t  were used t o  e s t i m a t e  c o s t s  f o r  va r i ous  c l a s s i f i c a t i o n s  o f  equipment 

can be summarized as f o l l o w s :  

0 Columns & Vessels 

- Based on tons  o f  s tee l ,  m e t a l l u r g y  and p l a t e  
th ickness .  I n t e r n a l s  p r i c e d  separa te l y  

Tanks 

- C l a s s i f i e d  as t o  t ype  and p r i c e d  a t  b a r r e l s  o f  
c a p a c i t y  

Heat Exchangers 

- ' I d e n t i f i e d  as a i r  c o o l e r s  o r  s h e l l  and tube 

type, p r i c e d  on t h e  b a s i s  o f  m e t a l l u r g y  and 
t u b e  s u r f a c e  area 



F i r e d  Heaters 

- S p e c i f i e d  as t o  absorbed heat  d u t y  (MM B tu /h r )  
and p r i c e d  u t i l i z i n g  vendor da ta  and c o s t  
curves 

Pumps and D r i v e r s  

- Case ma te r ia l ,  d r i ve r - t ype ,  and brake 
horsepower were used 

Vacuum Equipment 

- U t i l i z e d  vendor es t imates  

Compressors and D r i v e r s  

- C l a s s i f i e d  as r e c i p r o c a l  o r  c e n t r i f u g a l  and 
p r i c e d  on t h e  b a s i s  o f  d r i v e r  brake 
horsepower, us ing  vendor es t imates  

Spec ia l  Equipment 

- . Used vendor es t imates  f o r  packqged o r  s p e c i a l  
equipment 

2.2.2 Subcontract Costs 

The es t ima te  i s  based on a  number o f  i tems be ing  purchased and e rec ted  by 

subcontractors.  I tems such as tank cons t ruc t i on ,  s i t e  p repara t ion ,  b o i l e r  

e rec t ion ,  etc., a re  t y p i c a l l y  supp l i ed  by  someone o t h e r  t han  t h e  pr ime 

con t rac to r ,  and these i tems have been shown as separate subcont rac t  

costs.  These subcont rac ts  i nc lude  a l l  ma te r i a l ,  labor ,  overhead and fees  

r e l a t e d  t o  t h e  work. 

2.2.3 Bu lk  M a t e r i a l s  

The cos ts  o f  b u l k  m a t e r i a l s  were developed i n  two ways. F i r s t ,  i n  t h e  

process u n i t s  a l l  bu l k  m a t e r i a l s  and l a b o r  cos ts  were de r i ved  f rom r a t i o s  

and f a c t o r s  r e l a t e d  t o  t h e  major equipment costs.  These f a c t o r s  were 

t a i l o r e d  t o  each process u n i t ,  based on B e c h t e l ' s  in-house h i s t o r i c a l  da ta  

f o r  s i m i l a r  t ypes  o f  f a c i l i t i e s .  I n  c e r t a i n  cases, adjustments have been 



made t o  a l l o w  f o r  s p e c i a l  o r  unique c h a r a c t e r i s t i c s  o f  t h e  u n i t .  Such 

adjustments o r  s p e c i a l  c o n d i t i o n s  are  noted i n  t h e  p l a n t  summary descr ip -  

t i o n  sheets t h a t  f o l l o w .  

The second method used f o r  e s t i m a t i n g  b u l k  m a t e r i a l s  i nvo lved  t h e  o f f p l o t  

and i n t e r c o n n e c t i n g  u n i t s .  For  these areas, i t  was necessary t o  develop 

q u a n t i t y  d a t a  based on p r e l i m i n a r y  p l o t  p lans  and s i t e  p l a n  arrangements, 

w i t h  assumptions made f o r  rou t i ngs ,  l i n e  s izes,  pipeway con f igu ra t i ons ,  

e t c .  These p r e l  im inary  q u a n t i t i e s  were .pr iced on an i temized bas is  and 

compared t o  o t h e r  large,  complex p r o j e c t s  as a  cross check. 

2.2.4 Bulk Subcontract  Costs 

. .. C e r t a i n  a c t i v i t i e s  such as i n s u l a t i o n ,  bu i ld ings ,  and p a i n t i n g  have, i n  
..?, . 
-*.- a l l  cases, been based on subcontracts.  For  i n s u l a t i o n  and pa in t i ng ,  t h e  

es t imates  are  based on a  percentage of major  equipment costs.  B u i l d i n g s  
B 

are  es t imated separa te l y  i n  P l a n t  41. 

, . .- r 
qty 2.2.5, D i r e c t  Labor Manhours 

For  e r e c t i o n  o f  major  equipment, t h e  d i r e c t  l a b o r  manhours were ca lcu-  
-4- 5; 

l a t e d  on t h e  bas is  o f  u n i t  r a t e s  and manhour standards f .o r  each 

i n d i v i d u a l  item. These manhours were summarized by category w i t h i n  t h e  

- i n d i v i d u a l  p l a n t s  o r  u n i t s .  

Because t h i s  p r e l i m i n a r y  l e v e l  es t imate  does n o t  c o n t a i n  d e t a i l e d  quan- 

t i t y  da ta  f o r  .bulk ma te r ia l s ,  t h e  manhours requ i red  f o r  these i tems have 

been a p p l i e d  as a  percentage, o r '  f a c t o r ,  o f  t h e  b u l k  m a t e r i a l  cos t  which 

i n  t u r n  was de r i ved  f rom f a c t o r s  r e l a t e d  t o  t h e  major equipment cost .  

These r a t i o s . h a v e  been t a i l o r e d  and ad jus ted a t  t h e  p l a n t  l e v e l  t o  

conform t o  h i s t o r i c a l  Bechte l .exper ience f o r  s i m i l a r  types o f  u n i t s ,  

co r rec ted  t o  be s i t e  s p e c i f i c  f o r  t h e  .Breck i n r i d g e  County j o b  l oca t ion .  



2.2.6 D i r e c t  Labor Costs 

The manhours de r i ved  above were p r i c e d  us ing  an o v e r a l l ,  n e t  average j o b  

wage ra te .  Th i s  r a t e  was developed f rom an ana lys i s  of un ion  wage agree- 

ments i n  e f f e c t  i n  t h e  B reck in r i dge  l o c a l  area as o f  January 1, 1981. 

These agreements s e t  t h e  base r a t e s  and f r i n g e s  a p p l i c a b l e  t o  each c r a f t  

i n v o l v e d  i n  t h e  c o n s t r u c t i o n  phase o f  t h e , p r o j e c t .  Adjustments were 

a p p l i e d  f o r  crew mixes and spot  overt ime. An o v e r a l l  average r a t e  was 

then  c a l c u l a t e d  on a  weighted basis,  u t i l i z i n g  B e c h t e l ' s  exper ience f o r  

t y p i c a l  c r a f t  d i s t r i b u t i o n s  on s i m i l a r  l a r g e  p r o j e c t s .  Th i s  average r a t e  

takes  i n t o  c o n s i d e r a t i o n  t h e  f o l l o w i n g  va r iab les :  

a Base wages by c r a f t ,  as s p e c i f i e d  by c u r r e n t  l o c a l  
agreements 

a F r i n g e  b e n e f i t s  by c r a f t  i n c l u d i n g  t r a v e l  t i m e  
.. 
w .- 

a Crew mix f o r  journeyyan, foreman and apprent ice  

a Normal "spot "  over t ime 

a . O v e r a l l  weighted c r a f t  p a r t i c i p a t i o n  d u r i n g  t h e  
c o n s t r u c t i o n  p e r i o d  . 

e Insurances and taxes as r e q u i r e d  by s t a t e  and 
federa l  1  aw 

The o v e r a l l  r a t e  i s  based on a  standard 40 hour work week and does n o t  

a l l o w  f o r  f u t u r e  esca la t i on .  

2.2.7 Spare P a r t s  

An al lowance o f  5% o f  t h e  major  equipment has been i nc luded  f o r  spare 

p a r t s  t o  be purchased w i t h  i n i t i a l  placement o f  orders f o r  equipment. 

Sales Tax 

Sales t a x  has been es t imated a t  5% o f  t h e  d i r e c t  m a t e r i a l  cost ,  except  

f o r  t he  process p l a n t  f a c i l i t i e s  which a re  based on be ing  exempt f rom 

sa les  tax .  



2.2.9 Field Indirect costs 

Field indirect costs have been included as a percentage of direct 1 abor 

cost taking into consideration the site location, job master schedule, 
project construction plan, subcontracting plan, etc. The indirect per- 
centage is based on Bechtel's experience from other large, grass-roots, 
refinery-type construction projects. 

As a cross-check, the costs developed by this overall factoring method 
were allocated to specific ind,irect functions and compared 26  c o s t s  for 
the same functions on other large projects. 

The construction phase of the project is scheduled for approximately six 

i.. years. As a result of construction duration the normally temporary-type 
.., 

'Y.. P C  ".. construction offices and warehouses will be of a permanent nature. The 
' .. sewage treatment facilities are handled similarly. 

4 .  w 
. ," Items that are included in the indirect cost can be grouped into four 
. . .,. , -4 

,&. . 
5 *> 

... . functional areas, which are summarized below: 
A' U1 

e Temporary Construct ion Services 

- Includes office buildings, warehouses, working areas and ' 

bays, temporary roads, walks, parking area and fences; 
railroad and barge unloading facilities; power, light 
and telephone facilities; minor temporary construction; 
general purpose scaffolding, cribbing and drainage; 
sanitary facilities 

Miscellaneous Construction Services 

- General and final cleanup, maintenance of tools and 
equipment; material handling, welder's supplies and 
testing, watchmen and guards and surveying 

Construction Equipment and Tools 

- Supplies and purchased utilities, fuels and lubricants. 
All types of construction equipment whether rented or 
purchased, and tools 



a Field Office Cost 

- Nonmanual supervision, administration, warehousing and ' 

purchasing, first aid, safety and medical, nonmanual 
payroll adds and benefits, field office overhead, 
nonmanual travel and subsistence 

2.2.10 Home Office Manhours 

An evaluation of home office manhours has been included in the estimate for 

those portions of the faci 1 ity to be designed by the prime enginwring con- 

tractor. The estimate was produced first by an analysis of the engineering 

scope developed in the Phase Zero design and consisting of process descrip- 

tions, lists of equipment, estimated numbers of drawings, material requisi- 

tions, specifications, etc. The engineering manhours associated with this 

scope were estimated on a plant-by-plant basis utilizing experience from 

similar types of facilities. 

Manhours for home office support services have also been included. These 

were added as a percentage of the engineering requirements for each indi- 
vidual plant. The percentage is based on historical data from other large, 

refinery-type projects and includes the following typical functions: 

' Project Management 

Technical Services (Project Control s) 

a Construction Management 

Procurement 

Commercial Services 

2.2.11 Home Office Costs 

The home office manhours, derived above, were priced using an overall aver- 

age rate, based on Bechtel's current Houston office experience. The rate 

was developed by an analysis of salaries for various employment classifica- 

tion.~ and was distributed on a weighted basis for an organization of the 

size and complexity of this project. 



I n  a d d i t i o n  t o  t h e  base sa la r i es ,  t h e  f o l l o w i n g  i tems a re  i nc luded  i n  t h e  

o v e r a l l  average r a t e :  

a Bech te l  s tandard p a y r o l l  a d d i t i v e s  f o r  taxes  and 
insurance 

Eng ineer ing  suppl i e s  

General o f f i c e  supp l i es  

Communication cos ts  

I n d i r e c t  c o s t  a1 lowances f o r  f a c i  1  i t y  and overhead 
i terns 

F r i  nge bcnef  i t s  

Reproduct ion and p r i n t i n g  

a Computer charges 

T rave l  expense (home o f f  i c e  personne 1  ) 

2.2.12 Eng ineer ing  by Others 

.A number o f  t h e  p l a n t s  i n  t h i s  es t ima te  i n v o l v e  l i c e n s e d  u n i t s  o r  designs 

o f  a  spec ia l  and unique na tu re  t o  be engineered by  o t h e r  t h i r d - p a r t y  

f i rms.  The c o s t s  o f  home o f f i c e  se rv i ces  f o r  these p l a n t s  have. been 

shown separa te ly ,  u t i l i z i n g  i n f o r m a t i o n  which those companies supp l i ed  

w i t h  t h e i r  est imates.  

2.2.13 E s t i m a t i n g  Allowances 

The es t imates  f o r  t h e  c a p i t a l  cos ts  o f  these f a c i l i t i e s  conform t o  t h e  

Phase Zero des ign  scope . a v a i l a b l e  a t  t h e  t ime  t h e  es t ima te  was produced. 

No a d d i t i o n a l  p r o v i s i o n s  f o r  changes o r  m o d i f i c a t i o n s  a re  i nc luded  un less  

s p e c i f i c a l l y  i d e n t i f i e d  i n  t h e  est imate.  

However, because o f  t h e  p r e l i m i n a r y  na tu re  o f  t h i s  est imate,  an al lowance 

o f  15% o f  t h e  c a p i t a l  c o s t  has been i nc luded  i n  t h e  p l a n t  summary. Th is  



allowance provides f o r  cos t s  which are no t  i d e n t i f i e d  by s p e c i f i c  i t em  a t  

t h i s  stage o f  engineering. 

2.2.1 4 R i  sk Analysi  s 

A ri sk ana lys is  was made using Bechtel ' s  Risk Analysis - Contingency 

(RAC) program. This program helps t o  def ine the  accuracy of the e s t i -  

mate, presents the most probable cost ,  assesses the r i s k s  and shows the 

p r o b a b i l i t y  o f  an overrun a t  var ious l e v e l s  o f  contingency. The r e s u l t s  

of t h i s  program were used t o  a i d  i n  es tab l i sh ing  the est imat ing a1 lowance 

f o r  the pro jec t .  

2.2.15 Fee - 
For est imat ing purposes, a  con t rac to r ' s  fee o f  2% o f  the c a p i t a l  c o s t  has 

- been included w i t h  each p l a n t  summary. 

. 2.2.16 RAC - Calcu la t ions 

Calcu la t ions provided i n  the ri sk ana lys is  resu l ted  i n  the output  data 

contained on the f o l l ow ing  page. These data were u t i l i z e d  as ind ica ted  

-+: 
above. 

. . L 

- 2.2.1 7 Estimate Exclusions 

The c a p i t a l  cos t  est imate does no t  inc lude  c o s t  f o r  the i tems 1 i s t e d  

be1 ow. 

Land c o s t  f o r  s i t e  

Socioeconomic considerat ions;  community f a c i l  i t ies ,  
camp, o r  o ther  i n f r a s t r u c t u r e  

Permits and bonds 

Cost o f  impor t ing borrow f i l l  mate r ia l  from o f f s i t e  
f o r  s i t e  f i l l  and compaction 



a ,Gas pipe1 ine 

Electric transmission 1 ine 

Cost of setting up remote preassembly yards and 
facilities 

Credit or debit for worldwide procurement 

Potable water we1 1 s 

Allowance for incentive to attract labor 



FIGURE 1 

JOB NO 14222 /C l ient  

~ y p e  of plant Coal Liquif. 

~ o c o t i o n  Addison, KY 

ANALYSIS OF RISK 

596,407 - 

MANAGEMENT DECISION 

Accuracy Excl. contingency + 34% - 2% Contingency 

$406.640 
Most Proboble Cost % 3,117,580 

Estimate Accuracy 

Bosed on ~ tandarA  Oowiolion 



Table 1  

FACTORED CAPITAL COST ESTIMATE 
ALL PLANTS SUMMARY 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUI PMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  
in-house d a t a  = $287.550 

.BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

, 
" f a c t o r s " )  o f  t h e  ma jo r  equipment costs.  The c o s t  f a c t o r s  a r e  based on 

- LL ~/+' -- B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types  o f  p l a n t s  and * 
.r vary w i t h  t y p e  and s i z e  o f  p lan t .  
4;. 
2c 

, - 
-9 Cost ** 
-t", Bu lk  M a t e r i a l  Costs Factor,  % ,$ 
*-. iz * ~ n s t r u m e n t s  = NA 
FF 

X 
=P *- P i p i n g  = NA X 

S t r u c t u r a l  S t e e l  = NA X 

E l e c t r i c a l  

Concrete 

S i t e  Improvements 

S i d i n g  

~ u i l d i n g s  

T o t a l  Bu l k  M a t e r i a l  Cost 



Table 1  (Cont) 

Subcontract Costs 

P i p i n g  

I n s u l a t i o n  

E l e c t r i c a l  

B u i l d i n g s  

S i  t e  Irnprove111tt111~ 

P a i n t i n g  

HVAC 

T o t a l  Subcontract Cost 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

Cost 
Factor ,  % 

- - N  A X 

~. 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as m u l t i p l  i e r s  ( o r  manhour l ' fac tors ' ' )  o f  

t h e  bu l k  m a t e r i a l  cos ts .  The manhour f a c t o r s  a r e  based on Bechte l  I s  

h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types  o f  p lan ts ,  va ry ing  w i t h  

t y p e  and s i z e  o f  p l a n t  and ad jus ted  as r e q u i r e d  f o r  l a b o r  p r o d u c t . i v i t y  

based on j o b s i t e  data. 

Manhour Fac to r  
Hrs /$I000 

o f  Cost 

Inst rument  Manhours - - N  A  X - - 1,391 

P ip ing  Manhours - - N A  X = 8,753 

S t r u c t u r a l  S tee l  Manhours - - N A X = 2,749 

E l e c t r i c a l  Manhours - - N A  X = 3,912 

B u i l d i n g s  - - N A  X - - 5  

Concrete Manhours - - N A  X = 3,920 



Manhour Factor  
Hrs/$1000 

o f  Cost (Cont) 

S i d i  ng - - N A X - - - 52 

Si  t e  Improvement Manhours - - N A X - - 2,244 

Pai n t i  ng - - N A X - - 7 

Major  Equipment Manhours* = 2,708 

TOTAL. DIRECT LABOR MANHOURS 

*)la j o r  equipment manhours obta ined f rom Bechtel ' s 
p r o p r i e t a r y  "Manhour Standard" document. 



Table 1 (Cont)  

DIRECT LABOR COST 

COMMERCIAL EQUIPMENT 

SPARE PARTS 

SALES TAX - - 11,130 

CATALYST 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

SUBTOTAL FIELD COSTS 

HOME OFF1 CE MANHOURS = 6,000,000 

HOME OFFICE COSTS 

6,000,000 @ $36.79 

THIRD PARTY ENGINEERING 

SUBTOTAL PLANT COSTS 

2,481,200 + 220,740 + 9,000 

ESTIMATING ALLOWANCE FOR UNCHARACTERIZED ITEMS 

FEE @ 2% OF 3,117,580 
3,179,930 

ADJUSTMENT - P l a n t  27 De le te  600 TPD Washing U n i t  (12,500) 

TOTAL COSTS FOR ALL PLANTS = $3.167.430 



Plant  
No. - Unit Name 

Major 
Equipment 

Coal Drying and Pulver iz ing  7,100,000 

Cost S lu r ry  Prepara t ion  9,508,100 

Prehea t ing  and Reaction 155,486,400 

H-coal@ Primary Separa t ion  49 ,?08,000 

H-coal@ Recycle S lu r ry  ; 15,964,900 
Prepara t ion  

Recycle Hydrogen Compression 8,340,800 

Gas P lant  26,067,400 

Cryogenic Hydrogen Pur i  f i c a t  ion 8,772;400 

Sour Water Trea t ing  13,412,500 

S u l f u r  P lan t  3,828,500 

Gas i f i c a t i on  and P u r i f i c a t i o n  97,853,900 

Oxygen P l a n t  61,753,600 

14-coal@ D i s t i l l a t e  Separation 13,312,400 

Naphtha Hydro-Treating and 10,269,000 
Reforming 

F l a r e  System 3,371,800 

Tankage ' 2,373,300 

In terconnect ing  Piping 20,100 

River F a c i l i t i e s  

Rai l  and Truck F a c i l i t i e s  680,000 

Coal Receiving and Storage  21,300,000 

Coal Washing and Secondary 16,065,000 
Crushing 

E l e c t r i c a l  D i s t r i b u t i o n  -0- 

Steam Generation and BFW 16,048,000 
Heating 

Water Systems: Raw, Po t ab l e ,  7,027,800 
Cool i ng  

F i r e  System 419,700 

Sewers and Wastewater 18,611,100 
Treatment 

CAPITAL COST SUMMARY 
: .""; c - r  i \ p ; l -  

Bulk 
M a t e r ~ a l s  Labor - Subcont rac ts  

50:50 P robab i l i t y  20:80 P robab i l i t y  
Tota l  of  Overrun of  Overrun - 



CAPITAL COST SUMMARY 
(Con t inued)  

P l a n t  
No. - llni t  Name 

S tack  Cas  Sc rubb ing  

I n s t r u m e n t  and P l a n t  Air 
Svstems 

T e l e c o n m ~ ~ n i c a t i o n s  Systems 

I n e r t  Gas Systems 

Purge  and F l u s h  O i l  Systems 

S i t e  Development and Roads 

B u i l d i n g s  

S o l i d  Waste Management 

L a n d f i l l  

T r a n s p o r t a t i o n  ( I n c l u d e d  
i n  c o m n e r c i a l  equ ipment )  

S u h t o c a l  

Major 
Equipment 

10 ,022 ,400  

721,600 

Bulk 50:50 P r o b a b i l i t y  20:80 P r o b a b i l i t y  
H a t e r r a l s  Labor Suhconcrac t s  T o t a l  o f  Overrun o f  Overrun - 
9,330:OOO 13 ,650 ,000  6 ,690 ,000  39,692,400 

360 ,800  480,000 69 ,000  1,631,400 

I n i t i a l  c a t a l y s t  and c h e m i c a l s  29,140,000 

Commercial equipment 8 ,910 ,000  

F i e l d  i n d i r e c t s  399,650,000 

S a l e s  t a x  11 ,130 ,000  

Home o f f i c e  c o s t  and t h i r d  p a r t y  e n g i n e e r i n g  229,740,000 

Adjus tmen t ,  P l a n t  27 - 

Spare  p a r t s  30 ,170 ,000  

Round o f f  a d j u s t m e n t  20,300 

S u b t o t a l  P l a n t  Cos t s  2 ,710 ,940 ,000  

Cont ingency 

S u b t o t a l  

Fee @ 2% 

remove one 600 TPH washing u n i t  

T o t a l  P l a n t  C o s t s  

Working C a p i t a l  

T o t a l  C a p i t a l  Requirements  



3.0 PLANT 1  COAL DRYING AND PULVERIZING 

3.1 GENERAL 

Coal D ry ing  and P u l v e r i z i n g  ( P l a n t  1) d r i e s  and p u l v e r i z e s  washed c o a l  f rom 

Coal Washing and Secondary Crushing ( P l a n t  27) p r i o r  t o  t h e  c o a l  being 

s l u r r i e d  i n  Coal S l u r r y  P repa ra t i on  ( P l a n t  2) .  

The es t ima te  f o r  Coal D ry ing  and P u l v e r i z i n g  ( P l a n t  1) was prepared by 

Bechte l  ' s  Research and Engineer ing D iv i s ion ,  rev iewed by  t h e  p r o j e c t  

e s t i m a t i n g  team, and incorpora ted  i n t o  t h e  o v e r a l l  summary t o t a l s .  

The d i r e c t  c o s t  es t imates  f o r  t h i s  p l a n t  a re  based. on t h e  conceptual  des ign  

and eng ineer ing  i n f o r m a t i o n  prepared i n  Phase Zero and cons i s ted  of . 

drawings, s p e c i f i c a t i o n s ,  and a  l i s t  o f  major  equipment. Es t ima t ing  

methods c o n s i s t e n t  w i t h  t h e  conceptual n a t u r e  o f  t h e  design were employed 

us ing  vendor i n f o r m a t i o n  as we1 1  as e x t r a p o l a t i o n  f r o m  c u r r e n t  Bechte l  

h i s t o r i c a l  in fo rmat ion .  

Approximate ly  80% o f  t h e  major  equipment was p r i c e d  f rom vendor est imates. 

The remainder was eva lua ted us ing  curves and u n i t  p r i c e s  f o r  s i m i l a r  i tems 

from o the r  p r o j e c t s .  

Q u a n t i t i e s  f o r  b u l k  ma te r i a l s ,  such as concrete, s tee l ,  p ip ing ,  w i r e  and 

condu i t  were n o t  a v a i l a b l e  a t  t he  t ime  o f  t h e  est imate,  r e s u l t i n g  i n  a  

f a c t o r  method being employed t o  determine approximate c o s t s  f o r  these 

ma te r ia l s .  



3.0 PLANT 1  COAL DRYING AND PULVERIZING 

3.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quo tes  o r  
i n-house d a t a  

The b u l k  m a t e r i a l  and s u b c o n t r a c t  c o s t s  a r e  taken  as percen tages  ( o r  c o s t  

" f a c t o r s " )  o f  t h e  m a j o r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i  l a r  t y p e s  o f  p l a n t s  and 
& 
Ot '- 

dm,. - v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  
*?< 

'f 
& 

Cos t  
Bu l k  M a t e r i a l  Costs Fac to r ,  % 

:k 
fi 

L- 
I n s t r u m e n t s  = 0.0066 X 30,400 = 200 

LY.2 

.?.. S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

S i t e  Improvements - - - X 

T o t a l  B u l k  M a t e r i  a1 Cos t  = $3,900 



Subcontract Costs 

\ 

Cost 
Factor ,  %. 

Insu la t ion  

B u i  1 d i  ngs 
Painting 

Total Subcontract Cost - - 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR FUNHOURS 

Di rec t  1 abor manhours a r e  taken a s  mu1 t ip1  i e r s  ( o r  manhour " f a c t o r s " )  of 
t he  bul k material  cos t s .  The manhour f a c t o r s  a r e .  based on Bechtel ' s 

h i  s t o r i c a l ,  propr ie tary  da t a  f o r  s i m i l a r  types  of p lan t s ,  varying w i t h  
. '  type and s i z e  of p l an t  and adjus ted a s  required f o r  l abo r  product iv i ty  

based on jobs i  t e  data.  . 

Manhour Factor  

Instrument Manhours 
Piping Manhours 
S t ruc tu ra l  Steel  Manhours 
E l ec t r i c a l  Manhours 
Concrete Manhours 
S i t e  Improvement Manhours 

Major Equipment Manhours* 

of Cost 

TOTAL DIRECT LABOR FlANHOURS 

*Major equipment manhours obtai  ned from Bechtel ' s 
propri e tary  "lclanhour Standard" document. 

Hours 



DIRECT LABOR COST 

354,000 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor C o s t  

SUBTOTAL FIELD COSTS 

30,400 + 3,900 + 7,330 + 360 + 550 + 5,500 

# 

-,ez.-* 
L, 
4 -.- 
3 

'f2Y 
J- - HOME OFFICE MANHOURS 
x:2+ 

CC" 

p" 

. - HOME OFFICE COSTS 
2L' -- 
9 
"i + 101,000 @ $36.79 
--** , - 
d, 
2- 
v .  
L> 

-A 

'37 
ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 
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4.0 PLANT 2  COAL SLURRY PREPARATION 

4.1 GENERAL 

- Coal S l u r r y  P repa ra t i on  ( P l a n t  2) prewets and s l u r r i e s  d r i e d  and p u l v e r -  

i z e d  coa l  f rom Coal D ry ing  and p u l v e r i z i n g  ( P l a n t  I ) ,  w i t h  t h e  r e c y c l e  

heavy d i s t i  1  l a t e  and hydroclone ove r f l ow  r o u t e d  t o  H-coal@ Preheat ing 

and React ion ( P l a n t  3) .  

Est imated c o s t s  f o r  t h i s  p l a n t  were developed by  Bech te l ' s  R e f i n e r y  and 

Chemical D i v i s i o n  us ing  i n f o r m a t i o n  supp l i ed  by Hydrocarbon Research, 

Inc .  (HRI). The da ta  cons i s ted  o f  t h e  HRI process design and equipment 

l i s t ,  w i t h  accompanying p l o t  plans, s p e c i f i c a t i o n s ,  drawings, and da ta  

sheets. 

Major  equipment was p r i c e d  by item, us ing  vendor es t imates  and h i s t o r i c a l  

da ta  f o r  s i m i l a r  equipment from o t h e r  Bechte l  p r o j e c t s .  The bu l k  mate- 

r i a l  c o s t s  were based on r a t j o s  and percentages o f  t h e  major  equipment 

. costs.  These f a c t o r s  were developed f rom comparisons o f  s i m i l a r  types  o f  

s l u r r y  processing f a c i l i t i e s .  



4.0 PLANT 2 COAL SLURRY PREPARATION 

4.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1 c o s t s  a r e  i n  thousands o f  do1 la rs .  

MAJOR EQUI PMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  
in-house d a t a  = $ 9,520 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  are  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment costs. The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i  1 a r  types o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bu lk  M a t e r i a l  Costs Factor,  % 

Ins t ruments  = 0.0998 X 9,520 ' . - 950 - 

P i p i n g  

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  = 0.0998 X 9,520 - 950 - 

Concrete = 0.0704 X 9,520 - - 6 70 

S i t e  Improvements = 0.0504 X 9,520 - 480 - 

TOTAL BULK MATERIAL COST - - $6,760 



Subcontract  Costs 
Cost 

Fac tor ,  "% 

I n s u l a t i o n  = 0.0998 X 9,520 = 950 

Bu i  1 d i  ngs - - - X - - - - 
Paint ing 

Total Subcontract  Cost . - - 1,090 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Di rec t  1 abor  manhours a r e  taken a s  mu1 t i p 1  i e r s  ( o r  manhour " f a c t o r s " )  of 

- t h e  bul k mater ia l  c o s t s .  The manhour f a c t o r s  a r e  based on Bechtel Is 

. . h i s t o r i c a l ,  p rop r i e t a ry  d a t a  f o r  s i m i l a r  t y p e s  of p l a n t s ,  varying with 
<.. 

t ype  and s i z e  of p l a n t  and ad jus t ed  a s  requi red  f o r  l a b o r  p roduc t iv i ty  

based on j o b s i  t e -  data.. 

Manhour 
F a c t o r  

Hrs/$1000 
of Cost Hours 

Instrument Manhours . - - 25.579 X 950 - - 24,300 

Piping t4anhours - - 51 .014 X 2,760 - - 
S t r u c t u r a l  S tee l  Manhours - - 38.31 6 X 950 - - 
E l e c t r i c a l  Manhours - - 67.158 X 950 - - 

Concrete Manhours - - 101.49 X 670 - - 
S i t e  Improvement Manhours - - 81 .250 X 480 - - 
Major Equipment Manhours* - - 

Total D i r e c t  Labor Manhours 

*Major equipment manhours obtained from Bechtel ' s  
p rop r i e t a ry  "Manhour Standard" document. 



DIRECT LABOR COST 

396,800 8 $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  L a b o r  Cost  

SUBTOTAL FIELD COSTS 
.. . . .  . 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

32,220 + 7,280 
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5.1 GENERAL 

H-Coal@ Preheating and Reaction (P lan t  3 )  preheats, mixes, and reac ts  both  

coal  s l u r r y  from Coal S lu r r y  Preparation (P lan t  2) and hydrogen gas t o  form 

1 i quid and gaseous hydrocarbons. 

Costs f o r  t h i s  u n i t  were est imated by Bechte l 's  Ref inery and Chemical 

U i v i s i o n  w i t h  assistance from HRI .  The process design, as wel l  as a  l i s t  

of major equipment, data  sheets, p l o t  plans, mate r ia l  spec i f ica t ions,  

design sketches and drawi ngs f o r  special i zed  i tems were suppl i e d  by HRI .  

Thi s  p l a n t  i s  a  h i gh l y  spec ia l ized design employing numerous 1  arge 

equipmegt i tems and h i gh l y  expensive mater ia l  s  o f  construct ion.  Major 

equipment was p r i c e d  by i nd i v i dua l  p iece and based on vendor est imates i n  

most cases. 

Bulk mater ia ls,  except f o r  p i p i ng  and ins t rumentat ion which were separately 

est imated by HRI ,  were fac to red  frnm the major equipment costs. I n  devel- 

oping the p i p i ng  costs, H R I  made use o f  a  complete se t  o f  pre l iminary  

isometr ic  sketches. 

Some special  cons iderat ions f o r  the  est imate o f  t h i s  u n i t . a r e :  

Major Equipment Bul k Mater ia l  s  

1. High-pressure, 3000 p s i g  design 1. 
2. High-temperature process, 750 F 
3. Numerous s ta in1  ess s tee l  -c lad 

vessel s  2. 
4. Reactors designed a t .  760 tons 

each, 13-inch w a l l  thickness 
5. Extensive use o f  a1 l o y  mate r ia l s  3. 

i n  heat exchange equipment 
6. Special pumps requ i red f o r  high- , 

pressure s l u r r y  

Factors discounted t o  ad jus t  
f o r  the unusual ly  h igh cos t  
o f  major equipment 
Instrument account i ncl udes 
expensive special  " 1  etdown" 
val ves 
P ip ing cos ts  increased by 
the extensive use o f  a l l o w  
mater i  a1 , c a s t  f i t t i n g s ,  and 
spec i a1 i zed f 1 a  nged 
connector 



5.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house da ta  = $155,490 
in-house d a t a  

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The cos t  f a c t o r s  a re  based on 
i;- B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 
)r v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Bu lk  Mater i 'a l  Costs 

. . . . .. Ins t ruments  
:*. l J i p ing  

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i t e  Improvements 

Cost 
Factor ,  % 

= 0.0965 X 155,490 = 15,000 

= 0.5775 X 155,490 = 89,800 

= 0.0400 X 155,490 = 6,220 

X = 0.0600 155,490 = 9,330 

= 0.0500 . X 155,490 = 7,770 

= 0,0100 X 155,490 - - 1,550 

T o t a l  Bu l k  M a t e r i a l  Cost 



Cost 
Subcontract  Costs Fac to r ,  % 

I n s u l a t i o n  - - 0.0400 X 155,490 = 6,220 

B u i  1 d i  ngs - - - X - - - - 

Total Subcontract  Cost = 7,770 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR b1ANHOURS 

Di rec t  1 abor  manhours a r e  taken a s  mu1 t i p 1  i e r s  ( o r  nanhour " f a c t o r s "  ) of 

t h e  bulk mater ia l  c o s t s .  The manhour f a c t o r s  a r e  based on B e c h t e l ' s  

h i  s t o r i c a l ,  p rop r i e t a ry  d a t a  f o r  s i m i l a r  t y p e s  of p l an t s ,  varying with 

-7 t ype  and s i z e  of p l a n t  and ad jus t ed  a s  required f o r  l a b o r  p roduc t iv i ty  

based on j o b s i t e  da ta .  

Instrument Manhours 

Piping Manhours 

S t r u c t u r a l  S tee l  Manhours 

E l e c t r i c a l  Manhours 

Concrete I-lanhours 

Si t e  Improvement Blanhours 

Major Equipment Manhours* 

Nanhour 
Fac to r  

Hrs/$l000 
of Cost 

TOTAL DIRECT LABOR MNHOURS 

*Major equipment manhours obtained from Bechtel ' s 

Hours 

= 216,800 - 

= 1,631 ,800 

= 238,000 

= 536,200 

= 545,500 

= 133,300 

= 256,700 

p rop r i e t a ry  "Manhour Standard" document. 



DIRECT LABOR COST 

3,558,300 @ '$20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

CH EM1 CALS 

. ...- . 
..!.a: ,- .* . 

-3- 
..?% .--. SUBTOTAL FIELD COSTS 
<%&-. *! . ,*a:. 

.,n . - --* A,.. 3 . .. . 

.- ->- 

155,490 . .  + . 137,440 + 73,660 + 7,770 + 55,250 + 5,600 = 435,210 
.- ... . , . s- . . 2-.. <;. 
':.z- Y, HOME OFF ICE MANHOURS 
.!<, 

= 691,00'0 :* 
4.' .s r --z., 
%-HOME .- OFFICE COSTS 
3:; **- . .*. 
. - *. . . . . .  % . .691,000 @ $36.79 = 25,420 

ENGINEERING B Y '  OTHERS 

SUBTOTAL PLANT AREA COSTS 



SHEET NO - PLANT 3 -- 

JOB no. 6 T ITLE  JOB NO. 14222 

S H E E T O F  



6.1 GENERAL 

H-coal@ Primary Separation separates  by f 1 ashing a t  lower pressures  t h e  

l iqu id  and gaseous hydrocarbons from H-coal@ Preheating and ~ e a c t  ion . 

( P  1 ant 3) ; hydrocarbon condensate i s  fed  t o  Di s t  i 11 a t e  Separation ( P  1 ant  

17),  recycle hydrogen t o  H-coalo Recycle Hydrogen Compression (Pl ant 6 ) ,  

hydroclone feed t o  H-coal@ Recycle Slurry  Preparation (P lan t  5) .  and 

purge hydrogen t o  Gas Plant (P l an t  7 ) .  

The es t imate  f o r  t h i s  p lant  was developed on t h e  bas i s  of a HRI process 

design. 'Major equipment items were priced u t i l i z i n g  vendor es t imates  and 

Bechtel h i s t o r i c a l  data.  Bulk mater ia ls  were est imated a s  percentages of 

t he  equipment cos t s .  Piping and instrumentation es t imates  were, however, 

developed separa te ly  by HRI and used i n  place of fac to rs .  

This p lant  i s  a l s o  a special  f a c i l i t y ,  using high a l l oy  mater ia ls  and 

c o s t l y  equipment items. 



6.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1 c o s t s  a r e  i n  thousands o f  do1 la rs .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house d a t a  = $49,760 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  are  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  types o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Bulk M a t e r i a l  Costs 

Ins t ruments  - - 
P i p i n g  - - 
S t r u c t u r a l  S tee l  - - 

E l e c t r i c a l  - - 
Concrete - - 

S i t e  Improvements - - 
TOTAL BULK MATERIAL COST 

Cost 
Factor,  % 

0.1509 X 49,760 

0.6029 X 49,760 

0.0699 X 49,760 

0.0699 X '  49,760 

0.0500 X 49,760 

0.0201 X. 49,760 



Cost 
Subcontract Costs Factor, % 

I nsu la t i on .  = 0.0699 X 49,760 = 3,480 

Bu i l  d i  ngs 

Pa in t ing  

Tota l  Subcontract Cost = 4,230 

TOTAL BULK PUTERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours a re  taken as mu1 t i p 1  i e r s  ( o r  manhour " f a c t o r s " )  o f  

the bul k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  

h i s t o r i c a l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p lants ,  vary ing w i t h  

type and size o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$l000 
o f  Cost 

3 

Hours 

Instrument Manhours = 14.29 X 7,510 = 107,300 

P ip ing Manhours = 18.13 X 30,000 = 544,000 

S t ruc tu ra l  Steel  Manhours = 38.25 X 3,480 = 133,100 

E l e c t r i c a l  Manhours = 66.98 X 3,480 = 233,100 

Concrete Manhours = 114.78 X 2,490 = 285,800 

S i t e  Improvement Manhours = 83.00 X 1000 = 83,000 

Major  Equipment Manhours* 

TOTAL DIRECT LABOR NANHOURS 1,453,000 

*Major equipment manhours obtained from Bechtel * s 
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

1,453,000 @ $20.70/hr. 

SPARE PARTS 

* .  

SALES TAX 

FIELD INDIRECT .COSTS 

75% o f  Labor  Cost  

SUBTOTAL FIELD COSTS 

49,760 + 52,190 + 30,080 + 2,490 + 22,560 

HOME OFFICE MANHOURS 

HOME OFFICE COSTS 

296,000 @ $36.79 

ENGINEERING BY OTHERS 
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7.1 GENERAL 

H-Coal@ Recycle Slurry preparation (Plant 5) processes hydrocl one feed 

from H-Coal@ Primary Separation (Plant 4 ) .  Hydrocl one overflow i s  

recycled to  Coal Slurry Preparation (Plant 2) as recycle s lurry oi 1 ; 

while hydroclone underflow i s  steam stripped in the Atmospheric Stripper 

before being fed to  the Vacuum Tower. Vacuum Tower bottoms are  gasif ied 

in Gasification and Purification (Plant 12 ) ,  while the vacuum Lower 

overhead streams are  sent to  Di s t i l l a t e  Separation (Plant 17) .  Most of 

the hydrocarbons in these streams e x i t  Plant 17 in the fract ionator  

bottoms, most of which are  recycled to  Plant 2 .  

Costs fo r  t h i s  plant a re  based on HRI design consisting of a process 

de'sign, major equipment 1 i s t ,  plot plan, and materi.al specif icat ions.  

Major equipment has been priced by individual item, and bulk materials 

are  included as percentages of the equipment costs.  



7.1 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1 c o s t s  a re  i n  thousands o f  do1 la rs .  

MAJOR EQU I PMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house d a t a  

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  cos ts  are  taken as percentages ( o r  cos t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r . t y p e s  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bulk M a t e r i a l  Costs Factor ,  % 

Ins t ruments  = 0.1399 X 16,230 ' = 2,270 

P i p i n g  = 0.3802 X 16,230 = 6,170 

S t r u c t u r a l  S t e e l  = 0.0801 X 16,230 - - 1,300 

E l e c t r i c a l  = 0.0998. X 16,230 - - 1,620 

Concrete = 0.0598 X 16,230 - - 9 70 

S i t e  Improvements = 0.0598 x . 16,230 . - - 970 

TOTAL BULK MATERIAL COST 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  . .  - - 0.0998 X 16,230 - - 1,620 

Bui 1 d i  ngs - - - X - - - - 
Pai n t i  ng - - 0.0148 X 16,230 - - 240 

- .  

Total  Subcontract Cost - - 1,860 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s " )  of 

the bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bech te l ' s  
.. - 

h i  s t o r i  cal,  p ropr ie ta ry  data f o r  s i m i l a r  types o f  p lants,  vary ing w i t h  

type and s i z e  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor.  

Hrs/$1000 
o f  Cost 

Instrument Manhours = 76.52 X 

Pip ing Manhours = 51 .01 X 

S t ruc tu ra l  Steel Manhours = 38.31 X 

E l e c t r i c a l  Manhours = - 66.98 X 

Concrete Manhours = 114.85 X .  

S i t e  Improvement Manhours = 82.89 X 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours 

*Major equipment manhours obtained from Bec h t e l  ' s 
p ropr ie ta ry  "Manhour Standard" document. 



DIRECT LABOR COST 

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% ur  Ldbor C o s t  

SUBTOTAL F I E L D  COSTS 

& 
? -  -*-.* . . 
u<- 

HOME OFF I C E  MANHOURS 
< - %,., 1 

&. 
.--. HOME OFFICE COSTS 
. 

,.,> >. . .. - ; : 
-\:.., 

ENGINEERING BY OTHERS 
-' . 

SUBTOTAL PLANT AREA COSTS 
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8.0 PLANT 6 H-COAL@ RECYCLE HYDROGEN COMPRESSION 

8.1 GENERAL 

H-coa l@ Recycle Hydrogen Compression ( P l a n t  6) processes and compresses 

hydrogen r e c y c l e  f rom H-coal@ Primary Separa t ion  ( P l a n t  4), and then 

recyc les  i t  t o  H-coal@ Preheat ing and React ion  ( P l a n t  3 ) .  

Th i s  es t ima te  i s  based on a HRI process design. The da ta  cons i s ted  o f  a 

major  equipment 1 i s t ,  equipment des ign  da ta  sheets, p l o t  p lans  and 

m a t e r i a l  s p e c i f i c a t i o n s .  

Major  equipment c o s t s  were p r i c e d  by item, w i t h  vendor es t imates  u t i l i z e d  

f o r  t h e  l a r g e  compressor u n i t s .  Bulks have been app l i ed  as a percentage 

of t h e  equipment costs, based on Bech te l ' s  h i s t o r i c a l  exper ience f o r  

s i m i l a r  compression f a c i l i t i e s .  



8.0 PLANT 6 H-COAL@ RECYCLE HYDROGEN COMPRESSION 

8.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  do1 la rs .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house d a t a  = $8,340 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  are  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The cos t  f a c t o r s  are  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 
..- 
:2r7,1 -. . -.. 
.:! . - .  

. 
v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

'T 
." ., . . - .. . . .... .,., ... . .- > 

. . 
Cost 

.. . - 

, %.. Bu lk  M a t e r i a l  Costs Factor ,  % 
e: 
= .. ..... 
.<. D. \. 
&' Ins t ruments  
,-, 
$3. 

.;<; P i p i n g  
-k7 S t r u c t u r a l  S t e e l  

E l e c t r i c a l  - 

Concrete 

S i t e  Improvements 

TOTAL BULK MATERIAL COST = $4,750 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  = 0.0803 X 8,340 - 670 - 
Bui 1 d i  ngs - - - X - - - - 
Pain t ing = 0.01 56 X 8,340 - 130 - 

Total  Subcontract Cost - - 800 

TOTAL BULK WTERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR FWNHOURS 

D i r e c t  1 abor manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s " )  o f  

the bul  k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  

h i s t o r i c a l ,  p ropr ie ta ry  data f o r  s i m i l a r  types o f  p lants,  vary ing w i t h  
' 

type and s i z e  o f  p l a n t  and adjusted as required f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Instrument Manhours 

P ip ing Manhours 

S t ruc tu ra l  Steel Mankours 

El e c t r i  ca l  Manhours 

Concrete Manhours 

S i  t e  Improvement Manhours 

Major Equipment Manhours* 

Manhour 
Factor  

Hrs/$1000 
o f  Cost 

= 19.16 X 830 - - 
= 44.75 X 2,170 n 

= 38.1 8 X 330 - - 
= 66.99 X 830 - - 
= 114.8 X 420 - - 

= 82.94 X 170 - - 
- - 

Hours 

TOTAL DIRECT LABOR FIANHO'URS 

*Major equipment mankours obtained from Bechtel ' s  
p ropr ie ta ry  "Manhour Standard" document. 



DIRECT LABOR COST 

328,000 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

SUBTOTAL FIELD COSTS 

8,340 + 5,550 + 6,790 + 420 + 5,090 

HOME OFFICE MANHOURS 

HOME OFFICE COSTS 

47,000 @ $36.79 

ENGINEERING. BY OTHERS' 

SUBTOTAL PLANT AREA. COSTS 
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9.0 PLANT 7 GAS PLANT 

9.1 GENERAL 

The Gas P l a n t  ( P l a n t  7) rece ives  feed streams from a  number of sources 

and, through compression, f r a c t i o n a t i o n  and t r e a t i n g ,  processes them t o  

produce a  hydrogen-r ich f e e d  t o  Cryogenic Hydrogen P u r i f i c a t i o n  ( P l a n t  8), 

LPG products, l i g h t  naphtha, heavy naphtha and p l a n t  f u e l  gas. 

The scope f o r  t h i s  es t ima te  i s  based on B e c h t e l ' s  p r e l i m i n a r y  Phase Zero 

design. The i n f o r m a t i o n  cons i s ted  o f  an equi'pment l i s t ,  design da ta  

sheets and p l o t  plan. 

The es t ima te  i s  a  f a c t o r e d  type, based on t h e  c o s t  o f  major  equipment. 

Bu lk  r a t i o s  f o r  i ns t rumen ta t i on  and p i p i n g  w&e ad jus ted  upward t o  

accommodate t h e  l a r g e  number o f  equipment i tems i n  t h i s  f a c i l i t y .  



9.0 PLANT 7  GAS PLANT 

9.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house d a t a  

BULK MATERIAL AND SUBCONTRAUT COSTS 

The bu lk  m a t e r i a l  and subcont rac t  cos ts  a re  taken as percentages ( o r  c o s t  

" fac to rs " )  o f  t h e  major  equipment costs.  The c o s t  f a c t o r s  are  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  - types of p l a n t s  and 
4.7 *. .. .. .* v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

a:-. Cost 
Bulk M a t e r i a l  Costs Factor ,  % 

A.. - 
* .  . . ., .*,. 
.A,,  Ins t ruments  . . - 
.'% 
, i* . -2" 

- .  . c. 

- P i p i n g  
I f .=., S t r u c t u r a l  S tee l  
,.. . 

E l e c t r i c a l  = 0.0798 X 26,180 - .2,090 - 

Concrete - - 0.0401 X 26,180 - - 1,050 

S i t e  Improvements = 0.0199 X 26,180 - - 520 

T o t a l  Bu lk  M a t e r i a l  Cost = $17,790 



Cost 
Subcontract Costs Factor, % ' 

I.nsul a t i  on = 0.1 001 X 26,180 - 2,620 - 

Bui 1 d i  ngs - - - X - - - - 
Pai n t i  ng 

Total  Subcontract Cost - - 3,010 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS = $20.800 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s " )  o f  

the bul  k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  

h i s t o r i c a l ,  p ropr ie ta ry  data f o r  s i m i l a r  types o f  plants, vary ing w i t h  

type and. s i z e  o f  p l a n t  and adjusted as required f o r  l a b o r  product i ' v i ty  

based on j o b s i  t e  data. 

Manhour 
Factor  

Hrs/$1000 
of Cost 

Instrument Manhours = 19.24 

P ip ing Manhours = 3 . 0 0  

S t ruc tu ra l  Steel  Manhours = 38.25 

E l e c t r i c a l  Manhours = 67.13 

Concrete Manhours = 114.5 

S i t e  Improvement Manhours = 83.65 

Major Equipment Manhours* 

TOTAL DIRECT LABOR CZANHOURS 

Hours 

X 3,660 = 70,400 

X 8,640 = 440,600 

X 1,830 = 70,000 

X 2,090 = 140,300 

X 1,050 = 120,200 

X 520 = 43,500 

= 111,500 

*Major equipment manhours ob ta i  ned from Bec h t e l  ' s 
p ropr ie ta ry  "Manhour Standard" document. 



DIRECT LABOR COST 

996,500 @ $20.70/hr. 

SPARE PARTS 
- 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

CH EM1 CALS 

SUBTOTAL FIELD COSTS 

26,180 + 20,800 + 20,630 + 1,300 + 15,470 + 430 
. . .  . 

HOME OFF ICE MANHOURS 

HOME OFFICE COSTS 

- 423,000 @ $36.79 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

84,810 + 15,560 
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10.0 PLANT 8 CRYOGENIC HYDROGEN PURIFICATION 

10.1 GENERAL 

Cryogenic Hydrogen' P u r i f i c a t i o n  ( P l a n t  8)  upgrades t h e  p u r i t y  o f  t h e  

hydrogen r i c h  stream from t h e  Gas P l a n t  ( P l a n t  7) .  

Costs f o r  t h i s  p l a n t  a re  based on an es t imate  by A i r c o  Cryoplants, 

u t i l i z i n g  A i r c o ' s  h i s t o r i c a l  data f o r  s i m i l a r  cryogenic processing u n i t s .  

The bu l  k  ma te r i  a1 s have been 'devel oped from p r e l  i n ~ i  nary drawi ngs, 

sketches, and t a k e o f f  q u a n t i t i e s .  The b u l k  r a t i o s  r e f l e c t  t h e  f a c t  

t h a t  a  l a r g e  p o r t i o n  o f  t h e  cos ts  a re  i nc luded  i n  t h e  equipment account 

as p a r t  o f  t h e  packaged u n i t  p r i c e .  



10.0 PLANT 8  CRYOGENIC HYDROGEN PURIFICATION 

10.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUI PMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house. d a t a  = $8,770 

BULK WTERIAL AND SUBCONTRACT COSTS 

S i  t e  Improvements 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  types  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bulk M a t e r i a l  Costs  actor, % 

Ins t ruments  

P i p i n g  

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  = 0.0638 X 8,770 - - 560 

Concrete = 0.0080 X 8,770 - - 70 

TOTAL BULK MATERIAL COST = $1,290 



Subcontract Costs 
Cost 

Factor,  % 

Bui  1 d i  ngs 

Painting 

Total Subcontract Cost = - - 490 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Direct  1 abor manhours a r e  taken a s  mu1 t ip1  i e r s  ( o r  manhour " fac tors"  ) of 

t he  bul k material  cos t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  
h i  s t o r i c a l ,  propr ie tary  da ta  f o r  s i m i l a r  types  of p lants ,  varying w i t h  - -- type and s i z e  of p l an t  and adjusted a s  required f o r  l abo r  productivity 

based on jobsi  t e  data. 

Instrument Manhours 

Piping Manhours 
S t ruc tura l  Steel  Manhours 

E lec t r i ca l  Manhours 

Concrete Manhours 

Si t e  Improvement Manhours 

l4anhour 
Factor 

Hrs/$1000 
of Cost Hours 

= 16.86 X 350 - 5,900 - 
= 94.58 X 240 = 22,700 

= 86.00 X 5 0 - 4,300 - 

= 12.32 X 560 - 6,900 - 

= 170.0 X 7 0 = 11,900 

= 135.0 X 20 - - 2,700 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

*Major equipment manhours obtained from Bechtel ' s 
propr ie tary  "Manhour Standard" document. 



DIRECT LABOR COST 

69,900 8 $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost  

jtt_..' .. . . . . . , . . . 
q,:.z :. 

- SUBTOTAL. F I ELD COSTS ' 

.,*& 
J<& 
p . :. 
..> , . 8,770 + 1,780 + 1,450 + 440 + 1,090 + 230 

-. . 
L:, . . HOME OFFICE MANHOURS 

J A  e. HOME OFFICE COSTS 
y . 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 
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11.0 PLANT 9 SOUR WATER TREATING 

11.1 GENERAL 

Sour Water Treat ing.  ( P l a n t  9) processes i n  absorbers '  and regenera t i on  

equipment t h e  sour  water  produced i n  many p lan ts ;  t h i s  processing removes 

hydrogen s u l f i d e  and carbon d i o x i d e  and recovers  ammonia and pheno l i c  

compounds. 

Costs a re  based on B e c h t e l ' s  Phase Zero p r e l i m i n a r y  design. Es t ima t ing  

d a t a  cons i s ted  o f  a  l i s t  o f  major  equipment, design da ta  sheets, p l o t  

p lans  and sketches. 

Ma jor  equipment was p r i c e d  separate ly ,  w i t h  e i g h t  s p e c i a l  t i t a n i u m  heat  

exchangers compr is ing  most o f  t h e  cos t .  Bulk m a t e r i a l s  have been a l lowed 

as a  percentage o f  equipment costs, based on Bechte l  ' s  h i s t o r i c a l  

exper ience f o r  s i m i l a r  processing f a c i l i t i e s .  



11 .O PLANT 9 SOUR WATER TREATING 

1 1.2 FACTORED CAP I TAL COST ESTIM4TE 

NOTE: A1 1 c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house d a t a  = $13,540 

BULK MATERIAL AND. SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  cos ts  are  taken as percentages ( o r  cos t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The cos t  f a c t o r s  a re  based on 

Bech te l l s  h i s t o r i c a l ,  p ropr ie . ta ry  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 
-4% 

v a r y  w i t h  t j /pe 'and s i z e  o f  p l a n t .  
..r, 

Cost 
Bu lk    ate rial Costs . . Factor ,  % . 

.' : ~. .-T . Ins t ruments  
' = 0.1196 X 13,540 - 1,620 - 

... . 
, P i p i n g  = 0.2999 X 13,540 . - - 4,060 

S t r u c t u r a l  S t e e l  = 0.0798 X '13,540..  = 1,080 

E l e c t r i c a l  = 0,0901 X 13,540 - - 1,220 

Concrete = 0.0598 . X 13,540 - - 81 0 

S i t e  Improvements = 0.0399 X 13,540 - - 540 

- TOTAL BULK MATERIAL COST = $9.330 



Cost , 

Subcontract Costs Factor, % 

I n s u l a t i o n  = 0.0798 X 13,540 - 1,080 - 

Bui 1 d i  ngs 

Pa i n t  i ng 

Tota l  Subcontract Cost - - 1,280 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s " )  of 

the  bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bech te l ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$1000 
o f  Cost Hours 

Instrument Manhours = 19.20 X 1,620 - - 31 ,I 00 

p ip ing  Manhours = 44.73 X 4,060 = 181,600 

S t ruc tu ra l  Steel  Manhours = 37.04 X 1,080- = 40,000 

~l e c t r i c a l  Manhours = 70.25 X 1,220 = 85,700 

Concrete Manhours = 114.8 X 81 0 = 93,000 

S i t e  Improvement Manhours = 83.15 X 5 40 = 44,900 

Major  Equipment Manhours* = 15,100 

TOTAL DIRECT LABOR MANHOURS 491 ,400 

h 

*Major equipment manhours obtained From Bechtel ' s  
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

491,400 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost  

CH EM1 CALS 

- 

-.. . 
SUBTOTAL F I ELD COSTS 

-- 
-- - 13,540 + 10,610 + 10,170 + 670 + 7,630 + 60 
--- 
-- 
-.. - HOME OFF ICE MANHOURS 

HOME OFFICE COSTS 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 
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12.0 PLANT 10 SULFUR PLANT 

The Sul f u r  P l a n t  ( P l a n t  10) recovers  by-product  su l  f u r  compounds pro-  

duced i n  H-coal@ Preheat ing and React ion ( P l a n t  3),  G a s i f i c a t i o n  and 

P u r i f i c a t i o n  ( P l a n t  12) ,  and Stack Gas Scrubbing ( P l a n t  35).  

Th i s  p l a n t  was es t imated  on a f a c t o r e d  b a s i s  u t i l i z i n g  B e c h t e l ' s  h i s t o r -  

i c a l  exper ience f o r  s i m i l a r  f a c i l i t i e s .  

Major  equipment was p r i c e d  by i n d i v i d u a l  p iece,  based on B e c h t e l ' s  

Phase Zero p r e l i m i n a r y  design. 



e 
12.0 PLANT 10 SULFUR PLANT 

12.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  do1 la rs .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes or in-house da ta  

RULK MTERIAL AND SUBCONTRACT CUSlS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  are  taken as percentages ( o r  cos t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The c o s t  f a c t o r s  are based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

. .. v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bulk M a t e r i a l  Costs Factor ,  % 

Ins t ruments  

P i p i n g  
. . 

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete = 0.0809 X 3,830 - - 310 

S i t e  Improvements 

TOTAL BULK MATERIAL COST = $2,640 



Cost 
Subcontract Costs Factor,  % 

Insula t ion = 0.0992 X 3,830 - 3 80 - 

Bui 1 di  ngs - - - X - - - - 
Painting = 0.0157 X 3,830 - 60 - 

Total Subcontract Cost - - 440 
, 

TOTAL B U L K  bIATERI AL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Direct  1 abor manhours a r e  taken a s  m u l t i p l i e r s  ( o r  manhour " f a c t o r s " )  of  

t he  bulk material  co s t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  
h i s t o r i c a l ,  propr ie tary  da t a  f o r  s i m i l a r  types  of p l an t s  varying,wi t h  

type and s i z e  of p l an t  and adjusted a s  required f o r  l abo r  product ivi ty  

based on j o b s i t e  data .  

.- 
Manhour 
Factor 

Hrs/$1000 
of Cost - 

, Instrument Manhours = 21.81 

Piping Manhours = 51.31 

S t ruc tura l  Steel  Manhours = 37.78 
El e c t r i c a l  Manhours = 67.'7 7 

Concrete Manhours = 113.8 

Si t e  Improvement Manhours = 90.91 

'lajor Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours 

*Major equipment manhours obtained from Bechtel ' s  
propri e tary  "Manhour Standard" document. 



DIRECT LABOR COST 

182,100 @ $20.70/hr.' 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor C o s t  
- .  

CH EM1 CALS 

SUBTOTAL F I ELD COSTS 

HOME OFFICE MANHOURS 

HOME OFFICE COSTS 

85,000 @ $36.79 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 
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13.0 PLANT 12 GASIFICATION AND PURIFICATION 

13.1 GENERAL 

G a s i f i c a t i o n  and P u r i f i c a t i o n  ( P l a n t  12) rece i ves  vacuum tower bottoms 

f rom ~ - ~ o a l @  ~ e c ~ c l e  S l u r r y  Prepara t ion  ( P l a n t  5 )  f o r  g a s i f i c a t i o n  i n  a  

Texaco g a s i f i e r ,  which produces makeup hydrogen a t  a  p u r i t y  o f  98.7 mol% 

f o r  ~ - ~ o a l @  Preheat ing and React ion ( P l a n t  3) and medium B tu  f u e l  gas 

f o r  consumption i n  f i r e d  heaters. 

T h i s  es t ima te  was prepared by  B e c h t e l ' s  Re f i ne ry  and Chemical D i v i s i o n  

u t i l i z i n g  i n f o r m a t i o n  developed i n  t h e  Phase Zero p r e l i m i n a r y  design and 

a l s o  f rom Texaco f o r  t h e  g a s i f i e r  components. 

Costs f o r  t h e  major  equipment were es t imated on an i n d i v i d u a l  b a s i s  and 

b u l k  i n s t a l l a t i o n  m a t e r i a l s  p r i c e d  as a  percentage o f  t h e  equipment 

cos t .  P i p i n g  f a c t o r s  have t h e  appearance o f  be ing  lower i n  t h i s  p lan t ,  

m a i n l y  because t h e  process design and t h e  m a t e r i a l s  do n o t  i n v o l v e  some 
' 

o f  t h e  extreme c o n d i t i o n s  found elsewhere i n  t h e  f a c i l t i y .  



13.0 PLANT 12 GASIFICATION AND PURIFICATION 

13.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r .  in-house da ta  = $98,150 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  are taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The cos t  f a c t o r s  are  based on 

Bech te l l s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bulk M a t e r i a l  Costs Factor ,  % 

Ins t ruments  

-. P i p i n g  
S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

C017crete = 0.0600 X 38,150 - 6,890 

S i t e  Improvements = 0.0200 X 98,150 - 1,960 - 

TOTAL BULK MATERIAL COST 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  = 0.0999 X 98,150 - 9,810 - 

Bui 1 d i  ngs 

Pa in t ing 

Tota l  Subcontract Cost = 11,280 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s "  ) o f  

the bu lk  ma te r i a l  costs. The manhour f a c t o r s  a re  based on Bech te l ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

.type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$l000 
o f  Cost Hours 

-$ 

' Instrument F.lanhours = 19.22 X 9,810 = 188,500 

P ip ing Manhours = 9 . 0 0  , X  21,590 = 1,101,100 

S t ruc tu ra l  Steel  Manhours = 38.24 X 7,850 = 300,200 

El e c t r i  ca l  Manhours = 66.90 X , 7,860 = 525,800 

Concrete Manhours = 114.75 X 5,890 = 675,900 

S i t e  Improvement Manhours = 82.91 X 1,960 = 162,500 

Major  Equipment Manhours* = 322,900 

TOTAL DIRECT LABOR MANHOURS 3,276,900 

*Major equipment manhours obtained' from Bechtel ' s  
p rop r i  e tary  "Manhour Standard" document. 



DIRECT LABOR COST 

3,276,900 @ $20.70/hr. 

SPARE PARTS 

CHEMI CALS 

SALES TAX 
i 

FIELD I N D I R E C T  COSTS 

75% o f  Labor Cost 

SUBTOTAL FIELD COSTS 

HOME OFF I CE MANHUURS 

HOME OFFICE COSTS 

636,000 @ $36.79 

ENGINEERING BY OTHERS 

SlJBTOTAL PLANT 'AREA COSTS 

299,690 + 23,400, 



JOB NO. L T I T L E  

S H E E T O F  

TOTAL MAJOR EQUIPMENT 

I TOTAL DIRECT COST 11 I I 11 I 
S I I f f I  NO PLANT 



14.0 PLANT 15 OXYGEN PLANT 

14.1 GENERAL 

The Oxygen P l a n t  ( P l a n t  15) separates a i r  through low-temperature 

d i s t i l l a t i o n  t o  produce oxygen requ i red  f o r  t h e  G a s i f i c a t i o n  and 

P u r i f i c a t i o n  ( P l a n t  12) g a s i f i e r  and n i t r o g e n  f o r  I n e r t  Gas Systems 

(P lan t  38). 

Costs f o r  t h i s  p l a n t  a re  based on an es t imate  by A i r c o  Cryopl an ts  

u t i l i z i n g  A i r c o ' s  h i s t o r i c a l  da ta  f o r  s i m i l a r  a i r  separa t ion  f a c i l i t i e s .  

Th is  design uses t h r e e  1670 TPD u n i t s .  

Equipment cos ts  are  b u i l t  up by subun i t  o r  module, and bu lk  m a t e r i a l s  

have been app l i ed  as f a c t o r s  and r a t i o s  mod i f i ed  t o  be s i t e - s p e c i f i c  f o r  

t h i s  i n s t a l  l a t i o n .  



\ 

14.0 PLANT 15 OXYGEN PLANT 

14.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUI PMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house data. = $64,910 

BULK MATERIAL AND SUBCONTRACT COSTS 

*k hw 
d.\ ,g 
"f 
:Y. 
I . .  

9- 

The b u l k  m a t e r i a l  and subcont rac t  cos ts  are  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment costs.  The c o s t  f a c t o r s  are  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Bulk M a t e r i a l  Costs 

Ins t ruments  - - 

P i p i n g  - - 
S t r u c t u r a l  s t e e l  - - 
E l e c t r i c a l  - - 

Concrete - - 

S i t e  Improvements. - - 

Bu i ld ings '  - - 

Cost 
Factor ,  % 

TOTAL BULK MATERIAL COST 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  = 0.0532 X 64,910 - 3,450 - 

Bu i l  d i  ngs - - - X - - - - 
Pa in t ing  = 0.0092 X 64,910 - 600 - 

Tota l  Subcontract Cost - - 4,050 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours a re  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s " )  of 

t he  bul k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s 

h i s t o r i c a l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i  t e  data. 

Manhour 
Factor  

Hrs/$l000 
o f  Cost 

Instrument Manhours = 16.56 

P ip ing Manhours = 96.01 

S t ruc tu ra l  Steel  Manhours = 88.33 

El e c t r i  c a l  Manhours = 13.27 

Concrete Manhours = 179.0 

S i t e  Improvement Manhours = .  180.0. 

Bui 1 d i  ngs Manhours = 81.67 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours 

25,500 

322,600 

31,800 

14,200 

71,600 

3,600 

4,900 

237.300 

*'lajor equipment manhours obtained from Bechtel ' s  
p rop r i  e tary  "Manhour Standard" document. 



DIRECT LABOR COST 

71 1,500 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

SUBTOTAL FIELD COSTS 

64,910 + 10,860 + 14,730 + 3,090 + 11,050 

HOME OFFICE MANHOURS 

HOME OFFICE COSTS 

27,000 @ $36.79 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

104,640 + 990 + 7,300 
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L . 
SHEET NO .- PLANT I5 - 

I 



15.0 PLANT 17 DISTILLATE SEPARATION 

D i s t i l l a t e  Separat ion ( P l a n t  17) processes by f r a c t i o n a t i o n  t h e  d i s t i l -  

l a t e  streams f rom H - C O ~ ~ @  Pr imary Separat ion ( P l a n t  4 )  and H-CoalB 

Recycle S l u r r y  P repa ra t i on  ( P l a n t  5 )  i n  o rder  t o  recover :  l i g h t  naphtha 

and overhead vapor f o r  p rocess ing  i n  t h e  Gas P l a n t  ( P l a n t  7 ) ;  m idd le  d i s -  

t i l l a t e ,  f l u s h  o i l ,  and heavy d i s t i l l a t e  which are  pumped t o  Tankage 

( P l a n t  28); heavy naphtha f o r  f u r t h e r  processing i n  Naphtha Hyd ro t rea t i ng  

and Reforming ( P l a n t  18).  

The es t ima te  f o r  t h i s  p l a n t  was based on a  H R I  design. The scope i n f o r -  

mat ion  cons i s ted  o f  an equipment l i s t ,  des ign da ta  sheets and a  p l o t  p lan .  

Major  eqhipment was p r i c e d  by i n d i v i d u a l  i t em u t i l i z i n g  vendor es t imates  

o r  u n i t  pr ices.  f rom s i m i l a r  Bechte l  purchases. Bulk  m a t e r i a l s  were 

es t imated  as percentages o f  t h e  equipment costs .  



15.0 PLANT 17 'DISTILLATE SEP.ARATION 

15.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house data. 

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcon t rac t  c o s t s  are taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f . t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 
I 

. B e c h t e l l s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

..Y - v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  , .- 

Bu lk  M a t e r i a l  Costs 

Ins t ruments  

P i p i n g  - .. 
5 s t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i t e  Improvements 

Cost 
Factor ,  % 

= 0.1398 X 13,380 - - 1,870 

= 0.3199 X 13,380 - 4,280 - 

= 0.0800 X 13,380 - 1,070 - 

= 0.1203 X 13,380 - 1, b'1U - 
= 0.0598 X 13,380 - 800 - 
= 0.0202 X 13,380 - 270 - 

.TOTAL BULK MATERIAL COST = $9,300 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  = 0.1002 X 13,380 - 1,340 - 
Bui 1 d i  ngs - - - X - - - - 
Pai n t i  ng = 0.0150 X 13,380 - 200 - 

- 

Total .  Subcontract Cost - - 1,540 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours a re  taken as mu1 t i p 1  i e r s  ( o r  manhour " f a c t o r s " )  o f  

t he  bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data  f o r  s im i la ' r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  and adjusted a s  requ i red f o r  l a b o r  p r o d u c t i v i t y  

.based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$l000 
o f  Cost Hours 

Instrument Manhours = 19.20 X 1,870 = 35,900 

P ip ing Manhours = 51 .O1 X 

S t r uc tu ra l  Steel  Manhours = 38.32 X 

E l  e c t r i c a l  Manhours = 66.96 X 

Concrete Manhours = 114.8 X 

S i t e  Improvement Manhours = 82.96 X 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

*Major equipment manhours obtained from Bech te l ' s  
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

561,800 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD I N D I R E C T  COSTS 

75% o f  Labor Cost 

CHEMICALS 

' SUBTOTAL FIELD COSTS 

13,380 + 11,440 + 11,630 + 670 + 8,720 + 10 

HOME OFF I C E  MANHOURS 

HOME OFFICE COSTS 

168,000 @ $36.79 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

45,850 + 6,180 



S H E E T O F  

TOTAL DIRECT COST 

SHEC1 NO - PLANT 2- 



. 

16.0 PLANT 18 NAPHTHA H YDROTREATI NG AND REFORMI NG 

16.1 GENERAL 

Naphtha H y d r o t r e a t  i ng  and Reforming ( P l  a n t  18) upgrades raw H-CoalG3 

naphtha by t h e  processes o f  h y d r o t r e a t i n g  and UOP p l a t f o r m i n g .  . 

Costs  f o r  t h i s  p l a n t  a r e  based on a  UOP.estimate, u t i l i z i n g  UOP's 

h i s t o r i c a l  d a t a  f o r  s i m i l a r  f a c i l i t i e s .  Th i s  e s t i m a t e  was summari'zed on 

an o v e r a l l  i n s t a l  l e d  c o s t  b a s i s  b u t  has been b roken  down and d i s t r i b u t e d  

t o  v a r i o u s  component l e v e l s  f o r  t h e  purpose o f  i n c o r p o r a t i o n  i n t o  t h e  

summary f o r m a t  o f  t h i s  c a p i t a l  c o s t  es t imate .  

Comparing UOP's c o s t  e s t i m a t e  t o  B e c h t e l ' s  h i s t o r i c a l  d a t a  f o r  u n i t s  o f  

s i m i l a r  c a p a c i t y ,  good c o r r e l a t i o n  was ob ta ined .  



16 ..0 PLANT 18 NAPHTHA TREAT1 NG & REFORMI NG 

16.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house data. 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i  a1 and. subcont rac t  c o s t s  a re  taken a,s percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 

S e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  types  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bu l k  M a t e r i a l  Costs Factor ,  % 

I ns t rumen ts  = 0.1503 X 10,310 - 1,550 - ,  

P i  p i  ng = 0.2599 X 10,310 - 2,680 - 

S t r u c t u r a l  S t e e l  = 0.0495 X 10,310 - 510 - 

E l e c t r i c a l  = 0.0805 X 10,310 - 83 0 - 

Concrete = 0.0495 X 10,310 - 510 - 

S i t e  Improvements 

TOTAL BULK MATERIAL COST = $6,290 



Subcontract Costs 
Cost 

Factor,  % ' 

Insu la t ion  = 0.1193 X 10,310 - 1,230 - 
S i t e  Improvements 
Painting 

Total Subcontract Cost - - 1,650 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Di rec t  1 abor manhours a r e  taken a s  mu1 t i p1  i e r s  ( o r  manhour " fac to rs"  ) of 

t he  bul k material  cos t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  
. h i s t o r i c a l ,  propr ie tary  da t a  f o r  s i m i l a r  types  of p l a n t s  varying w i t h  

type and s i z e  of p l an t  and adjus ted a s  required f o r  l a b o r  product iv i ty  

based on jobsi  t e  data. 

Instrument Manhours 

Piping f4anhours 

S t ruc tu ra l  S tee l  Manhours 

E l ec t r i c a l  Manhours 

Concrete Manhours 

S i t e  Improvement Manhours 

Major Equipment Manhours* 

Manhour 
Factor  

Hrs/$l000 
of Cost 

TOTAL DIRECT LABOR lilANHOURS 

Hours 

X 1.,550 = 40,500 

X 2,680 = 136,700 

X 51 0 = 19,700 

X 830 = 55,300 

X 51 0 = 59,200 

X 21 0 = 17,100 

= 95.900 

*Major equipment manhours obtained from Bechtel ' s  
propri e ta ry  "Manhour Standard" document. 



DIRECT LABOR COST 

424,400 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

F l  ELD INDIRECT COSTS 

75% o f  Labor Cost 

CHEMICALS 

x* 
2.2 

- . SUBTOTAL .FIELD COSTS 
..-. . 
.ej, .- . --c-. .. 
& 
,:::- . 10',310 + 7,940 + 8,790 + 510 + 6,590 + 9,290 
<>j. 
,--.. i: - . .- 

-- . - HOME OFFICE WNHOURS 
. . 
7 .' 
<-. . 

z. 
'i HOME OFFICE COSTS 

136,000 @ $36.79 

ENGI  NEERI  NG BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

43,430 + 5,000 
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17.0 PLANT 19 FLARE SYSTEM 

17.1 GENERAL 

F l a r e  System ( P l  ant  19) p rov ides  pr imary  and aux i  1  i a r y  f l a r e  systems f o r  

s a f e  c o l l e c t i o n  and d i sposa l  o f  hazardous vapors and l i q u i d s  re leased 

d u r i  ng overpressure .and emergency ven t i ng  s i  t u a t  ions  i n  process p l  ants  and 

product  l oad ing  f a c i l i t i e s .  

T h i s  es t ima te  i s  based on Bech te l ' s  Phase Zero design. The scope cons i s ted  

o f  an equipment l i s t  and des ign  da ta  sheets. 

The f l a r e  s tacks  and assoc ia ted  equipment i tems have been p r i c e d  u t i l i z i n g  

vendor es t imates  as we1 1  as u n i t  p r i c e s  f rom Bechte l  h i s t o r i c a l  experience. 

Bu lk  ma te r i  a l s  have been a1 lowed as a  percentage o f  t h e  equipment costs .  

I t  should be no ted  t h a t  the.blowdown and r e l i e f  headers assoc ia ted  w i t h  t h e  

f l a r e  system are  i nc luded  i n  P l a n t  21 ( ~ n t e r c o n n e c t i n ~  P i p i n g ) .  The p i p i n g  

i nc luded  i n  P l a n t  19 c o n s i s t s  o n l y  o f  subheaders and some u t i l i t y  systems. 



17.0 PLANT 19 FLARE SYSTEM 

17.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1 c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, IUTERI AL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house data. = $3,370 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i  -a1 and subcon t rac t  c o s t s  are taken as 'percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 

- .  B e c h t e l ' s  h i  s t o r i  ca l ,  p r o p r i  e t a r y  da ta  f o r  s i m i l a r  types  o f  p l a n t s  and ,Sf". . 
_.- .* . 
.ii .. 

* 
v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

.J$ ". - 
i. 

Cost 
Bu lk  M a t e r i a l  Costs Factor ,  % 

.-. 

. . Ins t rumen ts  = 0.1395 X 3.370 - - 470 
.-2 

.'A '.+ . . P i  p i n g  = ,0.0712 X - 3,370 - - 240 
: , 

:it.$%. S t r u c t u r a l  S t e e l  = 0.0890 X 3,37U - - 300 

E l e c t r i c a l  = 0.1306 X 3,370 - 440 - 
Concrete = 0.0712 X 3,370 - 240 - 

S i t e  Improvements 

TOTAL BULK MATERIAL COST = $1,830 



Subcontract Costs 
Cost 

Factor, % 

I n s u l a t i o n  = 0.041 5 X 3,370 - - 140 

Bui 1 d i  ngs - - - X - - - - 
Pa in t ing  

Total  Subcontract Cost - - 190 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " fac tors"  of 

the  bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bech te l ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data f o r  s i m i l a r  types of p l a n t s  vary ing w i t h  
. type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$l000 
o f  Cost 

Instrument Manhours = 28.94 X 

P ip ing Manhours = 50.83 X 

S t r uc tu ra l  Steel  Manhours = 38.67 X 

E l  e c t r i  ca l  Manhours = 63.41 X 

Concrete Manhours ' = 112.5 X 

S i t e  Improvement Manhours = 79.28 X 

Major  Equipment ~ a n h o u r s *  

TOTAL DIRECT LABOR MANHOURS 

Hours 

*Major equipment manhours obtained from Bechtel ' s  
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

124,500 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

15% o f  Labor C o s t  

SUBTOTAL F I EL D COSTS 

-.- . 
HOME OFFICE COSTS 

,,. - -- 
f 
-> 

65,000 @ $36.79 

4 .- --., - -- ENGINEER1 NG BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

10,390 + 2,390 
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18.0 PLANT 20 TANKAGE 

18.1 GENERAL 

Tankage ( P l a n t  20) p rov ides  product ,  by-product  and i n te rmed ia te  s to rage 

and pumping f a c i l i t i e s .  

Tankage equipment was p r i c e d  by i n d i v i d u a l  numbered s to rage u n i t ,  based 

on Bech te l ' s  p r e l i m i n a r y  Phase Zero des ign  and vendor es t imates .  The 

tank  u n i t s  were p r i c e d  separa te ly ,  based on supply  and e r e c t  t y p e  

subcontracts .  

I n  t h i s  p l a n t ,  b u l k  i n s t a l l a t i o n  ma te r i  a l s  were n o t  f ac to red .  Ins tead,  

e s t i m a t i n g  q u a n t i t i e s  were developed based on p r e l i m i n a r y  r o u t i  ngs, 

p re  1  i m i  nary design c h a r a c t e r i  s t  i c s  and t y p i c a l  scope a1 lowances f o r  tank  

fa rm i n s t a l l a t i o n s .  These b u l k  q u a n t i t i e s  were then p r i c e d  on t h e  bas i s  

of c u r r e n t  Bechte l  purchases f o r  s i m i  1  a r  commodities. 



18.0 PLANT 20 TANKAGE 

18.2 .FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce developed f r o m  vendor quotes o r  i n-house data. = $43,720 

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i  a1 and subcon t rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos ts .  The c o s t  f a c t o r s  are.based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Bu lk  M a t e r i a l  Costs 
. - 

Cost 
Factor ,  % 

I ns t rumen ts  = 0.0169 X 43,720 - 740 - 
4 

Pi  p i  ng 
-+ 

L S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i t e  Improvements 

TOTAL BULK MATERIAL COST 



Subcontract Costs 
Cost 

Factor,  % 

Insu la t ion  = 0.0801 

Bui 1 d i  ngs 

Painting 

Total Subcontract  Cost 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Di rec t  1 abor manhours a r e  taken a s  mu1 t ip1  i e r s  ( o r  manhour " f ac to r s "  ) of 

t h e  bul k mater ia l  c o s t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  

h i  s t o r i c a l ,  p ropr ie ta ry  d a t a  f o r  s i m i l a r  types  of  p l an t s  varying w i t h  

type  and s i z e  of  p l an t  and adjus ted a s  required f o r  l a b o r  product iv i ty  

based on j obs i  t e  data .  

Manhour 
Factor 

Hrs/$1000 
of Cost 

Instrument Manhours = 25..54 

P i  ping Manhours = 46.40 

S t ruc tu ra l  S tee l  Manhours = 25.38 

El e c t r i  ca l  Manhours = 73.24 

Concrete Manhours = 95.80 

Si t e  Improvement blanhours = 82.90 

Major Equipment Manhours* 

TOTAL DIRECT LABOR INNHOURS 

Hours 

*Major equipment manhours obtained from Bechtel ' s  
propri e tary  "Manhour Standard" document. 



D I R E C T  LABOR COST 

4 3 3 , 2 0 0  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

7 5 %  o f  Labor Cost  

SUBTOTAL F I E L D  COSTS 

. . 
I %?. . -.-- - . . -> - - HOME O F F I C E  MANHOURS 
- .  . 
-.. 
. - HOME O F F I C E  COSTS 

.-. ENGINEER1 NG BY OTHERS 

SUBTOTAL P L A N T  AREA COSTS 
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19.0 PLANT 21 INTERCONNECTING PIPING 

19.1 GENERAL 

In te rconnec t i ng  P i  p ing  (P l  an t  21) c o n s i s t s  o f  i n te rconnec t i ng  process and 

u t i l i t y  p i p i n g  between process p l a n t s  and between process p l a n t s  and 

o f f s i t e s  and i nc ludes  t h e  f u e l  gas b lend ing  and d i s t r i b u t i o n  system. 

For  t h i s  p l a n t ,  c o s t s  were developed on t h e  b a s i s  o f  p i p i n g  q u a n t i t i e s  

eskdbl  lshed f rom p re  1 lmlr lary r o u t  1ng s t u d i e s  and V&1Uts. These p i p i n g  

q u a n t i t i e s  were p r i c e d  u s i n g  c u r r e n t  Bechte l  exper ience f o r  s i m i l a r  

purchases. 

Some major  equipment i terns were p r i c e d  i n d i v i d u a l l y ,  b u t  t h e  remain ing b u l k  

i n s t a l l a t i o n  m a t e r i a l s  were es t imated  as a  percentage o f  t h e  p i p i n g  cos ts .  



19.0 PLANT 21 INTERCONNECT1 NG PIPING 

19.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce developed f r o m  vendor quotes o r  i n-house data. - - $2 0 - 

B'ULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcon t rac t  c o s t s  a re  taken as percentages ( o r  c0s.t 

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bu lk  M a t e r i a l  Costs Factor ,  % 

Ins t ruments  

P i  p i  ng 

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i t e  Improvements 

TOTAL BULK MATERIAL COST 



Subcontract Costs 
Cost 

Factor, % 

= 113.5 X 20 - I n s u l a t i o n  - 2,270 

Bui 1 d i  ngs 

Pa in t ing 

- Total  Subcontract Cost - 2,700 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as m u l t i p l i e r s  ( o r  manhour " fac tors"  of s 

t he  bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bech te l ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  
2 type and s i z e  o f  p l a n t  and adjusted as requ i red f o r  1 abor p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Fac to r  

Hrs/$l000 
o f  Cost Hours 

Instrument Manhours = 17.11 X 1,420 = 24,300 

P ip ing Manhours = 71.40 X 9,080 = 648,300 

S t ruc tu ra l  Steel  Manhours = 31.97 X 1,420 = 45,400 

E l e c t r i c a l  Manhours = 42.69 X 2,270 = 96,900 

Concrete Manhours = 95.76 X 850 = 81,400 

S i  t e  Improvement Manhours = 43.86 X 570 = 25,000 

Major  Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 921 ,300 

*Major equipment manhours obtained from Bec h t e l  ' s 
p rop r i e t a r y  "Manhour Standard" document. 



D I R E C T  LABOR COST 

SPARE PARTS 

SALES,  TAX 

F I E L D  ' I N D I R E C T  COSTS 

75% o f  L a b o r  C o s t  

SUBTOTAL F I E L D  COSTS 

.,+. 
q.*>. trr- 2'T, - 
T2.i :. . 

.. HOME'OFFICE MANHOUKS 
L.<h<*.... .A . . .  , .*-:, . . 
<, --- 
1 ... ... . -,- 

..m 

HOME O F F I C E  COSTS 

r . :-'. 
'Y*. 

'.I 
--. 

ENGINEERING BY OTHERS 

SUBTOTAL P L A N T  AREA COSTS 

5 2 , 4 8 0  + 2 , 6 9 0  ' 
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, 20.0 PLANT 22 RIVER FACILITIES 

20.1 GENERAL 

R i v e r  F a c i l i t i e s  ( P l a n t  22) p rov ides  mar ine  f a c i l i t i e s  f o r  c o a l  barge 

un loading,  as w e l l  as  separa te  f a c i l i t i e s  f o r  l i q u ' i d  p roduc t  l o a d i n g  i n t o  

barges. 

T h i s  e s t i m a t e  was p repared  by B e c h t e l ' s  P i p e l i n e  and P roduc t i on  F a c i l i t i e s  

D i v i s i o n  based on t h e  Phase Zero des ign.  

The ma jo r  equipment i tems i n  t h i s  p l a n t  were p r i c e d  sepa ra te l y .  Bu lk  

ma te ' r i a l s  were e s t a b l  i s h e d  by t a k e o f f  q u a n t i t i e s  based on drawings, 

sketches, p l o t  1  ayouts  and equipment arrangement d e t a i  1  s. These q u a n t i t i e s  

were , p r i c e d  acco rd ing  t o  d i r e c t - h i  r e  o r  subcon t rac t  c o n s t r u c t i o n ,  as 

app rop r i  a t e  f o r  each a c t i v i t y .  



20.0 PLANT 22 RIVER FACILITIES 

20.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f rom vendor quotes o r  in-house data. 

BULK MATERIAL AND SUBCON.~K'ACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  cos ts  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i  e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

vary  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bu lk  M a t e r i a l  Costs Factor ,  % 

Ins t ruments  = NA X 

P i p i n g  = NA X 
- 

S t r u c t u r a l  S t e e l  = NA X 

E l e c t r i c a l  = NA X 

Concrete = NA X 

S i t e  Improvements = NA X 

TOTAL BULK MATERIAL COST 



Subcontract Costs 
Cost 

Factor, % 

I n s u l a t i o n  - - - X - - - N A 

Bui 1 d i  ngs - - - X - - - N A 

Paint ing - - - X - - N A - 

Total  Subcontract Cost - - N A 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS - = $4,900 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as m u l t i p l i e r s  ( o r  manhour " f ac to r s " )  o f  

the  bul  k mate r ia l  costs. The manhour f a c t o r s  are  based on Bechtel I s  

h i  s to r i ca l ,  p ropr ie ta ry  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i  t e  data. . 

Manhour 
Factor  

Hrs/$l000 
o f  Cost 

Instrument Manhours = 65.71 X 70 

Piping Manhours = 23.1 1 X 1,030 

S t ruc tu ra l  Steel  Manhours = 105.6 X 500 

E l e c t r i c a l  Manhours = 117.1 X 70 

Concrete Manhours = 86.36 X 550 

S i t e  Improvement Manhours = 53.73 X 2,680 

Pai n t i  ng Manhours 

Major Equipment Manhours* 

Hours 

4,600 

23,800 

52,800 

8,200 

47,500 

144,000 

7,100 
- 

TOTAL DIRECT LABOR MANHOURS 

*Major equipment manhours obtained from Bechtel ' s  
p ropr i  e tary  "I4anhour Standard" document. 



DIRECT LABOR COST 

288,000 @ $20.70/h r. 

COMMERCIAL EQUl PMENT 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

7574 o f  Labor Cost  

. . .  - .  . -.;:. . .. .%. .. .~. 
SUBTOTAL FIELD COS-TS. 

'~31. 
.. . . 
. . --.m.. - .- ..- .' r i  

-.*-. -:?,I .* 
4,900 + 5,960 + 2,000 + 100 + 350 + 4,470 

. . --1-. . - -.,, .,'. 
-3% - F a  

.+. 
, ... - . .. HOME OFFICE MANHOUKS 
+z . . 

' %:, - 
2 9, 
.*: HOME OFFICE COSTS 

i 34,000 @ $36.79 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

17,780 + 1,250 



I PLA A/T #2" JOB NO. 14222 1 ., . 
JOB NO. & T I T L E  BRECKlNRlDGE PROJECT I A K E O ~ F  APPROVED 

Ctlf l T  SllLAND SYNTHETIC FIIELS, INC. 
RCE . 10 C B f l e K t f l 8 i m f l f  m y  PRICED DATE 
101m JOB LOCATION CHECKED SHEET- or 

DIRECT FIELD COST SUMMARY 

I TOTAL DIRECT COST 11 11 I 
SHEET NO ----- -- 22 PLANT 

I 



21.0 PLANT 23 RAIL AND TRUCK FACILITIES 

21.1 GENERAL 

R a i l  and Truck F a c i l i t i e s  ( P l a n t  23) p r o v i d e s  r a i l c a r  and t ank  t r u c k  l i q u i d  
- 

p roduc t  l o a d i n g  f a c i l i t i e s .  

The e s t i m a t e  was made i n  two ways. F i r s t ,  f o r  t h e  un load ing  and l o a d i n g  

f a c i l i t i e s ,  t h e  i n d i v i d u a l  equipment i t ems  were p r i c e d  u t i l i z i n g  vendor 

r s t  lrnates. B u l k  m a t e r i a l s  t o r  t hese  areas were i n c l u d e d  as a  percen tage  o f  

t h e  equipment c o s t .  

I n  t h e  second method, t h e  r a i l r o a d  was e s t i m a t e d  by an a n a l y s i s  o f  t h e  

i n d i v i d u a l  b u l k  q u a n t i t i e s  i n v o l v e d  u s i n g  l ayou ts ,  r o u t i n g s  and ske,tches t o  

e s t a b l i s h  t h e  scope. These q u a n t i t i e s  were t h e n  p r i c e d  on a  u n i t - c o s t  

bas i s .  



21.0 PLANT 23 RAIL AND TRUCK FACILITIES 

21.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A1 1  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce  developed f r o m  vendor quo tes  o r  in-house data.  

BllLK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i  a1 and subcon t rac t  c o s t s  a r e  t a k e n  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  m a j o r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i  s t o r i  ca l ,  p r o p r i  e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l  an ts  and 

;&+- v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost  
Bu l k  M a t e r i a l  Costs Fac to r ,  % 

I n s t r u m e n t s  
C 

P i p i n g  
.-. 

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

T o t a l  B u l k  M a t e r i  a1 Cost 



Cost 
Subcontract Costs Factor,  % 

Insula t ion = 0.1000 X 700 - 70 - 

S i t e  Improvements' = 4.1000 X 700 - 2,870 - 

Pa i n t i  ng = 0.0428 X 700 - 3 0 - 

Total Subcontract Cost - - 2,970 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS = $4,350 

DIRECT LABOR MANHOURS 

Direct  1 abor manhours a r e  taken a s  mu1 t ip1  i e r s  ( o r  manhour " fac tors"  1 of 

the  bulk material  cos t s .  The manhour f a c t o r s  a r e  based on Bechtel Is 

h i  s t o r i c a l ,  propr ie tary  da ta  f o r  s i m i l a r  types  of p l an t s  varying w i t h  

type and s i z e  of p l an t  and adjusted a s  required f o r  l abo r  productivity 

based on j o b s i t e  data. 

Man hou r 
Factor 

Hrs/$1000 
of Cost 

Instrument Manhours = 28.40 X 250 

Piping Manhours = 36.88 X 640 

Structural  Steel  Manhours = 31.88 X 160 
Elec t r i ca l  Manhours = 67.62 X 21 0 

Concrete Manhours = 85.83 X 1 20 

S i t e  Improvement Manhours - - - X 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours 

*Major equipment manhours obtained from Bechtel ' s  
propr ie tary  "Manhour Standard" document. 



D I R E C T  LABOR COST 

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% o f  Labor Cost 

SUBTOTAL F I E L D  COSTS 

+. .>+.-: - 
;b 
.!..; . . 
. , ., 

-$:?. 

2.k , .&: 
HOME O F F I C E  MANHOURS 

. S3'? 
4: 

' < ,  .. '..,. 
2 .  , - 
.> 

HOME O F F I C E  COSTS 
. . 
0 .  

.%~:. 63,000 @ 8 3 6 . 7 9  
:% 
.>. 

=. . . r 
7 ,  

<. 
0: ENGINEERING BY OTHERS 
..*, . 

SUBTOTAL P L A N T  AREA COSTS 
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22.0 PLANT 26 COAL RECEIVING AND STOHAGE 

22.1 GENERAL 

Coal Receiv ing and Storage ( P l a n t  26) unloads run-of-mine (KOM) o r  

prewashed c o a l  f r om barges o r  r a i l c a r ,  conveys and s t o r e s  t h e  c o a l  i n  

s tockp i l es ,  and subsequent ly  r e c l a i m s  t h e  coa l  f o r  t r a n s f e r  t o  Coal . 
Washing ( P l a n t  27).  

Thi s es t iunate was prepared by Bechte l  ' s  Research and Eng i n e e r i  ng 

D i v i s i o n ,  rev iewed by t h e  p r o j e c t  e s t i m a t i n g  team and i nco rpo ra ted  i n t o  

t h e  o v e r a l l  summary t o t a l s .  

The d i r e c t  c o s t  es t imates  f o r  t h i s  p l a n t  are based on t h e  conceptual  

desi.gn and engi  n'eeri ng i n f o r m a t i o n  prepared f o r  t h e  Phase Zero Study, 

c o n s i s t i n g  o f  drawings, s p e c i f i c a t i o n s  and a  l i s t  o f  major  equipment. 

Es t ima t i ng  methods c o n s i s t e n t  w i t h  t h e  conceptual  n a t u r e  o f  t h e  design 

were employed u t i l i z i n g  vendor i n f o r m a t i o n  as we1 1  as c u r r e n t  Bechte l  

i n fo rma t i on .  

Approx imate ly  80% o f  t h e  major  equipment was p r i c e d  f rom vendor e s t i -  

mates. The remainder was eva lua ted  u s i n g  curves and u n i t  p r i c e s  f o r  

s i m i  1  a r  i tems f rom o t h e r  p r o j e c t s .  

Q u a n t i t i e s  f o r  b u l k ' m a t e r i a l s  such as concrete,  s t e e l ,  p i p i n g ,  w i r e  and 

c o n d u i t  were n o t  a v a i l a b l e  a t  t h e  t ime  o f  t h e  es t imate ,  r e s u l t i n g  i n  

f a c t o r s  being used t o  determine approximate c o s t s  f o r  these ma te r i a l s .  



22.0 PLANT 26 COAL RECEIVING AND STORAGE 

22.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A1 1  c o s t s  a r e  i n  thousands o f  do1 1 ars. 

MAJOR EQUIPMENT, WTERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quo tes  o r  in-house data.  = $40,900 

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and s u b c o n t r a c t  c o s t s  a re  t aken  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Bu l k  M a t e r i a l  Costs 

I n s t r u m e n t s  - - 
P i p i n g  - - 

S t r u c t u r a l  S t e e l  d - 

E l e c t r i c a l  - - 
Concrete - - 

S i t e  Improvements - - 

Cost 
Fac to r ,  % 

0.0171 X 4(J, YUO I 7 00 

T o t a l  Su l k  M a t e r i a l  Cost  



Subcontract Costs 
Cost 

Factor, % 

I n s u l a t i o n  

S i t e  Improvements 

Pa in t ing . 

Total  Subcontract Cost 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as m u l t i p l i e r s  ( o r  manhour " f a c t o r s " )  o f  the  

bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on ~ e c h t e l  ' s  h i s t o r i c a l ,  

p rop r i e t a r y  data  f o r ' s i m i l a r  types o f  p l a n t s  vary ing w i t h  t ype  and s i ze  o f  

p l a n t  and ad jus ted as requ i red f o r  l a b o r  p r o d u c t i v i t y  based on j o b s i t e  data. 

Manhour 
Fac to r  

Hrs/$1000 
o f  Cost 

Instrument Manhours . = 37.14 X 

P ip ing Manhours = 69.05 X 

S t r uc tu ra l  Stee l  Manhours = 86.41 X 

El e c t r i  c a l  Manhours = 35.20 X 

Concrete Manhours - - - X 

Hours 

S i t e  Improvement Manhours - - - X - - - - 
Major  Equipment Manhours* = 629,000 

TOTAL DIRECT LABOR MANHOURS 1,617,000 

*Major equipment manhours obtained from Bechtel ' s 
p rop r i e t a r y  "Manhour Standard" document. 



D I R E C T  LABOR COST 

1 , 6 1 7 , 0 0 0  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 
. . 

75% o f  L a b o r  C o s t  

SUBTOTAL F I E L D  COSTS 

. . . . . . .  - ...... _ -_ .*,a. . 
a,.. . . . . . . . . . .  

fh.. 
-3". ' . . 
,-..- *.,< 
,,.a . - . . . . . .  ..: HOME OFFICE'. PIANHOURS .$ I .~--. . . . . . . . . .  . . 
;F. - ..-. . . . 
-3. .--.- .- d 

.i HOME OFF.ICE COSTS -. 
f 

d. z 
&. 
5.- Lo -.. E N G I  NEERI  NG BY OTHERS 

SUBTOTAL P L A N T  AREA COSTS 

1 1 9 , 4 2 0  + 4 , 1 9 0  



JOB no. s TITLE 

R(~FCI( I I I IR~~GF~~ K , [ I  :: ,I' . ep.,. I , .  . [  : CHECKED S H E E T  OF 

.21 "J" - Instruments 

PLANT 26 

I 



23..O PLANT 27 COAL WASHING 

23.1 ' GENERAL 

Coal Washing ( P l a n t  27)  r e c e i v e s  ROM c o a l  f r o m  Coal Rece iv ing  and S to rage  

( P l a n t  26.) o r  r ec l a imed  c o a l  f r o m  s to rage ,  and washes and separa tes  t h e  

c o a l  i n t o :  c l e a n  c o a l  f e e d  t o  Coal D ry i ng  and P u l v e r i z i n g  ( P l a n t  1); 

b o i l e r  f u e l  t o  Steam Genera t ion  and B o i l e r  Feedwater T r e a t i n g  ( P l a n t  31);  

c o a l  r e fuse .  " 

The e s t i m a t e  f o r  t h i s  p l a n t  was p repared  by Rober ts  and Schaefer Company, 

i n c o r p o r a t i n g  a  customized des ign  prepared s p e c i f  i c a l  l y  f o r  t h i s  p r o j e c t .  

Ma jo r  equ ip~aent  i terns were p r i c e d  on t h e  b a s i s  o f  vendor q u o t a t i o n s  o r  f r o m  

s i m i l a r  i tems f r o m  o t h e r  Rober ts  and Schaefer  p r o j e c t s .  

U u a n t i t i e s  f o r  b u l k  m a t e r i a l s  were developed by t a k e o f f s  f r o m  s e c t i o n  and 

e l e v a t i o n  drawings on an i n d i v i d u a l  account  bas i s .  These b u l k  m a t e r i a l s  

were p r i c e d  on t h e  b a s i s  o f  r e c e n t  Rober ts  and Schaefer exper ience  f o r  

s i m i l a r  purchases. 



23.0 PLANT 27 COAL WASHING 

23.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  do1 l a rs .  
- 

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house data. = $16,070 

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l l s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  types u f  p l a n t s  and 
, 
2, 

'S .3  .,, . -. v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Bu lk  M a t e r i a l  Costs 
Cost 

Factor .  % 

I ns t rumen ts  - - - X - - - 
: ,- 

- 
, 
5 .  P i p i n g  - = 0.3161 X 16,070 = 5,080 

S t r u c t u r a l  S t e e l  = 0.5663 X 16,070 = 9,100 

E l e c t r i c a l  = 0.2371 X 16,070 = 3,810 

Concrete = 0.1002 X 16,070 - 1,610 - 

S i d i n g  = 0.0404 X 16,070 - 650 - 

T o t a l  B u l k  Ma te r i  a1 Cost = $20,250 



Subcontract Costs 
Cost 

Factor,  % 

El ec  tri cal  - - 0.2545 X 16,070 - - 4,090 

Bui 1 di  ngs 
H VAC 

Total Subcontract Cost - - 5,300 

TOTAL B U L K  'UTERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Di rec t  1 abor manhours a r e  taken a s  mu1 t i p1  i e r s  ( o r  manhour " f a c t o r s " )  of 

the  bul k material  co s t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  
h i  s t o r i c a l ,  propr ie tary  da t a  f o r  s i m i l a r  types  of p l a n t s  varying w i t h  

type and s i z e  of p l an t  and adjus ted a s  required f o r  l abo r  product iv i ty  

based on jobs i  t e  data.  

Manho'ur 
Factor  

Hrs/$1000 
of Cost 

Instrument Manhours - - - X 

Piping & Pl atework = 87.006 X 

St ruc tu ra l  Steel  Manhours ' = 41 .I84 X 
- El e c t r i  ca l  Manhours . - - X 

Concrete Manhours = 62.04 X 

S i t e  Improvement Manhours - - - X 

Sidi  ng Manhours = 80.68 X 

TOTAL DIRECT LABOR MANHOURS 

Hours 

*Major equipment manhours obtained from Bechtel ' s  
propr ie tary  "Manhour Standard" document. 



D I R E C T  LABOR COST 

9 6 9 , 0 8 0  @ 9 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% o f  L a b o r  C o s t  

CHEMICALS 

-...s-. :-. 
.a 
:.:* .. . 

SUBTOTAL F I E L D  COSTS. 
.A*.. .-. - 

.?* 

- .  HOME OFFICE MANHOURS 

-2 
*> '*. 
Z?. '.. HOME OFFICE COSTS 

ENGINEERING BY OTHERS 

ADJUSTMENT - DEDUCT ONE 6 0 0  TPH WASH I'NG PLANT 



APPROVED 

S H E E T  O F  

h TOTAL DIRECT COST 11 11 11 
SHEET NO . - PLANT 27 .- 

I 



24.0 PLANT 30 ELECTRICAL DISTRIBUTION 

24.1 GENERAL 

Electrical D i  s t r i  bution (Pl ant 30) receives main u t i l i t y  power from Big 
River Electr ic  Corporation (161 k V )  via two overhead transmission l ines  t o  
each o f  two main substations; each main substation d i s t r ibu tes  power a t  
161 kV through SF6 gas insulated type i ndoor swi t c  hgear t o  three ( to ta l  of 

s ix)  sate1 1 i t e  substations 1 ocated t o  s u i t  plant grouping of 1 oads. 

The power d is t r ibut ion  system was estimated on the basis of a preliminary 
sing1 e-1 i ne diagram and associated general s i t e  plan. Individual control 

equipment was taken off and priced on an itemized basis. Quanti t ies  of 

cable, wire and conduit were generated on the basis  of preliminary routings. 

Associated bulk materials such a s  support s t e e l ,  concrete and s i t e  work 
were applied a s  a perrentage of the e lec t r ica l  material cos t  u t i l i z ing  
Bechtel ' s his tor ical  data. 



24.0 PLANT 30 ELECTRI CAL DISTRIBUTION 

24.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A1 1  c o s t s  a r e  i n  thousands o f  do1 l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce developed f r o m  vendor quo tes  o r  i n-house data.  - - N A  

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcon t rac t  c o s t s  a re  t aken  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  m a j o r  equipment c o s t s .    he c o s t  f a c t o r s  a r e  based on. 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  of  p l a n t s  and 
. ,.. 
.r.  v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost  
Bu l k  d a t e r i a l  Costs Fac to r ,  X 

. . 
& , I n s t r u m e n t s  - - .NA X - - N A  

P i  p i  ng 

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 
- S i  t e  Improvements 

T o t a l  B u l k  M a t e r i a l  Cost  = $43,490 



Subcontract Costs 

I nsu l  a t i o n  

Bui 1 d i  ngs 

Pa in t ing  

Total  Subcontract Cost 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

Cost 
Factor, % 

DIRECT LABOR RANHOURS 

D i r e c t  1 abor'manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s "  ) o f  the  

bul k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  h i s t o r i c a l  , 
p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  t ype  and s i ze  o f  

p l a n t  and ad jus ted as requ i red f o r  l a b o r  p r o d u c t i v i t y  based on j o b s i t e  data. 

Instrument Manhours 

P ip ing Manhours 

S t ruc tu ra l  Stee l  Manhours 

E l e c t r i c a l  Manhours 

Concrete Manhours 

S i  t e  Improvement Manhours 

~ a j o r  Equipment Manhours* 

TOTAL DIRECT LABOR t4ANHOURS 

Manhour 
Factor  

Hrs/$l000 
o f  Cost 

= - X - 
- - - X - 
= 36.83 X 2,490 

= 10.10 X 29,820 

= 73.54 X 7,460 

= 65.46 X 3,720 

Hours 

0 
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

1,185,000 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

7 5 % 0 f -  Labor Cost  

SUBTOTAL FIELD COSTS 

. . 
43,490 + 24,530 + 2,090 + 18,400 

.,'* .' 
-2.. -2- 

,F 
G Z .  

.. .. .. -.-.. 
.Q . H O M ~  OFFICE MANHOURS .r)l-L 3- = -, ., 
4w. . . . .  - 
:._. i.s. . . . 

. ... . . .  - 
7 .  

,*, 
HOME OFFICE COSTS 

::z 
ir*. 
) Y  

- 4 % - .  . 
. -= 

127,000 3 $36.79 
;$ . . 
.$; . 3. . EL. .- 2.7:. ENGINEERING BY OTHERS. 

SUBTOTAL PLANT AREA COSTS 

88(510 + 4,670 



JOB no. T I T L E  

S H E E T O F  



25.0 PLANT 31 STEAM GENERATION AND BOILER FEEDbJATEK TREATING 

25.1 GENERAL 

Steam g e n e r a t i o n  and BFW T r e a t i n g  ( P l  an.t 31) generates steam a t  900 p s i g  

i n  t h e  main b o i l e r s .  F a c i l i t i e s  a r e  p rov ided  f o r  t r e a t i n g  b o i l e r  

feedwater,  d i s t r i b u t i n g  and c o l l  e c t i n g  steam and condensate a t  d i f f e r e n t  

l e v e l s  f r om v a r i o u s  p l a n t s  w i t h i n  t h e  e n t i r e  complex. 
- 

T h i s  e s t i m a t e  was p repared  by B e c h t e l ' s  Los Angeles Power D i v i s i o n  

i n c o r p o r a t i n g  scope f r om t h e  Phase Zero p r e l  i m i n a r y  des ign.  The 

documentat ion c o n s i s t e d  o f  equipment l i s t s ,  des ign  s p e c i f i c a t i o n s  and 

d a t a  sheets ,  f l o w  diagrams arid genera l  l a y o u t  drawings. 

Ma jo r  equipment was es t ima ted  by i n d i v i d u a l  i tem w i t h  vendor Dudget 

quo tes  o b t a i n e d  f o r  98% o f  t h e  cos t s .  I n  p a r t i c u l a r ,  vendor es t ima tes  

were used f o r  t h e s e  i tems:  

e Ash h a n d l i n g  system 

o Coal hand1 i ng  system 

e P r e c i p i t a t o r s  

e Stacks 

0 Pumps and d r i v e r s  

Condensers e 

e Cool i ng wa te r  hea t  exchangers 

~ e a e r a t o r s  

o Tanks 

. e B o i l e r  feedwater  t r e a t i n g  systems 

Bu l k  m a t e r i a l s  have been i n c l u d e d  as a percentage o f  t h e  equipment c o s t s  

based on Beck1,tel exper ience  f o r  f a c i l i t i e s  o f  s i m i l a r  t y p e  and s i ze .  



25.0 PLANT 31 STEAM GENERATION AND BFW TREATING 

25.2 FACTORED CAPITAL COST ESTINTE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

P r i c e  developed f rom vendor quotes o r  in-house data. 
. . 

= $81,800 

BULK MATERIAL AN0 SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  cos ts  a re  taken as percentages .(or c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a r e  based on' 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and . 

+ 2 ?  -. 
-&-, ." v a r y  ' w i  t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
. . Bu lk  M a t e r i a l  Costs 

Ins t ruments  

P i  p i  ng 

S t r u c t u r a l  S t e e l  

E l  e c t r i ' c a l  

Concrete 

S i  t e  Improvements 

Factor ,  % 

T o t a l  Bu lk  M a t e r i a l  Cost 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  = 0.0359 X 81,800 - 2,940 - 

Bui 1 d i  ngs - - - X - - - - 
Pain t ing 

Total  Subcontract Cost - - 4,250 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are  taken as m u l t i p l i e r s  ( o r  manhour " f a c t o r s " )  o f  the  

bul  k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  h i s t o r i c a l  , 
propr ie tavy data f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  t ype  and s i z e  o f  

.. 
I p l a n t  and ad jus ted as requ i red f o r  l a b o r  p r o d u c t i v i t y  based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$1000 
o f  Cost 

Instrument Manhours = 20.60 X 7,690 

P ip ing Manhours = 97.7 X 11,530 

S t ruc tu ra l  Steel  Flanhours = 26.80 X 10,470 

E l  e c t r i  c a l  Manhours = 70.50 X 9,330 

X Concrete Manhours = 88.30 ' 3,110 

S i t e  Improvement Manhours = 48.81 X 3,270 

Major  Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours  

= 158,400- 

= 1,126,500 

= 280,600 

= 657,800 

= 274,600 

= 159,600 

= 87,400 

*Major equipment manhours obtained. from Bechtel ' s 
p rop r i e t a r y  "Manhour Standard" document. 



j7-' 

'IS*' .-J . 
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+$ 
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DIRECT LABOR COST 

2,744,900 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

CHEMICALS 

. . 
SUBTOTAL FIELD. COSTS . ... . 

. . ., 

- 81,800 + 49,650 + 56,820 + 800'+ 42,620 + 240 

HOME OFFICE MANHOURS 

HOME OFFICE COSTS 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COS-rs 

231,930..+ 18,060 



-- 

S H L E I  NO PLANT 3/--- 



26.0 PLANT 32 WATER SYSTEMS: R A W ,  POTABLE, COOLING 

26.1 GENERAL 

Water Systems: Raw; Potable,  Cool ing ( P l a n t  32), toge ther  w i t h  Sewers and 

Wastewater T rea t i ng  ( P l a n t  34) p r o v i d e  p ro jec t -w ide  water  management, based 

on r i v e r  water  use and t o t a l  reuse of waters w i t h i n  t h e  p r o j e c t .  Main 

u n i t s  i nc lude :  

o Ohio R ive r  Raw Water Treatment 

o Cool ing  Water Systems 

o Cool ing  Tower S i  destream Treatment 

o Potab le  Water Sys tem 

B e c h t e l ' s  Re f i ne ry  and Chemical D i v i s i o n  had pr ime r e s p o n s i b i l i t y  f o r  t h e  

p roduc t i on  o f  t h i s  p l a n t  est imate,  u t i l i z i n g  a  conceptual  des ign prov ided 

by t h e  Research and Engineer ing D i v i s i o n .  The scope cons i s ted  o f  a  process 

d e s c r i p t i o n ,  process f l o w  diagrams and a  l i s t  o f  major  equipment w i t h  

o v e r a l l  d u t y  requirements. I n  a d d i t i o n  t o  t h e  process d u t y  in fo rmat ion ,  

c e r t a i n  minimum e s t i m a t i n g  parameters were a l s o  s p e c i f i e d  such as su r face  

area f o r  heat  exchangers and d r i v e  horsepower f o r  pumps. 

The major  equipment was p r i c e d  by i n d i v i d u a l  tagged i tem using'  vendor 

es t imates  f o r  p r i c i n g .  Bulk  m a t e r i a l s  were es t imated  as a  percentage o f  

t h e  equipment c o s t  f r om h i s t o r i c a l  da ta  f o r  f a c i l i t i e s  o f  s i m i l a r  type,  

s i z e  and complex i ty .  



26.0 PLANT 32 WATER SYSTEMS: RAW, POTABLE, COOLING 

26.2 FACTORED CAPITAL COST ESTIINTE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  
- 

MAJOR EQUIPMENT, WTERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quo tes  o r  in-house data.  = $13,890 

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcon t rac t  c o s t s  a r e  t aken  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment c o s t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 

%&- . - -v-ary w i t h  t y p e  and s i z e  o f  p l a n t .  

7 

Bu lk  M a t e r i a l  Costs 

. I n s t r umen ts  

P i  p i n g  

~ t ' r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i  t e  Improvements 

T o t a l  Bu l k  M a t e r i a l  Cost  

Cost  
Fac to r ,  % 



Cost 
Subcontract Costs Factor ,  % 

I n s u l a t i o n  

Bui 1 d i  ngs 

Pa in t ing  

Total  Subcontract Cost - - 900 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s "  1 o f  

t he  bul k mate r ia l  costs.   he manhour f a c t o r s  a re  based on Bechtel ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

' type and s i z e  o f  p l a n t  and ad jus ted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Instrument Manhours 

P i  p ing  Manhours 

S t ruc tu ra l  Steel  Manhours 

E l  ec tri ca l  Manhours 

Concrete Manhours 

S i  t e  Improvement Manhours 

Major  Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Manhour 
Fac to r  

Hrs/$l000 
o f  Cost 

= 28.68 X 1,670 

= 9 . 0 0  x 3,200 

= 32.03 X 690 

= 41.44 X 1,390 

= 89.1 8 X 9 70 

= 82.86 X 560 

Hours 

= 47,900 

= 163,200 

= 22,100 

= 57,600 

= 86,500 

= 46,400 

= 108,100 

531 ,800 

*Major equipment manhours obtained from Bec h t e l  ' s 
p rop r i e t a r y  "Manhour Standard" document. 



. DIRECT LABOR COST 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% o f  Labor Cost 

CHEMICALS 

. . . ,.. 
.';> .L".. *". .F. ., . . -. SUBTOTAL F I ELD C0ST.S 
*.. 

' ".?>?& . - .  
A*, ' 
en>,. 

-.$,!. 
. L r  i. 

- 13,890 + 9,380 +. 11,010.+ 350 + 810 + 8,260 + 270 
B+ .& 
9r -... -. 
. % 

HOME OFF1 CE IWNHOURS 

;.'F .., " 
$ HOME OFFICE COSTS 
$7, 
.-6 . 
?c 
i x  

I 

164,000 @ $36.79 

E N G I N E E R I N G  BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

43,970 + 6,030 



SHEET NO .- PLANT 32 

JOB NO. 6 T 1 1 1 E  

JOB LOCATION CHECKED 

TOTAL DIRECT COST 

-- - 



27.0 PLANT 33 FIRE SYSTEMS 

27.1 GENERAL 

F i r e  Systems ( P l a n t  33) i n c l u d e s  f i r e  water, foam systems, d r y  chemicals,  

and i n e r t  gas, prov id . ing,  f i r e  p r o t e c t i o n  f o r  equipment and s t r u c t u r e s  i n  

t h e  t o t a l  p l a n t  area. 

The P l a n t  33 e s t i m a t e  was based on a  p r e l i m i n a r y  des ign f o r  t h e  f i r e  wate r  

system where c e r t a i n  assumptions were made f o r  l i n e  s i zes ,  l a y o u t s  and 

r o u t i n g s .  From t h i s  p r e l  im ina ry  design, q u a n t i t i e s  f o r  t h e  v a r i o u s  b u l k  

accounts  were developed and es t ima ted  u s i n g  u n i t  p r i c e  i n f o r m a t i o n  o b t a i n e d  

f rom I - -ech te l '  s  h i s t o r i c a l  data.  



27.0 PLANT 33 FIRE SYSTEMS 

27.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A1 1  c o s t s  a r e  i n  thousands o f  do1 l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce  developed f r o m  vendor quo tes  o r  in-house data.  - - $6 80 - - 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k - m a t e r i a l '  and , subcon t rac t  c o s t s  a re  t a ~ e n  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost  
B u l k  M a t e r i a l  Costs Fac to r ,  % 

I ns t rumen ts  

P i  p i n g  . 

S t r .uc tu ra1  S t e e l  - - 11 A  X - - 50 

E l e c t r i c a l  - - N  A  X - - 8 0 

S i  t e  Improvements - - N  A  X .  - - 650 

T o t a l  Bu l k  M a t e r i a l  Cost  = $5,010 



Cost 
Subcontract Costs 

. - 

P ip ing 

Pai n t i  ng 

Factor, % 

Tota l  Subcontract Cost - - 20 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

D i r e c t  l a b o r  manhours a re  taken as m u l t i p l i e r s  ( o r  manhour " f ac to r s "  1 o f  t he  

bul k mate r ia l  costs. The manhour' f a c t o r s  a re  based .on  Bechtel I s  h i  s t o r i c a l  , 
p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  t ype  and s i ze  o f  

p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  based on j o b s i t e  data. . 
. . . . 

Manhour 
Factor  

Hrs/$1000 
o f  Cost Hours 

.- 
Instrument Manhours = 27.00 X 100 - - 2,700 

P i  p ing Manhours = 68.46 X 4,080 = 279,300 

S t ruc tu ra l  Steel  Manhours . = 42.00 X 5 0 - - 2,100 

E.1ectr ical  Manhours = 68.75 X 80 - - 5,500 

Concrete Manhours = 100.0 X 5 0 - - 5,000 

S i t e  Improvement Manhours = 343.2 X 650 = 223,100 

Major  Equipment Manhours* - - 4,300 

TOTAL DIRECT LABOR MANHOURS 522,000 

*Major equipment manhours obtained from Bechtel ' s  
p rop r i  e tary  "Manhour Standard" document. 



DIRECT LABOR COST 

522,000 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD I N D I R E C T  COSTS 

752 o f  Labor Cost 

SUBTOTAL FIELD COSTS 

. .. 
,.1.. 

680 + 5,030 + 10,810 + 20 + 270 + 8,110 
. . ,-" .. . . . . . . 

:& . .. . " .. . .. .HOME--OFFICE IMNHOURS 
. . .  

22. 
-5". .. 

.?> * .  
"-Z.' . . .  
.- -,-. . . .. .. . HOME OFFICE COSTS 

a* .. - 
' a& ENGINEERING BY OTHERS - -...- 

SUBTOTAL PLANT AREA COSTS 

24,920 + 1,660 



JOB NO. & TITLE 

. . .  S H E E T O F  

S H t E T  NO .- PLANT 33 

I 



28.0 PLANT 34 SEWERS AND WASTEWATER TREATMENT 

28.1 GENERAL 

Sewers and Wastewater Treatment ( P l a n t  34) c o l l e c t s  process p l a n t  and 

o f f p l o t  Contaminated process waste streams and s to rm r u n o f f  (contaminated 

and uncontaminated),  and per forms t r e a t i n g  as r e q u i r e d  f o r  water  reuse w i t h  

waste s ludge t r a n s f e r r e d  t o  Sol i d  Nas t e  Management ( P l a n t  42).  

Th i s  es t ima te  was prepared by  B e c h t e l ' s  Re f i ne ry  and Chemical D i v i s i o n  

based on a  conceptual  des ign prov ided by t h e  Research and Eng ineer ing  

D i v i s i o n .  The scope c o n s i s t e d  o f  i n f o r m a t i o n  s i m i l a r  t o  t h a t  used i n  t h e  

Pi an t  32 (Water Systems) est imate.  

Major  equipment was p r i c e d  by i n d i v i d u a l  i t e m  based l a r g e l y  on vendor 

i n fo rma t i on .  Bulk  m a t e r i a l s  were i nc luded  as a  pe rcen tage .o f  t h e  major 

equipment c o s t  . 

The b u l k  f a c t o r s  used i n  t h i s  p l a n t  a re  cons ide rab l y  lower than o t h e r  

process u n i t s .  This  i s  t h e  r e s u l t  o f  ex tens i ve  s k i d  mounting and pre- 

packaging' o f  t h e  equipment where much o f  t h e  b u l k  m a t e r i a l  c o s t  t h a t  

would no rma l l y  be i nc luded  i n  t h e  f a c t o r s  has a l ready  been p r i c e d  i n  

t h e  equipment accounts. 



28.0 PLANT 34 SEWERS AND WASTEWATER TREATMENT 

28.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house data. = $47,350 

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  are taken a.s percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i  s t o r i  ca'l, p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

Cost 
Bu lk  M a t e r i a l  Costs Fac tor ,  % 

Ins t ruments  = 0.0600 X 47,350 = 2,840 

P i  p i  ng = 0.0900 X . 47,350 = 4,260 

S t r u c t u r a l  S t e e l  = 0.0501 . X 47,350 = .2,370 

E l e c t r i c a l  = 0.0800 X 47,350 = 3,790 

Concrete = 0.0500 X 47,350 = 2,370 

S i  t e  Improvements 

To ta l  Bu lk  M a t e r i a l  Cost 



Cost 
Subcontract Costs Factor,  % 

Insula t ion . = 0.0399 X 47,350 - - 1,890 

S i t e  Improvements = 0.0201 X 47,350 - - 950 

Painting . = 0.0201 X 47,350 - - 950 - 
Total Subcontract Cost - - 3,790 

TOTAL B U L K  MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Direct  l abo r  manhours a r e  taken a s  mu l t i p l i e r s  ( o r  manhour " f a c t o r s " )  of t he  
bulk material  co s t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  h i s t o r i c a l ,  

propr ie tary  data  f o r  s i m i l a r  types  of p l a n t s  varying w i t h  type and s i z e  of 

p lan t  and adjusted a s  required f o r  l abo r  product ivi ty  based on j o b s i t e  da ta .  

Manhour 
Factor  

Hrs/$l000 
of Cost 

Instrument Manhours . = 19.23 X 2,840 

Piping klanhours = 51 .01 X 4,260 

Structural  Steel  Manhours = 38.23 X 2,370 

El e c t r i  ca l  Manhours * =  63.75 X 3,790 

Concrete Manhours = 84.64. X 2,370 

S i t e  Improvement Manhours = 170.36 X 3,310 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours 

= 54,600 

= 217,300 

= 90,600 

= 241,600 

= 200,600 

= 563,900 

= 179,040 

1,547,640 

*Major equipment manhours obtained from Bechtel ' s  
propri e tary  "Manhour Standard" document. 



D I R E C T  LABOR COST 

1 ,547 ,640  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

FIELD I N D I R E C T  COSTS 

35% o f  Labor  Cost  

CHEMICALS 

. - : SUBTOTAL .FIELD COSTS 

HOME OFF I C E  MANHOURS 

HOME 0FF.ICE COSTS 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 



S H E E T  OF 

TOTAL DIRECT COST 

SHEET NO .- PLANT 34 



29.0 PLANT 35 STACK GAS SCRUBBING 

29.1 GENERAL 

Stack Gas Scrubbing ( P l a n t  35)  t r e a t s  t a i l  gas f r o m  t h e  S u l f u r  P l a n t  

( P l a n t  l o ) ,  as w e l l  as f l u e  gas f r o m  t h e  b o i l e r s ,  .by a  process o f  

a b s o r p t i o n  and r e g e n e r a t i o n  t o ,  remove s u l f u r  d i ox i de ,  which i s  t h e n  

r e c y c l e d  back t o  t h e  S u l f u r  P l a n t  ( P l a n t  10);  t h e  t r e a t e d  gas i s  then  

r e l e a s e d  t o  t h e  ;tacks. 

The e s t i m a t e  f o r  t h e  p l a n t  was p repared  by  Davy ,McKee based on a  p r o p r i e -  

t a r y  process design, t h e  Wellman Lo rd  F l u e  Gas D e s u l f u r i z a t i o n  process. 

Costs were i d e n t i f i e d  by subsystem, w i t h  ma jo r  equipment 1  i s t e d  by 

i n d i v i d u a l  i tem. The equipment was p r i c e d  by Davy McKee u t i l i z i n g  vendor 

q u o t a t i o n s  o r  u n i t  p r i c e s  f o r  s i m i  Ja r  i terns f r o m . o t h e r  r e . l a t e d  

i n s t a l l a t i o n s .  

Bu lk  m a t e r i a l s  were e s t i m a t e d  i n  d e t a i l  by  i n d i v i d u a l  account.  Q u a n t i t i e s .  

were t a k e n  o f f  f r om drawings and l a y o u t s  and p r i c e d  on a  u n i t  r a t e  b a s i s  - . 

u s i ng  Davy McKee procurement data. ,  



29.0 PLANT 35 STACK GAS SCRUBBING 

29.2 FACTORED CAPITAL COST ESTIIWTE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce  developed f r o m  vendor quo tes  o r  in-house data.  = $13,160 

BULK MATERIAL. AND SUBCONTRACT COSTS . . 

The b u l k  m a t e r i a l  and s u b c o n t r a c t  c o s t s  a r e  t aken  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f . o r  s i m i l a r  t ypes  of p l a n t s  and 
-. :.,, . - .+; v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

- . 
*- . .- 

Cost  
B u l k  M a t e r i a l  Costs Fac to r ,  % 

.- 
I n s t r umen ts  

,. .* P i  p i n g  
,"x&.,> . . 

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i  t e  Improvements 

T o t a l  Bu l k  M a t e r i a l  Cost  



Cost 
Subcontract Costs Factor,  % 

Insu la t ion  

Bui  1 di  ngs 
Painting 

Total Subcontract Cost - - 3,560 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i  r e c t  1 abor manhours a r e  taken a s  nu1 t i p1  i e r s  ( o r  manhour " f ac to r s "  ) of  

t h e  bulk mater ia l  co s t s .  The manhour f a c t o r s  a r e  based on Bechtel ' s  

h i s t o r i c a l ,  propr ie tary  d a t a  f o r  s i m i l a r  types  of p l an t s  varying w i t h  

type  and s i z e  o f  p l an t  and ad jus ted  a s  required f o r  l a b o r  produc-t ivi ty 

based on j o b s i t e  da ta .  

Manhour 
Factor 

Hrs/$lO00 
of Cost 

Instrument Manhours = 32.53 X 1,700 

Piping Manhours = 52.00 X 4,200 

S t ruc tu ra l  S tee l  Ilanhours = 32.87 X 1,780 

El e c t r i  ca l  Manhours = 104.00 X 1,000 

Concrete Manhours = 169.08 X 650 

Si t e  Improvement Manhours = IJA X N A 

Major Equipment Manhours* 

TOTAL DIRECT LABOR f4ANHOURS 

Hours 

= 55,300 

= 218,400 

= 58,500 

= 104,000 

= 109,900 

= 12,800 

= 100,300 

659,ZCO 

. *Major equipment -manhours obtained from Bechtel ' s  
propr ie tary  "F.lanhour Standard" document. 



DIRECT LABOR COST - . 

659,200 @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

FIELD INDIRECT COSTS 

75% of  Labor Cost  

SUBTOTAL FIELD COSTS 

.. ,%. ... *" . . .? .-. x., + A ... HOME. OFFICE MANHOUKS 
.,V>. . . 

.. . 
HOME OFFICE COSTS 

? X  .' 
.:. rn' - 
..> 281,000 @ $36.79 
:;s 
. <? 
4. - .. 
.i." 

. '-++ ENGINEERING' BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

50,440 .+ 10,340 



DRECKINRIDGE CO., l;El:i'TbCli'{ S H E E T  Of 

PLANT 35 - 

I 



30.0 PLANT 36 INSTRUMENT A I R  AND PLANT A I R  SYSTEMS 

30.1 GENERAL 

Ins t rument  A i r  and P l a n t  A i r  Systems ( P l a n t  36) p rov ides  compressed, 

f i l t e r e d ,  coo l ,  d r y  a i r  t o  inst ruments,  as w e l l  as t o  u t i l i t y  s t a t i o n  p l a n t  

users. 

Cnsts  f n r  t h i  s p l a n t  are based on Bechte l  ' s Phase Zero pre l . im i  nary design. 

Es t ima t i ng  scope cons i s ted  o f  a l i s t  o f  major.  equipment and design da ta  

sheets. 

Major  equipment was es t imated  by i n d i v i d u a l  i t e m  o r  packaged u n i t ,  and bu l k  

m a t e r i a l s  were a p p l i e d  as a percentage o f  t h e  equipment cos t .  \ 



30.0 PLANT 36 INSTRUMENT A I R  AND PLANT A I R  SYSTEMS 

30.2 FACTORED. CAPITAL COST ESTIWTE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

Pr i ce devel  oped f r o m  vendor quotes o r  in-house data. - - $720 - - 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

" f a c t o r s U ) o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o o r i  e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 
.?&* 
:,*a . ....:. v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  * ." * 

Cost 
Bu lk  M a t e r i a l  'Costs Factor ,  % 

i 
. 1ns t rumen . t~ .  = 0.09721 X 7 20 - 70 - 

P i  p i n g  = 0.2639 X 720 - - 
.- -. 

190 
.. . 

S t r u c t u r a l  S t e e l  = 0.0417 X 720 - 3 0 - 

E l e c t r i c a l  = .0.0556 X 720 - 40 - 

Concrete = 0.0278 X 720 - 20 - 

S i  t e  Improvements = 0.0139 X 720 - 10 - 

T o t a l  Bu lk  M a t e r i ' a l  Cost - - 93 60 - 



Subcontract Costs 
Cost 

Factor, % 

I n s u l a t i o n  = 0.0833 X 7 20 - - 6 0 

Bui 1 d i  ngs - - - X - - - - 
Pain t ing 

Total  Subcontract Cost 

TOTAL BULK MATERIAL AND 
SUBCONTRA.CT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours are  taken as mu1 t i p 1  i e r s  ( o r  manhour " fac to rs "  1 o f  

the bu lk  mate r ia l  costs. The manhour f ac to r s  a re  based on Bechtel ' s  

h i  s to r i ca l ,  p ropr ie ta ry  data f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$1000 
o f  Cost 

Instrument Manhours = 20.00 X 70 

Piping Manhours = 43.68 X 190 

S t ruc tu ra l  Steel  blanhours = 40.00 X 30 

E l  e c t r i  c a l  Manhours = 60.00 X 4 0 

Concrete Manhours = 130.0 X 20 

S i t e  Improvement blanhours = 120.0 X 10 

Major Equipment Manhours* 

TOTAL DIRECT LABOR MANHOURS 

Hours 

*Major equipment manhours ob ta i  ned from Bechtel ' s 
p ropr ie ta ry  "Flhnhour Standard" document. 



D I R E C T  LABOR COST 

2 3 , 1 0 0  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

'75% o f  Labor C o s t  

SUBTOTAL F I E L D  COSTS 

7 2 0  + 430 + 480 + 4 0  + 3 6 0  
. *, - -., . 

a:. -_.?... . 
::;*. 

. ..- ... . . 
; --... , ,.*- 7. ... .-, . 
.<a;, 

HOME, OFF- ICE MANHOUKS 
.-.-.-- - - .  . .. . , ,  . 

. .,--. . 
HOME O F F I C E  COSTS 

&. . 
$%. 

&- A*? > 

:4 %.... ,.: . ENGINEERING..  BY OTHERS 
..-... . -- . 



PLANT 36 

JOB NO. 8 TITLL 

S H E E T  OF 

TOTAL DIRECT COST 

- ~- - -- -- ~- 

---- 
I 

-------- -- - - - - - - - 



31.0 PLANT 37 TELECOMMUNICATIOII SYSTEiYS 

31.1 GENERAL 

  el ecommu'ni c a t i o n  Systems ( P l  a n t  3 7 )  p r o v i  des f o r  communication w i t h i n  t h e  

p l a n t  and o f f s i  t e  and w i t h  t r a n s p o r t a t i o n  c a r r i e r s .  I t  a l s o  p rov ides  1 i nks - .  - 

w i t h  i n f o r m a t i o n  systems w i t h i n  t h e  p l a n t  and o f f s i t e .  

The scope f o r  t h e  communicat ion system was developed by B e c h t e l ' s  Hydro and 

Community F a c i l  S t i e s  D i v i s i o n ,  making use o f  s i m i l a r  f a c i l i t i e s  f r o m  o t h e r  

r e c e n t  Bech te l  p r o j e c t s .  

I n  t h i s  case, a d e t a i l e d  l i s t  o f  a p p l i c a b l e  communication equipment and 

dev ices  was developed and p r i c e d  u s i n g  vendor es t ima tes  and u n i t  p r i c e s .  



31.0 PLANT 37 ' TELECOMMUNICATIONS 

31.2 FACTORED CAPITAL COST ESTIIMHTE 

NOTE: A1 1  cos ts .  a r e  i n  thousands o f  do1 l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUdCONTRACT. COSTS 

P r i  ce developed f r o m  vendor quo tes  o r  in-house data.  - - ' NA 

BULK MATERIAL AND SUBCONTRACT COSTS 

The . b u l k  m a t e r i a l  . . and subcon t rac t  c o s t s  a re  t aken  as percentages ( o r  c o s t  

" f a c t o r s " ) ' o f  t h e  ma jo r  equipment cos t s .  The c o s t  f a c t o r s , a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 
- 

,.'iC>' 
.?+$?. v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  
.+... . 
:A- : 
?t 
... , . 

Bu l k  M a t e r i a l  Costs 
Cost 

Fac to r .  "/o 

I n s t r umen ts  - - -- N A  X 

P i  p i n g  - 
.a,- 

- 
.-.* 

N  A  X 

S t r u c t u r a l  S t e e l  - - N A  X 

E l e c t r i c a l  - - NA X 

Concrete - - N A  X 

S i t e  Improvements - - NA X 

T o t a l  Bu l k  M a t e r i a l  Cost = N A  X 



Cost 
Subc0ntrac.t Costs Factor, % 

I n s u l a t i o n  - - . NA X - - - 
E l e c t r i c a l  - - - X - - - 160 

Pain t ing - - N A X - - - - 

Total  Subcontract Cost - - 160 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  l a b o r  manhours are taken as m u l t i p l  i e r s  ( o r  manhour " f ac to r s " )  o f  

the bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  

h i s t o r i c a l ,  p ropr ie ta ry  data f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

2 -  type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Instrument Manhours 

Piping Manhours 

S t ruc tu ra l  Steel  Manhours 

E l  e c t r i  c a l  Manhours 

Concrete Manhours 

S i t e  Improvement Manhours 

Major Equipment Manhours* 

Manhour 
Factor  

Hrs/$l000 
o f  Cost 

TOTAL DIRECT LABOR MANHOURS 

*Major equipment manhours obtained from Bechtel ' s  
p ropr ie ta ry  "blanhour Standard" document. 



DIRECT LABOR COST 

@ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  INDIRECT,COSTS 

75% o f  . L a b o r  Cost  

SUBTOTAL F I E L D  COSTS 

HOME OFFICE COSTS 

7 ,000  @ $36 .79  

ENGINEERING .BY,  OTHERS 

SUBTOTAL PLANT AREA COSTS 

1,310 + 2 6 0  
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32.0 PLANT 38 INERT GAS SYSTEMS 

32.1 GENERAL 

I n e r t  Gas Systems ( P l a n t  38)  p r e s s u r i z e s  waste n i t r o g e n  f r o m  t h e  Oxygen 

P l a n t  ( P l a n t  15) ,  and d i s t r i b u t e s  t h e  p ressu r i zed  n i t r o g e n  t o  users  such 

as Coal D ry i ng  and P u l v e r i z i n g  ( P l a n t  1) and t h e  Gas P l a n t  ( P l a n t  7 ) ,  as 

w e l l  as t o  o t h e r  p l a n t s  where n i t r o g e n  i s  needed f o r  b l a n k e t i n g  and 

purg i ng . 

T h i s  e s t i m a t e  was based on B e c h t e l ' s  Phase Zero design. The scope con- 

s i s t e d  o f  a  l i s t  o f  ma jo r  equipment w i t h  accompanying des ign  d a t a  sheets .  

Ma jo r  equipment was e s t i m a t e d  by i n d i v i d u a l  i t e m  u t i l i z i n g  vendor e s t i -  

mates f o r  t h e  compressor equipment and h i s t o r i c a l  d a t a  f o r  t h e  rema in ing  

p ieces.  Bulk  m a t e r i a l s  were a p p l i e d  as r a t i o s  o f  t h e  ma jo r  equipment 

u t i l i z i n g  Bech te l  expe r i ence  f o r  s i m i l a r  i n e r t  gas f a c i i i t i e s .  



32.0 PLANT 38 INERT GAS SYSTEM 

32.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quo tes  o r  in-house data.  

BULK WTERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and s u b c o n t r a c t  c o s t s  a r e  taken  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  m a j o r  equ ipment .cos ts .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 
-. 

.y&. . 
.f.- . 

..vary w i t h  t y p e  and s i z e  o f  p l a n t .  
-. 

... 
F ...&J 

Cost  
Bu l k  M a t e r i a l  Costs Fac to r ,  "/o 

I n s t r umen ts  

P i  p i n g  

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i  t e  Improvements 

T o t a l  Bu l k  M a t e r i a l  Cost - - $61 0  



Subcontract Costs 
Cost 

Factor, % 

I n s u l a t i o n  = 0.0482 X 830 - 40 - 

Bui 1 d i  ngs 

Pa in t ing  

Total  Subcontract Cost - - 50 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR t1ANHOURS 

D i r e c t  1 abor manhours a re  taken as mu1 t i p 1  i e r s  ( o r  manhour " f ac to r s "  ) o f  

the bu l k  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bech te l ' s  

h i  s t o r i  cal,  p rop r i e t a r y  data f o r  s i m i l  a r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Manhour 
Factor  

Hrs/$1000 
o f  Cost Hours 

Instrument Manhours = 20.00 X 100 - - 2,000 

P ip ing Flanhours = 45.77 X 2 60 = 11,900 

S t ruc tu ra l  Steel  Manhours ' = 28.57 X 7 0 - 2,000 . - 

E l e c t r i c a l  Manhours = 63.00 X 100 - 6,300 - 

Concrete Manhours = 102.0 X 50 - - 5,100 

S i t e  Improvement Manhours = 40.00 X 20 - - 800 

Major Equipment Manhours* = 16.75 X 830 = 13,900 

TOTAL DIRECT LABOR MANHOURS 42.000 

*!ilajor equipment manhours obtained from Bechtel ' s  
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

42 ,000  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% o f  L a b o r  C o s t  

SUBTOTAL F I E L D  COSTS 

8 3 0  + 6 6 0  + 8 7 0  + 4 0  + 650 
,, ...&. . 
':p 
=.1. 

. . 
:- .:. 
'*a<. 
ii ;I- . - .' HOME OFF I C E  MANHOURS 
p-- 
.<. .)%.: 

. - 
HOME OFFICE COSTS 

'c;. .'!q :*, ENGINEERING. BY OTHERS 
. . 
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SHEET NO 
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33.0 PLANT 39 PURGE AND FLUSH OIL SYSTEMS 

33.1 GENERAL 

Purge and F l u s h  O i l  Systems ( P l a n t  39) d i s t r i b u t e s  f l u s h  o i l s  and warmup 

o i l s  f o r  purge and/or f l u s h  purposes f o r  equipment and p i p i n g  i n v o l v i n g  

H-Coal s l u r r y  p repa ra t i on ,  r e a c t i o n ,  and separa t ion ,  and G a s i f i c a t i o n  and 

P u r i f i c a t i o n  ( P l a n t  12) .  

T h i s  e s t i m a t e  i s  based on B e c h t e l ' s  Phase Zero design. The scope c o n s i s t e d  

o f  a  l i s t  o f  major  equipment, equipment s p e c i f i c a t i o n s  and des ign  d a t a  

sheets. The ma jo r  equipment, which i n  t h e  p l a n t  c o n s i s t e d  m a i n l y  o f  pumps, 

was p r i c e d  b y  i n d i v i d u a l  i tern u s i n g  u n i t  p r i c e s  and curves  developed from 

vendor es t ima tes  and expe r i ence  f r o m  o t h e r  c u r r e n t  Bech te l  p r o j e c t s .  

Bu lk  m a t e r i a l s  have been i n c l u d e d  as a  percen tage  o f  ma jo r  equipment, making 

use o f  h i s t o r i c a l  f a c t o r s  developed f r o m  s i m i l a r  f a c i l i t i e s .  



33.0 PLANT 39 PURGE AND FLUSH OIL SYSTEMS 

33.2 FACTORED CAPITAL COST EST.IIWTE 

NOTE: A1 1% c o s t s  a re  i n  thousands o f  do1 l a rs .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house data. = $3,280. 

BULK M4FER-IAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  c o s t s  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 

v a r y  w i  t h  t y p e  and s i z e  o f  p l a n t .  

. '  Cost 
Bu 1 k ' ~ a t e r i  a1 Costs Fac tor ,  % 

Ins t ruments  . = 0.0701 X 3,280 

P i  . p i n g  . = 0.2012 X 3,280 

S t r u c t u r a l  S tee l  = 0:0793 X 3,280 

E l e c t r i c a l  = 0.1 189 X 3,280 

Concrete = 0.0610 . X 3,280 

S i  t e  Improvements = 0.0396 X 3,280 

To ta l  Bu lk  M a t e r i a l  Cost 



! 
Subcontract Costs 

Cost 
Factor, % 

I n s u l a t i o n  = 0.0701 X 3,280 - 230 - 

Bui 1 d i  ngs - - - X - - - - 
Pain t ing 

Total  Subcontract Cost - - 280 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR E4ANHOURS 

D i r e c t  1 abor manhours are  taken as m u l t i p l  i e r s  ( o r  manhour " f a c t o r s " )  o f  the 

bul k mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s h i s t o r i c a l  , 
propr ie ta ry  data f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  type and s ize  o f  

p l a n t  and adjusted as requ i red f o r  l a b o r  p r o d u c t i v i t y  based on j o b s i t e  data. 

--. 
Instrument Manhours 

. . P i  p i  ng Manhours 

S t ruc tu ra l  Steel  Manhours 

E l e c t r i c a l  Manhours 

Concrete Manhours 

S i  t e  Improvement Manhours 

Major Equipment Manhours* 

TOTAL DIRECT LABOR FilANHOURS 

Manhour . 
Factor  

Hrs/$1000 
o f  Cost Hours 

*Major equipment manhours obtained from Bechtel ' s  
p ropr ie ta ry  "blanhour Standard" document. 



DIRECT LABOR COST 

105 ,000  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% o f  L a b o r  Cost 

SUBTOTAL F I E L D  COSTS 

. . .. .. 

':.HOME OFF I C E  MANHOURS 

HOME OFFICE COSTS 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

9 ,390  + 810 



S H E E T O F  

.29 " X I *  - Painting 

SHlEI  NO 
* 

.- PLANT 

! 



34.0 PLANT 40 SITE DEVELOPMENT AND ROADS 

34.1 GENERAL 

S i t e  Development and Roads ( P l a n t  40) i n c l u d e s  s i t e  c l e a r i n g ,  c u t  and f i l l  

ope ra t i ons ,  d ra inage  d i t c h e s ,  roads, and p a r k i n g  l o t s ,  t ank  f a rm  d ikes ,  

b r idges ,  f i n i s h  g rad ing ,  and f enc ing .  

The scope f o r  t h i s  p o r t i o n  o f  t h e  e s t i m a t e  was developed as a p a r t  o f  t h e  

p r e l  im ina ry  Phase Zero design. The i n f o r m a t i o n  cons i ,s ted o f  an o v e r a l l  

s i t e  arrangement p l a n  which l o c a t e d  t h e  ma jo r  process and u t i l i t y  

boundar ies  as w e l l  as assoc ia ted  o f f p l o t  f a c i l i t i e s .  

For  e s t i m a t i n g  purposes, q u a n t i t i e s  f o r  i n d i v i d u a l  c i v i l  account  a c t i v i t i e s  

were developed and p r i c e d  on a u n i  t - c o s t  bas is .  The e s t i m a t e  i s  based on 

a l l  o f  t h i s  work b e i n g  subcont rac ted .  



34.0 PLANT 40 SITE DEVELOPMENT AND ROADS 

34.2 FACTORED CAPITAL COST ESTIPMTE 

NOTE: A l l  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quo tes  o r  in-house data. 

The b u l k  m a t e r i a l  and subcon t rac t  c o s t s  a re  t a k e n  as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  ma jo r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 
..&% , . v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  
-.- ,."& 

Bu l k  M a t e r i a l  Costs 

- - I ns t rumen ts  

i. I: . ,-;.: P i  p i  ng 

S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Concrete 

S i  t e  Improvements 

Cost 
Fac to r ,  % 



Cost 
Subcontract Costs Factor ,  % 

I n s u l  a t i  o.n 

Bui 1 d i  ngs 

S i  t e  Improvements 

To ta l  Subcontract  Cost 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours a r e  taken as mu1 t i p 1  i e r s  ( o r  manhour " f a c t o r s "  o f  t h e  

b u l  k m a t e r i a l  cos ts .  The manhour f a c t o r s  a r e  based on  Bechte l  ' s  h i s t o r i c a l ,  

p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  v a r y i n g  w i t h  t y p e  and s i z e  o f  

p l a n t  and a d j u s t e d  as  r e q u i r e d  f o r  l a b o r  p r o d u c t i v i t y  based on j o b s i t e  data.  

f4a nhour 
Fac to r  

H r  s/$1000 
o f  Cost 

Inst rument  Manhours = NA X 

P i  p i  ng Manhours = NA X 

S t r u c t u r a l  S tee l  Manhours = NA X 

El  e c t r i  c a l  Manhours = NA X 

Concrete Manhours = NA X 

Si t e  Impr6vement Manhours = NA X 

Ma jor  Equipment Manhours* 

TOTAL DIRECT LABOR ClANHOURS 

*Major equipment manhours ob ta ined  f rom Bechte l  ' s  
p r o p r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

@ $ 2 0 . 7 0 / h r .  

SPARE PARTS 
- 

SALES TAX 

F. IELD I N D I R E C T  COSTS 

75% o f  L a b o r  C o s t  

SUBTOTAL F I E L D  COSTS 

HOME OFFICE MANHOURS 
- .  . 

HOME OFFICE COSTS 

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 

5 8 , 5 6 0  + 3 , 2 7 0  



JOB NO. 14222 
PLAbJGiTi40 I O ) N O . & 1 I T L E  TAKEOFF APPROVED 

CLIENT PRICED , DATE 
RCE . 10 C 

106 LOCATlON CHECKED S H E E T  OF 

SHEET NO . .- PLANT 
I 



35.0 PLA'NT 41 BUILDINGS 

35.1 GENERAL 

B u i l d i n g s  ( P l a n t  41) p r o v i d e s  v a r i o u s  t ypes  o f  b u i l d i n g s  t o  suppor t  t h e  

a c t i v i t i e s  o f  employees i n  t h e  p l a n t ,  as w e l l  as t o  p r o t e c t  c r i t i c a l  

equipment and/or i ns t rumen ta t i on .  

For  t h i s  es t imate ,  a  complete l i s t  o f  b u i l d i n g s  was p r o v i d e d  i n d i c a t i n g  

t y p e  o f  se rv i ce ,  m a t e r i a l s  o f  c o n s t r u c t i o n ,  and approx imate square 

footage. B u i l d i n g s  were p r i c e d  on a  $/square f o o t  subcon t rac t  bas is .  

Fu rn i sh ings  and removable i n t e r n a l  f i x t u r e s  were es t ima ted  sepa ra te l y ,  

based on t h e  b u i l d i n g  s i z e  and purpose. 



35.0 PLANT '41 BUILDINGS 

35.2 FACTORED CAPITAL COST ESTIWTE 

NOTE: A1 1  c o s t s  a r e  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, IWTERIAL AND SUBCONTRACT COSTS 

P r i  ce deve l  oped f r o m  vendor quo tes  o r  in-house data.  

BULK WTERIAL AND SUBCONTRACT COSTS 

 he b u l k  m a t e r i a l  .and subcon t rac t  c o s t s  a r e  t aken  as percentages ( o r  c o s t  

" f ac to r . sU )  o f  t h e  ma jo r  equipment cos t s .  The c o s t  f a c t o r s  a r e  based on 

... .. B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  t ypes  o f  p l a n t s  and 
- ',, 

,a?<-> v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  

'.C 

Cost 
Bu l k  M a t e r i a l  Costs Fac to r ,  % 

* 

I ns t rumen ts  - $2 - 
- N A X 

E l e c t r i c a l  - - NA ' X 

Concrete - - N A X 

B u i l d i n g s  - - N A  X 

T o t a l  Bu l k  M a t e r i a l  Cost 



Subcontract Costs 
Cost 

Factor ,  % 

I n s u l a t i o n  - - N A 

Bui 1 d i  ngs 

P a i n t i n g  

Tota l  Subcontract  Cost = 23,520 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

D i r e c t  1 abor manhours a r e  taken as mu1 t i p l i e r s  ( o r  manhour " f a c t o r s " )  o f  

t h e  b u l k  m a t e r i a l  cos ts .  The manhour f a c t o r s  a r e  based on Bechte l  ' s  

h i  s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r . t y p e s  o f  p l a n t s  v a r y i n g  w i t h  
~ - t y p e  and s i z e  o f  p l a n t  and ad jus ted  as  requ' i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i  t e  data. 

Vanhour 
Fac to r  

Hrs/$1000 
o f  Cost 

Inst rument  Manhours - - N A X 

P i  p i n g  Manhours - - , IJA X 

S t r u c t u r a l  S t e e l  Manhours - - N A X 

El e c t r i  c a l  Manhours - - N A X 

Concrete Manhours - - N A X 

S i  t e  Improvement Manhours - - N A X 

bj o r  Equi pmerit Manhours* 

TOTAL DIRECT LABOR MANHOURS 

*Major equipment manhours ob ta ined from Bechte l  ' s  
p r o p r i e t a r y  "Manhour Standard" document. 



,D IRECT  LAi30R COST 

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% o f  L a b o r  C o s t  

SUBTOTAL F I E L D  COSTS 

:= ' 
. . . ,  .,.. . 

.%\,. .w:i;r ' . .., ,o 

$?.#. 
>-.it. 

.e.; . HOME OFF I 'CE . MANHOURS 

?.- 

I* HOME O F F I C E  COSTS 

;r &, 
*w' . &- :gi. . ENGINEERING BY OTHERS 

. ..2?>A . . . 

SUBTOTAL P L A N T  AREA COSTS 
. . 

2 7 , 4 4 0  + 4 , 0 1 0  



----- 

I TOTAL DIRECT COST I 11 11 I I I I I I I I I I ~ I I I I I ~ I I I I I I I I I I I I  I I I I I I I I J  
SHEET NO . -- PLANT / I .  1 



36.0 PLANT 42 . SOLID WASTE MANAGEMENT 

36.1 GENERAL 

Sol  i d  Waste Management ( P l  a n t  42)  processes s o l  i d s  rema in ing  f r o m  process 

p l a n t  s ludge  and o i l y  wa te r  t r ea tmen t  u n i t s  th rough  dewater ing and so1i.d 

i n c i n e r a t i o n  f a c i  1  i t i e s .  

The scope f o r  t h i s  e s t i m a t e  c o n s i s t e d  o f  a  l i s t  o f  major  equipment, w i t h  

accompanying des ign  s p e c i f i c a t i o n s  and da ta  sheets.  

Ma jo r  equipment was p r i c e d  on t h e  b a s i s  o f  vendor es t ima tes  w i t h  t h e  waste 

s ludge  i n c i n e r a t o r s  accoun t i ng  f o r  most o f  t h e  cos t .  Bu l k  m a t e r i a l s  were 

i n c l u d e d  as a  percentage o f  t h e  ma jo r  equipment. 



36.0 PLANT 42 SOLID WASTE MANAGEMENT 

36.2 FACTORED CAPITAL COST ESTIFWTE 

NOTE: A1 1  c o s t s  a re  i n  thousands o f  d o i  l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  developed f r o m  vendor quotes o r  in-house data. 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcon t rac t  cos ts  are taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a re  based on 

B e c h t e l ' s  h i s t o r i c a l ,  p r o p r i e t a r y  d a t a  f o r  s i m i l a r  types of p. lants and vary  

w i t h  t y p e  and s i z e  o f  p l a n t .  
??= ,.- 

r, ,. 
Cost 

Bu lk  M a t e r i a l  Costs Factor ,  % 

Ins t ruments  = 0.1 101 X 6,360 - 700 - 

Pi  p i n y  = 0.2500 X 6,360 - 1,590 - 
- S t r u c t u r a l  S t e e l  = 0.0802 X 6,360 - 510 - 
.;s, 

E l e c t r i c a l  = 0.1 195 X 6,360 - 760 - 

Concrete = 0.0802 X 6,360 - 510 - 

S i t e  Improvement = 0.0896 X 6,360 - 570 - 

To ta l  Uulk  M a t e r i a l  Cost = $4,640 



Cost 
Subcontract Costs Factor, % 

I n s u l a t i o n  = . 0.1006 X 6,360 - 640 - 
Bui 1 d i  ngs - - - X - - - - 
Pain t ing 

Total  Subcontract Cost - - 74 0 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS = $5,380 

DIRECT LABOR MANHOURS 

D i r e c t  1 abor manhours are  taken as m u l t i p l i e r s  ( o r  manhour " f ac to r s " )  o f  

the bu lk  mate r ia l  costs. The manhour f a c t o r s  a re  based on Bechtel ' s  

h i  s t o r i ca l ,  p rop r i e t a r y  data  f o r  s i m i l a r  types o f  p l a n t s  vary ing w i t h  

type and s i ze  o f  p l a n t  a,nd ad jus ted as requ i red f o r  l a b o r  p r o d u c t i v i t y  

based on j o b s i t e  data. 

Instrument Manhours 

Pip ing Manhours 

S t ruc tu ra l  Steel  Manhours 

E l  e c t r i  ca l  Manhours 

Concrete Manhours 

Si  t e  Improvement Manhours . 

Major  Equipment Manhours* 

Manhour 
Factor  

Hrs/$1000 
o f  Cost 

= 19.14 

= 51 . 01 

= 35.09 

= 42.1 1 

= 114.7 

= 63.86 

Hours 

1 3,400 

81 ,-I 00 

1 7,900 

32,000 

58,500 

36,400 

35,600 

TOTAL DIRECT LABOR MANHOURS 274,900 

*Major equipment manhours ob ta i  ned from Bechtel ' s 
p rop r i e t a r y  "Manhour Standard" document. 



DIRECT LABOR COST 

2 7 4 , 9 0 0  @ $ 2 0 . 7 0 / h r .  

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

752  o f  L a b o r  C o s t  

SUBTOTAL F I E L D  COSTS 

-,": --". -, " . .  
,: v.:.. 

-.-.. - 
"\ 

HOME- OFF ICE MANHQURS 
3 , :  . 
,:.a,. -... . . -  . 
. . 

. . . . HOME OFFICE COSTS 

J -P 

'2-, 

-q'-> 

- L?, 
---* *. ENGINEERING BY OTHERS 

i 

SUBTOTAL PLANT AREA COSTS 



JOB LOCATION BIIECI(INRIDGE CO., I(EHTUCI'\Y S H E E T O F  





37.0 PLANT44 LANDFILL 

37.1 GENERAL 

L a n d f i  11 ( P l a n t  44) h a u l s  by t r u c k  a  d a i l y  v a r i e t y  o f  dewatered s o l  i d '  

wastes f r o m  p l a n t  o p e r a t i o n s  f o r  d i s p o s a l  i n  c o n s t r u c t e d  and mon i to red  

l a n d f i l l  s i t e s .  

Q u a n t i t i e s  f o r  t h i s  p l a n t  were developed i n  d e t a i l  f o r  bo th  t h e  hazardous 

and nonhazardous areas. The scope c o n s i s t e d  o f  a  topograph ic  s i t e  p l a n  as 

we1 1  as eng ineer ing  s p e c i f i c a t i o n s  f o r  1  i n e r  des ign  and m a t e r i a l s  o f  

c o n s t r u c t i o n .  

Each a c t i v i t y  has been s e p a r a t e l y  i d e n t i f i e d  and p r i ce 'd  on a  u n i t  c o s t  , 

bas i s .  The work w i l l  be subcon t rac ted .  

, 

A l s o  i n c l u d e d  i n  t h e  p l a n t  under t h e  s p e c i a l  equipment ca tegory  i s  an 

a1 lowance f o r  m o b i l e  equipment t o  be ded i ca ted  t o  t h e  l a n d f  ill o p e r a t i o n .  



37.0 PLANT 44 LANDFILL 

37.2 FACTORED .CAPITAL COST ESTIWTE 

NOTE: A l l  c o s t s  a re  i n  thousands o f  d o l l a r s .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i  ce developed f r o m  vendor quotes o r  in-house data. 

BULK MATERIAL AND SUBCONTRACT COSTS 

The b u l k  m a t e r i a l  and subcont rac t  cos ts  a re  taken as percentages ( o r  c o s t  

" f a c t o r s " )  o f  t h e  major  equipment cos ts .  The c o s t  f a c t o r s  a re  based on 

t3echte11s h i s t o r i c a l ,  p r o p r i e t a r y  da ta  f o r  s i m i l a r  types o f  p l a n t s  and 
- 3r v a r y  w i t h  t y p e  and s i z e  o f  p l a n t .  
h 
L* 

Bu lk  M a t e r i a l  Costs 

Ins t ruments  
- 

2- - Pi  p i n g  
-,., S t r u c t u r a l  S t e e l  

E l e c t r i c a l  

Cost 
Fac tor ,  % 

Concrete - - 0.0005 X 5,890 - - 3 

~ u i l d i n ~ s  - - - X - - - - - 
~ d t a l  Bu l k  M a t e r i a l  Cost - - $?. - 



Cost 
Subcontract Costs Factor,  '% 

Insul a t i on  - - - X - - - - 
B u i  1 d i  ngs 

S i t e  Improvement 

~ o t a l  Subcontract Cost - - 5,680 

TOTAL BULK MATERIAL AND 
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Direct  1 abor manhours a r e  taken a s  mu1 t ip1  i e r s  ( o r  manhour " fac tors"  ) of 

the  bulk material  cos t s .  The manhour f a c t o r s  a r e  based on Bechte l ' s  

h i  s t o r i c a l ,  propr ie tary  da ta  f o r  s im i l a r  types  of p l an t s  varying w i t h  

type and s i z e  of p l an t  and adjusted a s  required f o r  l abo r  product ivi ty  

based on jobsi  t e  data. 

Manhour 
Factor 

Hrs/$1000 
of Cost Hours 

Instrument Manhours - - - - - X - - 

Piping Manhours - - - X - - - - 
Structural  Steel  Manhours - - - X - - - - 
Elec t r ica l  Manhours - - - X - - - - 
Concrete Manhours - - 133.3 X 3 - - 40 0 

Si t e  Iniprovenient fvlanhours - - - X - - - 

Major Equipment Manhours* - - 1,200 

. TOTAL DIRECT LABOR I4ANHOURS 

*P,lajor equipment manhours obtained t rom Bechtel ' s 
proprietary "Manhour Standard" document. 



D I R E C T  LABOR COST 

1 ,600  @ $20.70/hr. 

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% of Labor Cost 

SUBTOTAL F I E L D  COSTS 

. .  , . 
5,890 + 5 ,680  + 3 0  + 290 + 3 1 0  + 2 0  

_-.*. 
-.--i . . , . . . .-. ,. . ; r .  .-:- x r  
-a . -- .,a -. . . 'HOME OFF ICE MANHOURS 

7 r d  

. . .  
I HOME OFFICE COSTS 

ENGINEERING BY OTHERS, 

SUBTOTAL PLANT AREA COSTS 



SHEET NO ' - ' PLANT -&--- 
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38.0 PLANT 45 TRANSPORTATION 

38.1 GENERAL 

T r a n s p o r t a t i o n  ( P l a n t  45 )  p rov ides  t h e .  m o b i l e  equipment necessary f o r  p l a n t  

o p e r a t i o n s  and suppo r t  o f  ope ra t i ons .  

Costs f o r  permanent p l a n t  m o b i l e  equipment a re  e s t i m a t e d  by i n d i v i d u a l  

i tem.  The scope i s  based on a l i s t  o f  equipment which was developed f r om 

an a n a l y s i s  o f  t h e  m o b i l e  equipment requ i rements  on o t h e r  s i m i l a r  g rass  

r o o t s  f a c i l i t i e s .  

The equipment was grouped by t y p e  and pri;ed by i n d i v i d u a l  p i e c e  on t h e  

bas i s  o f  r e c e n t  procurement exper ience.  



38.0 PLANT 45 TRANSPORTATION 

38.2 FACTORED CAPITAL COST ESTIMATE 

NOTE: A l l  c o s t s  are  i n  thousands o f  do l la rs .  

MAJOR EQUIPMENT, MATERIAL AND SUBCONTRACT COSTS 

P r i c e  devel oped f rom vendor quotes o r  i n-house' data. - - .  N A - - 

BULK MATERIAL AND SUBCONTRACT COSTS 

The bu lk  mate r ia l  and subcontract cos t s  are taken as percentages ( o r  cos t  

" f ac to r s " )  o f  the  major  equipment costs. The cos t  f a c t o r s  are  based on 

Bechtel ' s h i s t o r i c a l ,  p rop r i e ta r y  data f o r  s i m i l a r  types o f  p l a n t s  and 
.-<.. vary w i t h  type and s i z e  o f  p lant .  
4. 
.I.,+ r). 

Bulk 14aterial Costs 

Instruments - - 

-- P i p i  ng 
i.4 S t ruc tu ra l  Stee l  

E l e c t r i c a l  - - 
Concrete - - 

Bui 1 d i  ngs - - 

Tota l  Bul k Mater i  a1 Cost = 

Cost. 
Factor, % 



Subcontract t o s t s ,  

Insu la t ion  

Buil di ngs 
Painting 

Cost 
Factor,  % 

Total Subcontract Cost - - 

TOTAL B U L K  MATERIAL A N D  
SUBCONTRACT COSTS 

DIRECT LABOR MANHOURS 

Di rec t  1 abor manhours a r e  taken a s  m u l t i p l i e r s  ( o r  manhour " f a c t o r s " )  of 
t he  bulk material  co s t s .  The manhour f a c t o r s  a r e  based on Bech te l ' s  

h i  s t o r i c a l ,  propr ie tary  da ta  f o r  s i m i l a r  types  of p l a n t s  varying w i t h  

type and s i z e  of p l an t ' and  adjusted a s  required f o r  l abo r  product iv i ty  
based on jobsi  t e  data. 

Manhour 
Factor 

Hrs/$l000 
of Cost 

Instrument Manhours = PJA X 

Piping blanhours = NA X 

St ruc tu ra l  Steel  Manhours - .  - NA X 

El e c t r i  ca l  Manhours = NA X 

Concrete Manhours = NA X 

Si t e  Improvement Manhours = NA X 

Major Equipment Manhours* 

*Major equipment manhours obtained from Bechtel ' s 
propr ie tary  "Manhour Standard" document. 



D I R E C T  LABOR COST 

@ $ 2 0 . 7 0 / h r .  

COMMERCIAL EQUIPMENT 

SPARE PARTS 

SALES TAX 

F I E L D  I N D I R E C T  COSTS 

75% o f  L a b o r  C o s t  

-- SUBTOTAL F I E L D  COSTS 
-- 
-.- 
:i= . . 6 ,910  + 3 5 0  + 3 6 0  

HOME OFF I CE MANHOUHS 

- HOME- OFF ICE COSTS 
. h, . -. , 7 ,000  @ $ 3 6 . 7 9  

ENGINEERING BY OTHERS 

SUBTOTAL PLANT AREA COSTS 
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