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ABSTRACT 

I n  suppor t  of t h e  r e sea rch  program i n  conve r t ing  o i l  s h a l e  i n t o  u s e f u l  
forms of energy,  t h e  U . S .  Department o f  Energy is  developing systems models of 
o i l  s h a l e  p rocess ing  p l a n t s .  These models w i l l  be  used t o  p r o j e c t  t h e  most 
a t t rac t ive  combination of p rocess  a l t e r n a t i v e s  and i d e n t i f y  f u t u r e  d i r e c t i o n  
f o r  R & D e f f o r t s .  With t h e  o b j e c t i v e  of  provid ing  t e c h n i c a l  and economic 
i n p u t  f o r  such systems models, F o s t e r  Wheeler w a s  c o n t r a c t e d  t o  deve lop  
conceptua l  des igns  and c o s t  estimates f o r  commercial scale p rocess ing  p l a n t s  
t o  produce syncrude from o i l  s h a l e s  v i a  v a r i o u s  r o u t e s .  

This  t o p i c a l  r e p o r t  summarizes t h e  conceptua l  des ign  of an  i n t e g r a t e d  o i l  
s h a l e  p rocess ing  p l a n t  based on f l u i d i z e d  bed r e t o r t i n g  of  Colorado o i l  
s h a l e .  The p l a n t  has a nominal c a p a c i t y  of 50,000 b a r r e l s  pe r  o p e r a t i n g  day 
of  syncrude product ,  de r ived  from o i l  s h a l e  f eed  having a F i s c h e r  Assay of 30 
g a l l o n s  pe r  ton.  The scope of t h e  p l a n t  encompasses. a g r a s s r o o o t s  f a c i l i t y  
which receives run  o f  t h e  mine o i l  s h a l e ,  d e l i v e r s  product  o i l  t o  s t o r a g e ,  and 
d i sposes  of t h e  processed spen t  s h a l e .  In  a d d i t i o n  t o  o i l  s h a l e  f e e d ,  t h e  
b a t t e r y  l i m i t s  i n p u t  i n c l u d e s  raw water, e l ec t r i c  power, and n a t u r a l  g a s  t o  
suppor t  p l a n t  ope ra t ions .  Design o f  t h e  i n d i v i d u a l  p rocess ing  u n i t s  was based 
on non-conf ident ia l  in format ion  de r ived  from publ i shed  l i t e r a t u r e  sou rces  and 
supplemented by inpu t  from s e l e c t e d  p rocess  l i c e n s o r s .  

The i n t e g r a t e d  p l a n t  des ign  is d e s c r i b e d  i n  terms o f  t h e  i n d i v i d u a l  
p rocess  u n i t s  and p l a n t  suppor t  systems. The es t imated  t o t a l  p l a n t  inves tment  
is  similarly d e t a i l e d  by p l a n t  s e c t i o n  and a n  estimate of t h e  annua l  o p e r a t i n g  
requirements  and c o s t s  i s  provided.  In  a d d i t i o n ,  t h e  process  des ign  
assumptions and u n c e r t a i n t i e s  are documented and recommendations f o r  p rocess  
a l t e r n a t i v e s ,  which could improve t h e  o v e r a l l  p l a n t  economics, are d i scussed .  
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1.0 EXECUTIVE SUMMARY 

Under c o n t r a c t  t o  t h e  U.S. Department of Energy, F o s t e r  Wheeler 
developed a conceptua l  des ign  and c o s t  estimate f o r  a commercial scale 
o i l  s h a l e  p l a n t ,  employing f lu id ized-bed  s u r f a c e  r e t o r t i n g  of Colorado 
o i l  s h a l e .  The p l a n t  was des igned  t o  produce a nominal 50,000 b a r r e l s  
of syncrude o i l  p e r  o p e r a t i n g  day a t  an u n s p e c i f i e d  s i t e  i n  wes tern  
Colorado. 

The primary o b j e c t i v e  of t h i s  work w a s  t o  provide  a t e c h n i c a l  and 
economic d a t a  base f o r  use  by t h e  U.S. Department of Energy i n  systems 
modeling and a n a l y s i s  of o i l  s h a l e  process ing  f a c i l i t i e s .  Another 
o b j e c t i v e  of t h i s  conceptua l  d e s i g n  e f f o r t  w a s  t o  i d e n t i f y  process  
a l t e r n a t i v e s  which could p o t e n t i a l l y  improve t h e  economics of e x t r a c t i n g  
hydrocarbon l i q u i d s  from o i l  shale. 

The o v e r a l l  scope of F o s t e r  Wheeler's e f f o r t  inc luded  t h e  s e l e c t i o n ,  
conceptua l  process  d e s i g n ,  and t e c h n i c a l  assessment  of t h e  i n d i v i d u a l  
process ing  s t e p s  r e q u i r e d  f o r  an  i n t e g r a t e d  commercial o i l  s h a l e  p l a n t .  
Design of t h e  component process ing  systems was based on non-conf ident ia l  
in format ion  d e r i v e d  from publ i shed  l i t e r a t u r e  and F o s t e r  Wheeler 
in-house sources  and supplemented by i n p u t  from s e l e c t e d  process  
l i c e n s o r s .  The conceptua l  des ign  a l s o  inc luded  s p e c i f i c a t i o n  of t h e  
u t i l i t i e s  systems and g e n e r a l  f a c i l i t i e s  needed t o  suppor t  t h e  o p e r a t i o n  
of t h e  process ing  p l a n t .  Estimates of t h e  t o t a l  c a p i t a l  investment  and 
annual  o p e r a t i n g  c o s t s  were developed,  based on t h e  conceptua l  p l a n t  
des ign  and t h e  corresponding o p e r a t i n g  requirements .  

1.1 Basis of Design 

The commercial o i l  s h a l e  p l a n t  was designed as a g r a s s r o o t s  f a c i l i t y  
l o c a t e d  a d j a c e n t  t o  a mine s i t e  i n  western Colorado. Run-of-mine o i l  
s h a l e ,  raw water, e lectr ic  power, and n a t u r a l  g a s  were assumed t o  be 
a v a i l a b l e  a t  t h e  p l a n t  b a t t e r y  l i m i t s  i n  suff i c e n t  q u a n t i t i e s  t o  
s a t i s f y  t h e  o v e r a l l  o p e r a t i n g  requirements .  

Characterist ics  of the o i l  shale  feed,  from a Colorado Green River 
d e p o s i t ,  were as fol lows:  

F i s c h e r  Assay, g a l l t o n  
Organic Matter, w t  % ( d r y )  
I n o r g a n i c  Matter, w t  % ( d r y )  
Mineral  Carbonate,  w t  % I n o r g a n i c s  
Ultimate Analys is ,  w t  % Organics 

Carbon 
Hydrogen 
Nitrogen 
S u l f u r  
Oxygen 

30 .O 
16.7 
83.3 
48.0 

80.5 
10.3 

2.4 
1.0 
5.8 

Surface  Moisture,  w t  % 2.0 
Water of Hydrat ion,  w t  % 1.0 
Higher Heat ing Value, BTU/lb ( d r y )  2,528 

- 1 -  



n 

Table  1.1 

P l a n t  P rocess ing  and Support  Systems 

Unit  Desc r ip t ion  

Process  F a c i l i t i e s  

7 

10 0 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 

R e t o r t i n g  
R a w  O i l  Recovery 
Gas T r e a t i n g  
Raw O i l  Hydro t r ea t ing  
Hydrot rea ted  O i l  F r a c t i o n a t i o n  
Hydrogen P l a n t  
Sour Water T r e a t i n g  
S u l f u r  Recovery 
Spent Shale  Mois tu r i z ing  
Feed P r e p a r a t i o n  
Spent Sha le  Di sposa l  

Support  F a c i l i t i e s  

2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 

R a w  Water Treatment 
Steam and Power Genera t ion  
Cooling Water System 
P l a n t  and Ins t rument  A i r  
Waste Water Treatment 
I n e r t  Gas System 
Flare System 
P l a n t  Fue l  System 
S to rage  Fac i l i t i es  
Genera l  P l a n t  F a c i l i t i e s  

T r a i n  
No. T r a i n s  Capac i ty  

6 
6 
2 
2 
2 
2 
2 
2 
6 
2 - 

No. T r a i n s  

12,000 TPD 
8,600 BPD 

26,000 BPD 
26,000 BPD 

35 MMSCFD 
800 GPM 

35 TPD 
9,200 TPD 

120,000 TPD 
55,200 TPD 

66 MMSCFD 

T o t a l  
Capac i ty  

1,440 GPM 
160 Mw 

253,000 GPM 
5,800 SCFM 
1,930 GPM 

300,000 SCFM 

4,600,000 Lb/IIr 

- 2 -  



The r e t o r t i n g  y i e l d  s t r u c t u r e ,  based on 105% of the F i s c h e r  Assay 
y i e l d ,  w a s  provided by DOE and was used as t h e  b a s i s  f o r  the r e t o r t i n g  
system des ign .  Other d e s i g n  c r i t e r i a  f o r  t h e  i n t e g r a t e d  p l a n t  inc luded:  

e Fluidized-bed r e t o r t i n g  of the crushed  shale f e e d ,  w i thou t  f i n e s  
s e p a r a t i o n ,  and l i f t  p ipe  combustion of the r e t o r t e d  shale. 

o Use of n a t u r a l  g a s  t o  s a t i s f y  t h e  p l a n t  f u e l  requi rements  i n  o r d e r  t o  
avoid  consumption of product  o i l  as f u e l .  

e P l a n t  c a p a c i t y  based on an i n t e g r a l  number of r e t o r t i n g  t r a i n s  
s u f f i c i e n t  t o  produce t h e  nominal 50,000 BPD of syncrude  product .  

0 Upgrading of raw o i l  t o  o b t a i n  a r e s i d u a l  n i t r o g e n  l e v e l  of 1000 ppm 
i n  t h e  syncrude product .  

Zero water d i s c h a r g e  from the p l a n t  w i t h  s u i t a b l e  t r e a t i n g  of aqueous 
e f f l u e n t s  f o r  m o i s t u r i z i n g  s p e n t  s h a l e .  

0 

o Use of a i r  coo l ing  t o  minimize raw water consumption. 

0 Environmental  c o n t r o l  systems t o  l i m i t  p l a n t  emis s ions  i n  accordance  
wi th  t h e  a p p l i c a b l e  f e d e r a l  and Colorado s t a t e  r e g u l a t i o n s .  

P re l imina ry  p rocess  in fo rma t ion  f o r  d e s i g n  of t h e  r a w  o i l  h y d r o t r e a t e r  
was provided by TJnocal. The s u l f u r  recovery  s e c t i o n ,  based on the  
LO-CAT Process ,  w a s  t r e a t e d  as  a complete  p rocess  package suppled  by hiil: 
Technologies  Inc. Conceptual  d e s i g n s  f o r  a l l  o t h e r  p l a n t  s e c t i o n s  were 
developed by F o s t e r  Wheeler. 

1.2 P l a n t  Descr iDt ion  

The b a t t e r y  l imits  scope of t h e  o i l  s h a l e  p l a n t  i n c l u d e s  c rush ing  of 
run-of-mine shale o r e ,  r e t o r t i n g  and recovery  of r a w  o i l  and g a s ,  gas  
p u r i f i c a t i o n ,  h y d r o t r e a t i n g  of whole raw s h a l e  oil t o  a syncrude 
p r o d u c t ,  recovery of by-product s u l f u r  and ammonia, and d i s p o s a l  of 
s p e n t  s h a l e .  In a d d i t i o n ,  the scope i n c l u d e s  t h e  p l a n t  suppor t  systems 
t o  provide  t h e  u t i l i t y  services and g e n e r a l  f a c i l i t i e s  r e q u i r e d  f o r  
normal ope ra t ion .  

The p rocess ing  u n i t s  and suppor t  f a c i l i t i e s  which comprise  t h e  
g r a s s r o o t s  p l a n t  are l i s t e d  in Table  1.1, t o g e t h e r  with t h e  number of 
o p e r a t i n g  t r a i n s  i n  each s e c t i o n  and t h e  cor responding  des ign  c a p a c i t y .  
The p l a n t  des ign  does not  provide  f o r  s p a r i n g  of any p rocess  o p e r a t i n g  
t r a i n s .  Sha le  r e t o r t i n g ,  r a w  o i l  r ecove ry ,  and s p e n t  s h a l e  m o i s t u r i z i n g  
are modular ized i n  s i x  p a r a l l e l  t r a i n s ,  each  capab le  of p rocess ing  t h e  
e q u i v a l e n t  of 12,000 TPD of s h a l e  feed .  A l l  o t h e r  p rocess  u n i t s ,  excep t  
f o r  spen t  shale d i s p o s a l ,  a re  des igned  as two p a r a l l e l  t r a i n s .  Feed 
p r e p a r a t i o n  is s i z e d  f o r  5 days p e r  week o p e r a t i o n ,  w i t h  p r o v i s i o n  f o r  
c rushed  shale s t o r a g e  t o  permi t  cont inuous  7 days  pe r  week o p e r a t i o n  of 
t h e  process  p l a n t .  
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The h y d r o t r e a t e d  o i l  p roduct  is  f r a c t i o n a t e d  and s t o r e d  as  naphtha,  
d i e s e l  o i l ,  and heavy o i l  f r a c t i o n s  i n  product  s t o r a g e  f a c i l i t i e s  ,whicn 
are des igned  f o r  t e n  days c a p a c i t y .  T h i r t y  days  s t o r a g e  is  provided € o r  
molten e l e m e n t a l  s u l f u r  and l i q u i d  anhydrous ammonia, produced as 
by-products. Spent s h a l e ,  a f t e r  m o i s t u r i z e d  t o  14% by weight ,  i s  
t rucked  t o  a nearby d i s p o s a l  s i t e  and d e p o s i t e d  on a s p e n t  s h a l e  p i l e ,  
which is  des igned  f o r  30 years of p l a n t  o p e r a t i o n .  

I n t e g r a t i o n  of t h e  p l a n t  p r o c e s s i n g  systems,  U n i t s  100 - 1100, i s  
i l l u s t r a t e d  on t h e  block f l o w  diagram i n  F i g u r e  1.1. 

1.3 P l a n t  Opera t ing  Summary 

Opera t ion  of t h e  commercial o i l  s h a l e  p l a n t  r e s u l t s  in t h e  f o l l o w i n g  
f e e d  and product  summary. These rates are based on a normal o p e r a t i n g  
day; t h e  p l a n t  is  des igned  € o r  330 days  a y e a r  cont inuous  o p e r a t i o n .  The 
blended syncrude product  o i l  c o n t a i n s  a maximum of 1000 ppm n i t r o g e n  and 
h a s  a maximum pour p o i n t  of 309, as a d j u s t e d  by t h e  a d d i t i o n  of a 
pour p o i n t  d e p r e s s a n t .  

O i l  S h a l e  Feed, Tons/Day 72 ,720  

Syncrude Product, B b l / D a y  
Naphtha G 58.8 "APT 6,158 
Diesel 011 @ 36.9 " M I  8,207 
Heavy O i l  @ 32.4 "API 40,195 

54  , 560 

By-Products, Tons/Day 
Elemental  S u l f u r  
Anhydrous Ammonia 

70.6 
211.8 

Mois tur ized  Spent S h a l e ,  Tons/Day 62 , 847 

The normal p l a n t  requi rements  f o r  purchased u t i l i t i e s  and m a t e r i a l s ,  
corresponding t o  t h e  above product ion  ra tes ,  are  as fo l lows:  

N a t u r a l  Gas, MMSCFD 
Diesel O i l ,  BPD 
Electric Power, KW 
Raw Water, GPM 
C a t a l y s t  & Chemicals,  $/Day 

43.7 
85.7 

18,465 
6 , 225 

64,882 

The a d m i n i s t r a t i v e ,  t e c h n i c a l ,  and o p e r a t i n g  s ta f f  requi rements  f o r  t h e  
p l a n t  were e s t i m a t e d  a t  a t o t a l  of 590 employees: 

Management & Adminis t ra t ion  
T e c h n i c a l  S t a f f  
S h i f t  S u p e r v i s o r s  
S h i f t  Opera tors  

48 
27 
40 

47 5 

590 
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The above s t a f f i n g  requirement  exc ludes  maintenance l a b o r  and 
s u p e r v i s i o n ,  which was inc luded  i n  the o v e r a l l  annual  maintenance c o s t .  

1.4 P l a n t  Investment  Cost 

Based on the conceptua l  p l a n t  des ign ,  and corresponding equipment 
s p e c i f i c a t i o n s ,  t h e  i n s t a l l e d  p l a n t  c o s t  w a s  e s t i m a t e d  a t  $1.92 
b i l l i o n .  T h i s  estimate i s  based on mid-1987 c o s t s  f o r  a western 
Colorado site. The c o s t s  of t h e  r e t o r t i n g  s e c t i o n  r e p r e s e n t s  t h e  
l a r g e s t  s i n g l e  f a c t o r  i n  t h e  i n s t a l l e d  c o s t  of t h e  p h y s i c a l  p l a n t .  
R e t o r t i n g  accounts  for 59% of t h e  t o t a l  p rocess ing  u n i t s  c o s t  and 47% of 
t h e  t o t a l  i n s t a l l e d  c o s t .  

The t o t a l  p l a n t  investment  w a s  e s t i m a t e d  a t  $2.39 b i l l i o n ,  as summarized 
i n  Table  1 .2 .  In a d d i t i o n  t o  t h e  i n s t a l l e d  p l a n t  c o s t ,  t h e  t o t a l  
investment  i n c l u d e s  al lowances for p r o j e c t  cont ingency,  i n i t i a l  c a t a l y s t  
charge ,  s p a r e  p a r t s ,  s t a r t - u p  c o s t s ,  and working c a p i t a l .  In 
p a r t i c u l a r ,  t h e  t o t a l  investment  exc ludes  t h e  c o s t  of land  and p r o j e c t  
owner c o s t s  such as p r o j e c t  management, environmental  moni tor ing ,  and 
p e r m i t t i n g .  

1.5 Operat ing Costs 

The n e t  annual  o p e r a t i n g  c o s t  f o r  t h e  p r o c e s s i n g  p l a n t  was e s t i m a t e d  a t  
$351 m i l l i o n ,  based on 330 o p e r a t i n g  days p e r  year .  A s  shown i n  Table  
1.3, t h i s  c o s t  i n c l u d e s  charges  for t h e  o i l  s h a l e  f e e d ,  as  w e l l  as 
by-products c r e d i t .  Cost of t h e  mined s h a l e  o r e ,  charged a t  $6.00 p e r  
t o n ,  r e p r e s e n t s  64% of t h e  raw materials c o s t  and 40% of t h e  t o t a l  
o p e r a t i n g  c o s t ,  before  by-product c r e d i t .  

Based on t h e  normal syncrude product ion  ra te  of 54,560 BPD, t h e  n e t  
o p e r a t i n g  c o s t  p e r  b a r r e l  of o i l  product  i s  $19.48. 

1.6 Technica l  Assessment 

An assessment  of t h e  conceptua l  p l a n t  des ign  was made i n  terms of t h e  
process  des ign  assumptions,  areas of r i s k ,  and p o t e n t i a l  des ign  
a l t e r n a t i v e s .  T h i s  assessment  focused on t h e  d e s i g n  of t h e  r e t o r t i n g  
u n i t ,  s i n c e  t h e  c o s t  of t h i s  u n i t  r e p r e s e n t s  about  h a l f  of t h e  t o t a l  
i n s t a l l e d  p l a n t  c o s t .  Furthermore,  t h e  conceptua l  r e t o r t i n g  des ign  
i n c o r p o r a t e s  major process  assumptions,  as w e l l  as e x t r a p o l a t i o n  of 
convent iona l  f luidized-bed des ign  p r a c t i c e ,  which could have major 
impact on t h e  p l a n t  o p e r a b i l i t y  and o i l  y i e l d .  

The ba lance  of t h e  process ing  u n i t s  and suppor t  systems r e p r e s e n t  
a d a p t a t i o n s  of convent iona l  t e c h n o l o g i e s  which have been commercially 
employed i n  petroleum r e f i n i n g  and t h e  chemical  process  i n d u s t r i e s .  The 
presence of trace contaminants ,  such as heavy metals, c h l o r i d e s ,  
cyanides  and h e t e r o c y c l i c  o r g a n i c s ,  is t h e  primary u n c e r t a i n t y  i n  des ign  
of t h e  downstream process ing  s t e p s .  While p r o v i s i o n s  were included i n  
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Table 1 . 2  

Total Plant Investment Summary 

Basis: Mid-1987, Colorado 

c o s t  $1000 

I n s t a l l e d  Plant Cost: 
Processing Units 

Support Systems 

Project Contingency @ 15% 

Total Plant Cost 

I n i t i a l  Catalyst & Chemical Inventory 

Spare Parts 

Start-up Costs 

Working Capital 

1,522,712 

393,756 

1,916,468 

287,470 

2,203,938 

11,532 

15,390 

92,743 

61,829 

Total Plant Investment 2,385,432 
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T a b l e  1.3 

Annual  P l a n t  O p e r a t i n g  Cos t  

Basis: 330 O p e r a t i n g  Days/Year 

Cos t  Element 

Raw Materials & Consumables 
O i l  S h a l e  Ore 
N a t u r a l  Gas 
Diesel O i l  
Electric Power 
Raw Water 
C a t a l y s t  & Chemica ls  

P l a n t  Labor 
Direct Labor  (Exc lud ing  Main tenance)  
I n d i r e c t  Labor 
Main tenance  Labor  

Main tenance  Materials 

I n s u r a n c e . &  L o c a l  Taxes  

Xob i l e  Equipment Replacement 

T o t a l  O p e r a t i n g  Cos t  

By-product C r e d i t  
S u l f u r  
Ammonia 

Net O p e r a t i n g  Cos t  

Annual Cos t  
$1000 

143 , 986 
50,474 

651  
5,700 
2,958 

21,411 
225,180 

15 , 940 
10 ,361  
42 808 
69 , 109 
A 

4 2 ,  808 

19 , 164 

7,087 

363,348 

2,097 
10 ,483 

350,768 
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t h e  conceptua l  des ign  t o  p r o t e c t  a g a i n s t  c a t a l y s t  poisoning,  t h e  
d i s t r i b u t i o n  and f a t e  of trace contaminants  i n  t h e  aqueous streams, which 
u l t i m a t e l y  are used t o  m o i s t u r i z e  s p e n t  shale, may r e q u i r e  more s t r i n g e n t  
waste water t r e a t m e n t  i n  o r d e r  t o  permit  a c c e p t a b l e  d i s p o s a l  of t h e  s h a l e  
waste material. 

I n  t h e  d e s i g n  of t h e  r e t o r t i n g  u n i t ,  t h e  fo l lowing  u n c e r t a i n t i e s  were 
i d e n t i f i e d  relative t o  p o t e n t i a l  impact on o i l  y i e l d ,  o p e r a b i l i t y ,  and 
energy usage. 

0 Particle r e s i d e n c e  time i n  t h e  r e t o r t i n g  zone. 
0 Degree of s o l i d s  a t t r i t i o n .  
0 Dynamic behavior  and c o n t r o l  of s o l i d s  flow. 
0 Mineral  carbonate  decomposition i n  both r e t o r t i n g  and combustion. 
0 Formation of carbon monoxide and N% dur ing  combustion of t h e  

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

I n  t h e  p r e s e n t  des lgn ,  t h e  combustor o f f g a s  i s  i n c i n e r a t e d  t o  l i m i t  t h e  
CO emiss ions  t o  less than  100 ppm. I n c i n e r a t i o n  of t h e  o f f g a s  adds  
s i g n i f i c a n t  c a p i t a l  and f u e l  c o s t  t o  t h e  r e t o r t i n g  p l a n t .  Attainment of 
low CO c o n c e n t r a t i o n s  d i r e c t l y  from combustion of t h e  s p e n t  s h a l e  would 
avoid  t h e s e  a d d i t i o n a l  c o s t s .  Staged combustion, i n  combination w i t h  a 
c a t a l y t i c  o x i d i z e r ,  may be a less  c o s t l y  a l t e r n a t i v e  t o  thermal  
i n c i n e r a t i o n  as a way t o  reduce t h e  CO emissions.  

Overall thermal  e f f i c i e n c y  of t h e  r e t o r t i n g  p r o c e s s  could be improved by 
prehea t ing  t h e  s h a l e  f e e d  wi th  p a r t i a l l y  cooled i n c i n e r a t o r  f l u e  gas .  
T h i s  would u s e  some of t h e  f l u e  g a s  energy t o  reduce t h e  r e t o r t i n g  h e a t  
requi rement ,  r a t h e r  then  recover ing  t h i s  energy by steam g e n e r a t i o n .  
However, t h e  e x t e n t  of shale p r e h e a t i n g  t h a t  can be accomplished i n  t h i s  
manner i s  l i m i t e d  by t h e  temperature  a t  which s h a l e  r e t o r t i n g  begins ,  
around 350°F. 

The r e t o r t i n g  u n i t  des ign ,  as developed i n  t h e  p r e s e n t  s t u d y  us ing  
f lu id ized-bed  r e t o r t i n g  and l i f t - p i p e  combustion, r e q u i r e s  e l e v a t i o n  of 
major process  equipment of about  300 feet  above grade.  Consequently,  
t h e  s t r u c t u r a l  suppor t  f o r  t h i s  arrangement i s  a s i g n i f i c a n t  c o s t  
element.  P o t e n t i a l  c o s t  s a v i n g s ,  from t h i s  s t a n d  p o i n t ,  could be 
achieved with a more compact d e s i g n  such as  t h e  fol lowing:  

0 Stacked v e s s e l  arrangement i n  which a f luidized-bed combustor, the 
r a w  s h a l e  feed  accumulator,  and t h e  r e t o r t  are p o s i t i o n e d  i n  a 
v e r t i c a l  l i n e .  

0 Use of f luidized-bed combustion and pneumatic t r a n s p o r t  of r e t o r t e d  
s h a l e  s o l i d s  and h o t  combusted s o l i d s ,  similar t o  convent iona l  f l u i d  
c a t a l y t i c  c r a c k e r  des igns .  

The above a l t e r n a t e  arrangements ,  however, w i l l  l i k e l y  r e q u i r e  g r e a t e r  
f lows of r e c y c l e  g a s  o r  steam, which w i l l  impact on downstream 
process ing  c o s t s .  
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2.0 INTRODUCTION 

There are a v a r i e t y  of r e t o r t i n g  p rocesses ,  i n  v a r i o u s  s t a g e s  of 
development , which have p o t e n t i a l  commercial a p p l i c a t i o n  f o r  e x t r a c t i n g  
hydrocarbon l i q u i d s  from o i l  sha l e .  I n  broad terms, t h e s e  r e t o r t i n g  
t echno log ie s  may be ca t egor i zed  as e i t h e r  above ground o r  i n - s i t u  
processes .  Above ground p rocess ing  invo lves  f i r s t  mining and c rush ing  
of t h e  s h a l e  and then  h e a t i n g  t h e  s h a l e  i n  a r e t o r t  v e s s e l  t o  e x t r a c t  
t h e  o i l .  I n - s i t u  p rocesses  h e a t  t h e  s h a l e  underground, most commonly by 
i n j e c t i o n  of a i r  f o r  p a r t i a l  combustion, thereby  r e l e a s i n g  o i l  and 
gaseous products .  

Within t h e s e  two g e n e r a l  t ypes  of r e t o r t i n g  technology,  t h e r e  a r e  a 
v a r i e t y  of p rocess ing  concepts  which may be employed. The above ground 
p rocesses  can be f u r t h e r  c l a s s i f i e d  accord ing  t o  s p e c i f i c  r e t o r t  
c h a r a c t e r i s t i c s ,  e.g. 

0 Batch o r  cont inuous  ope ra t ion .  
0 Moving-bed, f lu id ized-bed ,  o r  e n t r a i n e d  f low f o r  s o l i d s  movement. 
0 Direc t  h e a t  t r a n s f e r ,  v i a  h o t  s o l i d s  o r  g a s ,  o r  i n d i r e c t  hea t ing .  
0 Fine  v e r s u s  lump s i z e  s h a l e  feed .  

With o r  wi thout  combustion of t h e  r e t o r t e d  s p e n t  s h a l e .  

Although somewhat more l i m i t e d ,  t h e  concepts  employed f o r  i n - s i t u  
r e t o r t i n g  a l s o  have v a r i a t i o n s ,  a s s o c i a t e d  wi th  t h e  degree  o f  f r a c t u r i n g  
o r  r u b b l i z i n g  t h e  s h a l e  seam, pa r t i a l  removal of s h a l e  t o  t h e  s u r f a c e ,  
and d i r e c t i o n a l  movement of t h e  r e t o r t i n g  zone. S e l e c t i o n  of a 
p a r t i c u l a r  r e t o r t i n g  p rocess  f o r  commercial a p p l i c a t i o n  w i l l  t h e r e f o r e  
a f f e c t  t h e  recovered o i l  y i e l d ,  o v e r a l l  s h a l e  r e source  u t i l i z a t i o n ,  
downstream p rocess ing  requi rements ,  p l a n t  c o s t s ,  and environmental  
impact. 

Moreover, similar t o  c o a l ,  o i l  s h a l e  i s  a h i g h l y  v a r i a b l e  m a t e r i a l  i n  
terms o f  i t s  p h y s i c a l  and chemical  p r o p e r t i e s .  O i l  s h a l e  d e p o s i t s  i n  
t h e  United States are g e n e r a l l y  c l a s s i f i e d  as e a s t e r n  o r  wes te rn  
s h a l e s .  The western s h a l e s ,  found i n  t h e  Green R ive r  fo rma t ion ,  
c o n s t i t u t e  the  major o i l  s h a l e  r e source  i n  t h e  United S t a t e s .  These are 
r e l a t i v e l y  h i g h  grade  s h a l e s ,  having  a s s a y s  up t o  about  40 g a l l o n s  p e r  
ton.  Eas t e rn  s h a l e s  r e p r e s e n t  a smaller r e source  and a r e  g e n e r a l l y  
lower grade  m a t e r i a l ,  having a s s a y s  up t o  20 g a l l o n s  p e r  ton.  Another 
major d i f f e r e n c e  between t h e  s h a l e s  i s  t h a t  t h e  wes tern  s h a l e  has  a 
p r o p o r t i o n a t e l y  h i g h e r  hydrogen c o n t e n t ,  which g e n e r a l l y  t r a n s l a t e s  i n t o  
a g r e a t e r  o i l  y i e l d  upon r e t o r t i n g .  Also, t h e  mine ra l  c a r b o n a t e ,  
s u l f u r ,  and n i t r o g e n  c o n t e n t s  d i f f e r ,  which impact on t h e  r e t o r t i n g  h e a t  
l o a d  and downstream p rocess ing  of t h e  o i l  and gas  products .  The re fo re ,  
t he  s h a l e  f eed  c h a r a c t e r i s t i c s  are a key f a c t o r  i n  s e l e c t i n g  a r e t o r t  
technology and g e n e r a l l y  de te rmine  t h e  o v e r a l l  p rocess ing  sequence and 
economics f o r  a commercial f a c i l i t y .  
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I n  view o f  t h e  v a r i e t y  o f  r e t o r t i n g  p r o c e s s e s  and shale f e e d s  which may 
be  c o n s i d e r e d  f o r  commercial  a p p l i c a t i o n s ,  t h e  U.S. Department of  
Energy i s  i n t e r e s t e d  i n  d e v e l o p i n g  sys tems models of  o i l  s h a l e  
p r o c e s s e s .  The sys t ems  models  w i l l  b e  used  t o  de t e rmine  which p r o c e s s  
o r  p r o c e s s  a l t e r n a t i v e  g i v e s  t h e  b e s t  per formance  i n  terms of a 
s p e c i f i c  o b j e c t i v e ,  s u c h  as l o w e s t  p o l l u t i o n  e m i s s i o n s ,  h i g h e s t  t h e r m a l  
e f f i c i e n c y ,  o r  l o w e s t  c a p i t a l  c o s t .  Var ious  c o n f i g u r a t i o n s  of 
p r o c e s s i n g  equipment  w i l l  be  a n a l y z e d  t o  d e t e r m i n e  which o v e r a l l  p l a n t  
d e s i g n  w i l l  result i n  meet ing  t h e  d e s i r e d  o b j e c t i v e  and t o  i d e n t i f y  
areas f o r  f u t u r e  R & D which c o u l d  p o t e n t i a l l y  improve t h e  o v e r a l l  
economics.  

I n  s u p p o r t  of t h i s  e f f o r t ,  F o s t e r  Wheeler USA C o r p o r a t i o n  p rov ided  
a r c h i t e c t / e n g i n e e r i n g  s e r v i c e s ,  under  c o n t r a c t  t o  t h e  U.S. Department  
of Energy,  t o  deve lop  c o n c e p t u a l  d e s i g n  and c o s t  estimates f o r  
commercial  scale o i l  s h a l e  p l a n t s .  These d e s i g n s  w i l l  p r o v i d e  d e t a i l e d  
t e c h n i c a l  and c o s t  i n f o r m a t i o n  f o r  u s e  a s  a r e f e r e n c e  d a t a  b a s e  i n  
DOE'S sys t ems  model ing and a n a l y s i s .  Another  o b j e c t i v e  of  t h e s e  
c o n c e p t u a l  d e s i g n s  i s  t o  i d e n t i t y  p r o c e s s  a l t e r n a t i v e s  which have  t h e  
p o t e n t i a l  t o  r educe  c o s t s ,  improve o p e r a b i l i t y ,  minimize env i ronmen ta l  
i m p a c t s ,  o r  i n c r e a s e  t h e  q u a l i t y  o r  q u a n t i t y  o f  t h e  s h a l e  o i l  p r o d u c t s .  

The o v e r a l l  scope of  F o s t e r  Wheeler's c o n t r a c t  i n c l u d e s  f i v e  c o n c e p t u a l  
d e s i g n  cases, t o  b e  e x e c u t e d  a t  DOE'S option, f o r  the production of a 
nominal  50,000 BPD of sync rude  based  o n  p r o c e s s i n g  run-of-mine s h a l e  i n  
a g r a s s r o o t s  f a c i l i t y .  

Base Case: Flu id ized-bed  r e t o r t i n g i c o m b u s t i o n  of Colorado Mahogany 
zone s h a l e .  

Op t ion  1: A l t e r n a t e  b a s e  case d e s i g n  employing a n  FCC concep t  of 
f l u id i zed -bed  r e t o r t i n g / c o m b u s t i o n  of Colorado Mahogany 
zone s h a l e .  

Option-2: D i r e c t l y  h e a t e d  moving v e r t i c a l - b e d  p r o c e s s  u s i n g  Colorado  
Mahogany zone s h a l e .  

Option-3: F lu id ized-bed  r e t o r t i n g / c o m b u s t i o n  of eastern U.S. New 
Albany s h a l e .  

A 

Option-4: D i r e c t l y  h e a t e d  moving v e r t i c a l - b e d  p r o c e s s  u s i n g  e a s t e r n  
U.S. New Albany s h a l e .  
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The t e c h n i c a l  d e f i n i t i o n  r e q u i r e d  f o r  each case s t u d y  i n c l u d e s  t h e  
fol lowing:  

0 

0 Process  u n i t  d e s i g n s ,  i n c l u d i n g  p r o c e s s  f low diagrams, material and 
energy ba lances ,  equipment s p e c i f i c a t i o n s ,  and u t i l i t i e s  requirements .  

S e l e c t i o n  of process  u n i t s  f o r  t h e  o v e r a l l  i n t e g r a t e d  p l a n t .  

e I d e n t i f i c a t i o n  of p r o c e s s  d e s i g n  u n c e r t a i n t i e s  and recommendations 
f o r  process  al ternatives.  

0 S p e c i f i c a t i o n s  f o r  p l a n t  support  systems and d e s c r i p t i o n  of t h e  
o v e r a l l  p l a n t  l a y o u t  . 

0 Estimated c a p i t a l  investment  f o r  t h e  i n t e g r a t e d  p l a n t ,  d e t a i l e d  by 
i n d i v i d u a l  process  u n i t .  

0 Estimated o v e r a l l  o p e r a t i n g  requirements  and annual  o p e r a t i n g  c o s t s  
f o r  t h e  p l a n t .  

This r e p o r t  summarizes t h e  base case des ign  s t u d y ,  as conducted by 
F o s t e r  Wheeler, employing f luidized-bed r e t o r t i n g  and combustion of 
Colorado o i l  s h a l e .  
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. . . . . . .. . . . 

3.0 BASIS OF STUDY 

3.1 Scope of P l a n t  Design 

The concep tua l  commercial p l a n t  des ign  developed f o r  t h i s  s tudy  i s  
e s s e n t i a l l y  a g r a s s r o o t s  f a c i l i t y ,  capable  of p rocess ing  run-of-mine 
o i l  s h a l e  i n t o  a s y n t h e t i c  crude o i l  product.  The b a t t e r y  l i m i t s  
de s ign  i n c l u d e s  a l l  t h e  p rocess ing  u n i t s  r equ i r ed  f o r  o i l  s h a l e  f eed  
p r e p a r a t i o n ,  r e t o r t i n g ,  o i l  recovery and upgrading t o  a syncrude 
q u a l i t y ,  t r ea tmen t  of e f f l u e n t  streams t o  minimize envi ronmenta l  
impact,  by-product recovery ,  and d i s p o s a l  of s p e n t  s h a l e .  Process ing  
t o  r e f i n e  t h e  syncrude o i l  i n t o  f i n a l  marketable  p roduc t s  i s  excluded 
from t h e  p l a n t  scope. I n  a d d i t i o n  t o  t h e  p rocess ing  u n i t s ,  t h e  des ign  
scope i n c l u d e s  t h e  u t i l i t i e s ,  suppor t  systems, and g e n e r a l  f a c i l i t i e s  
r equ i r ed  f o r  normal cont inuous  p l a n t  ope ra t ion .  Run-of-mine s h a l e  o r e ,  
raw water, n a t u r a l  g a s ,  and e lectr ic  power a r e  assumed t o  be a v a i l a b l e  
a t  t h e  p l a n t  b a t t e r y  l i m i t s  i n  s u f f i c i e n t  q u a n t i t i e s  t o  supply t h e  
o p e r a t i n g  requirements .  Table  3.1 lists t h e  i n d i v i d u a l  p rocess ing  
u n i t s  and p l a n t  suppor t  f a c i l i t i e s  inc luded  i n  t h e  o v e r a l l  p l a n t  des ign .  

The scope of t h e  conceptua l  p l a n t  des ign  e f f o r t  inc luded:  

0 S e l e c t i o n  of i n d i v i d u a l  p rocess  u n i t s .  

0 Process  u n i t  des igns ,  i n c l u d i n g  flow diagrams, h e a t  and material 
ba lances  , es t imated  o p e r a t i n g  requi rements ,  and equipment 
s p e c i f i c a t i o n s .  

0 S p e c i f i c a t i o n s  f o r  t h e  r equ i r ed  p l a n t  suppor t  f a c i l i t i e s .  

0 Overa l l  l ayou t  of t h e  p l a n t .  

0 Estimates of t o t a l  p l a n t  investment  c o s t  and annua l  o p e r a t i n g  c o s t .  

I d e n t i f i c a t i o n  of p rocess  des ign  u n c e r t a n t i e s  and p o t e n t i a l  p rocess  
a l t e r n a t i v e s  which could  impact on t h e  o v e r a l l  p l a n t  economics. 

With t h e  except ion  of t h e  r e t o r t i n g  area, t h e  technology s e l e c t e d  for 
t h e  i n d i v i d u a l  p rocess ing  s t e p s  r e p r e s e n t s  commercially a v a i l a b l e  
p rocesses  which have been demonstrated i n  similar a p p l i c a t i o n s .  In a l l  
c a s e s ,  t h e  process  u n i t  t r a i n  capacities were e s t a b l i s h e d  t o  r e f l e c t  
p r e s e n t  eng inee r ing  practice i n  equipment des ign .  
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Table 3.1 

P l a n t  Processing and Support  Systems 

Unit  D e s c r i p t i o n  - 
Process  F a c i l i t i e s  

100 R e t  or t i n g  
200 Raw O i l  Recovery 
3 00 Gas T r e a t i n g  
40 0 Raw O i l  Hydrot rea t ing  
5 00 Hydrotreated O i l  F r a c t i o n a t i o n  
600 Hydrogen P l a n t  
7 00 Sour Water T r e a t i n g  
80 0 S u l f u r  Recovery 
900 Spent Shale  M o i s t u r i z i n g  

1000 Feed P r e p a r a t i o n  
1100 Spent Shale  Disposa l  

Support  Faci l i t ies  

2000 
2 1  00 
2200 
2300 
2400 
2 500 
2600 
2 700 
2800 
2 900 

Raw Water Treatment 
Steam and Power Generat ion 
Cooling Water System 
P l a n t  and Instrument  A i r  
Waste Water Treatment 
I n e r t  Gas System 
Flare System 
P l a n t  Fue l  System 
Storage Faci l i t ies  
General  P l a n t  Fac i l i t i e s  

No. T r a i n s  

6 
6 
2 
2 
2 
2 
2 
2 
6 
2 
- 

No. T r a i n s  

2 
2 
3 
3 
2 
2 
5 
1 - 
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3.2  Overa l l  P l a n t  Desc r ip t ion  

The block f low diagram i n  F igure  3.1 shows t h e  i n t e g r a t e d  p rocess  scheme 
f o r  the g r a s s r o o t s  p l a n t  f a c i l i t y .  D e t a i l e d  d e s c r i p t i o n s  of t h e  d e s i g n s  
developed f o r  t h e  i n d i v i d u a l  p rocess  u n i t s  and suppor t  systems are  
inc luded  i n  S e c t i o n s  4.0 and 5.0 of  t h i s  r e p o r t .  

3 

Run-of-mine shale i s  d e l i v e r e d  t o  t h e  p l a n t  by t r u c k s  which d i s c h a r g e  
t h e  o r e  d i r e c t l y  t o  t h e  f eed  p r e p a r a t i o n  s e c t i o n ,  Uni t  1000. The o r e . i s  
crushed i n  t h r e e  s t a g e s  t o  minus 6mm s i z e  p a r t i c l e s  which i s  s u i t a b l e  a s  
f e e d  t o  t h e  r e t o r t i n g  u n i t .  P rov i s ions  are inc luded  f o r  s t o c k  p i l i n g  
pr imary crushed o r e  and provid ing  a n  adequate  inven to ry  of r e t o r t  
f eeds tock .  

Crushed shale i s  fed ,  from s t o r a g e  s i l o s ,  t o  t h e  r e t o r t i n g  system i n  
Uni t  100. The c r u s h  shale i s  pyrolyzed a t  930'F and e s s e n t i a l l y  
a tmospher ic  p r e s s u r e  i n  a f lu id ized-bed  r e t o r t i n g  system i n  which 
r e c y c l e  product  g a s  from Uni t  300 i s  used as t h e  f l u i d i z i n g  medium. 
Re to r t ed  shale s o l i d s  are combusted w i t h  a i r  i n  a l i f t  p i p e  combustor t o  
recover  t h e  energy va lue  from t h e  r e s i d u a l  cha r  on t h e  shale. Hot 
s o l i d s  from t h e  combustor are r ecyc led  t o  t h e  r e t o r t  t o  provide  t h e  h e a t  
r equ i r ed  f o r  p y r o l y s i s .  

The combusted s h a l e  and raw shale f i n e s ,  recovered from r e t o r t i n g ,  are 
moi s tu r i zed  i n  Uni t  900. Mois tur ized  spen t  shale is  d i scha rged  via bel t  
conveyors and loaded i n t o  duinp t r u c k s  f o r  haulage  t o  t h e  spen t  s h a l e  
d i s p o s a l  s i t e .  A t  t h e  d i s p o s a l  s i te ,  t h e  s p e n t  shale i s  d e p o s i t e d  and 
compacted onto  a p i l e  which p rov ides  s t o r a g e  f o r  30 yea r s  of p l a n t  
ope ra t ion .  A s  t h e  spen t  shale p i l e  grows, t h e  s i d e s  are  s loped ,  covered 
wi th  overburden and t o p s o i l ,  and r evege ta t ed .  

Offgas  from t h e  r e t o r t i n g  system i s  processed f o r  recovery of t h e  raw 
s h a l e  o i l  i n  Uni t  200. The gas  i s  quenched and t h e  condensed raw o i l  i s  
s e n t  t o  i n t e r m e d i a t e  product  s t o r a g e .  Non-condensible gas  and sour 
water streams are d e l i v e r e d  t o  downstream process ing  u n i t s  f o r  f u r t h e r  
treatment. Any o i l  shale s o l i d s  e n t r a i n e d  i n  t h e  r e t o r t  product  gas  are 
c o l l e c t e d  i n  t h e  bottoms o i l  from t h e  quench tower. 
centr i fuged  t o  remove the s o l i d s  and the r e s u l t i n g  
r ecyc led  t o  t h e  r e t o r t i n g  s e c t i o n .  

Raw shale o i l  i s  hydro t r ea t ed  
t o  less t h a n  1000 ppm. The 
fixed-bed c a t a l y s t  system 
Hydrogen s u l f i d e  and ammonia, 
are scrubbed from t h e  o f f g a s  
The sour  water e f f l u e n t  is  

i n  Uni t  400 t o  reduce t h e  
r a w  o i l  is r e a c t e d  w i t h  
a t  e l e v a t e d  tempera ture  
formed as a r e s u l t  of o i l  
v i a  a r e c y c l e  stream of 
f u r t h e r  t r e a t e d  i n  Unit  

T h i s  stream i s  
o i l y  s ludge  i s  

n i t r o g e n  c o n t e n t  
hydrogen over  a 

and p res su re .  
hydroprocess ing ,  
s t r i p p e d  water. 
700 whi le  t h e  

hydrocarbon purge gas  stream i s  d e l i v e r e d  t o  g a s  t r e a t i n g  i n  Unit  300. 

3 
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3.2 Overall P l a n t  D e s c r i p t i o n  (Cont 'd) 

The h y d r o t r e a t e d  o i l  i s  s t a b l i z e d  by f r a c t i o n a t i o n  i n  Uni t  500 where 
t h e  o i l  shale product  i s  c o l l e c t e d  as three s e p a r a t e  f r a c t i o n s ;  
naphtha, d i e s e l  o i l ,  and heavy o i l .  These f r a c t i o n s  are s t o r e d  
s e p a r a t e l y  and may be recombined as a shale o i l  syncrude o r  d e l i v e r e d  
s e p a r a t e l y  t o  a r e f i n e r y  f o r  f u r t h e r  process ing .  The product  o i l  
b lending  o p e r a t i o n  p rov ides  f o r  t h e  a d d i t i o n  of a pour p o i n t  dep res san t  
t o  f a c i l i t a t e  t r a n s p o r t a t i o n  v i a  unheated t a n k  t r u c k s  o r  p i p e l i n e .  

Make-up hydrogen r equ i r ed  f o r  raw o i l  h y d r o t r e a t i n g  is  produced v i a  
steam reforming of n a t u r a l  gas  i n  Unit  600. The hydrogen p l a n t  employs 
molecular  s i e v e s  f o r  gas  p u r i f i c a t i o n ,  a f t e r  water gas  s h i f t i n g ,  and 
the reby  produces a h i g h  p u r i t y ,  99+%, hydrogen stream. The make-up 
hydrogen i s  compressed and d e l i v e r e d  t o  t h e  h y d r o t r e a t i n g  s e c t i o n .  

The o f f g a s  streams from raw o i l  recovery ,  o i l  h y d r o t r e a t i n g ,  and 
f r a c t i o n a t i o n  are compressed and t r e a t e d  i n  Unit  300. The C4+ 
components are removed by o i l  a b s o r p t i o n  whi le  t h e  ammonia, p l u s  some 
H2S, i s  removed by water scrubbing .  P a r t  of t h e  compressed g a s  
stream, p r i o r  t o  C 4  abso rp t ion ,  i s  r ecyc led  t o  t h e  r e t o r t i n g  s e c t i o n  
as f l u i d i z a t i o n  gas .  The t r e a t e d  g a s ,  which s t i l l  c o n t a i n s  s i g n i f i c a n t  
H2S l e v e l s ,  is f u r t h e r  processed f o r  s u l f u r  recovery  i n  U n i t  800. 

Sour water  streams c o n t a i n i n g  d i s s o l v e d  Cq, H2S, and ammonia are 
produced i n  raw o i l  recovery ,  gas  t r e a t i n g ,  raw o i l  h y d r o t r e a t i n g ,  and 
o i l  f r a c t i o n a t i o n .  These streams are combined and steam s t r i p p e d  i n  
t h e  sou r  water  t r e a t i n g  system i n  Unit  700. The s t r i p p e d  water  i s  
r ecyc led ,  i n  p a r t ,  as wash water f o r  t h e  o i l  h y d r o t r e a t i n g  u n i t  wh i l e  
t h e  remainder  i s  used as make-up f o r  spen t  s h a l e  m o i s t u r i z a t i o n .  
Within t h e  s o u r  water t r e a t i n g  s e c t i o n ,  a Phosam-W system i s  used t o  
recover  anhydrous ammonia as a by-product from t h e  s t r i p p e d  a c i d  g a s  
stream. A f t e r  ammonia recovery ,  t h e  a c i d  gas  i s  d e l i v e r e d  t o  Unit  800 
f o r  recovery  of s u l f u r .  By-product anhydrous ammonia i s  s e n t  t o  
p r e s s u r i z e d  s t o r a g e  tanks .  

The a c i d  g a s  s t r eam from Unit  700 and t h e  s u l f u r  c o n t a i n i n g  o f f g a s  from 
gas  t r e a t i n g  i n  Unit  300 are s e n t  t o  t h e  s u l f u r  recovery  u n i t .  T h i s  
process  u n i t  u t i l i z e s  t h e  LO-CATR p rocess  t o  conve r t  H2S t o  molten 
e l emen ta l  s u l f u r  v i a  a l i q u i d  phase  redox r e a c t i o n .  By-product molten 
s u l f u r  i s  then  s e n t  t o  s t o r a g e .  

Opera t ion  of t he  above p rocess ing  u n i t s  i s  suppor ted  by t h e  fo l lowing  
u t i l i t y  systems and g e n e r a l  p l a n t  suppor t  f a c i l i t i e s .  

Unit 2000 - Raw Water Treatment .  The source  of raw water i s  Western 
Colorado r i v e r  water, which i s  chemica l ly  c l a r i f i e d  and f i l t e r e d  and 
used as i n d u s t r i a l  water f o r  t h e  p l a n t  needs. Par t  of t h i s  water  i s  
f u r t h e r  p u r i f i e d  by a c t i v a t e d  carbon a d s o r p t i o n  and c h l o r i n a t i o n  f o r  
u s e  as p o t a b l e  water and s a n i t a r y  purposes .  F i l t e r e d  water i s  p u r i f i e d  
by i o n  exchange t o  produce h igh  p u r i t y  water s u i t a b l e  f o r  h igh  p r e s s u r e  
steam gene ra t ion .  

e 
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3.2 Overa l l  P l a n t  D e s c r i p t i o n  (Cont 'd) 

Unit  2100 - Steam and Power Generat ion.  This u n i t  i n c l u d e s  t h e  steam 
d i s t r i b u t i o n  system and e lec t r ic  power g e n e r a t o r s .  The amount of steam 
requ i red  f o r  t h e  p l a n t  o p e r a t i o n  i s  e n t i r e l y  produced i n  t h e  v a r i o u s  
process ing  u n i t s ,  p r i m a r i l y  i n  t h e  CO i n c i n e r a t o r s  l o c a t e d  i n  t h e  
r e t o r t i n g  u n i t .  For s t a r t - u p ,  when no r e t o r t i n g  p roduc t s  have t o  be 
i n c i n e r a t e d ,  t h e s e  u n i t s  w i l l  u se  n a t u r a l  gas  f u e l  and produce t h e  
steam r e q u i r e d  f o r  p l an t  s t a r t - u p  and ope ra t ion .  During p l a n t  
s t a r t - u p ,  no i n -p l an t  power g e n e r a t i o n  i s  contemplated.  During normal 
o p e r a t i o n ,  t h e  process ing  u n i t s  o v e r a l l  steam ba lance  i s  p o s i t i v e  and 
t h e  excess  steam i s  used f o r  g e n e r a t i n g  e lec t r ic  power v i a  t u r b o  
gene ra to r s .  

Unit  2200 - Cooling Water System. Th i s  u n i t  c o n s i t s  of two c o o l i n g  
water c i r c u i t s ;  one f o r  power g e n e r a t i o n  and t h e  o t h e r  s e r v i c i n g  t h e  
ba lance  of t h e  p l a n t .  

Unit  2300 - P l a n t  and Ins t rument  A i r .  A i r  compressors w i th  t h e  
r e q u i r e d  c o o l e r s ,  and dry ing  system produce d ry  compressed a i r  f o r  
u t i l i t y  and ins t rument  services. 

Unit  2400 - Waste Water Treatment. Th i s  u n i t  is des igned  t o  t rea t  
p l a n t  sewer, s a n i t a r y  sewer, and r a i n  water run-off from t h e  p rocess ing  
areas t o  a water q u a l i t y  s u i t a b l e  f o r  r e u s e  i n  s p e n t  s h a l e  
moi s tu r i z ing .  

Unit  2500 I n e r t  Gas System. T h i s  u n i t  s u p p l i e s  i n e r t  gas  r equ i r ed  f o r  
purging and b l anke t ing  i n  t h e  process ing  u n i t s .  The i n e r t  g a s  i s  a 
mixture  of N 2  and C02, r e s u l t i n g  from burning n a t u r a l  gas  wi thout  
excess  a i r .  

h i t  2600 - F l a r e  System. T h i s  system i s  designed t o  handle  t h e  vapor 
r e l e a s e d  from t h e  process ing  u n i t s  du r ing  t r a n s i e n t  o p e r a t i n g  
c o n d i t i o n s .  The u n i t  c o n s i s t s  of three p a r a l l e l  f l a r e s ,  each one 
handl ing  two r e t o r t i n g  modules, and two f l a r e s  handl ing  t h e  upgrading 
u n i t s .  

Unit  2700 - P l a n t  Fuel  System. T h i s  system i n c l u d e s  a s u r g e  drum f o r  
mixing f u e l  gas  with n a t u r a l  gas  as w e l l  as t h e  requi red  d i s t r i b u t i o n  
p ip ing  f o r  supply ing  p l a n t  f u e l .  

Uni t  2800 - Sto rage  F a c i l i t y .  S to rage  t a n k s  f o r  i n t e r m e d i a t e  and f i n a l  
products ,  chemica ls ,  and a d d i t i v e s  a r e  provided as w e l l  as pumping 
s t a t i o n s  for t r a n s f e r  and blending.  

Unit 2900 - Genera l  P l a n t  Fac i l i t i es .  These f a c i l i t i e s  i n c l u d e  t h e  
f i r e  water system, sewers, b u i l d i n g s ,  and misce l l aneous  suppor t  systems 
r equ i r ed  f o r  p l a n t  ope ra t  i o n  and maintenance. 
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3.3 Feed and Product  S p e c i f i c a t i o n s  

The o i l  s h a l e  f eeds tock  is  de r ived  from a mahagony zone d e p o s i t  i n  
Western Colorado and has a F i s c h e r  Assay of 30 g a l l o n s  pe r  ton.  
D e t a i l e d  s p e c i f i c a t i o n s  f o r  t h e  o i l  s h a l e  f e e d  are given i n  Table  3 . 2  

The major product  from t h e  p rocess ing  p l a n t  i s  a t r a n s p o r t a b l e  syncrude 
o i l .  S p e c i f i c a t i o n s  e s t a b l i s h e d  f o r  t h e  product  o i l  i n c l u d e  a maximum 
n i t r o g e n  c o n t e n t  of 1000 ppmw and a pour p o i n t  of 30°F o r  lower.  

By-products such as e l emen ta l  s u l f u r  and anhydrous ammonia have 
s p e c i f i c a t i o n s  cor responding  t o  s t anda rd  commercial g rades .  

3 . 4  Basic Design Cri ter ia  

The conceptua l  o i l  s h a l e  p l a n t  des ign  is  f o r  a g r a s s r o o t s  f a c i l i t y ,  
s u i t a b l e  f o r  the commercial development of an  o i l  s h a l e  resource .  The 
des ign  is  in t ended  t o  r e p r e s e n t  mature commercial technology,  rather 
than a f i r s t  of a k ind  p rocess ing  p l a n t .  

The commercial p l a n t  was l o c a t e d  on an unspec i f i ed  s i t e  i n  Western 
Colorado, presumably a d j a c e n t  t o  an o i l  shale mining ope ra t ion .  For 
t h e  purposes  of this s tudy ,  i t  was assumed that the s i t e  w a s  r e l a t i v e l y  
clear and level  and s u f f i c i e n t  ac reage  was a v a i l a b l e  f o r  t h e  p h y s i c a l  
p l a n t  f a c i l i t i e s  and spen t  s h a l e  d i s p o s a l .  

The nominal c a p a c i t y  of the concep tua l  p l a n t  is  50,000 b a r r e l s  pe r  
stream day of syncrude product .  Design of the r e t o r t i n g  process  
s e c t i o n  w a s  based on a g e n e r i c  f lu id ized-bed  r e t o r t i n g  p rocess  
i n c o r p o r a t i n g  l i f t  p ipe  combustion of t h e  r e t o r t e d  s h a l e .  Design 
parameters  f o r  t h e  r e t o r t i n g  u n i t  were de r ived  from publ i shed  
l i t e r a t u r e  sou rces ,  which were supplemented by non-conf ident ia l  d a t a  
provided by F o s t e r  Wheeler. S i m i l a r l y ,  downstream p rocess ing  u n i t s  
were a l s o  based on non-conf ident ia l  p rocess  informat ion  which, i n  some 
cases, w a s  provided by p rocess  l i c e n s o r s .  

S p e c i f i c  des ign  c o n d i t i o n s ,  re la t ing  t o  the assumed p l a n t  s i t e  and t h e  
des ign  of the p l a n t  u t i l i t i e s  systems,  are l i s t e d  i n  Table  3.3. The 
fo l lowing  des ign  c r i t e r i a  were e s t a b l i s h e d  as g e n e r a l  g u i d e l i n e s  f o r  
t h e  concep tua l ,  p l a n t  des ign:  

e P l a n t  c a p a c i t y  is  based on an  i n t e g r a l  number of r e t o r t i n g  t r a i n s  
r equ i r ed  t o  approximate product ion  of 50,000 BPD syncrude. 

0 R e t o r t i n g  f e e d  c o n s i s t s  of 100% of mined s h a l e ,  w i th  no f i n e s  
s e p a r a t i o n  p r i o r  t o  r e t o r t i n g .  

0 N a t u r a l  g a s  i s  used as supplemental  p l a n t  f u e l  t o  avoid use  of 
syncrude product .  
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TABLE 3.2 

C h a r a c t e r i s t i c s  of Colorado O i l  s h a l e  

Gross  C h a r a c t e r i s t i c s  
F i s c h e r  Assay, g a l l t o n  
O i l  Gravi ty ,  OAPI 
Organic Matter, W t .  % (Dry Basis) 
I n o r g a n i c  Matter, W t .  4, (Dry Basis 

C h a r a c t e r i s t i c s  of Organic Matter 
U l t i m a t e  Analys is ,  w t .  % of Organic Matter 

Carbon 
Hydrogen 
Nitrogen 
S u l f u r  
Oxygen 

F i s c h e r  Assay Y i e l d s ,  W t .  % of Organic Matter 
H2 co 
C02 ( o r g a n i c )  
H20 
H2S ( o r g a n i c )  
NH3 
CH4 
C2H4 
C2H6 
C3H6 
C3H8 
c4 
c5 
c6+ oil 
Char 

TOTAL 

I n o r g a n i c  Matter Composition, w t .  % 
Mineral  Chemical Formula 

Dolomite 
Calcite 
Quartz  
I l l i t e  
A l b i t e  
K Fe ldspar  
P y r i t e  
Analcime 
K a o l i n i t e  
Calcium S u l f a t e  
F e r r i c  S u l f a t e  

TOTAL 

30 .O 
22.7 
16.7 
83.3 

80.5 
10.3 

2.4 
1.0 
5.8 

0.3 
0.2 
2.6 
1.5 
0 . 1  

(trace) 
1.6 
0.3 
1.0 
0.6 
0.7 
1.2 
0.9 

68.1 
20.9 

100 .o 

32 
16 
15 
1 9  
10 
6 
1 
1 
0 
0 
0 

10 0 
- 
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T a b l e  3.3 

Assumed Design Condi t ions  

P l a n t  Loca t ion  
S i t e  E leva t ion  
Barometr ic  P r e s s u r e  
Ambient Design Temperatures  

Cooling Towers 
A i r  Coolers  
W i n t e r i z a t i o n  

R e l a t i v e  Humidity 
P r e v a i l i n g  Wind 
F r o s t  P e n e t r a t i o n  
Raw Water (R ive r  Source) 

PH 
Calcium as Ca 
Magnesium as Mg 
Bicarbonate  as CaC03 
S u l f a t e  as SO4 
Chlo r ide  as C 1  
T o t a l  Solids 

P l a n t  Steam Supply 
High P r e s s u r e  
Medium P r e s s u r e  
Low P r e s s u r e  

N a t u r a l  G a s  
V O l .  % N 2  

CH4 

C2H6 

C2H4 

C3H8 
Electric Power 

Western Colorado 
8000 f t  
10.5 p s i a  

75'F (Wet Bulb) 
110°F (Dry Bulb) 
-2O'F (Dry Bulb) 
80% 
70 MPH 
48 inches  

8 
64 mg/l 
14  mg/l 

144 mg/l  
129 mg/l 
119 mg/l 
454 m g l l  

600 p s i g  @ 700°F 
150 p s i g  @ 365°F 

30 p s i g  @ 275°F 

2.5 

94.0 

2.3 

1.0 

0.2 

5000 HP and above 13,800 V o l t s ,  3 Phase 

250 HP t o  5000 HP 4,160 V o l t s ,  3 Phase 

112 t o  250 HP 460 Volts, 3 Phase 

Less than  1 / 2  HP 120 V o l t s ,  1 Phase 

L i g h t i n g  120 V o l t s ,  1 Phase 
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3 . 4  Basic Design Cr i ter ia  (Cont'd) 

0 Recycle product gas is used f o r  r e t o r t  f l u i d i z a t i o n ,  in order t o  
minimize production of waste water. 

0 Plant i s  designed for zero waste water discharge. 

0 A i r  cool ing  i s  used where applicable t o  minimize plant water 
consumption. 

0 Control of plant emissions conforms with the applicable federal  
and Colorado environmental regulations.  
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4 .O 

4 . 1  

PROCESSING FACILITIES DESIGN 

The conceptua l  des igns  developed f o r  t h e  i n d i v i d u a l  process ing  systems, 
U n i t s  100 - 1100, are d e s c r i b e d  i n  t h e  fo l lowing  s e c t i o n s .  Technica l  
d e f i n i t i o n  f o r  each process  u n i t  i n c l u d e s ,  as a p p r o p r i a t e ,  t h e  b a s i s  of 
des ign ,  p r o c e s s  d e s c r i p t i o n  keyed t o  t h e  process  f low diagram, h e a t  and 
material ba lances ,  a summary of normal o p e r a t i n g  requirements ,  and a 
l i s t  of major p r o c e s s  equipment wi th  corresponding s p e c i f i c a t i o n s .  

R e t o r t i n g  - Unit  100 

0 Basis of Design 

The r e t o r t i n g  u n i t  is  designed t o  process  72,000 t o n s  per  o p e r a t i n g  day 
of s h a l e  f e e d ,  crushed t o  6 mm t o p  s i z e  i n  Feed P r e p a r a t i o n ,  Unit  1000. 
Based upon p r a c t i c a l  des ign  c o n s i d e r a t i o n s  f o r  t h e  r e t o r t i n g  v e s s e l  
s i z e s ,  the c a p a c i t y  of a s ingle  r e t o r t i n g  t r a i n  w a s  e s t a b l i s h e d  a t  
12,000 TPD, so t h a t  t h e  t o t a l  p l a n t  r e q u i r e s  s i x  p a r a l l e l  o p e r a t i n g  
t r a i n s .  

Raw s h a l e  feed  t o  t h e  r e t o r t i n g  system has t h e  fo l lowing  c h a r a c t e r i s t i c s :  

F i s c h e r  Assay, g a l / t o n  
Organic Matter, w t  % ( d r y )  
I n o r g a n i c  Matter, wt % ( d r y )  
N i n e r a l  Carbonate,  w t  % I n o r g a n i c s  
U l t i m a t e  Analys is ,  w t  Z Organics 

Carbon 
Hydrogen 
Nitrogen 
S u l f u r  
Oxygen 

30.0 
16.7 
83.3 
48.0 

80.5 
10.3 
2.4 
1.0 
5.8 

Surface  Moisture ,  wt % 2.0 
Water of Hydrat ion,  w t  % ( d r y )  1.0 
Higher Heat ing Value, BTU/lb ( d r y )  2528 

The r e t o r t i n g  y i e l d s  w e r e  based on achiev ing  105% of t h e  F i s c h e r  
Assay y i e l d ,  wi th  t h e  o v e r a l l  product d i s t r i b u t i o n  as shown i n  
Table  4.1 which was provided by DOE. The corresponding i n s p e c t i o n s  
on t h e  l i q u i d  f r a c t i o n s  and c h a r  are summarized in Table 4.2.  

The conceptua l  des ign  of t h e  r e t o r t i n g  u n i t  is  based on 
f luidized-bed r e t o r t i n g  with l i f t  p ipe  combustion of t h e  r e t o r t e d  
s h a l e .  Furthermore,  i n  o r d e r  t o  minimize t h e  l e v e l  of CO 
emiss ions ,  t h e  combustor off-gas i s  i n c i n e r a t e d .  
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Table 4.1 

R e t o r t i n g  Yield S t r u c t u r e  

Bases: 105% F i s c h e r  Assay 

Component 

Gases : 

C O ~  (organic)  
H20 
H2S ( o r g a n i c )  
NH3 
CH4 
C2H4 
C2H6 
C3H6 
C3H8 
C4H8 
C4H10 

T o t a l  Gases 

Liquids  : 

Naphtha (C5-375'F) 
Light  Dis t i l la te  (375-650°F) 
Heavy Dis t i l l a te  (650-950 OF) 
Vacuum Bottoms (950"F+) 

T o t a l  L iquids  

Char : 

T o t a l  Organic Matter Products  

Re  t o r t  Yield 
Wt. X Organic Matter 

0.3 
0.5 
3 .1  
2 .2  
0.1 

1.2 
0.3 
0.8 

0.6 
0.7 
0.2 

( trace 1 

0.5 

10.5 

9.9 
19.0 
35.3 

6.3 

70.5 

19.0 

100.0 
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I n s p e c t i o n s  on R e t o r t  L iqu ids  and Char 

L igh t  Heavy Vacuum T o t a l  - Char Naphtha Distillate Dist i l la te  Bottoms Liquid  

Bo i l ing  Point,OF - c5-375 

Grav i ty ,  O A P I  - 50 

Ultimate Ana lys i s ,  

Wt. x ,  c 88.4 85.2 

H 4.8 11.6 

0 0.0 1.0 

N 4.5 1.8 

2.3 0.4 S 

100.0 100.0 

-- 

375-650 

30 

84.4 

11.5 

1 .5  

2 .o 

0.6 - 
100 .o 

650-95 0 

20: 

83.7 

11.4 

1.8 

2.3 

0.8 

100.0 

950+ c5+ 

10.7 22.7 

81.9 83.9 

10.8 11 .4  

3.5 1.8 

2.8 2.2 

1.0 0.7 

100 .o 100.0 
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4 . 1  R e t o r t i n g  - Uni t  100 (Cont 'd)  

Basic parameters used f o r  d e s i g n i n g  t h e  f lu id ized-bed  r e t o r t  and t h e  
l i f t  p i p e  combustor were p r i m a r i l y  d e r i v e d  from publ i shed  informat ion .  
The des ign  parameters  f o r  t h e  CO i n c i n e r a t o r  were based upon F o s t e r  
Wheeler's estimates. Table  4 . 3  summarizes t h e  b a s i c  parameters  from 
which t h e  concep tua l  des ign  was developed. 

Thermal c a l c u l a t i o n s  were based on estimates of h e a t s  of combustion 
a t  7 7 9 ,  i d e a l  g a s  h e a t  c a p a c i t i e s ,  and h e a t  c a p a c i t y  of s h a l e ;  t h e  
l a t t e r  as r e p o r t e d  in t h e  l i t e r a t u r e  ( 1 3 ) .  Carbonate C02 w a s  a s s igned  
a nega t ive  "hea t  of combustion" of 1400 BTU pe r  pound of  C02 evolved 
and water of h y d r a t i o n  i n  r a w  s h a l e  w a s  a s s igned  a n e g a t i v e  "hea t  of 
combustion" of 1100 BTU p e r  pound of water vapor ized .  The use  of i d e a l  
g a s  h e a t  c a p a c i t i e s  f o r  o r g a n i c  and i n o r g a n i c  gases  and vapors  was 
j u s t i f i e d  on t h e  b a s i s  t h a t  s e n s i b l e  h e a t  changes of s o l i d s  and h e a t s  of 
chemical  r e a c t i o n ,  p a r t i c u l a r l y  t h a t  of ca rbona te  decomposi t ion,  
dominate t h e  thermal  changes t h a t  occur .  

S i z ing  c r i t e r i a  used i n  des ign  of t h e  major p rocess  equipment f o r  t h e  
r e t o r t i n g  u n i t  are summarized below. ,' 

R - 1 0 1  R e t o r t  

G 

The r e t o r t  i s  des igned  t o  p rov ide  f o u r  minutes  r e s i d e n c e  time of s h a l e  
s o l i d s  a t  a tempera ture  of 3 3 P F  and raw s h a l e  throughput  of 4000 
l b /h r - f  t2. These c r i t e r i a  are  based upon publ i shed  in fo rma t ion  as 
r e fe renced  i n  Table  4.3.  

V-101 Raw Sha le  Bin 

The Raw Sha le  Bin p rov ides  s t o r a g e  f o r  raw s h a l e  i n  each  of t h e  six 
r e t o r t i n g  modules. The b in  h a s  a des ign  c a p a c i t y  of 500 t o n s ,  
e q u i v a l e n t  t o  8 hours  usage of s h a l e  a t  des ign  throughput of t h e  
r e t o r t i n g  module. Th i s  c a p a c i t y  a l l o w s  f o r  s h o r t  i n t e r r u p t i o n s  of 
d e l i v e r y  from o f f s i t e  s h a l e  s t o r a g e .  

V-102 Raw Shale  Accumulator 

Vessel V-102 was des igned  t o  recover  e n t r a i n e d  raw s h a l e  from conveying 
a i r  and t o  provide  10  minutes r e s i d e n c e  time f o r  recovered  s o l i d s .  
Recovery of raw s h a l e  was accomplished by one s t a g e  of cyc lones  us ing  an  
i n l e t  v e l o c i t y  of 60 f e e t  per second. Diameter of t h e  v e s s e l  was 
determined by a 3.5 t o  1 a s p e c t  r a t i o  f o r  t h e  conta ined  s h a l e  bed. Th i s  
r a t i o  was s e l e c t e d  t o  achieve  uniform downflow of recovered  s o l i d s  over  
t h e  c r o s s  s e c t i o n  of t h e  v e s s e l .  S o l i d s  r e s idence  time was s e l e c t e d  t o  
a l l o w  f o r  momentary u p s e t s  i n  s o l i d s  f low i n t o  o r  ou t  of t h e  v e s s e l ,  as 
well  as t o  provide  € o r  i n s t rumen t  c o n t r o l  of s o l i d s  flow. 
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Table 4.3 

Process Basis of Design 

Parameter Design Value 

Fluid Bed Retorting 

Retort Outlet Pressure, psia 15.5 
Retorting Temperature, O F  930 
Feed Shale Throughput, lb/hr-ft2 4000 
Avg. Particle Residence Time, min. 4 
Bottom Stripping Gas, fps 1 
Recycle/Feed Shale Mass Ratio 3 
Mineral Carbonate Decomposition, % 2 
Fines Carryover, % Raw Shale 10 

Lift Pipe Combustor 

Temperature, OF 1250 
Char Combustion, % 95 
Mineral Carbonate Decomposition, % 21 
Avg. Particle Residence Time, sec. 5 

NO,, % Organic Nitrogen 10 
SO2 Adsorption, X 90 

Molar Ratio COa/CO 12.3 

Flue Gas Incinerator 

Temperature, OF 1700 
Mineral Carbonate Decomposition, % 82 
Char Combustion, % 10 0 
GO Conversion to CO2,  X 99 

Basis - 

Foster Wheeler 
Reference ( 6 )  
Reference ( 4 )  ( 5 )  
Reference ( 4 )  ( 5 )  
Reference (4) ( 5 )  
Reference ( 4 )  ( 5 )  

Foster Wheeler 
DOE/METC 

Reference ( 4 )  ( 5 )  
Reference ( 4 )  ( 5 )  
Foster Wheeler 
Reference ( 4 )  ( 5 )  
Foster Wheeler 
Reference (8) 
Reference ( 8  

Foster Wheeler 
Foster Wheeler 
Foster Wheeler 
Foster Wheeler 
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4.1 R e t o r t i n g  - Unit 100 (Cont 'd)  

V-103 R e t o r t e d  Shale  Combustor 

The Combustor is  designed t o  h e a t  t h e  mixture  of r e t o r t e d  and combusted 
s h a l e  from t h e  r e t o r t  temperature  of  930°F t o  a temperature  of about  
1240°F with a s o l i d s  r e s i d e n c e  time of 5 seconds i n  t h e  riser s e c t i o n  
of t h e  Combustor. The Combustor temperature  of 1240°F s a t i s f i e s  t h e  
h e a t  balance around t h e  R e t o r t  and t h e  Combustor v e s s e l s .  In o p e r a t i o n ,  
t h e  combustor temperature  would be c o n t r o l l e d  by t h e  amount o f  f u e l  
f i r e d .  

V-104 Combusted Shale  Separa tor  

Vessel V-104 i s  designed t o  s e p a r a t e  e n t r a i n e d  s h a l e  s o l i d s  from f l u e  
gas  genera ted  i n  t h e  combustor. This  is  accomplished by two s t a g e s  of 
cyc lones  l o c a t e d  i n s i d e  t h e  v e s s e l .  I n l e t  v e l o c i t i e s  t o  t h e  f i r s t  and 
second s t a g e s  are 60 and 90 f e e t  per  second, r e s p e c t i v e l y ,  which a r e  
considered t y p i c a l  of i n d u s t r i a l  p r a c t i c e .  Diameter of t h e  v e s s e l  i s  
determined by t h e  c r o s s  s e c t i o n  r e q u i r e d  t o  p o s i t i o n  t h e  1 6  cyc lones  i n  
each of t h e  two s t a g e s .  The lower s e c t i o n  of t h e  v e s s e l  w a s  designed t o  
provide 4 minutes r e s i d e n c e  time f o r  s o l i d s  recovered by t h e  cyc lones ,  
which is  t h e  minimum considered necessary  f o r  s a t i s f a c t o r y  instrument  
c o n t r o l  of s o l i d s  flow t o  t h e  r e t o r t .  Flow c o n t r o l  o f  t h e s e  s o l i d s  i s  
cons idered  c r i t i c a l  t o  proper  mixing and c o n t a c t i n g  i n  t h e  r e t o r t .  

V-105 A i r  Prehea ter IShale  Cooler 

Vessel V-105 i s  designed p r i m a r i l y  t o  c o o l  t h e  n e t  combusted s h a l e  
product  from t h e  Combustor tempera ture  of  1240°F t o  a temperature  of 
350°F. This t empera ture  was s e l e c t e d  as t h e  minimum tempera ture  
c o n s i s t e n t  with p r a c t i c a l  heat recovery from t h e  s h a l e ,  as w e l l  a s  t h e  
maximum tempera ture  s u i t a b l e  f o r  t h e  subsequent s t e p  of s h a l e  
m o i s t u r i z i n g  and conveyor t r a n s p o r t .  

A secondary purpose of t h e  Air P r e h e a t e r l S h a l e  Cooler i s  t o  h e a t  
combustion a i r  t o  a tempera ture  of 1000OF. This  a i r  t empera ture  i s  
cons idered  adequate  t o  provide  r a p i d  i n i t i a t i o n  of combustion and avoid 
any quenching of r e t o r t e d  s h a l e  which might occur  i f  ambient temperature  
a i r  were used f o r  combustion. Air p r e h e a t i n g  a l s o  improves t h e  thermal  
e f f i c i e n c y  of t h e  process  compared t o  r e j e c t i n g  t h e  h e a t  i n  t h e  
combusted shale t o  c o o l i n g  water. A t  a p r e h e a t  temperature  of lOOO*, 
most of t h e  h e a t  i n  t h e  s h a l e  i s  absorbed by t h e  combustion a i r ;  t h e  
remainder i s  absorbed by p r e h e a t i n g  b o i l e r  feed  water. 

c 
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'1 4.1 R e t o r t i n g  - Uni t  100 ( Cont ' d 1 

V-106 Re to r t ed  Shale  Sepa ra to r  

Vessel V-106 i s  designed t o  separate e n t r a i n e d  s h a l e  s o l i d s  from t h e  
vapors  l e a v i n g  t h e  r e t o r t .  This is accomplished by one s t a g e  of 
cyc lones  us ing  an  i n l e t  v e l o c i t y  of  90 feet  pe r  second. This v e l o c i t y  
w a s  s e l e c t e d  as t y p i c a l  f o r  second s t a g e  s e p a r a t i o n ,  fo l lowing  t h e  
primary cyc lones  i n s i d e  t h e  r e t o r t .  The diameter  of t h e  v e s s e l  w a s  
determined by t h e  c r o s s  s e c t i o n  r equ i r ed  t o  p o s i t i o n  t h e  4 cyc lones  
i n s i d e  t h e  v e s s e l .  Residence time of 4 minutes was provided f o r  
recovered s o l i d s  i n  t h e  lower s e c t i o n  of  t h e  v e s s e l ,  as r equ i r ed  f o r  
ins t rument  c o n t r o l  of s o l i d s  flow. 

V-107 Condensate Drum 

The V-107 condensate  drum was designed t o  provide 8 hours  capac i ty  f o r  
condensate  from t h e  C-101 steam t u r b i n e  s u r f a c e  condenser a t  des ign  f low 
of 65 gpm. The s e l e c t e d  c a p a c i t y  a l lows  f o r  s h o r t  term f l u c t u a t i o n s  i n  
condensate  flow. 

V-108 Condensate Drum 

The V-108 condensate  drums were designed t o  provide 4 hours c a p a c i t y  f o r  
condensate  from E-102 Surface  Condensers a t  des ign  flow of  390 gpm. The 
s e l e c t e d  c a p a c i t y  a l lows  f o r  s h o r t  term f l u c t u a t i o n s  i n  condensate  flow. 

H-101 Recvcle 'Gas Heater 

H-101 is designed t o  h e a t  recyc led  g a s  from t h e  Raw O i l  Recovery u n i t  t o  
a tempera ture  of 800°F p r i o r  t o  i n j e c t i o n  i n t o  t h e  r e t o r t .  This 
tempera ture  was s e l e c t e d  t o  minimize coo l ing  of s h a l e  i n  t h e  r e t o r t  nea r  
t h e  r e c y c l e  g a s  e n t r y  p o i n t ,  while  avoid ing  coking i n  t h e  f i r e d  h e a t e r  
t ubes  due t o  overhea t ing  of  o l e f i n i c  l i g h t  hydrocarbons and o i l  vapors  
i n  t h e  gas .  

H-102 CO I n c i n e r a t o r  and B-101 Waste Heat Bo i l e r  

The primary purpose of t h e  i n c i n e r a t o r  is t o  reduce t h e  carbon monoxide 
con ten t  of  t h e  combustor f l u e  gas  t o  a l e v e l  of about  70 ppmv. This i s  
accomplished by h e a t i n g  t h e  f l u e  gas  t o  a temperature  of 1 7 0 0 9 ,  u s ing  
n a t u r a l  gas  as . fue l .  A secondary purpose of t h e  i n c i n e r a t o r  i s  t o  
recover  r e s i d u a l  energy from raw s h a l e  f i n e s  e n t r a i n e d  i n  conveying a i r ,  
a s  w e l l  as r e t o r t e d  s h a l e  f i n e s  c o l l e c t e d  i n  t h e  r e t o r t e d  s h a l e  
se par  a t  0 r . 

3 
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4.1 R e t o r t i n g  - Unit  100 (Cont 'd) 
/-- 

The i n c i n e r a t i o n  temperature  was s e l e c t e d  on t h e  b a s i s  t h a t  carbon 
monoxide i s  a r e l a t i v e l y  slow burning compound and a tempera ture  of 
about  1700°F i s  r e q u i r e d  t o  a c h i e v e  low levels of carbon monoxide a t  
p r a c t i c a l  g a s  r e s i d e n c e  times of about  one second. 

The l a r g e  amount of  g a s e s  genera ted  by t h e  Spent Shale  Combustor c o n t a i n  
approximately 1% carbon monoxide and 400 l b  NO p e r  hour  p e r  t r a i n .  
The I n c i n e r a t o r  reduces  t h e  CO t o  less t h a n  1 0 8  PPM, and t h e  NOX t o  
less t h a n  100 l b / h r  p e r  t r a i n .  Simultaneously,  t h e  I n c i n e r a t o r  combusts 
t h e  f r e s h  o i l  s h a l e  f i n e s ,  which bypass  t h e  R e t o r t ,  and c h a r  from t h e  
R e t o r t  f l y a s h  ( s p e n t  f i n e s ) .  S e n s i b l e  and chemical h e a t  from t h e  
feeds tock  are recovered i n  t h e  Waste Heat B o i l e r .  

Staged combustion a p p l i e d  t o  f luidized-bed i n c i n e r a t i o n  h a s  been found 
t o  reduce t h e  Nq( emission (9) (10).  The p o s s i b l e  r e a c t i o n  which 
suppresses  t h e  emission of NOX i s  t h e  reduct ion  of NOX by 
carbonaceous materials. I n  t h e  p r e s e n t  case, most of  t h e  NOX e n t e r s  
w i t h  t h e  h o t  Spent S h a l e  Combustor g a s e s ,  used t o  f l u i d i z e  t h e  
I n c i n e r a t o r  bed. By s t a g i n g  t h e  a i r  supply  t o  t h e  I n c i n e r a t o r ,  i t  i s  
expected t h a t  t h e  r e q u i r e d  NOX r e d u c t i o n  can  be achieved by t h e  
carbonaceous materials brought i n  by t h e  o i l  s h a l e  f i n e s .  

R e t e n t i o n  of f i n e s ,  f o r  maximum u t i l i z a t i o n  i n  t h e  system, i s  achieved 
by t h e  use  of h i g h  e f f i c i e n c y  h o t  cyc lones  and a system t o  r e - i n j e c t  t h e  
cyc lone-col lec t  t o  t h e  I n c i n e r a t o r  bed. The c i r c u l a t i n g  f l u i d i z e d  bed 
technology h a s  t h e  p r o c e s s  advantage of e q u a l i z i n g  t h e  tempera tures  
throughout t h e  I n c i n e r a t o r .  

H-l03A/B S t a r t u p  Air Heater 

The s t a r t u p  a i r  h e a t e r s  were designed t o  h e a t  a i r  f o r  t h e  R e t o r t e d  Shale  
Combustor V-103 d u r i n g  s t a r t u p  of  t h e  r e t o r t  modules. The d e s i g n  o u t l e t  
t empera ture  of t h e  h e a t e r s  is  t h e  same as t h a t  of t h e  Air 
P r e h e a t e r / S h a l e  Cooler V-105. 

F-101 Baghouse 

The purpose of t h e  Baghouse is  t o  f i l t e r  s h a l e  f i n e s  from t h e  
i n c i n e r a t o r  f l u e  g a s  p r i o r  t o  release t o  t h e  atmosphere. The baghouse 
method of f i l t e r i n g  w a s  s e l e c t e d  i n  p r e f e r e n c e  t o  w e t  sc rubbing  t o  avoid  
t h e  n e c e s s i t y  of d i s p o s i n g  of aqueous s l u r r y  and r e h e a t i n g  t h e  f l u e  g a s  
p r i o r  t o  e n t e r i n g  t h e  s t a c k .  The baghouse w a s  s e l e c t e d  i n  p r e f e r e n c e  t o  
a n  e l e c t r o s t a t i c  p r e c i p i t a t o r  because of  t h e  poor r e s i s t i v i t y  of s h a l e  
s o l i d s .  
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4.1 R e t o r t i n g  - Unit 100 (Cont 'd)  
lr3 

0 Process  Desc r ip t ion  

Process  f low diagrams f o r  t h e  r e t o r t i n g  u n i t  are shown i n  F igu res  4 .1  
and 4.2. The fo l lowing  d e s c r i p t i o n  relates t o  t h e  f low i n  each of t h e  
s i x  r e t o r t i n g  modules. 

Raw s h a l e  i s  r ece ived  v i a  t h e  Crushing P l a n t  conveyor a t  t h e  Raw Sha le  
Bin,  V-101. This b i n  provides  e i g h t  hour s t o r a g e  f o r  t h e  r e t o r t i n g  
u n i t .  Raw s h a l e  i s  pneumatical ly  conveyed wi th  air t o  t h e  R a w  Sha le  
Feed Accumulator, V-102, where s h a l e  i s  sepa ra t ed  from a i r  i n  one s t a g e  
of  cyclones.  Air from t h e  accumulator,  con ta in ing  a small amount of 
s h a l e  f i n e s ,  f lows t o  t h e  I n c i n e r a t o r ,  H-102. 

Raw s h a l e  is s t r i p p e d  w i t h  i n e r t  g a s  and f e d  a t  t h e  des ign  r a t e  of one 
m i l l i o n  pounds p e r  hour through f o u r  s t andp ipes ,  each d i r e c t e d  t o  one 
quadrant  i n  t h e  t o p  of R e t o r t ,  R-101. Heat r equ i r ed  f o r  r e t o r t i n g  a t  a 
tempera ture  of 930°F i s  provided by combusted s h a l e  a t  a tempera ture  
of 1240°F, which e n t e r s  t h e  top  of t h e  r e t o r t  from t h e  Combusted Shale  
Sepa ra to r ,  V-104, through f o u r  s t andp ipes ,  each  l o c a t e d  a d j a c e n t  t o  a 
r a w  s h a l e  i n l e t .  The s o l i d s  f low downward i n  a f l u i d i z e d  s t a t e ,  f i r s t  
through a mixing zone and then  through a s t aged  r e t o r t i n g  zone i n  which 
raw s h a l e  i s  r e t o r t e d  t o  produce o i l  and gas  vapors  and r e t o r t e d  s h a l e .  
The base of  t h e  r e t o r t  is  f l u i d i z e d  by r e c y c l e  gas  preheated i n  Heater ,  
H-101. Heavy o i l  con ta in ing  s h a l e  f i n e s ,  recovered i n  t h e  Raw O i l  
Recovery u n i t ,  is in t roduced  i n t o  t h e  middle s e c t i o n  of t h e  r e t o r t .  

O i l  and gas  products  f low through one s t a g e  of cyc lones  l o c a t e d  i n s i d e  
t h e  upper s e c t i o n  of t h e  r e t o r t .  The vapors ,  t oge the r  w i th  e n t r a i n e d  
s h a l e  f i n e s ,  t hen  f low t o  t h e  Retor ted  Shale  Sepa ra to r ,  V-106, 
con ta in ing  a second s t a g e  of cyclones.  Overhead vapors  from t h e  
s e p a r a t o r ,  con ta in ing  f i n e  s o l i d s  n o t  s epa ra t ed  by cyc lones ,  f low t o  Raw 
O i l  Recovery, Unit 200. Retor ted  s h a l e  c o l l e c t e d  by t h e  cyclones i s  
s t r i p p e d  and t h e n  s e n t  t o  t h e  I n c i n e r a t o r ,  H-102. 

P res su re  a t  t h e  o u t l e t  of t h e  Re to r t ed  Shale  Sepa ra to r ,  V-106 i s  
maintained a t  15.5 p s i a .  This  p r e s s u r e  i s  s u f f i c i e n t  t o  overcome 
p res su re  drop i n  t h e  Raw O i l  Recovery Unit  up t o  t h e  i n l e t  of t h e  raw 
gas  compressor. . 

Reto r t ed  and combusted s h a l e  f low from t h e  base of t h e  r e t o r t  t o  t h e  
Retor ted  Shale  Combustor, V-103. The s o l i d s  a re  mixed wi th  prehea ted  
a i r  i n  t h e  engager s e c t i o n  of t h e  combustor and then  conveyed v e r t i c a l l y  
through t h e  l i f t  p ipe  s e c t i o n .  Combustion of cha r  conta ined  i n  r e t o r t e d  
s h a l e  occurs  i n  t h e  engager and l i f t  p i p e  s e c t i o n s  and is completed i n  
t h e  s e p a r a t o r  s e c t i o n .  Supplemental  f u e l  gas  is  in t roduced ,  as  
r equ i r ed ,  i n t o  t h e  Combustor t o  complete combustion of c h a r  and h e a t i n g  
of s h a l e  t o  a temperature  of  124O0F. S o l i d s  are sepa ra t ed  from f l u e  
g a s  i n  two s t a g e s  of cyclones conta ined  i n  t h e  s e p a r a t o r  s e c t i o n  of t h e  
combustor. 
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4.1 R e t o r t i n g  - Unit  100 ( c o n t ' d )  

Hot combusted s h a l e  i s  r e t u r n e d  a t  a c o n t r o l l e d  ra te  of t h r e e  times t h e  
raw s h a l e  feed  ra te  t o  t h e  r e t o r t .  The remainder. of t h e  combusted s h a l e  
f lows  t o  t h e  A i r  P r e h e a t e r / S h a l e  Cooler ,  V-105. F lue  g a s  from t h e  
s e p a r a t o r ,  c o n t a i n i n g  combusted s h a l e  f i n e s  n o t  s e p a r a t e d  by cyc lones ,  
f lows t o  t h e  I n c i n e r a t o r ,  H-102. 

A i r  f o r  t h e  combustor i s  compressed i n  Blower C-101 and e n t e r s  t h e  base 
of t h e  A i r  Prehea ter /Shale  Cooler where it f lows upward, f l u i d i z i n g  t h e  
s h a l e  e n t e r i n g  t h e  t o p  of t h e  v e s s e l .  Three s t a g e s  are provided i n  
o r d e r  t o  approximate c o u n t e r c u r r e n t  f low of s o l i d s  and a i r  i n  o r d e r  t o  
maximize t h e  tempera ture  t o  which a i r  can be preheated.  Heat a v a i l a b l e  
i n  t h e  n e t  combusted s h a l e  product ,  no t  used f o r  a i r  p r e h e a t i n g ,  i s  
recovered by h e a t i n g  b o i l e r  f e e d  water i n s i d e  t u b e s  l o c a t e d  i n  t h e  
f l u i d i z e d  beds. Prehea ted  a i r  a t  a temperature  of lOOOOF f lows from 
t h e  t o p  of t h e  A i r  P r e h e a t e r / S h a l e  Cooler  t o  t h e  engager s e c t i o n  of t h e  
Combustor. Cooled s h a l e  f lows via  covered conveyor t o  Spent Shale  
Mois tur iz ing  P l a n t ,  Unit  900. 

I n c i n e r a t o r  H-102 i s  provided t o  burn carbon monoxide conta ined  i n  t h e  
f l u e  g a s  from t h e  Combustor t o  a level  of about  70 ppmv f o r  release t o  
the  atmosphere and t o  recover h e a t  from r a w  and r e t o r t e d  s h a l e  f i n e s .  
Hot f l u e  g a s  from t h e  I n c i n e r a t o r  i s  cooled in t h e  Waste Heater B o i l e r ,  
B-101, where h i g h  p r e s s u r e  superhea ted  steam i s  genera ted .  -Ammonia may 
be added a t  an  a p p r o p r i a t e  l o c a t i o n  i n  t h e  f l u e  g a s  f low pa th  t o  reduce 
t h e  NO, l e v e l  t o  an  o u t l e t  c o n c e n t r a t i o n  of about  100 ppmv. F lue  g a s  
p a s s e s  through t h e  Baghouse, F-101, where s h a l e  f i n e s  are  c o l l e c t e d ,  
p r i o r  t o  release t o  t h e  s t a c k .  

Common f a c i l i t i e s  provided f o r  t h e  s i x  r e t o r t i n g  modules i n c l u d e  steam 
t u r b i n e  d r i v e n  a i r  compressors and s t a r t - u p  a i r  h e a t e r s  as shown i n  
F igure  4.1. Three 35 p e r c e n t  compressors are provided,  each equipped 
w i t h  i n t e r c o o l e r  and a f t e r c o o l e r .  Two a i r  h e a t e r s  are provided,  each 
capable  of h e a t i n g  t h e  a i r  r e q u i r e d  f o r  r e t o r t e d  s h a l e  combustion i n  one 
module t o  1000°F d u r i n g  s t a r t u p  of t h e  r e t o r t i n g  p l a n t .  
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0 U t i l i t y  Summary 

The normal o p e r a t i n g  requi rements  f o r  one t r a i n  of o i l  shale r e t o r t i n g  
are summarized below. The t o t a l  p l a n t  c o n t a i n s  s i x  i d e n t i c a l  o p e r a t i n g  
t r a i n s .  

d 

U t i l i t y  

B o i l e r  Feed Water, l b / h r  

Steam, l b / h r  
High P r e s s u r e  @ 600 psig/680°F 
Low P r e s s u r e  @ 50 p s i g / s a t ' d  

Normal Demand* 

306,700 

(297,500) 
6 , 178 

BFW Blowdown, l b / h r  (9 ,200)  

Steam Condensate,  GPM (259) 

Cooling Water (AT 30°F) GPM 7 , 950 

Electric Power, KW 467 

I n e r t  Gas, SCFH 37,200 

Fuel  Gas, MMBTU/Hr (LHV) 221 

*Paren thes i s  deno tes  product ion  r a t h e r  than  consumption. 

0 Heat and Material Balance 

A summary of t h e  hour ly  mass f lows  f o r  a l l  p rocess  streams i n  t h e  
r e t o r t i n g  u n i t ,  keyed t o  the p rocess  f low diagram by stream numbers, i s  
g iven  i n  Table  4.4. This  material ba lance  t a b l e  r e p r e s e n t s  one of six 
opera t ing  t r a i n s  f o r  o i l  shale r e t o r t i n g .  The a b s o l u t e  en tha lpy  of each 
process  stream, expressed  i n  m i l l i o n  BTU p e r  hour ,  i s  a l s o  g iven  i n  t h i s  
t a b l e .  

0 Process  Equipment Summary 

Major process  equipment r e q u i r e d  pe r  t r a i n  of o i l  s h a l e  r e t o r t i n g ,  as  
w e l l  as €or t h e  t o t a l  p l a n t ,  are l i s t e d  i n  Table  4.5. The cor responding  
equipment s p e c i f i c a t i o n s  are provided i n  t h i s  t a b l e .  

Pre l iminary  arrangement drawings,  showing t h e  e l e v a t i o n  r e q u i r e d  f o r  t h e  
major r e t o r t i n g  v e s s e l s ,  are inc luded  i n  S e c t i o n  6.0. Ske tches  of t h e  
major process  v e s s e l s  are inc luded  i n  Appendix - A of t h i s  r e p o r t .  
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STREAM NO. 
DESCRIPTION 

Temperature, O F  

Pressure, psia 
State 

Moisture 
Carbonate C02 
Char 
Ash 
Organics 

N2 
02 
H2 

co2 
H20 
H2S 
so2 
NH3 
NO2 
CH4 

co 

C2H4 
C2H6 
C3H6 
C3H8 
C4H8 
C4H10 
c5+ 

Total, lb/hr 

TABLE 4.4 
HEAT AND MATERIAL BALANCE - UNIT 100 

1 2 
RAW SHALE PROCESS AIR 

77 77 
10.5 10.5 
Solid Gas 

28,445 
183 , 905 

632,354 
165 , 296 

416,485 
125 , 390 

1,010,000 541,875 

Enthalpy, MMBTU/HR 2,533.2 0 

3 
STRIPPING GAS 

100 
14.4 
Gas 

2 , 900 

4 
RECYCLE OIL 

400 
19 

Slurry 

4,282 
7 44 

14,974 

8.571 

2,900 

0.1 

28,571 

158.3 
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STREAM NO. 
DESCRIPTION 

Temperature, O F  

P r e s s u r e ,  p s i a  
State 

Mo i s t u r e  
Carbonate C02 
Char 
Ash 
Organics 

N2 
02 
H2 

co2 
H20 
H2S 
so2 
N H 3  
NO2 
CH4 

co 

C2H4 
C2H6 

3H6 
C3H8 
C4H8 
C4H10 
c5+ 

T o t a l ,  l b / h r  

Enthalpy, MMBTU/HR 

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

5 6 7 8 
RECYCLE GAS PROCESS STEAM TRANSPORT A I R  VENT A I R  

120 280 100 81 
52 31.6 20.8 13.9 

Gas Gas Gas Gas 

294 

928 
1 ,551  
8,063 6,100 

660 
313 

3,726 
928 

2,592 
1,535 
2,182 
2,216 

839 
8,429 

282 
1 ,821  

6,261 
1,636 

38,814 41,352 
11,686 11,686 

50,500 63,038 34,256 6,100 

501.3 0.6 0.3 25 .1  
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STREAM NO. 
DESCRIPTION 

Tempera ture ,  O F  

P r e s s u r e ,  psia 
S t a t e  

Moisture 
Carbonate C02 
Char 
Ash 
Organics 

Total, l b /h r  

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

10 11 12 9 
SHALE FEED FLUIDIZATION STZIPPING STEAM STRIPPING 

STEAM GAS 

800 280 280 
31.6 

Solid Gas Gas Gas 

81 
17 31.6 31.6 

28 , 163 
182,084 

626,093 
163,660 

36 3 294 

928 
1 ,551  
8,063 

660 
313 

3,726 
928 

2,592 
1 , 535 
2 , 182 
2,216 

839 
8,429 

1,000,363 34 , 256 

Enthalpy, MMBTUIHR 2,508.9 515.6 

3,700 

3 , 700 

0 . 3  

500 

500 

0.1 
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STREAM NO. 
DESCRIPTION 

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

13 14  
STRIPPING STRIPPING 

STEAM STEAM 

Temperature,  O F  280 280 
P res su re ,  p s i a  31.6 31.6 
S t a t e  Gas Gas 

Moisture  
Carbonate  C02 
Char 
Ash 
Organics  

N2 
02 
H2 

co2 
H20 
H2S 
so2 

NO2 
CH4 

co 

NH3 

C2H4 
C2H6 
C3H6 
C3H8 
C4H8 
C4H10 
c5+ 

200 1,400 

T o t a l ,  l b / h r  200 1,400 

Enthalpy,  MMBTU/HR 0 .1  0.1 

15 1 6  
RECYCLE COMBUSTED RETORT 

SHALE OVERHEAD 

1241 
35 

S o l i d  

930 
16.6 
Gas 

552,747 21,557 

2,441,191 75 , 381 
6,062 3,744 

657 

1,419 
2,369 

16,170 
36,324 

477 

5,690 
1,419 
3,902 
2,353 
3 , 163 
3 , 362 
1,166 

132 , 380 

3,000,000 311 , 533 

396.3 3051.0 
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STREAM NO. 
DESCRIPTION 

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

17 18 19 20 
SPENT SHALE COMBUSTION AIR COMPRESSED AIR PREHEATER A I R  

Tempera tu re ,  O F  930 80 
P r e s s u r e ,  p s i a  39 30 
S t a t e  S o l i d  Gas 

M o i s t u r e  
Carbona te  C02 714,553 
Char 34 , 157 
Organ ics  
Ash 3,oo6,a76 

N 2  
02 
H2 

co2 
H20 
H2 s 
so2 
NH3 
NO2 
CH4 

co 

C2H4 
CZH6 
C3H6 
C3H8 
c4H8 
C4H10 
c5+ 

280,203 
84,360 

14 0 
48 

Gas 

280 , 203 
84,360 

140 
43.5 
Gas 

274,599 
82,673 

c 

T o t a l ,  l b / h r  3,755,557 364,563 364,563 357,272 

E n t h a l p y ,  MMBTU/HR 519.0 0.3 5.6 5.4 
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STREAM NO. 
DESCRIPTION 

Tempera ture ,  O F  

P r e s s u r e ,  p s i a  
State 

M o i s t u r e  
Carbona te  C02 
Char 
Ash 
Organ ics  

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

22 23 24 

AIR OVERHEAD BOTTOMS 

2 1  
PREHEATER COMBUSTOR COMBUSTOR COMBUST OR 
OVERHEAD 

1000 140 1241 1241 

Gas Gas Gas S o l i d  
21 2 1  13.7 35 

274,599 5,476 
82,673 1,649 

co2 
H20 
H2S 
,302 
NH3 
NO2 
CH4 
C2H4 
C2*6 
C3H6 
C3H8 
C 3 H 8  
C4H10 
c5+ 

T o t a l ,  l b / h r  357,272 7,125 

553 127,533 
6 1,399 

2,441 564,349 

281,156 
4,015 

4,420 
119,219 

18,365 

123 

394 

430,692 693,281 

83.1 0 .1  153.2 91.8 E n t h a l p y ,  MMBTU/HR 
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STREAM NO. 
DESCRIPTION 

Tempera ture ,  O F  

P r e s s u r e ,  p s i a  
S t a t e  

Mois tu re  
Carbona te  C02 
Char 
Ash 
Organ ics  

N2 
02 
H2 

co2 
H20 
H2S 
so2 
NH3 
NO2 
CH4 

co 

C2H4 
C2H6 
C3H6 
C3H8 
C4H8 
C4H10 
c5+ 

T o t a l ,  l b / h r  

E n t h a l p y ,  MMBTU/HR 

TABLE 4 . 4  - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

25 26 27 28 
NET COMBUSTED STRIPPING STEAM STRIPPING STEAM SECOND 

SHALE 

350 
1.1 

Solid 

127,533 
1,399 

564 , 349 

128 
38 

693,561 

- 77.9 

280 
31.6 
Gas 

267 

OVERHEAD SEPARATOR 

280 9 30 
31.6 15.5 
Gas Gas 

33 

4 , 354 
756 

15,223 

657 

1,419 
2,370 
16 , 170 
36,590 

477 

5,690 
1,419 
3 , 902 
2,353 
3 , 163 
3,362 
1 , 166 

132 , 380 

267 33 231,451 

0.1 0 2993.9 

c 

c 
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STREAM NO. 
DE SCRIPT1 ON 

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

31 32 29 30 
SECOND SEPARATOR INCINERATOR INCINERATOR INCINERATOR 

BOTTOMS FUEL AIR FLUE GAS 

Temperature, O F  

Pressure, psia 
State 

Moisture 
Carbonate C02 
Char 
Ash 
Organics 

Total, lb/hr 

Enthalpy, MMBTU/HR 

930 
25 

Solid 

17,204 
2,988 
60,157 

80 
13 
Gas 

80 
10.5 
Gas 

97,467 
29,344 

180 0 
10.5 
Gas 

3,458 

69,013 

420,593 
5,973 

44 
172,765 
35,183 

140 

97 
5,800 

5,800 126,811 707,266 80,349 

43.2 124.8 
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STREAM NO. 
DESCRIPTION 

Temperature,  OF 
Pres su re ,  p s i a  
S t a t e  

Moisture  
Carbonate CO2 
Char 
Ash 
Organics  

N2 
02 
H2 

co2 
H 2 0  
H2S 
so2 
NH3 
NO2 
CH4 

co 

C2H4 
C2H6 
C3H6 
C3H8 
C4H8 
C4H10 
c5+ 

T o t a l ,  l b / h r  

TABLE 4.4 - CONTINUED 
HEAT AND MATERIAL BALANCE - UNIT 100 

33 34 35 
STACK GAS BAGHOUSE FINES COMBUSTOR FUEL 

350 350 80 
10.6 10.5 23 
Gas S o l i d  Gas 

3 3,455 

69 68,994 

420 , 210 
5,973 

44 
172,653 
35 , 107 

140 

97 

29 

112 

2,233 

634,293 72,590 2,233 

Enthalpy,  MMBTU/HR 43.9 4.3 48.1 
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TABLE 4.5 (Cont’d) 
FORM NO 135904 

3 5000. FC2 Surface  are^ E-102 C-102 Turbine Exhaust Surface Conden. 

P-lOlA/B Condensate Pump 12 100. GPM, 10. HP Each Pump. 2 
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4 . 2  Raw O i l  Recovery - Unit 200 

0 Basis of Design 

The r a w  o i l  recovery  u n i t  c o n s i s t  of s i x  p a r a l l e l  p rocess ing  t r a i n s .  
Each t r a i n  is  designed t o  p rocess  t h e  r a w  product  g a s  from a ded ica t ed  
12,000 TPD r e t o r t i n g  module i n  Unit 100. P r a c t i c a l  c o n s i d e r a t i o n s  i n  
manifolding and va lv ing  m u l t i p l e  r e t o r t  modules t o  a s i n g l e  t r a i n  of r a w  
o i l  recovery  l e d  t o  the s i n g l e  t r a i n  des ign  approach i n  i n t e g r a t i n g  t h i s  
u n i t  w i th  t h e  r e t o r t i n g  ope ra t ion .  I n  a d d i t i o n ,  t h i s  one-on-one 
c o n f i g u r a t i o n  o f f e r s  advantages  from a n  o p e r a t i o n a l  v iewpoin t ,  i n  terms 
of t u r n  down c a p a b i l i t y  and emergency shutdown of one o r  more r e t o r t i n g  
modules. I n  a d d i t i o n  t o  t h e  r e t o r t i n g  r a w  gas ,  t h e  raw o i l  recovery  
u n i t  is  designed t o  p rocess  a r i c h  sponge o i l  stream d e l i v e r e d  from Gas 
T r e a t i n g ,  Unit 300. 

R e t o r t  product  g a s  enters t h e  r a w  o i l  recovery  u n i t  a t  a t empera tu re  of 
930°F and a p r e s s u r e  o f  5 ps ig .  Componential breakdown of t h e  r e t o r t  
product  g a s  i s  a s  fo l lows:  

Component 

H 2  

co2 
H20 
H2S 
NH3 
C 1  
c2= 
c 2  
c3= 
c 3  
C4' 

c4 
N 2  
c5+ 

co 

S o l i d s  

Flow. Lb/Hr 

1 ,419  
2,369 

16 ,170  
36,590 

477 

5 ,690  
1 , 4 1 9  
3 ,902  
2 ,353  
3 ,164  
3,362 
1 ,166  

657 
132,380 

20 , 333 

- 

T o t a l  231 , 451 
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4.2 Raw O i l  Recovery - Unit  200 (Cont 'd) 

The f r a c t i o n a t i n g  tower des ign  i n c l u d e s  a quench s e c t i o n  f o r  r a p i d  h e a t  
removal t o  c o o l  the vapor  and h e l p  p reven t  c racking .  Heat removal i s  
d i s t r i b u t e d  between t h e  overhead condenser ,  bottom pumparound c o o l e r  and 
mid-pumparound c o o l e r  i n  o r d e r  t o  o b t a i n  heavy o i l ,  naphtha,  and sponge 
o i l  c u t s .  L i m i t a t i o n s  on t h e  q u a n t i t y  of h e a t  removed i n  a p a r t i c u l a r  
s e c t i o n  i s  d i c t a t e d  by t r a y  load ing .  

The quench s e c t i o n  of t h e  tower c o n t a i n s  shed t r a y s  which f a c i l i t a t e  t h e  
bottom pumparound r e f l u x  i n  washing out  any e n t r a i n e d  s o l i d s .  The 
f r a c t i o n a t i o n  s e c t i o n  c o n t a i n s  s i e v e  t r a y s  which have less tendency t o  
f o u l  i n  a d i s t i l l a t i o n  system wi th  p o t e n t i a l  s o l i d s  en t ra inment .  

F r a c t i o n a t i o n  of t h e  C5+ material r e s u l t s  i n  heavy o i l ,  heavy naphtha 
and sponge o i l  p roducts  which e x h i b i t  t h e  fo l lowing  c h a r a c t e r i s t i c s :  

Heavy Heavy Sponge 
Naphtha O i l  O i l  - 

Molecular W t .  119.9 380 235 

Dens i ty  ("MI) 40.8 15.5 25  .O 

TBP Range ( O F )  202-495 650+ 495-650 

Watson K 11.3 11.5 11.3 

Product ion  Rate, BPOD 1,865 4 , 852 3,144 

Par t  of t h e  sponge o i l  is  s e n t  t o  Gas T r e a t i n g ,  Unit  300, and r ecyc led  
back as r i c h  sponge o i l .  The heavy o i l ,  heavy naphtha ,  and remaining 
sponge o i l  a r e  combined t o  produce a raw o i l  product  a t  t h e  rate oE 
8,666 BPOD p e r  t r a i n ,  e q u i v a l e n t  t o  an o v e r a l l  p l a n t  r a t e  of 51,996 
BPOD. C h a r a c t e r i s t i c s  of t h e  blended raw o i l  product  are g iven  i n  Table  
4.6. 

Rich sponge o i l  i s  d e l i v e r e d  from Gas T r e a t i n g ,  Uni t  300, a t  a r a t e  of 
23,213 Lbs/Hr and has  t h e  fo l lowing  composition: 

Component 

H 2  
co 
co2 
H2S 
C 1  
c2 
c3 
C4' 
c4 
Heavy Naphtha 
Sponge O i l  
T o t a l  

Mole % 

1.1 
0.3 
3.3 
0 .1  
1 .3  
2.7 
4.5 
1 .2  
4.4 

25.9 
55.2 

100.0 
- 
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TABLE 4.6 

Gravi ty ,  OAPI 

INSPECTIONS O N  WHOLE R A W  SHALE OIL PRODUCT 

V i s c o s i t y  @ 10O0F, SUS 
@ Z l O O F ,  SUS 

Pour P o i n t  (Freez ing) ,  OF 
IBP, OF 
BS and Water, Vol.% 
Ash, W t  .% 
S a l t ,  LB/100 BBL 
Rams Carbon Residue, Et.% 
Con. Carbon, W t . %  
Gross Heating Value, Btu/Lb 
Bromine No. 
Maleic Anhydride No. 

Hydrocarbons Types, Vol.% 

P a r a f f i n s  
O l e f i n s  
Naphthenes 
Aromatics 

Elemental  Analys is ,  Wt .% 

Carbon 
Hy d rog en 
Oxygen 
Nitrogen 
T o t a l  S u l f u r  
Mercaptan Sul fur  
Arsenic  
I r o n  

TBP D i s t i l l a t i o n *  

Vol.% 

10 
30 
50 
70  
90 
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22.7 

70 
34 

80 
20 2 

1.0 
0.32 

250.0 
2 .4  
3 .2  

19,150 
51 
43.9 

39 0 
595 
72 2 
820 
94 0 

28 .7  
2 . 3  

28.5 
40.5 

83 .8  
11.4 

1.84 
2.24  
0 . 7 2  

111 PPMW 
29.5 PPMW 
6 8 . 2  PPMV 



4.2 Raw O i l  Recovery - Unit  200 (Cont 'd)  

Make gas produced i n  t h e  Raw O i l  Recovery Unit  h a s  t h e  fo l lowing  
composition: 

Component Mole X 

H2 

co2 
H20 
H2S 
NH3 
c1 
c2- 
c2 
c3= 
c3 
c4= 
c4 
N 2  
c5+ 

co 

T o t a l  

29.04 
3.50 

15.00 
14.72 

0.58 

14.68 
2.08 
5.49 
2.29 
3.20 
2.53 

0.96 
4 .86  

100.00 

- 

1.07 

0 Process  D e s c r i p t i o n  

The process  f low diagram f o r  t h e  r a w  o i l  recovery u n i t  i s  shown i n  
F i g u r e  4.3. R e t o r t  product  g a s  from R e t o r t i n g  - Unit  100 e n t e r s  t h e  
bottom quench s e c t i o n  of t h e  F r a c t i o n a t o r ,  T-201. Condensed heavy o i l  
is  t h e n  c e n t r i f u g e d ,  i n  PG-201, t o  reduce  t h e  s o l i d s  c o n t e n t  i n  c e n t r a t e  
o i l  t o  a maximum 0.5 w t %  . The heavy o i l / s o l i d s  s l u r r y  i s  recyc led  t o  
R e t o r t i n g ,  Unit  100. Heavy o i l  c e n t r a t e  i s  cooled i n  t h e  Bottom 
Pumparound Cooler ,  E-205, by exchanging h e a t  w i t h  b o i l e r  feedwater  t o  
produce medium p r e s s u r e  steam. Cooled heavy o i l  i s  then  recyc led  above 
t h e  shed t r a y  s e c t i o n  of  t h e  f r a c t i o n a t o r .  Reflux i n  t h e  shed s e c t i o n  
a d d i t i o n a l l y  s e r v e s  t o  wash e n t r a i n e d  s h a l e  p a r t i c l e s  from t h e  vapor.  

Quenched vapor f lows through t h e  f r a c t i o n a t i n g  t r a y s  as condensed heavy 
o i l  e n t e r s  t h e  bottom punparound system t o  be drawn o f f  as a product .  
The heavy o i l  product  i s  t h e n  cooled i n  t h e  Bottoms Cooler ,  E-206, by 
t h e  exchange of h e a t  w i t h  b o i l e r  feedwater .  Preheated b o i l e r  feedwater  
i s  used i n  t h e  Bottom Pumparound Cooler,  E-205, f o r  medium p r e s s u r e  
steam product ion.  

Heavy o i l  i s  blended w i t h  t h e  naphtha and sponge o i l  p roducts  and t h e  
skimmed o i l  from Unit  300. The blended raw o i l  i s  f u r t h e r  cooled i n  t h e  
Bottoms A f t e r c o o l e r ,  E-207, and s e n t  t o  i n t e r m e d i a t e  s t o r a g e .  

e 
-50- 



' '\ 
4.2 Raw O i l  Recovery - Unit  200 (Cont 'd)  

Sponge o i l  i s  drawn o f f  t h e  F r a c t i o n a t o r ,  T-201, as mid-pumparound and 
product  streams. The h o t  o i l  i s  cooled i n  t h e  Mid-Pumparound Cooler,  
E-202, v i a  t h e  exchange of  h e a t  wi th  prehea ted  b o i l e r  feedwater  from t h e  
Sponge O i l  Cooler,  E-203, t o  produce low p r e s s u r e  steam. A p o r t i o n  of 
t h e  sponge o i l  pumparound is  r e t u r n e d  t o  a wash t r a y ,  l o c a t e d  above t h e  
f l a s h  zone, and t h e  remainder i s  r e t u r n e d  above t h e  draw t r a y  a s  
mid-c i rcu la t ing  r e f l u x .  The n e t  sponge o i l  draw-off exchanges h e a t  wi th  
c o l d  b o i l e r  feedwater  i n  t h e  Sponge O i l  Cooler,  E-203. A p o r t i o n  of t h e  
sponge o i l  i s  t h e n  cooled in t h e  Sponge O i l  A f t e r c o o l e r ,  E-204, and i s  
s e n t  t o  Gas T r e a t i n g ,  Unit 300, while  t h e  remainder i s  blended i n t o  t h e  
raw o i l  product .  Rich sponge o i l  from Gas Trea t ing  i s  r e t u r n e d  above 
t h e  aid-pumparound s e c t i o n  of t h e  F r a c t i o n a t o r ,  T-201, where absorbed 
l i g h t  naphtha and gases  are f l a s h e d  i n t o  t h e  overhead system. 

Overhead vapor l e a v i n g  t h e  F r a c t i o n a t o r ,  T-201, i s  p a r t i a l l y  condensed 
i n  t h e  Overhead Condenser, E-201. The mixed phase is  s e p a r a t e d  i n  t h e  
F r a c t i o n a t o r  Overhead D r u m ,  D-201, and t h e  vapor product  i s  s e n t  t o  Gas 
T r e a t i n g  - Unit 300. Sour water i s  drawn-off t h e  drum and a p o r t i o n  i s  
recyc led  through t h e  Overhead Condenser, E-201, as a c o r r o s i o n  r e t a r d i n g  
wash. The n e t  sour water stream from t h e  overhead s e p a r a t o r  drum i s  
s e n t  t o  Sour Water T r e a t i n g ,  Unit 700. 

A p o r t i o n  of t h e  naphtha from t h e  drum i s  r e f l u x e d  back t o  t h e  
F r a c t i o n a t o r ,  T-201, and t h e  remainder i s  blended wi th  cooled heavy o i l  
and sponge o i l  p roducts  t o  be s e n t  t o  i n t e r m e d i a t e  s t o r a g e .  
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4.2 Raw O i l  Recovery - Unit  200 (Cont 'd) 

U t i l i t i e s  Summary 

The normal o p e r a t i n g  u t i l i t i e s  requirement f o r  one t r a i n  of raw o i l  
recovery are summarized below. The o v e r a l l  p rocess ing  p l a n t  c o n t a i n s  
s i x  i d e n t i c a l  t r a i n s .  

U t i l i t y  Ba t t e ry  L i m i t s  Normal 
Condit ions Demand * 

B o i l e r  Feed Water, l b / h r  
E-202 200 psig/215"F 
E-205 (Nominal 

Steam, l b / h r  
E-202 
E-205 
Tracing 

60 psig/303"F 
150 psig/364"F 
150 psig/364"F 

21,070 
66,100 
87,170 

( 20 , 060) 
(62,950) 

80 

Steam Condensate, l b / h r  (80)  

BFW Blowdown, l b / h r  

E-202 
E-205 

Cooling Water, GPM 80 pisg/8O0F 

Corrosion I n h i b i t o r ,  l b /day  

(1,010)  
(.3,150) 
(4,160) 

42 

55 

* Paren thes i s  denotes  product ion  r a t h e r  than  consumption 

c 
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4.2 Raw O i l  Recovery - Unit  200 (Cont 'd)  

Normal 
Electric Power kW 

E-201 
E-204 
E-207 

P-2olA 
P-201B 
P-202A 
P-202B 
P-203A 
P-203B 
P-204A 
P-204B 
P-205A 

211 
6 

13 

138 

128 

18 

10  

12  

- 
- 
- 
- 

P-205B - 

PG-20lA 
PG-201B 
PG-2OlC 
PG-201D 
PG-202 

CR-2OlA 
CR-2 0 1 B  
CR-201C 
CR-2 0 1 D  

IF-20lA 
IF-201B 
IF-201C 
I F-20 1D 

139 
139 
139 
139 - 

10 - Instruments and 
L igh t ing  

Connected 
kW 

30 4 
9 

18 

162 
162 
162 
162 

25 
25 
13 
13 
18 

18 

162 
162 
162 
162 

13 
13 
13 
13 

13 
13 
13 
13 

10 

T o t a l  1174 

0 Heat and Material Balance 

A summary of process  stream f lows  f o r  t h e  raw o i l  recovery  u n i t ,  keyed 
t o  t h e  process  f low diagram by stream numbers, i s  g iven  i n  Table  4.7. 
This  material ba lance  t a b l e  r e p r e s e n t s  one of s i x  o p e r a t i n g  t r a i n s  f o r  
r a w  o i l  recovery.  

0 Process  Equipment Summary 

Major p rocess  equipment r equ i r ed  pe r  t r a i n  of r a w  o i l  recovery  as w e l l  
as for t h e  t o t a l  p l a n t ,  are l i s t e d  in Table  4.8. The cor responding  
equipment s p e c i f i c a t i o n s  are provided i n  Table  4.9. 
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E V .  NO. : _ _  . - .. 0 21 S T R E A M  NO. & U N I T S  

Wash 
Sl HEAM DESCRII'TION IJa te r 

FLUID STATE L i qri 1.d 

1 3 0  T.EMPI:RATURE ( O F )  

___ . .~ ._.__ ......... -__- .. 

~. ___ __-__--- 
PRESSURE ( P S I G )  ? . 5  

_.-. L __ - 

--___- 
i 5 , Z m  LIOUID ( L D / I l R )  

7Pf111" Kid 
Pumna round 

B o t t o m  
~umparound 

G r o s s  
Overhead 
Vapor 

',Lqii id 

1 2 0  
- 

2 . 5  2 . 5  

3 ? ,  735 

-- 
5 4 2 .  5 0 0  

I 
L'I 
yl 
I 

7 ,315 
475.805 3 3 '  7 3 5  

-- 
5 4 2 , 5 0 0  

____--.- 

COMP01WNTS (I,R-MOI./IIR) ---.- 
H Y  DI?O_GFN . 

.. CARBON MONOXIDE 
CARBON D I O X I D E  

......__---. -.-__ 

........ - .... 
- W A ' f  I.:R, - 

IIYDROGEN S U L F I D E  

z 
c 

I 511.12 
2 2 . 0 2  

- - - - -. . -.. -. . - 
....... ..... ___ c 

~- - 
1 n 5 . 0  __.... - . 
. - ........... -. -- 

......... - 

inn.  4 I rlc,. 5 
I__--- 

_ ,  
... - . . . . . . . . .  



TABLE 4 . 7  (Cont 'd)  

Raw Oil Recovery SECTION NO. : 200 FOSTER WHEELEn USA COl7PORATlON 
- -__ nEF. OWG. : PC.NO.: 3 of 3 

"NIT : __ 
C U S r O M  C I 1  : DOC / l lETC SI IA  LI:. O f  L .PI .ANT-. 

n 
jponqe O i l  
?roAiict 

Heavy Oil 
P r d u c  t 

- L i a u i d  

225 

R5 
--___ .... .- 

R i c h  Sponqe 
O i l  From R a w  
G a s  T r e a t i n q  

. .  
.!AWPL--- 

156 

3 
- - 

Skimmed Oil 
From Unit 
3 00 

Liquid--_- 

1 2 0  

STREAM DESCRIPTION 

-~ ~ 

~ -. ..-. FLU I D  S T A T E  

'I'EMPERATURE ( O F )  

_______-_____ 

A5 P R E S S U R E  ( P S I G )  - 

L I Q U I D  (I.D/HR) 
VAPOR (LB/H_L11 
SOLIDS ( L R / H R )  

--- 
6 8 , 0 9 0  - ~ -  2 3 , 2 1 3  23,556 1 , 9 3 0  

333 
6 8 , 4 2 3  

- 
2 3 , 2 1 3  23,556 1 , 9 3 0  TOTAL (LB/&R) 

MOLECULAR WEIGHP ( S O L I D S  F R E E )  
I-_______ _- 

~ ~ _ _ _ _ _ _  
--- COMPONENTS (LB-MOL/HR) 

IIY D R E E N  
CARBON MONOXIDE 
CARDON D I O X I D E  

WATER 
IIYDROGEN S U L F I D E  

- __- 
- _____I___ ~ 

_- ------ __ 

-- 
MIJ -- 111 

2.01c  __-_ 
2 0 . 0 1  
4 4 . 0 1  
18 .016  
34.08C 

17.031 
16.04; 

- 

- -- 

- f-- --_I- 

1 . 5  
0 . 4  
4 . 5  + .-.-I_ 

t - --_ 1.8 
20.05i 
30.06.f 
42 .07E 
44 .094  

-- _.__ 

-. -- 
33.7- 1 

100. 37 --- 
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TABLE 4.9 

U N I T  200 - RAW OIL RECOVERY EQUIPMENT SPECIFICATIONS 

Towers 
Mater ia l  

Design of 
I t e m  No. Description Dia/Height Pressure I n t e r n a l s  Construction 

T-201 Fract ionator  12'-6"/71'-6" 50 Psig 15-Sieve Trays S h e l l  C.S. 
9-Shed Trays Btm-32 f t .  

410 S Clad 118" 
Sieve Trays C.S. 
Shed Trays 410 S 

Drums - 
Design Material 

Dial Height Pressure of 
Construc t i o n  Item No. Description Pos i t i on  o r  Length Psig 

0-201 Fract ionator  Vert. 10 '-0"/12 '-6" 50 C.S. 

D-202 Centrate Horiz. 7'-6"/26'-0" 50 C.S. 
Overhead Drum 

Accumulator 410 S Clad 118" 

Exchangers 

Item No. 

E-201 

E-202 

E-203 

E-204 

E-205 

E-206. 

E-207 

TEMA Area 
F t2  - Description 

Over he ad Air Cooler 20,110 
Condenser (Forced Draft  1 

Mid Pump- ShellITube 2,330 
around Cooler (BKU) 

Sponge Oil She l l /  Tube 254 
Cooler (AES 

Sponge Oil A i r  Cooler 312 
Aftercooler (Forced Draf t )  

Bottom Pump- Shell/Tube 4,705 
around Cooler ( X U )  

Bottoms Cooler Shell/Tube 1,655 
(AES 

Bottoms After- A i r  Cooler 690 
cooler (Forced Draft 

Duty 
MMBTU/HR 

49.06 

18.68 

1.74 

1.55 

57.39 

7.83 

3.48 

Mat e r i  a1 
of 

Construction 
Shell/Tube 

316 SS 

c.s ./c .s . 
c.s.1c.s. 

C.S. 

C.S./5Cr-1/2 Mo 

c.s ./c.s. 

C.S. 
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Pumps 

Item No. 

P-2olA 

P-202AfB 

P-203Al B 

P-204AfB 

P-205AfB 

/-- 

TABLE 4.9 (Cont'd) 

UNIT 200 - RAW OIL RECOVERY EQUIPMENT SPECIFICATIONS 

Descript ion 

Centrate  Pump Centr i f .  
and Spare 

Mid Pumparound Centr i f .  
Pump and Spare 

Ref lux  Pump Centr i f .  
and Spare 

Sour Water Centr i f .  
Pump and Spare 

Sponge O i l  Centr i f .  
Booster Pump 
and Spare 

Discharge Material 
Flow Pressure of 
GPM Psig Construction 

1780 146 Case and Impeller 

- 

12 C r  

189 5 143 Case-C . S . 
Imp. -C .I. 

17 6 115 Case-C. S . 
Imp.-Ni Resist 

111 99 Case-C . S . 
Imp. N i  R e s i s t  

50 223 Case-C . S . 
Imp. - N i  Resist 

Package Items 

Unit Operating Material 
Capacity Temperature Pressure Motor of 

I t e m  No. Descr ipt ion GPM OF Psig w COnSttuCtiOIl - 
PG-ZOlA/B/C/D Centrifuge Packages 510 590 5 200 304L S.S. 

and Spare 

PG-202 Corrosion I n h i b i t o r  0-30 -- (polysulf ide I n j e c t i o n )  
Package (vesse l  and pump ) I----- 

Feeders 

Unit Operating Material 
Capacity Percent Temperature Motor of 

Item No. Descr ipt ion GPM So l ids  OF HP Construction 

C R - Z O U / % / C / D  Screw Feeders 14 70% 590 15 304L S.S. 

IF-ZOlA/B/C/D Sol id  Cake 14 70% 590 15 304L S.S. 
and Spare 

I n j e c t i o n  Feeders 
and Spare 

Note: Item IF-20U/B/C/D inlet pressure = 0 psig and o u t l e t  pressure = 50 paig 
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4.3 Gas T r e a t i n g  - Unit 300 

Basis of Design 

The process ing  p l a n t  c o n t a i n s  two p a r a l l e l  t r a i n s  of g a s  t r e a t i n g .  Each 
t r a i n  i s  designed t o  t rea t  66.4 PiMSCFD of raw make g a s ,  r e p r e s e n t i n g  t h e  
t o t a l  produced i n  t h r e e  t r a i n s  of Raw O i l  Recovery, Unit  200. Raw g a s ,  
having t h e  fo l lowing  composition, i s  d e l i v e r e d  t o  g a s  t r e a t i n g  a t  120°F 
and e s s e n t i a l l y  a tmospheric  pressure :  

Components 

To t a l  

Volume X 

29.04 
3.50 

15.00 
14.72 

0.58 

14.68 
2.08 
5.49 
2.29 
3.20 
2.53 
1.07 
0.96 
4.86 

- 

100.00 

Molecular Weight 26.12 

A f t e r  i n i t i a l  compression, a p o r t i o n  of t h e  raw g a s  f e e d  i s  r e c y c l e d  t o  
R e t o r t i n g ,  Unit  100, f o r  u s e  as  f l u i d i z a t i o n  gas .  The b a l a n c e  of  t h e  
raw g a s  t r e a t i n g  u n i t  i s  designed t o  remove C5+ components and ammonia 
from the n e t  g a s  stream. This u n i t  a l s o  processes  an  off-gas stream 
from Unit  400 f o r  ammonia removal. Sponge o i l  a b s o r p t i o n  on t h e  net g a s  
stream i s  designed t o  remove more t h a n  95% o f  t h e  C5+ components. 
Ammonia contained in t h e  t r e a t e d  g a s  is  reduced t o  a l e v e l  of 100 ppm 
v i a  water scrubbing.  

-61- 



4.3 Gas T r e a t i n g  - Unit  300 (Cont 'd) 

P r i o r  t o  sponge o i l  a b s o r p t i o n  and ammonia removal, t h e  gas  i s  
compressed t o  about  120  ps ig .  This p r e s s u r e  l e v e l  is se t  by t h e  
r e q u i r e d  p r e s s u r e  drop through downstream process ing  u n i t s .  

Treated gas is  d e l i v e r e d  a t  120'F and 100 p s i g  f o r  subsequent s u l f u r  
recovery i n  Unit  800. The composi t ion and f l o w  ra te  of t r e a t e d  gas from 
a s i n g l e  process ing  t r a i n  is  as follows: 

Flow,  MMSCFD 23.32 

Components Volume % 

44.95 
3.72 

14.86 
1.47 
0.89 
0.01 
16.01 
2.24 
5.71 
2.47 
2.87 
2.54 
0.50 
1.65 
0.11 

To t a l  100.00 

Molecular Weight 18.6 
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4.3 Gas T r e a t i n g  - Unit  300 (Cont 'd) 

0 Process  Descr iDtion 

The process  f low diagram f o r  t h e  raw gas  t r e a t i n g  u n i t  i s  shown i n  
l F igure  4.4. 

Raw make g a s  i s  d e l i v e r e d  from Raw O i l  Recovery, Unit  200, a t  120°F and 
0.3 ps ig .  The feed  gas  f lows through t h e  Feed Knockout D r u m ,  D-301, and 
i s  compressed t o  50 p s i g  v i a  t h e  F i r s t  and Second Stage  Compressors, 
C-301 and C-302. 

After p a s s i n g  through t h e  Second Stage  Knockout D r u m ,  D-303, t h e  cooled 
product  g a s  is  s p l i t  so  t h a t  62% i s  d i v e r t e d  as r e c y c l e  gas  t o  
R e t o r t i n g ,  Unit  100. The n e t  g a s  stream is t h e n  compressed t o  121 p s i g  
v i a  t h e  Third Stage Compressor, C-303, cooled t o  120°F i n  t h e  
A f t e r c o o l e r ,  E-303, and s e p a r a t e d  from condensate  i n  t h e  Third S tage  
Knockout Drum, D-304. 

Compressed g a s  from t h e  knockout drum i s  d e l i v e r e d  t o  t h e  Sponge O i l  
Absorber, T-301, a t  120°F and 115 ps ig .  The Sponge O i l  Absorber, T-301, 
i s  designed t o  remove more t h a n  95% of t h e  C5+ hydrocarbons from t h e  
gas stream t o  minimize c a r r y o v e r  of  heavy hydrocarbons t o  t h e  s u l f u r  
recovery p l a n t .  The g a s  e n t e r s  t h e  bottom s e c t i o n  of t h e  Sponge O i l  
Absorber and is  contac ted  counter -cur ren t ly  w i t h  l e a n  sponge o i l  
s u p p l i e d  from Raw O i l  Recovery, Unit  200. Rich sponge o i l  i s  withdrawn 
from t h e  bottom of  t h e  tower a t  156°F and i s  r e t u r n e d  t o  t h e  raw o i l  
recovery tower i n  Unit  200. Sponged g a s  leaves t h e  t o p  of t h e  absorber  
a t  131°F and i s  cooled t o  120°F i n  t h e  Absorber Gas Cooler,  E-304. 
After s e p a r a t i n g  any hydrocarbon and water condensate  i n  t h e  Absorber 
Gas S e p a r a t o r ,  D-305, t h e  g a s  i s  combined with t h e  off-gas from Unit  400 
and s e n t  t o  t h e  Ammonia Scrubber ,  T-302. 

The combined g a s  e n t e r s  t h e  bottom of t h e  Ammonia Scrubber ,  T-302, a t  
120°F and 107 p s i g .  The gas i s  scrubbed counter-currently i n  a packed 
s e c t i o n  w i t h  s t r i p p e d  s o u r  water in t roduced  a t  t h e  t o p  of  t h e  tower.  
The Ammonia Scrubber,  T-302, i s  designed t o  reduce t h e  ammonia c o n t e n t  
t o  100 ppmv. Aqueous ammonia is  withdrawn from t h e  bottom of t h e  
scrubber  and i s  s e n t  t o  Sour Water T r e a t i n g ,  Unit  700. Treated gas  from 
t h e  t o p  of t h e  scrubber  i s  d e l i v e r e d  t o  S u l f u r  Recovery, Unit  800, a t  
120°F and 100 psig.  

Condensate streams from t h e  g a s  s e p a r a t o r  and knockout drums are  
c o l l e c t e d  i n  t h e  S e t t l i n g  Drum, D-306. The hydrocarbon l a y e r  i s  skimmed 
off  and s e n t  t o  Raw O i l  Recovery, Unit  200, whi le  t h e  aqueous phase i s  
s e n t  t o  Sour Water T r e a t i n g ,  Unit  70'0. Flashed gas  from t h e  S e t t l i n g  
D r u m ,  D-306, i s  recyc led  t o  t h e  raw g a s  feed  stream from Unit  200. 
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4.3 Gas T r e a t i n g  - U n i t  300 (Con t ' d )  

0 Utili t ies Summary 

P r e s e n t e d  below are t h e  e s t i m a t e d  normal  u t i l i t i e s  and  chemica l  
r e q u i r e m e n t s  for t h e  Raw Gas T r e a t i n g  Unit. The summary c o r r e s p o n d s  t o  
one  t r a i n  p r o c e s s i n g  66.4 MMSCFD of r a w  g a s .  The o v e r a l l  p l a n t  w i l l  
c o n t a i n  two i d e n t i c a l  t ra ins  of t h i s  c a p a c i t y .  

Electric Power 

E -301 
E-302 
E-303 
E-304 

P-301A 
P-301B 
P-302A 
P-302B 
P-303A 
P-303B 

C-301A 
C-301B 
C-302A 
C-30 2B 
C-303A 
C-303B 

I n s t r u m e n t s  and 
L i g h t i n g  

Normal 
KW 

60 
76 
25 

4 

3743 

3573 

998 

- 
- 
- 

1 0  
- 

T o t a l  8497 

Cool ing  Water (80 ps ig /8O0F)  

S e r v i c e  

Pumps Cool ing  (@ 3 0 " F h T )  
Compressor l u b e  and 
seal o i l  c o o l i n g  (@ 30"FAT)  

To t a l  

Connected 
KW 

70 
1 0 1  

35 
4 

3926 
392 6 
3926 
392 6 
1192 
119 2 

10 

Consumption, GPM 

5 

9 5  
100 
- 
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4 . 3  Gas Trea t ing  - Unit  300 (Cont 'd)  

0 Heat and Material Balance 

A summary of process  stream flows f o r  t h e  g a s  t r e a t i n g  u n i t ,  keyed t o  
t h e  process  f low diagram by stream numbers, is given  i n  Table  4.10. 
This  material ba lance  t a b l e  r e p r e s e n t s  one of  two o p e r a t i n g  t r a i n s  f o r  
gas  t r e a t i n g  . 

0 Process  Equipment Summary 

Major process  equipment r equ i r ed  pe r  t r a i n  of g a s  t r e a t i n g ,  as w e l l  a s  
f o r  t h e  t o t a l  p l a n t ,  are l i s t e d  i n  Table 4.11. The cor responding  
equipment s p e c i f i c a t i o n s  are provided i n  Table  4.12. 
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STREAM OESCRlPTlON From Ammonia  

S c r u b b e r  
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-____---- 
-. 
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65 
- 
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TABLE 4.12 

Towers 

Item No. 

T-301 

T-302 

DrUlUS - 

UNIT 300 - GAS TREATING EQUIPMENT SPECIFICATIONS 

Material 
o f  

Dia/Height Design cons t mc t i o n  
Descr ipt ion o r  Length Pressure I n t e r n a l s  Shell/Tube 

Sponge O i l  Absorber 4'-6"/65'-0" 140 ps ig  25-Valve Shell-C.S. 
Trays Trays-410s 

Ammonia Scrubber 3'-6"/24'-0" 135 ps ig  125ft3 Shell-C.S. 
packing packing: 
1 inch metal 
p a l l  r i ngs  p a l l  r i n g s  

Design Material 
Dia/ Heigh t Pressure of 

Item No. Descript ion Pos i t ion  o r  Length Ps ig  Cons t ruc t i  on 

0-301 

D-302 

D-303 

D-304 

D-305 

D-306 

Feed Knockout 
D r u m  

F i r s t  Stage 
Knockout D r u m  

Second Stage 
Knockout Drum 

Third Stage 
Knockout D r u m  

Absorber Gas 
Separator  

S e t t l i n g  D r u m  

Vert. 13 ' -6 : 112' -0" 30 C.S. 
(S t r e s s  
Relieved 1 

Vert. 1 0  ' -6" I11 ' -0 " 45 C.S. 
(S t r e s s  
Relieved 

Vert. 8 ' -0"/11' -0 " 80 C.S. 
(S t r e s s  
Relieved ) 

Vert . 4 ' -6" 4" 146 C.S. 
(S t r e s s  
Relieved ) 

Vert. 4 ' -0" /10 ' -0 " 135 C.S. 

Horiz. 4' -6"IlO' -0" 50 C.S. 
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TABLE 4.12 (Cont'd) 

UNIT 300 - GAS TREATMG EQUIPMENT SPECIFICATIONS 

Exchangers 

Area Dut J 

Item No. Descript ion - Ft2  -- 106BTU/HR 

E-301 F i r s t  Stage Air  Cooler 6,203 22.81 
Aftercooler  (Forced Draft) 

E-302 Second Stage f i r  Cooler 4,622 17.02 
Aftercooler  (Forced Draf t )  

Third Stage Air Cooler 1,176 4.2 
Aftercooler  (Forced Draft ) 

E-303 

Absorber Gas Air Cooler I l O  0.2 E-304 
Cooler (Forced Draft 1 

Compressors 

Item No. 

C-30lAIB 

C-302A/B 

C-303A/B 

Pumpa 

Item No. 

P-30lAlB 

P-302AIB 

P-303AIB 

Material 
of 

Construction 
S h e l l  /Tube 

Seamless C.S. 
Tubes (Heavy 
Gauge 1 
Seamless C.S. 
Tubes (Heavy 
Gauge 1 

Seamless C.S. 
Tubes (Heavy 
h u g e  1 

C.S. 

Material 
Flow Pressure , psig of 
GPM In le t /Out le  t Cons t m c  t i o n  Descr ipt ion a ? E  - 

First Stage Compressor Cent r i f .  70,013 0.3118.6 C.S. Case 
and Spare 17-4 PH 

Impeller 

Second Stage Compressor Centrif .  28,837 13.6155 C.S. Case 
and Spare 17-4 PH 

Impeller 

C.S. Third Stage Compressor Centr i f .  4,135 50/121 

Discharge Material 
Flow Pressure of 
GPM Psig Descr ipt ion 9.E - Construction 

Feed Knockout D r u m  Pump Centr i f .  30 39 316 SS 
and Spare 
Sour Water Pump and Spare Centr i f .  41 102 316 SS 

Skimmed O i l  Pump Centrif  . 18 120 C.S. Case 
and Spare C.I. Impeller 
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4.4 Raw O i l  Hydrot rea t ing  - Uni t  400 

0 Basis of Design 

The h y d r o t r e a t i n g  u n i t  c o n t a i n s  two p a r a l l e l  p r o c e s s i n g  t r a i n s ,  each 
designed t o  p r o c e s s  26,000 BPOD of whole r a w  s h a l e  o i l  and produce a 
h y d r o t r e a t e d  o i l  product  having a maximum n i t r o g e n  c o n t e n t  of 1000 
ppmw. The d e s i g n  is based on p r e l i m i n a r y  p r o c e s s  informat ion ,  s u p p l i e d  
by Unocal, on product  y i e l d  d i s t r i b u t i o n ,  hydrogen consumption, and 
c a t a l y s t  usage. F o s t e r  Wheeler developed t h e  p r o c e s s  f low scheme and 
equipment s p e c i f i c a t i o n s ,  based on in-house informat ion  t y p i c a l  of 
r e f i n e r y  hydroprocessing technology. 

The raw s h a l e  o i l  f e e d ,  as produced i n  Raw O i l  Recovery, Unit  200, has 
t h e  fo l lowing  inspec t ion :  

Gravi ty ,  OAPI 22.7 
S u l f u r ,  ppm 7,200 

Nitrogen,  ppm 22,400 
Oxygen, PPm l a ,  400 

Arsenic ,  ppm < 30 
I r o n ,  ppm < 70 

Design of t h e  h y d r o t r e a t e r  i n c l u d e s  t h e  use  of a guard bed t o  adsorb  t h e  
heavy metals conta ined  i n  t h e  o i l  feed.  This is  r e q u i r e d  t o  p r e v e n t  
r a p i d  poisoning  of t h e  h y d r o t r e a t i n g  c a t a l y s t .  The fo l lowing  parameters  
formed t h e  des ign  b a s i s  f o r  t h e  h y d r o t r e a t i n g  u n i t :  

Space Veloc i ty ,  LHSV, hr'l 0.4 
2,000 

Make-up H2 P u r i t y ,  % 99.6 
Chemical H2 Consumption, SCF/BBL 1,250 
Process  Yie lds ,  W t .  % Feed 

Reactor  H2 Par t ia l  Pressure ,  p s i a  

2.07 
0.77 
2.60 
0.05 
0.05 
0.05 
0.01 
0.03 

96.46 
102.09 
- 

3 
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4.4 Raw O i l  Hydrot rea t ing  - Uni t  400 (Cont 'd) 

The h y d r o t r e a t e d  product  o i l  h a s  t h e  fo l lowing  i n s p e c t i o n s :  

Gravi ty ,  "API 37.5 

S u l f u r ,  ppm 15 

T o t a l  Ni t rogen ,  ppm 1,000 

e Process D e s c r i p t i o n  

The process  f low diagrams f o r  one t r a i n  of h y d r o t r e a t i n g  are  shown i n  
F igure  4.5 and 4.6. 

The h y d r o t r e a t i n g  u n i t  c o n s i s t s  of t h e  r e a c t o r  s e c t i o n  where hydrogen 
and s h a l e  o i l  are h e a t e d  and r e a c t e d  i n  t h e  presence  o f  a 
d e n i t r i f i c a t i o n  c a t a l y s t ,  and t h e  s t r i p p i n g  s e c t i o n  where H2S and 
l i g h t  gases  are s e p a r a t e d  from t h e  h y d r o t r e a t e d  shale o i l  p roduct .  

The s h a l e  o i l  feed  i s  d e l i v e r e d  from Raw O i l  Recovery, Unit  200, o r  from 
i n t e r m e d i a t e  s t o r a g e  a t  150'F. The oil feed  is  pumped by t h e  Feed Pump, 
P-401, t o  a p r e s s u r e  of 2990 ps ig .  High p r e s s u r e  o i l  i s  t h e n  combined 
w i t h  t h e  r e c y c l e  and make-up hydrogen and h e a t e d  i n  t h e  Feed/Eff luent  
Exchanger, E-401, and t h e  Reactor  Charge Heater, H-401. 

The h e a t e d  r e a c t o r  feed  stream f i r s t  passes  through one of two p a r a l l e l  
Reactor  Guard Beds, R-4OlAIB. Each of  t h e  guard bed r e a c t o r s  c o n t a i n  a 
s i n g l e  bed graded ca ta lys t  system designed t o  remove meta ls  c a r r i e d  over  
from upstream processes .  The feed  t h e n  f lows t o  t h e  main r e a c t o r s .  
There are two r e a c t o r s  i n  series R-402 and R-403. Each r e a c t o r  c o n t a i n s  
m u l t i p l e  c a t a l y s t  beds wi th  p r o v i s i o n s  f o r  i n j e c t i n g  c o l d  r e c y c l e  gas 
between beds t o  c o n t r o l  t h e  exothermic r e a c t i o n s .  When t h e  mixture  
l e a v e s  t h e  r e a c t o r s ,  it i s  cooled i n  t h e  Feed/Eff luent  Exchanger, E-401, 
and t h e  Reac tor  E f f l u e n t / S t r i p p e r  Feed Exchanger, E-402. Water i s  
i n j e c t e d  i n t o  t h e  e f f l u e n t  stream b e f o r e  it i s  cooled f u r t h e r  i n  t h e  
E f f l u e n t  Cooler,  E-403. The water p r e v e n t s  t h e  p r e c i p i t a t i o n  of 
ammonium sa l t s  i n  t h e  e f f l u e n t  c o o l e r  tubes .  A p o l y s u l f i d e  s o l u t i o n  is 
a l s o  i n j e c t e d  a t  t h i s  po in t  t o  minimize cor ros ion .  

c 
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4.4 Raw O i l  H y d r o t r e a t i n g  - Uni t  400 (Cont ' d )  

The c o o l e d  e f f l u e n t  f l o w s  t o  t h e  High P r e s s u r e  S e p a r a t o r ,  D-401, where 
t h e  hydrogen-r ich  g a s  s t r e a m ,  t h e  l i q u i d  r e a c t i o n  p r o d u c t s ,  and 
condensed water are s p l i t  i n t o  s e p a r a t e  streams. Part o f  t h e  g a s  s t r e a n  
from t h e  High P r e s s u r e  S e p a r a t o r ,  D-401, is b l e d  as purge  g a s ,  w h i l e  t h e  
r ema inde r  goes  t o  t h e  s u c t i o n  of t h e  R e c y c l e  Compressor, C-401. The 
compressed r e c y c l e  g a s  is  t h e n  d i v i d e d  i n t o  two streams; t h e  quench 
stream, which is  i n j e c t e d  between beds  i n  t h e  r e a c t o r ,  and  t h e  r e c y c l e  
g a s  stream, which i s  combined w i t h  t h e  make-up hydrogen  stream b e f o r e  
mixing  w i t h  t h e  o i l  f e e d .  

The aqueous  c o n d e n s a t e  from t h e  High P r e s s u r e  S e p a r a t o r ,  D-401, i s  s e n t  
t o  Sour  Water T r e a t i n g ,  U n i t  700, f o r  hydrogen s u l f i d e  and  ammonia 
removal.  The o i l  phase  from t h e  High P r e s s u r e  S e p a r a t o r ,  D-401 i s  l e t  
down i n  p r e s s u r e  via a power r e c o v e r y  t u r b i n e ,  RT-401. Recovered  power 
s u p p l i e s  p a r t i a l  d r i v e  f o r  t h e  Feed Pump, P-401. 

In t h e  Low P r e s s u r e  S e p a r a t o r ,  D-407, g a s e s  r e l e a s e d  by t h e  p r e s s u r e  
r e d u c t i o n  are s e p a r a t e d  f rom t h e  o i l  stream. The g a s e s  combine w i t h  t h e  
b l e e d  stream from t h e  r e a c t o r  s e c t i o n  and  are s e n t  t o  Gas T r e a t i n g ,  U n i t  
300. The o i l  stream i s  h e a t e d  i n  t h e  R e a c t o r  E f f l u e n t / S t r i p p e r  Feed 
Exchanger,  E-402, and t h e n  s e n t  t o  t h e  H2S S t r i p p e r ,  T-401, which i s  a 
s t eam-s t r ipped  packed column. The o i l  stream i s  f e d  above t h e  p a c k i n g  
and  f l o w s  downward where i t  i s  c o n t a c t e d  w i t h  t h e  s t r i p p i n g  steam. The 
overhead  g a s e s  from t h e  column p a r t i a l l y  condense  i n  t h e  S t r i p p e r  
Condenser,  E-404, and f l o w  t o  t h e  S t r i p p e r  R e f l u x  D r u m ,  D-408. The 
uncondensed g a s e s  are s e n t  t o  Gas T r e a t i n g ,  U n i t  300, and t h e  water 
phase  i s  s e p a r a t e d  and  s e n t  t o  t h e  Sour  Water T r e a t i n g ,  U n i t  700. l'he 
o i l  stream i s  pumped back t o  t h e  column above t h e  pack ing  as r e f l u x .  

The s t r i p p e d  h y d r o t r e a t e d  o i l ,  from t h e  bot tom o f  T-401, i s  d e l i v e r e d  t o  
t h e  f r a c t i o n a t i o n  s e c t i o n  i n  U n i t  500 a t  390OF. 
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4.4 Raw Oil Hydrotreating - Unit 400 (Cont'd) 
0 Utilities Summary 

The normal operating requirements for one train of the raw oil 
hydrotreating plant are summarized below. The total plant contains two 
identical operating trains. 

Utili ties 

Steam, lb/hr 

C-401 
T-4 0 1 
-402 
C-401 

Boiler Feed Water, lb/hr 

BFW Blowdown, lb/hr 

De-aerated Condensate, GPM 

Battery Limits 
Conditions 

600 psig/700°F 
150 psig/364OF 
150 psig/364OF 
150 psig/364OF 

200 psig/215OF 

30 p s i g / 1 0 4 O F  

Cooling Water, GPM 80 psig/80°F 

Pump Cooling 
Compressor Seal Oil Cooling 

Fuel Gas, MMBTU/Hr (Lm) 
H-301 

Catalyst Consumption 

Hydrotreating Catalyst 
Guard Bed Catalyst 

Initial 

$2.3 MM 
1700 CF 

* Parenthesis denotes production rather than consumption 

Normal* 
Demand 

115,300 
2,818 

(ll,OOO> 
(115,300) 

11,550 

(550) 

218 

15 
25 
40 
7 

38.2 

Annual Usage 

$523 , 500 
3400 CF 

-76- 



4.4 Raw Oil Hydrotreating - Unit 400 (Cont'd) 

Electric Power 

E-403 
E-404 

P-401A 
P-401B 
P-401C 
P-404A 
P-404B 
P-405A 
P-405B 
P-406A 
P-406B 

PG-401 
PG-402 

Normal 
Kw - 

120 
33 

582** 
582** 

339 

4 

11 

- 
- 

- 

1 
27 

Instruments and 10 
Lighting 

Total 1709 

Connected Load 
m 
155 
43 

991 
991 
991 
402 
40 2 
7 
7 
18 
18 

2 
33 

10 

** Net electric power requirement. Power recovery turbine, 
RT-401, supplies 35% of the total driving power required. 

0 Heat and Material Balance 

A summary of process stream flows for the raw o i l  hydrotreating 
unit, keyed to the process flow diagram by stream numbers, is given 

This material balance table represents one of two 
operating trains for raw oil hydrotreating. 

. in Table 4.13. 

0 Process Equipment Summary 

Major process equipment required per train of raw oil hydrotreating, 
as well as for the total plant, are listed in Table 4.14. The 
corresponding equipment specifications are provided in Table 4.15. 
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TABLE 4.13 

L SECTION N O .  : 400 - FOSTER WHEELER USA CORPORATION 

PC.NO.: 1 o f  2 UNIT : H~drotreatYK!-.. _____ - 
R E F .  OWG. : 

CONTRACT NO. : 11-36265 

CUSTOMER : DOE/METC SHALE O I L  PIANT - 
DATE 5/11 REV. NO. :-_ i7  

S u D e r h e a t e d  Reactor 
STREAM DESCRIPTION O i l  F e e d  

L i q u l d  - FLUID STATE _ _ _ _  - -- 

150 TEMPERATURE (OF) 
__--_L_ LOO 

____-- 
- _-- 

PRESSURE ( P S I G )  --- 

Make- UP 
H y d r o g e n  E f f l u e n t  Steam 

I n i e c t i o n  Wdte 

120 

150 

I I 

s o u r  Water T o  
s o u r  water 
T r e a t i n q  

J . i q u i d  

150 

250 
. _.- 

n 

h 



c 

1 

"NIT : " y d r 0 t r e - a L L n - L  - SECTION N O .  : 400 FOSTER WHEELER USA CORPORATION 

LOCATlnN : -We.sLexn C o l o r a d o  CONTRACT NO. : ---.-- 11-36265 DATE 5/11/87 REV. NO. : 

REF. OWC. : PC.N0.:2 of 2 CUSTOMEfl : DOE/METC SHALE O I L  PJ.ANT 

I 
4 
w 
I 

S T R E A M  NO. 81 U N I T S  

STREAM D E S C R I P T I O N  

- -____.-- - FI.UID STATE 

z 
c 0 
2 
3 
rn 
3 
I- 
n 
1.1 
IL 

!!? 

P 
I 

i 

Off-Gas to C o n d e n s a t e  To C + H y d r o -  
S e c t i o n  300 Waste Water treated 5 O i l  

T r e a t m e n t  P r o d u c t  

Vapor L i q u i d  

134 

120 

TEMPERATURE (OF) 

PRESSURE ( P S I G )  
-__- 

l- 
--ID (LD/HR)  

VAPOR (LB/HR) 2,978 
SOLIDS ILB/HR) . ~ .  ~ 

2.978 TOTAL (LB/HR) 
MO1.ECULAR WEIGHT (SOLIDS FREE) - - 



1 

I 
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TABLE 4 . 1 4  

FOAM NO 135 904 

PAC€ 1 OF 2 

?EACTORS 

TOWERS 
I I I I I I 

I I 1 I I I 
T- 40 1 I H7S STRIPPER 1 1  1 2  

DRUMS 

HEATERS 

EXCHANGERS 

:OMPRESSORS 

I 

D-401 HIGH PRESSURE SEPARATOR 1 2 
D-402 STEAM DRUM 1 2 
D-403 KNOCKOUT DRUM 1 2 
D-406 CONDENSATE DRUM 1 2 
D- 401 LOW PRESSURE SEPARATOR 1 2 

I 1 2 D-408 STRIPPER REFLUX DRUM , 
I I I I I I I .  

I I I 
H-401 I REACTOR CHARGE HEATER I 1  

I I 
2 

I 

E-401 FEED/EFFLUENT E X C H W  1 

E-402 REACTOR EFFLUENT/STRIPPER FEED 1 

E-403 EFFLUENT COOLER 1 
E-404 STRIPPER CONDENSER 1 

EXCHANGER 

I I I 

C-401A RECYCLE COMPRESSOR 1 
C-401B SPARE FOR C-401A 1 



c 

rOSTER WHEELER USA CORPORATION, @ PROCESS PLANTS DIVISION 

TABLE 4 . 1 4  (Cont'd) 

FORM NO. 135.904 

NAME OF U N I T  
PAGE 7 OF 2 

Hyd rot rea t 1 n q  
E Q U I P M E N T  L I S T  

CONTRACT: 1 1 -  3 6 2 6 5  

SECTION: 400 

I 
CD 

I 
c. 

:LIENT. u .  s .  DOE/METC 
.OCATION. WESTERN COLORADO 

CLASS ITEM NO. DESCRIPTION 
I I 

REVISION ORIGINAL 1 2 3 I 4 5 

DATE 2 / 1 8 / 8 7  

EFD REQ'N.NO nEi 
1 I I 

PUMPS 

TRAIN TOTAL 

P - 4 0 1 A  FEED PUMP 1 2 

I p - 4 0 ' B  ! -UMP ! . !  1 1 2  I 1 I P - 4 0 1 C  1 COMMON SPARE FOR P-401u401R I 1 2  I I 

I P-4OhE3 I SPARE FOR P-406A I 1  



TABLE 4.15 

UNIT 400 - R A W  OIL HYDROTREATING EQUIPMENT SPECIFICATIONS 

Reactors 

ltem No. Description 

Design Material 
Pressure of 

D i a  . / Hela t p i g  l n t  e r n a l s  Cons truc t i o n  

R-40U Reactor Guard Bed 10'-6"/20'-0" 3115 1700 cu f t  2 1 / 4  Cr-1Mo 
c a t a l y s t  347 SS Clad 

R-4018 Reactor Guard Bed 10'-6"/20'-0" 3 U 5  1700 cu f t  2 114 Cr-No 
c a t a l y s t  347 SS c lad  

R-402 F i r s t  Stage Reactor 10'-6"/85'-0" 3 U 5  

R-403 Second Stage Reactor 10'-6"/85'-0" 3 U 5  

2 1 / 4  Cr-lMo 
347 SS c l a d  

2 1 / 4  Cr-lMo 
347 SS c lad  

Towers 

l t e m  No. Description Dia. /Height Pressure I n t e r n a l s  Construction 

T-401 H2S S t r i p p e r  5'-6"/47'-0" 150 950 cu f t  Shel l :  C.S. 

Material - 
Design of 

packing S t r e s s  
2 inch r e l i eved  
p a l l  r i n g s  packing: 410 SS 

p a l l  r i n g s  

D r u m s  - 
S t e m  No. 

D-401 
D-40 2 
D-403 
D-404 
D-405 
D-406 
D-407 
D-408 

Description Posi t ion 

High Pressure Separator  Vert. 
Steam D r u m  Horiz. 
Knockout D r u m  Vert. 
Su l f id ing  D r u m  Vert. 
Poly s u l f  i d e  Drum Vert. 
Condensate Drum Vert. 
Low Pressure Separator Vert. 
S t r i p p e r  Reflux Drum Horiz. 

D i a  . /Height 
o r  Length 

6' -6"/25'-0" 
6 ' -6 '* /2 6 ' -0 " 
6 '  -6"/10'-0" 
11'-6"/34'-0" 
3 ' -6"/12' -0" 
4 ' -6" /11' -6 " 
5 ' -0 " 1 25 ' -0 '* 
4 ' -0 " /lo' -0 " 

Design 
Pressure 

Peig 

2680 
190 

2680 
28 
28 

200 
145 

28 

Material 
Of 

Construction 

C.S. 
C.S. 
C.S. 
C.S. 
C.S. 
C.S. 
C.S. 
C.S. 

He a ter s 
Outlet 

I Duty coi 1 Temperature 
MMBTU/HR Material - OF - Item No. Description m 

H-401 Reactor Charge Heater Vertical- 21.1 Process 321 SS 825 
Cylindrical  11.4 Steam Coil O.1CA 
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TABLE 4.15 (Cont'd) 

r 

UNIT 400 - RAW OIL HYDROTREATING EQUIPMENT SPECIFICATIONS 

Exchangers 
Mat er ia l  

Of 
TEMA Area Duty Construction 

Item No. Descr ipt ion 922 - F t 2  MMBTU/HR Shel l /  Tub e 

E-401 Feed/Effluent Exchanger AES with  20,640 204.0 2 1 / 4  C r -  
I n t e rna l  lMo/321 SS 
Expansion 
J o i n t  

E-402 Reactor Ef f luent  / AES 9,230 5s. 5 C.S./304 SS 
St r ippe r  Feed Exchanger 

E-403 Eff luent  Cooler Air Cooler 15,750 100.9 304 SS 
(Forced 
Draft 1 

E-404 S t r ippe r  Condenser Air Cooler 1,926 10.3 C.S.  
(Forced 
Draft 1 

Compressors 
Mater ia l  

Flow Pressure ,Psig of 
ltem No. Descript ion 2 U s  - GPM In l e t /  Outlet  Construction 

C-40U/B Recycle Compressor Centrif .  2542 244012995 C.S. O r  C . I .  
and Spare 

Pumps 
Discharge Material 

Flow Pressure of 
Item No. Descript ion 2 Y E  - G PM Psig Construction 

435(each) 2990 C.S. Case P-40lA/B/C Feed Pumps and Spare Centr i f .  

P-402 Sulf  i d ing  Pump Proportioning 3-15 2990 316 SS 
P-403 Polysulf ide Pump Proportioning 10-60 Gal/Day 20 316 S S  
P-404A/B l n j e c t i o n  Water Proportioning 230 2510 C.S. 

P405A/B Reflux Pump and Spare Cent r i f .  104 161 C.S. 
P-406A/B Boi le r  Feed Water Centrif . 33 5 277 C.S. 

C . I .  Impel ler  

Pump and Spare 

Pump and Spare 

Turbines 
Material 

of Flow Pressure,  Psig Power 
GPM Inle t /Out le  t Recovered Construction - I t e m  No. Description 

RT-40U/B Power Recovery Turbines 457(eaeh) 24401185 360(each) C.S. 
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4.5 

0 

Hydrotreated O i l  F r a c t i o n a t i o n  - Unit  500 

Basis of Design 

The h y d r o t r e a t e d  o i l  f r a c t i o n a t i o n  u n i t  c o n t a i n s  two i d e n t i c a l  
p rocess ing  t r a i n s .  
27,533 BPSD of h y d r o t r e a t e d  s h a l e  o i l ,  d e l i v e r e d  from Raw O i l  
Hydrot rea t ing ,  Unit  400, a t  390°F. Composition of  t h e  h y d r o t r e a t e d  o i l  
feed  i s  as fol lows:  

Each f r a c t i o n a t i o n  t r a i n  is designed t o  p r o c e s s  

Compo si t i o n  

H20 

c3 

i C4 

"C4 

C5 - 180°F 

180 - 315°F 

315 - 500°F 

500 - 650°F 

650" F+ 

T o t a l  

Molecular Weight 

API 

TBP D i s t i l l a t i o n  "F 

5 LV% 

10/30 

50 

70/90 

End 

Lb /Hr - 
1,392 

4 

1 7  

47 

5,738 

21,911 

82,850 

95,823 

128,325 

336,107 

208.0 

37.5 

230 

310/465 

58 0 

690/680 

1000 + 

W t X  - 
0.41 

- 
0.01 

0.01 

1.71 

6.52 

24.65 

28.'51 

38.16 

100.00 

4 
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4.5 Hydrotreated O i l  F r a c t i o n a t i o n  - Unit  500 (Cont 'd) 

The f r a c t i o n a t i o n  u n i t  is des igned  t o  produce a n  overhea, naphtha 
product ,  a s i d e  draw d i e s e l  o i l  p roduct ,  and a bottoms product .  
I n s p e c t i o n  for the t h r e e  product  streams are as fol lows:  

Naphtha 

Product ion  R a t e ,  BPSD/Train 3079 

G r a v i t y ,  "API 58.8 

TBP D i s t i l l a t i o n ,  O F  

5 LVX 

50 

95 

Diesel O i l  

Production Rate, BPSD/Train 

Gravity, O A P I  

TBP D i s t i l l a t i o n ,  "F 

5 LV% 

50 

90 

Bottoms Product  

Product ion  Rate, BPSD/Train 

G r a v i t y ,  " M I  

TBP D i s t i l l a t i o n ,  O F  

5 LVX 

50 

90 

38 

240 

355 

4104 

36.9 

250 

40 5 

695 

20,098 

32.4 

465 

640 

927 
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4.5 Hydrotreated O i l  F r a c t i o n a t i o n  - Unit  500 (Cont 'd) 

e Process  D e s c r i p t i o n  

The process  f low diagram f o r  t h e  f r a c t i o n a t i o n  u n i t  is shown i n  F igure  
4.7. 

Hydrotreated o i l ,  d e l i v e r e d  from Raw O i l  Hydrot rea t ing ,  Unit 400, a t  
390"F, is prehea ted  t o  500°F i n  t h e  Feed/Product Exchanger, E-501. 
Preheated o i l  i s  t h e n  fed  t o  t h e  F r a c t i o n a t o r ,  T-501, where 
f r a c t i o n a t i o n  i n t o  an  overhead naphtha stream, a s i d e  draw d i e s e l  c u t ,  
and bottoms product  i s  made. 

The F r a c t i o n a t o r ,  T-501 i s  designed t o  o p e r a t e  a t  5 p s i g  i n  t h e  overhead 
drum and 1 0  - 15 p s i g  i n  t h e  tower. R e b o i l e r  d u t y  i s  provided by 
h e a t i n g  t h e  tower bottoms from 537°F t o  610°F i n  t h e  F r a c t i o n a t o r  
R e b o i l e r ,  K-501. 

Overhead from t h e  tower i s  cooled t o  157°F i n  t h e  F r a c t i o n a t o r  Overhead 
Condenser, E-503, and water is  s e p a r a t e d  from t h e  condensate  i n  t h e  
F r a c t i o n a t o r  Overhead D r u m ,  D-501. The aqueous condensate  i s  s e n t  t o  
Sour Water T r e a t i n g ,  Unit  700. Naphtha i s  r e f l u x e d  t o  t h e  tower v i a  t h e  
F r a c t i o n a t o r  Reflux Pump, P-501, and t h e  n e t  naphtha product ,  a f t e r  
cooled t o  120°F i n  E-507, is s e n t  t o  s t o r a g e .  

The d i e s e l  o i l  c u t ,  withdrawn from t h e  tower a t  405"F, i s  cooled t o  
120°F i n  t h e  Diesel Product Cooler,  E-504 and s e n t  t o  s t o r a g e .  

Xet bottoms product i s  withdrawn from t h e  tower a t  610°F. The bottoms 
product  i s  f i rs t  cooled t o  452°F i n  t he  Feed/Product Exchanger, E-501 
and t h e n  t o  350°F i n  t h e  Bottoms Product/LP Steam Generator ,  E-506 where 
low p r e s s u r e  steam is produced. Prehea t ing  of  b o i l e r  feed water i n  
E-502 f u r t h e r  c o o l s  t h e  bottoms product t o  242°F. The bottoms product 
is f i n a l l y  cooled t o  140°F i n  t h e  F r a c t i o n a t o r  Bottoms Cooler ,  E-505 and 
s e n t  t o  s t o r a g e .  

Medium p r e s s u r e  steam i s  genera ted  i n  t h e  convect ion c o i l  of t h e  
F r a c t i o n a t o r  R e b o i l e r ,  H-501. 
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4.5 Hydrotreated O i l  F r a c t i o n a t i o n  - Unit  500 (Cont 'd)  

o U t i l i t i e s  Summary 

The normal u t i l i t i e s  requirement  for one t r a i n  of o i l  f r a c t i o n a t i o n  are 
summarized below. The t o t a l  p l a n t  c o n t a i n s  two i d e n t i c a l  t r a i n s .  

Electr ic  Power 

E-503 
E-504 
E-505 
E-507 

P-501A 
P-501B 
P-502A 
P-502B 
P-503A 
P-503B 
P-504A 
P-504B 
P-505A 
P-505B 
P-506A 
P-506B 

Ins t ruments  and 
L i g h t i n g  

T o t a l  

B o i l e r  Feed Water, Ib /hr  
(E-502) 
Export  
(E-506) 

Steam, lb/hr 
( D-502 1 
(E-506) 

Normal 
KW - 

10  2 
19 
32 

8 

5 1  

1 

9 

66 

84 

9 

- 
- 
- 

10 

39 1 

B a t t e r y  Limi t  
Condi t ions  

750 psig/215"F 
740 psig/31O0F 
200 psig/215"F 

150 psig/364"F 
60 psig/303"F 

Connected Load 
Kw 

127 
26 
52 
13 

* P a r e n t h e s i s  denotes  product ion r a t h e r  than assumption 
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62 
62 

2 
2 

13 
13 
82 
82 

10 2 
10 2 

1 3  
13 

10 

Normal* 
Demand 

140,120 
(130,060) 

16,610 

(9,580) 
(15,820 1 

c 

c 



4.5 Hydrotreated Oil Fractionation - Unit 500 (Cont'd) 
Battery Limit Normal* 
Conditions Demand 

BFW Blowdown, lb/hr 
( D-502 
(E-506 1 

Cooling Water, GPM 
(Pumps Cooling) 

80 psig/80°F 
30°F AT 24 

Fuel Gas, MMBTU/HR (LHV) 100 psig/AMB 
(H-501) 9 2 . 3  

0 Heat and Material Balance 

A summary of process stream flows for the o i l  fractionation unit, keyed 
to the process flow diagram by stream numbers, is given in Table 4.16. 
This material balance table represents one of two operating trains f o r  
oil fractionation. 

0 Process EauiDment Summarv 

Major process equipment required per train of oil fractionation, as well 
as for the total plant, are listed in Table 4.17. The corresponding 
equipment specifications are provided in Table 4.18. 
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Sour Water To 
Sour Water 
T r e a t u a  

u g u 1 d  -- - 

Liz---- - 

-50 - 
I 

Diesel Fuel 
TO s t o r a g e  

L a d  -- 

- 12Q . . -- 
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TABLE 4 . 1 6  (Cont'dl 

S T R E A M  NO. & U N I T S  

RFW TO 
U N I T  600 

MP STEAM 
EXPORT 

STEAM DRUM 
BLOWDOWN 

LP STEAM 
EXPORT 

NAPHTHA 
PRODUCT TO 
STORAGE 

L L O W L - .  - 
1 2 0  

TOWER BOTTOMS 
TO REBOILER 

Uquid--..-- 
5 3 7  

ST RE A M  DESCR l PTl  ON 

FI.UID STATE 

TEMPERATURE ( O F )  

... - ......... - .... - . LA.qur.d.. .... 
3 1 0  

PRESSURE ( P S I G )  50 15 7 40 

LIQI!I DcL!LLRLp.____ ....... 

_. __ VAPOR (I.B/HR) 
'SOLIDS (LR/HR) 
-. . - . - .. .-. .. 

-. 33,360 1 3 0 . 0 6 0  __ 
15.820 - 

3 3 . 3 6 0  9580 

1R. QLh.- 
- TOTAL (LR/HR) 

MOJ,ECULAR WEIGHT (SOLIDS FREE) 
--- 
- -- -- 

- _- _. __ 

2 . 0 1 6  
_ _ -  ---__ 

IlYDROGI?! . 

CARBON DIOXIDE 4 4 . 0 1  
- . __ ___ 

. ._ ...... .. 

8zB.IL- 
- . - - .- .___- 

18.016 
HYDROGEN SULFIDE I 3 4 . 0 8 6  
WATER --- 

-- - 
AMMONIA - - 
MKTHANE 1 6 . 0 4 2  

._ETH?IL!i?!E ............ - . .  .-I- _ _  2 8 . 0 5 2  

-. ................ 

__ 
.~ . 

- -. .. 

- . . .  

- . . . . . . . . . .  

.... . . . . .  , -- - 

- ..... -. _. . __ - 
- _ _  .. 

7 2 1 9 . 1  

- ... . . . .  

.- ._ -. 

...... - . 

. _ _  ._ - ... .- .... 

2 9 6 . 7  
-11- 

.. - ... - ........ -. ... .... 

- 
8 7 8 . 1  

.. .- . ................ - .. -- 
TO'I'AL ( I , R  - MOL/IIR') 

. . . . .  . .  

3 2 7 3 . 5  2 9 7 . 9  
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TABLE 4.18 

UNIT 500 - HYDROTREATED OIL FRACTIONATION 

Towers 

Item No. Description 

T-501 Fract ionator  

D r u m s  - 
Item No. Description 

EQUIPMENT SPECIFICATIONS 

Material  
Design of 

D i a .  /Height Pressure I n t e r n a l s  Construction 

16'-6"/87'-0" 40 psig 24-bubble Shell-C.S. 
cap t r a y s  Trays-410 SS 

Design Material 
Dia./Height Pressure of 

Construction Pos i t i on  o r  Length Psig 

D-501 Fract ionator  Overhead D r u m  Horiz. 9'-6"/20'-0" 30 C.S. 
Horiz. 6'-6"/26'-0" 190 C.S. H-502 Steam Drum 

Heaters 
Out let  

O F  
Duty Coil  Temperature 

- -  Item No. Description QE -- 106BTU/HR Material 

H-501 Fract ionator  Reboiler Box 79.3 1 1/4 C r -  615 
1/2Mo CS 800°F 

Exchangers 
Material  

I t e m  No. Description 2B.E - Ft2 -- 106BTU/Hr S h e l l  / Tu be 
TEMA Area Duty of 

E-501 Feed/Product Exchanger AES 13,424 23.8 c.s./c.s. 
4,615 15.4 c .s ./c.s. E-5 0 2 Boiler Feedwater AES 

E-503 Fract ionator  Overhead A i r  Cooler 9,363 62.8 C.S. with 

E-504 Diesel Product Cooler Air Cooler 

Preheat er  

Condenser (Forced Draf t )  A 1  Fins 

1,175 7.6 C.S. with 
(Forced Draft) Al Fins 

4,984 13.2 C.S. with E-505 FtaCtiOMtOr Bottoms A i r  Cooler 
Cooler (Forced Draf t  ) A 1  Fins 

E-506 Bottoms Product/ LP AKT 1,151 16.1 c.s ./c .s. 
Steam Generator 

E-507 Naphtha Product Cooler A i r  Cooler 310 0.6 C.S. with 
(Forced Draft ) Al Fins 
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Pumps 

Item No. 

P-50UIB 

P-502AIB 

P-503AIB 

P-504A/B 

P-505AIB 

P-506AIB 

UNIT 500 - HYDROTREATED OIL FRACTIONATION EQUIPMENT SPECIFICATIONS 

Description 

Fractionator Reflux Centrif. 
Sour Water Pump Centrif. 

Diesel Product Pump Centrif. 

Bottoms Product Pump Centrif. 

Fractionator Reboiler Centrif. 
BFW Circulation Centrif . 

Pump and Spare 

and Spare 

and Spare 

and Spare 

Pump and Spare 

Pump and Spare 

Discharge 
Flow Pressure 
GPM Psig 

106 0 89 
- 

3.4 82 

166 89 

970 125 

2230 83 

256 300 

Material 
of 

Construction 

c.s 
C.S. 

C.S. 

C.S. 

C.S. 

C.S. 

n 
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63 
4 . 6  Hydrogen P l a n t  - Unit  600 

0 Basis of Design 

The hydrogen p l a n t  is  designed as two p a r a l l e l  t r a i n s  each capable  of 
producing 35 MMSCFD of hydrogen, wi th  a minimum hydrogen p u r i t y  of 99.6% 
by volume. The product  hydrogen i s  
d e l i v e r e d  t o  b a t t e r y  l i m i t s  a t  a minimum of 3000 p s i g  and a t  234°F. 

N a t u r a l  g a s  is  t h e  d e s i g n  feeds tock .  

The p l a n t  is capable  of o p e r a t i o n  from 30 t o  100% of r a t e d  c a p a c i t y  on a 
n a t u r a l  g a s  f e e d s t o c k ,  having t h e  fo l lowing  c h a r a c t e r i s t i c s .  The d e s i g n  
is based on t h e  P r e s s u r e  Swing Adsorpt ion (PSA) process  us ing  molecular  
s i e v e s  for hydrogen p u r i f i c a t i o n .  

NATURAL GAS FEEDSTOCK 

ComDosition 

H2 co 
02 
CH4 
C2H6 
C2H4 
C3H8 
i-C4H10 
n-C4H10 
N2 
co2 

Typica l ,  mol.% 

0.01 
0.01 
0.01 

94.93 
2.35 
0.01 
0.20  
0.01 
0.01 
2.02  
0.49 

Design, mol.% 

- 
0.01 

94 .OO 
2.29  
1.00 
0.20 - 

- 
2.50 - 

100.00 

C ond i t i on s 

P r e s s u r e ,  p s i g  
Temperature,  O F  

Higher Heating Value, BTU/lb 

550 
Ambient 
22,400 
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4.6 Hydrogen P l a n t  - Unit  600 (Cont 'd) 

0 Process  D e s c r i p t i o n  

The process  f low i s  shown s c h e m a t i c a l l y  on t h e  process  f l o w  diagrams, 
i n  F i g u r e s  4 . 8  and 4.9. 

N a t u r a l  g a s  i s  rece ived  a t  t h e  b a t t e r y  limits a t  60°F and 550 ps ig .  
The feeds tock  i s  f low c o n t r o l l e d  i n t o  t h e  systems w i t h  a reset f o r  
p r e s s u r e  downstream a t  t h e  Chlor ide  Guard, R-603. Hydrogen i s  
recyc led  from t h e  f irst  s t a g e  of  t h e  Make-up Compressor, C-601, t o  
t h e  f e e d s t o c k  t o  main ta in  about  a 5 mol.% H2 c o n t e n t  i n  t h e  feed .  

The mixture  of feeds tock  and r e c y c l e  hydrogen flows t o  t h e  Feed KO 
D r u m ,  D-601, f o r  removal of any e n t r a i n e d  l i q u i d  b e f o r e  it f lows 
through t h e  convec t ion  s e c t i o n  of  t h e  Reformer, H-601 where i t  i s  
h e a t e d  t o  700'F. 

The preheated f e e d  g a s  p a s s e s  through t h e  Hydrogenator, R-601, which 
c o n t a i n s  a bed of cobalt-moly c a t a l y s t .  In t h i s  r e a c t o r ,  hydrogen 
p r e s e n t  i n  t h e  f e e d  g a s  f a c i l i t a t e s  conversion of  s u l f u r  compounds 
into hydrogen s u l f i d e  as i t  p a s s e s  over  t h e  cobalt-moly c a t a l y s t .  
The c h l o r i d e s  p r e s e n t  i n  t h e  f e e d  gas are converted t o  hydrogen 
c h l o r i d e .  The f e e d  g a s  next passes  through two s u l f u r  a b s o r b e r s ,  
R-602A/B, c o n t a i n i n g  z i n c  oxide  beds. These s u l f u r  guard v e s s e l s  are 
designed t o  o p e r a t e  i n  series w i t h  t h e  p i p i n g  a r ranged  i n  such a way 
t h a t  e i t h e r  one of  t h e s e  v e s s e l s  could be t h e  l e a d  one. The hydrogen 
s u l f i d e  i s  removed from t h e  g a s  as i t  p a s s e s  through t h e  beds of  z i n c  
oxide.  Provis ion  i s  a l s o  made f o r  b y p a s s i n g  e i t h e r  of t h e s e  s u l f u r  
a b s o r b e r s  t o  change o u t  t h e  c a t a l y s t  whi le  t h e  p l a n t  i s  i n  
opera t ion .  From t h e  s u l f u r  a b s o r b e r s ,  t h e  g a s  p a s s e s  through t h e  
Chloride Guard, R-603, where any hydrogen c h l o r i d e  p r e s e n t  i s  
absorbed by t h e  c h l o r i d e  guard c a t a l y s t .  

The d e s u l f u r i z e d  gas  i s  s p l i t  and mixed w i t h  500 p s i g  superhea ted  
steam. S u f f i c i e n t  steam i s  added t o  t h e  hydrocarbon f e e d  t o  g i v e  a 
steam t o  carbon r a t i o  of  3.0. The h o t  mixture ,  1000'F, p a s s e s  
through paral le l  n i c k e l  c a t a l y s t  f i l l e d  t u b e s  i n  each c e l l  of t h e  
reformer.  Hydrocarbons are reformed t o  produce hydrogen, carbon 
monoxide, carbon d i o x i d e  and methane. Heat i n  t h e  f l u e  gas  l e a v i n g  
t h e  r a d i a n t  s e c t i o n  i s  removed by process  steam p r e h e a t ,  h i g h  
p r e s s u r e  steam s u p e r h e a t ,  steam g e n e r a t i o n ,  process  gas  prehea t  and 
b o i l e r  feed water p r e h e a t  i n  t h e  convect ion s e c t i o n .  F i n a l l y  t h e  
f l u e  gas  i s  used t o  prehea t  combustion air .  The reformer e f f l u e n t  
gas  stream is routed  through t h e  Reformer Waste Heat Exchanger, 
E-602, where h e a t  i s  recovered by t h e  g e n e r a t i o n  of 1600 p s i g  steam 
i n  a n a t u r a l  c i r c u l a t i o n  steam genera tor .  
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4.6 Hydrogen P l a n t  - Unit 600 (Cont 'd) 

The g a s  stream e x i t i n g  t h e  Reformer Waste Heat Exchanger, E-602, e n t e r s  
t h e  High Temperature S h i f t  Converter,  R-604, where t h e  bulk  of t h e  carbon 
monoxide produced i n  t h e  reformer i s  r e a c t e d  wi th  steam, producing CO2 
and H2. The p r o c e s s  stream l e a v i n g  t h e  HTS Converter,  R-604, i s  cooled 
from 801°F t o  t h e  Low Temperature S h i f t  Converter ,  R-605,inlet  
temperature  of  420°F by pass ing  through t h e  HTS BFW P r e h e a t e r ,  E-603. 
The process  g a s  l e a v i n g  R-605 i s  cooled from 461 t o  325"F, i n  t h e  LTS BFW 
P r e h e a t e r ,  E-604. The CO c o n c e n t r a t i o n  i n  t h e  g a s  a f t e r  pass ing  through 
t h e  Low Temperature S h i f t  Converter,  R-605, i s  about  0.6 v01.X on a d r y  
b a s i s .  

The hydrogen r i c h  gas  i s  f u r t h e r  cooled i n  t h e  Raw Gas Cooler ,  E-605, t o  
140°F. A t  t h i s  temperature  most of  t h e  water is  condensed and i s  
s e p a r a t e d  from t h e  hydrogen r i c h  g a s  i n  t h e  Hot Process  Condensate Drum, 
D-606. The gas  is  cooled t o  100°F by t h e  Raw G a s  T r i m  Cooler,  E-606, 
b e f o r e  e n t e r i n g  t h e  Cold Process  Condensate D r u m ,  D-607, where e n t r a i n e d  
water i s  removed b e f o r e  t h e  raw hydrogen f lows t o  t h e  Pressure  Swing 
Adsorpt ion Package. Process condensate  from both D-606 and D-607 combine 
and f low t o  t h e  Condensate S t r i p p e r ,  T-601. 

The process  condensate removed from t h e  raw hydrogen c o n t a i n s  some 
d i s s o l v e d  C02 and traces of  methane and ammonia. To recover  t h i s  
condensate  f o r  use  as make-up water f o r  t h e  b o i l e r  f e e d ' w a t e r  system, t h e  
i m p u r i t i e s  are s t r i p p e d  i n  t h e  Condensate S t r i p p e r ,  T-601. The p r o c e s s  
condensate  i s  preheated i n  t h e  Raw Condensate Feed P r e h e a t e r ,  E-607, 
before  e n t e r i n g  t h e  t o p  s e c t i o n  of t h e  tower. Steam e n t e r s  t h e  bottom of 
t h e  s t r i p p e r  and s t r i p s  i m p u r i t i e s  from t h e  condensate  which flows 
downward through t h e  tower. 

The overhead vapors  from t h e  t o p  o f  t h e  s t r i p p e r  a r e  condensed f i r s t  i n  
t h e  Raw Condensate Free P r e h e a t e r ,  E-607, and t h e n  i n  t h e  S t r i p p e r  
Overhead Condenser, E-608. The non-condensed vapor which c o n t a i n s  steam 
and most of t h e  i m p u r i t i e s  is s e p a r a t e d  from t h e  condensate  i n  t h e  
S t r i p p e r  Reflux D r u m ,  D-608. The vapors  a re  vented t o  t h e  atmosphere and 
t h e  condensate  is  pumped back t o  t h e  s t r i p p e r .  

A PSA molecular  sieve system i s  used f o r  removal of COY C02, CH4 and 
most of t h e  n i t r o g e n  from t h e  p r o c e s s  g a s  stream l e a v i n g  t h e  Cold Process  
Condensate D r u m ,  D-607. The PSA Package i s  expected t o  g i v e  a hydrogen 
recovery of 87%. The i m p u r i t i e s  are r e l e a s e d  from the molecular  sieves 
a t  ahout 5 p s i g  and a r e  used f o r  f u e l  i n  t h e  reformer.  Product hydrogen 
w i t h  a minimum p u r i t y  of 99.6% l e a v e s  t h e  PSA Package and is  compressed 
i n  a t h r e e  s t a g e  r e c i p r o c a t i n g  compressor, Make-up Compressor, C-601 , t o  
3005 ps ig .  A s l i p  stream of hydrogen from t h e  f i rs t  s t a g e  of compression 
i s  recyc led  t o  t h e  feeds tock  t o  main ta in  about  a 5 mol% H2 c o n t e n t  i n  
t h e  feed.  A small amount of  t h e  compressed g a s  from t h e  t h i r d  s t a g e  
s p i l l s  back t o  t h e  f irst  s t a g e  compressor i n l e t  t o  main ta in  a c o n s t a n t  
s u c t i o n  pressure .  
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0 Utilities Summary 

The normal  o p e r a t i n g  r e q u i r e m e n t s  for one  t r a i n  of t h e  hydrogen  p l a n t  are 
summarized below. The t o t a l  p l a n t  c o n t a i n s  two i d e n t i c a l  o p e r a t i n g  
t r a i n s .  

U t i l i t y  

N a t u r a l  Gas, MMSCFD 
H-601, Reformer Feed 

F u e l  Gas, MMBm/m (LHV) 
H-601 T o t a l  
PG-601 PSA Package 

Net 

Cool ing  Water, GPM 
E-606 
E-608 
E-609 
E-601 
E-613 
E-614 
E-615 

Electric Power, KW 

B-601 
B-605 
B-602 
B-603 
C-601 
E-610 
E-611 
E-612 

Normal Demand* 

13.76 

291.9 
(192.9) 

99 

270 
1 9  1 

1 9  
24 4 

28 
5 5  
55 

86 2 
- 

83 
5 1  
1 4  

2 
5290 

9 
18 

2 
- 
546 9 

* P a r e n t h e s i s  d e n o t e s  p r o d u c t i o n  r a t h e r  t h a n  consumption. 
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4.6 Hydrogen P l a n t  - Unit  600 (Cont 'd) 

U t i l i t y  

Steam (600 p s i g ,  700°F), l b / h r  

H-601 
H-601 
B-602 
P-601 

Steam (150 p s i g ,  360°F), l b / h r  

B-6 0 2 
P-6 0 1  
D-604 

B o i l e r  Feed Water, l b / h r  

D-603 

BFW Blowdown, l b / h r  

D-604 

Process  Condensate, l b / h r  

T-601 

C a t a l y s t  & Chemicals 

C a t a l y s t  Service 

Normal Demand* 

(163,900) 
82,574 
12,028 

C a t a l y s t  
Volume, Ft.3 

(12,028) 
(6,003) 
(1,736) 

'(19,767J 

Hydrogenation 469 
S u l f u r  Guard 938 

433 Chlor ide  Guard 
Reformer 510 
HT S h i f t  Converter  780 
LT S h i f t  Converter  1 ,093 
PSA Molecular Sieves 24,500 

168,971 

(3,333) 

(49,650) 

Expected 
Li fe ,  Yrs. 

3 
1 
3 
2 
3 
2 
3 

* P a r e n t h e s i s  denotes  product ion r a t h e r  than  consumption. 

3 
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4 . 6  Hydrogen P l a n t  - Unit  600 (Cont 'd) 

0 Heat and Material Balance 

A summary of p r o c e s s  stream flows f o r  t h e  hydrogen p l a n t ,  keyed t o  t h e  
p r o c e s s  f low diagram by stream numbers, is  given i n  Table  4.19. This 
material ba lance  t a b l e  r e p r e s e n t s  one of two o p e r a t i n g  t r a i n s  f o r  t h e  
hydrogen p l a n t .  

0 Process  Equipment Summary 

Major process  equipment r e q u i r e d  p e r  t r a i n  of hydrogen product ion ,  as 
w e l l  as f o r  t h e  t o t a l  p l a n t ,  are l i s t e d  i n  Table  4.20. The 
corresponding equipment s p e c i f i c a t i o n s  are provided i n  Table  4.21. 
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LOCATION:------ -. - -  - - - _ - _  
S T R E A M  NO. 8, UNITS 

STREAM DESCRIPTION 

OPERATING CASE 

FLUID STATE 

TEMPERATURE ( O F )  

PRESSURE ( P S I  G )  

L IQUID (#/HR) 

VAPOR (#/HR) 

TOTAL ( # / H R )  

MW OF VAPOR 

COI4POHENTS (#mol s l H R )  
Y2 
0 2  
Cf14 

C'Hh 
CLH4 

('3118 

113 

co 
CO? 

TOI'RI., I I R Y  

I I  ' 0  

I O I A I , ,  I l l  1 

- 
110 - 13 PFD T P U l J l / \ T I P I ~  

- ---- -- CONTRACT NO: _ _ _ _  1 1 - 36265 _ _ _ _ _ _ _  DATE: I / j2& _ _ _ _ _ _  REV.:-J,,, 

REFORMFR 
(<A\ FI'TD H Y D R O G E N  & RCCYCLE STFRhl P F F O R M E R  FFFTJJFNT 
NI\ I l l l i A 1  P R O D U C T  NATIIRAT.  G4'i PROCFSS FCED/CET,J, 

RFCYC1,E B YDROG FN 

HASFCAST R A S E C A S E  BASECASE R A S F C 4 S I . .  R A S E C 4 S F  m % r (  A s r  

V4POR V A P O R  V A P O R  V A P O R  VAPOR V A P O R  

22 3 6 0  6 4 4  1000  1000 60 

525 475  410  4 1 0  5 5 0  6 4 8  

169 25604 82574 54089 10R178 

1 60 25604 02574 54089 108178 

?54 35 

? 5 4  15 

2.12 16.10 18.02 17 .52  1 2 - 8 4  Ih 8 4  

3 7 . 8  0 3  3 8 . 1  19.05 3R. - 1 

0 . 2  0 . 3  0.10 
1 4 1 9 . 4  709.70 394.0  1410.4 

3 4  7 3 4 . 7  17.35 
15 1 15 1 7 . 5 5  

3 0 1.50 

- 

I 0 

458.8 
7'4 II 

1 3  k 1  R A 3 5 . C  

I 5 l O  7 

I , I O  



I 

0 
PJ 
I 

Y 

N 2  
0 2  
CH4 

C2H6 
C2H4 
C3H8 
n2 
co 
c02  
TOTAL, DRY 

H 2 0  
TOTAL, WET 

38.1 38.1 38.1 15 .8  22.3 - 

394.0 394.0 394.0 - 394.0 - 
- - - - - 

- - - 
- - - - 

- - 
- - 

- - - 
4321 .O 4509.4 4509.4 3923.2 507.1 - 

222.5 34.1 34.1 - 34.1 - 

5887.1 6075.5 6075.5 3939.0 2136.5 - 

2538.5 2350.1 16.9 - 16.9  3399  0 
8425.6 8425.6 6092.4 3939.0 2074.3 2299.0 

911 .5  1099.9 1099.9 ' - 1099.9 - 
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S T R E A M  NO. & UNITS 

STREAM DESCRIPTION 

OPERATING CASE 

F L U I D  STATE 

TEMPERATURE ( O F )  

PRESSURE ( P S I  G)  

L I Q U I D  ( # / H R )  

VAPOR ( # / H R )  

TOTAL ( # / H R )  I 
( 

MW OF VAPOR 

COHPOHEHTS (#mol s /HR)  
N2 

0 6 1 3 

1.1 011 T o 

3 2 5  

6lFi 

6 1 R  

1 

I I I PROCESS SrRIPPED V E N T  
('ONDENSATC COMDEYSRTE 

I3RSECASE BASECASE . RASECASE 
I I 

I I I 1 I 



TABLE 4 . 2 0  

rOWERS 

3EACTORS 
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TABLE 4 . 2 0  (Cont'd) 

FORM NO 135 904 

EXCHANGERS -- - - __- 

I 

H - 6 0 1  REFORMER 1 2 

P - 6 0 1 A  BFW CIRCULATION PUMP 1 2 
P - 6 0 1 B  SPARE BFW CIRCULATION PUMP 1 3 
P - 6 0 2 A  STRIPPED CONDENSATE P W P  I 3 

1 2 P - 6 0 2 B  SPARE STRIPPED CONDENSArE PUMP 
P - 6 0 3 A  STRIPPER REFLUX PUMP 1 2 
P - 6 0 3 B  SPARE STRIPPER RFLUX PUMP 1 2 



I I II I I 
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TABLE 4.21 
UNIT 600 - HYDROGEN PLANT EQUIPMENT SPECLFICATIONS 63 

TOWERS - 
ITEM NO. 

T-6 01  

REACTORS 

ITEM NO. 

R-601 
R-6 0 2A 
R-602B 
R-603 
R-604 
R-605 

DRUMS - 
ITEM NO. 

D-601 
-02 
D-603 
-04 
D-605 
D-606 

D-6 07 

D-6 08 

AIR COOLERS 

ITEM NO. 

E d 0 5  
E-610 
E-611 
E-612 

HEATERS 

ITEM NO. 

H-601 

DESCRIPTION DIA/HEIGHT 

Condensate 3'-6"/61'-0" 
S t r ippe r  

DESCRIPTION DIA/ HUGHT 

Hydrogenator 7'-6"/13'-6" 
Sul fur  Absorber 7 '-6"/u1-6" 
Sul fur  Absorber 7'-6"/13'-6" 
Chloride Guard 7'-6"/12'-6" 
HTS Converter 10 '-9" /11'-6" 
LTS Converter 10'-9"/15'-O" 

DESCRIPTION POSITION 

Feed KO Drum 
Fuel Gas KO D r u m  
Steam Drum 
Cont. B.D. Drum 
Intrmt.  B.D. Drum 
Hot Process Cond. 
D r u m  
Cold Process Cond. 
D7Xlll 

S t r ippe r  Reflux D r u m  

Vert. 
Vert. 
Horlz. 
Vert. 
Vert. 
Vert. 

Vert. 

Horiz. 

DESIGN 
PRESSURe 

40 PSIG + 
Max. Liq. Head 
+ F u l l  Vaccuum 

DESIGN 
PRESSURE 

520 
520 
520 
520 
400 
400 

DIA/HEIGHT 

2'-6"/7'-6" 
3 '-0"/7 '-0" 
4'-9"/49'-6" 
2 '-On/5'-O" 
5'-6"/6'-6" 
4'-9"/ 

DESCRIPTION NO. OF BAYS AREA, F T . ~  

R a w  Gas Cooler 3 6615 
F i r s t  Stage Coler 1 1650 
Second Stage Cooler 1 1650 
S p i l l  Back Cooler 1 185 

DESCRIPTION - TYPE DUTY, 106BTU/HR 

Reformer Terrace Wall 146.14 

INTERNALS 

Single  
Pass Valve 
Trays 

I N T E W S  

Cat a l p s  t 
Cata lys t  
Cata lys t  
Cata lys t  
Cata lys t  
Cata lys t  

DESIGN 
PRESSURE 

550 
80 

1850 
27 5 

30 
36 5 

36 5 

40 

MAT. OF 
CONSTR. 

304 S.S. 
C.S. 
C.S. 
C.S. 

MAT. OF 
CONSTR. 

5/64" 304L 

MAT. OF 
CONSTR. 

C-1/2 MO 
C-112 MO 
C-1/2 MO 
C-112 MO 
1 1/4  Cr-1/2 MO 
C.S. 

CONSTRU . 
C.S. 
C.S. 
5A-516-70 
C.S. 
C.S. 
C.S. 304L 
Clad 
C.S. 

C.S. 304L 
Clad 

COIL OUTLET 
MAT. TEMP. ,OF - 
25-35Nb 1560 

- 
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PRWUCI HYDRffitN 
I 

E-612 
SPILLBACK COOLER 

C-601A/B 
MAKE-UP C W R L S S O R  

li SPARE 

I 
2M1 S l A G t  IS1  STAGE 

i -u- 

f E-6 I 0  
C W L L R  C I S  

1st S l A C E  

-u- 

C 4  

I E-61 I 
2nd STAGE 

COOLLR c w s  

R E C Y C L i  HYDRffitN I 

LEGEND 1 
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TABLE 4.21  (Con t ' d )  
U N I T  600 .- HYDROGEN PLANT EQUIPMENT SPECIFICATIONS 

PUMPS - 
ITEM NO. DE SCRIP T I  ON TYPE - 
P-6 O l A I B  BFW Circ. Pump 

P-6 02AIB S t r i p p e r  Cond. 

P-S03A/B S t r i p p e r  R e f l u x  

& S p a r e  C e n t r i f  . 
Pump & S p a r e  C e n t r i f .  

Pump & Spare  C e n t r i f .  

COMPRESSORS 

ITEM NO. DESCRIPTION TYPE - 
C-601AIB Make-up Compr. Rec ip .  

MISCELLANEOUS 

ITEM NO. DESCRIPTION 

3-601 Reformer F.D. Fan* 
8-602 Reformer I . D .  Fan* 

M-6 01A/ B Reformer Feed Mixer* 

ST-601 Reformer S tack*  

DI SCH . MAT. OF 
=OW, GPM PRESSURE PSIG C 3NSTR 

110 183 C.S. 

135 14 4 C.S. 

20 74 C.S. 

OUTLET MAT. OF 
FLOW, ACFM PRESSURE, PSIG CONSTR. 

1690 3005 C.S. 

*Inc luded  i n  H-601 Reformer Package 
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4.7 Sour Water T r e a t i n g  - Unit  700 

u 0 Basis of Design 
I 

The s o u r  water t r e a t i n g  u n i t  is  designed t o  remove t h e  d i s s o l v e d  a c i d  
g a s  components and ammonia from t h e  aqueous process  streams produced i n  
Raw O i l  Recovery, Uni t  200, Gas T r e a t i n g ,  Uni t  300, Raw O i l  
Hydrot rea t ing ,  Uni t  400, and Hydrot rea ted  O i l  F r a c t i o n a t i o n ,  Unit  500. 
The d e s i g n  f o r  s o u r  water t r e a t i n g  c o n t a i n s  two p a r a l l e l  p rocess  t r a i n s ,  
each  capable  of process ing  540 gpm of sour  water having the fo l lowing  
composition: 

W t .  % - 
Carbon Dioxide 
Hydrogen S u l f i d e  
Ammonia 
Non-Condensibles 
Water 

0.7 
0.9 
3.4 
0 . 1  

94.9 1oo.o 
The s o u r  water t r e a t i n g  p r o c e s s  c o n s i s t s  of t h e  fo l lowing  s t e p s :  

- Steam s t r i p p i n g  of a c i d  g a s e s  
- Steam s t r i p p i n g  of ammonia, a f t e r  pH adjustment  - - S e l e c t i v e  a b s o r p t i o n  of ammonia from s t r i p p e d  a c i d  g a s  

Recovery and p u r i f i c a t i o n  of ammonia 

The des ign  employs t h e  USS Phosam-W process  f o r  s e l e c t i v e  removal and 
recovery of ammonia from a c i d  g a s  streams. S p e c i f i c a t i o n s  i n  t h e  product  
streams from s o u r  water t r e a t i n g  are: 

Anhydrous Ammonia 
S t r i p p e d  Water 

5 ppmw H2S (Max) 
100 ppmw NH3 (;.lax) 
100 ppmw H2S (Max) 

0 Process  D e s c r i p t i o n  

The p r o c e s s  f low f o r  s o u r  water t r e a t i n g  is  shown i n  F igure  4.10. 

Sour water from Raw O i l  Recovery, Gas T r e a t i n g ,  Hydrot rea t ing  and 
F r a c t i o n a t i o n  are  combined and prehea ted  i n  t h e  Sour Water Feed 
P r e h e a t e r ,  E-702, s o  t h a t  t h e  stream i s  a t  i t s  bubble p o i n t .  During 
s t a r t - u p ,  and i n  t h e  event  of ou tages  of E-702, t h e  Sour Water Feed 
Heater, E-703, can provide t h e  r e q u i r e d  stream heat-up by i n d i r e c t  low 
p r e s s u r e  steam. The prehea ted  aqueous f e e d  e n t e r s  t h e  t o p  of t h e  Sour 
Water S t r i p p e r ,  T-702, where both a c i d  g a s e s  and f r e e  ammonia are 
s t r i p p e d  from t h e  water. The water, s t r i p p e d  of i ts  f r e e  ammonia, i s  
then  pumped t o  t h e  Ammonia S t r i p p e r ,  T-701, where a f te r  pH adjustment  t h e  
f i x e d  ammonia c o n t e n t  is removed. The bottoms from t h e  s t r i p p e r  pass  
through t h e  Sour Water Feed P r e h e a t e r ,  E-702., and t h e  E f f l u e n t  Cooler ,  
E-713, t o  be cooled before  l e a v i n g  b a t t e r y  l i m i t s .  The s t r i p p e d  water, 
having an  ammonia c o n t e n t  of less than  100 ppmw, i s  recyc led  f o r  u s e  as 
wash water i n  t h e  h y d r o t r e a t e r  and make-up water for s p e n t  s h a l e  
m o i s t u r i z i n g .  
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4.7 Sour Water T r e a t i n g  - Unit 700 (Cont ' d )  8 
The combined overhead g a s  streams from t h e  Ammonia S t r i p p e r  and Sour 
Water S t r i p p e r ,  T-701 and T-702 r e s p e c t i v e l y ,  c o n t a i n i n g  s t r i p p e d  ammonia 
and a c i d  g a s e s  are f e d  t o  the Absorber,  T-704. There t h e  g a s  stream i s  
c o n t a c t e d  wi th  r e c i r c u l a t i n g  ammonium phosphate s o l u t i o n .  About one h a l f  
of t h e  water e n t e r i n g  t h e  Absorber,  T-704, i s  condensed i n  t h e  f i r s t  
s p r a y  removing approximately 80% of t h e  ammonia. The remaining vapor 
t h e n  p a s s e s  upward through t h e  tower where f i n a l  scrubbing of ammonia 
occurs  by c o u n t e r  c u r r e n t  c o n t a c t  w i t h  cooled l e a n  ammonium phosphate 
s o l u t i o n .  

Vapor l e a v i n g  t h e  t o p  of t h e  Absorber,  T-704, c o n t a i n s  approximately 
2,000 ppmv of ammonia. These vapors  are cooled i n  t h e  After Condenser, 
E-707, condensing a p o r t i o n  of t h e  g a s  and reducing t h e  ammonia c o n t e n t  
i n  t h e  g a s  t o  less t h a n  100 ppmw. The g a s  e x i t s  b a t t e r y  l i m i t s  a t  150°F 
and 5 p s i g  and flows t o  S u l f u r  Recovery, Unit 800. 

The r i c h  ammonium phosphate s o l u t i o n  from t h e  bottoms of t h e  Absorber,  
T-704, i s  h e a t e d  i n  t h e  S o l u t i o n  Exchanger, E-709, by h o t  l e a n  s o l u t i o n  
from t h e  bottom of t h e  S t r i p p e r ,  T-705. The h o t  s o l u t i o n  i s  sparged i n t o  
t h e  Cootac tor ,  D-703, where i t  is  f l a s h e d .  F l a s h i n g  t h e  r i c h  s o l u t i o n  
releases small amounts of acid gas which were absorbed d u r i n g  c o n t a c t  
wi th  t h e  vapor i n  the Absorber,  T-704. The released acid g a s  r e t u r n s  to 
t h e  Absorber,  T-704, f o r  r e a b s o r p t i o n .  

The r i c h  s o l u t i o n ,  f r e e  of a c i d  g a s  c o n t e n t ,  is  pumped through t h e  t o p  
s e c t i o n  of t h e  S t r i p p e r  Condenser, E-712AY t o  t h e  S t r i p p e r ,  T-705. The 
s t r i p p e r  removes t h e  absorbed ammonia and g e n e r a t e s  l e a n  ammonium 
phosphate s o l u t i o n  f o r  r e c y c l e  t o  t h e  Absorber,  T-704. 

The aqueous ammonia vapor ,  c o n t a i n i n g  from 10 t o  20 w t .  % ammonia, from 
t h e  top  of t h e  S t r i p p e r ,  T-705, i s  condensed i n  t h e  S t r i p p e r  Condenser, 
E-712A/B. The aqueous ammonia condensate  f lows by g r a v i t y  t o  t h e  ' 

F r a c t i o n a t o r  Feed Drum, D-704. To prevent  trace amounts of C02 and 
H2S g a s  from c o l l e c t i n g  i n  t h i s  drum, a small stream of sodium 
hydroxide,  N a O H ,  is cont inuous ly  f e d  i n t o  t h e  drum by t h e  C a u s t i c  
Metering Pump, P-707. The NaOH reacts wi th  t h e  a c i d  g a s e s  forming s a l t s  
which are purged from t h e  F r a c t i o n a t o r ,  T-703, with t h e  bottoms. 

The aqueous ammonia condensate  i s  pumped t o  t h e  F r a c t i o n a t o r ,  T-703, 
where it i s  . d i s t i l l e d  a t  e l e v a t e d  p r e s s u r e  t o  a n  anhydrous ammonia 
product ,  99.5% N H 3  by volume. The overhead ammonia product  i s  
condensed and d i v i d e d  i n t o  a r e f l u x  and product  stream. The rate of 
ammonia product  l e a v i n g  t h e  b a t t e r y  l i m i t s  i s  r e g u l a t e d  t o  provide  t h e  
cont inuous product ion  of h i g h  q u a l i t y  product ,  which i s  pumped t o  s t o r a g e .  

The a l k a l i n e  bottoms stream l e a v i n g  t h e  F r a c t i o n a t o r ,  T-703, c o n t a i n i n g  
small amounts of ammonia, is  f l a s h e d  d i r e c t l y  i n t o  t h e  bottom of t h e  Sour 
Water S t r i p p e r ,  T-702. 
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4.7 Sour Water Trea t ing  - Unit 700 (Cont 'd)  
I 

0 Ut i l i t i e s  Summary 

The normal ope ra t ing  requi rements  € o r  one t r a i n  of s o u r  water  t r e a t i n g  
a r e  summarized below. The t o t a l  p l a n t  c o n t a i n s  two i d e n t i c a l  o p e r a t i n g  
t r a i n s .  

U t i l i t y  

Steam, 550 p s i g ,  750°F 
Steam, 45 p s i g ,  Sa t .  
Cooling Water, 85OF 
Elec tr k i t  y 
Phosphoric Acid (as 100% H3PO4) 
Caus t i c  (as 100% NaOH) 

Normal Demand 

105,000 Lb/Hr 
46,550 Lb/hr 
11,960 GPM 

550 KW 
44,700 Lb/Month 
63,900 Lb/Month 

e Heat and M a t e r i a l  Balance 

A summary of p rocess  stream flows f o r  t h e  sou r  water t r e a t i n g  u n i t ,  keyed 
t o  t h e  process  f low diagram by stream numbers, i s  g iven  i n  Table  4.22.  
This  m a t e r i a l  balance t a b l e  r e p r e s e n t s  one of two o p e r a t i n g  t r a i n s  f o r  
sou r  water t r e a t i n g .  

0 Process  Equipment Summary 

Major process  equipment r equ i r ed  p e r  t r a i n  of sour  water t r e a t i n g ,  as 
w e l l  as f o r  t h e  t o t a l  p l a n t ,  are l i s t e d  i n  Table  4.23. The corresponding 
equipment s p e c i f i c a t i o n s  a r e  provided i n  Table 4.24. 

a 
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STREAM NO. & UNITS 

STREAM DESCR I PT I ON 

OPERATING CASE 
FLUID STATE 

TEMPERATURE (OF)  

PRESSURE (PS I G )  

LIQUID (#/HR) 

VAPOR (#/HR) 
TOTAL (#/HR) 

MU OF VAPOR 

COMPONENTS (#mol s/HR) 
c02 
H2S 

NON-CONDENSIBLES 
TOTAL. DRY 

TOTAL, WET 

I I I I I - 
TOTAL ACID GAS AMMONIA S T R I P P E D  

FEED RECOVERY STORAGE 
SOUR WATER TO SULFUR PRODUCT TO WATER 

BASECASE BASECASE BAS ECAS E BASECASE 

262,988 8824 I 2 4 8 , 7 2 1  I I - I 
I I 

- 5443 - - 

262 ,988  5443 8824 248 ,721  

I I I I I 
I 1 

1 1 0  - 18 PFD TABULATION 



I 
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+ 
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TABLE 4 . 2 3  (Cont'd) 



TABLE 4.24 

UNIT 700 - SOUR WATER TREATING EQUIPMENT SPECIFICATIONS 

TOWERS 
DESIGN MAT. OF 
PRESSURE INTERNALS CONSTR. 

25 PSIG 304 S.S. Trays SA-516-70 
50 PSIG 304 S.S. Trays C.S. 

300 PSIG 304 S.S. Trays 304 L. S.S. 
50 PSIG 304 S.S. Trays 304 L. S.S. 

300 PSIG 304 S.S. Trays 304 L. S.S. 

ITEM NO. 

T-701 
T-702 
T-703 
T-704 
T-705 

DRDpis 

ITEM NO. 

D-701 
D-702 
D-703 
D-704 

TANKS 

- 

- 
XTEM NO. 

TK-701 

TK-702 

DESCRIPTION DIA/HEIGHT 

Ammonia S t r i p p e r  7' -0"/110'-0" 
Sour Water S t r i p p e r  8'-0"/168'-0" 
F rac t iona to r  3'-6"/194' -0" 
Absorber 7'-0"/97'-0" 
S t r i p p e r  6 ' -0 " /122 ' -0 " 

DESIGN 
PRESSURE 

300 PSIG 
20 PSXG 
15 PISG 

300 PSIG 

DESIGN 
PRESSURE 

MAT OF 
CONSTR. 

C.S. 
316 L. S.S. 
304 L. S.S. 
304 L. S.S. 

DIA/HEIGHT DESCRIPTION POSITION 

Vert. 
Vert. 

Horiz. 
Horiz. 

POSITION 

N.A. 
N.A. 

TEMA 
TYPE - 
AEL 
S p i r a l  
P l a t e  

AEU 

AEL 

AES 

N U  
AEP 

AEU 
AEU 
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2 ' 6"/4' -0" 
3 ' 6"/20 ' -0 .. 
9' -0"/18' -6" 
1 0  ' -0 " /2 6 ' -6 " 

Reflux Drum 
Condensate D r u m  
Cont rac tor  
F rac t iona to r  Feed D r u m  

DESCRIPTION 

Phosporic Acid 
S torage  Tank 
Caus t ic  S torage  Tank 

DIA/HEIGHT 

6 ' -0" /12 ' -0 " 
40'-0"/40'-0" 

ATM. 
ATM. 

316 L. S.S. 
C.S. 

EXCHANGERS 

MAT. OF 
CONSTR . AREA, F T . ~  

500 9 

694 9 

632 

3411 

1551 

6752 
409 

3538 
1074 

ITEM NO. DESCRIPTION 

E -7 01 Ammonia 

E-702 Sour Water 

E-703 Sour Water 

E-704 Sour Water 

E-705 Frac t iona to r  

E-706 Frac t iona to r  

E-707 Aftercondenser  

S t r i p p e r  R e  b o i l e r  

Feed Prehea ter  

Feed Heater 

S t r i p p e r  Reboi le r  

Reboi le r  

Condenser 

C.S. 
430 S.S. Tubes 
304 S.S. 
304 S.S. Tubes 
C.S. 
304 S.S. Tubes 
C.S. 
C.S. Tubes 
C.S. 
430 S.S. Tubes 
C.S. 
C.S. Tubes 
C.S. 
304 L. S.S. Tubes 
C.S. 
304 L. S.S. Tubes 
304 L. S.S. 
304 L. S.S. Tubes 

E-708 Absorber Cooler 
E-709 So lu t ion  Exchanger 



ACID GAS 

U N I T  088 
* TO SULFUR RECOVERY 

1 T 
r 
I 

7-702 
SOUR WATER I -  STRIPPER E-712A 

STRIPPER 
CONIENSER I I O P l  

.__ 
I 

1 1-701 
I W N I A  STRIWER 

E-703 
SWR W A I E A  

FEE0 HLATER 

T-705 
STRIPPER 7-703 

FRACTIONATOR 
REFLUX 

ORUU 

i -D COW. 2 1 E-7 128 
SIRIPPER 

CONDENSER I BDTTMl l  

E-701 
U U O G P P E R  

REBOILER 

E-710 
LEAN SOLUTION 

CDOLlR i"" 
E-711 
SIRIPPER 
REBOl LER E-704 

SOUR WATER 
SIRIPPER REBOILER 'T- I_ . 

CONO. 6 E-708 
ABSORBiR 

COOLER 
D-704 

FRACTIONATOR 
FEE0 ORW 

E-702 
SOUR WATER 

FEED PREHEATER 

EFFLUENT 
CWLCR 

r 
L t 

7 - -  
SOLUTION 

E X C W E R  

E-705 
FRACT IONAIOR 

REBOl LER P-70lWB 
W N l A  STRIPPER 

E O T I M  P W  
k YARE 

P-704 A/ B/ C 
ABSORBER ' PUMPS ClRCULATlON b SPARE 

A A W N I A  PRODUCT 
TO STORAGE - I 

- L 
TK-701 
PHOSPHORIC 

A C 1 0  STORAGE )-703 
INTACTOR 

SUA WATER I I  
FW RAN OIL RECOVERY 
UNIT 288 

Sou) WATER 3 FRCU GAS TREATING 
UNIT SBB 

I b 

m 

m 

SOUR WATER 3 FRCU FRACTIONATOR 
UNll 500 

.c 

P-705 
PHOSPHORIC ACID 

ADDITION PUW 

CAUSTIC STORAGE 
TANK 

i P-707WB 
1 CAUSTIC ULIiRlNG 

PIMP & SPARL 
LEGEND I 
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4.8 S u l f u r  Recovery - Unit 800 

0 Basis of Design 

The s u l f u r  recovery p l a n t  i s  designed t o  treat  t h e  e f f l u e n t  g a s e s  from 
Gas Trea t ing ,  Unit  300 ,  and Sour Wat Trea t ing ,  Unit  7 0 0 ,  f o r  removal 
of hydrogen s u l f i d e  v i a  t h e  L0-CATtR5Process. Two i d e n t i c a l  p r o c e s s  
t r a i n s ,  with a des ign  c a p a c i t y  o f  35 TPD s u l f u r ,  a re  provided t o  t r e a t  
t h e  make gas  produced i n  t h e  e n t i r e  p lan t .  

Tine composi t ions,  f l o w t a t e s ,  and c o n d i t i o n s  a t  which t h e  feed gases a r e  
d e l i v e r e d  t o  each of t h e  sulfur recovery t r a i n s  a r e  as follows: 

Component 

H2 

co2 
H20 
*2S 
NH3 
CH4 

co 

C2H4 
C2H6 
C3H6 
C3H8 
‘qH8 
‘qH1O 
N 2  
c5+ 

T o t a l  Weight, Lbs/Hr 
Molecular K t .  
P r e s s u r e ,  PSIG 
Temperature, OF 

Mol% 
Unit 300 Unit  70 0 

44.95 
3.72 

14.86 
1.47 
0.89 
0.01 

16.01 
2.24 
5.71 
2.47 
2.87 
2.54 
0.50 
1.65 
0.11 

100.00 

24.38 
24.78 
40.08 

1.80 

8.96 

100.00 

47,712 5 ,443  

100 5 
120 150 

18.6 31.7 
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4.8 S u l f u r  Recovery - Unit  800 (Cont'd) 

The s u l f u r  recovery  u n i t  is  des igned  t o  remove 99+% of t h e  H2S 
conta ined  i n  t h e  r a w  g a s  f e e d ,  wh i l e  producing a h i g h  p u r i t y  molten 
s u l f u r  by-product. The t r e a t e d  f u e l  g a s  c o n t a i n s  a maximum of 1 0  ppmv 
HqS and has  t h e  fo l lowing  expec ted  composition: 

L 

Component 

H 2  

co2 
H20 
H2S 
N H 3  
CH4 

co 

C2H4 
C2H6 
C3H6 
C3H8 
C4H8 
C4H10 
N 2  
c5+ 

T o t a l  Weight, Lbs/Hr 
.Molecular W t  . 
LHV, BTU/SCF 

Mol% - 
45.32 

3.75 
14.99 
1.53 

0.01 
16.15 

2.26 
5.75 
2.49 
2.90 
2.56 
0.51 
1.67 
0.11 

100.00 

(<lo ppmv) 

46,958 
18.50 

62 6 

0 Process  Desc r ip t ion  

The p rocess  f low diagram f o r  t h e  s u l f u r  recovery  u n i t  i s  shown i n  F igu re  
4.11. 

The s o u r  gas  from Gas T r e a t i n g ,  Uni t  300, a t  100 p s i g  and 120'F e n t e r s  
t h e  s u l f u r  recovery  u n i t  and is passed through t h e  Sour Gas Scrubber  t o  
remove e n t r a i n e d  l i q u i d s .  The g a s  stream then  e n t e r s  a t  t h e  bottom of 
Liquid F i l l e d  Absorber, through a s p e c i a l l y  des igned  Ventur i  
Pre-contac tor  (p re sc rubbe r ) .  The g a s  is  d i s t r i b u t e d  i n  t h e  LO-CAT(R) 
S o l u t i o n  by means of a non-plugging t y p e  d i s t r i b u t o r  and bubbles  upward 
through t h e  s o l u t i o n  where t h e  H2S i s  conver ted  t o  e l emen ta l  s u l f u r .  
The sweet f u e l  g a s  wi th  less than  1 0  ppmv H2S l e a v e s  t h e  u n i t .  
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4.8 S u l f u r  Recovery - Unit  800 (Cont 'd) 

Regenerated LO-CAT(R) s o l u t i o n  from t h e  o x i d i z e r  e n t e r s  t h e  abso rbe r  
s l i g h t l y  below t h e  l i q u i d  l e v e l  and f lows  downward, c o u n t e r c u r r e n t  t o  
the g a s  flow. The s p e n t  s o l u t i o n  l e a v e s  t h e  v e s s e l  through an  i n t e r n a l  
cone bottom. P a r t i a l l y  reduced s o l u t i o n  p a s s e s  through t h e  S o l u t i o n  
Cooler and i n t o  t h e  Oxid izer  v e s s e l ,  where i t  i s  regene ra t ed  by d i r e c t  
c o n t a c t  w i th  compressed a i r .  

The o x i d i z e r  is a cone bottom v e s s e l  which performs two f u n c t i o n s :  
o x i d a t i o n  and s e t t l i n g .  Oxida t ion  of t h e  i r o n  based catalyst  i s  
performed i n  t h e  p o r t i o n  of t h e  v e s s e l  above t h e  a i r  s p a r g e r .  The 
p a r t i a l l y  reduced c a t a l y s t  s o l u t i o n  e n t e r s  t h e  v e s s e l  j u s t  below t h e  
l i q u i d  l e v e l  and f lows  downward through t h e  o x i d i z e r  s e c t i o n  where i t  i s  
con tac t ed  w i t h  a i r  and reoxid ized .  The l i q u i d  i s  d i s t r i b u t e d  a c r o s s  t h e  
e n t i r e  c r o s s  s e c t i o n a l  area of t h e  v e s s e l  v i a  a s t anda rd  s l o t t e d  p i p e  
d i s t r i b u t o r .  The a i r  is  d i s t r i b u t e d  v i a  a non-plugging type  
d i s t r i b u t o r .  The o v e r a l l  r e a c t i o n  f o r  hydrogen s u l f i d e  removal is:  

H2S + 1 / 2  02 - H20 + S 

Air f o r  re -oxida t ion  of t h e  c a t a l y s t  s o l u t i o n  i s  provided by an  Air 
Compressor. 

The off-gas  from Sour Water T r e a t i n g ,  Un i t  800, a t  5 p s i g  and 150°F is  
passed through t h e  Gas Cooler and cooled t o  120'F. It is then  t r e a t e d  
i n  a small abso rbe r  l o c a t e d  w i t h i n  t h e  o x i d i z e r  v e s s e l .  The s p e n t  a i r ,  
a long  w i t h  the t r e a t e d  of f -gas  from Sour Water Trea t ing  having H2S 
removed t o  less than  1 0  ppmv, l e a v e s  t h e  t o p  of t h e  Oxid izer  v e s s e l  and 
d i s c h a r g e s  t o  t h e  atmosphere. 

S u l f u r  formed i n  t h e  absorber  v e s s e l  circulates wi th  t h e  s o l u t i o n  and 
t h e  p a r t i c l e s  grow t o  t h e  10-20 micrometer range. The l a r g e r  p a r t i c l e s  
s e t t l e  o u t  of t h e  bulk  s o l u t i o n  i n  t h e  bottom of t h e  Oxid izer  v e s s e l  and 
are f l u s h e d  o u t  o f  t h e  cone-bottomed s e t t l i n g  area as  a s l u r r y  a t  10 t o  
20 w t %  s u l f u r .  

The s u l f u r  s l u r r y  i s  pumped a t  approximately 100 p s i g  through a s p e c i a l  
non-plugging s u l f u r  melter, where i t  is hea ted  t o  270°F by  50 p s i g  
steam. The s o l u t i o n  and molten s u l f u r  phase,  formed i n  t h e  melter, f low 
through steam jacke ted  p ip ing  t o  t h e  S u l f u r  S e p a r a t o r ,  where a 
l i q u i d - l i q u i d  i n t e r f a c e  i s  maintained.  The molten s u l f u r  product  i s  
withdrawn from t h e  S u l f u r  Sepa ra to r  on l e v e l  c o n t r o l  and s e n t  t o  molten 
s u l f u r  s t o r a g e .  
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4.8 S u l f u r  Recovery - Unit  800 (Cont 'd)  

The aqueous s o l u t i o n  leaves t h e  S u l f u r  S e p a r a t o r  through a back p r e s s u r e  
c o n t r o l  v a l v e  and i s  r e t u r n e d  t o  t h e  Oxidizer .  

I n  t h e  o x i d a t i o n  of H2S t o  s u l f u r ,  t h e  fo l lowing  s i d e  r e a c t i o n  t a k e s  
p l a c e  : 

4HS- + 302- 2H2S2O3 

T h i s  r e a c t i o n  reduces t h e  pH of t h e  scrubbing  s o l u t i o n ,  and t h e r e f o r e  
NaqC02 ,  KOB o r  o t h e r  a l k a l i n e  sa l t  must be added t o  main ta in  t h e  
s o  u t  on i n  t h e  8-8.5 pH range. This l e a d s  t o  a gradual  bui ldup of 
Na2S203 o r  similar water-soluble  su l fur -conta in ing  s a l t s  i n  t h e  
s o l u t i o n .  These have no d e l e t e r i o u s  effect  a t  c o n c e n t r a t i o n s  below 
about 30 w t % .  The s o l u t i o n  composi t ion i s  maintained a t  a s t a b l e  l e v e l  
by cont inuous a d d i t i o n  of  t h e  fo l lowing  chemicals: 

ARI-310 Concentrate  is  added t o  r e p l a c e  any s o l u t i o n  which may be l o s t  
with t h e  s u l f u r  cake.  

AEU-310M Chelate-Rich Makeup s o l u t i o n  i s  added t o  r e p l a c e  Type A and 
Type B c h e l a t e  compounds l o s t  from t h e  s o l u t i o n  b y  slow o x i d a t i o n  
r e a c t i o n s .  

- Na7COq Buffer ing  S o l u t i o n  i s  added t o  r e p l a c e  l o s s e s  w i t h  t h e  s u l f u r  
cake  and t o  n e u t r a l i z e  t h i o s u l f a t e  i o n s  formed i n  t h e  process .  
Adjustments i n  t h e  a d d i t i o n  ra te  are based on d a i l y  measurements of  t h e  
s o l u t i o n  pH. 

ARI-400 Biochem B i o s t a t  is  added a t  about 1 0  ppm by weight per  day. 
This p r e v e n t s  b i o l o g i c a l  damage t o  t h e  c h e l a t e  system. 

Wett ing Agent and Anti-Foam A d d i t i v e s  may be added cont inuous ly  i n  small  
amounts i f  t h e  gas  stream c o n t a i n s  o i l y  m a t e r i a l s  which i n t e r f e r e  w i t h  
s u l f u r  s e t t l i n g ,  o r  s u r f a c e  a c t i v e  materials which can o therwise  cause  
foaming . 
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4.8 Sul fu r  Recovery - Unit 800 (Cont 'd) 

0 Uti l i t i es  and Chemical Summary 

The normal ope ra t ing  u t i l i t i e s  and chemicals  requirement  f o r  one t r a i n  
of s u l f u r  recovery a re  summarized below. The t o t a l  p l a n t  c o n t a i n s  two 
i d e n t i c a l  t r a i n s .  

U t i l i t i e s  Consumption 

Electric Power 

ki r Compressor 
Air Compressor (Spare)  
Pumps ( T o t a l )  
Pumps (Spare To ta l )  
Ins t ruments  and L igh t ing  
To t a l  

Steam Consumption, l b / h r  
Condensate Product ion,  l b / h r  
Cooling Water, GPM 

@ 30°F A T  

Chemicals Consumption 

ARI-310 
ARI-31 OM 
KOH 
Other Chemicals 

Normal Connected Load 
KW KW 

3 31 

720 
- 
- 
10  

1061 
- 

402 
40 2 
796 
79 6 
10 

B a t t e r y  L i m i t s  Normal 
Condi t ions Demand 

60 psig/303"F 4,000 
4,000 

80 psig/8O0F 1 ,039  

40.6 Lbs/Hr 
207.3 Lbs/Hr 
130.7 Lbs/Hr 

72 $/Day 

0 Heat and Material Balance 

A summary of process  stream flows f o r  t h e  s u l f u r  recovery  u n i t ,  
keyed to t h e  process  f low diagram by stream numbers, i s  given i n  
Table  4.25. This material ba lance  t a b l e  r e p r e s e n t s  one of two 
o p e r a t i n g  t r a i n s  f o r  s u l f u r  recovery.  
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TABLE 4.24 (Cont'd) 

UNIT 700 - SOUR W A T B  TREATING EQUIPMENT SPECIFICATIONS 

EXCHANGERS (continued) 

E -71 0 

E-711 

E-712A 

E-712B 

E -71 3 

PUMPS - 
ITEM NO. 

P-70lAIB 

P-702AIB 

P-703AIB 

P-704A/ B/C 

P-705 

P-706AI B 

P-707AIB 

P-708AI B 

P-709AIB 

Lean 
Solution Cooler Arm 
Stripper 
Reboller AES 
S t r 1 pper 
Condenser (Top BEX 
S t r ipper XEP 
Condenser (Bottom) 
Effluent 
Cooler AEU 

C.S. 
3032 304 L. S . S .  Tubes 

C.S. 
3095 304 L. S . S .  Tubes 

304 L. S.S. 
3095 304L. S . S .  Tubes 
1390 C.S. 

304 L. S . S .  Tubes 
C.S. 

5903 C.S. Tubes 

DISCH. MBT. OF 
TYPE =OW, GPM PRESS. PSIG CONSTR . - DESCRIPTION 

Ammonia Str ipper  
Bottoms Pump & Spare 
Fractionator Reflux 
Pump & Spare 
Condensate 
Pump & Spare 
Absorber Circulation 
Pumps & Spare 
Phosphoric Acid 
Addition Pump 
Rich Solution 
Pump & Spare 
Caustic Metering 
Pump C Spare 
Fractionator Feed 
Pump & Spare 
Ammonia Stripper Feed 
Pump & Spare 

Centrif .  

Centrif .  

Centrif . 
Centrif .  

Centrif .  

Centrif .  

Recipe 

Centrif .  

Centrif .  

820 

140 

40 

1580 

65 

4 75 

2 

185 

915 

50 

40 

66 

58 

29 

2 41 

260 

77 

30 

304 S.S. 
C . S .  Case 
S.S. Impel 

304 S . S .  

304 S.S. 

316 S.S. 

304 S.S. 

316 S.S.  

304 S . S .  

304 S . S .  
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4.9 SDent Shale  M o i s t u r i z i n e  - Unit 900 

0 

Basis of Design 

Spent s h a l e  produced on t h e  r e t o r t i n g  system, Unit  100, is  mois tur ized  
t o  14%, based on t h e  d r y  weight,  i n  o r d e r  t o  c o n d i t i o n  t h i s  material f o r  
d i s p o s a l  and compaction on a s p e n t  s h a l e  p i l e .  The spent  s h a l e  
m o i s t u r i z i n g  system is  designed as s i x  p a r a l l e l  t r a i n s ,  each capable  of 
process ing  9200 TPD of d r y  feed.  Each r e t o r t i n g  t r a i n  w i l l  have a 
d e d i c a t e d  t r a i n  of spent  s h a l e  m o i s t u r i z i n g  t o  avoid  long d i s t a n c e  
handl ing  of t h e  powdery d r y  material. 

Each m o i s t u r i z i n g  t r a i n  r e c e i v e s  t h e  fo l lowing  feed  streams of dry  s p e n t  
s h a l e  a t  350°F, from t h e  corresponding r e t o r t i n g  module: 

S i z e  - TPD - 
Coarse Retor ted  Shale  -6 mm 8,323 

867 - Fine  Retor ted  Shale  -100 microns 

T o t a l  9,190 

The o u t l e t  temperature  f o r  t h e  mois tur ized  s p e n t  s h a l e  i s  l i m i t e d  t o  
180°F t o  avoid p a r t i c u l a t e  emiss ions  r e s u l t i n g  from s u r f a c e  water 
evapora t ion .  S t r i p p e d  s o u r  water, from Unit  700, and o t h e r  t r e a t e d  
aqueous streams produced i n  t h e  normal p l a n t  o p e r a t i o n  a r e  used as 
make-up water f o r  m o i s t u r i z i n g  t h e  s p e n t  shale. 

Process  D e s c r i p t i o n  

Dry spent  s h a l e  is s t o r e d  i n  t h e  Spent Shale  Surge Bin, BN-901. T h i s  
b i n ,  i n  a d d i t i o n  t o  providing a s u r g e  between t h e  r e t o r t i n g  p l a n t  and 
t h e  m o i s t u r i z i n g  u n i t ,  h e l p s  t o  blend t h e  c o a r s e  s h a l e  with f i n e s  t o  
a s s u r e  a f a i r l y  homogenous p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  t h e  feed .  

Blended s p e n t  s h a l e  is cont inuous ly  f e d  by t h e  Screw Conveyor, CV-901 ,  
t o  t h e  Pugg M i l l ,  A-901 . Mois tur iz ing  water is  sprayed i n  the pugg 
m i l l  t o  c o o l  and m o i s t u r i z e  the  s h a l e .  

Moistur ized shale is  d ischarged  on t h e  mois tur ized  s h a l e  conveyors,  
CV-902, CV-903 and CV-904. These conveyors are hooded and v e n t i l a t e d  t o  
avoid p a r t i c u l a t e  emissions.  Moistur ized s h a l e  i s  t h e n  d ischarged  
d i r e c t l y  i n t o  a h a u l i n g  t r u c k  f o r  f i n a l  d i s p o s a l .  A t  t h e  CV-904 
conveyor d i s c h a r g e ,  t h e  Moistur ized Shale  Hopper, BN-902, a l l o w s  f o r  
s h o r t  time s t o r a g e  r e q u i r e d  f o r  t r u c k  changing. There is  no p r o v i s i o n  
f o r  longer  per iod  s t o r a g e  of mois tur ized  s p e n t  s h a l e ,  due t o  i t s  
tendency f o r  hardening and compaction i n  b ins .  
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4.9 Spent  Shale  Mois tu r i z ing  - Uni t  900 (Cont 'd )  

Spent s h a l e  d u s t  and steam gene ra t ed  by t h e  s p e n t  s h a l e  c o o l i n g  i s  
vented from t h e  pugg m i l l  and c o l l e c t e d  i n  Ven tu r i  Scrubber ,  A-902, 
where water scrubbing  removes t h e  d u s t  and condenses t h e  steam. 
Non-condensibles c a r r i e d  by t h e  d r y  spen t  shale, and a i r  l e a k i n g  i n t o  
t h e  system, are sepa ra t ed  i n  t h e  Water S e p a r a t o r ,  D-901, and vented  t o  
t h e  atmosphere. 

Ventur i  s c rubbe r  water i s  supp l i ed  by t h e  R e c i r c u l a t i n g  Pump, P-901, 
a f t e r  i t  is a i r  cooled  i n  E-901. Make-up water i s  sprayed i n t o  t h e  
\later S e p a r a t o r  D-901, o r  f ed  d i r e c t l y  t o  t h e  v e n t u r i  s c rubbe r  i n l e t .  

Steam and spen t  s h a l e  d u s t  gene ra t ed  on t h e  conveyor, CJ-902, a r e  
handled i n  t h e  Conveyor Blower, B-902, and scrubbed i n  t h e  water 
s e p a r a t o r  D-901. The e n t i r e  p l a n t  i s  main ta ined  under a s l i g h t  vacuum 
t o  avoid  d u s t  emiss ions .  

Utilities Summary 

The normal o p e r a t i n g  requi rements  f o r  one t r a i n  of spent  s h a l e  
m o i s t u r i z i n g  are summarized below. The t o t a l  p l a n t  c o n t a i n s  s i x  
i d e n t i c a l  o p e r a t i n g  t r a i n s .  

U t i l i t y  

Raw Water, GPM 

Shale  Mois tu r i z ing  
Dust Su rp res s ion  

Normal Demand 

220 
40 

T o t a l  260 

E l e c t r i c  Power, KW 

A-901 
5-901 
B-902 
CV-901 
CV-902 
CV-903 
CV-904 
E-901 
P-901 

T o t a l  

Pugg M i l l  
Vent Blower 
Conveyor Blower 
Screw Conveyor 
Yo i s tu r i zed  Shale  Conveyor 
Trans fe r  Conveyor 
Cross  Conveyor 
Cooler  
Pump 

20 
20 

40 
40 
7 5  
40 
100 

a0 

- 
415 
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4.9 Spent Sha le  Mois tu r i z ing  - Unit  900 (Cont 'd) 

0 Heat and Material Balance 
Gs 

A summary of p rocess  stream flows for t h e  s p e n t  s h a l e  m o i s t u r i z i n g  u n i t ,  
keyed t o  t h e  process  f l o w  diagram by stream numbers, i s  g iven  i n  Table 
4 . 2 6 .  This material ba lance  t a b l e  r e p r e s e n t s  one of six o p e r a t i n g  
t ra ins  for spen t  s h a l e  moi s tu r i z ing .  

0 Process  Equipment Summary 

Major process  equipment r equ i r ed  p e r  t r a i n  of s p e n t  s h a l e  m o i s t u r i z i n g ,  
as w e l l  as for t h e  t o t a l  p l a n t ,  are l i s t e d  i n  Table 4.27. The 
cor responding  equipment s p e c i f i c a t i o n s  are provided i n  Table  4.28. 
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. . . .  - 

150.771 !15.388 __ 
9 1 , 3 5 0  - 

50 

9 1 , 4 0 0  

- 

307 

765,600 

- 
1 , 8 9 0  I 

6 5 , 9 6 6  

- 
4 , 7 1 0  

1 5 5 , 4 8 1  

6 , 7 0 0  

222,088 765,907 

--- 
50 7 6 5 , 6 8 0  

150 __ 

157 - 
9 1 , 3 5 0  

... 

- 

. __ ... _- 
- .......... - ... 

. 

. _._ . .- . ._-_- - 



CONTIIACT NO. : - 1 1 - 3 6 2 6 5  - - - - _-_ D A T E  4 / 1 5 / 8 7  I IEV.  NO. 

WATER .' VENT L I N E  

.. VAPOR -__ .. 

1 9 5  

ATM 

- - . .- - . - -. 

VENTURI DISC 

LIO/VAPOR.  
1 x 5 .  . 

ATM 

CONV. BLOWEl 

- V A P O R  

..BMB---- 
ATM 

- - - 
9 1 , 3 7 8  

2 0 0  , 
9 1 . 5 7 8  

ATM 

1 . 0 2 1 ,  152- 

3 0 , 7 3 6  

1 , 0 5 1 , 8 9 8  

8 3 6 , 3 8 8 -  .- 

6 0 7  

- --_____ 

- 2 6 , 7 3 1  

6 , 5 0 0  

3 3 , 2 3 1  

- 
3 0 , 7 3 6  

8 6 7 , 7 3 1  

3 0 , 7 3 6  

1 , 0 5 1 , 8 8 8  Total l b s / h r  
-. -- - 9 5 , 8 3 5  

~~ 

.... - .......... ... ................... ........ - L ..... 

. . . . . .  _ _ _ _ _ ~ .  - . 

Componeu ts 1 hs /h r 

S p e n t  Shale 

.......... - - ..... - 
~ - - - 

__ - .  .... . . . ............. ...... 

......... ._ . 

_ _  - 

30, 7 3 6  .... 

1 , 0 2  1 , 1 5 2 -  

- 200 __ 

... 

] 207 .  2 co 
N 

2 
A i r  

........... 

3 00 
. . .  

. . - - . . - 

9 1 , 3 7 8  9 1 , 6 7 8  .... 

. - . ~ 

... - . - ...... 
- .. ..... . . - .. .~ . ~. . 

. . . . . . . . . .  

. 

. .  

... 

- . - ._ .. 

. .  

- .. 

.~ . 

.. .... _. .. 

_. ........ 

- - .~.. -. 

. . . . .  .- -. 
.... 

........ - ............ 
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FOSTER WHEELER USA CORPORATlON 

PC.NO.:  Oft 

900 SPENT SHALE MOISTURIZING - .- SECTION NO. : 
U N I T  : __  _______. __ 

- REF. OWG. : 
C O N T n A C T  NO. : 11-36265 DATE 4 /16 /07  n E v .  NO. : CUSTOMER : DOE/METC -- 

_- L O C A T I O N  : 

S T R E A M  NO. & U N I T S  

STREAM DESCnlPTlON VENT *' ,LE - 
SOLID 

1 7 0  ' 

ATM 

__ - _ _ _  
- I 

107,195 

765 ,630  

0 1 2 , 0 2 5  

MAKE UP WATER 

VAPOR 

- -!?-. - - 
LIQUID - 

AMB ___ _ ..- 
ATM __ ... . - 5 0  --___- 

__ __  
- 

- 
186,185 - 

50 

186 ,235  

- 

- 
L.iquih l b s / h L  _ _  _ _  _ _  - - -  
Vapor l b s / h r  .- -- - - 

s o l i d s  l b s / h r  

T o t a l  l b s / h r  
____- 

110 ,045  
I 

W 
,- 
0 

I 
i 

._ . __ .. _. . - - 
Components l b s / h r  

Spent S h a l e  
__ -.- 

--- --- 

L 

n o  
-. 

co 

N 

Air 

2 ..___ 

. .. .. _. - . - . -- . . . - - 

. ... .. -- .... - 

. .- - -------- 
___-- _a_- 

-- - 

50 765,630 

107,195 - . 

. . .  - . - 

- 

. .. -- -- 

2.850  

- 
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TABLE 4.28 

UNIT 900 - SPENT SHALE MOISTURIZING EQUIPMENT SPECIFICATIONS 

Conveyors 

Item No. 

CV-901 
CV-902 
CV-903 
CV-904 

Exchangers 

Item No. 

E-901 

Pumps 

Item No. 

P-SOU/B 

Drums 

Item No. 

D-901 

Bins 

Item No. 

BN-901 

BN-902 

- 

Blowers 

Item No. 

B-901 
B-902 

Description ZZE 

Screw Conveyor Double Screw 
Moisturized Shale Conv. Belt 
Transf e t  Conveyor Belt 
Cross Conveyor B e l t  

Description 

Cooler 

2lE 

Air Cooler 

Description 225 

Recirculating pump Centif. 

Capaci ty  
Description Gal. 

Water separator 9000 

Description 

Spent shale  
Surge bin 
Moisturized 
Shale Hopper 

Description 

Vent Blower 
Conveyor Blower 

Capacity 
3 ft- 

86000 

1300 

Design 
WidthILength Capacity 

f t .  TPH 

2/70 420 
2.51200 480 
2.5/600 480 
3.51400 4 60 

Area f t 2  

9200 (Bare surface) 

Discharge 
Capacity P r  es  sur  e 

GPM PSIG 

2300 40 

DiadLength 
f t .  

8/24 

Capacity Dif. Pres. 
ACFM in Water 

centif .  20,000 
Centif. 20,000 

5 
4 

- 1 1 2 -  



TABLE 4.2 8( Cont ' d ) 

900 - SPENT SHALE MOISTmZING EQUIPMENT SPECIFICATIONS 

Miscel laneous Equip. 

A-901 Pugg M i l l  420 TPH Capaci ty  

A-902 Venturi  Scrubber 33,500 l b / h r  Scrubbed g a s  

F-901 Bag f i l t e r  40,000 ACFM incoming a i r  

600 HP Motor 

170 GPM Scrubbing Water 

50 l b / h r  a l lowable  emissions 
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FINES 
FRCU FIE0 PRCPIRATION 816 HWSES 1 

NET COARSE SHALE 
FRCU CV-182UB 

@-XI 
V E N l  BLOWER 

E-901 
~ 

COOLLR 

V E N l  
IO AIYOSPHERE 

. 

J 

P-901 A / B  
RLC I RCULAl  P U P  I NG 

CV-903 
!RANSFER 
CONVEYOR 

0 
P!ICG M I L L  

CV-902 
UOISTURIZED 

SHALE CONVCYOR 

~- 

0 
CV-902 

UOISTURIZED 
SHALE CONVCYOR 

~- 

134a 

EN-902 
U O l S l U R i l t D  

ShALE HOPPER 

TO S P E N i  SH41 
DISPOSAL S l i t  

8 
MAKE UP Y b l E R  

I 



4.10 Feed P r e p a r a t i o n  - Unit 1000 

0. Basis of Design 

I n  t h e  f e e d  p r e p a r a t i o n  u n i t ,  run-of-mine shale o r e ,  d e l i v e r e d  t o  the 
p l a n t  b a t t e r y  l i m i t s  by mine t r u c k s ,  i s  crushed t o  minus 6 m a  p a r t i c l e s  
which is s u i t a b l e  as f e e d  t o  the r e t o r t i n g  s e c t i o n ,  Unit  100. Crushing 
of t h e  run-of-mine shale is  accomplished i n  t h r e e  s t a g e s :  

Primary Crushing 
Secondary Crushing 
T e r t i a r y  Crushing 

Feed - 
ROM 
-6 i n c h  
-1.5 inch  

Product  

- 6 inch  
- 1.5 i n c h  
- 6 mm 

The feed  p r e p a r a t i o n  u n i t  i s  designed as two 60% p a r a l l e l  t r a i n s ,  each 
capable  of supply ing  36,000 TPD of shale feed  t o  r e t o r t i n g  f o r  
cont inuous seven days a week opera t ion .  Operat ion of t h e  feed  
p r e p a r a t i o n  system is  p r e d i c a t e d  on t h r e e  s h i f t s ,  f i v e  days p e r  week, 
a l lowing time f o r  scheduled maintenance and equipment f a i l u r e .  
Therefore ,  each t r a i n  of feed  p r e p a r a t i o n  i s  designed t o  c rush  60,500 
t o n s  p e r  o p e r a t i n g  day. 

The fo l lowing  s t o r a g e  c a p a c i t i e s  are provided f o r  i n  t h e  feed  
p r e p a r a t i o n  u n i t :  

Primary crushed s h a l e  @ 7 days  
R e t o r t  f e e d  s h a l e  @ 2 1 / 2  days 

The feed  p r e p a r a t i o n  u n i t  i s  designed t o  produce t e r t i a r y  crushed s h a l e  
wi th  a p a r t i c l e  s i z e  d i s t r i b u t i o n  as fol lows:  

F r a c t i o n  S i z e  
Nicrons 

6300 - 4700 
4700 - 2370 
2370 - 1200 
1200 - 600 

600 - 300 
300 - 210 
210 - 150 
150 - 104 
104 - 74 

74 - 43 
43 - 20 
20 - 10 
10 - 5 

5 -  2 
2 -  1 
1 -  

F r a c t i o n  
W t .  % 

5.8 
40.9 
22.9 
13.2 

7.1  
2 . 5  
1.7 
1.4 
0.8 
0.9 
1.0 
0.4 
0.57 
0.33 
0.12 
0.38 

Cumulative 
W t .  z 

100 
94.2 
53.3 
30.4 
17.2 
10 .1  

7.6 
5.9 
4.5 
3 .7  
2 .8  
1.8 
1.4 
0.83 
0.50 
0.38 
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4.10 Feed P r e p a r a t i o n  - Uni t  1000 (Cont 'd)  

0 System D e s c r i p t i o n  

The f low diagram f o r  the f e e d  p r e p a r a t i o n  system is  shown s c h e m a t i c a l l y  
i n  F igure  4.13. The conceptua l  l a y o u t  f o r  t h i s  system is  presented  i n  
F igure  4.14. 

Mined s h a l e  i s  brought i n t o  t h e  p l a n t  by 80 t o n  back dumping t r u c k s .  
From t h e  t r u c k ,  mined s h a l e  i s  dumped i n t o  V-1001 r e c e i v e r s  through t h e  
s t a t i o n a r y  40" g r i z z l i e s ,  S-lOOlA/B/C . Big boulders  remaining on t h e  
g r i z z l y  are s p l i t  w i t h  a h y d r a u l i c  rock b u s t e r ,  X-1006 . Capacity o f  
t h e  V-1001 r e c e i v e r  is l i m i t e d  t o  t h r e e  t r u c k  l o a d s  as i t  i s  intended t o  
f a c i l i t a t e  t h e  t r u c k  d i s c h a r g e  only.  

From V-1001, mined s h a l e  i s  cont inuous ly  f e d  i n  t h r e e  p a r a l l e l  t r a i n s ,  
v i a  apron f e e d e r s  A-1001, over  6" g r i z z l i e s  S-1002 t o  t h e  pr imary 
c r u s h e r s  K-1001. These g r i z z l i e s  a l low -6" material t o  bypass t h e  
c r u s h e r  i n  o r d e r  t o  minimize t h e  product ion  of f i n e s .  

The primary c rusher  d i s c h a r g e  i s  taken  by conveyors CV-1001 to the 
t r a n s f e r  conveyor and t h e  s t a c k e r  conveyors CV-1002 and CV-1003, 
r e s p e c t i v e l y .  From t h e  l as t  conveyor, t h e  t r a v e l i n g  boom s t a c k e r ,  
X-1001, d i s c h a r g e s  t h e  c rushed  s h a l e  o n t o  t h e  s t o c k  p i l e .  

The t r a n s f e r  conveyor CV-1002 i s  provided w i t h  a scale f o r  c o n t r o l l i n g  
t h e  in-p lan t  f low and i n v e n t o r y .  Primary crushed s h a l e  i s  a l s o  sampled 
us ing  t h e  PK-1001 sampling s t a t i o n .  The sampling s t a t i o n  a long  with 
f u r t h e r  l a b  a n a l y s i s  p r o v i d e s  informat ion  on crushed s h a l e  p a r t i c l e  s i z e  
d i s t r i b u t i o n  and grade.  Sha le  grade informat ion  i s  f u r t h e r  used f o r  
s h a l e  blending t o  o b t a i n  a uniform grade f o r  t h e  r e t o r t  feed.  

From t h e  s t o c k  p i l e ,  t h e  bucket wheel r e c l a i m e r s ,  X-1002, reclaim t h e  
s h a l e  and f e e d  i t  t o  t h e  Coarse Shale  Conveyor, CV-1004, v i a  
i n t e r m e d i a t e  r a i l  t r a v e l i n g  hoppers V-1002. The equipment l a y o u t  
permi ts  by-passing t h e  s t o c k  p i l e  and feeding  s h a l e  d i r e c t l y  t o  t h e  
secondary c r u s h e r  us ing  t h e  b y p a s s  c h u t e  t o  CV-l004A/B. 

Conveyor CV-1004 f e e d s  t h e  secondary c r u s h i n g  f e e d  b i n  V-1003. Fer rous  
m a t e r i a l s  are  removed from t h e  c o a r s e  s h a l e  by magnetic s e p a r a t o r s ,  
X-1004. From V-1003, t h e  process ing  streams fo l low t h r e e  p a r a l l e l  
t r a i n s  through t h e  t e r t i a r y  c r u s h i n g  c i r c u i t .  

Coarse s h a l e  from V-1003 i s  f e d  v i a  apron  f e e d e r s ,  A 1003, over  2" 
s c r e e n  S-1003 t o  t h e  secondary c r u s h e r  , K-1002. Screen throughput 
bypasses t h e  c r u s h e r  t o  minimize f i n e s  formation.  Crusher bypass and 
output  i s  discharged on conveyor CV-1005 which f e e d s  t h e  conveyors 
V-1004 and then t h e  V-1004 t e r t i a r y  c rush ing  f e e d  b i n s .  
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4.10 Feed P r e p a r a t i o n  -. Unit  1000 (Cont 'd )  

0 System D e s c r i p t i o n  

From t h e  V-1004 b i n s ,  u s i n g  t h e  A-1003 apron f e e d e r s ,  minus 2 "  t h e  
c r u s h e r  s h a l e  is  f e d  over  6mm s c r e e n s ,  S-1004, t o  t e r t i a r y  c r u s h e r s ,  
K-1003. The c r u s h e r  ou tput  i s  screened on 6mm s c r e e n s ,  S-1005, and t h e  
r e f u s e  is recyc led  t o  V-1004. 

Xinus 6mm s h a l e  i s  discharged o n t o  t e r t i a r y  c r u s h e r  conveyors , CV-lGO6, 
t o  t r a n s f e r  conveyors,  CV-1009, t r a n s v e r s a l  conveyors CV-1010, and 
s t o r e d  i n  t h e  r e t o r t  feed  s i l o s ,  V-1005. On CV-1007, t e r t i a r y  crushed 
s h a l e  i s  weighed and sampled. - The results of sample a n a l y s i s  confirms 
t h e  f e e d  p a r t i c l e  s i z e  d i s t r i b u t i o n  and grade.  Grade homogenization can 
be f u r t h e r  achieved by uneven s i l o  d i s t r i b u t i o n .  

The r e t o r t  f e e d  s i l o  c a p a c i t y  a s s u r e s  t h e  p l a n t  o p e r a t i o n  f o r  60 hours ,  
t o  cover t h e  l a c k  of feed  p r e p a r a t i o n  over  t h e  weekends. For each feed  
p r e p a r a t i o n  t r a i n ,  t h e r e  a re  1 2  r e t o r t  f e e d  s i l o s  f e e d i n g  t h r e e  
r e t o r t i n g  modules. Between t h e  two s i l o  blocks,  each one c o n t a i n i n g  1 2  
s i l o  c e l l s ,  t h e r e  are  two c r o s s  t r a n s f e r  conveyors,  CV-1014. These 
conveyors permit  feeding  from one c rushing  t r a i n  t o  t h e  o t h e r  t r a i n  i n  
t h e  e v e n t  of a p a r t i a l  s h u t  down of  equipment. 

From t h e  V-1005 s i l o s ,  crushed s h a l e  i s  f e d  t o  t h e  r e t o r t i n g  modules v i a  
lower t r a n s f e r  conveyors CV-1011, r e t o r t  feed  conveyor CV-1012 and 
r e t o r t  d i s t r i b u t i o n  conveyor CV-1013. I n  t h i s  o p e r a t i o n ,  f u r t h e r  
adjustment  o f  t h e  feed  grade  can be  made us ing  t h e  r o t a r y  f e e d e r s  
l o c a t e d  a t  t h e  bottom of  t h e  s i l o  ce l l s .  

The e n t i r e  feed  p r e p a r a t i o n  u n i t  i s  l o c a t e d  on an area a d j a c e n t  t o  t h e  
r e t o r t i n g  s e c t i o n ,  Unit  100. The two c r u s h i n g  t r a i n s  are layed  o u t  i n  
m i r r o r  image w i t h  t h e  incoming t r u c k  ramp a t  t h e  e x t e r i o r .  Each t r a i n  
has  a s e p a r a t e  enclosed s t r u c t u r a l  s tee l  b u i l d i n g  f o r  pr imary c rushing ,  
secondary c r u s h i n g ,  and t e r t i a r y  crushing.  These b u i l d i n g s ,  as w e l l  as 
any p o i n t  of  s h a l e  d ischarge  o r  t r a n s f e r ,  are v e n t i l a t e d  and t h e  
f u g i t i v e  d u s t  i s  c o l l e c t e d  i n  bag houses.  A l l  conveyors are hooded and 
maintained under s l i g h t  n e g a t i v e  p r e s s u r e  t o  avoid  p a r t i c u l a t e  
emissions.  A t  open d i s c h a r g e s ,  t h e  d u s t  emissions a re  c o n t r o l l e d  wi th  
water sprays .  
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4.10 Feed P r e p a r a t i o n  - Unit 1000 (Cont 'd) 

e Utilities Summary 

The normal o p e r a t i n g  requirements  f o r  one t r a i n  of feed p r e p a r a t i o n ,  
based on f ive  days p e r  week o p e r a t i o n ,  are summarized below. The t o t a l  
p l a n t  c o n t a i n s  two p a r a l l e l  o p e r a t i n g  t r a i n s .  

U t i l i t v  

Raw Water, GPM 
Dust Suppression 

Electric Power, kw 

Convey0 rs 
Crushers  
Blowers 
Screens 
Sampling S t a t i o n s  
Feeders 

T o t a l  

2200 
8850 
2800 
50 0 
300 
60 0 

Normal Demand 

50 

15250 

e Heat and Material Balance 

A summary of process  stream flows f o r  t h e  s h a l e  feed  p r e p a r a t i o n  u n i t ,  
keyed t o  t h e  p r o c e s s  f low diagram by stream numbers, i s  g iven  i n  Table  
4.29. This material ba lance  t a b l e  r e p r e s e n t s  one of two o p e r a t i n g  
t r a i n s  f o r  f e e d  p r e p a r a t i o n ,  and r e f l e c t s  t h e  d e s i g n  c a p a c i t y  r a t h e r  
t h a n  t h e  normal o p e r a t i o n  f low rates.  

e Process  Equipment Summary 

Major process  equipment r e q u i r e d  p e r  t r a i n  of s h a l e  f e e d  p r e p a r a t i o n ,  
as w e l l  as f o r  t h e  t o t a l  p l a n t ,  a re  l i s t e d  in Table 4 . 3 0 .  The 
corresponding equipment s p e c i f i c a t i o n s  are provided i n  Table  4.31. 

-138- 



c 
, 

TABLE 4 . 2 9  
_._ 

Feed Preparation SECTION NO. : 1000 FOSTER WkIEELEn USA COnPORATlON --_- "NIT : 
CUSTOMEll : DOE/METC flEF. OWC.: 36265-1-50-1001 _ .  -___ O f  5 PC.NO.: 
L O C A T I O N  : Western Colorado 

8 S T R E A M  NO. 81 U N I T S  8 
6 " GR I Z Z LE 

SHALE 
THROUGH 

2" SCREEN 
SHALE 

THROUGH 

PRIMARY 
CRUSIIED 

SllALE 

PRIMARY 
CRUSHED 

SHALE 

SECONDARY 
CRUSHED 

SHALE 
STnEAM DESCfllPTlON 

SOLID ' S O L I D  S O L I D  S O L I D  S O L I D  , -. 
'AMB 

F l u i d  State  

Temperature  OF 

Pressure PSI __ 
AMB AMB AM0 * AM0 

I 

W 
\L) 

I 

I-. 

! 

r 

i 
r 
f 
L 

O 

5 

Liquih l b s / h r  

Vapor l b s / h r  

So 1 ids TPH 

T o t a l  TP11 
- - - ~ -  850  

8 5 0  

1 2 0  

1 2 0  

2550  

2550 

850  I 

80 850 

-- 
--- 

-- I-- 
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TABLE 4.29  ( C o n t ' d )  - 

, .  
I 

I 
515 

I 515 
I 

FOSTER WHEELEn USA COnPORATlON 
PG.N0.:2 Of 2 

Feed Preparation --- SECTION NO.: 1000 UNIT ! ___.__ -_- ----- ~ ~ - . -  
------ ..-I___ 

CUSTOMER: DOE/METC ~ REF. OWC. : 36265-1-50-1001 

2500 I 

2500 
2500 

2500 

Western Colorado LOCATION : 

S T R E A M  NO. & U N I T S  

TERTIARY 
CRUSHED' 

SHALE 

CRUSHER 
RECICLE 

TERTIARY 
CRUSHED 

SHALE 

RETORT CRUSHED 
SHALE 1 ' FEED 

6 M M  SCREEN 
SHALE 

THROUGH 
STnEAM DESCnlPTlON 

S O L I D .  S O L I D  S O L I D  S O L I D  S O L I D  S O L I D  S O L I D ,  

AMB 

SOLID -- 
AMB - Fluid State ' 

Temperature OF 

Pressure P S I  -- - 

AMB AMB 

I ~~ 

Llquih lbs/hr 

Vapor Ibs/hr 

Solida TPH 835 

835 

1350 

1350 

80 

80 Total TPH 

I -~-, 
-6mm -6mm -6mm 

! 
--.---I --.. 

. .- 
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TABLE 4.30 (Cont'd) 

FORM NO 135904 

RUSHERS 

JACKAGE 
JNITS 

K-1001ABC Primary Crusher 3 6 
K-1002ABC Secondary Crusher 3 6 
K-1003ABC Tertiary Crusher 3 6 

I I I I I I I 
I I I I I I 

PK-1001 Sampling Station 1 2 
PK-1002 1 2 0, I, 

SCREENS -1001ABC 40" Stationary Grizzly 3 6 
-1002ABC 6" 3 6 
-1003ABC 2" Screen 3 6 
-1004ABC 6 lilM Screen 3 6 
-1005ABC 6 MM Screen 3 6 

I 

i 

V-1001ABC Receiver 3 6 
v-1002 Traveling Hopper 20 40 
V-1003ABC Feed Bin 3 6 
V-1004ABC Feed Bin 3 6 
b-1005 Retort Feed Silo 1 2 

YISC. 



Feeders 
Item No. 

A-1 0 01 
A-1 002 
A-1003 

Blowers 
Item No. 

B-1001 
B-1002 
B-1003 
B-1004 
E-1 00 5 

Conveyors 

Item No. 

CV-1 OOlABC 
cv-1002 
GV-1003 
CV-1004AB 
C V - ~ O O ~ A B C  
CV-1006ABC 
CV-1007AB 
CV-1008ABC 
cv-1009AB 
cv-1 O l O A B  
CV-1 OllAB 
cv-1012AB 
c v-1 01 3AB 
CV-1014AB 

TABLE 4.31 

UNIT 1000 - FEED PREPARATION EQUIPMENT SPECLFICATIONS 

Descript ion 

Apron Feeder ” n 

Description 

Primary Crushing Blower 
Secondary Crushing Blower 
Ter t ia ry  Crushing Blower 
Stacking Boom Blower 
Silos Blower 

Description 

Primary Crusher Conveyor 
Transfer Conveyor 
Stacker Conveyor 
Coarse Shale Conveyor 
Secondary Crusher Conveyor 
Ter t ia ry  Crusher Conveyor 
Ter t ia ry  Crushing Conveyor 
Recycle Conveyor 
Transfer Conveyor 
Transversal  Conveyor 
Lower Transversal  Conveyor 
Retor t  Feed Conveyor 

Capacity 
2YE TPH 

Apron a50 
850 

1400 

Di f f e ren t i a l  
Capacity Pressure 

2YF!!E ACIM in Water 

Centrif .  130000 
687000 
766500 
247000 
130000 

Design 
Width /Length Capacity 

%E F t  TPH 

Belt 
B e l t  
B e l t  
Belt 
Bel t  
Belt 
Belt 
B e l t  
Belt 
B e l t  
Belt 
Belt 

3/120 
4/360 
4/1600 
4/350 
3/220 
31160 
4/280 

2.5/100 
4/60 
4/550 
4/550 
4/750 

250 
3000 
3000 
3000 

850 
850 

2600 
52 0 

2600 
2600 
2600 
2600 

Retor t  Dis t r ibu t ion  Conveyor Belt 41540 2600 
Cross Transfer Conveyor Belt 4/260 2600 
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TABLE 4.31 (Cont'd) 

UNIT 1000 - FEED PREPARATION EQUIPMENT SPECIFICATIONS 

Baghouses 
Item No. Descript ion 

Incoming 
Air 
ACFM 

Allowable 
Emissions 

l b a l h r  

121000 1 5  Primary Crushing Baghouse 
87 F-1001 

Secondary Crushing Baghouse 682000 
98 F-1002 F-1003 Ter t i a ry  Crushing Baghouse 767000 

Boom Stacker Crushing Baghouse 25000 F-1004 130000 1 7  F-1005 Silos Baghouse 
0.2 

Crushers 
Item No. Descript ion 

Capacity 
T PH 

Motor 
HP 

Impact 850 450 
850 1000 Impact 

Impact 1350 1500 

Primary Crusher K-1 OOlABC 
K-1002ABC Secondary Crusher 
K-lOO3ABC Te r t i a ry  Crusher 

Grizzly- S cr eens 
I t e m  NO- D e s c r i p t i o n  

Width /Length Capacity 
F t .  TPH 

S ta t ionary  20140 1000 S-lOOIA/B/C 40" Grizzly 
S-l002A/B/C 6" Grizzly S ta t ionary  

Vibrat ing S-l003A/B/C 2" Screen 
Vibrat ing 9/12 S-l004A/B/C 6 mm Screen 

S-l005A/B/C 6 mm Screen Vibrating 

8/10 900 
9 112 850 

1450 
12 116 1350 

Bins 
I t e m  
- - Descript ion 

capac i ty  
F t 3  -- 

Receiver 10000 
1750 

V-1 OOlABC 
Traveling Hopper 

5000 
v-1 00 2 

Feed Bin 
5000 

V-lOO3ABC 
V-1004ABC Feed Bin 

Retor t  Feed S i l o  192000 V-1005 
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4.11 Spent Shale  Disposa l  - Unit  1100 

0 Basis of Design 

Di sposa l  of mois tur ized  s p e n t  shale, as produced i n  S e c t i o n  900, i s  
based on t r u c k  haulage t o  a s u i t a b l e  d i s p o s a l  s i te ,  l o c a t e d  
approximately two miles from t h e  p rocess ing  p l a n t .  The s p e n t  s h a l e  i s  
depos i t ed  on a d i s p o s a l  p i l e ,  which i s  compacted, covered wi th  
overburden and t o p  s o i l ,  and u l t i m a t e l y  r evege ta t ed .  I n  g e n e r a l ,  t h e  
approach t o  s p e n t  shale d i s p o s a l  is  s p e c i f i c  t o  t h e  s i t e  and mining 
technique  employed. The c u r r e n t  des ign  fo l lows  a concept  proposed f o r  a 
commercial o i l  s h a l e  f a c i l i t y ,  as desc r ibed  i n  t h e  l i t e r a t u r e  (12). For 
t h e  purposes  o f  t h i s  s tudy ,  i t  i s  assumed t h a t  a d i s p o s a l  s i t e ,  capab le  
of s t o r i n g  30 y e a r s  product ion  of processed s h a l e ,  i s  a v a i l a b l e  t o g e t h e r  
w i th  the r e q u i r e d  q u a n t i t i e s  of overburden and t o p  s o i l  f o r  rec lamat ion .  

Design o f  t h e  t r u c k  hau l ing  system and d i s p o s a l  p i l e  i s  based on t h e  
fo l lowing  q u a n t i t i e s  of mois tur ized  s p e n t  s h a l e  , assuming 330 days lyea r  
o p e r a t i o n  of the p rocess ing  p l an t :  

Loose Compacted 
Weight Volume Volume 
Tons Cu. Yd. Cu, Yd. 

Dai ly  Rate 62 , 847 77,758 54,700 
30 Y r .  Cumulation 622 x l o 6  769 x l o 6  542 x l o 6  
The s p e n t  s h a l e  d i s p o s a l  o p e r a t i o n s  a r e  conducted on a t h r e e  s h i f t  
b a s i s ,  seven days a week. 

0 System Desc r ip t ion  

Processed s h a l e  is  t r a n s p o r t e d  t o  the d i s p o s a l  s i t e  i n  100 CY 
bottom - dump t r u c k s .  A f l e e t  of 18 o p e r a t i n g  t r u c k s  p rov ides  t h e  
haulage  c a p a c i t y  f o r  s e r v i c i n g  t h e  processed shale product ion  rate 
of 2618 t o n s l h r  from s i x  r e t o r t  modules. Each t r u c k  is  capable o f  
t r a n s p o r t i n g  80 t o n s  of material p e r  h a u l  and i s  scheduled f o r  two 
round t r i p s  pe r  hour t o  t h e  d i s p o s a l  s i t e .  

During s i t e  p repa ra t ion  f o r  t h e  d i s p o s a l  p i l e ,  t h e  t o p  s o i l  is 
removed and s t o c k p i l e d  f o r  l a t e r  use  i n  rec lamat ion .  An access 
ramp f o r  t h e  processed s h a l e  p i l e  i s  cons t ruc t ed  of overburden from 
the mining o p e r a t i o n  as t h e  p i l e  p rogres ses .  The base  l a y e r  o f  t h e  
p i l e  c o n s i s t s  of f i v e  f e e t  of compacted s p e n t  shale, r equ i r ed  t o  
prevent  ground water contaminat ion.  This  l a y e r  is  d e p o s i t e d  by 
s c r a p e r s ,  ahead of  t h e  advancing d i s p o s a l  p i l e ,  and i s  compacted t o  
about  90 l b / f t 3  v i a  mechanical segmented r o l l e r s .  
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4.11 Spent Sha le  Di sposa l  - Unit  1100 (Cont 'd) Q 
Mois tur ized  s p e n t  s h a l e  is loaded i n t o  the h a u l  t r u c k s  d i r e c t l y  
from t h e  load-out  hoppers  i n  S e c t i o n  900. The t r u c k s  d e p o s i t  t h e  
processed  s h a l e  on t h e  d i s p o s a l  p i l e  i n  windrows which are sp read  
i n  approximately 24 inch  l i f t s  by a g rade r .  The i n t e r i o r  of t h e  
p i l e  is  compacted t o  an  e s t ima ted  85 l b / f t 3  by t h e  haulage  
t r u c k s .  The p i l e  e x t e r i o r  is  mechanica l ly  compacted t o  i n s u r e  
s t a b i l i t y  and t o  form a n  impervious l a y e r  which r e t a r d s  t h e  
p e n e t r a t i o n  of mois ture .  

As t h e  p i l e  c o n s t r u c t i o n  p r o g r e s s e s ,  t h e  s i d e  s l o p e s  w i l l  be 
d re s sed  t o  a 4 : l  s l o p e  by dozing and grading ,  i n  o r d e r  t o  minimize 
e r o s i o n  and f a c i l i t a t e  r e v e g e t a t i o n  of t h e  f i n i s h e d  p i l e .  The p i l e  
is  des igned  t o  conduct  s u r f a c e  water away from t h a t  part of t h e  
p i l e  which has n o t  y e t  been r e h a b i l i t a t e d ,  Runoff wa te r ,  
c o n t a i n i n g  leached  salts and suspended f i n e s  from t h e  processed 
s h a l e  p i l e ,  i s  i n t e r c e p t e d  by a system of l i n e d  d i t c h e s .  The 
contaminated water i s  d e l i v e r e d  t o  a l i n e d  c o l l e c t i o n  pond from 
which t h e  excess water is r e t u r n e d  t o  the d i s p o s a l  p i l e  f o r  d u s t  
c o n t r o l  and compaction. 

AS t h e  f i n a l  e x t e r i o r  s u r f a c e s  of the p i l e  are contoured ,  
r e h a b i l i t a t i o n  of t h e  l a n d  i s  accomplished v i a  r e v e g e t a t i o n .  In 
o r d e r  t o  s u s t a i n  p l a n t  growth, an a r t i f i c i a l  s o i l  p r o f i l e  i s  
c o n s t r u c t e d  over  t h e  spen t  s h a l e  p i l e .  The f i n i s h e d  p i l e  is 
covered by a 4 f o o t  l a y e r  of overburden which i s  d res sed  wi th  one 
f o o t  of t o p  s o i l .  Seeding i s  done p r i o r  t o  t h e  pe r iod  of g r e a t e s t  
p r e c i p i t a t i o n ,  p r e f e r a b l y  i n  l a t e  f a l l .  I r r i g a t i o n  v i a  s p r i n k l e r  
systems i s  provided t o  supplement the n a t u r a l  r a i n f a l l  du r ing  t h e  
c r i t i c a l  p e r i o d s  of seed  germina t ion  and e s t a b l i s h m e n t .  

The d i s p o s a l  p i l e  w i l l  be c o n s t r u c t e d  t o  an average  h e i g h t  of 400 
f e e t .  To accommodate an annua l  d i s p o s a l  ra te  of 20.7 m i l l i o n  t o n s  
of processed  s h a l e ,  over  a pe r iod  of t h i r t y  years o p e r a t i o n ,  t h e  
d i s p o s a l  p i l e  w i l l  c o n t a i n  about  540 m i l l i o n  CY of compacted 
s h a l e .  The l and  area r e q u i r e d  f o r  such a p i l e  i s  es t ima ted  a t  
about  1500 acres. 

0 Equipment L i s t  

The major equipment r e q u i r e d  f o r  s p e n t  s h a l e  d i s p o s a l  and l and  
r ec l ama t ion  c o n s i s t s  p r i m a r i l y  of mobile equipment f o r  h a u l i n g  
processed  s h a l e  t o  t h e  d i s p o s a l  s i t e  and contour ing  t h e  d i s p o s a l  
p i l e .  Table  4.32 l ists  t h e  number and type  of v e h i c l e s  r e q u i r e d .  
I n  e s t i m a t i n g  t h e s e  requi rements ,  it was assumed t h a t  t h e  h a u l  
t r u c k s  and e a r t h  moving equipment would have o p e r a t i n g  
a v a i l a b i l i t i e s  of 70% and 80%, r e s p e c t i v e l y .  P e r i o d i c  replacement  
of worn-out equipment i s  assumed t o  be an o p e r a t i n g  expense over  
t h e  p l a n t  l i f e .  
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4.11 Spent Shale  Disposa l  - Unit  1100 (Cont 'd) 

Miscel laneous equipment, as shown i n  Table  4 . 3 2 ,  provides  f o r  water 
supply  a t  t h e  d i s p o s a l  s i t e  f o r  d u s t  c o n t r o l  and i r r i g a t i o n  and f o r  
c o n t r o l  of water run-off from t h e  d i s p o s a l  p i l e .  

e Operat ing Requirements 

The average o p e r a t i n g  requirements  f o r  t h e  s p e n t  s h a l e  d i s p o s a l  
f a c i l i t i e s ,  i n c l u d i n g  l a n d  rec lamat ion ,  are e s t i m a t e d  as fo l lows:  

Diesel Fuel:  3600 g a l l o n l d a y  
Electric Power: 400 KW 
Raw Water: 350 gpm 
Consumables 400 $/Day 

I n  a d d i t i o n  t o  t h e  c o s t  of t h e  above items, t h e  annual  o p e r a t i n g  c o s t s  
f o r  s p e n t  s h a l e  d i s p o s a l  and l a n d  rec lamat ion  r e q u i r e  a l lowances f o r  
mobile equipment maintenance and p e r i o d i c  replacement .  The average  
u s e f u l  l i f e  of t h e  h a u l  t r u c k s  and o t h e r  v e h i c l e s  i s  assumed t o  be 6 
years .  

\ 
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TABLE 4.32 

FORM NO 135 904 

OCAi lON 

YOBILE 
2UIPMENT 

I I I I 

I I 
I I I 

-1105 I Scraper 1 2  I 2 0  cu. yd. c a p a c i t y  

YISC. 

I I I 1 I 

I I I I I I I 1750' x 750' x 3', Lined 
I 

I C o l l e c t i o n  Pond I 1  



5.0 

5.1 

0 

SUPPORT FACILITIES DESIGN 

The concep tua l  d e s i g n s  and s p e c i f i c a t i o n s  f o r  the i n d i v i d u a l  u t i l i t i e s  
and suppor t  system’s, Un i t s  2000-2900, are d e s c r i b e d  i n  the fo l lowing  
s e c t i o n s .  In g e n e r a l ,  t h e s e  f a c i l i t i e s  r e p r e s e n t  conven t iona l  sys tems,  
commonly employed in the des ign  of g r a s s r o o t s  p rocess  p l a n t s .  
Accordingly,  t h e  concep tua l  des ign  of the s u p p o r t s  systems r e f l e c t  less 
d e t a i l  t han  t h a t  developed f o r  t h e  p l a n t  p rocess ing  u n i t s .  As 
a p p r o p r i a t e ,  t h e  t e c h n i c a l  d e f i n i t i o n  f o r  t h e  suppor t  u n i t s  i n c l u d e s  t h e  
des ign  c a p a c i t y ,  system d e s c r i p t i o n ,  e s t ima ted  normal o p e r a t i n g  
requi rements ,  and a major equipment l i s t  with cor responding  
s p e c i f i c a t i o n s .  

Raw Water Treatment - Unit  2000 

Design Capaci ty  

The raw water t r ea tmen t  system i s  designed t o  p rov ide  coo l ing  tower 
make-up water, p rocess  and p o t a b l e  water, and deminera l ized  make-up 
water f o r  t h e  p l a n t ’ s  steam g e n e r a t i o n  system. River  water w i l l  be 
so f t ened ,  c l a r i f i ed ,  f i l t e r e d  and,  as r e q u i r e d ,  deminera l ized  t o  a 
b o i l e r  f eed  water q u a l i t y  r equ i r ed  f o r  g e n e r a t i n g  650 p s i g ,  750°F 
superhea ted  steam. 

A t o t a l  of two demine ra l i ze r  t r a i n s ,  one ope ra t ing  t r a i n  and one s p a r e  
t r a i n ,  each s i z e d  f o r  520 gpm throughput  rate are provided t o  s e r v i c e  
t h e  e n t i r e  p l a n t .  The des ign  c a p a c i t y  i s  p r e d i c a t e d  on provid ing  the 
normal b o i l e r  feed  water make-up requirement  of 440 gpm. Each t r a i n  
w i l l  c o n s i s t  of t h e  fo l lowing  equipment: 

Carbon F i l t e r  
Cat ion  Exchanger 
Degasser 
Anion Exchanger 
Mixed Bed I o n  Exchanger 

The carbon f i l t e r s  i n  each t r a i n ,  however, a r e  s i z e d  f o r  720 gpm t o  
provide  200 gpm of po tab le  water. 

The fo l lowing .equipment ,  common t o  both  t r a i n s ,  are a l s o  provided: 

Demineral ized Water Storage  Tank 
Acid S to rage  Drum and Feeding Equipment 
C a u s t i c  S torage  Drum and Feeding Equipment 
N e u t r a l i z a t i o n  Tanks 
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5.1 Raw Water Treatment - Unit  2000 (Cont 'd) 

0 System D e s c r i p t i o n  

The schematic  diagrams g iven  in F i g u r e s  5.1 and 5.2 p r e s e n t  t h e  f low 
scheme f o r  t h e  Raw Water Treatment System. 

River water, pumped from a water s t o r a g e  f a c i l i t y ,  is f e d  t o  a c lar i f ier  
where l i m e  and alum are added t o  soften and reduce t h e  suspended 
s o l i d s .  The clarifier underflow i s  s e n t  t o  Waste Water Treatment,  Uni t  
2500, o r  Spent S h a l e  Mois tur iz ing ,  Unit  900, and t h e  overf low i s  s e n t  t o  
sand f i l t e r s .  P a r t  of t h e  t r e a t e d  raw water is  pumped t o  t h e  Cooling 
Water System, Uni t  2200 and process  water u s e r s  and t h e  balance is 
p u r i f i e d  through a n  a c t i v a t e d  carbon f i l t e r .  The a c t i v a t e d  carbon 
serves as a p r o t e c t i o n  f o r  t h e  d e m i n e r a l i z e r  by absorb ing  traces of 
o x i d a n t s  which can damage t h e  c a t i o n  r e s i n  and o r g a n i c s  which f o u l  an ion  
r e s i n s .  I n  t h e  d e m i n e r a l i z e r ,  t h e  m i n e r a l  salts p r e s e n t  i n  t h e  water  
are removed by i o n  exchange. The p r o c e s s  employs a t h r e e  s t e p  
d e m i n e r a l i z a t i o n  c o n s i s t i n g  of ' an  a c i d i c  c a t i o n  exchanger followed by a 
d e g a s s e r ,  designed t o  produce an  e f f l u e n t  c o n t a i n i n g  less  than  LO ppm 
carbon d i o x i d e ,  a b a s i c  an ion  exchange u n i t  and f i n a l l y  by a mixed bed 
ion exchanger. The c a t i o n  exchangers remove c a t i o n s  such as calcium, 
magnesium and sodium, whi le  t h e  an ion  exchangers remove a n i o n s  such as 
c h l o r i d e s ,  s u l f a t e s  and silica. The deminera l ized  water f lows  t o  t h e  
deminera l ized  water s t o r a g e  tank. The deminera l ized  water is then  
pumped t o  Steam and Power Generat ion,  Unit  2100, a s  b o i l e r  f e e d  water  
make-up. 

S u l f u r i c  a c i d  from t h e  a c i d  s t o r a g e  t a n k  i s  used t o  r e g e n e r a t e  t h e  
c a t i o n  exchangers.  C a u s t i c  from t h e  c a u s t i c  s t o r a g e  tank  is  used t o  
r e g e n e r a t e  t h e  an ion  exchanger.  Both a c i d  and c a u s t i c  are used i n  t h e  
mixed bed ion exchangers f o r  r e g e n e r a t i o n .  

Regenerat ion waste water i s  c o l l e c t e d  i n  a n e u t r a l i z a t i o n  tank  and 
n e u t r a l i z e d  with caust ic  o r  a c i d .  N e u t r a l i z e d  waste water i s  pumped t o  
t h e  spent  s h a l e  m o i s t u r i z i n g  make-up water tank. A c t i v a t e d  carbon and 
d e m i n e r a l i z e r  long r i n s e s  are recyc led  upstream of t h e  c l a r i f i e r .  

The p o t a b l e  water is drawn downstream of t h e  a c t i v a t e d  carbon f i l t e r  
' a n d ,  a f t e r  c h l o r i n a t i o n ,  is suppl ied  t o  t h e  u s e r s  by a 200 gpm c a p a c i t y  
Potab le  Water Pump. 

e 
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5.1 Raw Water Treatment - Unit 2000 (Cont'd) 

e Utilities and Chemicals Summary 

The estimated utility and chemical requirements for the Raw Water 
Treatment System are presented below. These requirements are based on 
treated raw water and boiler feed water requirements for the entire 
plant . 
Electric Power Normal Demand 

Kw 

Total Consumption 331 

Chemicals Consumntion 

Granular Activated Carbon 
Cation Resin 
Anion Resin 
Mixed Bed Exchanger 
H2SO4 (66'Be) 
NaOH ( 5 0 % )  
Lime 
Alum 
Sand (sand filter) 
Gravel (sand filter) 
Anthracite (sand filter) 

Coonec t ed 
KhJ 

680 

290 FT3/yr 
470 Ft3/yr 
470 Ft3/yr 
470 Ft3/yr 
4430 Lbs/day 
7150 Lbslday 
15120 Lbslday 

1440 Lbslday 
500 Ft3/yr 
500 Ft3/yr 

1000 Ft3/yr 

0 Equipment Summary 

Major equipment required for the raw water treating system are listed in 
Table 5.1, together with the corresponding equipment specifications. 
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TAnr,r 5 . 1  ( C o n t ' d )  

FORM NO 135 904 

e 
( l i e s i n  
jeds 

D-2052 
A / R  

D - 2 0 5 3  

, A / H  

D - 2 0 5 4  

D-2U55 

Y-2051 
,A/B 

'1'- 205 1 

, 

, 
Anion Exchanger 2 2 

I 

( Epoxy) 
U t  of bed = 8 ' - 0 " ,  s t .  s i d e  = 12'-0", 
125 p s i g  d e s i g n  p r e s s u r e  

520 gpm, 12'-0" d i a m e t e r ,  C.S. /Lined 
( EDOXV)  L - A .  

H t  of bed = 0'-0". s t .  s i d e  = 1 2 ' - 0 "  
125 p s i g  d e s i g n  p r e s s u r e  

A c t i v a t e d  Carbon Filter 2 2 

I I I 

Deqasser  I 1 1  1 
I I 

720 apm,  12'-6" d i a m e t e r ,  C . S .  
U t  of bed = 0'-0", s t .  s i d e  = 1 4 ' - U '  
1 2 5  p s i g  d e s i g n  p r e s s u r e  

520 gpm, 5 ' - 0 "  d i a  s t r i p p e r  mounted 

h t  of s t r i p p e r  = 12' -0" 
l e n g t h  of drum - 10'-0"  
d e s i g n  p r e s s u r e  - 2 5  p s i g  and f u l L  
vacuum 
Degasser  fan  - 3 0 0  S i C t ' M ,  3 0  i n  H,U 
p r e s s  d rop ,  1 . 7  H H P ,  5 LqfiP 

.- 

' o n  9 ' - 0 "  d i d .  drum ( h o r i z o n t a l  drum) , C . S .  
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TO D I Y I N E R A L I Z A I I C U  
1 BFW TRtAIUENTI  

TRLATED RAW WATER 
TO COOLING W A I E R  SYSTEM ' 
UNIT 2288 

I IREATED RAW WATER 

x-2001 
CHEUICAL FEE0 SlSlEUS 

L l W A L u l  I 

@ IATCR 

2 i 
r K-200 I A / B  -~ 

HfAO l A N X  

C L - Z B O I A / B  
CLARl l l fR-SOFlENLR 

L 

BACKWASP 

W l I E R  TANK 
TO W l S T U R l Z l N G  ULKi -UP 

154a 

3 

P-Z00?A/S/C/U 
S A N O i i ? l [ R  

DISCHLRGE PJUP 

TK-2002 
TREAIEO RAW WATER 

STORAGE TANK 

TK-2053 
POTABLC W b l l ' i  
S I O R A G E  TANK 

I 

LONG RINSES 
FRW D IUI NERAL I ZAT I ON 
I BfW TRLAlYENTl  

----3 POTABLE WATER 
TO USERS 
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5.2 Steam and Power Generat ion - Unit  2100 

e Basis of Design 

This  u n i t  i n c l u d e s  a p i p i n g  system t o  c o l l e c t  t h e  v a r i o u s  q u a l i t i e s  of 
steam produced by t h e  d i f f e r e n t  process ing  u n i t s ,  d i s t r i b u t e  i t  t o  t h e  
v a r i o u s  consumers and u s e  t h e  e x c e s s  steam t o  g e n e r a t e  e l ec t r i c  power. 

The q u a l i t i e s  of  steam produced a re  def ined  as fo l lows:  

High P r e s s u r e  Steam 
Medium P r e s s u r e  Steam 
Low P r e s s u r e  Steam 
Exhaust Steam 

P r e s s u r e  Tempera t u r e  
OF - Psig  

650 700 
150 S a t  

60 S a t  
50 S a t  

e System D e s c r i p t i o n  

The main steam producer i n  t h e  p l a n t  is  t h e  CO i n c i n e r a t o r  and waste 
h e a t  b o i l e r  i n  Unit 100,  R e t o r t i n g .  There are  s i x  CO i n c i n e r a t o r s  i n  
t h e  p l a n t ,  one f o r  each r e t o r t i n g  module. These i n c i n e r a t o r s  have 
p r o v i s i o n s  f o r  n a t u r a l  g a s  f i r i n g  r e q u i r e d  f o r  CO i n c i n e r a t i o n .  During 
t h e  s t a r t - u p  of t h e  p l a n t  t h i s  p r o v i s i o n  a l l o w s  f o r  us ing  CO 
i n c i n e r a t o r s  as s t a r t - u p  b o i l e r s .  For t h i s  reason ,  t h e r e  i s  no s t a r t - u p  
b o i l e r  s p e c i f i e d  f o r  t h e  p l a n t .  After  t h e  s t a r t - u p  per iod ,  o t h e r  
process ing  u n i t s  c o n t r i b u t e  steam g e n e r a t i o n  f o r  t h e  o v e r a l l  system 
balance.  

An o v e r a l l  schematic  of t h e  p l a n t  steam d i s t r i b u t i o n  system i s  shown i n  
Figure 5.3. Unit  2100 i n c l u d e s  t h e  fol lowing:  

- B o i l e r  feed  water pumps 
- B o i l e r  f e e d  water deaerators 
- Condensate c o l l e c t i o n  system 
- Electr ic  power g e n e r a t o r s  

The e n t i r e  u n i t  is  designed a s  two p a r a l l e l  t r a i n s  which o f f e r  easy  
s t a r t - u p  and . h i g h  o p e r a t i n g  r e l i a b i l i t y .  Furthermore,  each t r a i n  
c o n t a i n s  a h igh  p r e s s u r e  system and a medium p r e s s u r e  system. Low 
p r e s s u r e  s team and exhaust  steam i s  used f o r  BFW d e a e r a t i o n .  BFW pumps 
a re  t u r b i n e  d r i v e n  and t h e  s p a r e s  have e lec t r ica l  motors d r i v e .  
Electr ical  motors a r e  t o  be used f o r  s t a r t - u p .  
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5 . 2  Steam and Power Generation - Unit 2100 (Cont'd)' 
Electric power generators use high and medium pressure steam f o r  a total 
generation capacity of approximately 80 MW. During normal operation 
conditions with Unit 1000, feed preparation, in operation the wet 
requirement of power import is approximately 18.5 MW. During the 
weekend operation when Unit 1000 is down, a wet export of approximately 
12 MW will be fed back into the public utility system. 

The power generation turbines are condensation turbines working at 2." Hg 
condensation pressure. The heat of condensation is removed by a 
dedicated cooling water system as described on Section 5.3. 

0 Utilities and Chemicals Summary 

Estimated operating requirements for the steam and power generation 
system are summarized below. These requirements correspond to the 
total plant operation. 

Normal Demand" Utility 

Electric Power, KW 
HP Turbogenerator 
MP Turbogenerator 
HP BE% Pumps 
MP/LP BFW Pumps 
Condensate Pumps 
Vacuum Pumps 

TOTAL 

Steam, l b / h r  
HP Turbogenerator 
MP Turbogenerator 
LP BFW Deaerator 

Steam Condensate, lb/hr 
HP Turbogenerator 
MP Turbogenerator 

TOTAL 

( 55,12 2) 
(25,093) 
1,004 

205 
aa 
200 

(78 , 718) 

693 , 500 
498,700 
182,500 

(693,500) 
(498,700) 

1 Y 192,200 

BFW Make-up, lb/hr 220,000 

Cooling Water, GPM 
Turbogenerator Jackets (30"FAT) 2 , a44 - 

17 0,010 Turbogenerator Condensers (10 "FAT) 
TOTAL 172,854 

*Parenthesis denotes production rather than consumption. 
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5.2 Steam and Power Generat ion - Unit 2100 (Cont 'd) 

Grs 
0 Equipment Summary 

Major equipment r e q u i r e d  f o r  t h e  steam and power g e n e r a t i o n  system are 
l i s t e d  i n  Table  5 . 2 .  The corresponding equipment s p e c i f i c a t i o n s  are 
given  i n  Table  5.3. 
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TABLE 5 . 2  

IEAERATORS 

ZXCHANGERS 

I 



ON W321 SSV13 

NOllV301 

3.L:J W/3OU IN 3 I13 

3 



ITeM NO. 

D-UOlA/B 

DEHEUTORS 

ITW NO. 

DH-21Ol.A /B 
D I ~ - = O ~ A / B  

EXCHANGmS 

PUMPS 

ITEM NO. 

- 

P-21Ol.A-F 
P-2102A/ B/C 
P-2l03A-H 

COMPRESSORS 

TABLE 5.3 

UNIT 2100 - STEAM C POWER G-TION - EQUIPMENT SPECIFICATIONS 

DESCRIPTION 

Condensate 
DrWlLS 

DESCRIPTION 

HP BFW Deaerators 
MP/LP BFW Deaerators 

DESCRIPTION 

Steam Condensers 

POSITION DIA/WIGHT 

V e r t .  7' -6" I15 ' -0 

DESIGN 
DIA/HEIGHT PRESSURE 

10'-0"/39' -0" 50 
7 ' -0" / 22 ' -0" 50 

TYPE AREA, FT.2 - 
Surface  
Condenser 33300 

DESCRIPTION 

HP BFW Pumps & Spares  
MP/LP BFW Pumps & Spares Cent r i f .  
Condensate Pumps & 
Spares Centrif  . 

350 

7 00 

TYPE FLOW, GPM 

Cent r i f .  6 25 

- 

ITEM NO. DESCRIPTION - TYPE FLOW, GPM 

C-210s-D Vacuum Pump 

TURBOGENERATORS 

Centrif .  800 

STM STM 
ITEM NO. DESCRIPTION PRESS. ,PSIG FLOW, LB/HR 

TG-2101 8. P. Turbogenerator 600 346,515 
TD 210 2 M. P. Turbogenerator 150 240,012 

DESIGN 
PRESSURE 

F u l l  Vacuum 
+ 15 PSIG 

MAT. OF 
CONSTR. 

C.S. 
C.S. 

DUTY 
106BTU/HR -- 

617.0 

DISCH. 
PRESS. PSIG 

675 
185 

65 

DISCH . 
PRESS. PSIG 

2"  Hg abs. 

POWER 
OUTPUT, KW 

27.56 
12.55 

MAT OF 
CONSTR. 

C.S. 

MAT. OF 
CONSTR . 

C.S. 

MAT. OF 
CONSTR. 

C.S. 
C.S. 

C.S. 

MAT. OF 
CONSTR. 

C.S. 

- 160- c 



I 

t
 

9
'1

1
 

I 

y+- 
_

- 
9 '252 

-
 

9 '0CL 

9 'E 

I 

m
 

m
 

N
 

I-
 

z
 

3
 

- 
I 

-1 1 

I 

I 

I 

I
 

I 

I I 
I 

5
'1

1
1

 

__ 
. I__ 

I I 
_ 

5 '0 
... 

5 'I 1 L-- 
I 

Z'Ifl2 

m
 

31 
I c
-
 



i 
5.3 Cooling Water System - Unit 2200 

0 Design Capaci ty  

The c o o l i n g  water u n i t  c o n s i s t s  of two s e p a r a t e  systems: one d e d i c a t e d  
t o  Steam and Power Generat ion,  Uni t  2100, and t h e  o t h e r  system f o r  
s e r v i c i n g  t h e  ba lance  of t h e  p l a n t .  

The c o o l i n g  water requirement  f o r  Unit  2100 is 172,854 gpm wi th  a 10°F  
tempera ture  rise. A d e d i c a t e d  c o o l i n g  water system, c o n s i s t i n g  of two 
c o o l i n g  tower modules, each having a des ign  c a p a c i t y  of 86,500 gpm i s  
provided f o r  t h i s  service. 

The cool ing  water requirement f o r  t h e  balance of t h e  p l a n t  is  79,124 gpm 
w i t h  a 30°F temperature  rise. The c o o l i n g  water system f o r  t h i s  s e r v i c e  
is  designed as a s i n g l e  module having a des ign  c a p a c i t y  of 80,000 gpm. 

0 System D e s c r i p t i o n  

The schematic  f low diagram f o r  t h e  c o o l i n g  water system i s  shown i n  
F igure  5.4. 

Heated c o o l i n g  water from t h e  v a r i o u s  process  and suppor t  systems i s  f e d  
t o  t h e  corresponding spray  header  of a mechanical induced d r a f t  c o o l i n g  
tower. Counter c u r r e n t  c o n t a c t  of t h e  c o o l i n g  water with ambient a i r  
c o o l s  t h e  water by both evapora t ion  and s e n s i b l e  h e a t  exchange. The 
evapora t ion  l o s s e s ,  windage l o s s e s ,  and blowdown r a t e s  f o r  each c o o l i n g  
water system i s  g iven  below: 

CT-220 lA/B CT-2202 

Evaporat ion Losses ,  GPM 1780 2374 
Windage Losses ,  GPM 86 40 

561 Blowdown, GPM 
T o t a l  2298 2975 

- 432 - 

The blowdown streams a r e  provided t o  prevent  s c a l i n g  and are s e n t  t o  
Spent Shale Mois tur iz ing ,  Unit  900. These streams c o n t a i n  suspended 
s o l i d s ,  d i s s o l v e d  s o l i d s ,  d i s p e r s a n t  and i n h i b i t o r s .  A chemical 
a d d i t i o n  package f o r  each c o o l i n g  tower is a l s o  provided t h a t  inc ludes :  

Scale i n h i b i t o r f d i s p e r s a n t  - t o  prevent  carbonate  s c a l i n g  

Corrosion i n h i b i t o r  - t o  prevent  oxygen a t t a c k  

Acid - t o  reduce c i r c u l a t i n g  water a l k a l i n i t y  t o  reduce s c a l i n g  

Chlor ine  g a s  - t o  k i l l  pathogens 

Biocide - t o  prevent  b i o l o g i c a l  f o u l i n g  

-161- 



5.3 Cooling Water System - Unit  2200 (Cont 'd)  

The c o o l i n g  water c i r c u l a t i o n  pumps t a k e  t h e  cooled  water from 
cor responding  tower b a s i n  and pump i t  t o  t h e  p rocess  and u t i l i t y  areas 
f o r  heat removal complet ing t h e  c o o l i n g  c y c l e .  These pumps also send 
t h e  system blowdown t o  Spent  Sha le  Mois tu r i z ing ,  Un i t  900. 

The t o t a l  c o o l i n g  water usage f o r  each p l a n t  u n i t  is  as  fo l lows:  

Uni t  

100 
200 
300 
400 
500 
600 
700 
800 
2100 
2200 
2300 
2400 
2500 
2800 

- 

TOTAL 

Consumption 
GPM 

47,700 
252 
200 

80 
48 

1 , 7 2 4  
23,920 

2,078 
172,854 

200 
290 

34 
2,640 

100 
252,120 

30 
30 
30 
30 
30 
30 
30 
30 
10 .3  
30 
30 
30 
29 
30 

c 
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5.3 Cooling Water System - Unit 2200 (Cont'd) 
0 Utilities and Chemicals Summary 

The normal operating requirements for the entire cooling water system is 
summarized below: 

Treated Raw Water (Make-up) 
Blowdown Water (Produced) 
Cooling Water 

Electric Power Consumption 
Service 

P-22OlA (Module 1) 
P-2201B (Module 1) 
P-2201C (Module 1) 
P-2201A (Module 2) 
P-2201B (Module 2) 
P-2201C (Module 2) 
P-2202A 
P-2 20 2 B 
P-2202c 
CT-2201A Fans 
CT-2201B Fans 
CT-2202 Fans 
Chemical Feed 
Instruments and Lighting 

GPM 
CT-2 20U/ B CT-2202 
2298 2975 
43 2 561 

200 

Normal 
Kw 

2,174 
2,174 

2,174 
2,174 

2,016 
2,016 

364 
364 
852 
4 
10 

- 

- 

- 

TOTAL 14,322 

Chemical Consumption 

Service 

Corrosion Inhibitor 
Scale Inhibitor/Dispersant 
Chlorine Gas 
Biological Fouling Inhibitor 
Sulfuric Acid (100%) 

0 Equipment Summary 

Connected Load 
KW 

2,360 
2,360 
2,360 
2,360 
2,360 
2 , 360 
2,360 
2,360 
2,360 
408 
408 
970 
6 
10 

Quantity, Lbs/Hr 
CT-2201A/B CT-2202 

38 50 
15 20 
4 6 
12 15 
58 75 

Major equipment required for the cooling water system are listed in 
Table 5.4, together with the corresponding equipment specifications. 
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TABLE 5 . 4  
FORM NO 135404 

NAME OF U N I T  
PAGE 1 OF 2 

Coolinq Water System 
~1 EQUIPMENT L I S T  FOSTER WHEELER USA CORPORATION. CONTRACT: 1 1 - 3 a 5  @ PROCESS PLANTS DIVISION SECTION: 2200 

I I 2 I 3 I 4 1 6 LENT. DOE/METC Shale Oil Plant REVISION ORIGINAL - 
OCATION. Hes tern C o b a d o  DATE 4/74/87 

CLASS ITEM NO. DESCRIPTION EFD REQ'N.NO 

3OOL ING 
TOWERS 
-___ 

Train Total 

CT-2201 Cooling Tower(Package) for 1 2 Each Cooling Tower' : 86,427 GPM, 4 Cell. 
A/B IJni t 2100 10.3OF AT,  63OF Wet bulb, 17OF approach; 

tower isr~6fl' Wide x 246' long 
I 

Coolinq tower packaqe to include the 
followinq chemical addition systems: 
Biocide, corrosion inhibitor, dispersant 
and acid 

Coolinq tower fans : one 125 MHP 
fan on each cell, four total 

CT-2202 Coolinq Tower (Package) 1 1 19,130 GPM, 6 Cell , 30°F A T ,  
63OF Wet bulb, 17OF approach; 
tower is -54' Wide X 294' long 

to include 
the followino chemical addition systems: 
Biocide, Corrosion inhibitor,dispersant 
and acid 

I 

Cooling tower fans: One 200 MHP 
fan on each cell, six total 

I t I I I I I 

I I I I 
I I 



c 
FORM NO 135-904 

NAME OF U N I T  
PAGE 2 OF 2 

Coolinq I d a t e r  Sys tem 
- EQUIPMENT L I S T  @ FOSTER WHEELER USA CORPORATION. CONTRACT 11 - J62h5 

:LIENT DDf/MflT Shale O L I  P l a n t  
f'HOCESS PLANTS DIVISION SECTION. 22[](] 

REVISION ORIGINAL 1 I 2 3 I 4 I 5 
DATE 14/24/67  LOCAT ION. We s t e I' n I: o 1 o r a do 

CLASS ITEM NO. DESCRIPTION EFD 

I I I 

PllMPS -__ P - 2 2 O l A  C n o l l n q  Water Circ. Pump f o r  C1-2201 I 
P-22016 Coolinq Water Circ. Pump f o r  rl-2201 
P-220lC Spare f o r  P-2201A OR P-2201 B 

I i  I 

1'-2202 A Coo1iiia Water  hrc.  Piiino f o r  rT -2202  
,P-22132 R Coolinq Water  Circ. Puing f o r  CT-2202 
P-22D2 r S p a r e  f o r  P-2202 A Or P-2202 B 

I 
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5.4 P l a n t  and Ins t rument  A i r  - Unit 2300 
r \  

w 0 Design Capaci ty  

The p l a n t  and ins t rument  a i r  system is  requ i r ed  t o  supply  compressed a i r  
a t  125 p s i g  f o r  u s e  i n  t h e  p l a n t  p rocess ing  and suppor t  f a c i l i t i e s .  The 
p l a n t  and ins t rument  a i r  system h a s  a des ign  c a p a c i t y  of 5800 SCFM, of 
which 1800 SCFM i s  a v a i l a b l e  as ins t rument  a i r  and 4000 SCFX i s  
a v a i l a b l e  as p l a n t  a i r .  

0 System Desc r ip t ion  

The schematic  f low diagram f o r  t h e  p l a n t  and ins t rument  a i r  s y s t e m  is  
shown i n  F igu re  5.5. 

The combined p l a n t  and ins t rument  a i r  system i s  supp l i ed  by t h r e e  a i r  
compressors ,  two o p e r a t i n g  and one spa re ,  each r a t e d  a t  2900 SCF'M a t  a 
d i scha rge  p r e s s u r e  of 125 ps ig .  The compressors are motor d r i v e n ,  t h r e e  
s t a g e  machines, complete wi th  i n t e r c o o l e r s  and a f t e r c o o l e r s  t o  c o o l  t h e  
compressed a i r  t o  115°F. Compressed a i r  i s  d i s t r i b u t e d  t o  t h e  p l a n t  a i r  
and ins t rument  a i r  systems from the a i r  r e c e i v e r  drums. An a i r  d ry ing  
package is  provided f o r  each compressor,  t o  reduce  t h e  mois ture  c o n t e n t  
of the ins t rument  a i r  t o  a minus 40°F dew po in t .  

e U t i l i t i e s  and Chemical Summary 

The e s t ima ted  normal ope ra t ing  requi rements  f o r  t h e  t o t a l  p l a n t  and 
ins t rument  a i r  system are summarized below: 

Normal Connected Load 
E l e c t r i c  Power KW Kw 

C-2301 A 
C-2301 B 
C-2301 C 

760 
760 

1520 
- - 

991 
991 
991 

GPM 

A i r  Compressor Coolers  (@AT = 30°F)  290 

- Cooling Water 

Chemicals Consumption 

S i l i c a  G e l  2000 Lb/yr 

Equipment Summary 

Major equipment r equ i r ed  f o r  the p l a n t  and ins t rument  a i r  system are  
l i s t e d  i n  Table  5.5, t oge the r  wi th  t h e  cor responding  equipment 
s p e c i f i c a t i o n s .  
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ILTERS 

TABLE 5.5 

FOS I E n  WHEELER US 

OMPRESSORS 

a 



+- PLANT A I R  
T O  PLANT A I R  -d 
HEADER 

I N S l R U l E N T  A I R  
HEADER TO l N S l R U l E N l  AIRQ 

I n 
F - 2 3 0 2 A /  B/ C 

A I R  P R E f l L l i R  

P ~ C W i  . i 
2 I 

i I DR-Z301A/B/C 

i A I R  D R Y E R  
PACKAGE 

! 

I 

D-230 A I R  P E C t i V E R  i A/ B/ C 
h i 9  COHPHLSSCR ' ArlERCOOLLR I 

I D R A I N  

8 i 

ii 
I 
I 

i F-Z303A/B/C .~ 
A I R  A f l E R F l t T E R  

C - 2 3 0 1 M k V i  -__ 
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5.5 Waste Water Treatment - Unit  2400 

0 Design Capaci ty  

The waste water t rea tment  system i s  designed t o  process  waste water 
streams produced by t h e  s h a l e  o i l  p l a n t  f a c i l i t y .  The f o l l o w i n g  t h r e e  
streams are t h e  primary f e e d s  t o  waste water t rea tment .  The des ign  
c a p a c i t i e s  correspond t o  t h e  t o t a l  p rocess ing  p l a n t .  

Capacity,  GPM 

0 Water c o n t a i n i n g  i n o r g a n i c  salts - stormwater 1 ,080 
e Water c o n t a i n i n g  o r g a n i c  material - pad washing 650 
0 S a n i t a r y  wastes 20 0 

The waste water t rea tment  u n i t  i s  designed as two 50% p a r a l l e l  t r a i n s ,  
except  f o r  s a n i t a r y  wastes which are handled independent of t h e  o t h e r  
waste water streams and are  processed by a s i n g l e  t r a i n  system. 

e System D e s c r i p t i o n  

The process  f l o w  f o r  Waste Water Treatment,  Unit  2400, i s  shown i n  
F igures  5.6 and 5.7. 

Storm w a t e r  and wastes from t h e  o i l y  water sewer system e n t e r  t h e  waste 
water t rea tment  p l a n t  by f lowing t o  t h e  Stormwater Basin,  BA-2401. 
S t r i p p e d  water which may c o n t a i n  phenols  e n t e r s  t h e  system by f lowing t o  
t h e  Induced Air F l o t a t i o n  System, S-2402. Spent c a u s t i c  f lows d i r e c t l y  
t o  t h e  API S e p a r a t o r ,  BA-2407 w h i l e  blowdown from t h e  c o o l i n g  towers i s  
s e n t  d i r e c t l y  t o  t h e  E q u a l i z a t i o n  Basin,  BA-2403. 

E f f l u e n t  from t h e  Stormwater Basin,  BA-2401, i s  pumped by t h e  Stormwater 
Basin Pump, P-2401, t o  t h e  API S e p a r a t o r ,  BA-2407. The e f f l u e n t  from 
t h e  A P I  S e p a r a t o r  i s  t h e n  pumped by t h e  API S e p a r a t o r  Pump, P-2402, t o  
t h e  Induced Air F l o t a t i o n  System, S-2402. O i l  recovered by t h e  Rotary 
Drum O i l  Skimmer, L-2408, l o c a t e d  i n  t h e  API S e p a r a t o r ,  f lows t o  t h e  
Recovered O i l  Sumps, BA-2402. O i l  i s  a l s o  recovered i n  the API 
S e p a r a t o r  by t h e  S l o t t e d  Skimmer P ipe  which i s  l o c a t e d  a t  t h e  o p p o s i t e  
end of t h e  Rotary Orum O i l  Skimmer i n  t h e  API Separa tor .  This o i l  a l s o  
flows t o  t h e  Recovered O i l  Sump. 

3 

A s  t h e  o i l  i s  pumped from t h e  Recovered O i l  Sump by t h e  Recovered O i l  
Pump, P-2403, it passes  through t h e  Decantat ion Valve, S-2403, which 
s e p a r a t e s  water t h a t  i s  c a r r i e d  over  from t h e  AF'I Separa tor .  The 
recovered water i s  r e t u r n e d  t o  t h e  AF'I Separa tor .  The o i l  l e a v i n g  t h e  
d e c a n t a t i o n  v a l v e  f lows t o  t h e  o i l  s l o p  system. 
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5.5 Waste Water Treatment - Unit  2400 (Cont 'd) 

E f f l u e n t  from t h e  Induced Air F l o t a t i o n  System f lows  t o  t h e  Equa l i za t ion  
Bas in  where it i s  n e u t r a l i z e d  with acid or c a u s t i c .  Add i t iona l ly ,  
n u t r i e n t s  f o r  subsequent  b i o l o g i c a l  growth are added. After being 
thoroughly  mixed by t h e  Equa l i za t ion  Basin Di f fus ion  System, L-2402, t h e  
Equa l i za t ion  Basin Pumps, P-2407 A/B,  pump t h e  waste water t o  t h e  
T r i c k l i n g  F i l t e r ,  BA-2408. The T r i c k l i n g  F i l t e r  acts a s  t h e  p r e l i m i n a r y  
b i o l o g i c a l  removal s t e p .  E f f l u e n t  from t h e  f i l t e r  f lows by g r a v i t y  t o  
t h e  S p l i t t e r ,  BA-2410. The S p l i t t e r  a l lows  o p e r a t i o n a l  f l e x i b i l i t y  by 
provid ing  a means w i t h  which t o  r e c y c l e  t r i c k l i n g  f i l t e r  e f f l u e n t  ( i n  
low f low s i t u a t i o n s ) ,  o r  bypassing t h e  Aera t ion  Basin,  BA-2404, should 
o p e r a t i o n a l  problems p rec lude  i t s  ope ra t ion .  Waste water from t h e  
S p l i t t e r  f lows  t o  t h e  Ara t ion  BAsin where i t  undergoes b i o l o g i c a l  
a s s i m i l a t i o n  p r i o r  t o  suspended s o l i d s  removal i n  t h e  Ac t iva t ed  Sludge 
Clar i f iers ,  L-2404 A/B* Sludge s e t t l e d  i n  t h e  c l a r i f i e r s  i s  e i t h e r  
r ecyc led  t o  t h e  a e r a t i o n  b a s i n  o r  o c c a s i o n a l l y  wasted. 

Overflow from t h e  c l a r i f i e r s  f low t o  t h e  F i l t e r  Feed Sump, BA-2409, 
where i t  is pumped by t h e  F i l t e r  Feed Pumps, P-2412 A / B  t o  t h e  P r e s s u r e  
F i l t e r s ,  L-2412 A/B. The e f f l u e n t  from t h e  f i l t e r s ,  now f u l l y  t r e a t e d ,  
f lows  t o  the Backwash Holding Truck, TK-2402. The t ank  s t o r e s  enough 
t r e a t e d  e f f l u e n t  t o  be used when backwashing of the f i l t e rs  a r e  
r equ i r ed .  Overflow from t h i s  t ank  i s  pumped t o  Raw Water Treatment v i a  
t h e  Trea ted  E f f l u e n t  pump, P-2414. 

0 Uti l i t i es  Summary 

The e s t ima ted  normal o p e r a t i n g  requi rements  f o r  t h e  waste water t r e a t i n g  
system are  summarized below: 

U t i l i t y  Demand 

MP Steam, l b / h r  
D-2401 
D-2402 
D-2402 
D-2404 

Cooling Water, GPM 
Pumps 

11 
2 3  
11 
11 
56 ( I n t e r m i t t e n t )  
- 

34 

- 170- 



5.5 Waste Water Treatment - Unit 2400 (Cont'd) 
Electric Power, KW 

Continuous 

P-2401A/B 
P-2402A/B/C 
P-2403A/ B 
P-2404A/B 
P-2405A/ B 
P-240 6A/ B 
P-2407A/ B/ C 
P-2408A/B 
P-2409A/B 
P-2410A/ B 
P-2411A/B 
P-2412A/ B/ C 
P-2413A/B/C 
P-2414A/ B 
P-2415A/B 
S-2401A/ B 
S-2402A/B 
TK-2 40 1 
L-2401 
L-2402 
L-2403 
L-2404A/ B 
L-2408A/B 

- 
10.2 
2.6 
0.4 
0.4 
0.4 
19.8 
0.9 
8.7 
0.4 
1.1 
34.4 
18.2 
34.4 

0.3 
5.7 
0.6 
0.9 
10.4 
31.2 
0.7 
1.6 

TOTAL 183.3 

- 

Chemicals Consumption, lb/hr 

Phosphoric Acid (75%) (Nutrient) 
Caustic (45%) 
Sulfuric Acid (98%) 
Alum 

0 Equipment Summary 

Intermittent 

4.5 
5.1 
2.6 
0.4 
0.4 
0.4 
9.9 
0.9 
8.7 
0.4 
1.1 
17.2 
18.2 

9 .O 
0.3 
5.7 

- 

- 

- 
0.7 
- 

150 
15 0 
150 
80 

3 

Major equipment required f o r  the waste water treatment system are listed 
in Table 5 . 6 ,  together with the corresponding equipment specifications. 
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5.6 I n e r t  Gas System - Unit  2500 

e Design Capaci ty  

The i n e r t  g a s  system c o n t a i n s  two i d e n t i c a l  o p e r a t i n g  t r a i n s  t o  supply  
i n e r t  gas f o r  u se  i n  t h e  p l a n t  p rocess ing  and suppor t  f a c i l i t i e s .  Each 
t r a i n  i s  des igned  t o  supply  153,300 SCFH of i n e r t  g a s  a t  50 p s i g  and 
100°F. The composi t ion of t h e  i n e r t  gas  i s  as fo l lows:  

Component 
co2 
N2, A r  
H2 co 
02 
H20 

Mol% - 
11.4 
88.0 

0.1 t o  0.5 
0 . 1  t o  0.5 
500 ppm (Max.) 
S a t u r a t e d  a t  50 p s i g  and 100°F 

0 System D e s c r i p t i o n  

The schemat ic  f low diagram f o r  t h e  i n e r t  g a s  system i s  shown i n  F igu re  
5.8. N a t u r a l  g a s  i s  combusted i n  t h e  I n e r t  Gas Genera tor  t o  produce t h e  
i n e r t  g a s  a t  a p r e s s u r e  of 12 i n c h e s  of Y O  (gauge) .  The i n e r t  g a s  
product  is then  compressed t o  55 p s i g ,  cooled t o  100°F and d i s t r i b u t e d  
t o  t h e  p l a n t  i n e r t  gas  system from t h e  I n e r t  Gas Surge Drum. 

e Utili t ies Summary 

P resen ted  below are t h e  e s t ima ted  o p e r a t i n g  requi rements  f o r  t h e  i n e r t  
g a s  system. The summary cor responds  t o  one of two i d e n t i c a l  o p e r a t i n g  
t r a i n s  r e q u i r e d  t o  service t h e  o v e r a l l  p l a n t  needs.  

Normal Connected Load 
Electr ic  Power KW KW 

C-25OlA 439 480 
48 0 C-2501B 

PG-2501 30 33 

- 
TOTAL 469 

Cooling Water (80 psig/80°F)  
PG-2501 (@ 30°F A T )  
E-2501 (@ 20°F AT) 

TCrrAL 

Consumption, GPM 
1200 

120 
1320 

Natu ra l  Gas Consumption (100 psig/AMB Temp.) 18 , 000 SCF/HR 

Sour Water Produced (From D-2501) 320 l b / h r  
(Normal) 
415 l b / h r  
(Design 

e Equipment Summary 

Major equipment r equ i r ed  f o r  t h e  i n e r t  g a s  system are l i s t e d  i n  Table  
5.7, t o g e t h e r  with t h e  corresponding equipment s p e c i f i c a t i o n s .  

-177 -  



TABLE 5 . 1  

DCATION: w 
CLASS 

INERT GAS 
GENERATORS 

FORM NO. 136-904 

OMPRE SSORS 

XCHANGERS 

DRUMS 

ITEM NO. DESCRIPTION EFD flEQ'N.NO REV 

I 

PG-2501 (Packasel 1 7 153,300 SCF/HR each, Natura l  Gas Feed, 
I n e r t  Gas Produced a t  p=12I8 H?O & T=lOO°F 

I 
I 

C-2501 I n e r t  Gas ComDressor -- FM P&- 55 PSIG discharqe pressure. 
A/B 10.5 RSIA suc t i on  ~ressure.536 BHP.600 MHP 

c. s. 

I 

Hor izonta l  Drum 

80 PSIC Desiqn Pressure 

D-2501 I n e r t  Gas Surge Drum 
9 ' -  6'' 'ID x 22'-nll TO TO 1, C . S .  

I I 
NOTE : Barometric Press. = 10.5 PSIA 

I I 
I I 

I 
I 



t
-
 



F l a r e  System - Unit  2600 

Design Capacity 

A t o t a l  of f i v e  ' f l a r e  systems are provided t o  service t h e  o v e r a l l  
p r o c e s s  p l a n t .  Three i d e n t i c a l  f l a r e  systems serve t h e  s i x  r e t o r t i n g  
t r a i n s  and two i d e n t i c a l  f l a re  systems serve t h e  ba lance  of t h e  
process ing  u n i t s .  

The f u n c t i o n  of t h e  f l a r e  system i s  t o  provide safe burning of 
combust ible  vapors  produced dur ing  programmed s t a r t - u p  and shutdown, 
normal o p e r a t i o n  o r  u p s e t  c o n d i t i o n s .  P l a n t  u p s e t s  i n c l u d e  emergencies 
such as: power f a i l u r e ,  c o o l i n g  water f a i l u r e ,  u n i t  d e p r e s s u r i n g ,  steam 
f a i l u r e ,  ins t rument  a i r  f a i l u r e ,  f i r e  o r  blocked o u t l e t s .  

The e l e v a t e d  f lare  d e s i g n  i s  based on t h e  r e l i e v i n g  load  f o r  l o c a l  power 
f a i l u r e  o r  blocked o u t l e t .  The des ign  l o a d  f o r  each f l a r e  s e r v i n g  t h e  
r e t o r t i n g  t r a i n s  i s  636,400 l b / h r  of vapor of 31.0 molecular  weight  a t  
250OF. The des ign  load  for each f l a r e  s e r v i n g  t h e  upgrading t r a i n s  i s  
390,000 l b / h r  o f  vapor of  26.6  molecular  weight a t  250°F. The s e l e c t i o n  
of f l a r e  s t a c k  l o c a t i o n  i s  based on minimizing t h e  l e n g t h  of t h e  main 
f l a r e  header ,  minimizing t h e  f la re  s t a c k  h e i g h t ,  keeping t h e  r a d i a t i o n  
level  and maximum s u l f u r  d i o x i d e  c o n c e n t r a t i o n  a t  ground l e v e l  below 
a l lowable  l i m i t s .  

Sys tem D e s c r i p t i o n  

The schematic  flow diagram f o r  a t y p i c a l  f l a r e  system s e r v i n g  t h e  
r e t o r t i n g  and upgrading u n i t s  is  shown i n  F igure  5.9. 

Knock-out drums a r e  provided f o r  each i d e n t i f i a b l e  b a t t e r y  l i m i t  p rocess  
a r e a  i n  t h e  p l a n t .  These drums r e c e i v e  and disengage l i q u i d s  from t h e  
vapors  discharged from t h e  i n d i v i d u a l  process  areas t o  t h e  f l a r e  
system. Liquid hydrocarbons c o l l e c t e d  i n  t h e  K.G. drums are s e n t  t o  Raw 
O i l  Recovery, Unit  200, by au tomat ic  s t a r t - u p  pumps provided a t  t h e  
drums. Water s e t t l e d  i n  t h e  K.O. drums i s  pumped t o  Sour Water 
T r e a t i n g ,  Unit  700, by s e p a r a t e  au tomat ic  s t a r t - u p  pumps. 

Vapors from the  process unit K.O. D r u m s  flow t o  the F l a r e  K.O. Drums and 
are  burned i n  t h e  e l e v a t e d  f la re .  A l l  drums are  provided w i t h  a steam 
. c o i l  t o  vapor ize  l i g h t  ends ,  t o  prevent  water f r e e z i n g  i n  c o l d  weather ,  
and t o  reduce v i s c o s i t y  of heavy hydrocarbons f o r  pumping purposes .  The 
e l e v a t e d  f l a r e  i n c l u d e s  t h e  fo l lowing  f e a t u r e s :  

- F a c i l i t i e s  f o r  smokeless burning of  hydrocarbons up t o  25% of i t s  
d e s i g n  c a p a c i t y  

- A molecular  seal ,  l o c a t e d  underneath t h e  f l a r e  t i p ,  t o  prevent  oxygen 
back-diffusion i n s i d e  t h e  system 
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5.7 Flare System - Unit  2600 (Cont 'd) 

- A flame f r o n t  g e n e r a t o r  t o  s t a r t  p i l o t s  

- P i l o t  f lame d e t e c t o r s  

F a c i l i t i e s  are s u p p l i e d  f o r  au tomat ic  i n e r t  g a s  i n j e c t i o n  i n s i d e  a l l  
f l a re  K.O. D r u m s ,  t o  compensate f o r  the system " c o n t r a c t i o n "  a f t e r  a h o t  
blow. A cont inuous supply of purge g a s  i s  used,  i n  conjunct ion  w i t h  a 
molecular seal ,  f o r  f l a s h b a c k  p r o t e c t i o n  from t h e  f l a r e  i n t o  t h e  
p r e s s u r e  relief system. Medium p r e s s u r e  steam i s  provided t o  t h e  f l a r e  
t i p  f o r  smokeless burning. Smokeless f l a r i n g  i s  based on t h e  p r i n c i p l e  
of i n c r e a s i n g  t h e  burning rate by t h e  i n j e c t i o n  of steam i n t o  a f lame,  
by t h e  c r e a t i o n  of t u r b u l e n c e  i n  t h e  r e a c t i n g  g a s e s  and t h e  a s p i r a t i o n  
of a i r ,  t h e r e b y  reducing t h e  format ion  of s o o t .  

0 Uti l i t i es  Summary 

Normal u t i l i t i e s  requirement f o r  t h e  t o t a l  f l a r e  system a r e  summarized 
below. These correspond t o  f i v e  f l a r e  systems s e r v i c i n g  the  en t i re  
process ing  p l a n t .  

Normal Connected 
Demand Load 

-- 62 5 Electr ic  Power, KW ( I n t e r m i t t e n t )  

7,820 - I n e r t  Gas, SCFH 

M.P. Steam, Lb/Hr (150 psig/364"F) 242,600 ( I n t e r m i t t e n t )  

Fue l  Gas, MMBTU/HR ( L H V )  
(100 psig/AMB Temp.) 

- 2.2 

0 Equi pmen t S umma ry 

Major equipment r e q u i r e d  f o r  t h e  p l a n t  f l a r e  system are l i s t e d  in Table 
5.8. The corresponding equipment s p e c i f i c a t i o n s  are  g iven  i n  Table 5.9. 
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TABLE 5.9 

UNIT 2600 - FLARE SYSTEM EQUIPMENT SPECIFICATIONS 

FLARE STACKS 

T I P  TIP 
ELEVA. DIA. TEMP. MAT. OF 

ITEM NO. DESCRIPTION( *) TYPE FEET INCHES OF CONSTR. - 
FL-260lA/B/C F la re  f o r  GUY 270 36 0-400 C.S. 

fi-2602AI B Fla re  f o r  GUY 190 30 0-400 C.S. 
Retor t ing Modules Supported 

Upgrading Modules Supported 

* (Includes mol seal, flame f r o n t  genera tor ,  automatic smokeless steam 
in jec t ion ,  p i l o t s  and a l l  equipment assoc ia ted  with the  items 
mentioned above). 

ITEM NO. 

D-260lA-F 

W2602Al B 

D-2 6 0 3A/ B 

D-2604AlB 

D-2605AIB 

D-2606AIB 

D-2607A/B/C 

D-2 608Al B 

DESCRIPTION POSITION 

K.O. D r u m  f o r  Horiz. 
Unit 100 
K.O. D r u m  f o r  Horiz. 
Unit  300 
K.O. D r u m  f o r  Horiz. 
Unit 4001500 
K.O. D r u m  f o r  Horiz. 
Unit 600 
K.O. D r u m  €o r  Horiz. 
Unit 700 
K.O. Drum f o r  Horiz. 
Unit 800 
Flare  K.O. D r u m  Horiz. 
f o r  fi-260lA/B/C 
Flare  K.O. D r u m  f o r  
FL-2602AI B 

DIA/HGT. DESIGN 
OR LENGTH PRESS, PSIG 

14 ' -0 " / 42 ' -0" 50 
(3'-0" x 2'-0" Boot) 
12 '-6"/37'-6" 50 
(3'-0" X 2 ' 4 "  Boot) 
10 '-0 "I30 '-0" 50 
(3'-0" x 2'-0" Boot) 
a*-6-/26*-0- 50 

8'-6"/2S1-6" 50 

10 '-0"/30'-0" 50 

16 1-0- 148' -0- 50 
(3'-0" x 2'-0" Boot) 
19'-O"157'-0" 50 
(3'-0" x 2'-0" Boot) 

MAT. OF 
CONSTR. 

C.S. 

C . S .  

C.S. 

C.S. 

C.S. 

C.S. 

C.S. 

C.S. 

3 
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TABLE 5.9 

ITEM NO. 

P-2 6 OlA-F 

P-2602A-F 

P-2603AIB 

P-2 604A/ B 

P-2605AIB 

P-2606A/B 

P-2607A/B 

P-2608AIB 

P-2609Af B 

P-2610A-F 

P-261U/B/C 

P-2612A-D 

P-2 613AlB 

UNIT 2600 - FLARE SYSTEM EQUIPMENT SPECIFICATIONS (Cont'd) 

DIAIBGT DESIGN 
TYPE FLOW GPM PRESS, PSIG DESCRIPTION - 

Unit 100 K.O. Drum Recip. 230 150 
PUP 
Unit 100 K.O. Drum Cen t r i f .  25 70 
Water Boot Pump 
Unit 300 K.O. D r u m  Recip. 65 100 
Pump 
Unit 300 K.O. Drum Cen t r i f .  15 50 
Water Boot Pump 
Units  4001500 K.O. Recip. a2 100 
Drum Pump 
Units  4001500 K.O. Cent r l f .  25 70 
Drum Water Boot Pump 
Unit 600 K.O. Drum Cen t r i f .  25 50 
PUP 
Unit 700 L O .  Drum Cen t r i f .  50 150 
Pump 
Unit 800 K.O. Drum Recip. 50 150 
Pump 
F la re  K.O. D r u m  Recip. 200 150 
Pump f o r  D-2607A/B/C 
F la re  K.O. Drum Cen t r i f .  35 70 
Water Boot Pump 
f o r  D-2607A/B/C 
F la re  K.O. D r u m  Pump Recip. 300 150 
€or P2608AIB 
F la re  K.O. D r u m  Cen t r i f .  45 70 
Water Boot Pump 
f o r  D-2608AIB 

MAT. OF 
CONSTR. 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 

C.S. Casing 
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5.8 

0 System Desc r ip t ion  

P l a n t  Fue l  System - Unit 2700 

Fue l  requi rements  f o r  o p e r a t i o n  o f  t h e  r e t o r t i n g  and upgrading p l a n t s  
w i l l  be supp l i ed  from t h e  fo l lowing  sources :  

- Treated f u e l  g a s  produced i n  t h e  p rocess ing  p l a n t s .  

Na tu ra l  g a s  a v a i l a b l e  a t  p l a n t  b a t t e r y  l i m i t s .  - 

Fuel  g a s  i s  produced i n  t h e  r e t o r t i n g  and upgrading u n i t s  and i s  t r e a t e d  
i n  Unit  800 ,  S u l f u r  Recovery. The composi t ion and f low r a t e  of t h e  
t r e a t e d  f u e l  g a s  d e l i v e r e d  t o  t h e  p l a n t  f u e l  g a s  header  are: 

Component 

H2 

co2 
H20 
H2S 
NH3 
C H I  

co 

‘2H4 
C2H6 
C3H6 
C3H8 

C4H10 
C4H8 

N2 
c5 + 

T o t a l  Weight, Lbs /Hr  
Molecular E t .  
LHV, BTU/SCF 
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Mol4 - 
45.32 

3.75 
14.99 

1.53 

0.01 
16.15 

2.26 
5.75 
2.49 
2.90 
2.56 
0.51 
1 .67  

( 10  ppmv) 

0.11 
100.00 
- 
93,916 

18.50 
62 6 



5.8 P l a n t  Fue l  System - Unit  2700 (Cont 'd) 

N a t u r a l  gas ,  a t  t h e  fo l lowing  f low rate and composi t ion,  i s  used t o  
supplement t h e  in -p lan t  f u e l  g a s  product ion  i n  o r d e r  t o  s a t i s f y  t h e  
o v e r a l l  p l a n t  f u e l  requi rements .  

Component 

CH4 
C2H4 
C2H6 
C3H8 
N2 

T o t a l  Weight, Lbs/Hr 
Molecular  W t  . 
S u l f u r  GR/ 10 0 CF Max. 
LHV, BTU/SCF 

Mol. X 

94 .O 
1.0 
2.3 
0.2 
2.5 

100.0 

- 

40 ,361  
16. a4 
911.3 

20.0 
I 

A schematic  diagram of the p l a n t  f u e l  gas d i s t r i b u t i o n  sys tem is  
shown i n  F igu re  5.10. 

The t o t a l  amount of t r e a t e d  f u e l  g a s  produced i n  Uni t  800, S u l f u r  
Recovery, is combined wi th  n a t u r a l  gas  t o  supply  t h e  f u e l  gas  
requirement  f o r  R e t o r t i n g  Unit  100, v i a  f u e l  g a s  mixing drum. The 
f u e l  gas  f o r  a l l  o t h e r  p l a n t  requi rements  i s  s u p p l i e d  from t h e  
n a t u r a l  g a s  supply  header.  

Equipment Summary 

Major equipment r equ i r ed  f o r  t h e  p l a n t  f u e l  system are l i s t e d  in 
Table 5.10, t o g e t h e r  wi th  t h e  cor responding  equipment s p e c i f i c a t i o n s .  
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TABLE 5.10 

F O R M  No 135.904 

f @SlCfl WIILCLCII  USA CORPOIIATION. CONTIIACT 11-36265 NAME OF UNIT PAGE or 
EQUIPMENT L I S T  ---- 

PIANT FUEL SYSTEM 1 1  @!I PHOCESS PLANTS DIVISION SECTION 2700 
I 

DOE/MI.:TC Sha le  Oil P l a n t  I AEVlSlON OHlGlNAL 1 I 2 I 3 1 4 I 5 - . L I ~ I J I  

OCATION W e s t e r n  C o l o r a d o  DATE 1 5 / 1 2 / 0 7  I 

NAME OF UNIT f @SlCfl ~ 'dI lLCLClI  USA CORPOIIATION. CONTIIACT 11-36265 
PAGE or EQUIPMENT L I S T  ---- 

PIANT FUEL SYSTEM 1 1  @!I PHOCESS PLANTS DIVISION SECTION 2700 

DOE/MI.:TC Sha le  Oil P l a n t  AEVlSlON OHlGlNAL 1 I 2 3 4 I 5 - L l r l J I  

OCATION W e s t e r n  C o l o r a d o  DATE 5 / 1 2 / 0 7  

CLASS 

DRUMS 

RE\ EFD REQ'N NO ITEM NO OESCRIPTION 

T r a i n  T o t a l  

_ -  
.- D-2701 F u e l  G a s  M L X  D r u m  1 1 Ver t i ca l  Drum 

10'-0" I.D. X 17 ' -0"  T t 0 T . C . S .  
1 5 0  P s i q  D e s i q n  P r e s s u r e  

- 
- 

- _ _ _ _ ~ ~ -  
-I 

~- 
~- 
- 
- 

~ - - ~ ~  ~ - 

- 

, -- 



Fl H i D R O l R E A l I N G  

PROCESS A R E A  

i 

I GAS I R E A I I N C  I 
RAW GAS ' FROU U N I l  200 

RECYCLE GAS ' IO U N I T  I00 
I 

NATURAL CAS 
SUPPLY HLADLR - 

1 -  

RETORT ING 

. r 

i 
U N l l  
5E0 

r R A C l i O N A ' l O N  HYDACGEN 

SUPPORT FACILITIES A R E A  

I N E R I  GAS 
S i S l E M  

N O l L i  

U N l l  
Zl0E 

S l L l M  &NO POWER 
GCNCRAl lDN 

FROM B A T T E R Y  L I M I T S  

I I 
REVISIONS I O*.IY I,. 

r",? 

10 FLARE 

1 
0-2701 

FUEL GAS 
MIX DRUM 

S A l ' D  LP STEAM 
FROII HEADER 

CONDENSATE 
IO HEADER 

0 828.9 UIBTWHR NAIURAL GAS IWORI 



5.9 Storage  F a c i l i t i e s  - Unit  2800 

0 Design Capaci ty  

S t o r a g e  f a c i l i t i e s  f o r  products ,  i n t e r m e d i a t e s ,  chemicals  and a d d i t i v e s  
i s  provided as fol lows:  

Material S tored  

Raw O i l  
Naphtha Product 
Diesel O i l  Product 
Bottom Product (Heavy O i l )  
Ammonia Product 
S u l f u r  Product  
Sour and S t r i p p e d  Water 
Raw Water 
O i l  Addi t ive 

Capaci ty ,  Days 

1 0  
10 
1 0  
1 0  
30 
30 
1 0  
1 

1 0  

For t h e  v a r i o u s  chemicals  r e q u i r e d  f o r  t h e  p l a n t  o p e r a t i o n ,  t h e  s t o r a g e  
c a p a c i t y  is  e i t h e r  1 0  days o r  one t r u c k  load .  

Vola t i le  products  a r e  s t o r e d  i n  f l o a t i n g  roof  t a n k s  t o  minimize product  
loss and a i r  emissions.  

0 System D e s c r i p t i o n  

S t o r a g e  f a c i l i t i e s  c o n s i s t  i n  a t a n k  farm and two pumping s t a t i o n s .  

Each product  is  s t o r e d  i n  one o r  more d e d i c a t e d  tanks .  P ip ing  
i n t e r c o n n e c t i n g  system a l l o w s  f o r  t r a n s f e r r i n g  t h e  s t o r e d  l i q u i d s  t o  and 
from v a r i o u s  process ing  u n i t s  o r  loading/unloading  s t a t i o n s .  

Syncrude o i l  can be shipped o u t  of t h e  p l a n t  v i a  p i p e l i n e  e i t h e r  a s  
separate f r a c t i o n s  (heavy o i l ,  d i e s e l ,  naphtha) ,  o r  as a blend. In 
either case the pour p o i n t  of t h e  heavy o i l  is  t o o  h i g h  t o  permit  
ambient temperature  pumping. I n  o r d e r  t o  use e x i s t i n g  unheated p i p e l i n e  
systems,  a pour p o i n t  d e p r e s s a n t  a d d i t i v e  i s  added and i n  l i n e  blended 
before  sh ipping .  The o i l  a d d i t i v e  i s  brought i n t o  t h e  p l a n t  by t r u c k ,  
s t o r e d  and p r o p o r t i o n a l l y  f e d  t o  t h e  syncrude stream b e f o r e  s h i p p i n g .  
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5.9 (Cont'd) 

The fo l lowing  t a n k s  have f l o a t i n g  roof c o n s t r u c t i o n  t o  minimize 
hydrocarbon/chemical  emissions:  

- Raw O i l  Tanks - Product  Naphtha - Diesel O i l  Tank 
- Sour Water Tank 
- Sponge O i l  Tank 

Tank 

S u l f u r  product  3,s s t o r e d  in molten s t a t e  and k e p t  hea ted  du r ing  s t o r a g e  
and sh ipping .  Liquid  ammonia is  s t o r e d  i n  ambient tempera ture  h igh  
p r e s s u r e  s p h e r i c  t a n k s  and shipped a t  ambient temperature .  For bo th  
s u l f u r  and ammonia sh ipp ing  t r u c k s  load ing  s t a t i o n s  are provided.  

0 U t i l i t y  Summary 

The normal o p e r a t i n g  requi rements  f o r  t h e  t o t a l  p l a n t  are summarized 
below: 

Exhaust Steam 
Electric Power 
Cooling Water 

1000 l b / h r  
600 kW 
100 GPM 

0 Equipment Summary 

The major equipment r e q u i r e d  f o r  t h e  p l a n t  s t o r a g e  f a c i l i t i e s  a r e  l i s t e d  
i n  Table  5.11, t o g e t h e r  wi th  t h e  cor responding  equipment s p e c i f i c a t i o n s .  
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5.10 General  P l a n t  F a c i l i t i e s  - Unit  2900 

General  f a c i l i t i e s  r e q u i r e d  f o r  suppor t  of the p l a n t  o p e r a t i o n  i n c l u d e  
t h e  fo l lowing  systems: 

0 In te r -connec t ing  piping.  A system of main p i p e  r a c k s  t o  connect  a l l  
u n i t s  i n c l u d i n g  t h e  s t o r a g e  f a c i l i t i e s  and pumping s t a t i o n s  is  
provided as shown on t h e  p l o t  p l a n  F i g u r e  6.1. F u r t h e r  t o  t h i s  
system, minor p i p e  r a c k s  w i l l  connect  t h e  v a r i o u s  u n i t s  as r e q u i r e d .  

0 F i r e  water system. Through the p l a n t  t h e  f i r e  water w i l l  be 
d i s t r i b u t e d  by a p i p i n g  g r i d ,  e s s e n t i a l l y  surrounding each u n i t ,  t o  
a s s u r e  a double  feed supply.  The p ip ing  g r i d  i s  provided wi th  c u r b  
hydrants .  Each u n i t  h a s  i t s  own i n t e r n a l  h y d r a n t s  and/or  s p r i n k l e r  
system as r e q u i r e d  by f i r e  codes and minimum two f e e d e r s .  The 
e n t i r e  system i n c l u d e s  f i r e  waste s t o r a g e  tanks ,  f i r e  water pumps 
wi th  s p a r e s  (motor and engine  d r i v e ) ,  jockey pump, v a l v e s  and 
ins tumenta t ions .  

F u r t h e r  t o  t h e  f i r e  water system, two f i r e  t r u c k s  and one foam 
t ra i ler  are provided. 

e Electric Power System. Electric power i s  assumed t o  be a v a i l a b l e  a t  
t h e  p l a n t  b a t t e r y  l i m i t  a t  13.8 kV. Minimum t w o  feeders are 
supplying t h e  main s u b s t a t i o n  located a t  t h e  n o r t h  c e n t e r  of t h e  
p l a n t .  Three secondary s u b s t a t i o n s  are provided f o r  t h e  p l a n t :  Two 
f o r  t h e  f e e d  p r e p a r a t i o n ,  Uni t  1000, and one f o r  t h e  rest of t h e  
p l a n t ,  An.underground d i s t r i b u t i o n  system a t  13.8, 5 . 5  and 0.4 kV i s  
provided too.  General  l i g h t i n g  of t h e  roads  and open areas are 
provided from t h e  p l a n t  i l l u m i n a t i o n  system. Local  l i g h t i n g  i s  
inc luded  i n  each u n i t  e lectr ical  system. 

In-p lan t  e lec t r ic  power g e n e r a t i n g  system is  provided t o  use t h  
p l a n t  excess steam and, on t h e  same time, supply t h e  emergency 
power. The in-p lan t  power g e n e r a t i o n  system c o n s i s t s  of two 
steamdriven g e n e r a t o r s  wi th  a t o t a l  c a p a c i t y  of approximately 80 MS 
a t  normal o p e r a t i o n  c o n d i t i o n s .  

0 Sewers. The p l a n t  i n c l u d e s  t h e  fo l lowing  systems: 

- Oily  water sewer t o  c o l l e c t  any process  water as w e l l  as r a i n  
water from t h e  process ing  p l a n t  paved and curbed areas. 

- Rain water sewer t o  c o l l e c t  r a i n  water run-off from curbed 
non-process areas ( r o a d s ,  s t o r a g e  p la t forms ,  e t c . )  and n o t  
plaved areas. 

- S a n i t a r y  sewer. 
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0 5.10 General  P l a n t  F a c i l i t i e s  - Unit  2900 (Cont 'd) 

A l l  sewers are c o l l e c t e d  and processed i n  Unit  2400, waste water 
t rea tment .  

0 Communication and Alarm System. 
te lephone  system, f i r e  a la rm and g e n e r a l  emergency alarm systems. 

The p l a n t  i s  provided w i t h  i n t e r n a l  

0 Roads and Fences. The p l a n t  s h a l l  have roads  as shown i n  t h e  p l o t  
p lan  f i g u r e  6.1. The e n t i r e  p l a n t  per imeter  s h a l l  be fenced. Also 
hazardous areas such as f la re  area, waste water t r e a t m e n t ,  t r u c k  
unloading areas, e tc . ,  s h a l l  be s e p a r a t e l y  fenced t o  prevent  t h e  
access of unauthorized persons.  

0 Buildings.  The fo l lowing  main b u i l d i n g s ,  r e q u i r e d  f o r  t h e  p l a n t  
o p e r a t i o n  and maintenance, s h a l l  be provided: 

Bui  Id i n g  s 

- Adminis t ra t ion  
- C e n t r a l  Control /Laboratory 
- Change HouseICafeter ia  
- Warehouse 
- Maintenance Shop 
- Guard House 
- F i r e  House 

Area f t 2  

15,000 
5,000 
3,200 

40,000 
10,000 
1 , 500 
5,000 

The normal o p e r a t i n g  requirements  f o r  t h e  g e n e r a l  p l a n t  f a c i l i t i e s  
a r e  summarized below: 

Pot a b l e  Water 
Electr ic  Power 
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Grs 6.0 PLANT LAYOUT 

6 .1  Key P l o t  P lan  

The e n t i r e  p l a n t  l a y o u t  i s  conceived as  a n  i n t e g r a t e d  p l a n t  b u i l t  
on a "table top" s i t e  as shown on Figure  6.1. The o i l  s h a l e  mine 
and t h e  s p e n t  s h a l e  d i s p o s a l  s i t e s  are  assumed t o  be l o c a t e d  on 
t h e  west s i d e  of t h e  p l a n t ,  consequent ly  t h e  mine t r u c k s  e n t e r  t h e  
p l a n t  from t h e  west. These are  heavy off-the-road v e h i c l e s  and 
are  purpose ly  conf ined  i n  a s e p a r a t e  area. I n  t h e  west s i d e  of 
t h e  p l o t ,  t h e  f e e d  p r e p a r a t i o n  u n i t  i s  l o c a t e d  t o g e t h e r  w i t h  t h e  
raw s h a l e  s t o c k  p i l e s  and s i l o s .  

I n  t h e  c e n t e r  of t h e  p l a n t  are  l o c a t e d  t h e  r e t o r t i n g  modules; each 
module c o n s i s t i n g  of  R e t o r t i n g ,  Unit  100 ,  Raw O i l  Recovery, Unit  
200, Spent Shale  Mois tur iz ing ,  Unit  900,. These u n i t s  a r e  l o c a t e d  
i n  c l o s e  proximity t o  avoid  long  d i s t a n c e  conveying of s o l i d s  and 
p i p i n g  of r e t o r t  products .  Each r e t o r t i n g  module h a s  a 300' x 
425' p l o t  area w i t h  a 200' x 300' paved and curbed p r o c e s s  area. 
Cont ro l  rooms, l a b o r a t o r y  f a c i l i t i e s  and e l ec t r i c  s u b s t a t i o n s  are 
l o c a t e d  i n  t h e  immediate proximity.  

The c e n t e r  p a r t  of t h e  p l o t  i s  a l s o  occupied by t h e  r a w  o i l  
upgrading f a c i l i t i e s  , Units  300 through 800. The p a r a l l e l  t r a i n s  
of t h e s e  u n i t s  are  l o c a t e d  on  t h e  same block w i t h  road access a l l  
around. I n  t h e  east s i d e  of t h e  p l a n t  t h e  s t o r a g e  f a c i l i t i e s  and 
waste water t rea tment  f a c i l i t i e s  are l o c a t e d .  A t  t h e  extreme 
n o r t h  of t h e  p l a n t ,  i n  a remote l o c a t i o n ,  are  t h e  f l a r e s .  

The a d m i n i s t r a t i o n  and p l a n t  maintenance b u i l d i n g s  are l o c a t e d  i n  
t h e  south-east  s e c t i o n  o f  t h e  p l o t  w i t h  access from t h e  south .  
This l o c a t i o n  i s  intended t o  house t h e  non-operating personnel  i n  
a r e l a t i v e l y  non-hazardous area. 

The e n t i r e  p l a n t  r e q u i r e s  a n  area of approximately 275 acres not 
i n c l u d i n g  t h e  s p e n t  s h a l e  d i s p o s a l  s i t e .  Spent s h a l e  d i s p o s a l  
r e q u i r e s  a s e p a r a t e  p l o t  area of  about  1500 acres t o  accommodate 
30 y e a r s  s t o r a g e .  

6 . 2  R e t o r t i n g  P l a n t  E l e v a t i o n  

Figure 6.2 shows a n  e l e v a t i o n  s k e t c h  of t h e  major process  v e s s e l s  
i n  a 12,000 TPOD o i l  s h a l e  r e t o r t i n g  t r a i n .  Vessel e l e v a t i o n s  
were es t imated  on t h e  b a s i s  o f  t h e  fo l lowing  c r i t e r i a ,  whichever 
was l i m i t i n g :  
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6.2 Reto r t ing  P l a n t  E leva t ion  (Cont 'd)  

- A minimum ang le  of 70' from t h e  h o r i z o n t a l  for a l l  s o l i d s  
s tandpipes .  

- A pres su re  drop  of a t  least  4.0  p s i  a v a i l a b l e  for s o l i d s  c o n t r o l  
va lves .  

- Separa t ion  between v e s s e l s  of a t  least 5 f e e t .  

- Length of riser combustor o f  about  200 f e e t .  

The primary purpose of t h e  e l e v a t i o n  ske tch  w a s  t o  provide a guide 
f o r  cap i ta l  c o s t  e s t ima t ing .  The p o s i t i o n  of i n d i v i d u a l  p rocess  
v e s s e l s  and t h e  o v e r a l l  arrangement were n o t  optimized. 

The bottom of  t h e  engager s e c t i o n  of  Combustor V-103 was pos i t i oned  
a t  a n  e l e v a t i o n  of  20 f e e t  above grade  t o  a l low headroom f o r  access 
t o  and s e r v i c e  of t h e  combustor. The bottom of t h e  r e t o r t  v e s s e l  
was l o c a t e d  a t  an e l e v a t i o n  of 65 f e e t  to a l low f o r  a 70' ang le  
on t h e  s tandpipe  l e a d i n g  t o  t h e  engager v e s s e l .  The bottom of t h e  
raw s h a l e  accumulator was l o c a t e d  a t  a n  e l e v a t i o n  of 215 feet  t o  
a l low f o r  a 70° ang le  on t h e  s t andp ipes  l ead ing  t o  t h e  f u r t h e s t  
two quadrants  of  t h e  t o p  of  t h e  r e t o r t  v e s s e l .  The bottom of the 
combusted s h a l e  s e p a r a t o r  was l o c a t e d  a t  an e l e v a t i o n  of 215 f e e t  
to '  a l low f o r  a 70° ang le  on t h e  s tandpipe  l ead ing  t o  t h e  t o p  
s t a g e  of t h e  combusted s h a l e  coo le r .  The r e t o r t e d  s h a l e  s e p a r a t o r  
w a s  l o c a t e d  at. t h e  same e l e v a t i o n  as t h e  r e t o r t  vapor o u t l e t  i n  
order  t o  minimize t h e  l e n g t h  of t h e  t r a n s f e r  l i n e  between t h e s e  two 
v e s s e l s .  

In t h i s  arrangement,  t h e  l e n g t h  of t h e  riser s e c t i o n  of t h e  
combustor between t h e  top  of t h e  engager vessel and i ts  t e rmina t ion  
i n s i d e  t h e  combusted s h a l e  s e p a r a t o r  is  185 f e e t .  'Ihis i s  a 
minimum l e n g t h  r equ i r ed  t o  provide  5 seconds s o l i d s  r e s idence  time 
based on a n  assumed solids s l i p  f a c t o r  o f  2.0. A lower s l i p  f a c t o r  
would r e q u i r e  a longe r  riser s e c t i o n  and, consequent ly ,  a h ighe r  
e l e v a t i o n  f o r  t h e  combusted s h a l e  sepa ra to r .  

Pressure  drop c a l c u l a t i o n s  i n d i c a t e  that t h e  p rocess  v e s s e l  
e l e v a t i o n s  shown i n  F igure  6.2 provide a t  least 4 p s i  p r e s s u r e  drop 
for c o n t r o l .  va lves  i n  s o l i d s  s tandpipes .  S ince  t h e  s o l i d s  may not  
be completely f l u i d i z e d  i n  a l l  s t andp ipes ,  t h e  c a l c u l a t i o n s  were 
based upon 50 pe rcen t  of t h e  p r e s s u r e  head developed i n  a f u l l y  
f l u i d i z e d  s tandpipe .  
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7 .O 

7.1 

PLANT OPERATING REQUIREMENTS 

The e s t ima ted  normal o p e r a t i n g  requi rements  f o r  t h e  o v e r a l l  o i l  s h a l e  
p rocess ing  p l a n t  are summarized i n  t h e  fo l lowing  s e c t i o n s .  

Feed and Product  Summary 

The p l a n t  is  designed t o  p rocess  o i l  s h a l e  f e e d  i n t o  one pr imary 
p roduc t ,  syncrude o i l ,  and reject the s p e n t  shale s o l i d s .  Syncrude 
product  o i l  i s  produced and s t o r e d  as t h r e e  f r a c t i o n s ,  naphtha,  d i e s e l  
o i l ,  and heavy o i l .  These f r a c t i o n s  may be shipped s e p a r a t e l y  o r  
blended and t r a n s p o r t e d  as a whole syncrude o i l .  

In a d d i t i o n  t o  spen t  shale, the p l a n t  produces anhydrous l i q u i d  ammonia 
and molten e l emen ta l  s u l f u r  as by-products. P l a n t  o p e r a t i o n s  are 
supported by use  of raw water, n a t u r a l  gas ,  and e l ec t r i c  power a v a i l a b l e  
a t  t h e  p l a n t  b a t t e r y  l i m i t s .  A l l  aqueous e f f l u e n t  streams gene ra t ed  i n  
normal o p e r a t i o n s ,  are t r e a t e d  and used t o  moi s tu r i ze  t h e  spen t  s h a l e .  

0 Feed Summarv 

O i l  Sha le  Feed @ 30 GPT, TPD ( a s  r ece ived)  72,720 

N a t u r a l  Gas @ 911 BTU/SCF (LHV), MMSCFD 

Process  
Fuel  
T o t a l  

27.5 
16.2 
43.7 

Raw Water, GPM 6,225 

0 Product  Summary 

Syncrude O i l ,  BPD 

Naphtha @ 5 8 . 8 O A p I  
Diesel O i l  @ 36.9OAPI 
Heavy O i l  @ 32 .4ONI  

T o t a l  @ 36.1OAPI 

Anhydrous'Ammonia, TPD 

Elemental  S u l f u r ,  TPD 

6,158 
8,207 

40,195 

54,560 

211.8 

70.6 

Mois tur ized  Spent Shale ,  TPD 62,847 
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7.2 Overall Mass and Energy Balances 

The o v e r a l l  p l a n t  mass and energy ba lances  are shown on Tables  7 .1  and 
7.2. In developing these ba lances ,  t h e  fo l lowing  assumptions and 
s i m p l i f i c a t i o n s  have been made. 

- F u e l  g a s  and combustion a i r  f o r  a l l  process  h e a t e r s  i n  t h e  p l a n t  
were n o t  considered i n  t h e  mass ba lances ,  s i n c e  they  are not 
c o n t r i b u t o r s  of t h e  process  mass balance.  

- Rain water c o l l e c t e d  on t h e  p l a n t  paved areas, t r e a t e d  and used f o r  
spent  s h a l e  m o i s t u r i z i n g  was n o t  cons idered ,  i n  o r d e r  t o  o b t a i n  a 
mass balance r e f l e c t i n g  maximum raw water usage. 

- Heat e f f i c i e n c y  f o r  g a s  f i r e d  h e a t e r s  w a s  assumed a t  85% of t h e  h e a t  
i n p u t .  

- Energy ba lance  is  based on e s t i m a t e d  h i g h e r  h e a t s  of combustion a t  
77’F, i d e a l  g a s  h e a t  c a p a c i t i e s ,  and h e a t  c a p a c i t y  of s h a l e  as 
r e p o r t e d  i n  t h e  l i t e r a t u r e  (13). 

- Mineral  carbonate  C02 i n  raw s h a l e  was a s s i g n e d  a n e g a t i v e  “ h e a t  
of combustion“ of 1400 B t u / l b  of C02 evolved. 

- Water of h y d r a t i o n  i n  raw s h a l e  w a s  ass igned  a n e g a t i v e  “ h e a t  of 
combustion” of 1100 B t u / l b  of water  vaporized.  
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Uni t  

100 

- 

500 

600 

700 

800 

900 

1000 

2000 

2100 

2200 

2500 

TABLE 7.1 

Overall P l a n t  Mass Balance 

D e  s c r i p t  i o n  

N a t u r a l  Gas t o  I n c i n e r a t o r  
A i r  
F lue  Gas 

Mass I n  
Lbs/Hr 

34,800 
3,431,249 - 

- Syncrude Product  

Process  N a t u r a l  Gas t o  Reformer 
Vent Gas 
F lue  Gas 

- Ammonia Product  

Su l fu r  Product  
Vent Gas 

- Mois tur ized  Spent Shale  
Vent Gas 
Dust Con t ro l  Water (Unit  900 + 1100) 

- 
- 

Raw Shale  Feed 
Dust Con t ro l  Water 
F ines  Loss 

Raw Water 

Deaerator Steam Loss 

Cooling Tower Evaporat ion 

Process  N a t u r a l  Gas - I n e r t  G a s  
Zenera t i on 

Yiscel laneous Loss 

50,870 

6 , 120,000 
- 
- 

3,112,500 

- 

- 
1 , 601 

P l a n t  To ta  1 12 , 841 , 020 

Mass Out 
Lbs/Hr 

- 
- 

3,809,203 

671,064 

- 
1 , 242 

115 , 184 

1 7  , 648 

5,882 
7 , 744 

5,237,250 
25 , 542 

295,000 

- 
50,000 
60 , 000 

130 , 000 

2,140,000 

185 , 259 

12,841,020 
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TABLE 7.2 

Overall P l a n t  Energy Balance 

U s  D e s c r i p t i o n  

100 Raw Shale  
CO I n c i n e r a t o r  F lue  Gas 
H-101 Flue  Gas 

400 H-401 Flue  Gas , 

500 Syncrude Product 
H-501 Flue  Gas 

600 N a t u r a l  Gas 
Vent Gas 
Flue  Gas 

700 Ammonia Product  

800 S u l f u r  Product 
Vent Gas 

900 Spent Shale  
Vent Gas 

2200 Cooling Towers Evaporated Water 

2100 Steam 

2700 Make-up N a t u r a l  Gas 

T o t a l  P l a n t  A i r  Cooling Loss 

T o t a l  P l a n t  Miscel laneous Losses  

P l a n t  T o t a l  

Heat I n  Heat Out 
MM Btu/Hr MM Btu/Hr 

15,200 .O 
263.6 

9.0 

10 .o 

12858.0 
24 .O 

1 ,161  -3 
0 .1  

15.0 

0.4 

0.7 
0.1 

156.2 
4.8 

2,354.0 

130 .O 

681.1 

1045 .O 

171.5 

17,042.4 17,042.4 
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7.3 S u l f u r  and Ni t rogen  Balances 
, \  

The s u l f u r  and n i t r o g e n  ba lances  correspond t o  t h e  t o t a l  p l a n t  normal 
o p e r a t i n g  case. S u l f u r  and n i t r o g e n  e n t e r  t h e  p l a n t  as components of 
t h e  raw sha le .  During t h e  r e t o r t i n g  process ,  p a r t  of t h e  s u l f u r  i s  
t ransformed i n t o  H2S and p a r t  of t h e  n i t r o g e n  i n  NH3. During 
h y d r o t r e a t i n g ,  most of t h e  s u l f u r  and n i t r o g e n  conta ined  i n  t h e  raw o i l  
are t ransformed t o  % S  and NHJ. I n  Unit  700, ammonia i s  s e p a r a t e d ,  
condensed and shipped ou t  of t h e  p l a n t  as l i q u i d  ammonia by-product. I n  
Unit  800, H2S i s  absorbed and ox id ized  t o  e l emen ta l  s u l f u r  which i s  
shipped o u t  of  t h e  p l a n t  as molten s u l f u r  by-product. 

6d 

0 S u l f u r  Balance 

S u l f u r  I n  

Raw Shale  
N a t u r a l  Gas 

Lb/Hr - 
10,216 - 

T o t a l  I n  

S u l f u r  Out 

S u l f u r  Product  
Hydrot rea ted  Syncrude 
Flue  Gas - CO i n c i n e r  
Mois tur ized  Shale  
F lue  Gas (Heater  S t acks )  

T o t a l  Out 

0 Nit rogen  Balance* 

Ni t rogen  I n  

R a w  Shale  
Combustion Air 

T o t a l  I n  

Ni t rogen  Out 

Ammonia 
Spent Shale  
Hydrotreated Syncrude 
CO I n c i n e r a t o r  S tack  

T o t a l  Out 

10,216 

5,882 
10 

420 
3,902 

2 

10,216 

- 

Lb/Hr - 
23,817 

23,817 
- 

14,533 
8,780 

3 28 
176 

23,817 

*The n i t r o g e n  c a r r i e d  i n t o  t h e  p rocess  by combustion a i r  and i n e r t  g a s  
purges were excluded from t h i s  balance.  
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7.4 Steam Balance 

The steam r e q u i r e d  f o r  normal p l a n t  o p e r a t i o n  i s  e n t i r e l y  genera ted  in 
the p rocess  u n i t s  v i a  waste h e a t  recovery .  ' T a b l e  7.3 summarizes t h e  
o v e r a l l  steam balance  accord ing  t o  t h e  i n d i v i d u a l  p l a n t  s e c t i o n s .  The 
d i s t r i b u t i o n  system and d e t a i l e d  steam and b o i l e r  feed  water  ba lance  are 
given i n  F igu re  5.3 in Sec t ion  5.2 of t h i s  r e p o r t .  

During normal o p e r a t i o n ,  t h e  excess  steam gene ra t ed  i n  t h e  p rocess ing  
u n i t s ,  about  1,190,000 l b / h r ,  is  used t o  gene ra t e  e lectr ic  power i n  Unit  
2100, Steam and Power Generat ion.  

7 .5  P l a n t  Water Balance 

I n  a d d i t i o n  t o  r a w  water, supp l i ed  a t  the p l a n t  b a t t e r y  limits, water 
e n t e r s  t h e  p l a n t  c i r c u i t  as moi s tu re  on t h e  shale feed  and t h a t  produced 
v i a  chemical r e a c t i o n s  such as r e t o r t i n g ,  o i l  h y d r o t r e a t i n g ,  and f u e l  
combustion. Water l e a v e s  t h e  p l a n t  as moi s tu r i zed  spen t  s h a l e ,  
evapora t ion  and d r i f t  loss from coo l ing  towers,  and s t a c k  f l u e  gases .  
A l l  aqueous blowdown and e f f l u e n t  streams a r e  t r e a t e d  and re-used wi th in  
the p l a n t  so t h a t  t h e r e  are ze ro  aqueous d i s c h a r g e s  from t h e  p l a n t .  

The fo l lowing  summarizes the overall p l a n t  water ba lance ,  r e f l e c t i n g  
normal o p e r a t i n g  cond i t ions .  The n e t  raw water requirement  of 6 ,225 gpm 
r e p r e s e n t s  the  m a x i m u m  expec ted  consumption. In p r a c t i c e ,  t h i s  
consumption can be reduced through u t i l i z a t i o n  of c o l l e c t e d  r a i n  water 
run-off from t h e  p l a n t  areas. However, t h i s  i s  h i g h l y  dependent on t h e  
p l a n t  l o c a t i o n  and season. 

The fo l lowing  is t h e  o v e r a l l  p l a n t  water  ba lance  r e f l e c t i n g  normal 
opera t i  on c o n d i t i o n s  : 

Unit  - Desc r ip t ion  

200 
300 
400 
900 
2200 
2100 
1000 
1100 

Raw Oil Recovery 
Gas T r e a t i n g  
Hydro t r ea t ing  
Spent  Sha le  Mois tu r i z ing  
Cooling Water System 
Steam Generat ion 
Feed P r e p a r a t i o n  
Spent Shale  Disposa l  

T o t a l  

T o t a l  raw water  requi rements  

- 2 0 2 -  

GPM 
Produced Consumed - 

365 
67 

496 423 
1560 
4280 
440 
100 
35 0 - 
7153 

- 
928 

6225 GPM 

.- ._ . . .- . . - .. . ._ .. - __ . ... . .  . . . - 



P l a n t  Uni t  

10 0 
200 
400 
500 
600 
700 
800 

2100 

TABLE 7.3 

Steam Consumption and Product ion 

R e  t o r t  i n g  
Raw Oil Recovery 
Raw O i l  Hydrot rea t ing  
O i l  F r a c t i o n a t i o n  
Hydrogen P l a n t  
Sourwater Treat 
S u l f u r  Recovery 

L e t  Down Steam 
L e t  Down Steam 

Power Generat ion 

Steam, 1000 l b / h r *  
LFJ Exhaust - MP - HP - 

(1007.5 1 
(377.2) 

230.6 (247.0) 
(19.2) 

(126.6) (39.5) 
2 10 

184.2 

693.5 498.7 

36.6 0.5 
(120.4) 

(31.6) 
16.5 

8.0 
92.1 

(184.2) 
92.6 (92.6) 

182.5 

T o t a l  0 0 0 0 

“ P a r e n t h e s i s  denotes  product ion r a t h e r  than consumption. 
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7.6 Plant Fuel Balance 

The following are the production and consumption of fuel gas excluding 
the natural gas used for hydrogen production: . 

U l J  

100 Retorting 
400 Hydrotreating 
500 Fractionation 
600 Hydrogen Plant 
800 Sulfur Recovery 
2500 Inert Gas System 
2600 Flare System 

MMBTU/HR (LHV) 

1326 -0 
76.4 
184.6 
198.0 

( 1206.3) * 
32.7 
2.2 

Natural Gas Import (613.6 1 

0 Total 

*Represents retortingfhydrotreating fuel gas production. 

The natural gas import represents the fuel system make-up only. The total 
natural gas import for the plant consists of: 

Fuel make-up 16.17 MMSCFD 
Hydrogen plant feed 27.54 MMSCFD 

Total 43.71 MMSCFD 

7.7 Electric Power Summary 

Estimated electric power requirements for the total plant are summarized 
in Table 7.4. Electric power. is generated in Unit 2100, Steam and Power 
Generation, at a normal rate of 80,215 KW. This satisfies over 80% of 
plant needs, so that the net purchased power requirement is only 18,465 

Q 

KW. 
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TABLE 7.4 

Plant Electric Power Summary - 

Unit 

100 Retorting 
200 Raw Oil Recovery 
300 Gas Treating 
400 Raw Oil Hydrotreating 
500 Hydrotreated Oil Fractionation 
600 Hydrogen Plant 
700 Sour Water Treating 
800 Sulfur Recovery 
900 Spent Shale Moisturizing 
1000 Feed Preparation 
1100 Spent Shale Disposal 
2000 Raw Water Treatment 
2100 Steam and Power Generation 
2200 Cooling Water System 
2300 Plant and Instrument A i r  
2400 Waste Water Treatment 
2500 Inert Gas System 
2600 Flare System 
2700 Plant Fuel System 
2800 Storage Facilities 
2900 General Plant Facilities 

- 
Normal* 

Consumption, KW 

2,800 
7,044 
16,994 
3,418 
782 

10,938 
1,100 
2,122 
2,490 
30,500** 

400 
331 

1,497 
14,322 
1,520 
184 
938 - 
- 
6 00 
700 

Plant Total 

2100 Power Generation 

Net Requirement 

98,680 

(80,215 ) 

18,465 

* Parenthesis denotes production rather than consumption. 
*%orma1 requirement f o r  5 day per week operation. 
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7.8 Catalyst and Chemicals Consumption 

Operation of the plant processing units and support facilities requires 
a variety of catalysts and chemicals. Catalyst consumption occurs 
periodically when the useful life is exhausted and replacement of the 
catalyst charge is required. With some exceptions, such as intermittent 
chemical injection for operation of the boiler feed water and cooling 
water systems, the chemical usage represents a normal continuous 
operating requirement. However, for the purpose of estimating the 
annual cost for catalyst and chemicals consumption, the intermittent 
usage requirements are averaged over their life cycle and estimated as 
normal continuous consumption. 

The estimated annual consumption and costs for catalysts and chemicals 
used in the processing units and plant support systems are summarized in 
Tables 7.5 and 7.6, respectively. These estimates are based on plant 
operation €or 330 days per year and current 1987 prices. Furthermore, 
it is  assumed that the costs also include transportation to the plant. 

The estimated annual cost for catalyst and chemicals is $21.4 million: 

Processing Units 
Support Systems 

7.6 
13.8 
21.4 
- 

The major cost item, which represents 53% of the total, is the chemical 
additive for pour point adjustment of the product.oi1. 
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Table 7.5 

P l a n t  C a t a l y s t  and Chemicals Consumption 

P rocess ing  U n i t s  

Basis: 330 Opera t ing  Days/Year 

Uni t  - 
200 

400 

600 

700 

800 

1100 

Item 

Corros ion  I n h i b i t o r  

Guard C a t a l y s t  
Hydrot rea t ing  C a t a l y s t  

Hydrogenation c a t a l y s t  
S u l f u r  Guard C a t a l y s t  
Chlor ide  Guard C a t a l y s t  
Reforming C a t a l y s t  
H.T. S h i f t  C a t a l y s t  
L.T. S h i f t  C a t a l y s t  
Molecular S i eves  

Annual Uni t  Annual Cost 
Consumption c o s t  $1000 - 

55 ST 

6,800 CF - 
313 CF 

1,880 CF 
290 CF 
510 CF 
520 CF 

1,095 CF 
16,330 CF 

Phosphoric  Acid (75%) 715 ST 
C a u s t i c  Soda (50% NaOH) 1,534 ST 

Locat Chemicals: ARI-310 322 ST 
ARI-310M 1,642 ST 
KOH 1,035 ST 
Other 8 ST 

- Miscel laneous Consumables 

T o t a l  Process ing  Usage 

115 
130 
110 
275 
120 
225 

80 

$/CF 
$/CF 
$/CF 
$/CF 
$/CF 
$/CF 
$/CF 

55 

1836 
1047 

36 
244 
32 

140 
62 

246 
1,306 

132 

7,641 

- - 
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Table 7.6 

Plant Catalyst and Chemicals Consumption 

Plant Support Systems 

Basis: 330 Operating Dayslyear 

Item Unit - 
- j  

2000 Activated Carbon 
Ion Exchange Resin 
Anthracite 
Sand & Gravel 
Sulfuric Acid (66"Be) 
Caustic Soda (50% NaOH) 
Lime 
Alum 

2100 BFW Additives 

2200 Corrosion Inhibitor 
Dispersant 
Chlorine 
Biocide, 
Sulfuric Acid (66"Be) 

2300 Silica Gel 

2400 Phosphoric Acid (75%) 
Caustic Soda (50% NaOH) 
Sulfuric Acid (66"Be) 
Alum 

2800 Pour Point Additive 

Total Support Systems Usage 

Annual 
Consumption 

290 CF 
1,410 CF 
1,000 CF 
1,000 CF 

7 3 1  ST 
1,180 ST 
2,495 ST 

238 ST 

9 ST 

349 ST 
139 ST 
40 ST 

107 ST 
527 ST 

1 ST 

594 ST 
594 ST 
594 ST 
317 ST 

Unit 
Cost 

30 $/CF 
40 $/CF 
20 $/CF 
20 $/CF 
80 $/ST 

200 $/ST 
50 $/ST 

700 $/ST 

1,000 $/ST 

1,500 $/ST 

200 $/ST 
1,200 $/ST 

.80 $/ST 

2,000 $/ST 

1,000 $/ST 

600 $/ST 
200 $/ST 
80 $/ST 
700 $/ST 

Annual Cost 
$1000 

9 
56 
20 
20 
59 

236 
125 
167 

9 

524 
278 

8 
128 
42 

1 

356 
119 

222 
48 

1,134,300 Gal. 10 $/gal. 11,343 

13,770 

I 
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7 . 9  Plant Staffinp; Requirements 

The estimated plant staffing requirments, as detailed in Tables 7 . 7  and 
7 . 8 ,  totals to about 600 full time emp:Loyees. The overall breakdown 
according to general categories is as follows: 

Plant Management G 
Technical Staff 27 
Administrative Staff 42 
Shift Supervisors 40 

47 5 S h i f t  Operators 
590 
- 

This estimate excludes the plant maintenance labor. In developing the 
plant operating costs, the annual maintenance costs, including materials 
and labor, are estimated as a percentage of the installed plant cost. 
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P l a n t  Unit  

100 - R e t o r t i n g  

200 - Raw O i l  Recovery 

300 - Gas T r e a t i n g  

400 - O i l  Hydrot rea t ing  

500 - O i l  F r a c t i o n a t i o n  

600 - Hydrogen P l a n t  

700 - Sour Water T r e a t i n g  

800 - S u l f u r  Recovery 

Table  7.7 

P l a n t  Operat ing S t a f f  

900 - Spent Shale  Mois tur iz ing  

1000 - Feed P r e p a r a t i o n  

1100 - Spent Shale  Disposa l  

2000 - Raw Water Treatment 

2100 - Steam & Power Generat ion 

2200 
To - Other Support  Systems 

2900 

T o t a l  Per S h i f t  

Number Per  S h i f t  
Operators  Superv isors  

12 

3 

2 

2 

1 

3 

1 

1 

1 

1 

2 
1 

2 

12 

18 

45 

2 

1 

3 

1 

108 

47 5 

9 

40 P l a n t  T o t a l  
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Irs 

P o s i t i o n  

P l a n t  Manager 

Opera t ions  Manager 

Business  Manager 

Purchasing C o n t r o l l e r  

Table  7.8 

P l a n t  Admin i s t r a t ive  and Technica l  S t a f f  

Medical Advisor  

Human Resources  Manager 

T o t a l  Management S t a f f  

Chief P l a n t  Engineer  

Chief F i e l d  Engineer 

S t a f f  Engineers  

Draftsmen 

Chief Chemist 

Chemists 

Labora tory  Technic ians  

U t i l i t y  Men 

T o t a l  Technica l  Staff 

Number 

1 

1 

1 

1 

1 

1 

6 

- 

1 

1 

7 

2 

1 

2 

9 

4 - 
27 

-- Posit i o n  

Recep t i  o n i  s t 

S e c r e t a r i e s  

Clerk /Typis t  

Accountant 

Computer Operator  

Labor R e l a t i o n s  

Paymaster 

Warehouse Supt.  

Purchasing Agent 

Records Clerk  

Parts Foreman 

Receiving Agent 

Warehouse-men 

N u r s e / F i r s t  Aid 

S e c u r i t y  Chief 

S e c u r i t y  Guards 

Custodians 

T o t a l  Admin i s t r a t ive  S t a f f  

Number 

1 

6 

6 

2 

1 

2 

1 

1 

1 

1 

4 

1 

4 

4 

1 

4 

2 

42 

- 
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8.0 EMIIRONMENTAL EMISSIONS 

The p r e s e n t  conceptua l  des ign  i s  f o r  a 50,000 BPD s h a l e  o i l  p l a n t  
assumed t o  be l o c a t e d  i n  western Colorado. The p l a n t  i s  designed t o  
comply wi th  a l l  S t a t e  of Colorado and Federa l  r e g u l a t i o n s  on p o l l u t i o n  
c o n t r o l .  Environmental a s p e c t s  of t h e  p l a n t  are p resen ted  i n  t h i s  
s e c t i o n .  For an a c t u a l  commercial p l a n t ,  a d e t a i l e d  envi ronmenta l  
assessment  r e p o r t  must be prepared  p r i o r  t o  c o n s t r u c t i o n ,  once a 
s p e c i f i c  s i t e  h a s  been s e l e c t e d .  

The o v e r a l l  concept  f o r  t h e  p l a n t  des ign  i s  based on gaseous emiss ions  
meeting p o l l u t i o n  c o n t r o l  r e g u l a t i o n s  and a l l  waste  l i q u i d s  and s o l i d s  
con ta ined  w i t h i n  t h e  p l a n t  boundary l i m i t s ,  excep t  f o r  s p e n t  s h a l e  
d i s p o s a l .  

A i r  P o l l u t i o n  Regula t ions  

The Clean A i r  A c t  i s  designed t o  ach ieve  and ma in ta in  a i r  q u a l i t y  t o  
p r o t e c t  p u b l i c  h e a l t h  and we l fa re .  The A c t  d i r e c t s  t h e  Environmental 
P r o t e c t i o n  Agency (EPA) t o  e s t a b l i s h  Na t iona l  Ambient Air Qual i ty  
S tandards  (NAAQS), "primary" s t a n d a r d s  t o  p r o t e c t  p u b l i c  h e a l t h ,  and 
"secondary" s t a n d a r d s  t o  p r o t e c t  p u b l i c  we l fa re .  

Under t h e  Act, each s t a t e  is  requ i r ed  t o  develop a S t a t e  Implementation 
P lan ,  o u t l i n i n g  t h e  s ta te 's  s t r a t e g y  for a t t a i n i n g  and main ta in ing  t h e  
n a t i o n a l  ambient s t anda rds .  Primary r e s p o n s i b i l i t y  f o r  implementing 
t h e  A c t  l ies  wi th  t h e  s ta te ,  however, EP.A has  a major i n f l u e n c e  on t h e  
S t a t e  Implementation Plan. The p o l l u t a n t s  r e g u l a t e d  under  t h e  p l an ,  
known as c r i t e r i a  p o l l u t a n t s ,  are  502,  NO,, CO, hydrocarbons,  
ozone, l e a d ,  and p a r t i c u l a t e s .  S t a t e  a i r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n s  
cannot  be less s t r i n g e n t  t han  t h e  Fede ra l  r e g u l a t i o n s .  This concep tua l  
p l a n t  des ign  complies w i th  t h e  State of Colorado r e g u l a t i o n s .  

This des ign  s tudy  was conducted on t h e  biasis t h a t  t h e  p l a n t  is  l o c a t e d  
i n  an  a t t a inmen t  a r e a  f o r  a l l  c r i t e r i a  p o l l u t a n t s .  An a r e a  i s  
des igna ted  as a t t a inmen t  i f  t h e  NAAQS s t anda rd  f o r  t h a t  p o l l u t a n t  i s  
met, and non-attainment i f  t h e  NAAQS is  n o t  m e t .  

P o l l u t i o n  i n  a t t a i n m e n t  areas i s  r e g u l a t e d  by Prevent ion  of S i g n i f i c a n t  
D e t e r i o r a t i o n  (PSD) r e g u l a t i o n s .  P o l l u t i o n  i n  non-attainment areas i s  
r e g u l a t e d  by non-attainment r e g u l a t i o n s ,  which r e q u i r e  achievement of 
Lowest Achievable Emission Rate  Control  technology. An o f f s e t  o f  t h a t  
p o l l u t a n t  emiss ion  must a l s o  be obta ined  i n  a non-attainment a r e a .  
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8.0 ENVIRONMENTAL EMISSIONS (Cont'd) 

PSD regulations are followed for air pollution control in this plant 
design. PSD regulations require use of Best Available Control 
Technology (BACT) for the control of air pollutants. BACT is the most 
economical, energy efficient and environmentally sound means of control 
as defined by the Clean Air Act. 

In addition, the plant design meets all the Federal New Source 
s Performance Standards (NSPS) for SO2, NO,, and particulates. NSPS 
' limit the emission of SO2, NO,, and particulates. These standards 

apply to new plants and are specific to the type of plant regulated. 

Plant Air Emissions 

The greatest uncertainty with regard to the magnitude of emissions is 
the fugitive particulate emissions generated by shale handling i n  Feed 
Preparation, Unit 1000. The shale loading/unloading, conveying, and 
crushing operations are all potential sources of fugitive dust. 
However, systems are provided to minimize dust emissions and satisfy 
PSD requirements. A wet suppression system for dust control is 
provided in the primary crushed storage area. All raised and ground 
level conveyors are covered, and all transfer points  and unloading 
points are equipped with dust suppression systems. Baghouse dust 
filters are installed on all atmospheric vents. The emissions from 
these filters are shown on Table 8.4. 

A similar uncertainty exists relative to handling and disposing of the 
spent shale in Unit 1100. Provisions are included i n  the current 
design to control fugitive dust emissions from this area via wet dust 
suppression techniques. 

Sulfur dioxide emissions are primarily controlled by removing sulfur 
compounds, mainly HZS, from the process gas streams prior to venting 
or combustion as fue All sulfur containing gases are processed 
through the Lo-Cat tR)ga:ystem in Unit 800 to recover elemental 
sulfur. Key assumptions in the current design, relative to sulfur 
dioxide emissions, were that: 

0 Raw gas generated in retorting contained no significant quantities 
of sulfur compounds other than H2S. 

o During combustion of the retorted shale, 90% of the potential 
SO2 was adsorbed in the mineral CaO in the shale and removed as 
CaSO4.  

In addition, SO2 emissions were minimized by using low sulfur natural 
gas as supplemental plant fuel. 
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8.0 ENVIRONMENTAL EMISSIONS (Cont 'd )  

Cont ro l  of NOx emissions c e n t e r e d  OIL removing n i t r o g e n  compounds, 
p a r t i c u l a r l y  ammonia, from t h e  p r o c e s s  g a s  stream p r i o r  t o  v e n t i n g  o r  
combustion. This  w a s  accomplished via  water scrubbing  of t h e  g a s e s  
followed by recovery of ammonia i n  Sour Water T r e a t i n g ,  Unit  700. 
Where a p p r o p r i a t e ,  such as f o r  t h e  CO i n c i n e r a t o r  i n  t h e  r e t o r t i n g  
u n i t ,  N4( formation was minimized by employing s t a g e d  combustion. 
R e s i d u a l  hydrocarbons and carbon monoxide emiss ions  were minimized by 
excess a i r  combustion i n  t h e  p r o c e s s  f i r e d  h e a t e r s  and,  i n  t h e  case of 
t h e  s h a l e  l i f t  p i p e  combustor, by subsequent i n c i n e r a t i o n  of t h e  
o f f  -gas. 

Table  8.1 shows t h e  f e d e r a l  new s o u r c e  performance s t a n d a r d s  f o r  power 
f o r  steam g e n e r a t i o n ,  t o g e t h e r  w i t h  t h e  S t a t e  of Colorado r e g u l a t i o n s  
f o r  s h a l e  o i l  p rocess ing  p l a n t s .  

A summary of t h e  combustion s o u r c e s  i n  t h e  conceptua l  p l a n t  d e s i g n  i s  
g iven  i n  Table 8.2. This  t a b l e  r e f l e c t s  normal o p e r a t i o n  and does n o t  
i n c l u d e  i n t e r m i t t e n t  s o u r c e s  which e x i s t  d u r i n g  s t a r t u p ,  shutdown, o r  
o p e r a t i n g  upse ts .  The normal emissions of S02, NO,, and 
p a r t i c u l a t e s  are  w i t h i n  t h e  Federa l  s tandards .  

F u g i t i v e  vapor emiss ions  from s t o r a g e  t a n k s  are  summarized i n  T a b l e  
8.3. F a c i l i t i e s  are provided t o  minimize f u g i t i v e  emiss ions  from p l a n t  
tankage;  naphtha is s t o r e d  i n  a f l o a t i n g  roof t a n k  t o  minimize 
hydrocarbon l o s s e s  and by-product ammonia i s  s t o r e d  in a p r e s s u r i z e d  
s p h e r e  w i t h  a relief v a l v e  v e n t i n g  t o  t h e  CO i n c i n e r a t o r .  

F u g i t i v e  emiss ions  of hydrocarbons h e a v i e r  t h a n  methane from r e l i e f  
v a l v e s  are minimized by v e n t i n g  a l l  r e l i e f  systems t o  t h e  f l a r e .  Al l  
v e n t s  from l i n e s  c o n t a i n i n g  hydrocarbons,  s u l f u r  compounds, o r  
par t iculates  are vented t o  t h e  f l a r e .  

Water and S o l i d  E f f l u e n t s  

No aqueous waste streams are  d ischarged  from t h e  p l a n t .  Water i s  
reused to t he  m a x i m u m  extent  p o s s i b l e  t o  reduce r a w  water makeup, which 
i s  d e s i r a b l e  i n  t h e  water scarce area of western Colorado. 

Water makeup t o  t h e  p l a n t  i s  n e c e s s i t a t e d  due t o  water being consumed 
i n  r e a c t i o n s , .  l o s t  by evapora t ion  o r  d isposed  of wi th  s p e n t  s h a l e .  The 
o v e r a l l  p l a n t  water ba lance  i s  d i s c u s s e d  i n  S e c t i o n  7.5 and t h e  d e t a i l s  
of waste water t rea tment  systems are covered i n  S e c t i o n  5.5. 

All aqueous e f f l u e n t  streams a r e  t r e a t e d  i n t e r n a l l y  i n  Sour  Water 
T r e a t i n g ,  S e c t i o n  700, o r  Waste Water Treatment, S e c t i o n  2400, and t h e n  
e i t h e r  recyc led  t o  process  o r  u t i l i z e d  t o  m o i s t u r i z e  t h e  s h a l e .  

The primary s o l i d  d i s c h a r g e  from t h e  p l a n t  i s  mois tur ized  s p e n t  s h a l e .  
P e r i o d i c a l l y ,  c a t a l y s t s  and i o n  exchange r e s i n s  must be rep laced  and 
t h e  spent  m a t e r i a l  i s  d isposed  of  a long with t h e  s p e n t  s h a l e .  
Provis ions  are  included t o  c o n t r o l  and c o . l l e c t  water run-off from t h e  
s p e n t  s h a l e  p i l e .  
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TABLE 8 .1  

P o l l u t a n t  - 

NEW SOURCE PERFORMANCE STANDARDS 

F e d e r a l  
Power Generat ion 

40 CFR 60.42a 

L B / h T U *  X Reduction 

S o l i d  F u e l  1.2 so2 
S o l i d  F u e l  0.6 
Liquid & 0.8 
Gaseous Fuel  
Liquid F u e l  & 0.2 
G a s  Fue l  

Subbituminous 0.5 

Other Soli 'ds 0.6 

Liq  & Fuel  0 . 3  
Gaseous Fuel  0.2 

NO, 

Coal 

and Fuel  

P a r t i c u l a t e s  
S o l i d  Fuel  0.03 
Other Fuels  0.03 

Flue  Gas Opacity 20% 

90 
70 
90 

0 

60 

60 

30 
25 

99 - 
- 

* M i l l i o n  BTU (HHV) of f u e l  f i r e d  
** LB/MMBTU = 0.5 (MMBTU/HR F i r e d  
*** Assumed e q u a l  t o  f e d e r a l  s tandard .  

F e d e r a l  
Steam Generat ion 

40 CFR 60.42 

LB/MMBTU* 

1.2 

0.8 

0.7 

0.7 

0.3 
0.2 

0.1 

20% 

Colorado 
A i r  Q u a l i t y  
T i t l e  25 

0.2*** 

** 
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TABLE 8.2 

ESTIMATED STACK EMISSIlON DATA 

G3 

Stack  D e s c r i p t i o n  
Uni t  400 Uni t  500 Uni t  600 
Hydro- F r a c t i o n -  Hydrogen Un i t  100 

~ 

treater a t i o n  P l a n t  
H-6 0 1  H-5 0 1  H-4 01 

-- Re t o r t  i n g  

- - -- PK-101 H-101 - E qu ipme u t  It e m  

6 6 No. of S tacks  2 2 2 

Fue l  Type * PG NG NG NG NG 

T o t a l  F i r e d  Duty 
PIMBTU/Hr (HHV) 1353 120 76 5 186.5 343.5 

Stack  Emission 
S02, l b / h r  8 39 

lb/MMBTU 0.62 
7 

0.06 
4 11 20 

0.05i8 0.058 0.058 

NO,, l b / h r  580 
lb/MMBTU 0.43 

24 
0.2 

15 37 68 
0.2 0.2 0.2 

Hydrocarbon, l b / h r  28 
lb/MMBTU 0.02 

3.4 
0.03 

2 5 1 0  
0 . 0 3  0 . 0 3  0.03 

P a r t i c u l a t e s ,  l b / h r  434 
lb/MMBTU 0.32 

2.6 
0.02 

1.5 3.8 6.8 
0.02 0.02 0.02 

Carbon Monoxide, 
l b / H r  265 
lb/MMBTU 0.20 

*PG = High BTU P r o c e s s  Gas 
NG = N a t u r a l  Gas 

3 
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Tank 
Descr ip t ion  

Tank Serv ice  

Tank Data 
Number 
Dimensions, F t  
Capacity,  BBL 

I *Type 
N 

CD 
I 

c. Storage  TempOF 
Avg. Outage, % 
Annual Turnovers 
Vapor Pressure 
of Contents, PSI 

TABLE 8.3 

ESTIMATED 't .'tNK VAPOR LOSSES 

Product l i  oduct Bottoms s, L .  

Naphtha Diesel Product Gasoline O i l  Slop O i l  
Tank 

Raw Shale  
Storage Storage Storage O i l  S torage Storage Storage 

d.,.&sel Gas Oil Gasoline Lean Sponge Slop O i l  Raw Shale  O i l  Naphtha 
O i l  O i l  

2 2 2 1 1 1 

30,000 40,000 200,000 1,000 5,000 10,000 
FR FR CR UG FR 

042.5 x 40 

CR 

2 
2000 x 48 700 x 45 780 x 48 1800 x 45 200 x 18 350 30 
260,000 
FR 

100 
50 100 

50 
100 
50 

100 
50 

100 
50 

55 
50 

100 
50 

74 33 1" - 12 40 33 33 

0.02 0.01 2.5 0.02 0.01 0.01 2.2 

Tank Vapor Losses, BBL/Yr 
Each 4.6 
T o t a l  9.2 

Storage Capacity, Days 10 

2 4 8 4.6 0.2 
4 8 8 4.6 0.2 

48.0 
96.0 

10 - 10 10 30 30 

* FR Floa t ing  Roof 
CR = Cone Roof 
UG = Underground 



TABLE 8.4 

ESTIMATED BAGHOUSE EMISSIONS 

Primary Secondary Tertiery Stacking S i l o s  
Crushing Crushing Cruahing Boom Baghouse 
Baghouse Baghouse Baghouse Baghouse -- 

Equipment Item F-1001 F-1002 F-1003 F-1004 F-1005 

A i r  Flow, ACFM 121,000 680,000 766,000 25,000 130,000 

Part iculate  
Emissions, l b / h r  1 5 . 5  87 .5  98.5 0 . 1  16.7 
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9.0 ASSESSMENT OF THE CONCEPTUAL PLANT DESIGN 

9.1 Process  Design Assumptions and U n c e r t a i n t i e s  

This  d e s i g n  assessment  c o n s i d e r s  o v e r a l l  and s p e c i f i c  a s p e c t s  of 
t h e  conceptua l  p l a n t  d e s i g n ,  w i t h  emphasis on t h e  p r o c e s s  d e s i g n  
assumptions and areas of r i s k  or u n c e r t a i n t i e s  r e f l e c t e d  by t h i s  
design.  The main p a r t  o f  t h i s  assessment  refers t o  t h e  r e t o r t i n g  
u n i t ,  which i s  a new scale-up d e s i g n  r a t h e r  t h a n  on t h e  upgrading 
u n i t s  which r e p r e s e n t  a d a p t a t i o n s  of commercially proven technology. 

0 R e t o r t i n g  - Uni t  100 

The r e t o r t i n g  d e s i g n  developed i n  this s t u d y  i s  based on y i e l d s  and 
o i l  s h a l e  composition provided by DOE:, and d e s i g n  parameters  o f  
r e t o r t i n g  and combustion r e p o r t e d  i n  t h e  t e c h n i c a l  l i t e r a t u r e  f o r  
t h i s  t y p e  of r e t o r t i n g  process .  S ince  t h e  a v a i l a b l e  publ i shed  
informat ion  u s u a l l y  involved  ranges  of v a l u e s  and w a s  n o t  s p e c i f i c  
t o  any p a r t i c u l a r  o i l  s h a l e  d e p o s i t ,  t h e  d e s i g n  developed theref rom 
i s  v e r y  conceptual .  The parameter  v a l u e s  used, however, a r e  
g e n e r a l l y  n e a r  t h e  c e n t e r  of t h e  r e p o r t e d  ranges  and a re  cons idered  
p r a c t i c a l .  

The d e s i g n  i n c l u d e s  a l l  of t h e  major f u n c t i o n s  of f l u i d i z e d  bed 
r e t o r t i n g  as  w e l l  a s  i n c i n e r a t i o n  of combustor f l u e  gas. I n  t h e  
absence of s p e c i f i c  experimental  d a t a  t o  t h e  c o n t r a r y ,  i n c i n e r a t i o n  
i s  cons idered  necessary  as a means of achiev ing  emission 
r e g u l a t i o n s  which might be a p p l i c a b l e  a t  a commercial p l a n t  s i t e .  
The d e s i g n  would be c o n s e r v a t i v e  i f  a CO c o n t e n t  of l e s s  t h a n  about  
100 ppmv could  be achieved d i r e c t l y  i n  t h e  combustor f l u e  g a s  
wi thout  any major adverse  change i n  o t h e r  o p e r a t i n g  parameters .  

The s e l e c t i o n  of a r e t o r t i n g  module s i z e  of 12,000 t o n s  p e r  
o p e r a t i n g  day (TPOD) of o i l  s h a l e  i s  considered a "middle o f  t h e  
road" t r a d e o f f  between t h e  number of modules r e q u i r e d  f o r  a 50,000 
b a r r e l s  p e r  day (BPOD) s h a l e  f a c i l i t y  and t h e  s i z e  of major process  
v e s s e l s .  Six modules a re  r e q u i r e d  f o r  t h e  commercial p l a n t  of 
50,000 BPOD production. The re tor t  v e s s e l  diameter of 1 9  f e e t  i s  
considered moderately l a r g e  for f l u i d i z e d  bed o p e r a t i o n ,  b u t  w i t h i n  
t h e  s i z e  range of commercial exper ience .  The d iameter  of t h e  riser 
s e c t i o n  of t h e  combustor, about  9 f e e t ,  i s  considered l a r g e  f o r  a 
d i l u t e  phase riser and i s  probably about  t h e  l a r g e s t  t h a t  would be 
a t tempted  i n  an  a c t u a l  commercial d e s i g n  w i t h i n  t h e  p r e s e n t  
s ta te -of - the-ar t .  As a r e s u l t ,  a l though a r e t o r t i n g  module w i t h  a 
c a p a c i t y  l a r g e r  t h a n  12,000 TPOD might employ a s i n g l e  r e t o r t ,  
m u l t i p l e  riser combustors would be r e q u i r e d ,  i n v o l v i n g  
compl ica t ions  i n  p ip ing  and c o n t r o l .  The remaining process  
v e s s e l s ,  having d iameters  ranging  from 1 0  t o  42 f ee t ,  are p r i m a r i l y  
s e p a r a t o r s  and a r e  n o t  of p a r t i c u l a r  t e c h n i c a l  concern.  
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9.1 Process  Design Assumptions and U n c e r t a i n t i e s  (Gont 'd) 

A module s i z e  apprec iab ly  smaller t h a n  12,000 TPOD c a p a c i t y ,  3,000 t o  
6,000 TPOD f o r  example, would r e q u i r e  smaller d iameter  process  v e s s e l s  
bu t  would involve  two t o  f o u r  times as many modules i n  t h e  commercial 
p l a n t  wi th  adverse  impact on c a p i t a l  and ope ra t ing  c o s t s .  

The g e n e r a l l y  accepted s t anda rd  f o r  o i l  y i e l d  from wes te rn  Colorado o i l  
s h a l e  is 100% of F i she r  Assay, a l though s p e c i f i c  r e t o r t i n g  processes  and 
ope ra t ing  c o n d i t i o n s  provide  y i e l d s  of about  105  pe rcen t  down t o  about  
75 percent .  Numerous s t u d i e s  of oil shale technology have shown t h a t  
t h e  y i e l d  of o i l ,  a d j u s t e d  f o r  any f u e l  consumed in t h e  p l a n t  beyond t h e  
gas  produced i n  r e t o r t i n g  and upgrading,  is t h e  s i n g l e  most important  
f a c t o r  a f f e c t i n g  t h e  c o s t  of o i l  produced from sha le .  Consequently,  t h e  
fo l lowing  a r e a s  of r i s k  i n  t h e  conceptua l  r e t o r t i n g  des ign  are 
cons idered  mainly from t h e  a s p e c t  of p o t e n t i a l  impact on o i l  y i e l d  and 
energy usage. 

S o l i d s  Mixing - Achievement of h igh  o i l  y i e l d s  in t h e  r e t o r t  v e s s e l  
r e q u i r e s  r a p i d  and uniform mixing of  raw s h a l e  w i t h  combusted s h a l e .  
S ince  r a d i a l  mixing of s o l i d s  is poor i n  f l u i d i z e d  beds,  p a r t i c u l a r l y  
t h o s e  us ing  l a r g e  p a r t i c l e  s i z e  s o l i d s ,  compared t o  a x i a l  mixing, t h e  
r e t o r t  v e s s e l  i n  t h i s  des ign  was provided w i t h  f o u r  f e e d  p i p e s  for r a w  
s h a l e  and f o u r  pipes for combusted shale, a l l  e n t e r i n g  through t h e  t o p  
head of t h e  v e s s e l .  I n  a d d i t i o n ,  a s o l i d s  mixing zone of one minute 
nominal s o l i d s  r e s idence  t i m e  w a s  inc luded .  Non-uniform mixing of raw 
s h a l e  and combusted s o l i d s  w i l l  cause  overhea t ing  of p a r t  of t h e  raw 
s h a l e  and underheat ing of t h e  remainder ,  bo th  of which a d v e r s e l y  a f f e c t  
o i l  y i e l d .  If t h e  f o u r  f eed  p ipe  system does n o t  provide  s o l i d s  mixing 
adequate  f o r  h igh  o i l  y i e l d ,  a d d i t i o n a l  f e e d e r  p i p e s  and l a r g e r  mixing 
zone could be added. Beyond some a d d i t i o n a l  p ip ing  and c o n t r o l  c o s t s ,  
t h i s  change is n o t  cons idered  major. 

P a r t i c l e  Residence Time - Achievement of h igh  oil y i e l d s  i n  t h e  r e t o r t  
v e s s e l  a l s o  r e q u i r e s  coun te r  c u r r e n t  p lug  f low of bo th  t h e  s o l i d s  
mixture  and t h e  produced vapors .  Plug f low maximizes conversion of 
s o l i d s  and minimizes c racking  and coking of o i l  vapors.  S i n g l e  s t a g e  
f l u i d i z e d  beds are c h a r a c t e r i s t i c a l l y  backmixed t o  a h i g h  degree  in t h e  
a x i a l  d i r e c t i o n  in both t h e  s o l i d s  and g a s  phases ,  in t h e  absence of any 
i n s t a l l e d  i n t e r n a l s .  This s i t u a t i o n  is f avorab le  f o r  main ta in ing  
i s o t h e r m a l '  cond i t ions  i n  t h e  r e t o r t i n g  zone, b u t  i s  unfavorable  wi th  
regard  t o  o i l  y i e l d  because of t h e  wide v a r i a t i o n  in p a r t i c l e  r e s idence  
time. I n  a completely backmixed s i n g l e  s t a g e  f l u i d i z e d  bed w i t h  a n  
average par t ic le  r e s idence  time of f o u r  minutes  as i n  t h e  p re sen t  
des ign ,  about  22 percen t  of t h e  p a r t i c l e s  would have a re s idence  time of 
one minute o r  less and about  40 pe rcen t  of t h e  particles would have a 
res idence  time of two minutes o r  less. Data publ ished by Chevron (4,5) 
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9.1 Process Design Assumptions and Uncertainties (Cont'd) 

indicates that an oil yield loss of about 20 percent would be expected 
at one minute residence time and an oil yield loss about 5 percent would 
be expected at two minutes residence time. 

Grs 

The particle residence time distribution can be narrowed significantly 
by the use of multiple stages, as indicated by the following calculated 
values for a total residence time of four minutes: 

No. of Residence Time % of Particles With Residence Time 
Theoretical Per Stage 
Stages Min . 1 Min. or Less 2 Min. or Less - 

1 

2 

4 

4 

2 

1 

24 

1 :2 

5 

43 

32 

1 9  

a 0.5 1. 10 

On this basis, at least eight theoretical stages are required to 
restrict the proportion of shale particles having insufficient 
residence time t o  a reasonably low value. An alternate approach would 
be to use a longer residence time, eight minutes for example, and a 
lesser number of stages. This situation is illustrated by the 
following table: 

No. of Residence Time % of Particles With Residence Time 
Theoretical Per Stage 
Stages Min . 1 Min. o r  Less 2 Min. or Less 

1 8 12 25 
- 

2 4 5 20 

The alternate approach reduces the number of stages required for a 
comparable reduction in the proportion of low residence time particles 
at the expense of additional total residence time. 

The design developed in this study assumes that staging devices are  
installed in the fluidized-bed retort to provide sufficient number of 
stages to achieve the yields used in the process design basis for 
retorting. Staging devices are not detailed, however, since these were 
not described in the literature. An allowance was included in the c o s t  
of the retort vessel for the cost of staging. This allowance is 
equivalent to 8% of the vessel total cost. 
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9.1 Process Design Assumptions and Uncertainties (Cont'd) 

Solids Attrition - Attrition of oil shale particles can occur in a 
fluidized bed retorting process as a result of the chemical processes of 
retorting and combustion as well as the physical processes of impact and 
abrasion of particles on other particles and on vessel walls. During 
retorting, an oil shale particle loses 15 to 30 percent of its weight 
due to kerogen, mineral hydrate, and mineral carbonate decompositions. 
Further weight loss occurs in the combustor due to combustion of char 
and additional carbonate decomposition. Since these components are 
distributed throughout the shale particle and removed as vapors, 
particles can be broken by rapid heating and vapor generation. The 
weight loss also renders the particles more susceptible to breakage by 
impact and abrasion. 

Circulation of solids through the retort and combustor vessels, as well 
as through cyclones in the retort and solids separation vessels, results 
in attrition of particles. This is particularly the case in high 
velocity regions such as cyclones and lift pipes. The combination of 
all these factors produces a significant reduction in the size of 
particles in the retort process system. This affects both the yield of 
oil from retorting and the recovery of raw oil. Oil yield is adversely 
affected if significant attrition of raw shale occurs in the mixing zone 
located at the top of the fluid bed in the retort and the fines produced 
escape from the top of the retort vessel into the retorted shale 
collector before being fully retorted. In this circumstance, oil 
potentially available from the partially retorted shale is degraded to 
waste heat since solids collected in the retorted shale collector are 
incinerated. The present design is based on the assumption that the 
solids lost from the top of the retort are a mixture of combusted and 
fully retorted shale. 

Solids attrition affects oil recovery in that any fines produced having 
diameters less than about 30 microns are not collected by the two stages 
of conventional cyclones used in the present design and are carried over 
to the Raw Oil Recovery Tower. The present design is based on a net 
solids flow from the top of the retort equivalent to about 10 percent of 
the retorted shale made and a solids flow to the Raw Oil Recovery of 
about 2 . 5  percent of the retorted shale produced, These latter solids 
are trapped in the condensed oil in the bottom of the tower and are 
removed from the oil with continuous flow centrifuges. If solids are 
carried over to the tower at an appreciably higher rate, higher than 
anticipated, additional centrifuges would be required. Since the 
centrifuged solids are recycled to the retort as a slurry in heavy oil, 
increased solids carryover to the tower could decrease oil yield through 
cracking or coking of the recycled oil. In an extreme case of high 
solids carryover from the retort, a different type of dry solids 
collection system with higher efficiency than conventional cyclones 
would be required. 
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9.1 Process  Design Assumptions and U n c e r t a i n t i e s  (Cont 'd)  

S o l i d s  Flow - Operat ion of t h e  f l u i d  bed r ' e t o r t i n g  p rocess  depends t o  a 
l a r g e  e x t e n t  upon t h e  f low of s o l i d s  i n  both  t h e  r e t o r t i n g  combustion 
and c o l l e c t i o n  v e s s e l s  as w e l l  as i n  t h e  s t andp ipes  between v e s s e l s .  I n  
t h e  p re sen t  des ign ,  s u p e r f i c i a l  v e l o c i t i e s  i n  t h e  v e s s e l s  are a t  leas t  
15 pe rcen t  above t h e  c a l c u l a t e d  minimum f l u i d i z a t i o n  v e l o c i t y  of about  3 
f e e t  per  second f o r  t h e  s i z e  range of particles cons idered .  Reasonably 
good f l u i d i z a t i o n  i s  expected under t h e s e  cond i t ions .  The c r i t i c a l  
areas wi th  r e s p e c t  t o  f l u i d i z a t i o n  a r e  t h e  s t andp ipes  where 
d e f l u i d i z a t i o n  might occur  even though a e r a t i o n  t a p s  are be provided.  
For t h i s  reason ,  t h e  ang le  from t h e  h o r i z o n t a l  f o r  a l l  s t andp ipes  w a s  
maintained a t  70 degrees  as a minimum. 

A second area of concern wi th  regard  t o  s o l i d s  f low i s  t h a t  of s o l i d s  
f low c o n t r o l  va lves .  Although des ign  of c o n t r o l  systems w a s  o u t s i d e  t h e  
scope of t h e  p re sen t  des ign  e f f o r t ,  i t  was assumed t h a t  s l i d e  va lves  o r  
L-valves wi th  seal  po t s  would be used t o  c o n t r o l  f low of r a w ,  r e t o r t e d ,  
and combusted s h a l e .  S l i d e  va lves  have a long  h i s t o r y  of use i n  
commercial scale f l u i d i z e d  bed p l a n t s  bu t  r e q u i r e  s o l i d s  i n  t h e  
f l u i d i z e d  s ta te  f o r  proper  ope ra t ion .  L-valves do not  r e q u i r e  f l u i d i z e d  
s o l i d s  f o r  o p e r a t i o n ,  bu t  do r e q u i r e  t h a t  t he  s o l i d s  f low r e a d i l y  i n  the  
s e t t l e d  cond i t ion .  L-valves have been used on s e v e r a l  f l u i d i z e d  bed 
p i l o t  p l a n t s ,  bu t  have never been app l i ed  i n  l a r g e  s c a l e  commercial 
ope ra t ions .  

Combustion o f  Char - One of t he  key p rocess  des ign  parameters  of t he  
combustion s e c t i o n  of t h e  f l u i d i z e d  bed r e t o r t i n g  process  i s  t h e  e x t e n t  
of combustion of char  conta ined  i n  t h e  r e t o r t e d  s h a l e .  This  a f f e c t s  t h e  
recovery of h e a t  energy from the  r e t o r t e d  s h a l e  and the  o v e r a l l  thermal  
e f f i c i e n c y  of t h e  process .  I n  t h e  present des ign ,  i t  was assumed t h a t  
95 pe rcen t  combustion of cha r  could be achieved wi th  5 percent  excess  
a i r  and about  5 seconds s o l i d s  r e s idence  time i n  t h e  riser s e c t i o n  of 
t h e  combustor a t  a temperature  of about  1240 degrees  Fahrenhei t .  
Chevron ( 4 , 5 )  r e p o r t e d  a va lue  of 90 percent  char  combustion wi th  the  
e g p e c t a t i o n  t h a t  h igher  va lues  could be achieved.  F a i l u r e  t o  achieve  
tE&e l e v e l s  would r e s u l t  i n  a n  i n c r e a s e  i n  t h e  amount of supplemental  
f u e l  r e q u i r e d  t o  maintain the o v e r a l l  heat balance of t he  
re tor t -combustor  system. 

Carbonate Decomposition - The e x t e n t  of minera l  carbonate  decomposition 
occur r ing  i n  the  combustor a l s o  a f f e c t s  process  thermal  e f f i c i e n c y  
because of t h e  h igh  endothermic h e a t  of t h i s  r e a c t i o n .  It was assumed 
in t h e  p re sen t  des ign  t h a t  25 percent  of t he  carbonate  i n  t h e  r e t o r t e d  
s h a l e  was decomposed i n  t h e  combustor. Th i s  va lue  t h a t  i s  about  60 
percent  of t h a t  r epor t ed  by Exxon (3 )  f o r  dense phase f l u i d i z e d  bed 
combustion of r e t o r t e d  s h a l e .  The lower va lue  was cons idered  
a p p r o p r i a t e  f o r  t he  riser type  combustion system. C a l c u l a t i o n  of t h e  
e x t e n t  of decomposition, us ing  k i n e t i c s  measured i n  noa- reac t ing  
l a b o r a t o r y  systems,  i n d i c a t e s  t h a t  a tempera ture  of about  1500°F would 
be r e q u i r e d  t o  achieve  25 percent  decomposition. It is conce ivable  t h a t  
l o c a l i z e d  tempera tures  i n  s h a l e  p a r t i c l e s  could reach  t h i s  l e v e l  du r ing  
t h e  cha r  combustion process .  
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9.1 (Cont'd) 

Carbon Monoxide Formation - Formation of carbon monoxide in the 
combustor adversely affects the retorting process thermal efficiency 
because of the lower heat generated by combustion of fuel to carbon 
monoxide as compared to combustion to carbon dioxide. A more 
significant impact of this situation, however, is that incineration of 
the flue gas from the combustor may be required to minimize atmospheric 
emissions. For the present design, a C02 to CO mole ratio of 12.3 in 
the combustor flue gas was assumed, based on test data published by 
Lawrence Livermore Laboratories (8 ) .  Use of this ratio resulted in a 
flue gas from the combustor containing about one mole percent carbon 
monoxide. Although atmospheric emissions modeling was beyond the scope 
of this study, it was assumed that, for a commercial oil shale plant, 
the carbon monoxide concentration should be limited to about 100 ppmv. 
On this basis, an incinerator was included in the design to heat the 
combustor flue gas to a temperature of 1700"F, a temperature considered 
necessary to reduce carbon monoxide concentration to this level. 

Incineration of flue gas adds significant capital and fuel cost to the 
retorting unit, although energy in the form of high pressure steam is 
recovered from the hot incinerator gas. If low carbon monoxide 
concentration could be obtained directly from the combustor, these costs 
could be avoided. 

Nitrogen Oxides Formation - A related environmental concern in the 
combustor design is that of NOx formation. Char contained in retorted 
shale has a nitrogen content of 4.5 percent so that a high NO, 
concentration in the combustor flue gas would be expected. However 
Lawrence Livermore Laboratories reported that only 3 percent or less of 
the nitrogen in raw shale was emitted as NO, in tests on a cascading 
bed combustor, On this basis, it was assumed that 10 percent of the 
nitrogen in the retorted shale was converted to NG in the riser type 
combustor as used in the present design. Staged combustion, applied to 
fluidized-beds, has been found to reduce the NOX emission. The 
possible reaction which suppresses the emission of N4, is considered 
to be the reduction of NOx by carbonaceous In the 
case of the present CO incinerator, most of the NOX enters with the 
hot spent shale combustor gases. By staging the air supply to the 
incinerator, it is expected that the required NOx reduction can be 
accomplished due to the carbonaceous materials brought in by the oil 
shale fines. Ammonia injection into the flue gas passages of the 
incinerator waste heat boiler was provided as an alternate method to 
reduce NO, emissions. 

R 
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9.1 Process Design Assumptions and Uncertainties (Cont'd) 

Scale of Operation - Fluidized bed retorting processes have been tested 
intermittently during the past forty years,, by Exxon in the 1 9 5 0 ' ~ ~  by 
Tosco in the 1970'9, and mostly recently by Chevron and Lawrence 
Livermore Laboratories in the 1980's. Most of the experience is 
limited, however, to short periods of operation in relatively small 
scale equipment such as laboratory units or pilot plants having 
capacities up to about one ton of raw shale per day. The largest 
operation has been that carried out by Chevron in a 350 ton per day 
semi-works plant during 1984. The commerci,al scale plant design in the 
present study, having retorting modules of 12000 TPOD capacity, 
represents a scale-up of about 35 over Chevron's semi works scale. This 
extent of scale-up represents a significanf area of risk for fluidized 
bed systems where performance is usually strongly dependent on vessel 
diameter. 

Experience with related fluidized bed systems which have been 
demonstrated on a large scale indicates, however, that fluidized bed oil 
shale retorting processes should, in principle, be operable on a large 
scale. Fluidized bed catalytic cracking and fluidized bed coking 
processes represent relevant experience in that both chemical conversion 
and combustion are carried out in vessels having diameters up to about 
50 feet and dilute phase risers having diameters up to about 7 feet. 
These processes, however, use relatively sinall diameter solids, about 
100 microns in the case of catalytic cracking and about 1000 microns in 
the case of fluid coking. In contrast, the shale oil retorting design 
uses solids having diameters up to about 6000 microns. Particle 
diameter affects several aspects of fluidized bed performance such as 
gas and solids contacting and mixing and quality of fluidization. 
Fluidized bed boilers utilize large diameter solids but experience with 
circulating fluidized bed boilers on a large scale is only beginning to 
develop at the present time. 

In light of the above discussion of specific areas of risk, the 
retorting plant design, developed for this study, is considered 
technically feasible and within the present state-of-the-art of design 
of fluidized bed systems. This conclusion must necessarily be qualified 
by the circumstance that the process design parameters used were based 
upon information published in the technical literature rather than upon 
specific experimental data. Several areas are evident where further 
research and development is needed, such as solids mixing and flow, 
solids attritiorl, staging in fluidized beds, and combustion of retorted 
shale, particularly with respect to C O Y  NO,, and other emissions of 
environmental concern. 
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Raw Oil Recovery - Unit 200 
In the design of this unit the following assumption have been made: 

- Retorting gas pressure is sufficient to assure a positive pressure 
in the tower overhead. 

- All solids entrained by the retort product stream will stay in the 
bottom section of the tower and end-up in the heavy oil fraction. 

- No water will condense in the upper section of the tower to avoid 
any framing problems. Should this occur an antifoaming agent can 
be injected along with the corrosion inhibitor. 

- Centrifugation of the quench tower bottoms oil will provide a 
centrate oil containing 0.5 wt. X of solids as a maximum. 

- The oily solids residue from centrifugation can be recycled to the 
retort for ultimate disposal. 

The first three assumptions are quite realistic and present little risk 
in this design. Hot centrifugation for solids removal has not been 
demonstrated. If this concept proves inoperable or results in 
inadequate solids removal, alternative methods such as solvent 
extractions, .electrostatic precipitation, or coking need to be 
investigated. Although not demonstrated, recycle of the oily sludge to 
the retort is considered practical as the preferred route for disposing 
of this stream without penalty. The most likely alternative is to burn 
the sludge to recover its energy value for steam generation. 

0 Gas Treating Plant - Unit 300 
This design incorporates conventional compression and absorption which 
involves no special assumptions and minimal design risk. 

0 Raw Oil Hydrotreating - Unit 400 

The hydrotreater design reflects conventional refinery technology for 
hydroprocessing of heavy oils. Yields and operating conditions were 
projected by Unocal, based on their general experience with oils derived 
from Colorado shale. Differences in raw shale oil inspections and lack 
of direct hydrotreating data for the oil derived from fluid bed 
retorting, represent some risk which may require a modification in the 
design operating conditions, e.g. temperature, pressure, and hydrogen 
usage. A s  a conservative approach, the present design uses an operating 
pressure somewhat higher than the values reported in the open literature, 

c 
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A more significant uncertainty relates to the solids and heavy metals 
content in the raw shale oil. While a catalyst guard bed is included in 
this design, there is no assurance that this will be adequate to protect 
the main hydrotreating catalyst against fouling and poisoning. This 
design assumes that the solids will be always suspended in oil, will not 
deposit on, poison or plug the catalyst o r  the process lines,and will 
end up in the heavy oil at the bottom of the fractionator. 

0 Hydrotreated Oil Fractionation - Unit 500 

This design represents a conventional fractionation unit with minimal 
risk or uncertainty. 

e Hydrogen Plant - Unit 600 

Hydrogen production via steam reforming of natural gas, using molecular 
sieves for hydrogen purification, is a commercially proven process , 
having essentially no design risk or uncertainty. 

0 Sour Water Treating - Unit 700 

The design for sour water treating combines conventional steam stripping 
with the USS Phosam-W Process for ammonia recovery, both of which are 
commercially demonstrated technologies. The major uncertainty lies with 
other unidentified components which may be present in sour water streams 
derived from oil shale processing. The effects of such contaminants on 
operability, stripping efficiency, and stripped water quality can only 
be determined experimentally. 

0 Sulfur Recovery - Unit 800 

The Lo-Cat(R) process used in this design is commercially employed f o r  
sulfur recovery from gas streams containing k S .  Of primary concern, 
is the likely presence of other sulfur compounds, such as COS, C S 2 ,  
and mercaptans, which are not accounted for in the present design. 
These could result in higher than expected sulfur emissions from the 
plant unless the raw gas is first hydrotreated t o  correct all sulfur 
compounds to H2S. 

e Spent Shale Moisturizing - Unit 900 
The design of this unit assumes that the spent shale subject to 
moisturizing, is either combusted retorted shale or raw shale fines. 
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9.1 Process Design Assumptions and Uncertainties (Cont'd) 

Both these materials are expected to be easily moisturized with water 
sprays in a pugg mill. Uncombusted retorted shale, however, has 
characteristics similar to an oily powder with the tendency to float on 
water and therefore difficult to moisturize. For this situation, the 
risk is that the pugg mill discharge can be a mixture of overly wet 
shale and unmoisturized dry powder difficult to handle. The only way to 
avoid such a situation is to make provision to recycle uncombusted shale 
into the combustor or store it in a separate bin for gradual blending 
with the combusted shale. The present design assumes that all shale is 
suitable for moisturizing. 

Pugg mills are reliable pieces of equipment, proven commercially, and do 
not present any risk. Venturi scrubbers have no moving parts and are 
widely used for 'dust collection. 

0 Feed Preparation - Unit 1000 
This unit is a conventional design using rotary impact crushers and 
screens. The main assumption on this unit design is that the crushed 
shale particle size distribution will meet the retort feed 
specification. For the commercial plant design, field tests are 
required to determine the optimum equipment and operating parameters to 
minimize the fines formation and power consumption. 

The present design assumes the primary crushing and primary crushed 
shale storage are on the plant site. An alternate design approach 
having the primary crushing and storage at the mine, is preferable since 
it minimizes material handling and makes better use of the hauling 
trucks. 

0 Spent Shale Disposal - Unit 1100 
Spent shale disposal, on the large scale required for commercial plant 
operation, has not been demonstrated. The conceptual design is based on 
a proposed approach for commercial development on a Colorado tract. 
Obviously, spent shale disposal is a major environmental issue and is 
inherently tied to the plant site specifics. Containment of the spent 
shale pile, leachability, control of pipe run-off, and long term impact 
on ground water contamination are uncertainties which must eventually be 
addressed in the field. 
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9.2 R e t o r t i n g  P l a n t  P rocess  Design A l t e r n a t i v e s  

The fo l lowing  areas r e p r e s e n t  p rocess  des ign  a l t e r n a t i v e s  f o r  the 
f lu id ized-bed  r e t o r t i n g  des ign  which could  p o t e n t i a l l y :  

- Improve the y i e l d  and/or  q u a l i t y  of shale o i l .  

- Improve p l a n t  o p e r a b i l i t y  and/or  r e l i a b i l i t y .  

- 
- Reduce environmental  impacts .  

- 

Reduce c o s t  of shale o i l  p roduct .  

Improve p l a n t  r e l a t e d  h e a l t h  and s a f e t y .  

0 CO Content  of Combustor F lue  Gas 

The presence  of more than  trace q u a n t i t i e s  of carbon monoxide i n  t h e  
R e t o r t  Combustor f l u e  gas ,  p r e s e n t l y  e s t ima ted  a t  about  one volume 
p e r c e n t ,  imposes a seve re  energy and c o s t  p e n a l t y  on t h e  des ign  because 
of t h e  need t o  reduce emis s ions  from t h e  plamt.  The p r e s e n t  des ign  u s e s  
a thermal  o x i d i z e r  f i r e d  with n a t u r a l  g a s  t o  reduce t h e  carbon monoxide 
c o n c e n t r a t i o n  t o  about  100 ppmv. Achieving t h i s  r educ t ion  i n  carbon 
monoxide con ten t  r e q u i r e s  h e a t i n g  t h e  f l u e  g a s  t o  a tempera ture  of about  
1800OF a t  a r e s i d e n c e  time of about  one second. Approximately 35,000 
pounds of f u e l  p e r  hour i s  consumed, r e s u l t i n g  i n  a s i g n i f i c a n t  energy 
and c o s t  pena l ty .  

It  is proposed t h a t  a c a t a l y t i c  o x i d i z e r  be used i n  p l a c e  of t h e  thermal  
ox id i ze r .  Systems of t h i s  t ype  are c u r r e n t l y  used i n d u s t r i a l l y  on 
engine  exhaus t  g a s e s  t o  o x i d i z e  CO and reduce NOx a l though they  
probably cannot  be d i r e c t l y  a p p l i e d  t o  t h e  p r e s e n t  des ign  because of t h e  
presence of s o l i d s  i n  t h e  f l u e  gas .  The p r i n c i p l e  could  be a p p l i e d ,  
however, by p o s i t i o n i n g  c a t a l y s t  on the i n s i d e  s u r f a c e  of open 
passageways such as tubes .  The use  of a c a t a l y t i c  o x i d i z e r  would 
minimize t h e  e x t e n t  t o  which t h e  tempera ture  of t h e  f l u e  gas  must be 
r a i s e d  t o  reduce t h e  CO c o n c e n t r a t i o n  t o  low l e v e l s  and could  a l s o  
reduce NO, concen t r a t ion .  Th i s  would g r e a t l y  reduce o r  e l i m l n a t e  the 
need f o r  added f u e l  and reducing  agen t  such as ammonia, t he reby  sav ing  
energy and c o s t ,  
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9.2 R e t o r t i n g  P l a n t  Process  Design A l t e r n a t i v e s  (Cont 'd) 

e CO Content of  Combustor Flue Gas (Cont 'd) 

A second sugges t ion  r e l a t e d  t o  r e d u c t i o n  of carbon monoxide i n  the 
combustor f l u e  g a s  i s  t o  reduce t h e  excess a i r  i n  t h e  combustor t o  n e a r  
s t o i c h i o m e t r i c  i n  r e g i o n s  where shale s o l i d s  are present .  I n j e c t i o n  of 
t h e  excess a i r  i n  t h e  d i l u t e  phase of t h e  combustion may lower t h e  
carbon monoxide c o n t e n t  without  h e a t i n g  most of t h e  s h a l e  s o l i d s  
a p p r e c i a b l y  above the nominal combus t o r  t e n p e r a t u r e  , which would 
i n c r e a s e  carbonate  decomposition. This  technique is  probably n o t  
s u f f i c i e n t  i n  i t s e l f ,  however, t o  reduce carbon monoxide c o n c e n t r a t i o n s  
t o  t h e  d e s i r e d  level  of 100 ppmv. 

0 Combusted Shale  Cooling 

I n  t h e  r e t o r t i n g i u n i t  des ign ,  combusted s h a l e  a t  a temperature  of about 
1240°F i s  cooled t o  a tempera ture  of 35OoF, s u i t a b l e  f o r  
m o i s t u r i z a t i o n ,  by p r e h e a t i n g  combustion a i r  and b o i l e r  feed  water. The 
s e l e c t i o n  of  p r e h e a t i n g  e s s e n t i a l l y  a l l  of t h e  combustion a i r  ( t o  
1000°F) i s  based on t h e  judgement t h a t  a i r  a t  t h a t  t empera ture  i s  
requi red  t o  i n s u r e  i n i t i a t i o n  of combustion of r e t o r t e d  s h a l e  i n  t h e  
engager vessel. This is considered a c o n s e r v a t i v e  judgement and i t  i s  
l i k e l y  t h a t  on ly  a p o r t i o n  of t h e  combustion air  r e q u i r e s  preheating. 
I n  t h a t  case, i t  i s  suggested t h a t  h o t  combusted s h a l e  be cooled by 
p r e h e a t i n g  r a w  s h a l e .  This  would reduce t h e  h e a t  requirement  of t h e  
r e t o r t i n g  s t e p ,  t h e r e b y  reducing the h e a t  i n p u t  t o  t h e  combustor and 
improving t h e  thermal e f f i c i e n c y  of  t h e  o v e r a l l  p rocess  t o  t h e  e x t e n t  
that h e a t  o therwise  r e j e c t e d  t o  b o i l e r  f e e d  water i s  r e t a i n e d  w i t h i n  t h e  
r e t o r t i n g  system. Combustion a i r  could be preheated t o  t h e  e x t e n t  
necessary  by i n l i n e  combustion of  f u e l .  

It is  proposed t h a t  t h e  h e a t  exchange between combusted and raw s h a l e  b e  
c a r r i e d  o u t  i n  a f l u i d i z e d  bed v e s s e l  c o n t a i n i n g  v e r t i c a l  tubes.  
Combusted s h a l e  would e n t e r  t h e  bottom of t h e  v e s s e l  and flow upward 
i n s i d e  t h e  v e r t i c a l  tubes.  Raw s h a l e  would e n t e r  t h e  middle s e c t i o n  of 
t h e  v e s s e l  and f low downward through a s taged  f l u i d i z e d  bed and l e a v e  
t h e  bottom of t h e  v e s s e l  d i r e c t l y  i n t o  t h e  r e t o r t .  I n  t h i s  arrangement,  
any o i l  or  gas  generated dur ing  p r e h e a t i n g  would f low i n t o  t h e  r e t o r t  
and thence  i n t o  t h e  recovery system. Cooled combusted s h a l e  would f low 
from t h e  top  of t h e  vessel t o  t h e  m o i s t u r i z a t i o n  system. 
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9.2 R e t o r t i n g  P l a n t  Process  Design A l t e r n a t i v e s  (Cont 'd) 

0 Raw Shale  Prehea t ing  

A f u r t h e r  sugges t ion  f o r  improving process  thermal  e f f i c i e n c y  is  t o  
p r e h e a t  raw s h a l e  wi th  p a r t i a l l y  cooled i n c i n e r a t o r  f l u e  gas .  This  
would u t i l i z e  some of t h e  energy i n  t h e  f l u e  gas  t o  reduce t h e  h e a t  
requirement  o f  t h e  r e t o r t  r a t h e r  t h a n  t o  recover  energy as steam. The 
e x t e n t  of s h a l e  prehea t ing  t h a t  can be accomplished i n  t h i s  manner, 
however, is l i m i t e d  t o  t h e  temperature  a t  which r e t o r t i n g  of t h e  s h a l e  
begins .  For Colorado s h a l e ,  t h i s  temperature  can b e  as low as 350°F. 
S i n c e  small p a r t i c l e s  i n  t h e  raw s h a l e  wi:Ll r a p i d l y  approach t h e  f l u e  
gas  temperature ,  i t  i s  necessary  t o  l i m i t  t h e  temperature  of  t h e  f l u e  
g a s  t o  a maximum of 500'F t o  prevent  any a p p r e c i a b l e  amounts o f  
hydrocarbons from appear ing  i n  t h e  f l u e  gas., If t h a t  occur red ,  i t  would 
b e  necessary  t o  i n c i n e r a t e  t h e  f l u e  g a s  aft:er s e p a r a t i o n  from preheated 
s h a l e  b e f o r e  release t o  t h e  atmosphere. 

0 Stacked Vessel Arrangement 

The r e t o r t  p l a n t  des ign  presented i n  t h i s  r e p o r t  r e q u i r e s  an e l e v a t i o n  
of  major equipment of  about 300 f e e t  measured from grade  t o  t h e  t o p  o f  
t h e  combusted s h a l e  s e p a r a t o r .  The s t r u c t u r e  r e q u i r e d  t o  suppor t  t h e  
l a r g e  v e s s e l s  i n  t h i s  arrangement i s  a s i g n i f i c a n t  c o s t  element i n  t h e  
c a p i t a l  c o s t  of t h e  o v e r a l l  r e t o r t i n g  p lan t , ,  To provide a more ccmpact 
arrangement of  process  v e s s e l s ,  thereby  reducing t h e  maximum e l e v a t i o n ,  
i t  is  suggested t h a t  a "stacked" arrangement,  as i l l u s t r a t e d  i n  F igure  
9.1, be used i n  which t h e  combusted shale s e p a r a t o r ,  t h e  raw s h a l e  
accumulator,  and t h e  r e t o r t  are posit ioned. i n  a v e r t i c a l  l i n e .  The 
combusted s h a l e  accumulator would be l o c a t e d  a t  t h e  t o p  of t h i s  
arrangement and would f u n c t i o n  as a dense phase f l u i d i z e d  bed 
combustor. The raw s h a l e  accumulator would b e  l o c a t e d  below t h e  
combusted s h a l e  accumulator and above t h e  r e t o r t .  A d i l u t e  phase,  
v e r t i c a l  t r a n s f e r  l i n e  l o c a t e d  i r l t e r n a l  t o  t h e  above t h r e e  v e s s e l s ,  
would provide  a means of conveying t h e  mixture  of r e t o r t e d  and combusted 
s h a l e  wi th  combustion a i r  from t h e  bottom o f  t h e  r e t o r t  t o  t h e  s h a l e  
combustor. 

If t h e  fo l lowing  changes were made i n  t h e  p r e s e n t  des ign ,  it is 
es t imated  t h a t  t h e  s tacked  arrangement could be accomplished w i t h i n  a 
maximum e l e v a t i o n  of about  200 f e e t  In p l a c e  of t h e  p r e s e n t  300 f e e t :  

- Replace t h e  riser type  combustion of  r e t o r t e d  s h a l e  w i t h  dense phase 
combustion i n  t h e  combusted s h a l e  s e p a r a t o r .  

- El imina te  t h e  f i r s t  s t a g e  cyc lones  i n s i d e  t h e  r e t o r t  i n  favor  o f  
e x t e r n a l  f i r s t  s t a g e  cyc lones  l o c a t e d  i n  a separate v e s s e l .  

- El imina te  t h e  f i rs t  s t a g e  cyc lones  i n s i d e  t h e  combusted s h a l e  c o o l e r .  

- Zeplace t h e  p r e s e n t  Raw Shale  Accumulator wi th  a l a r g e r  diameter ,  
s h o r t e r  v e s s e l .  

- 2 3 3 -  



9.2 R e t o r t i n g  P lan t  Process  Design A l t e r n a t i v e s  (Cont 'd)  

The l a s t  t h r e e  items above would decrease  t h e  h e i g h t  of t h e  Raw S h a l e  
Accumulator, R e t o r t ,  and Combusted Shale  Cooler,  and a l low t h e  vessel 
e l e v a t i o n s  t o  be s e t  p r i m a r i l y  by s t a n d p i p e  h e i g h t  necessary  t o  overcome 
p r e s s u r e  d i f f e r e n c e s  r a t h e r  than  by t h e  geometry of minimum s tandpipe  
a n g l e  and v e s s e l  diameter .  It should be noted,  however, t h a t  a d d i t i o n a l  
v e s s e l s  and p o s s i b l y  l a r g e r  diameter  vessels may b e  r e q u i r e d  f o r  t h e  
s tacked  arrangement than  f o r  t h e  p r e s e n t  arrangement. A des ign  and c o s t  
s t u d y  would be requi red  t o  determine t h e  r e l a t i v e  c o s t  e f f e c t i v e n e s s  of 
t h e  two arrangements. 

0 FCC Vessel Arrangement 

Another p o s s i b i l i t y  o f  f l u i d i z e d  bed r e t o r t i n g  with medium p l a n t  h e i g h t  
is a " c a t a l y t i c a l  cracking" side-by-side process .  This  p r o c e s s  , as 
shown, i n  f i g u r e  9.2 w i l l  use  f l u i d i z e d  bed r e a c t o r  f o r  both r e t o r t i n g  
and spent  s h a l e  combusting processes .  R a w  s h a l e  feed  i n t o  t h e  r e t o r t ,  
t h e  s p e n t  s h a l e  feed i n t o  t h e  combustor, and t h e  recycled h o t  s h a l e  feed 
t o  t h e  r e t o r t  are d i l u t e  phase pneumatic t r a n s p o r t  systems. The system 
h a s  t h e  advantage of reducing t h e  o v e r a l l  p l a n t  h e i g h t ,  but  r e q u i r e s  
handling l a r g e r  amounts of gas  f o r  s h a l e  t r a n s f e r  and f u r t h e r  gas-so l id  
s e p a r a t i o n .  The t e c h n i c a l  aspects  as well as  t h e  economic 
c o n s i d e r a t i o n s  of such a des ign  can be revea led  by a conceptual  des ign  
a l t e r n a t e  o f  t h e  base case design.  

0 Quenching of R e t o r t  Vapors 

Vapors c o n t a i n i n g  products  o f  r e t o r t i n g  l e a v e  t h e  t o p  of t h e  r e t o r t  a t  a 
tempera ture  o f  930°F and flow through a s o l i d s  s e p a r a t i o n  v e s s e l  and 
t r a n s f e r  l i n e  t o  t h e  Raw O i l  Recovery Quench Tower. The vapors  a r e  
s u b j e c t  t o  thermal  c racking  and coking r e a c t i o n s  f o r  r e s i d e n c e  times up 
t o  15 seconds before  being quenched t o  lower temperatures  i n  t h e  tower. 
In  order  t o  avoid a p o t e n t i a l  l o s s  of o i l  y i e l d  due t o  c racking  and 
coking,  i t  i s  proposed t h a t  t h e  vapors  l e a v i n g  t h e  r e t o r t  be quenched t o  
a temperature  of about  850°F w i t h  c o l d  (130°F) gas  recyc led  from t h e  
raw o i l  recovery u n i t .  This  would decrease  t h e  e x t e n t  of c r a c k i n g  and 
coking,  but would i n c r e a s e  t h e  gas  flow t o  t h e  raw o i l  recovery tower,  
thereby  i n c r e a s i n g  t h e  c o s t  of t h a t  opera t ion .  A f u r t h e r  c o n s i d e r a t i o n  
i s  whether t h e  reduced temperature  would cause some of t h e  heavy o i l  
f r a c t i o n  t o  condense on t h e  e n t r a i n e d  s h a l e  s o l i d s ,  c r e a t i n g  w e t  s o l i d s  
which could plug cyclones ana t r a n s f e r  l i n e s .  
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10.0 CAPITAL COST ESTIMATE 

10.1 Basis of Estimate 

C a p i t a l  c o s t s  f o r  t h e  50,000 BPD a h a l e  o i l  p l a n t  were estimated 
f o r  a n  u n s p e c i f i e d  Western Colorado s i te  based on c u r r e n t  day 1987 
c o s t s .  

The t e c h n i c a l  d e f i n i t i o n  of t h e  p l a n t ,  a s  g iven  i n  S e c t i o n s  4.0 - 
6.0 of t h i s  r e p o r t ,  formed t h e  b a s i s  f o r  e s t i m a t i n g  t h e  i n s t a l l e d  
p l a n t  c o s t .  This c o s t  w a s  deve1o;ped from b a t t e r y  l i m i t s  c o s t  
estimates f o r  t h e  i n d i v i d u a l  p l a n t  s e c t i o n s .  A l l  s e c t i o n s ,  except  
f o r  S u l f u r  Recovery, Unit  800, were e s t i m a t e d  by F o s t e r  Wheeler. 
A budgetary c o s t  f o r  t h e  s u l f u r  recovery u n i t  was provided by ARI 
Technologies Incorpora ted  and t h i s  w a s  a d j u s t e d  f o r  w i n t e r i z a t i o n  
by F o s t e r  Wheeler. 

For t h e  m a j o r i t y  of t h e  p l a n t  s e c t i o n s ,  t h e  process  equipment 
s p e c i f i c a t i o n s ,  developed as p a r t  o f  t h e  p l a n t  d e s i g n  d e f i n i t i o n ,  
were used a s  t h e  c o s t  e s t i m a t i n g  b a s i s .  F a c t o r s  were a p p l i e d  t o  
t h e  es t imated  equipment c o s t s  t o  a r r i v e  a t  c o s t s  f o r  b u l k  
materials and i n s t a l l a t i o n  l a b o r .  Thiese f a c t o r s  were d e r i v e d  from 
previous  d e t a i l e d  c o s t  estimates, prepared by F o s t e r  Wheeler f o r  
conceptual  o i l  s h a l e  p l a n t s  l o c a t e d  i n  Western Colorado. Using 
t h i s  f a c t o r e d  e s t i m a t i n g  technique ,  i n s t a l l e d  c o s t s  were developed 
f o r  a l l  p l a n t  s e c t i o n s ,  w i t h  t h e  except ion  of S u l f u r  Recovery, 
Unit  800, and General  P l a n t  F a c i l i t i e s ,  Unit  2900. 

While t h e  f i r e  water system i n  Unit  2900 w a s  f a c t o r e d  from 
equipment d e f i n i t i o n s  , t h e  ba lance  of t h e  g e n e r a l  f a c i l i t i e s  was 
es t imated  by in-house c o s t  r a t i o s  o r  u n i t  p r i c e s .  Costs  f o r  
i n t e r c o n n e c t i n g  p i p i n g ,  p i p e  r a c k s ,  and e lec t r ica l  d i s t r i b u t i o n  
were developed from r a t i o s  on t h e  t o t a l  p rocess  u n i t  c o s t s .  Unit  
p r i c e s  were used f o r  e s t i m a t i n g  b u i l d i n g s ,  in -p lan t  roads ,  f e n c e s ,  
sewers, and s i t e  p r e p a r a t i o n ,  based on  t h e  p l o t  p l a n  d e f i n i t i o n .  
The estimate f o r  Unit 1100 a l s o  i n c l u d e s  c o s t s  f o r  s i t e  
p r e p a r a t i o n  of t h e  s p e n t  s h a l e  d i s p o s a l  area. 

Based on previous  estimates, t h e  i n d i r e c t  c o n s t r u c t i o n  c o s t s  were 
developed a s  a r a t i o  on i n s t a l l a t i o n  l a b o r  requirements .  
S i m i l a r l y ,  engineer ing  c o s t s  were estimated as a percentage  of t h e  
t o t a l  equipment, bulk materials, d i r e c t  and i n d i r e c t  l a b o r  c o s t s  
f o r  each p l a n t  s e c t i o n .  
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10.1 Basis of Estimate (Cont 'd) 

The es t imated  t o t a l  p l a n t  investment  c o s t s  s p e c i f i c a l l y  exc ludes  t h e  
fo l lowing  items : 

0 

a Cost of land. 
0 

a I n f r a s t r u c t u r e  c o s t s  f o r  access roads  t o  t h e  p l a n t ,  housing € o r  

a Bui ld ing  f u r n i s h i n g s ,  l a b o r a t o r y  equipment, and g e n e r a l  p l a n t  

a 
0 P r o j e c t  owner c o s t s .  

Process  r o y a l t i e s  and l i c e n s e  fees. 

Supply of e l e c t r i c  power and r a w  water t o  t h e  p l a n t  s i t e .  

personnel ,  and c o n s t r u c t i o n  l a b o r  camps. 

v e h i c l e s .  
Costs f o r  o i l  s h a l e  mining and product  o i l  t r a n s p o r t a t i o n .  

The l a s t  i t e m  of exc lus ion  r e f l e c t s  c o s t s  such as p r o j e c t  management, 
c o n s t r u c t i o n  permi ts ,  b a s e l i n e  and environmental  moni tor ing ,  and 
environmental  impact s ta tements .  

The b a s i s  f o r  the c u r r e n t  c o s t  estimate assumes a r e l a t i v e l y  c l e a r  and 
l e v e l  s i te .  Therefore ,  the al lowed c o s t s  f o r  s i t e  p r e p a r a t i o n  do n o t  
i nc lude  t e r r a c i n g  o r  l e v e l i n g  of mountainous t e r r a i n .  

10.2 I n s t a l l e d  Plant Cost 

The estimate summary f o r  t h e  i n s t a l l e d  p l a n t  c o s t  i s  g iven  i n  Table  
10.1. This summary p rov ides  a breakdown of t h e  t o t a l  c o s t ,  e s t ima ted  a t  
$1.92 b i l l i o n ,  accord ing  t o  t h e  i n d i v i d u a l  process ing  u n i t s  and suppor t  
systems. 

With t h e  excep t ion  of t h e  s u l f u r  recovery  p l a n t ,  Unit  800, t h e  i n s t a l l e d  
c o s t  of each  p l a n t  s e c t i o n  i s  d iv ided  accord ing  t o  equipment, bu lk  
materials, i n s t a l l a t i o n  l a b o r ,  i n d i r e c t  l a b o r  and c o n s t r u c t i o n  
management, and eng inee r ing  costs. 

The scope of t h e s e  e s t i m a t i n g  c a t e g o r i e s  i s  as follows: 

- ' Equipment i n c l u d e s  t h e  c o s t  of a l l  equipment on equipment l ists  , 
i nc lud ing  i n t e r n a l s ,  f r e i g h t ,  and subcon t rac t  items but  exc luding  
i n s t a l l a t i o n  costs. 

- Bulk materials i n c l u d e s  a l l  materials which become a permanent 
p a r t .  of t h e  p l a n t ,  i n c l u d i n g  c o n c r e t e  , steel, b u i l d i n g s ,  p i p i n g ,  
i n s t rumen t s ,  e l e c t r i c a l  and p r o t e c t i v e  cover.  

- I n s t a l l a t i o n  l a b o r  i n c l u d e s  a l l  l a b o r  t o  i n s t a l l  equipment and 
bulk materials. The l a b o r  estimate is based on non-union 
c o n s t r u c t i o n  and i n c l u d e s  b a r e  wages p l u s  b e n e f i t s  and p a y r o l l  
taxes. 
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Table 10.1 

Summary of I n s t a l l e d  Plant Cost 

Basis: Hid-1987, Colorado 

- Unit  Desc r ip t ion  

100 
2 00 
300 
4 00 
500 
6 00 
700 
8 00 
9 00 

1000 
ll 00 

R e t o r t i n g  
Raw Oil Recovery 
Gas Trea t ing  
Raw O i l  Hydrot rea t ing  
Hydrotreated Oil F r a c t i o n a t i o n  
Hydrogen P l a n t  
Sour Water Trea t ing  
Su l fu r  Recovery 
Spent Sha le  Mois tu r i z ing  
Feed P repa ra t ion  
Spent S ha 1 e D i s pos a1 

Sub-Total Process ing  

2 000 
21 00 
2200 
2300 
2 400 
2500 
2 600 
2700 
2800 
2900 

Raw Water Treatment 
Steam & Power Generat ion 
Cooling Water System 
P lan t  & Instrument  A i r  
Waste Water Treatment 
I n e r t  Gas System 
F l a r e  System 
P lan t  Fuel  System 
Storage  F a c i l i t i e s  
General  P l a n t  F a c i l i t i e s  

Sub-Total Support  Systems 

T o t a l  I n s t a l l e d  P lan t  Cost 

Cost, $1000 

890,991 
78,131 
35,482 
79,699 
13 ,459  

116,100 
25,165 
15 ,700  

163 ,219  
60,829 

37,937 

1,522,712 

7,918 
33,493 
22,088 

2,885 
16,216 
1 , 7 0 4  

47,149 
11 1 

26,686 
235,506 

393,756 

1,916,468 
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10.2 I n s t a l l e d  P l a n t  Cost (Cont 'd )  

I n d i r e c t  l a b o r  and c o n s t r u c t i o n  management inc ludes  a l l  63 - 
f a c i l i t i e s ,  s u p p l i e s ,  c o n s t r u c t i o n  equipment, c o n s t r u c t i o n  
supe rv i s ion ,  remote handl ing ,  and insurance  t o  suppor t  t h e  
c o n s t r u c t i o n  e f f o r t .  

- Engineering inc ludes  a l l  b a s i c  eng inee r ing ,  d e t a i l  eng inee r ing ,  
p r o j e c t  management, and engineer ing  f e e  f o r  t h e  f a c i l i t y .  

Tables  10.2 and 10.3 provide  t h e  c o s t  breakdown, according t o  t h e  above 
c a t e g o r i e s ,  f o r  t h e  p l a n t  process ing  s e c t i o n s ,  Uni t s  100 - 1100, and t h e  
p l a n t  suppor t  systems, Un i t s  2000 - 2900, r e s p e c t i v e l y .  A f u r t h e r  
breakdown of t h e  g e n e r a l  p l a n t  f a c i l i t i e s ,  Unit  2900, i s  g iven  i n  Table 
10.4. Details of t h e  es t imated  process  equipment c o s t s  f o r  each p l a n t  
s e c t i o n  are  inc luded  i n  Appendix-B of t h i s  r e p o r t .  

Based on t h e  e s t ima t ing  techniques  employed, t h e  accuracy of t h e  o v e r a l l  
i n s t a l l e d  p l a n t  c o s t  i s  expected t o  be - + 25%. 

10.3 To ta l  P l a n t  Investment 

I n  a d d i t i o n  t o  t h e  i n s t a l l e d  p l a n t  c o s t ,  a l lowances f o r  p r o j e c t  
cont ingency,  i n i t i a l  i nven to ry  of c a t a l y s t  and chemicals ,  spare p a r t s ,  
s t a r t - u p  c o s t s ,  and working c a p i t a l  are included as c a p i t a l  c o s t  i t e m s .  
A summary of t h e  t o t a l  p l a n t  investment  c o s t ,  es t imated  a t  $2.39  
b i l l i o n ,  is given i n  Table 10.5. 

A p r o j e c t  contingency equa l  t o  15% of t h e  i n s t a l l e d  p l a n t  c o s t  was 
included.  This  provides  f o r  omissions and u n c e r t a i n t i e s  in t h e  
t e c h n i c a l  d e f i n i t i o n  of t h e  p l a n t  due t o  t h e  non-spec i f ic  p l a n t  s i t e  and 
t h e  l a c k  of d e t a i l e d  engineer ing .  

Cost for t h e  i n i t i a l  charge  of c a t a l y s t  and chemicals  was es t imated  from 
t h e  requirements  f o r  i n d i v i d u a l  p l a n t  s e c t i o n s ,  as shown i n  Table 10.6. 
hn allowance f o r  t h e  s p a r e  p a r t s  i nven to ry  was e s t ima ted  a t  3.0% of t h e  
t o t a l  p l a n t  equipment c o s t .  S t a r t -up  c o s t s  and working c a p i t a l  
requirements  were es t imated  a t  3 months and 2 months of t h e  annual  
ope ra t ing  c o s t s ,  r e s p e c t i v e l y .  The annual  ope ra t ing  c o s t s ,  as developed 
i n  Sec t ion  11.0 of t h i s  r e p o r t ,  was about  $370 mi l l i on .  
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Table 10.2 

Breakdown of Process ing  Un i t s  Cost 

Basis: Mid-1987, Colorado 

Unit  Cost  Element, $1000 - 
Bulk Direct Cons tr uc t ion 

100 

200 

3 00 

400 

5 00 

600 

7 00 

900 

1000 

1100 

T o t a l  

800 

T o t a l  

Equipment 

204,380 

28,446 

12 ,919  

39 , 063 

6,596 

39,660 

5,678 

10 , 933 

7 1  , 323 

53,472 

472 , 470 

* 
- 

Materia 1 

194,160 

12,232 

5,555 

12,110 

2 , 045 

15,468 

4,088 

5,685 

1 2  , 125 

3,225 

266,693 

* 
- 

Labor 

198,248 

13,370 

6,072 

9 , 375 

1 , 583 

22 , 210 

5,338 

7,872 

34,235 

1 ,295  

29 9 , 598 

* 
- 

Ind i re c t s 

251 , 775 

16,980 

7,711 

11,906 

2 , 011 

28,:207 

6, '779 

9,997 

43,478 

1 , 645 

380,489 

* 
- 

Engineer ing  T o t a l  

42 , 428 

7,103 

3,225 

7,245 

1 ,224  

10,555 

3,282 

3,450 

'8,058 

1 ,192  

87,762 

* 
- 

890,991 

78,131 

35,4&2 

79,699 

13,459 

115 , 100 

25,165 

37,937 

169,21S 

60,829 

1 , 507,012 

15 ,700  

1 ,522  , 712 

* Inc luded  i n  Process  Licensor  Estimate 
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Table 10.3 

Breakdown of Support Systems Cost 

Basis: Mid-1987, Colorado 

Unit Cost Element, $1000 - Bulk Direct Construction 

2 000 

2100 

2200 

2300 

2400 

2500 

2 600 

2700 

2800 

2900 

Total 

Equipment 

1,645 

12,570 

5,538 

735 

3,586 

59 9 

3,520 

25 

11,516 

76 8 

40,502 

Material 

1,299 

4,776 

3,101 

41 9 

2,044 

120 

8,060 

13 

2,418 

60 , 351 

82 , 601 

Labor 

1,874 

6,411 

5,040 

647 

4,196 

36 6 

15,064 

26 

4,952 

72,664 

-~ - 

Indirects 

2,380 

8,141 

6,401 

82 2 

5,329 

464 

19,132 

33 

6,289 

92,284 

111 , 240 141,275 

Engineering 

720 

1 , 595 

2 , 006 

262 

1,061 

155 

1,373 

14 

1,511 

9,439 

Total 

7,918 

33,493 

22 , 088 

2,885 

16,216 

1,704 

47,149 

111 

26,686 

235,506 

~~ ~ 

18,138 393,756 
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Table 10.4 

Breakdown of General  P l a n t  F a c i l i t i e s  Cost 

Unit  2900 

Basis: Mid-1987, Colorado 

Unit  - 

I n t e r c o n n e c t i n g  
Piping 

Firewater 
System 

Electr ical  
D i s t r i b u t i o n  

Sewers 

S i t e  
Development 

P l a n t  
Bui ldings 

T o t a l  

Cost Element, $1000 Bulk - 
Equipment Material 

0 21,814 

7 68 1 ,254  

0 23,892 

0 7,271 

0 2,170 

0 3,950 

- 
768 60,351 

Direct 
Labor 

34,279 

1,415 

24,930 

8,310 

1,100 

2,630 

72,664 

Oons tr uc t i o n  
I n d i r e c t s  Engineer ing Total - 

43,534 3,985 103,612 

1,797 2 05 5,443 

31,662 3,219 83,703 

1 , 045 27,180 10,554 

1,397 187 4,854 

3,340 794 10,714 

- 
92,284 9,439 235,506 
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Table 10 .5  

Total Plant Investment Summary 

Basis: Mid-1987, Colorado 

co s t $1 000 

Insta l led  Plant Cost: 
Processing Units 

Support Systems 

Project Contingency @ 15% 

1,522,712 

393,756 

1,916,468 

287,470 

Total Plant Cost 

I n i t i a l  Catalyst f Chemical Inventory 

Spare Parts 

Start-up Costs 

Working Capital 

2,203,938 

11 ,5  31 

15,390 

92,743 

61,829 

Total Plant Investment 2,3a 5,431 
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Table 10.6 

I n i t i a l  C a t a l y s t  and Chemica.1 Inventory  

Quantity Unit  Item - - - 
400 Guard C a t a l y s t  

Hydrot rea t ing  C a t a l y s t  

6 00 Hydrogenation C a t a l y s t  
S u l f u r  Guard C a t a l y s t  
Chlor ide  Guard C a t a l y s t  
Reforming C a t a l y s t  
H.T. S h i f t  C a t a l y s t  
L.T. S h i f t  C a t a l y s t  
PSA Molecular S i e v e s  

700 Phosphoric Acid (75%) 
Caus t ic  Soda (50% NaOH) 

800 Locat Chemicals 

2 000 

2 300 

Act iva ted  Carbon 
Cation Resin 
Anion Resin 
Mixed Bed Resin 
A n t h r a c i t e  
Sand & Gravel 

S i l i c a  G e l  

3,400 CF - 

940 CF 
1,880 CF 

870 CF 
1,020 CF 
1,560 CF 
2,190 CF 

49,000 CF 

25 ST 
30 ST 

1 , 4 5 0  CF 
940 CF 
940 CF 
940 CF 

5,000 CF 
5,000 CF 

2,000 l b s  

c o s t ,  $1000 

920 
4,600 

108 
24 4 

96 
281 
190 
493 

3,920 

1 5  
6 

30 0 

43 
38 
38 
38  

100 
10 0 

1 

T o t a l  11 , 531 
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10.4 C a p i t a l  Expendi ture  Schedule  

Table  10.7 p rov ides  a n  estimate of t h e  annual  c a p i t a l  o u t l a y ,  du r ing  t h e  
pe r iod  r equ i r ed  f o r  p l a n t  c o n s t r u c t i o n  and commissioning. These c a p i t a l  
expend i tu re s  are based on a f i v e  y e a r  schedule  for p l a n t  d e s i g n  and 
c o n s t r u c t i o n  w i t h  s t a r t - u p  a t  t h e  beginning of t h e  s i x t h  y e a r .  While 
phased c o n s t r u c t i o n  and commissioning of t h e  p l a n t  could be employed, 
t h e  c u r r e n t  estimates are based on s imul taneous  i n s t a l l a t i o n  of  t h e  s i x  
r e t o r t i n g  modules and m u l t i p l e  downstream process ing  t r a i n s .  

The c a p i t a l  expend i tu re  f o r  p l a n t  d e s i g n  and c o n s t r u c t i o n  w a s  e s t ima ted  
on t h e  fo l lowing  l e v e l .  

Year 1 2 3 4 5 
% , 5  15 32 28 20 

The c a p i t a l  o u t l a y  f o r  s p a r e  parts inven to ry  was assumed t o  fo l low the 
c o n s t r u c t i o n  a c t i v i t y  i n  y e a r s  2-5. Consider ing t h a t  p l a n t  s t a f f i n g ,  
t r a i n i n g ,  and build-up of s h a l e  f e e d  inven to ry  would occur  i n  t h e  l a t t e r  
p a r t  of t h e  f i f t h  y e a r ,  25% of t h e  working c a p i t a l  w a s  appor t ioned  t o  
t h i s  per iod .  

A 

e 
-246-  



Table 10.7 

Schedule of C a p i t a l  Expendi ture  

Investment Cost 16 M i l l i o n  

1 110.2 

2 330.6 

3 705.2 

4 617.1 

5 440.8 

G* 

2,203.9 

- Year P l a n t  I n i t i a l  Spare S t a r t  -Up Working T o t a l  
Inventory - c o s t  C a p i t a l  P a r t s  - Const ruc t ion  

2.4 

5.2 

110.2 

333.0 

710.4 

621.6 

15.5 471.1 

92.8 46.3 139.1 

4.5 

11.5 3.3 

- .- - - 
92.8 61.8 2,385.4 11.5 15.4 

* Plant  s t a r t - u p  
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11.0 OPERATING COST ESTIMATE 

11.1 Basis of Estimate 

The estimate of annual  o p e r a t i n g  c o s t s  f o r  t h e  p l a n t  i s  based on a 
0.9 o p e r a t i n g  f a c t o r ,  e q u i v a l e n t  t o  330 o p e r a t i n g  days per  y e a r .  
The fo l lowing  u n i t  c o s t s  were assumed f o r  t h e  r a w  materials, 
u t i l i t i e s ,  and by-products  d e l i v e r e d  t o  t h e  p l a n t  b a t t e r y  l i m i t s :  

O i l  Sha le  Ore 6.00 $/Ton 
N a t u r a l  Gas 3.50 $/ lo00 SCF 
Diesel O i l  : 23.00 $/BBL 
Electric Power : 0.06 $/kWH 
Raw Water 1.00 $/ lo00 Gal lons  
Elemental  S u l f u r  : 90.00 $/Ton 
Anhydrous Ammonia : 150.00 $/Ton 

The o i l  s h a l e  feed  c o s t  r e p r e s e n t s  an  estimate f o r  run-of-mine o r e ,  
based on p r i v a t e  communication. This  c o s t  r e f l e c t s  an  underground 
mine o p e r a t i o n  f o r  provid ing  h igh  grade  o r e ,  30 G P T ,  from a 
Colorado s h a l e  d e p o s i t .  

Direct l a b o r  c o s t s ,  excluding maintenance l a b o r ,  were based on t h e  
p l a n t  s t a f f i n g  requirements  estimateld i n  S e c t i o n  7 . 9  of t h i s  
r e p o r t .  The annual  wages assumed f o r  t h e  v a r i o u s  l a b o r  c a t e g o r i e s  
a r e  summarized i n  Table 11.1. Wages f o r  t h e  p l a n t  s h i f t  o p e r a t o r s  
were based on $12.00 p e r  hour f o r  a 40 hour work week. 

I n d i r e c t  l a b o r  c o s t s  were based on 65% of t h e  d i r e c t  l a b o r  c o s t ,  
and i n c l u d e s  t h e  fo l lowing  items: 

Fringe B e n e f i t s  @ 25% 
General and Adminis t ra t ive  Overhead @ 30% 
P l a n t  S u p p l i e s  @ 10% 

Annual c o s t s  f o r  p l a n t  maintenance, i n c l u d i n g  s u p p l i e s  and total 
maintenance l a b o r  costs ,  were es t imated  a t  4.5% of t h e  i n s t a l l e d  
p l a n t  c o s t .  This percentage  was d e r i v e d  from c o n s i d e r a t i o n  of t h e  
maintenance level ass igned  t o  i n d i v i d u a l  p l a n t  u n i t s ,  as shown i n  
T a b l e  11.2.  Maintenance c o s t s  are div ided  e q u a l l y  between 
maintenance l a b o r  and m a t e r i a l s .  

Annual c o s t s  f o r  p l a n t  insurance  and l o c a l  t a x e s  were es t imated  a t  
1.0% of t h e  i n s t a l l e d  p l a n t  c o s t .  

P e r i o d i c  replacement of mobile equipment used f o r  t h e  s p e n t  s h a l e  
d i s p o s a l  o p e r a t i o n  w a s  inc luded  as an  o p e r a t i n g  expense,  averaged 
over an  assumed p l a n t  l i f e  of  30 years .  For t h i s  purpose,  t h e  
average l i f e  of mobile equipment w a s  taken a s  s i x  y e a r s ,  s o  t h a t ,  
over t h e  p l a n t  o p e r a t i n g  l i f e ,  t h e  c o s t  of f o u r  t o t a l  replacements  
is requi red .  
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Labor Category 

P l a n t  Managers 

Chief Engineers  

S t a f f  Engineers  

Chemists 

Draftsmen 

Technicians 

S e c r e t a r y l c l e r i c a l  

Account ing/Payr  011 

Purchasing/Receiving 

Warehouse 

F i r s t  Aid 

Secur i tyICus todians  

S h i f t  Superv isors  

S h i f t  Operators  

Table  11.1 

Est imated Direct Labor Cost * 

Number 

6 

2 

7 

3 

* Excluding Maintenance Labor 

2 

1 3  

13 

6 

3 

9 

4 

7 

40 

47 5 

- 
590 

Annual 
Wage, $ 
76,700 

60,000 

45,000 

40,000 

25,000 

22,000 

17,300 

28 , 300 

22,000 

22,900 

25,000 

21,000 

45,000 

25,000 

T o t a l  
Annual Wages 

460 
$ 1000 

120 

3 15 

120 

50 

286 

225 

170 

66 

206 

100 

147 

1,800 

11,875 

1 5  , 940 

- 2 5 0 -  



Table 11.2 

Estimated Plant Maintenance Cost 

Unit 

10 0 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

- Description 

Retorting 

Raw Oil Recovery 

Gas Treating 

Oil hydrotreating 

O i l  Fractionation 

Hydrogen Plant 

Sour Water Treating 

Sulfur Recovery 

Spent Shale Moisturizing 

Feed Preparation 

Spent Shale Disposal 

Raw Water Treatment 

Steam & Power Generation 

Cooling Water System 

Plant & Instrument Air 

Waste Water Treatment 

Inert Gas System 

Flare System 

Plant Fuel System 

Storage Facilities 

General Plant Facilities 

Total 

Installed Plant 

8 9 0 , 9 9 1  
c o s t ,  $1000 

78 ,131  

35,48,2 

79,69!3 

13,451) 

116,100 

25,16'i 

15,7001 

37,937 

169,219 

60,829 

7 ,918 

33,493 

22,088 

2,885 

16,216 

1 ,704 

47,149 

111 

26,686 

235,506 

1,916,468 

- 
5 

5 

3 

4 

3 

4 

3 

4 

6 

6 

7 

4 

4 

3 

2 

4 

2 

2 

2 

2 

2 

4.5 

- 

3,906 

1,604 

3,188 

404 

4,644 

755 

628 

2,276 

10 ,153 

4,258 

317 

1 ,340 

663 

58 

649 

34 

943 

2 

534 

4 710 

85,616 

L 
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11.2 Overall Operat ing Requirements 

Annual o p e r a t i n g  requi rements ,  i n  terms of t h e  b a t t e r y  l i m i t s  raw 
materials, u t i l i t i e s ,  by-products, c a t a l y s t  and chemical usage, and 
p l a n t  l a b o r ,  were based on t h e  o v e r a l l  p l a n t  o p e r a t i o n s  as summarized i n  
S e c t i o n  7.0. The fo l lowing  annual  requirements  were d e r i v e d  from t h e  
h o u r l y  and d a i l y  o p e r a t i n g  rates, based on cont inuous 24 hour  a day 
o p e r a t i o n  f o r  330 days per  year .  The annual  e lectr ic  power usage,  
however, r e f l e c t s  on ly  260 o p e r a t i n g  days per  y e a r  f o r  t h e  feed  
p r e p a r a t i o n  system, Unit  1000. 

Annual 
Usage 

Operat ing 
Requirement 

O i l  Sha le  Ore 72,720 Tons/Day 23,997,600 Tons 
N a t u r a l  Gas 50.3 MMSCF/Day 16,599 MMSCF 
Diesel O i l  3,600 Gal/Day 28,290 BBL 
Electric Power 18,465 KW 95,003,000 KWH 
Raw Water 6,225 GPM 2,958,120 MGAL 
C a t a l y s t  & Chemicals 64,882 $/Day 21,411,000 $ 

Direct l a b o r ,  excluding maintenance, was based on a f u l l - t i m e  p l a n t  
staff of 590. P l a n t  o p e r a t i o n s  produce t h e  fo l lowing  q u a n t i t i e s  of 
s a l a b l e  s u l f u r  and ammonia as by-products: 

Dai ly  Rate Annual R a t e  

Elemental  S u l f u r  70.6 Tons/Day 23,300 Tons 
Anhydrous Ammonia 211.8 Tons/Day 69,886 Tons 

11.3 Annual Operat ing Cost 

The annual  p l a n t  o p e r a t i n g  c o s t s  and by-product c r e d i t s ,  corresponding 
t o  a 90% stream f a c t o r ,  are d e t a i l e d  i n  Table 11.3. The t o t a l  e s t i m a t e d  
c o s t  i s  summarized according t o  t h e  major c o s t  e lements  as fol lows:  

Annual Cost 
% - $1000 

Raw Materials & Consumables 232,803 
Operat ing & Maintenance Labor 69,109 
Maintenance.Mater ia ls  42,808 
Other 26,251 

370,971 
By-product C r e d i t  (12,580 1 
Net Cost 358 , 391 

62.8 
18.6 
11.5 

7 . 1  
100.0 
- 

The o i l  s h a l e  o r e  r e p r e s e n t s  t h e  l a r g e s t  s i n g l e  c o s t  item, which 
accounts  f o r  62% of t h e  raw materials and consumables c o s t .  The annual  
c o s t  f o r  replacement of mobile equipment was es t imated  a t  $7.1 m i l l i o n ,  
which is e q u i v a l e n t  t o  f o u r  complete turnovers  a t  a c o s t  of $53.1 
m i l l i o n  per  c y c l e  over  a 30 y e a r  per iod.  

c Based on t h e  syncrude product ion rate of 54,560 BPD, t h e  n e t  o p e r a t i n g  
c o s t  per  b a r r e l  of product  o i l  i s  $19.91. 

- 2 5 2 -  
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Table 11.3 

Annual Plant Operating Cost 

Basis: 330 Operating Dayslyear 

Cost Element 

Raw Materials &a Consumables 
Oil Shale Ore 
Natural Gas 
Diesel Oil 
Electric Power 
Raw Water 
Catalyst & Chemicals 

Plant Labor 
Direct Labor (Excluding Maintenance) 
Indirect Labor 
Maintenance Labor 

Maintenance Materials 

Insurance & Local Taxes 

Mobile Equipment Replacement 

Total Operating Cost 

By-product Credit 
Sulfur 
Ammonia 

Net Operating Cost 

Annual Cost 
$1000 

143,986 
50,474 

6 5 1  
5,700 
2,958 

21,411 
225,180 

15,940 
1 0 , 3 6 1  
42,808 
69 , 109 

42,808 

19 , 164 

7,087 

363,348 

2,097 
1 0  , 483 

350,768 

3 
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APPENDIX - A 

RETORT VESSEL SKETCHES 
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APPENDIX B-1 

EQUIPMENT COST DATA 

RETORTING - UNIT 100 



FOSTER UHEELER USA CORP. 

CUSTOMER: DOEIMETC J O B  NO. : 11-;0,'05 

UNIT : RETOR? UNIT SECT. 10G R E V .  ; r  
LOCATION: WESTERN COLO DATE : 1 7 - A p r - 6 7  

-. .  
>;ELHLr :  . - _  - > r '  

EQUIPMENT SUMMARY 
--------------------___________^________-------------------------------------------------- 

: FW : : CODE 1000 : CODE 2000 : :CODE 4000  : :: : 
:CODE : DESCRIPTION : DIRECT :SUBCONTRACT : TOTAL : LABOR : OF : 
: NO. : : MATERIALS : D&E : MANHOURS : T O T A L :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VESSELS 
: 

: 110 :TOWERS 0 :  0 :  0 : 
: 120 :REACTORS, REGEN.,CONVER. : 0 : 5 5 , 5 7 8 , 0 0 0  : 5 5 , 5 7 8 , 0 0 0  : 
: 130 :DRUMS : 9 9 9 , 0 0 0  : 1 , 1 0 3 , 1 0 0  : 2 , 1 0 2 , 1 0 0  : 
: 140 :STORAGE TANKS 0 : 6 , 9 7 8 , 0 0 0  : 6 , 9 7 8 , 0 0 0  : 
: 150 :TOWERS (FIELD FABRICATED) : 0 :  0 :  0 :  
: 160 :PROCESS DUCTS 0 :  0 :  0 :  
: 180 :VESSEL TESTING 0 :  0 :  0 : 
: 190 :SPECIAL VESSELS 0 :  0 :  0 :  

: HEAT TRANSFER EQUIPMENT : 

: 210 :SHELL b TUBE EXCHANGERS : 5 4 1 , 4 0 0  : 0 :  5 4 1 , 4 0 0  : 
: 220 :DOUBLE PIPE EXCHANGERS 0 :  0 :  0 :  
: 230 :AIR COOLED EXCHANGERS : 7 , 5 7 6 , 7 0 0  : 0 : 7,576,700 : 
: 240 :FIRED PROCESS EQUIPMENT : 3 , 3 8 8 , 7 0 0  1 0 : ;,;88,70G : 
: 2 7 0  : V A C U U I ?  EOUIPMENT 4 6 , 4 0 0  : 0 :  & t , 4 < ) {  : 
: 280 :STPI. 'URBINE SURFACE CONP. : 0 :  0 :  1. : 
: 2'30 : O T i i E R  YEAT TYPiNSFE'7 EOUI". : 0 :  9 :  , .  

: 9ECHANICAL EOUIDME!iT 

: 310 :FUMPS : 1 4 4 , 3 0 0  : 0 :  1 4 4 , 5 0 0  : 
: 320 :COMPRESSORS : 1 7 , 2 1 1 , 2 0 0  : 0 : 1 7 , 2 1 1 , 5 ' ) 0  : 
: 330 :ELECTRICAL GENERATORS 0 :  6 :  0 : 
: 3 4 0  :MATERIALS HANDLING 0 :  0 :  0 :  

: 370 :T#ERMO/MECHPiNICAL 0 :  0 :  0 :  
: 380 :DRIVERS 0 :  0 :  0 :  

: 350 :MATERIALS PROCESSING : 9 , 4 7 7 , 7 0 0  : 0 : 9,477,700 : 
: 360 :MATERIALS T R A N S P O R T  : 1,334,900 : C : 1,354,900 : 

: 3 9 0  :OTHER MECHANICAL EOUIPMENT : 9 :  0 :  0 :  
: 

MISC. EQUIPMENT : 

: 470 :ELV, CRANE, HOIST 0 :  0 :  0 :  
: 910  :PACKAGE SYSTEMS 0 :  0 :  0 :  
: 920  :UTILITY THERMAL SYSTEMS : 0 :100,000,000 :100,000,000 : 
: 930 :NATER TREATING 0 :  0 :  0 :  
: 940 :WASTE TREATING 0 :  0 :  0 :  
: 9 5 0  :BLDG. & MAINT. EDUIPMENT : 0 :  0 :  0 :  
: 9 6 0  :CATALYST b CHEMICALS 0 :  0 :  0 :  

0 :  
G : 2 7 . 2 : ! :  
G : I A X :  
0 : 5 . 4 % :  
0 : 
0 : 
0 :  
0 :  

0 : I:, , : :* : 
G :  
(1 : 7 .  ::,: 
c : 1.7::: 

~ .. . ,  . . . . . , . .  
, I  * . .  
, /  . . .  

' _ I  : il . 1 7. : 
r, : 8.4::: 
0 : 
0 :  

: 4 . 6 % :  
CJ : 0 , 7 ?. : 
0 :  
0 :  
5 :  

0 :  
0 : 
0 t4E.97.: 
6 :  
0 :  
0 :  
0 :  
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FOSTER WHEELER USA CDRF. PPSE I 

CUSTONER: DOEl‘HETC 
. LOCATION: WESTERN COLO 

UNI: : EETOR’ !NIT SECT. 1W 



FOSTER WHEELER 3 3 1  C G P .  PAEE 2 

3 

CUSTDRER: DOEMETC 
LOCATiOIY: Y iSTERt i  COLO 
U!iI? : RETORY Utii? SECT. 106 

EQUIPMENT DETAIL  ........................................................................................................... 
: F Y  : : CODE 1000 : CODE ZOO0 : CODE 4000 : 
: CODE : ITEM : DESCRIPTION : QTY : WEIGHT : HATERIRLS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : NANHOURS : 
-----------------------------------------------------------Y---L---_-I_---------------------------------_-_---  

120 V-lC14 CO!WSTED SHALE SEPARATOR 6 24,460,800 
4 ? ' 6 ' i 1 9 ' 2 '  D I A  X 5 5 '  T/T 
YI 510 SS INTERIALS 

B1-5 



FOSTER #HEELER USG COR?. PfiGE 3 

CUSTOIER: DOElHETC 
LOCATION: YESTEAN COLR 
UNIT : RETORT UH!i SECT. 190 

B1-6 

.. . - _. . . . . .. . . . . .. 



3 

EQUIPHENT DETAIL ------------------------------------------------------------------------------------------------------ 
: FY : : : CODE 1000 : CODE 2000 : CODE 4000 : 
: COOE : ITEH : DESCRIPTION : RTY : WEIGHT : HATERIALS : SU8CONTF:ACT :DIRECT LABOR: 
: NO. : NO. : : COST DhE : HANHOURS : .................................................................................................................. 

3 1,28?,800 0 1,103,100 130 V-!QM/C CONDENSkTE DRUR 
25' I j I A  X 90' T l T  



FOSTER #HEELER US6 CGRP. PA6E 5' 

CUSTOHER: DOE/HET!: 
LOCATION: WESTERN COLO 
iJNIT : RETGRT UNIT SECT. !@E 

Joe NO. : 13-36265 
DATE : 17-Gpr-87 
EY' 
; C ~ F + x E ~  5'. ' e. -.. 

EQUIPnENT DETkIL 

B1-8  
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F W E R  WHEELER L!SG CORP. 

CUSTOHER: DOElHETC 
LOCATIO#: HESTERN COLD 
iJNIT : RETORT UNIT SECT. 100 

EQUIPHENT DETAIL 

: FU : : : CODE 1000 : C O X  2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTIOH : RTY : WEIGHT : HhTERIhLS : SUBCON?RACT :DIEECT LAbOt: 
: NO. ; NO. : : cas7 : N E  : HANHOURS : 

140 V-101 RAW SHALE B I W  
60'  l i I R  X 175' H 

6 6 ,978,000 

VERT. OR HD.911.: V 
SUPPORT: 
HATER1 AL : CONCRETE 
STRESS RELIEVE: 
X-RIIY: 
JOINT EFF.: 
YALL THICEtiESS: 
CURR * AiLOLi * : 
DESIEY - PSIWTEHP: 
AS8E CUDE: 
HOZ/!W RATING: 
SOURCE: I ----------------------------------------------------------------------------------------- 

?-e . I " . -  I - _ ,  
?.I. - T,  

~ u 3 l C l h i  : 6 : 0 :  " .  

.. 
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FOSTER iiiiEELER OSk CDRF. PASi 7 

CUSTOKR: DOEIPIETC 
LOCATION: YESTERN COLO 
9MIT : RETOR? UNIT  SECT. 1OC 

JOB NO. : 11-36265 

!E\;. 
DATE : l?-kpr-8? ~. 

, -.r-..,.-- . 
??,:!"'r.KL : : 

210 E-102 TUREINE EXHAUST SURFACE 3 
CDNDENSER 

TYPE: A6S 
SHELL 10 IN.: 59' 
TUBE LENGTH FT.: 20 
NO. OF SHELLS: 1 
SQ. Fi. PER SHELL: 10000 
iOTAL se FT.: 10000 
%ELL - PSIGITEHF: FV1150 
Tb i i i  - PS!6iTEW: 75/150 
ERTL. - SHEiLiTUEi: CSlCS 
C2URCE: 1 

243,600 

' i t 5  E-101 ?URE?NE EXHAUST SURFACE COEiDiHCEf! 6 282, GCIO 

TYPE: AES 
SHELL I D  IN.: 43 
W E  LENGTH FT.: 20 
NO. DF SHELLS: 1 
SQ. Fi. PER SHELL: 5000 
TOTkL SO FT.: SO00 
SHELL - PSIS/TEHP: FV1150 
TUBE - PSI6iTEHP: 75/150 
HATL. - SHELL/TUSE: CS/CS 
SOURCE: 1 



FOSiER WHEELER USA COR?. ?AS€ s 

CLSTMER: DOElnETC crs UN?; : RETOR! UNIT SECT. 100 
- 10CATIDN: WESTERN COLO 

JOB NO. : 11-36265 
: 17-Apr-67 DATE 

REI:. : 
F":;EEI E ,  : i r -  

-.. 

EQUIP?fENT DETAIL --------------------------------------------------------------------------------------------- 
: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEM : DESCRIPTION : QTY : WEIGHT : KATERIALS : SUBCONTRACT :DIRECT LAEOR: 
: NO. : NO. : : COST DbE : HANHOURS : 

B1-11 



?AGE 'l 

n 

230 E-i03;11C COEPRESSOK INTERCOOLERS 
3 2,562,000 

TOTAL BARE Sa FT.: 
NO. OF a m :  
TUBE nRTERIAL: 
TUBE LENGTH: 
Pi01 SIZE: 
NO. Oi FANSIBAY: 
HP EACH: 
PRESS/TEHP: 
SOURCE: 

52000 
10 
CS 
36 ' 
2OG' X 36 '  
2 

50/300 
1 

3 4 , 7 9 4  ,GOO 

c 



FrJSTEE iiHEELEP. USA CORP. 

CUSTOHER: @OE/ETC 
LOCATION: UESTERN COLO 
UNIT : R i T D R i  Uti:! SECT. 100 

JOB NO. : 11-36265 
DATE : I?-Rpr-Bi 
REV. 
?;,Eq;*E: 5 .  ' ?  

-, 

EQUIPHEHT DETAIL 

: FW : : CODE 1000 : CODE 2000 : CODE 4600 : 
: CODE : ITEH : DESCR I PT 1 ON : RTY : HEIGHT : HATERIALS : SUeCONTRACT :DIRECl LABOR: 
: NO. : NO. : : COST DLE : FANHOURS : 

B1-13 



FDSTE? YHEELER USA CORP. 

JOB NO. : 11-36265 
DATE : !,?-(\pr-B7 I. 

D;E:+;,L: :' ' 

. .  
RE?. - . -  

L r 

EQUIPHENT DETAIL 
________________-_-_--------I---- ____________________----------------------__--------------------------------- 

_________________________-__-_------- ___________________________________y__________------------------------------ 

: : FY : 
: CODE : ITEH : D E S C R I P T I O N  

: NO. : NO. : 

: CODE 1000 : CODE 2000 : CODE 4000 : 

: COST : D k E  : !!ANHOURS : 
: QTy : HEIGHT : HATERIALS : SUBCONTRACT :!IREc! LABOR: 

b 690 , 000 
2440 U-101 RECYCLE 5AS HEATER, VC TYPE 

2 , s o  ,000 

e 



FOSTER YHEELER USti CORP. 

CUSTOHER: DOEINETC 
LOCATION: WESTERN COLO 
U N I T  : !?ETOi?i UHI’ SECT. !Ob 

PAGE 1 2  

JOB NO. : 11-36262 
DATE : 17-Apr-67 
EEV. . .  

- ~. 
.‘l’CL.*. - , .- ....-_ 

B1-15 



PAGE I 3  

ERUIPtlENT DETAIL 
_______________________________I____ _____________________---_--_--------_______---------------------- 

............................................. ______________________-_-__--__-__-____-___-_-------------------------- 

: CODE 1000 : CObE 2000 : CODE 4001 : 
: QTY : HEI6HT ; HATERIALS : SUBCONTRACT :DIAECT LABOR: 

: COST : DkE : HRNHOURS : 

: FY : 
: CODE : ITEM : 
: NO. : NO. : 

DESCRIPTION 

15,000 

6 50, OOG 

............................................................ SUORCE: 1 ..................................... 0 :  3 0 , 0 0 0  : 0 :  0 :  
____________-_----- ________________I_____________________________-___------_------------------- 

FREIGHT 5.31 900 0 

_____________________-------------- DEYELOPbENT _____________________--_-_-__-___-_-__-_-_____-_-_-_----------------------------- ! :  

____________________-___-__--_---_-_-----_------------------ ____________________-___--_------_---------------- 

SUBTOTAL : b : 

0.0 i  

TOTkL : b : 0 :  3 3 , 9 0 3  : I) : 

_-_I_- 
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FOSTER WHEELER US& CORFI. 

GUSTOHER: DOEMETC 

U H F  : EETOR? U N I T  SECT. :oo 
@ - LOCkTlDN: MESTERN COLD 

FAGE 14 

JOB NO. : 11-36265 
DATE : !?-Apr-@? 
E V .  . i. 

-.. P;%E”2E* 5. ,i. 
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FOSTER i iHiELER USA CORP. PAGE (5 

CUSTOIIER: DOE/HETC 

UNIT : RETORT UNIT SECT. 1OC 
L e c m o t i :  YESTERN COLO 

JOB NO. i 11-36265 
DkiE : 17-Apr-B? 

, .  !. REV. 
-,- ----”..-- , 

* I C f 9 2 t .  : 

31? F-1OlAiF CONDEWSATE PUWPS b 65,400 

WH: 1200 
HD. FT.: 175 
P S I  : 
S.6. : b ? . 4 # i F i 3  
P M P  TYPE: HC 
PUNP t4CTiRlAL: E- 1 
D R I V E  TVFE: H 
JRiVE HP: 190 
SHOP EO F i E L D  HT.: S 
SOURCE: 1 

310 P-102AIB CONDENSATE PUHPS 12 ?4, !OO 

6PH: 100 
HE. FT.: 175 
PSI: 
S.6.: 
PUHP TYPE: HC 
PUNP HGTEEiAL: 5-1 
D E i V E  TYFE: !! 
D R I V E  HP: ! O  
SHOP OR FIELD HT.: S 
SOURCE: I 

C 



FOSTEk WHEELER U S I  C O W .  PA6E 16 

CUSTOHER: w n E T c  
LOCRTION: WESTERN COLD 
UN!T : REiOET UNIT SECT. lo? 

JOB NO. : 11-36265 
DATE : 17-Apr-87 
REV. I. 
PEEP?;,:: E .  : I .I 

* . .  

EQUIPHEN1 DETAIL 

: FW : : CODE 1000 : CODE 200@ : CODE 4000 : 
: CODE : ITEH : DESCRIPTIOM : BTV : YEIGHT : HATERIRLS : SUBCONTRACT :DIRECT LRBOE: 
: NO. : NO. : : COST : OLE : MANHDURS : 
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PAGE !? 

A 

3?? C-I01 C M B t i S T I O N  Ai2 ELOWER, CS 0 5,250, ooe 
WITH D R I V E R  

323 C-lO?RIC 

0 

PROCESS A I R  COHPREbSOR g ? T H  3 
ST- I O Z A / C  D R I V E R  

11,460,000 



FOSTEX RHEELER USA CORP. PkGi 18 

CUSTRYER: DOElHETC 
LOCATION: WESTERN COLO 
UFi!; : FIETOR: ilN!? SECT. 1OC 

B1-21 



FOSTER YHEELEF! USA CDRP. 

3 0  F- !O lA/C k I R  FILTERS, 282200 ACFN EA 3 1,101,6OO 

350 PK-IO? FLUE 5AS 8R6 HOUSE oil INTEGRAL b 
SOL1DS HOPPER [ 70 DE5 ANGLE 1 
k 2 ROTARY VALVES 

e ,  100,000 

FLUE GAS:  276400 ACF)! I 350 DE6 F 
& 11.1 PSlA 

SOLIDS: 71182#iHR 

B1-22 
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. . . . , . . - - - 

FOSTEi? WHEELER USA CORP, ?&E 2c 

CUSTOHER: DOE/HETC 
LOCATION: YESTEAN COLO 
MI? : RETORT UN!T SECT. 100 

: 31-36265 
: 1!-Apr-87 
* '  r 

_ .  
I .  

EQUIPHENT DETAIL 

I 
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P A S  ?! 

12 717,600 



3 
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FOSTET! #HEELER USA CORP. 

BOILER 
ECONONIZER 
COHBUSTOR 
FANS 
DRIVES 
FIELD CONSTRUCTION 

B1-26 
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Section 100 - RETORTING UNIT 

Equipment 
I tern 

R-10 1 

V-10 3 

V-104 

V-105 

V-106 

7-108 

v-131 

?K- i 3 1 

BREAKDOWN OF SUBCONTRACT EQUIPMENT COSTS 

Nun be r 
Requited Material 

Cost Per Vessel ,  $ 
Labor Total - - 

421,000 454,200 875,200 6 

6 227,800 306,000 533,800 

2,187,400 1,889,400 4,076,800 6 

1,510,000 1,584,200 3,094,300 6 

6 322,700 360,200 682,900 

5 220,600 1$7,lOrJ 36 7,711 1 

6 232,600 330,400 I, L6.3,300 

3 ,33 3 , do -J i 3 , 3 3 3 , 2 0 - 1  - ' . : o ' , ,  , 5 
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APPENDIX B-2 

EQUIPP.!ENT COST DATA 

PAL GIL RECOVLYY - UIVI ' I  200 



FOSTER WHEELER usa CORP. 

CUSTOMER: DOEfMETC JOB NO. : 1 1 - 3 6 2 6 5  
LOCATION: WESTERN COLORADO DATE I 23-Apr-87 
U N I T  : SECTION 200 - RAW OIL RECOVERY REV. 0 

PREPFIRED BY:  M D I T A R I S S  
EQU I PflENr SUMPIFIRY ......................................................................................... 

I FW I I CODE 1000 I CODE 2000 I ICODE 4 0 0 0  I % : 
I CODE I DESCRIPTION s DIRECT tSUBCONTRACT1 TOTAL I LABOR I OF : 
I NO. I I RATERIALS I DLE I : HANHOURS :TOTAL I --------------------------------------------------.-------------------------------------- 
: I VESSELS : I I I : I 

I 110 :TOWERS : 1,660,200 I I 1,660,200 : I 5 . 8 % :  
: 120 IREACTORS, REGEN.,CONVER. : 1 I I 

: 130 :DRUHS : 273,000 I I 273,000 : : 1.0%: 
I 1 4 0  ISTORAGE TANKS I I I I I 

I 150 :TOWERS ( F I E L D  FABRICATED) : 8 I I : I 
: 160 :PROCESS DUCTS I I I : f 

I 100 :VESSEL TESTING I I I : I : 
: 190 : S P E C I A L  VESSELS I I I f ! 

: : HEAT TRANSFER EQUIPMENT I : 1 : I I 
t I I 1 : I 

: 210 :SHELL & TUBE EXCHANGERS : 1,109,300 1 : 1 , 1 0 9 , 3 0 0  : : 3.3%: 
: 220 :DOUBLE P I P E  EXCHANGERS : 1 : : : 
: 230 : A I R  COOLED EXCHANGERS I 7 , 4 8 4 , 0 0 0  I : 7 , 4 8 4 , 0 0 0  : : 2 3 . ; ; : :  
: 240 : F I R E D  PROCESS EQUIPMENT : I 

: 270 :VACUUR EQUIPMENT I I 
: 280 : S T M .  TURBINE SURFACE CDND. : I 1 : 
: 290 :OTHER H E A T  TRANSFER EQUIP.  : I 

: : MECHClNICAL EQl j IPNENT : t I 

I 310 :PUMPS : 797,200 I : 7 9 7 , 2 0 0  : : 2.E%: 
I 320 iCOMPRESSORS I 

I 330 :ELECTRICAL GENERATORS I I I : 
: 340 :MhTERIALS HANDLING : I 
I 350 I N A T E R I A L S  PROCESSING : 16,483,200 : : 16,483,200 : : 57.92: 
I 360 i M A T E R I A L S  TRANSPORT I 618,000 I I 618,000 8 1 2.27.8 
I 370 :THERtlO/HECHANICAL I I I I 1 

I 380 rDRIVERS : I 

I 390 :OTHER MECHANICAL EQUIPHENT : : I I : 
: I : I I I 

: I I I I I I 

I t f l  I SC. EQU I PHENT I I I : I I 
I I I I I I I 

I 4 9 0  IELV, CRANE, H O I S T  I I I : : 
I 21,600 I I 21,600 I I 0.121 I 910 $PACKAGE SYSTEMS 

: 920 ; U T I L I T Y  THERRAL SYSTEHS I I I I I I 

: 930 :WATER TREFITING I I I I I I 

I 9 4 0  IWASTE TREATING I I I I I 

I 950 IBLDG. & HAINT.  EQUIPHENT t I 1 I I 1 

: 960 :CATALYST & CHERICALS I I I : I 
‘ I  1 I I I I 

TOTAL EQUIPMENT 3 2 8 , 4 4 6 , 5 0 0  I 1 2 8 , 4 4 6 , 5 0 0  : t 100.OY.: 

I t : t I I 

I 

I 1 I I I I I 

: : I I I 

I I I : 

1 I I I 

I 

-.  ......................................................................................... 
a : ----------- - -------_---.----------------------- - ---- - ---------- ......................... 
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i05TEii WHEELER USA CORP. 

CUSTDHER: DOEIHETC 
LOCATION: WESTERN COLORADO 
UNIT : SECTION 200 - RRY OIL RECOVERY 

r 

c 
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FOSTER WHEELER USA CORP. 

CL'STOHER: DOElHETC 
LOCATION: WESTERN COLORADO 
UNIT : SECTION 200 - RAY OIL RECOVERY Grs 

JOB NO. : 11-36265 
DATE : 23-Apr-E7 
REV. 0 
PREPAREI! BY :. RKD!TAl?/SS 

B2-5 



FOSTER M E L E E  ESA C W .  

CU3O!EF!: 00E/t!ETC 
LOCATION: liESTERN COLORADO 
UNIT : SECTION 200 - RAY OIL RECOVEilY 

JOE Y O .  : !!-:e265 
DATE : 23-Apr-@? 
REV. G 
F.P.EPAREC ai. : W[.  '?GR!S,C 

E 
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FOSTER WHEELER USA CORP. 

, \  

CUSTOHER: DOE/HETC JOB NO. : 11-36265 
LOCATION: WESTERN COLORADO DATE : 23-4ppr-87 

PREPARE; B V  : MKDITARISS 
UNIT : SECTION 200 - RAY O I L  RECDVERY REV. 0 

210 E-202 HIE PURPAROUND COOLER 6 201,000 

TYPE: 
SHELL ID IH.: 
TUBE LENGTH FT.: 
NO. W SHELLS: 
Sa. FT. PER SHELL: 
TOTAL SQ Fl.: 
SHELL - PSIG/TEHP: 
TUSE - PSIG/TEHP: 
YATL. - SHELL/TUBE: 
SOURCE: 

BKU 

20 
i 
2330 
2530 
901350 
2101462 
CSlCS 
IN-HOUSE 

210 E-203 SPONGE OIL COOLER 6 SO, 400 

TYPE: AES 
SHELL ID IN.: 
TUBE LENGTH FT.: 10 
NO. OF SHELLS: 1 
SR. FT. PER SHELL: 254 
TOTAL SR FT;: 254 
SHELL - PSI61TEnP: ?00/331 
TUBE - PSI61TEHP: 210/110 
HATL. - SHELLITUBE: CSlCS 
SOURCE: IN-HOUSE 
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FOSTER HHEELER USA CORP. 

CUSTOHER: DOEiHETC 
LOCATION: WESTERN COLDRlDO 
UNIT : SECTION 20G - RAY OIL RECOVERY 

JOB ND. : 11-36265 
DATE : 23-Appr-87 
REV. 0 
PREPARED e\! : HGD/TAR!SS 

210 E-205 BOTTO!! PUHPAROUND COOLER b 540,600 

TYPE: BKU 
SHELL ID IN.: 
TUBE LENGTH FT.: 20 
NO. OF SHELLS: 1 
SQ. FT. PER SHELL: 4705 
TOTAL SQ FT.: 4705 
SHELL - PSIWTEHP: 1751416 
TUBE - PSIG/TEWP: 220/640 
HATL. - SHELLfTUBE: CS 4lOCLAD/SCR-1121(0 
SOURCE: IN-HOUSE 

210 E-206 BOiTGNS COOLER b 285,000 

TYPE: AES 
SHELL I D  IN.: 
TUBE LENGTH Fl.: 12 
NO. OF SHELLS: 3 
SR, FT. PER SHELL: 552 
TOTkL S% FT.: 1656 
SHELL - PSIG/TEHP: 2001366 
TUBE - PSIG/TEHP: 220/480 
ncITL. - SHELLLTUBE: CS/CS 
SOURCE: IN-HOUSE 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/t!ETC 
LOCATION: WESTERN COLORADO crs i lNIT : SECTION 200 - R&W OIL RECOVERY 

EPUIPHEliT DETfiiL 

JOB NO. : 11-56265 
MTE : 23-Apr-87 
REV. 0 
PREPRRED E” : HKDjTAR ISS 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEI I  : DESCRIPTION : QTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : :  : COST : DbE : HANHOURS : 
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FOSTER WHEELER USA CDRP. 

CUSTOHER: OOEIHETC 
LOCATION: YESTERN COLORAOO 

r UNIT : SECTIOU 200 - RAY OIL RECOVERY 

JOB NO. : 11-36265 
MTE : 23-Apr-87 
REV. 0 
PREPAREC BY : H E D I T W S S  

EBUiPHENi DETAIL 

230 E-201 

: 

OVERHEAD CONDENSER 

PLOT BREA SQ FT.: 

TOTAL SR FT. : 
PSIG: 
HATER I AL: 
NO. OF FANS: 
NO. OF HOTERS: 
HP EACH: 
SOURCE: 

NO. OF BAYS: 

6 

6 
20110 
50 
3 16% 
12 
12 
30 
IN-HOUSE 

~~ ~ ~~ 

SUBTOTAL : 6 : : 6,B06,400 : 

FRE!GHT 
DEVELOFRENT 

3-01 2 O k ,  190 

230 E-204 SPOWGE OIL AFTERCOOLER 

PLDT AfiEA SB FT.: 
NO. OF BAYSI 
TOTRL SP FT.: 
PSIG: 
MR TER I AL: 
NO. OF FMSI 
NO. OF HOTERS: 
HP EACH: 
SOURCE: 

1 
312 
210 
cs 
2 
2 
5 
IN-HOUSE 

6 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/NETC 
LOCATION: WESTERN COLORADO 
UNIT : SECTION 200 - RAY O I L  RECOVERY 

JOB NO. : 11-36265 
M T E  : 23-Apr-E7 
REV I 0 
PREPAREI! BY : MED/TAR/SS 

230 E-207 BOTTOMS AFTERCOOLER b 261,600 

PLOT AREA SQ FT.: 
NO. OF Bays: 1 
TOTAL SQ FT.: 690 
PS16: 220 
HATER I AL: cs 
10. OF FANS: 2 
NO. OF HOTERS: 2 
HP EACH: 10 
SOURCE: IN-HOUSE 
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FOSTER WHEELER USA CORP. 

I 

CUSTOHER: DOElNETC 
LOCATION; WESTERN COLORADO 
UNIT : SECTION 200 - RAY OIL RECOVERY 

JOB NO. I 11-36265 
DATE : 23-Apr-87 
REV. 0 
PRiPPlRiO BY. : EEDlfARlSS 

si0 P-261 CENTRATE PUHP 12 36,000 255,600 

6PH: 
HE. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD NT.: 
SOURCE: 

1780 
410 
146 
0.73 
CIP I 
CSllZCR 
HOTOR 
200 
SHOP 
IN-HOUSE 

310 P-202 HID PURPAROUND PUNP 12 36,000 219,600 

6Pn: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUllP #ATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

1895 
353 
143 
.14 
API 
CSICI 
ROTOR 
200 
SHOP 
IN-HOUSE 

c2 

A 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOEIETC 
LOCATION: WESTERN COLORADO 
UNIT : SECTION 200 - RAY O I L  RECOVERY 

JOB NO. : 11-36265 
DATE : 23-Apr-67 
REV. 0 
PREPARED BY : HKDITARISS 

P 

310 P-203 REFLUX PUHP 12 13,200 104,100 

6PH: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 

SOURCE: 
SHOP OR FIELI! Hi.: 

176 
320 
115 
.795 
API 
CS/NIRES IS1 
HOTOR 
30 
SHOP 
IN-HOUSE 

310 P-204 SOUR WATER PUMP 12 10,800 94,600 

6PH: 
HD. FT.: 
.PSI: 
S. 6. : 

PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR F IELD HT.: 
SOURCE: 

PunP TYPE: 

111 
211 
99 
.989 
API 
C S I N I  RESIST 
ROTOR 
15 
SHOP 
IN-HOUSE 



FOSTER WHEELER USA CORP. 

JOB NO. : 11-36265 
DATE : 23-Apr-87 
REV, 0 
PREPARED. PV. : HEDiTkR!SS 

CUSTOHER: DOE/HETC 
LOCATION: YESTERN COLORADO 
UNIT : SECTION 200 - RAW O I L  RECOVERY 

EPir!PtiElii E T k i L  
-------------------I___________________--------------------------- 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : PTY : WEIGHT : MERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : I :  : COST : DLE : RANHOURS : --------------------------------------------------------~---------------- 
310 P-205 SPONGE OIL EOOSTR PUIP 12 12,000 99,600 

6PH: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD RT.: 
SOURCE: 

50 
370 
223 
.06 
API 
C S / C !  
HOTOR 
20 
SHOP 
IN-HOUSE 

A 

n 
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FOSTER WHEELER USlr CORP. 

CUSTOHER: DOEIHETC 
LOCATION: WESTERN COLORADO 
UNIT : SECTION 200 - MY OIL RECOVERY 

JOB YO. : 11-56265 
DATE : 23-4pr-87 
REV. : 0 
PREPARED BY : HKDITARISS . 

EEUIPHUT fiTAii 

350 P6-201 C E N T R I N M  PACKAGE 24 16,320,000 

6PH 510 
L I Q U I D  DENSITY 4J.S#ICF 
SOLID DENSITY 138#1CF 

TEHP 5COF 
PRESS 5PS16 
304LSS 
200HP 
SHARPLES OR EQUAL 

PERCENT SOLIDS 3 . 9 5 ~ ~ ~  
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FOSTER YHEELER USA CORP. 

CUSTOHER: DOE/HETC 
LOCATION: YESTERN COLORADO 
UNIT : SECTION 200 - RAY OIL RECOVERY 

JOB no. : 11-36265 
MTE : 23-kppr-87 
REV. 0 
PREPARE@. BY. : HKDDlfAE :SC 

560 CR-201 SCREW FEEDER 

CAPaciTY 1 4 6 ~ ~  
HOTOR DRIVE 
DRIVER HP 15 
FLUID TEHP 590F 
HAT'L 304LSS 

PERCENT SOLIDS 702 
TYPE SCREN CONVEYOR 
SIZE 9' D11 

DENSITY e 5 . e t s m  

24 360,OOO 

360 IF-201 SOLID CAKE INJECTION FEEDER 

CAPACITY 1 4 6 ~ ~  
TYPE PCS DIS SCREY FEEDER 
DRIVER TYPE HOTOR 
DRIVER HP 15 
FLUID TEHP 59OF 
INLET PSI6 0 
OUTLET PSI6 50 
DENSITY BS. MIFn 
PERCENT SOLIDS 702 
RATERIAL 304LSS 

24 240,000 

I 
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FOSTER WHEELER usa CORP. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLORADO 
UNIT : SECTION 200 - RAY OIL RECOVERY 

/ 

c 

JOB NO. : 11-36265 
OAK : 23-Apr-87 
REV. 0 
PREPARED BY : MKDITARISS 

EQU I PHENT OETA I L 

: m :  : : CODE 1000 : CODE 2000 : COOE 4000 : 
: COD€ : ITEM : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRLCT :DIRECT LABOR: 
: NO. : YO. : : :  : COST DLE : MANHOURS : 

TaTaL CODE: 360 : 48 : 618,000 : 

B2- 1 7  



FOSTER YHEELER USA CDRP. 

CUSTOHER: DOE/HETC 
LOCATION: YESTERM COLORAM 
UNIT : SECTIOM 200 - RAY OIL RECOVERY 

iBiIPHEHT PETAIL 

JOB NO. : 11-36265 
ME : 23-Apr-87 
REV. 0 
PREPGRED 9 : tlKC!TCIR/Sf 

910 P6-202 CORROSION INHIBITOR PACKAGE 6 21,000 

CAPACITY 0-306PH 
POLYSULFIDE INJECTION VESSEL 
WD PUMP 

n 
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APPENDIX B-3 

EOUIPMENT COST DATA 

GAS TREATLVG - KiIT 300 



FOSTER 'UIHEELER usa CORP. 

CUSTOMER: DOE/METC J O B  NO. : 11-30265 
LOCATION: WESTERN COLO DkTE : 09-fipr-87 

: 6AS TREATING SECT. 300 REV. . .  UNIT 
T ; z i , - ' - -  - .  . 

/ .. 

. . _  r7.z- z : r '  

E 0 ii I P M E ti7 SUM H A  R \ . ........................................................................................ 
: F W  : : CODE 1000 : CODE 2000 : :CODE 4000 : 1 : 
:CODE : DESCRIPTION : DIRECT :SUBCONTR&CT: TOTAL : LABOR : OF .: 
: NO. : : MATERIALS : D&E : : MANHOURS :TOTAL : --------------------------------------------------------------------------~-------------- 

VESSELS 

: 110 :TOWERS : 125,800 : 0 : 126,800 : (I : 1 . !:! ; : 
: 120 :REACTORS, REGEN.,CONVER. 0 :  0 :  0 :  G :  

: 277,800 : 0 : 277,800 : (1 : 2 . 2 ; :  
0 :  0 :  0 :  0 :  

: 130 :DRUMS 
: 140 :STORAGE TANKS 
: 150 :TOWERS (FIELD FABRICATED) : 0 :  0 :  0 :  0 :  
: 160 :PROCESS DUCTS 0 :  0 :  0 :  9 :  
: 180 :VESSEL TESTING 0 :  0 :  O !  0 :  
: 190 :SPECIAL VESSELS 0 :  0 :  0 :  0 :  

: HEAT TRANSFER EQUIPIIENT : 

: 2 1 0  :SHELL C TUBE EXCHANGERS 0 :  0 : ? :  <i : 
: 220 :DOUBLE PIPE EXCHANGERS 0 :  0 :  0 :  0 :  
: 230 : A I R  COOLED EXCHhNGERS : 1,0315,200 : 0 : 1,036,20 i ;~  : !2 : 3 , 1; ,. : 

: 240 :FIRED PROCESS EQUIPMENT 0 :  0 :  9 :  I:, : 
: 2 7 0  : V A C U U M  E Q U I P R E N T  0 :  0 :  Q :  . .  
: 2 5 5  : S T M .  TSF;??NE S u R . F A C E  C O N @ .  : 0 :  c :  . .  . .  
: 2?C! :OTHEF:  h E A T  TFiANSFE2 E Q U I F .  : 0 :  (! : . .  

-. . ., 

.: . 

. ,  I 

: Y E C H A N I C A L  E 2 U I P f l E N T  

, - .. 
: 310 :PUMPS 86,100 : 0 :  8 b . 1 0 0  : 0 : C ' .  :.: 
: 320 :COMPRESSORS :ii,s9i,aoo : 0 :11,391,800 : 5 : 86.27 . :  
: 330 :ELECTRICAL GENERATOiiS 0 :  0 :  0 :  0 :  
: 340 :MATERIALS HANDLING 0 :  0 :  0 ;  G :  
: 350 :MATERIALS PROCESSING 0 :  0 :  0 :  0 :  
: 360 :MATERIALS TRANSPORT 0 :  0 :  0 :  0 : 
: 370 :THERMO/HECHANICAL 0 :  0 :  0 :  0 : 
: 3ao :DRIVERS 0 :  0 :  0 :  0 :  
: 390 :OTHER' HECHANICAL EQUIPMENT : 0 :  0 :  0 :  0 : 

MISC. EQUIPMENT 
: 

: 490 :ELV, CRANE, HOIST 0 :  0 :  0 :  0 :  
: 910 :PACKAGE SYSTEMS 0 :  0 :  0 :  0 :  
: 920 :UTILITY THERMAL SYSTEHS : 0 :  0 :  0 :  0 :  
: 930 :WATER TREATING 0 :  0 :  0 :  0 :  
: 940 :WASTE TREATING 0 :  0 :  0 :  0 :  
: 950 :BLDG. b M A I N T .  EQUIPMENT : 0 :  0 :  0 :  0 :  

;, : 9 6 0  :CATALYST f CHEMICALS 0 :  0 :  0 :  0 :  . 
____________--------________^___________------------------------------------------------- 

TOTAL EQUIPNENT :12,918,700 : 0 :12,?18,700 : (0 : 160.  07.: 
G9 "- . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FOSTER UHEELED USA CDRP. PAGE 1 

CUSTONER: DOElHETC 
LOCATIDN: WESTERN COLD 
U#?T : GAS TREATING SECT. 300 

JOB NO. : 11 -16265 
DATE : 09-Apr-87 

+ REV. . .  
5EECA;Ef :;&. 

110 7-301 SPONGE CIESOREER 2 5E,b00 85,200 
4'6' D I A  X 65' T / T  
Ui 25 41055 VALVE TRAYS 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/HETC 
LOCATION: YESTERN. COLO 
UNIT  : 6AS TREATING SECT. 300 

ERUIPHENT DETAIL 

PREE 2 

JOB NO. : 11-3265 
DATE : 09-Apr-87 

“”E:”,;: E : -. , 
* REV. 

--------------------------------------------------------------------------------------------- 
TOTAL CODE: 110 : 4 : 76,800 : 126,800 : 0 :  a :  

B3-5 



iOSTEil tiHEELER USA CORP. 

CUSTOMER: DOE/!lETC 
LOCATION: WESTERN COLO 
UNiT : 6AS TREATING SEC?. 300 

c 

JOB NO. : 11-36265 
DATE : 09-Apr-87 

??E?;;.;: . : !y+ 
+ REV. 

v . ,  



,. . 

crs '.- 

FOSTER YHEELER USA COEP. PAGE 4 

CUSTONER: DOEMETC 
LOCATION: WESTERN COLO 
UN!T : GAS TREATING SECT. 300 

130 D-303 SECOND STAGE KO DRUH 2 29,300 46,200 
8 '  D I A  X 12' T / T  
Y /  316 SS CYH PAD 

TOTIL : 2 : 13,700 : 24,600 : 0 :  0 :  

B3-7 



FOSTER WHEELER UIik CORP. 

CUSTOLR: DOElHETC 
LOCATION: WESTERN COLO 
UNIT : 685 TREATING SECT. 306 

PAGE 5 

JOB NO. : 11-36265 
DATE : 09dpr-E7 

? ? r - J e r L  0 .  :;A: 
+ REV. 

-'c'""'c' 

n 

n 



FOSTER YHEELER USA CORP. 

CUSTOHER: DOEIHETC 
LOCATIOII: WESTERN COLO 
UN!? : 6A5 TREATING SECT. 300 

EQUIPHENT DETAIL 

PAGE b 

JOB NO. : 11-36265 
DATE : 09-Apr-87 

* P I V .  
r Llr-. r -.- ~ P . : - H ~ E T  2 : ir. 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : RTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: no. : lio. : : COST D &E : HANHOURS : 

E3-9 



FOSTER YHEELER U M  CORP. PAGE 7 

CUSTOHER: DOEiHETC 
LOCATION: WESTERN COLO 
UNIT : GAS TREATING SECT. 300 

JOB M. :11-36265 
DATE : 09-Apr-67 

* REV. 
iEEPREE, C ,  : T i ;  

EQUIPHENT DETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO, : NO. : : COST OM : NANHOURS : ------------------------------------------------- -----_I_------------- 

230 E-301 FIRST STAGE AFTERCOOLER 2 453 1800 

TOTAL BARE SB FT.: 
NO. OF BAYS: 
TUBE HATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 
NO. OF FANS!BAY: 
UP EACH: 
PRESWEMP: 
SOURCE: 

6203 
2 
cs 
32' 

2 
20 
45/30! 
1 

?e' x 32' 

230 E-302 SECOND STAGE AFTERCOOLER 2 386,600 

TOTAL BARE SQ FT.: 
NO. OF BAYS: 
TUBE HhTERIAL: 
TUBE 'LENSTH: 
PLOT SIZE: 
NO. OF FANSIBAV: 
HP EACH: 
PRESSITEHP: 
SOURCE: 

I622 
2 
cs 
24 ' 
40' X 24' 
2 
30 

1 
eo1313 



FOSTER WHEELER USA CDRP. PA6E 6 

CUSTOMER: DOE/METC 
LOCATION: WESTERN COLO 
UNIT : 6% TREATINE SECT. 306 I .- 

CrJP 

EQUIPNENT DETAIL 

230 E-303 THIRD STAGE AFTERCOOLER 2 120,400 

TOTAL BARE SO FT.: 
NO. OF BAYS: 
TUBE NATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 
NO. OF FANSIBAY: 
HP EACH: 
PRESSITEHP: 
SOURCE: 

1176 
1 
cs 
24 
10’ X 24‘ 
2 
20 
2461 282 
1 

230 E-304 ABSORBER 6AS COOLER 2 45,200 

TOTAL BARE SQ FT.: 110 
NO. OF BAYS: 1 
TUBE MATERIAL: cs 
TUBE LENGTH: 6 ’  
PLOT SIZE: b’ X 6 ’  
NO. OF FLNSIBAV: 1 
HP EACH: 5 
PRESSITEHP: 135/181 
SOURCE: 1 

C 



FOSTER YHEELEii USk CGIIP. 

CUSTONER: DOElHETC 

UNIT : EAS TREhTiNS SECT. 300 
i o c m N :  ~IESTERN COLO 

PkSi 9 

EOUIPHENT DETAIL 

: FY : : :  : CODE 1000 : CODE 2000 : COOE 4000 : 
: CODE : ITEM : DESCR IPTION : QTY : WEIGHT I M4TERIRLS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST D E  : MANHOURS : 

B3-12 



FOSTEF~ YHEELEK usa CGRP. PAGE 10 

CUSTOflER: DOE/HETC 
LOCATIOII: WESTERN COLO 
UNIT : 6AS TREATING SECT. 300 

JOB NO. : 11-36265 
DATE : 09-Apr-87 

PEEDAXF : T i -  
* REV. 

510 P-30iUB FEED KO DRUH PUHP 

6PH: 30 
HD. FT.: 104 
PSI: 
S. 6. : .80 
PUHP TYPE: i(C 
PUMP HRTERIAL: 316 SS 
DRIVE TYPE: K 
DRIVE HP: 3 
SHOP OR FIELD KT.:' S 
SOURCE: 1 

4 38,400 

310 P-302Ri6 SOUR YkTER PUMP 4 36, BOO 

W 

6PH: 
HD. FT.: 
PSI: 
S. 6. : 
P U W  TYPE: 
PUMP MATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

37 
208 

.9B9 
HC 
316 SS 
I! 
7 112 
S 
1 

SUBTOTAL : 4 : 0 :  38,1100 : 0 :  0 :  



FOS?ER WHEELER USA CORP. 

CUSTOER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : 6AS TREATIKG SECT. 300 

'PLGE 11 

JOB M. : 11 -36265 
DAX : 09-Apr-87 

f;SE;AEE: 5, * 7 : .  

* REV. 

310 P-303A/B SKlHHED O I L  PUHP 4 6 ,400 

6PH: 18 
HD. FT.: 314 
PSI : 
S.6.: .795 
PUHP TYPE: HC 
PUHP ilATERIAL: CS/CI 
DRIVE TYPE: H 
DRIVE HP: 5 
SHDP OF! FIELD ill.: S 
SWRCE: 1 

n 

n 

B3-14 



FOSTER YHEELER U S I  COW. PAGE 12 

CUSTOHER: DOEMETC 
LOCATION: WESTERli COLO 

I .' UNIT : 6AS TREfiTIHE SECT. 300 

JOB NO. : 11-36265 
DATE : 09-Apr-87 

FfiEPBfiE: 2 : l e *  

* REV. 
c ,  - 

EQUIPHEIIT DETAIL 

: FW : : M D E  1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTIO# : BTY : HEIGHT : NATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DIrE : HANHOURS : 

320 C-301UB FIRST STAGE CONPRESSOR 2 
Y /  DRIVER 
IINCL. COST OF C-302Wb h C-303A/B) 

COHP TYPE: 
INLET CAP ACFH: 
INLET PS16: 
OUTLET PS16: 
6AS HAHDLED: 
K VALVE (CP/CV): 
HATERIAL: 
$RIVER TYPE: 
DRIVE3 H.P. 
SOURCE: 

CENTRIF 
70013 
0 . 3  
18. 6 
HY DROCARB 
1.2 
CSi17-4PH 
H 
13530 
3 

11,060,000 

n * Sii8TCTAL : 2 : 0 : tl.ObO.CIO? : 0 : _ 1  

3.02 
G. 02 

E!, 920 
'V 

320 C-ZOZklB 

0 

SECOND STAGE COHPRESSOR 2 
(COST Mi C-lOlL/B) 

0 

CONP TYPE: 
INLET CAP ACFH: 
INLET PS16: 
OUTLET PSI& 
6AS HANDLED: 
K VALVE (CPICV): 
HCITERIAL: 
DRIVER TYPE: 
DRIVER H.P. 
SOURCE: 

CENTRIF 
28837 
13.6 
55 
HY DROCARB 
1.20 
CS117-4PH 
H 
Y/C-301A/B 
5 

FREIGHT 
DEVELOPREKT 

3.0% 
0. oz 

0 
0 



' . .  

FOSTER LliEELER USA COW. 

CUSTOHER: DOElRETC 
LOCATIDN: YESTERN CDLD 
UNIT : 6AS TRERTINB SECT. 3M 

PAM 13 

JOB NO. : 11-36265. 
DATE : 09dpr-97 

pwp$;E['f. :?;; 

+ RE!'. 

EQUIPHENT DETAIL 
~ ~ ~ _ _ _ ~ ~ ~  

: FW : : I  : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITER : DESCRIPTION : RTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : : COST DLE : HANHOURS : 

320 C-303AiQ THIRD STAGE COHPRESSOR 2 
COST W/ C-lOlAiB) 

COHP TYPE: CENTRiF 
INLET CAP ACFH: 4135 
INLET PSIG: 50 
OtiTCET PSIG: 121 
6AS HANDLED: HY DROCARB 
K VALVE (CPiCV): 1.20 
HATERIAL: cs 
DRiVER TYPE: ?I 
GRIVER H.P. UiC-301AIa 
SOURCE: 3 

0 

A 

B3-16 



APPENDIX B-4 



FOSTER WHEELER USA CORP. 

, .  

CUSTOHER: DOE/METC J O B  NO. : 11-36265 
LOCATION: WESTERN COLORADO DATE : 17-Apr-87 
UN I T  : HYDROTREATING - SECTION 400 REV. : e  

E Q U I P R E N T  S U R H A R Y  
PREDAkEL 3:: T A F  

: FW I : CODE 1000 : CODE 2000 : :CODE 4000 : 'L : 
:CODE I DESCRIPTION : DIRECT :SUBCONTRACTi TOTAL 1 L ABOR : OF : 
: NO. : : MATERIALS : DLE : : MANHOURS :TOTAL : 

: VESSELS t I 

: 110 :TOWERS : 113,800 : 0 : 113,800 : 0 : 0.3%: 
I 120 :REACTORS, REGEN.,CONVER. :17,143,200 : 0 :17,143,200 : 0 : 43.92: 
: 130 :DRUMS : 921,600 I 0 : 921,600 : 0 : 2.4%: 
I 140 :STORAGE TANKS 0 :  0 :  0 :  0 :  
: 150 :TOWERS (FIELD FABRICATED) : 0 :  0 1  0 :  0 :  
: 160 :PROCESS DUCTS 0 :  0 1  0 :  0 :  
: 180 :VESSEL TESTING 0 :  0 :  0 :  0 :  
: 130 :SPECIAL VESSELS 0 :  0 :  c ;  0 :  

. . ....................................................................................... 
I 

: : : 

: : I 
: HEAT TRANSFER EQUIPRENT : : : 

: : 
: 210 :SHELL L TUBE EXCHANGERS I 2,119,500 I 0 : 2,119,500 : 0 : 5 , 4 7 * :  
: 220 :DOUBLE PIPE EXCHANGERS 0 :  0 :  0 :  0 :  
: 230 : A I R  COOLED EXCHANGERS : 1,533,900 : 0 : 1,533,900 : 0 ; 3.0%: 
: 240 :FIRED PROCESS EQUIPRENT : 3,502,000 I 0 : 3,502,000 : 0 : 4 . 0 2 :  
: ?70 : V A C U U M  E Q U I P V E N T  0 :  O !  O !  i ! *  
: LL!U :STk. T t i i i B i N E  SURFACE CONG. : 
: 290 : O T H E R  H E A T  TRANSFER EQUIP. : 0 :  0 :  r , :  3 :  

< .  ' .  0 :  5 :  i !  
..r A 

: M E C H A N I C A L  E D U I P Y E N T  : 
I : I 

: 310 :PUMPS : 2,707,900 : 0 I 2,707,900 : 0 I b.9Z: 
: 320 :COMPRESSORS : 10,300,000 I 0 110,300,000 : 0 : 26.42: 
: 330 :ELECTRICAL GENERATORS : 0 :  0 :  0 ;  0 :  
: 340 :MATERIALS HANDLING I 0 :  0 :  0 :  0 :  
: 350 :HATERIALS PROCESSING I 0 :  0 1  0 :  0 :  
: 360 :MATERIALS TRANSPORT 0 :  0 :  0 :  0 :  
: 370 :THERMO/HECHANICAL : 0 :  0 :  0 :  0 :  
: 380 :DRIVERS : 721,000 : 0 : 721,000 : 0 : 1 .8%:  
: 390 :OTHER RECHANICAL EQUIPMENT : 0 :  0 :  0 :  0 :  

: : 
I I I t : I : 

RISC. EQUIPHENT I : I 
: 

: 490 :ELV, CRANE, HOIST : 0 :  0 1  0 :  0 :  I 
: 910 :PACKAGE SYSTEMS 0 :  0 1  0 :  0 :  
: 920 :UTILITY THERMAL SYSTEMS z O r  0 1  0 :  0 :  
: 930 :WATER TREATING 0 :  0 :  0 :  0 :  
I 940 :WASTE TREATING I 0 :  0 :  0 :  0 :  : 
I 950 :BLDG. & MAINT. EQUIPMENT : 0 1  0 :  0 1  0 1  
: 960 :CATALYST & CHEMICALS : 0 1  0 :  0 :  0 :  
I : I : t : : ......................................................................................... 

TOTAL EQUIPRENT :39,062,900 : 0 :39,062,900 : 0 :100.0%: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B4-3 



FOSTER WHEELER USA COR?. PAGE 1 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROSREATIWB - SECTION 400 . '  

JOB NO. 
PATE 
REV. 
F'REPiREI .PI 

: 11-36265 
: 09-Apr-i7 

0 
;k' 

t 

B4-4 



Gs 

FOSTER UHEELER USA C O W .  

CUSTOHER: DOEIRETC 
LOCATION: CIESTERN COLORADO 
UNIT : HYDROTREATING - SECTION 400 

JOB NU. : 11-36265 
DATE ? 09-Apr-87 
REV. 0 
PREPCIREF E', : :4' 

EOUIFHENT DETAIL 

VERT. OR HORIZ.: V 
SUPPORT: SKIRT 
MATERIAL: 2 1/4CR - 1HO. SA-336F22 
STRESS RELIEVE: YES 
X-RAY: FULL 
JOINT EFF.: 100% 
#ALL THICKHESS: 9 9/16' 
CORR. ALLOW. : W /  347% CLAD 
DESIEN - PSIG/TEHP: 3115/025 
ASnE CODE: VI11 D2 
NOZ/Rid F:ATI#6: 
SOURCE: 1 

. .  



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/llETC 
LOCATION: WESTERN COLORADO 
UNIT  

_- 
: HYDROTREATING - SECTION 400 

PAGE 3 

JOB NO. : 11-56265 
DATE : 09-Apr-87 
REil  . 0 
PAEPGREP- a! '  : Ti+: 

C 

B4-6 

n 

n 



FDSTER #HEE:ER USA CORPS PIEE 4 

CUSTOIIER: DOE/ttETC 
LOCATIO#: WESTERN COLORADO 
UNIT : HYDROTREATING - SECTION 400 

JOB NO. : 11-3b265 
DATE : 09-bpr-87 
REV. 0 

-r " n PREPGRE: E' : I *r 

B4-7 



F35TER #HEELER USA COiiP. 

CUSTMER: DOEIMETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROTREATING - SECTION 400 

PAGE 5 

JOB NO. : 11-36265 
: o ~ p r - 8 7  DATE 

REV. 0 
14; ?REPAREP ,9'. : 

EGUIfHEKl DETAIL --------------_--------------__----------_-----------------------------------_----------_------------- 
: FU : : CODE 1000 : CODE 2000 : CODE 4000 : 

' : CODE : ITE! : DESCR I PT I OW : QTY : WEIGHT : RATERIALS : SUBCCNTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : nWHOURS : 

130 D-401 HIGH PRESSURE SEPARATOR 2 430,660,  516,800 
6.5' I D  X 25' T.?. X b 2 4 '  TK 

:30 D-502 STEAR 3RUH 2 :a, 100 42,OCO 
6 . 5 '  ID X 2b' T.L. X 9/16' TK 

B4-8 



FOSTER YHEELER USA CORP. FAEE t 

cd, - 

CUSTDHER: DOE/HETC JOB NO, : 11-3626: 
LOCATIOM: WESTERN COLORADO DATE : 09-Apr-@7 
UNIT : HYDROTREATING - SECTION 400 REV. 0 

I.; PREPbREL ; I *  

EQUIPHENT DETAIL -------------------------------------------------------------------------------------------------------- 
: FW : : CODE 1000 : CODE 2000 : COCE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : I COST : D t E  : flANHOURS : 

130 D-403 KNOCKOUT DRUH 2 235,440 294,400 
b.5' ID X 10' T.L. X 6 3 4 '  TK 

B4-9 



FOSTER #HEELER USA CORP. P A X  7 

CUSTOHER: DOE/H€TC 
LDCATION: WESTERN COLORADO 
K I T  : HYDROTREATING - SECTION 400 

ERUIPIIENT DETAIL 

JOB WO. : 11-36265 
DATE : 09-Apr-87 
REV. 0 

r e ;  PRiP4RED Pv. * ir 



FOSTER WHEELER USA CDRP. 

CUSTOAR: DOEIHETC 
L O ~ T I D N :  HESTERN COLORADO 
UNIT : HYDROTREATING - SEClION 400 

PAGE B 

JOE NO. : 11-3626s 
DATE : 09-Apr-87 
REV. 0 
PREPAREC E ’  : , YAF 

EWIPHENT DETkIL ------------------------------------------------------------------------------------------------ 
: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : HEIGHT : MTERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : : COST : DtE : #ANHOURS : 

B4-11 



FOSTER JHEELER USA C O W ,  

CUSTCHER: DOE/tiETC 

UNIT 
LocaTIoN: MESTERN COLORADO 

: HYDROfREATI#G - SECTION 400 

PAGE 9 

JOB NO. : 11-36265 
BATE : 09-lpr-67 
REV. 0 
PREPRREI e \ .  : TG: 

210 E-401 FEED/EFFLUENT EXCHANGER 2 1,641,200 

TYPE: AES 
SHELL I D  IN.: 66' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 2 

TOTAL SR FT.: 20640 
SHELL - PSiGITEHP: 27951975 
TL'BE - P S I W T M P :  3?90/775 
HAT:. - SHELL/TUBE: 2 1/4CR - 1HO WI347SS CLLD lJ2lSS 
SGURCE: 1 

sa. FT. PER SHELL: 

210 E-402 REACTOR EFFLL'EHTI STRIPPER FEED 2 
EXCHANGER 

416,600 

TYPE: AES 
SHELL I D  IN.: 42' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 2 

TOTAL SO FT.: 9230 
SHELL - PSIG/TEHP: 2101235 
TUBE - PSIG/TE\P: 2750/510 
HATL. - SHELL/TUBE: CS Y /  l/B'CA - CHANNEL CS/ 114'CA 130455 
SGURCE: 1 

sa. FT. PER SHELL: 

n 



FOSTER WHEELER USA CORP. 

CUSTOBER: DOE/BETC 
LDCITION: YESTERN COLORADO 
UNIT : HYDROTREATING - SECTION 400 0 

PAGE 10 

JOB NO. : 11-36265 
DATE : 09-Apr-87 
REV. 0 
PFtEtam EL : i F F  

EQUIPHENT DETAIL --------_-----------_---__--_----------------------------------------------------------------- 
: FW : : :  : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEM : DESCRIPTION : QTY : HEIGHT : HATERIALS : SUBCOWTRBCT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HLNHOURS : 

\ _.* 

B4- 13 



FOSTER WHEELER USA CORP. PAGE I! 

CUSTDXR: DOE/HETC 
LOCFITIM: WESTERN COLORADO 
UNIT : HYDROTREATING - SECTION 400 

JOB NO. : 11-36255 
DATE : 09-Av-87 
REV. 0 
PREPPIRLC. E U  : Ti i i  

230 E-403 EFFLUENT COOLER 2 1,325,400 

TOTAL DARE SQ FT.: 

TUBE M E R I A L :  
:UBi LENGTH: 
PLOT SIZE: 
NO. G i  F A N U B A Y :  
HP EACH: 
PRESS/TENP: 
SOURCE: 

NO. OF Bays: 
15150 
b 
3045s 
32' 
8 4 '  I 32' 
2 
!S 
2600 1354 
1 

230 E-404 STRIPPER CONDEWSG 2 163,800 

TOTAL BGRE SQ FT.: 1926 
NO. OF BAYS: 1 
TUBE HATERIAL: cs 
TUBE LENGTH: 2 4 '  
PLOT SIZE: 1 4 '  X 2 4 '  
NO. OF FANSIBAY: 2 
HP EACH: 25 
PRESS/ TENP: 150/442 
SOURCE: 1 



FOSTER WHEELER USA CDRP. PGGE 12 

CUSTOKR: DOE/tlETC 
LOCATIOH: WESTERN COLOMOO 
UNIT : HYDROTREATIMI - SECTION 400 

JOB MU. : 11-3b:'tS 
DATE : 09-Apr-87 
REV. 0 
PREPAEIEC E' : I TP; 

~~ ~ ~~~ ~ 

TOTAL CODE: 230 : I :  0 : 1,533,870 : 0 :  0 :  

B4-  15 



f!?STER CiHEiLER USA CORP. 

CUSTOHER: DOEIHETC 
LOCATION: WESTERN COLORADO 
UN?' : HYDROTREAT!NE - SECTIO1I 400 

FAGE 13 

JilB NU. : 11-36265 
DATE : 17-Apr-67 

. .  !) REV. 
??.Em:: F . ! .) -.. 

EQUIPHENT DETAIL 

240 H-401 REACTOR CHARGE HEATER 2 3,400,000 

TYPE: VC 
TUBE HATERIAL: 321% W.1' CL 
INLET: 2933 P S W  725 DE6 F 
DISCHARGE: 2853 PSI6 / 825 DE6 F 

2!.1 HH BTU/HR - PROCESS 
1 1 . 4  HN BTU/HR - STH. COIL 

SOURCE: 1 

SUBTOTAL : 2 : 0 : 3,400,000 : 0 :  0 :  

n 

3.0; 
3.3% 

B4-16 



FOSTER #HEELER USk CORP. PA6E 14 

CUSTOHER: DOE/NETC 
LOCATION: WESTERN COLORADO 

8 " UNIT : HYDROTREATING - SECTIOW 400 
t .  

JOE NO. : 11-36265 
DATE : 09-Apr-B7 
REV. 0 
PREPFIREL Pv : ' TCIc 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : NEIGH1 : MATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST : D&E : MNHOURS : 

310 P-401 A/B/C FEED PUHP 

6PH: 
HD. Fl.: 
PSI: 
S.6.: 
PUHP TYPE: . 

DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

PunP HATERIAL: 

4 1,100,000 

230 
5900 
2510 
.989 
RECIP 
cs 
H 
500 
F 
3 
NORTHINGTON 

SUBTOTAL : 4 : 0 : 1,100,000 : 0 :  0 :  



FOSTER #HEELER Usk CORP. PAGE 15 

I 

CUSTOFER: DOE/HETC 
LOCATION: YESTEilN COLORADO 
LfMIT : HYDROTREATING - SECTION 400 

JOB NO. : 11-36265 
DATE : 09-Apr-87 
REV. 0 
DREWRE: E'', : T!4F 

316 P-405 A/B REFLUX PUHP 1 30,400 

6PH: 
HO. R.: 
P S I  : 
S.6.: 
PUEP TYPE: 
PUnP HATERIAL: 
DRIVE TYPE: 
D R I V E  HP: 
CHOP OR FIELD RT.: 
SOUKCE: 

104 
148 
161 
.b 
CENTIF 
CS 
H 
7 112 
F 
1 

310 P-406 A/b BFY PUHP 

6P#: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUHP RATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD IT. :  
SOURCE: 

4 35 , 200 

335 
119 
271 
.E81 
CENTIF 
cs 
H 
20 
F 
1 



FOSTER WHEELER USI? CDRP. PAGE 16 

CUSTDHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROTREATING - SECTION 400 

JOB 110. : 11-36205 
DATE : 04-Aor-87 
REV. 6 
PREPAi?E! EY : , TkK 

EQUIPllElT tETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :i)IRECT LABOR: 
: NO. : NO. : : COST DbE : HANHOURS : 

310 P6-401 POLYSULFIDE INJ. PACKAGE 2 
INCLUDING P-403 & D-405 

22,200 

6PH: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUUP AATERIAL: 
DRIVE TYPE: 
DRIVE tlP: 
SHOP OR FIELD HT.: 
SOURCE: 

10 - 60 6PD 
47 
20 
1.33 
HETER 
31655 

1 
F 
1 

n 

310 P6-40: SULFIDE INJ. PACKAGE 7 

INCLUDIN6 P-402 b D-404 

GPn: 
HD. FT.: 
PSI: 
S, 6. : 
PUHP TYPE: 
PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

3-15 
7882 
2900 
* 85 
HETER 
31655 

k0 
F 
1 

n 

91,200 



i FOSTEk gHEELiR USA CORP. PAGE 17 

CUSTOIIER: DOE/KTC 
LDCATIDN: MESTERU COLDHADO 
UNIT : HYDROTREATING - SECTION 400 

JOB NO. : l!-36265 
DATE : OP-Apr-87 
REV. 0 
PREPARE! E\: : TAF 

E&U I PHENT DiTA IL ----------------------------------------------------------------------------------------_-------_------- 
: Fki : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTV : HEIGHT : MATERIALS : SUBCOMRACT :DIRECT LABOR: 
: NO, : NO. : : COST : D&E : HANMHDURS : 

TOTAL CODE: 310 : 22 : o : 2,m,aao : 0 :  0 :  

B4-20 



FOSTER WHEELER USA CORP. P A f E  1 3  

CUSTOHER: DOE/ETC 
LOCATION: MESTERN COLORADO 

,' .< UNIT : HYDROTREATIHG - SECTION 400  

JOB NO. : 11-3626s 
DATE : 09-Apr-87 
REV. 0 
PFtEPAFiEC E' : I H I  

T I -  

320 C-401 A/B RECYCLE COHPRESSOR 4 10,000 , 000 

COHP TYPE: 
INLET CAP ACFH: 
INLET PSIG: 
OUTLET PSIG: 
6AS HAMDLED: 
I: VALVE (CP/CV): 
HATERIAL: 
DRIVER TYPE: 
DiiIVER H.P. 
SOURCE: 

CENTRI 
2542  
2440 
2995 

1.39 
CS OR CI 
STH TURBINE 
5000 
1 

B4-21 



FOSTER #HEELER LISA CORP. PA6i 19 

CUSTO3ER: DOE/tlETC 
LOCATION: #ESTERN COLORADO 

,<-- . UNIT : HYDROTRECiTING - SECTION 400 
JOB NO. : 11-36265 
DATE : 09-Apr-87 

[r REV. 
?REPAREF SL’ : I lit 

- I -  

363 RT-401 B / 6  POItEk RECOVERY TURBINE 4 700,000 

6PH: (INLET) 
HD. FT.: 
PSI: 
LIQUID DENSITY: 
PUHP TYPE: 
PbnP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SYD? OR FIELD HT.: 
SOURCE: 

457 

24401185 (IN/OUTI 
4 W F T 3  

360 
F 
3 
#ORTHINGTON 

A 

B4-22 



APPENDIX B-5 

HYDKC)’MEL41ED OIL FXACTIOXATIO!~ - U X I T  500 



FOSTER WHEELER USA CORP. 

CUSTONER: DOEfMETC JOB NO. : 11-36265 
LOCATIONi WESTERN COLORADO DATE I 22-A~P-87 
UNIT I FRACTIONATION SECTION 500 REV. I O  

EQUIPHENT SUHMARY 
PREPARED BY: T.G.R. 

......................................................................................... 
I FW I : CODE 1000 I CODE 2000 I ICODE 4000 I % : 
;CODE r DESCRIPTION I DIRECT iSUBCONTRACTr TOTAL r L M O R  r OF I 
I NO. I I MATERIALS I D1E : I HANHOURS :TOTAL I -_-----_--__------_-.--------------.---.---.--------~-------.---------------------------- 
: I VESSELS : 
: I : 
I 110 :TOWERS r 
r 120 :REACTORS, REGEN.,CONVER. I 

1 130 IDRUNS : 
I 140 rSTORA6E TANKS I 
I 150 ITOWERS (FIELD FABRICATED) I 
: 160 :PROCESS DUCTS I 
: 180 :VESSEL TESTING t 
: 190 ;SPECIAL VESSELS : 
I I I 
1 1 1 
I : HEAT TRANSFER EQUIPMENT I 

: 210 :SHELL & TUBE EXCHANGERS : 
: 220 :DOUBLE PIPE EXCHANGERS I 

: 230 : A I R  COOLED EXCHANGERS : 
I 240 IFIRED PROCESS EQUIPHENT I 
I 270 :VACUUM EQUIPNENT I 

: 2 9 0  :OTHER HEAT TRANSFER EQUIP. t 

: MECHANICAL EQUIPMENT I 

: 310 :PUMPS r 
: 320 :COMPRESSORS I 
: 330 :ELECTRICAL GENERATORS I 
I 340 :MATERIALS HANDLING 1 

I 350 IHATERIALS PROCESSING : 
r 360 :MATERIALS TRANSPORT I 
: 370 rTHERHO/ttECHANICAL I 
: 580 :DRIVERS i 
I 390 iOTHER MECHANICAL EQUIPNENT I 
: I I 
: I I 

I I 

I 280 : S T M .  T U R B I N E  SURFFICE COND. 1 

I : 

: : 

I I HISC. EPUIPMENT t 

: 490 rELV, CRANE, HOIST I 
I 910 IPACKAGE SYSTEMS I 
I 920 :UTILITY THERNAL SYSTEMS I 
I 930 iWATER TREATING I 
: 940 IWASTE TREATING : 
I 950 :BLDG. t MAINT. EQUIPMENT I 
I 960 :CATALYST & CHEMICALS I 

I : I 

I I I 

I 
685,800 I 

0 1  
70,200 ; 

0 1  
O r  
O r  
0 :  
0 1  

I 

I 
I 
I 

434,700 I 

0 1  
1,253,900 I 
3,914,000 I 

o s  
0 :  
0 :  

I 

I 
I 

237,900 r 
O r  
O r  
O r  
O r  
0 1  
0 :  
0 1  
0 1  

I 
I 
: 
I 

0 1  
0 1  
O r  
O f  
0 1  
0 :  
0 1  

I 

I 
I 

0 1  
0 :  
O r  
0 1  
0 :  
0 1  
0 :  
O r  

I 
I 

I 
O r  
O r  
0 :  
0 1  
0 :  
O r  
0 :  
* I  

I 

0 :  
0 1  
0 1  
0 :  
0 1  
0 1  
0 1  
O r  
0 1  

I 
I 
I 
I 

0 1  
0 1  
0 1  
0 1  
0 1  
O r  
0 1  

I 

: 
I 

685,800 : 
O r  

70,200 I 
0 1  
o r  
O r  
0 :  
0 8  

I 
: 

434,700 : 
0 :  

1,253,900 : 
3,914,000 : 

0 :  
0 :  
3 : 

237,900 : 
0 1  
O r  
O r  
0 1  
0 1  
O I  
0 1  
0 1  

: 
I 
I 
: 

O r  
0 1  
0 1  
0 :  
0 1  
O r  
0 1  

I 

: 
I 

0 I 1 0 . 4 % :  
0 :  : 
0 I 1.1%: 
0 1  I 

0 1  
0 1  I 
0 :  
0 :  

f 

I : 
I 

0 : 6 . 6 % :  
0 :  
0 : ! 9 . 0 % :  
0 : 5 9 , 3 % 1  
o i  
O !  
c :  

: t 

: 

0 : 3 . 6 % :  
O r  1 

0 :  I 
0 8  1 
0 :  : 
o r  
0 8  I 
0 1  I 
0 1  I 

I I 
1 I 
I I 

: : 
O r  : 
O r  
O r  
O r  1 
O r  I 
0 :  I 

O r  
I : 

B5-3 



FGSTEF! WHEELER USA CORP. PAGE 1 

CUSTOWER: DOEIHETC JOB NO. : 11-36255 
LOCATION: WESTERN COLORADO DATE : 24-Ap~pr-87 

PREPAREI! ES' : !.A,!?. 
UNIT : FRACTIMATION SECTION 500 REV. a 

EQUIPNENT DETAIL 

: FY : : :  : CODE iooa : CODE 2000 : CODE 4000 : 
: CODE : ITEH : RESCRIPT I ON : QTY : WEIGHT : M T E R I A L S  : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HRNHOURS : 

iia i - 5 ~  FRACTIONATOR 2 243,000 685,809 
16.5' DIA. x 87' T I T  x 7/16. THK. 
Hi24 BUBBLE CAP TRAYS 

TOTAL CODE: 110 : 2 : 243,000 : 685,800 : 0 :  0 :  

B5-4 



FOSTER WHEELER USA CORP. PAGE 2 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : FRACTIONATION SECTION 500 

JOB NO. : 11-36265 
DATE : 24-kr-87 
REV. 0 
PREPARED FY : .?.C.E. 

LQUIPHENi DETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT 8 HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST D E  : HANHOURS : 

130 D-501 FRACTIONATOR OVERHEAD DRUH 2 34,420 31,000 
9.5' x 20'111 x 5Il6'THK. 
WITH BOOT 

VERT. OR HORIZ.: 
SUPPORT: 
HATER I AL : 
STRESS RELIEVE: 
X-RAY: 
JOINT EFF.: 
YALL THICKNESS: 

DESIGN - PSIG/TEHP: 
ASHE CODE: 
N O I I R Y  RATING: 
SOURCE: 

CORR. ALLOW.: 

H 
SDLS 
cs 
NO 
SPOT 
8% 
5/16' 
1/8' 
301203 
VI11 DI 
1501 
1 

TOTAL : 2 : 45,080 : 39,200 : 0 :  0 :  

B5-5 



FOSTER #HEELER USA CORP. 

CUSTOHER: D W H E T C  
LOCATION: YESTERN COLORADO 
UNIT : FRACTIDNRTION SECTION 500 

PAGE 3 

aoa NO. : 11-36265 
DATE : 24-AD?-07 
REV * 0 
PREPARE! @ I . .  : 7.b.F. .  

n 

n 

B5-6 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOEIHETC 
LOCATION: WESTERN COLORADO 
UNIT  : FRACTIONATION SECTION 500 

EQUIPHENT DETAIL 

PAGE 4 

JOB NO. : 11-36265 
DATE : 24-Apt-87 
REV. 0 
PREPARED BY , : : . L . L ,  

210 E-501 FEEDlPRODUCT EXCHANGER 2 282,600 

TYPE: AES 
SHELL ID IN.: 35 ' 
TUBE LENGTH FT.: 20 
WO. OF SHELLS: 4 
SQ. FT. PER SHELL: 3356 
TOTAL SQ FT.: 13424 
SHELL - PSIG/TEHP: 180/5b0 
TUBE - PSIWTENP: 50/550 
HATL. - SHELL/TUBE: CS 
SOURCE: 1 

210 E-502 BOILER FEEDWATER PREHERTER 2 es , ooo 

TYPE: AES 
SHELL ID IN.: 41 
TUBE LENGTH Fl.: 20 
NO. OF SHELLS: 1 
58. FT. PER SHELL: 4b15 
TOTAL SQ FT.: 4615 
SHELL - PSIG/TEHP: 1360 
TUBE - PSIG/TEHP: 180/400 
HITL. - SHUL/TUBE: CS 
SOURCE: 1 

B5-7 



FOSTER WHEELER USA CORF. 

CUSTOIIER: DOEIHETC 
LOCATION: YESTERN COLORADO 

- UNIT : FRKTIMIATIDN SECTION 500 

FA6E 5 

JOB M. : 11-36245 
DATE : 24dpr-07 
REV. 0 
PREPARED BV . : 7.A. i . .  

210 E-506 BQTTONS PRODUCT/LP STEM GENERATO 2 54,400 

TYPE: AKT 
SHELL ID  IN.: 21' 
TUBE LENGTH FT. : 16 ' 
NO. OF SHELLS: 1 
SQ. FT. PER SHELL: 1151 
TOTAL SR FT.: 1151 
SHELL - PSIUTEHP: 8 5 / 3 3  
W E  - PSZG/TEHP: 180/500 
HCITL. - SHELL/TUBE: CS 
SOURCE: 1 

B5-8 

A 

n 



FOSTER #HEELER USA CORP. PAGE 'b 

cd 
I 

CUSTOMER: DOEMETC 
LOCATION: WESTERN COLORADO 
UNIT : FRACTIONATION SECTION 500 

JOB MI. : 11-36265 
DATE : 24-Apr-87 
REV. 0 
PREPARES BY : ,  T . A . G .  

230 E-503 FRACT. OVHD. COND. 2 644, 800 

TOTAL BARE SQ FT.: 
NO. OF BAYS: 
TUBE MATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 
NO. OF FANSIBAY: 
HP EACH: 
PRESSITENP: 
SOURCE: 

9363 
3 
CS WIAL FINS 
32 * 
42 X 32 
2 
25 
401351 
1 

230 E-504 DIESEL PRODUCT COOLER 2 118,800 

TOTAL BARE SQ FT.: 1175 
NO. OF BAYS: 1 

TUBE LENGTH: 24 * 
PLOT SIZE: 10 X 24 
NO. OF FANSIBAY: 2 
HP EACH: 15 
PRESSITERP: 1401455 
SOURCE: 1 

TUBE NATERIAL: cs nm FINS 

TOTAL : 2 : 0 :  122,360 : e :  0 :  

B5-9 



FGSTER #HEELER USA CORP. PAGE 7 

CUSTOHER: DOiiHETC 
LOCATION: WESTERN COLORADO 
UNIT : FRACTIONATION SECTION 500 

JOB NO. : 11-36265 
DATE : 24-lpr-87 
REV. 0 
PREPAREF P?' : 1.R.E. 

EQUIPRENT DETAIL 

230 E-SO5 FRACTIONATTOR BOTTOHS COOLER 2 394,600 

TOTAL BARE SQ FT.: 4984 
NO. OF BAYS: 2 
TUBE IlATERIAL: CS Y l A L  FINS 
TUBE LENGTH: 30 
PLOT SIZE: 28 X 30 
NO. OF FANSIBAV: 2 
HP EACH: 1s 

SOURCE: 1 
PRESWTERP: i e o m ?  

FRE I6HT 3.32 
>EYELOP!IEN7 0. OY 

230 E-SO? MPHTHA PRODUCT COOLER 

TOTAL BARE SO FT.: 
NO. OF BAYS: 
TUBE HATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 
NO. OF FANSIBAV: 
HP EACH: 
PRESWTEHP: 
SOURCE: 

311 
1 
CS V I A L  FINS 
10 
10 x 10 
1 
15 
135/207 
1 

2 59 200 

A 

n 

E5-10 



FOSTER WHEELER usa CORP. 

CUSTOLR: DOElNETC 
LOCATION: WESTERN COLORADO 
UNIT : FRACTIONATION SECTION 500 

Pfi6E 8 

JOB NO. : 11-36265 
DRTE : 24-Apr-87 
REV. 0 
PREPARED BY : ' T.B.K. 

EQUIPREKT DETAIL 

B5-1 I 



FOSTER WHEELER usa CORP. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORRW \ 

/- UNIT : FRACTIONRTION SECTION 500 

%E 9 

dOB NO. : 11-36265 
MTE : 24-Apr-87 
REV. 0 
PREPbREP By : T.G.R. 

EBUIMENT DETAIL 

240 H-SO1 FRRCTIONATOR REBOILER BOX HEATER 2 3, BOO, 000 

CAPACITY 79.3 rCN 87UIHR. 
TUBE HRT. 1.25 CR.-.SO HO.,CS(800 DE6. F. 
INLET TEHP, 537 DE6. F. 
INLET PRESS. 110 PSI6 
OUTLET TMP. 610 DES. F. 
OUTLET PRESS. 15 P S I 6  
CORROSION ALLOWANCE .125' 
FUEL REQ. (LHVI=92.3 HI! BTUIHR. 

SOURCE: 1 

?EIGHT 
C i V E L O P K N T  

5.3: 
3.02 

B5-12 



FOSTER WHEELER USA CORP. PAGE 10 

. 'I 

.' c 

(&) . / '  

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : FRACTIONATION SECTION 500 

JOB NO. : 11-36265 
DATE : 24-Apr-87 
REV. 0 
PF!EPAi(EI! Pv : T * fi. F.. 

EQUIPHENi DETAIL 

310 P-SDlA/B FRACTIONATOR REFLUX PUW 4 
AND SPARE 

42,000 

6PH: 1060 
HD. FT.: 260 
PSI: 99 
S. 6. : .7 
PUHP TYPE: HC 
PUHP HATERIAL: S1 
DRIVE TYPE: M 
DRIVE HP: 75 
SHOP OR FIELD HT.: 5 
SOURCE: 1 

TOTAL : 4 : 0 :  43,200 : I! : 

310 P-S0211/B SOUR WATER PUHP AND SPARE 4 

0 

GPH: 3.4 
HD. FT.: 170 
PSI: 82 
S.6.: .979 
PUHP TYPE: Hc 
ww MaTim&: s1 
DRIVE TYPE: !I 
DRIVE HP: 1.5 
SHOP OR FIELD HT.: S 
SOURCE: 1 

5,200 

SUBTOTAL : 4 : 0 :  5,200 : 0 :  0 :  

B5- 13 



FOSTER WHEELER USA CORP. PAGE 11 

CUSTOHER: DOEIHETC 
LOCATION: WESTERN COLORADO 

/- UNIT : FRACTIONATION SECTION 500 

EQUIPHMT DETAIL 

JOB NO, : 11-36265 
DhTE : 24-Apr-87 
REV. 0 
PREPhREL 8' ' : i , G. F.. 

310 P-503A/B DIESEL PRODUCTS PUMP AND SPARE 4 29,000 

6PM: I66 
HD. FT.: 207 
PSI: 89 
S.6.: .71 
punp TYPE: HC 
PUHP HATERIAL: s1 
DRIVE TYPE: H 
ORIVE HP: 15 

SOIIRCE: 1 
SHOP OR FIELD Hi.: s 

310 P-SOIAIB ermons PRODUCT PUHP AND SPIIRE 4 49 , bOO 

6PH: 970 
HD. FT.: 398 
PSI:  125 
S.6.: .61 
PUHP TYPE: Hc 
PUHP HATERIAL: SI 
DRIVE TYPE: H 
DRIVE HP: 100 

SOURCE: 1 
SHOP OR FIELD Hi . :  s 

n 

A 



FOSTER WHEELER USA CORP. PAGE I2 

CUSTOHER: DOE/IIETC 
LOCATION: WESTERN COLORADO 
UNIT : FRACTIONATION SECTION 500 

JOB NO. : 11-36265 
DATE : 24-AQr-81 
REV. 0 
PREPAREP B y  i 7.C.F.. 

ERUIPRENT DETAIL 

310 P-505A/B FRACTIONATOR REBOILER PUHP AND 4 
SPARE 

76,000 

6PH: 2230 
HD. FT.: 21 1 
PSI: 83 
S.6.: .69 
PUHP TYPE: CH 
PUHP HiTERIAL: s1 
DRIVE TYPE: R 
DRIVE HP: 125 
SHOP OR FIELD HT.: S 
SOURCE: 1 

310 P-506AiB BFY RECIRC PUHP 4 29,200 

6PH: 256 
HO. FT.: 118 
PSI: 300 
S. 6. : .BE 
PURP TYPE: HC 
PUMP HATERIAL: s1 

DRIVE HP: 15 
SHOP OR FIELD Hl.: S' 
SOURCE: 1 

DRIVE TYPE: n 

TOTAL : 4 : G :  30,080 : 0 :  0 :  

B5-15 



FOSTER YHEELER USA CORP. PAGE 15 

CUSTONER: DOElHETC 
LOCATION: WESTERN COLORAW 
UNIT : FRACTIMIATIOW SECTION 500 

JOB NO. 
DATE 
REV I 
PREPAREP. B Y  

ERUIPRENT DETAIL 

: 11-36265 

0 
. i.. A ,  

: iwpr-e? 

A 

B5-16 



APPENDIX B-6 

ECjUIPPiENT COST DATA 

,U,'fEKCGET; PLANT - UNIT 606 



FOSTER WHEELER USA CORP. 

CUSTORER: DOE/HETC JOB NO. : 11-36265 

UNIT : HYDROGEN PLANT SECTION 600 REV. I O  

EQUIPMENT SURMARY 

LOCATIONi WESTERN COLORADO DATE t 22-~pr-e7 

/,- PREPARED BY: TAR 
is 

......................................................................................... 
: FW I : CODE 1000 I CODE 2000 I :CODE 4000 I X : 
:CODE I DESCRIPTION I DIRECT ;SUBCONTRACT: TOTAL : LABOR I OF : 
I NO. : : RATERIALS I DPE I I MANHOURS :TOTAL I 

I VESSELS I : I : I I 

......................................................................................... 
. I I I I I : 2 

: 110 :TOWERS : 7~1,600 : 0 :  78,600 I 0 I 0.2%: 
: 120 :REACTORS, REGEM.,CONVER. : e65,ooo I 0 I 865,000 : 0 : 2.2r.l 
: 130 : D R U M  : 141,400 : 0 : 141,400 : 0 I 0.4%: 
I 140 ISTORAGE TANKS I 0 1  0 1  0 1  O I  : 
I 150 :TOWERS (FIELD FABRICATED) I O r  O r  0 :  O r  I 
: 160 :PROCESS DUCTS I 0 :  O r  0 :  0 :  
I 180 :VESSEL TESTING I O r  0 1  0 1  O r  I 
: 190 :SPECIAL VESSELS : 0 :  0 1  o t  O r  I 
: I I I I I I 
I I I I I 1 r 
: I HEAT TRANSFER EQUIPRENT I I I I I 
I : t I I : I r 
: 210 :SHELL b TUBE EXCHANGERS I 941,000 I 0 I 941,000 I 0 : 2.4%: 
: 220 rDOURLE PIPE EXCHANGERS : O I  0 :  0 :  O r  
: 230 : A I R  COOLED EXCHANGERS I 649,300 I 0 I 649,300 : 0 : i.6Z: 
: 240 I F I R E D  PROCESS EPUIPNENT Ii7,9es,800 I o 117,9a3,eoo I 0 : 4 5 . 3 % :  
: 270 :VACUUR EQUIPMENT I 0 :  0 :  0 :  0 :  
: 280 :STR. TURBINE SURFACE COND. I 0 1  O I  0 :  0 :  I 
: 250 : O T H E i i  HEAT TilANSFER EQUIP. : 0 :  0 :  i . .  

I 
: HECHANICAL EQUIPHENT I : 
I I I : I 1 

: 310 :PUflPS : 159,000 : 0 : 159,000 : 0 : 0.4%: 
I 320 :CONPRESSORS I 5,356,000 I 0 I 5,356,000 I 0 : 13.5%: 
: 330 :ELECTRICAL GENERATORS I 0 1  0 :  O r  0 :  
: 340 :RATERIALS HANDLING I O I  0 1  0 1  0 :  I 
: 350 :HATERIALS PROCESSING 24,700 I O r  24,700 I 0 : 0 . l X :  
I 360 INATERIALS TRANSPORT I 0 ;  0 1  O I  0 :  I 
: 370 :THERMO/RECHANICAL t O I  O I  O r  o t  t 

I 380 ;DRIVERS I O I  0 1  0 :  O I  
I 390 IOTHER MECHANICAL EQUIPMENT I 0 :  O r  0 :  0 :  : 
I I I I I I I I 
I : I I I : 

I RISC. EQUIPRENT I I I I 
: I I I I I : : 
: 490 IELV, CRANE, HOIST I O I  O I  0 :  O I  I 
: 910 :PACKAGE SYSTERS 113,462,100 I 0 113,462,100 I 0 I 33.9%: 
: 920 ;UTILITY THERHAL SYSTERS I 0 1  0 1  O I  O r  I 
I 930 :HATER TREATING I 0 :  O r  O r  0 1  I 
I 940 ;WASTE TREATINB I 0 :  0 1  0 1  0 1  I 
: 950 rBLD6. b RAINT. EQUIPRENT I O r  0 1  0 ;  0 8  I 
I 960 ICATALYST b CHEHICALS I O I  0 ;  O r  0 :  

I I . I  8 I I : 

B6-3 



FOSTER #HEELER i lSG C O W .  

CUSTOHER: QOE/HETC 
LOCATION: YESTERN COLORADO 
N I T  : HYDROGEN PLANT SECTION 600 

( -  

, 

PAGE 1 

JOB NO. : l!-36265 
DATE : 08-Apr-87 
REV. 0 
PREPARED. BY, : TAP 

EQUIPHENT DETASL -----------------------------------------------------------------------------------------------_----------- 
: FY : : : CUDE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : MIST DtE : HANHOURS : 

110 T-bo1 COtiDENSATE STRIPPER 2 28,200 78,600 
3'6'  01A X 6l'T/T X 5/16. TI! 
Wl 28 VALVE TRAYS h 304 SS LININ6 

C 

B6-4 
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FOSTER WHEELER USA COW. PAGE Z 

crrs ..-. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
U N I T  : HYDROGEN PLANT SECTION 600 

JO8 YO. : 11-36265 
DATE : 08-hpr-87 
REV. 0 
PREPRW! 9!' :' TAE 

VERT. OR HORIZ.: V 
SUPPORT: SKIRT 
HATERIAL: SA-204 
STRESS RELIEVE: NO 
X-RAY: FULL 
J O N T  EFF.: 100% 
WALL THICKNESS: 1 7/16' 
CORR. ALLOW. : .125' 
DESIGN - PSIG/TEHP: 520185'2 
ASHE CODE: V I 1 1  D1 
NOZ/NU R A T I W :  9001 
SOURCE: 1 

B6-5 



FOSTEP, WHEELER USI COAP. 

CUSTOflER: DOElHETC 
LOCIITION: WESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTION 600 

PAGE 3 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV. 0 
PREPAREP €I\. : TRF 

n 

n 



FOSTER WHEELER USA CORP. PAGE 4 

! 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTIOW 600 

EQUIPHENT DETAIL 

JOB NO. : 11-36265 
DATE : OB-Rpr-87 
REV. 0 
PREPARE@ E'' i TaF 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : t m s T  OLE : NANHOURS : 

120 R-605 LOW-TEHP SHIFT CONVERTER 2 141,200 162,400 
10'9' DIA X 15' T/T 

B6-7 



FOSTER YHEELER USA CORP. 

CUSTOflER: DOElflETC 
LOCATION: WESTERN WLORAW 
UNIT : HYDROGEN PLAWT SECTION 600 

EQUIPFENT DETAIL 

PRGE 5 

JOB NO. : 11-36265 
DATE : 08-hpr-87 
REV. 0 
PREPRRED Et' : TAF 

VERT. OR HORIZ.: V 
SUPPORT: LEGS 
flATERIAL: Sk-516-70 
STRESS RELIEVE: NO 
X-RAY: FULL 
JOINT EFF.: 1002 
HALL THICKNESS: 5/8' 
CORR. ALLOY.: ,125' 
DESIBH - PSIWEHP: 550/355 
A S E  CODE: VI11 D1 
N o z m  RATING: 6004 
SOURCE: 1 --_----------------------------------------------------- 

SUBTOTAL : 2 : 6,100 : 16,600 : 0 :  5 :  

n 



FOSTER WHEELER USA CORP. PASE b 

CUSTOHER: DOEIHETC 
LOCAT ION: WESTERN COLORIW 0 U N I T  : HYDROGEN PLANT SECTION bOO 

JOB NO. : 11-36265 
M T E  : 0 8 - 1 1 ~ ~ 8 7  
REV. 0 
PREPARED BY : i A '  

130 D-LO5 INTERNITTENT BLOWDOYN DRUH 2 8,840 14,600 
5 '6 '  O M  X 6 '6 '  TIT 

VERT. OR HORIZ.: V 
SUPPORT: L E 6 5  
N A T E R I K :  SA-285-C 
STRESS RELIEVE: NO 
I-RAY: SPOT 
JOINT EFF.: 852 
WALL THICKNESS: 5/lb' 
CORR. RLLow.: .125' 
DESI6N - PSIUTEHP:  301265 
ASHE CODE: VI11 Dl 
NOZ/HW RAT 116: 15M 
SOURCE: 1 ---------_---_-------------------------------------------------------- 

SUBTOTAL : 2 : 8,840 : 14,600 : 0 :  0 :  

Grs .- 
FREIGHT 
DEVELOPHENT 

0.01 
0.02 

0 
0 

TOTAL : 2 : 8,840 : 14,600 : 3 :  0 :  

B6-9 



iOSTEl? WHEELER USA CORP. 

CUSTOHER: DOEIHETC 
LOCATION: I1ESTE8N COLORADO 
UNIT : HYDROGEN PLANT SECTIMI 600 

PAGE 7 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV. 0 
PREPAREE E!' : TkF 

VERT. OR HORIZ.: V 
SUPPORT: SKIRT 
HATER I AL: 5(1-516-70 
STRESS RELIEVE: YO 
I-RAY: FULL 
JOINT EFF.: 1002 

CORR. ALLOY. : WI CLAD 
DESIGN - PSIUTEHP: 365/190 
ASKE CODE: VI11 Dl 
YO!/HW RATING: 5001 
SOURCE: 1 

waLi THICKNESS: 5 / e a  



FOSTER WHEELER USA CORP. 

CUSTOHER: DOEltlETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTION bOO Iris 

P&E 8 

JOB NO. : 11-36265 
UTE : 08-Apr-07 
REV. : 0 
PREPRREF gU : 1 i A' 

FRE I6HT 
DEVELOPNENT 

0.02 
0.0% 0 

B6-1 I 



FOSTEP. YHEELER USA CORP, PAEE 9 

CUSTOHEA: DOE/tlETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROGER PLANT SECTIOll bOO 

JOB NO. : 11-36265 
M T E  : 08-Apr-87 
REV * 0 
PREPARED a: : i AF 

EQUIPHENT DETAIL ----------------------------------------------------~--------------------------------- 
: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEM : DESCR 1 PT I ON : QTY : WEIGHT : MATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : I COST : ' WE : HANHOURS : 

210 E-603 HTS BFY PREHEATER 2 326,600 

TYPE: AES 
SHELL I D  IN.: 24' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 3 
SQ. FT. PER SHELL: 1538.3 
TOTAL SQ FT.: 4615 
SHELL - PSIG/TEflP: 4001875 
TUBE - PSIGITEHP: 2600/600 
HATL. - SHELLITUBE: 1 114 CR-lIZ HO1304SS 
SOURCE: 1 

210 E-604 LTS BFY PREHEATER 2 223,800 

TYPE: PhS 
SHELL ID IN.: 14' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 3 
SQ. FT. .PER SHELL: 743.3 
TOTAL SQ FT.: 2230 
SHELL - PSIWTEHP: 400/536 
TUBE - PSWTEHP: 2600/450 
KATL. - SHEL!./TUBE: 304L CLAD/304SS 
SOURCE: 1 

A 



FOSTEA WHEELER USA CORP. PAGE !0 

CUSTOlfER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTION 600 V 

JOB MI. : 11-36265 
DATE : 09-Apr-97 
REV. 0 
PREPRRED 9' : i AF 

210 E-6Ob RAW GAS TRIH COOLER 2 86,200 

TYPE: AES 
SHELL I D  IN.: 15' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 2 
SQ. FT. PER SHELL: 520 
TOTAL SQ FT.: 1040 
SHELL - PSIWTEHP: 365/190 
TUBE - PSIG/TEIIP: W 1 5 0  
HATL. - SHELL/TUBE:' 304L CLAD1430 SS 
SOURCE: 1 

FREiGHT 
DEVELOPHEHi 

3. GI 
3.02 

TOTAL : 2 : 0 :  b :  (J : 

210 E-607 RIIW CONDENSATE FEE@ PREHEATER 2 57,000 

TYPE: AES 
SHELL I D  IN.: 19' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 1 
SQ. FT. PER SHELL: 830 
TOTAL SR FT. : E30 
SHELL - PSIG/TElfP: 401300 
TUBE - PSIG/TElfP: 3651275 
IIATL. - SHELL/TUBE: 304L CLAD1430 SS 
SOURCE: 1 



~ 

FOSTER YHEELEP. USCI CORP. PAGE 1 1  

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNlT : HYDROGEN PLANT SECTIOM boo 

EQUIPHEN1 DETAIL 

JOB NO. : 11-36265 
MTE : 0e-~pr-e7 
REV. 0 
PREPARED BI : i A F  

: FW : : : CODE 1000 : CODE 2000 I CODE 4000 : 

: NO. : NO. : : COST DLE : HANHOURS : 
: CODE : ITEH : DESCRIPTION : PTY : WEIGHT : HATERIALS : SUBCONTRACT :BIRECT L A e m  

210 E-6OH STRIPPER OVEEHEAD CONDENSER 2 20 , 400 

TYPE: AES 
SHELL I D  IN.: i2‘ 
TUBE LENGTH Fl. : 20’ 
NO. DF SHELLS: 1 
SR. FT. PER SHELL: 200 
TOTAL SQ FT.: 200 
SHELL - P S I W E H P :  40/300 
TUBE - PSIGITEHP: 95/160 
M T L .  - SHELL/TUBE: 304L CLAD/43G SS 
SOURCE: 1 

210 E-609 STEIPPED CONDENSATE & BLOYDOYN CO 2 51,400 

TYPE: 
SHELL ID IN.: 
TUBE LENGTH FT.: 
NO. OF SHELLS: 
SQ. R. PEP, SHELL: 
TOTAL SQ FT.: 
SHELL - PSIGITEMP: 
TUBE - PSIG/TEHP: 
HATL. - SHELLITUBE: 
SOURCE: 

IKS  
14’ 
20‘ 
2 
445 
890 
30/290 
95ilbO 
cs/cs 
1 

A 

n 



FOSTER YHEELER USA CORP. 

CUSTORER: DDE/NETC 
LOCATION: WESTERN COLORRDO 

. - UNIT : HYDROGEN PLRNT SECTION hOO 

, , ..?' 

PA6E 12 

JOB MO. : 11-36265 
ME : 08-Apr-87 
REV. 0 
PREPAREL BY : iai. 

210 E-613 FIRST STAGE TRIN COOLER 2 43,800 

TYPE: ' AES 
SHELL ID IN.: 22' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 1 
SQ. 7. PER SHELL: 1350 
roitx SR FT.: 1350 
SHELL - PSIG/TENP: 140i155 
TUBE - PSIG/TEMP: 335/160 
YATL. - SHELL/TUBE: CS/CS 
SOURCE: 1 

43,800 : 0 :  Q :  

FREIGHT :.oz 
0.0% L i t  J tLOPKNT I-. r 

XTAL : i : 0 :  45,110 : 0 :  b :  

210 E-614 SECONO STAGE i k I H  COOLER 2 48,000 

TYPE: 
SHELL I D  IN.: 
TUBE LENGTH FT.: 
NO. OF SHELLS: 
SQ, FT. PER SHELL: 
TOTAL SP FT.: 
SHELL - PSIG/TEIIP: 
TUBE - PSIG/TEW: 
HATL. - SHELL/TUBE: 
SOURCE: 

AE5 
22' 
20' 
1 
1350 
1350 
140tlbS 
bhS1170 
cs/cs 
1 



FOSTER WHEELER USA CORP. PAEE 11 

CUSTOHER: DOEIflETC 
LOCATIOW: WESTERN COLORBDO 
UNIT : HYDROGEN PLANT SECTION 600 

EQUIPflENT DETAIL 

JOB NO. : 11-36265 
Dan : OBdpr-87 
REV. 0 
PREPARED EV ' : iAr" 

210 E-615 THIRI! STAGE TRIH COOLER 2 

TYPE: AES 
SHELL I D  IN.: 22' 
TUBE LENGTH FT. : 20 ' 
NO. OF SHELLS: 1 
SQ. FT. PER SHELL: 1350 
TOTAL SQ FT.: 1350 
SHELL - PSIG/TEHP: 140/165 
TUBE - P S I W E R P :  1410/170 
RATL. - SHELL/TUBE: CS/CS 
SOURCE: 1 

56,400 

n 

n 

B6-16 



FOSTER WiiiEiER USA CORP. PAGE 14 

CUSTOHER: DOEIHETC 
LOCATION: YESTERN COLORADO 

/ UNIT : HYDROGEN P U N T  S E C T I N  600 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV. 0 
PREPARE! SY : T M  

EQUIPHENT DETAIL 

230 E-605 RAW GAS COOLER 2 364,400 

TOTAL BARE SP FT.: 
NO. OF BAYS: 
TUBE HATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 
NO. OF FANSIBAV: 
HP EACH: 
PREWTEHP: 
SOURCE: 

6615 
3 
304 SS 
30' 

2 
30 
400/ 
1 

48 130 

SUBTOTAL : 2 : 0 :  364,400 : 0 : 9 :  

FREIGHT 3.01 
DEVELOPRENT 0. oz 

230 E-610 FIRST STAGE COOLER 2 106,400 

TOTAL BARE SQ FT.: 
NO. OF BAYS: 
TUBE HATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 
NO. OF FAWBAY: 
HP EACH: 
PRESS/TEHP: 
SOURCE: 

1650 
1 
cs 
32' 
12 x32 
1 
40 
6751 
1 



FOSTER WHEELER USA CORP. PkGE 15 

CUSTORER: DOE!WETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTION 600 

EQUIPRENT DETAIL 

JOB NO. : 11-36265 
DATE : 08-Apr-B7 
REV. 0 
PREPAREI! BY : T CtF 

: FI1 : : : :  : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT I MTERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DtE : HANHOURS : 

230 E-611 SECOND STAGE COOLER 2 110,400 

TOTAL BLRE SQ FT.: 1650 
NO. OF BAYS: 1 
TUBE flATERIK: cs 
TUBE LENGTH: 32' 
PLOT SIZE: 12 X32 
NO. OF FANSIBCIY: 1 
HP EACH: 40 
PRESWTEIIP: 14201 
SOUACE: 1 

230 E-bl2 SPILL BACK COOLER 2 49,200 

TOTAL RARE SR FT.: ies 
NO. OF BAYS: 1 
TUBE n i T m I a L :  cs 
TUBE LENGTH: 8 '  
PLOT SIZE: b X B  
NO. DF FMSIBAY: 1 
HP EACH: 7 112 
PRESS/TERP: 30301 
SOURCE: 1 

SUBTOTAL I 2 : 0 :  49,200 : 0 :  0 :  



FOSTER YHEELER USA CORP. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLORADO 

,- . UNIT : HYDROGEN PLANT SECTION 600 

PAGE 16 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV 0 
PREPARED BV : TAF. 

ERUIPRENT DETAIL 

B6-19 



FOSTER WHEELEG USA CORP. PRGE 17 

CUSTCMEP.: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT  : HYDROGEN PLANT SECTION 600 

JOB NO. : 11-36265 
DATE : OB-Apr-87 
REV I 0 
PREPRREP. El: : TA:. 

240 REFORHER PACKAGE INCLUQING: 2 17,4bO, OOO 

H-601 REFORHER 
D-603 S T E M  DRUH 
E-601 COHBUSTION A I R  PREHERTER 
E-602 REF. WASTE HEAT EXCH. 
B-601 REFORHER F.D. FAN 
8-602 REFORHER 1.D. FAN 
ST-601 REFORHER STACK 
H-COlAIB REFORKER FEED HIXERS 

SOURCE: 1 

I 

B6-20 



FOSTER WHEELER USk CORP. PAGE 18 

I 

C u s T o m :  DOE~HETC 
LOCATION: YESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTION 600 

EQUIPHEliT DETAIL 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV. 0 
PREPARE@. BY' : TAF 

310 P-601AlB BFW CIRC. PUHP & SPARE 4 97,200 

6PH: 
HD. FT.: 
PSI: 
S. 6. : 
PUHP TYPE: 
PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

1810 
287 

HE 
s- 1 
l H l l T  
200 
F 
1 

FREIGHT 
DEVELOPHENT 

; . G l  
0. o x  

2 , 9 2  
s 

TOTAL : 4 : 0 :  !00,120 : 0 :  0 :  

310 P-602A1B STRIPPED CONDENSATE PUHP & SPARE 4 30,200 

135 
307 

6PH: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: HC 
PUHP HATERIAL: s- 1 
DRIVE TYPE: H 
DRIVE HP: 2s 
SHOP OR FIELD HT.: S 
SOURCE: 1 



FOSTER WHEELER USA COfiP. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDROGEN PLANT SECTION bOO 

PAGE 19 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV. 0 
PREPRRED E\ : TAR 

A 

310 P-C03A/B STRIPPER REFLUX PUHP t SPARE 4 27,000 

6PH: 20 
HD. FT.: 154 
PSI: 
S.6.: 
PUMP TYPE: HC 
PUHP HATERIAL: s- 1 
DRIVE TYPE: H 
DRIVE HP: 5 

SOURCE: 1 
SHOP OR FIELD Hi.: s 

.. 

B6-22 



. . . - .. . . . . . . . . . . . . . . - 

FOSTER WHEELER USA CORP. PASE 20 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLORADO 
UNIT : HYDRDGEN PLRKl SECTION 600 

JOB NO. : 11-36265 
DATE : OB-Appr-87 
REV. 0 
PREPARED. 6V.  ! TAP. 

320 C-bOlA/B IIAKE-LIP COHPRESSOR 

cow TYPE: 
INLET CAP ACFH: 
INLET PSI& 
OUTLET PSIG: 
6AS HANDLED: 
K VALVE (CP/CV): 
HATER 1 AL: 
DRIVER TYPE: 
DRIVER H.P. 
SOURCE: 

4 3,200, OOO 

RECIP 
1690 
30 1 
3005 

cs 
H 
7100 
1 

B6-23 



FOSTER YHEELER USA CORP. 

CUSTOHER: DOElHETC 
LOCATION: LlESTERll COLORADO 
UNIT : HYDR06EN PLANT SECTIOW 600 

ERtiIPHENT DETAIL 

PAGE 21 

JOB NO. : 11-36265 
DATE : 08-Apr-87 
REV. . .  0 
PfiEPLRED B Y '  : TAT! 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTIO# : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LASOR: 

: HANHOURS : : NO. : NO. : : :  : COST DE 

350 F-601 HYDROGEN RECYCLE OIL FILTER 2 24,000 

SOURCE: 1 

n 

n 

B6-24 



FOSTER WHEELER usa CORP. 

CUSTOMER: DOElMETC 

w UNIT : HYDROGEN PLANT SECTION 600 
LocaTIot i :  WESTERN COLORADO 

! 
EPUIPHENT DETAIL 

PAGE 22 

JOB No. : !1-36265 
DATE : OB-Apr-87 
REV. 0 
PREPAREP E' : TAF 

: FY : 
: CODE : ITEH : 
: NO. : NO. : 

: CODE 1000 : CODE 2000 : CODE 4000 : 
DEER IPT ION : QTY : WEIGHT : MATERIALS : SUBCONTRACT :DIRECT LABOR: 

: COST DLE : HEINHOURS : 

910 P S I  PACKAGE 35HM4lSCFD INCLUDING: 2 13,070,000 

D-609A/B T A I L  GAS SURGE DRUM 
D-610 ABSORBER DRUM 
D-611 ABSORBER DRUM 
D-612 ABSORBER DRUH 
D-613 ABSORBER DRUM 
D-614 ABSORBER DRUM 
D-615 ABSORBER DRUH 
D-616 ABSORBER DRUH 
D-617 ABSORBER DRUH 
I)-618 ABSORBER DRUM 
D-el? ABSORBER DRUH 
D-020 HIXIN6 DRUH 
SOURCE: 1 

C 

B6-25 



APPENDIX B-7 

EGGIPMEId1 COST DATA 

SCLii iiATER TREATING - LXIT 700 



FOSTER WHEELER USA CORP. 

CUSTOHERr DOE/HETC J O B  NO. : 11-36265 
LOCATION: WESTERN COLO DATE r 04/10/87 
UNIT : SOUR WATER TREATING SECT. 700 REV. : o  

drs 
PREPAREL i3k;  TCIF 

EQUIPMENT SURHARY . ......................................................................................... 
: FW r : CODE 1000 I CODE 2000 I :CODE 4000 : X : 
:CODE : DESCRIPTION : DIRECT :SUBCONTRACT: TOTAL I LABOR : OF : 
: NO. r I MATERIALS I DICE : 1 HANHOURS :TOTAL I ......................................................................................... 

r VESSELS . I 
: 110 :TOWERS . 
: 120 :REACTORS, REGEN.,CONVER. : 
I 150 : D R U M  : 
: 140 :STORAGE TANKS . 
: 150 :TOWERS (FIELD FABRICATED) I 
: 160 :PROCESS DUCTS 
: 180 :VESSEL TESTING I 
: 190 :SPECIAL VESSELS : 

: 

: I 
: t 

I : HEAT TRANSFER EQUIPMENT : 

: 210 :SHELL & TUBE EXCHANGERS : 
: 220 :DOUBLE PIPE EXCHANGERS 
: 230 : A I R  COOLED EXCHANGERS 
: 240 :FIRED PROCESS EQUIPMENT : 
: 270 :VACUUM EQUIPMENT : 
: 280 : S T M .  T U R B I N E  SURFACE C O N D ,  : 
: 230 :OTHER H E A T  TRANSFER E Q U I P .  : 

I 

: UECHPNICAL EGlUlPMENf 

: 310 :PUIIPS : 
: 320 :COMPRESSORS I 
: 330 :ELECTRICAL GENERATORS 1 

: 340 :MATERIALS HANDLING : 
I 350 :HATERIALS PROCESSING r 
: 360 :MATERIALS TRANSPORT I 
: 370 :THERMO/MECHANICAL : 
: 380 :DRIVERS I 
: 390 :OTHER RECHANICAL EQUIPRENT : 

: 
: 

MISC. EQUIPMENT I 

: 490 :ELV, CRANE, HOIST : 
: 910 rPACKAGE SYSTEMS 
: 920 :UTILITY THERMAL S Y S T E M  : 
: 930 :WATER TREATING r 
: 940 :WASTE TREATING : 
: 950 :BLDG. & IIAINT. EQUIPMENT t 
: 960 :CATALYST & CHERICALS 

I : 

1 
: 

2,202,800 1 
O r  

805t800 I 
5 6 , B O O  : 

O r  
o r  
0 1  
O r  

: 
: 
: 

1,415,000 : 
0 :  

o r  
0 %  
O I  

430 ,500  : 

O J  

: 

563,200 : 
0 1  
0 :  
0 :  
0 1  
0 :  
O I  
0 :  
o r  

: 
: 
r 
: 

0 :  
0 1  
0 :  
O r  
0 :  
O r  
O f  

I 
1 

0 1  

0 1  
0 1  

204,000 I 
0 :  
0 :  
0 1  
0 :  

I 

t 
I 
I 

0 :  
0 :  
0 :  
0 :  
0 :  
0 : 
0 :  

I 
: 

0 1  
o r  
0 :  
o r  
O r  
0 :  
0 :  
0 1  
O r  

: 
I 
r 

0 1  
O r  
o r  
O I  
O r  
0 :  
0 :  
: 

: 
I 

2,202,800 : 
0 :  

805,800 r 
260,800 : 

0 :  
0 :  
0 :  
0 :  

: 
1,415,000 I 

0 :  
0 :  
0 :  
0 1  
; :  

4 3 0 , 5 5 3  : 

563,200 : 
0 1  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
O r  

: 
r 
: 
: 

0 :  
0 :  
0 1  
O r  
0 1  
0 :  
O !  

: 

0 : 38.8%: 
0 :  1 

0 : 14.2%: 
0 : 4.621 
0 :  
0 :  
0 :  
0 :  

I 

0 : 2 4 . 9 % :  
0 :  
0 :  
0 :  
0 :  

C' ; - , b i :  

0 : 9 . 9 ; : :  
0 :  I 
0 :  
0 :  
0 :  L 

0 :  
0 :  
0 :  
0 :  

: 
: : 
: 

0 :  
0 :  : 
0 :  
0 :  
0 :  
0 :  
0 :  

: 

B7-3 



PAEE ! 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UU!T : SG?! YRTES TREFrfINf SECT. 700 

- 

87-4 



FOSTER WHEELER USA CORF. PAGE 2 

CUSTONER: DOElHETC JOB NO. : 11-36265 
LOCATION: WESTERN COLO DATE : 0411Of87 

c UNIT : SOUR WATER TREATIWI SECT. 700 REV. . 
Tr l  

. .  --.- -r.cPAF.EL E . 

ERUIPllENT DETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : IfEN : DESCRIPTION : QTY : WEIGHT : MTERIRLS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : : COST DLE : HANHOURS : 

110 7-703 FRACTIONATOR 2 172,300 535,600 
3'0" DIEi X 194' T!T 
W /  60 304SS VRLVE TRAYS 

VERT. OR HORIZ.: V 
SUPPORT: SKIRT 
HATERIAL: ~ ~ - 2 4 0  3 0 4 ~  
STRESS RELIEVE: NO 
I-RAY: SPOT 
JOINT' EFF. : 852 
WALL THICKNESS: 318' 
CORR. ALLOW. : 1116' 
DESIGN - PSIS/TEHP: 50/300 
ASHE CODE: VI11 D1 
NOZ/HW RATING: 1501 
SOURCE: 1 

~~ 

SUBTOTAL : 2 : 96,600 : 325,600 : 0 :  0 :  

B7-5 



FOSTER YHEELER USA CLiRP. 

CUSTOKER: DOE/HETC 
LOCATION: WESTERN COLO 

. UNIT : SOU?? WCITEP TREATINE SECT. 700 

FREE 1 

JOB NO. : 11-36265 
DATE : 04/10/87 

?REEAkEI E. ' I n. 

REV. . . :  b 
-, 

B7-6 



FOSTER WHEELER US& CORF. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : SOUR HATER TRERTINE SECT. ?OO .. 

Grs 

PAGE 4 

VERT. OR HORIZ.: V 
SUPPORT: LEGS 
MATERIAL: cs 
STRESS RELIEVE: NO 
X-RRY: SP9T 
JOINT EFF.: 051 
WALL THICKNESS: 7/16. 
CORR. ALLOW. : .125' 
DESIGN - PSIGITERP: 300/425 
M E  CODE: VI11 Dl 
NGZ/Rbi  RATING: 1501 
SOURCE: 1 

u ..- 

VERT. OR HORIZ.: V 
SUPPORT: LE6S 
HRTERI AL: 9-240 316L 
STRESS RELIEVE: NO 
X-RAY: SPOT 
JOINT EFF.: 852 
WALL THICKNESS: 114' 
CORR. ALLOW.: lllk' 
DESIGN - PSIWTERP: 20/300 
ASHE CODE: VI11 D1 
HOZ/HW RATING: 150t 
SOURCE: 1 

SUBTOTAL : 2 : 8,500 : 54,400 : 0 :  0 :  

FREIGHT 0.0% 
DEVELOPHENT 0.0% 

0 
0 



FOSTER YHEELER USA CORF. 

WSTOflER: DOE/#ETC 
LOCATION: WESTERN COLD 
UNIT : soui! WATED TFEBTING SECT. 700 

. 

PA&€ 5 

JOB NO. : 11-3265 
DATE : 04/10i%7 

!. RES. 
- " -  ^.%".'-. rr.trw.ti z : I r;' 

EQUIPHEN? DETAIL 
-----------------_________________I_____----------------------------------------------------------- 

: FW : : COX 1000 : CODE 2000 : CODE 4000 : 
: CODE : I T E H  : DESCRIPTION : QTY : WEIGHT : M T E R I h L S  : SUBCONTRACT :DIRECT LAEOR: 
: NO. : NO. : : COST DLE : !!ANHOURS : 

!30 0-703 CON?AC?OR 2 29,300 e4, ooo 
9 '  e I A  x i w  TIT 

!'.0 D-7G4 FRbCTIONATOR FEED GRUH 2 271,400 656 , 600 
10' D IR  X 26'b' T I T  

B7-8 . 

A 

c 



FDSTEFi WHEELER LISA CDRP. PAGE t 

CUSTOHER: DOE/HETC 
LOCAT ION: UESTERN COLO 
L!N?T : SOU? W T E E  TP.EkT!NE SECT. !FO 

JOB NO. , : 11-36265 
DATE : 04/10/87 
REI. h 

DF,E:k;E: 2 Ti: 

EQUIPHENT DETAIL -----_---------------------------------------------------------------------------------------------- 
: FW : : : CODE 1000 : CODE 2000 :.CODE 4003 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTPACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HANHOURS : 

B7-9 



FOSTEE WHEELER USA CORP. PAlE 7 

CUSTOMER: DOElHETC JOB NO. : 11-36265 
LOCATION: WESTERN COLD DATE : 04/10/fl7 

P!V. 0 UNIT 
PFEtA;%E: 3 , .  : lr( 

-.- : SOUR WkTER TREATIHG SECT. ?O@ 

EQU I PHENT DETAIL _--_--_-------_---_-----------------------------------------------------------------------------_- 
: FI1 : : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : CESCR I PT ION : QTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST D&E : HANHOURS : 

140 TK-701 PHOSPHORIC ACII! STORAGE TANK 2 9,000 56 800 
6' CIA 1 12' T I T  

G 

c 



FOSTER WHEELER USA C O W .  PAGE 

CUSTOHER: DOElHETC 
LOCATION: YESTERU COLO 
UNIT : SOH MATE! TREATIN!? SECT. 701 

I37-11 



1 

iCSTER iiHEEiER USA CORP, 

CUSTONER: DOE/HETC 
LOCATION: WESTERN COLD 
UNIT : SDUF WATER f!?ERXNE SECT. 700 

?%E 9 

EQUIPHENT OET41L 

2!0 E-?01 AHNONIL STRIPPER REBOILER 2 172,000 

TYPE: AEL 
SHELL ID IN.: 25' 
TUBE LENGTH FT.: 20' 
NO. OF SHELLS: 3 
SQ. iT. PER SHELL: lb70 
TCTAL SQ ET.: 5009 
SHELL - PSIG/TEIIP: 65 /390  
T U E  - PSIG/TEHP: 751300 
M7L. - SHELL/TUBE: CS143CSS 
SOURCE: 1 

210 E-703 SOUR YClTER FEEI) HEATER 2 33,200 

I 

TYPE: AEU 
SHELL !D IN.: 15' 
TUEE LENGTH FT.: 20' 
NO. OF SHELLS: 1 
SQ. FT. PER SHELL: 
TOTAL SQ FT.: 632 
SHELL - PSIG/TEnP: 100/300 
TUBE - PSIG/TEHP: 150/330 
HATL. - SHELLITUBE: CS1304SS 
SOURCE: 1 

SUBTOTAL : 2 : 0 :  33,200 : 0 :  0 :  

FREIGHT 
DEVELOPBENT 

3.01 
0.01: 

1,000 
0 c 



CUSTOHER: DOEIHETC 
LOCAT!ON: WESTERN COLO 
UNIT : SOUR MATER TREATING SECT. 70@ 

i 

210 E-704 SOUR HATER STRIPPER 
REBOILER 

TYPE: 
SHELL ID IN.: 
TUBE LENGTH FT.: 
NO. OF SHELLS: 
SQ. FT. PER SHELL: 
TOTAL SR FT.: 
SHELL - PSIG/TEHP: 
TU% - PSIG/TEHP: 
M I L .  - SHELLiTUbE: 
SOURCE: 

AEL 
25' 
20 ' 
2 
1705 
3411 
3001425 
100i150 
C S I C S  
1 

2 83,600 

210 E-705 FRACT I UNATOR REBOILER 2 E3,bOO 

TYPE: 
SHELL ID IH.: 
TUBE LENGTH FT.: 
NO. OF SHELLS: 
SQ. FT. PER SHELL: 
TOTAL SQ FT.: 
SHELL - PSIG/TEHP: 
TUBE - PSIG/TEHP: 
MlL. - SHELL/lUBE: 
SOURCE: 

AES 
24 ' 
20' 
1 

1551 

300/425 
cs/43oss 
1 

booieoo 

B7-13 
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FGSTER WHEELER USA CORP. PAGE 12' 

CUSTOHER: DOE/HETC JOB NO. : 11-36265 
LOCATION: WESTERN COLD DRTE : 04/10/87 
UNIT : SOUR U T E R  TREATING SECT. 700 REV. . n  -. 

CF,EL;;i: E 1 r -  

ERUIPRENT DETAIL -----------_-------------------------------------------------------------------------------- 
: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : I COST DLE : HANHOURS : 

210 E-706 ABSORBER COOLER 

TYPE: 
SHELL II! IN": 
TUBE LENGTH FT.: 
NO. GF SHELLS: 
9. FT. PER SHELL: 

SHELL - PSIfi/TEHP: 
TUBE - PSIfi/TEHP: 
MTL. - SHELL/TUEE: 
SOURCE: 

T m L  SQ FT.: 

7 104,000 

LEU 
26 ' 
20 
2 
1769 
3536 
1001 150 
150/300 
CS/3?4L SS 
1 

210 E-709 SOLUTION EXCHANGER 2 66,000 

TYPE: EU 
SHELL ID IN.: 20 
TUBE LENGTH FT.: 20 
NO. OF SHELLS: 1 
SR. FT. PER SHELL: 
TOTAL SR FT. : 1074 
SHELL - PSIG/TEtlP: 751300 
TUBE - PSIG/lEHP: 300/425 
HATL. - SHELL/TUBE: 304L1304L 
SOURCE: f 

TOTAL : 2 : e :  67,Qae : 0 :  0 :  

B7-15 



FOSTER YiEEiER USk COR?. 

C!ETOLR: DOElHETC 
LOCATION: YESTERY COLO 
UNIT : SOUP HATER TREfiTIN6 SECT. 700 

PLGE 13 

JOB NO. : 11-36265 
DATE : 04/10/87 

0 REV. 
?;E; A;,:;. I ?- 

- r L  

~~~~~~ 

210 i-?lG LEAN SOLUTION COOLER 2 96,000 

TYPE: 
SHELL ID IK.: 
TUBE LENGTH FT.: 
NO. OF SHELLS: 
3. ET. PER SHELL: 
TOTkL Sa FT.: 
SHELL - PSIEiTEIP: 
TUBE - PEIE'TE!fP: 
i I i T ? .  - SHELL/TLiBE: 
SOURCE: 

!AEU 
24 
20 
2 
1510 
3032 

300/425 
CS!Sf4i SS 
1 

iewiso 

210 E-711 STRIPPER REBDILER 2 143,800 

TYPE: AES 
SHELL ID IN.: 24 
TUBE LENGTH FT.: 20 
NO. OF SHELLS: 2 
se. FT. PER SHELL: 1548 
TOTAL SR FT.: 3095 
SHELL - PSIG!TE!lP: 600/800 
TUaE - PSIG/TEHP: 3001425 
MTi. - SHELLITUBE: CS1304L SS 
SOURCE: 1 



FOSTER WHEELER USA CORP. PAGE 14 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLQ 
UNIT : SOU! WATE!? TREGTING SECT. 700 

JOB M. : 11-36265 
DATE : 0 4 / 1 0 / 8 7  
REV. - 0  
P i i E P A X l  P :  : 19’ 

-.. 

EQUIPHENT DETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CQDE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HANHOURS : 

210 E-!12A STRIPPER CONDENSER ( TOP 1 2 198,800 

TYPE: BEX 
SHELL ID IN.: 24 
TUBE LENGTH FT.: 20 
NO. OF SHELLS: 2 
SQ. FT. PER SHELL: 1548 
TOTAL SR FT.: SO95 
SHELL - PSIEITEHP: 3001425 
TUGE - PSIG/TEKP: 3001425 
HATL. - SHELL/TUBE: 304L/304L 
SOURCE: 1 

210 E-712B STRIPPER CONDENSER ( BOTTOH ) 2 98,600 

TYPE: IF 
SHELL ID IN.: 24 
TUBE LENGTH FT. : 20 
NO. OF SHELLS: 1. 
SQ. FT. PER SHELL: 
TOTAL SR FT.: 1390 
SHELL - PSIUTEHP: 100/150 
TUBE - PSIG/TEIIP: 300/425 

SQURCE: 1 

C 

n m .  - SHELL/TUBE: C S I ~ O ~ L  ss 



FOSTER #HEELER USA CORP. PkEE 15 

CUSTONER: DOEIHETC 
LOCATIGN: WESTERN COLO 
US!T : SOUA WATER TREATIWG SECT. 700 

EQUIPWENT DETAIL 

JOB NO. : 11-36265 
DATE : 04/10187 

e PEV. 
FREFGEL 4 . I!- 

..- 

210 E-713 EFFLUENT COOLER 2 129,600 

TYPE: 
SHELL ID IN.: 
TUBE LENGTH FT.: 
NO. OF SHELLS: 
SQ. FT. PER SHELL: 
TOTAL SQ F T . :  

M E  - PSIEi'TEW: 
NPITL. - SHELL/TUBE: 
SOURCE: 

SHELL - PSIGITEHP: 

MU 
28 
20 
3 
1967 
5903 
100/200 
100 i 260 
cs/cs 
1 

B7-18 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLD 

-' UNIT : SOUR WATER TREATING SECT. 700 

PkGE lo 

JOB NO. : 11-36265 
DATE : 04/10/87 
REV. . r j  

;BEP;?,E; 4. : I ?-  
-.- 

290 E-702 SOUR MATER FEED PREHEATER 2 418,000 

SPIRAL PLATE EXCHANGER, 6949 FT2 

300 DE6 F DESIGN 
TYPE 304 ss, 150 PSIG e 

t 

SOURCE: 1 

B7-19 



FOSTER UHEELffi USA 20RP. 

CUSTOflER: DOE/NETC 

KN!T 
LOCATION: YESTERN coLa 

: SOUR MTEA TREATING SECT. 700 

PAGE 17 

JOB NO. : 11-36265 
MTE : 01110187 

Q REV. 
:oEL&;E: -; , 1 P' 

-.I 

310 P-701A/a ARHONIII STRIPPER BOTTORS 4 
PUHP & SPARE 

48,800 

spn: ezo 
HO. FT.: 122 
PSI: 
S.6.: 
PUllP TYPE: HC 
PURP NIITERIAL: 304 SS 
DRIVE TYPE: H 
DRIVE HP: 40 
2HOF OR FIELD RT.: 5 
SOURCE: 1 

310 P-702R1B FRACTIONGTOR REFLUX PUMP 4 
!i SPARE 

6PN: 140 
HD. FT.: 215 
PSI: 
S.6.: 
P u w  TYPE: Hc 
PUHP NATERIAL: cs/ss 
DRIVE TYPE: n 
DRIVE HP: 20 
SHOP OR FIELD HT.: S 
SOURCE: 1 

30,400 

n 



FOSTER YHEELER USA CGRP. PkGE 18 

t 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : SOUR YATEF TREATINE SECT. 7@? 

JOB NO. : 11-36265 
DATE : 04/10/87 
REV. ? -. , .,- ----.,.-. - -!..:!,*e,:: f 

EQUIPNENT DETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 400@ : 
: CODE : ITEH : DESCRlPTION : QTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LkEOR: 
: NO. : NO. : : COST DLE : HANHOURS : 

310 P-703b18 EONDENSATE PUNP k SPARE 4 43,200 

6P!k 40 
HB. FT.: 359 
PSI: 
S.5.: 
2UHP TYPE: UC 
PU!V HATERIAL: 304 SS 
DRIVE TYPE: H 
DRIVE HP: !O 
SHOP OR F!ELD !‘IT.: S 
SOQRCE: I 

510 P-704k/C AESORBER CI!?CULbi!DN PUHP b 
& SPARE 

EPH: ?90 
HD. FT.: 304 
PS1: 
S.6.:  
PUHP TYPE: Hc 
PUHP HATERIAL: 304 SS 
DRIVE TYPE: H 
DRIVE HP: 200 
SHOP OR FIELD NT.: F 
SOURCE: 1 

12?,0@0 

SUBTOTAL : 6 : 0 :  129,000 : 0 :  0 :  

FRE I6HT v , 3.01 
DEVELOPHENT 0. ox 



FOSTEii WHEELER USii CDRP. PL6E 14 

CUSTOHER: DOElMETC 
LOCRTIOM: YESTERN COLO 
U#!T : SOUR YATEI! TREATING SECT. 700 

EQUIPMENT DETAIL 

JOB NO. : 11-36265 
DATE : 04/10/B7 
REV. r: .-- 

I "  
..rr-.rr; - ...-- U.. . ..- I-. " 

310 P-705 PHOSPHORIC X!D ADDITION PUHP 2 13,400 

6Pll: 65 
HD. FT.: 71 
?SI: 
S . 6 . :  
PUMP TYPE: Hc 
PEW? MTERICtL: 316 SS 
D D I V E  TYPE: n 
DFIVE HP: 5 
EHOP 09 FIELD nT.: S 
SSURCE: 1 

4 150,800 310 P-705A/b R I C H  SOLUTION 2UHP h SFARE 

EPR: 
HD. FT.: 
PSI:  
S. 6. : 
PUHP TYPE: 

DRlVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

PunP I~ATERIAL: 

475 
1192 

HC 
304 SS 

300 
F 
1 

n 

n 



FOSTER WHEELER USA CORP. PfiGE 20 

CUSTONER: DOE/HETC 
LOCATION: WESTERN COLO .- 
UNIT : SOUP WATER TREATINE SECT. 700 

ERUIPNENT DETAIL 

JOB NO. : 11-36265 
DATE : 04/10/87 
REV. r 
P R i p j i ; : :  2 ! P  

: FW : : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : No. : : COST D t E  : HCINHOURS : 

510 P-707A19 CAUSTIC HETERIN6 PUHP 4 
h SPARE 

9,200 

6PH: 2 
HD. FT.: 632 
PSI: 
S . 6 . :  
PUHP TYPE: RECIP 
FUHP NATERIAL: 316 SS 
DRIVE TYPE: H 
DRIVE HP: 1 
SHOP OR FIELD HT.: S 
SOURCE: i 

, /  I . ,  TOTAL : 4 : 0 :  9,480 : c, : 

310 P-~ORA/E FEXTIOWATOR FEEG punp 4 
h SPARE 

6PH: 185 
HD. FT.: 404 
PSI: 
S.6.: 
PUHP TYPE: HC 
PUHP HATERIAL: 304 SS 
DRIVE TYPE: N 
DRIVE HP: 40 
SHOP OR FIELD HT.: 5 
SOURCE: 1 

47,600 



FOSTER VHEELER USA CORF. 

CUSTOHER: DOEIHETC 
LOCATION: YESTERN COLO 
Uti!? : SOLI!? WRTER iREATING SECT. 700 

PRSE 21 

Joe NO. : 11-36265 
DATE : 04/10/87 
REV. 0 
,,..- ?,.., 6 '  . - I . .  ! I -  
--*,. . ...- 
I .... . ..-. . 

n 

EQUIPHENT DETAIL 

3IO P - i O S A i a  AHHONIA STRIPPER FEED PUffP 4 
k SPARE 

74,400 

6PH: 915 
HD. FT.: 382 
PSI: 
S.6. : 
Pun? TYPE: HC 
P M P  HATERIAL: 304 SS 
DRIVE TYPE: H 
DRIVE HP: 125 
SHOP @fi FIELD NT.: S 
SOURCE: 1 

B7-24 



APPENEIX B-8 

E@UIP:4EXT COST DATA 

SPENT ShALE h O L S T U K I Z L N G  - Ll.111 $00 



FOSTER WHEELER USA CORP. 

CUSTOMERi D O E I H E T C  J O B  NO. : 11-36265 
L O C A T I O N :  WESTERN COLO D A T E  : 05/05/87 
U N I T  I S P E N T  S H A L E  H O I S T U R I Z I N G  SECT. 900 REV. 1 r 

crs 
DREPAREC E”: TAF 

E R U I P M E N T  SUMMARY ......................................................................................... 
: FW : I CODE 1000 : CODE 2000 I ICODE 4000 I X I 
:CODE I D E S C R I P T I O N  I D I R E C T  iSUBCONTRACT;  T O T A L  I LABOR I OF I 
: NO. : : M A T E R I A L S  I D b E  I : MANHOURS : T O T A L  : 

: V E S S E L S  I 

: 110 :TOWERS I O r  

i 130 : D R U M  I 213,000 1 
I 140 ISTORAGE T A N K S  I 2,038,200 I 
I 150 ,TOWERS ( F I E L D  F A B R I C A T E D )  : 0 :  
: 160 :PROCESS DUCTS : O I  
I 180 : V E S S E L  T E S T I N G  O r  
: 190 : S P E C I A L  V E S S E L S  I 0 1  

I I : I 

: 120 IREACTORS, REGEN.,CONVER. I 0 1  

: 
: 

: r HEAT TRANSFER E Q U I P M E N T  I : 

: 210 : S H E L L  & TUBE EXCHANGERS I 0 :  
: 220 :DOUBLE P I P E  EXCHANGERS I O I  
: 230 : A I R  COOLED EXCHANGERS : 1,711,900 I 
; 240 : F I R E D  PROCESS E Q U I P H E N T  : 0 1  
: 270 :VACUUM E Q U I P H E N T  : 0 1  
: 250 :STP* T U R B I N E  SURFACE C 3 N D .  : 0 1  
: 2 9 0  :OTHER HEAT T R A N S F E R  EOUIP. : 0 :  

: M E C H A N I C A L  E Q U I P M E N T  : 

: 310 :PUMPS : 208,500 : 

: : 

: : : 

: 320 :COMPRESSORS : 293,600 1 

: 330 : E L E C T R I C A L  GENERATORS 2 0 :  
: 340 : H A T E R I A L S  H A N D L I N G  O t  
: 350 : H A T E R I A L S  PROCESSING : 587,100 : 
: 360 : M A T E R I A L S  TRANSPORT : 2,049,500 I 
I 370 r T H E R H O / M E C H A N I C A L  I 0 :  
I 380 I D R I V E R S  1 0 1  
: 390 ,OTHER H E C H A N I C A L  EQUIPMENT : 3,831,600 I 
: : I I 

: I I 

H I S C .  E Q U I P H E N T  I 1 

I 490 i E L V ,  CRANE, H O I S T  I 0 1  
I 910 :PACKAGE SYSTEHS I O I  
I 920 I U T I L I T Y  THERHAL SYSTEHS : O I  
2 930 :WATER T R E A T I N G  I 0 :  
I 940 :WASTE T R E A T I N G  I 0 :  
I 950 : B L D 6 .  b H A I N T .  E Q U I P I I E N T  I 0 1  
I 960 I C A T A L Y S T  b C H E I I I C A L S  I 0 1  

I : I 

I I I : 

I I 

1 I 
0 :  O I  
O r  0 1  
0 I 213,000 t 
0 I 2,038,200 : 
0 1  0 1  
0 8  O r  
0 :  0 :  
0 1  0 2  

I 

: 
0 :  0 :  
0 :  0 :  
0 : 1 ,711,900 : 
0 :  0 :  
0 ;  0 :  
3 :  * ,  

42 ! J ’  

0 : 2 0 8 , 3 0 0  r 
0 : 293,600 I 
O r  0 :  
0 :  O r  
0 : 587,100 : 
0 I 29049,500 I 
0 1  O r  
0 1  O I  
0 I 3,831,600 : 

1 : 
I 

I : 
: 1 

0 :  0 :  
O r  0 :  
0 1  0 8  
0 :  0 :  
0 1  O I  
0 :  O I  
O I  0 :  

2 

: t 

O r  : 
O r  2 

0 : 1.91: 

O r  
O I  : 
0 :  
0 :  : 

0 I 18.6%8 

0 :  
0 :  
0 : :5.:::: 
0 :  
0 :  

’ *  

0 : 1 . 9 % :  
0 : 2 . 7 % :  
0 :  
0 :  
0 : 5.4rr 
0 2 18.7%: 
0 :  : 
0 1  
0 : 3S.OX: 

I 1 

: 
: 

I : 
0 1  
0 :  I 

0 2  
0 :  r 
0 :  
0 :  
O I  I 

B8-3 



1 

I 

FOSTER YHEELER USA C O W .  EASE 1 

CUSTONER: DOEIHETC 
LOCATION: WESTERN COLO 
UNI i  : SPENT SHALE HOISTURIZIWG SECT. 900 

EQUIPHENT DETAIL 

JOB NO. : ! 1-36265 
DATE : 05/05/67 
REV. 1 
PEEPARE!: r : (1'- 

-.. . 

: i Y  : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITER : DESCRIPTION : QTV : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HANHOURS : 

C 

B8-4 

n 

c 



FOSTER UHEELEF! USA C D F .  PhSE 2 

CUSTOHER: DOEMETC 
LOCATION: WES!ERI: COLI! 
U N I T  : SPENT SHALE HOISTURIZ ING SECT. 900 

JOB NO. : 1 1 - 3 6 2 6 5  

REV. 1 
C S p f i G E L  E *  * I tJ- 

DATE : O ~ / O ~ G I T  

T P -  

SOURCE: 1 

140 EN-902 F0ISTUR:ZED SHALE HOPPER b 148,200 

1300 F T 3  V O L U K  
30455 HATERIAL 
BOTTOfl DISCHARGE 
121 x 1 2 ' ~  x B'H 

TOTAL : b : ? :  i4a,?oo : 0 :  0 :  

B8-5 



FOSTER #HEELER USA CORP. 

CUSTOHER: DOE!HETC 
LOCATION: VESTERN COLO 
UNIT : SPENT SHALE NOISTURIZIHG SECT. 900 

JOB NO. : 11-36265 
DATE : 05/05/87 
REV. 1 
C F ~ Z R ~ J E T  G '  . TF,: 

n 



FOSTER WHEELER USA CDRP. PAGE 4 

CUSTOHER: DOEIHETC 
LOCGTION: WESTERN COLD 
UNIT : SPMT SHALE NOISTURIZING SECT. 900 

JOB NU. : 11-36265 
D ATE : 05/05/81 
REV. 1. 
P!EPki?EL e', : Ti!! 

230 E-901 COOLER 6 1,662,000 

TOTAL BARE SQ FT.: 
NO. OF BAYS: 
TUBE HATERIAL: 
TUBE LENGTH: 
PLOT SIZE: 

HP ERCH: 
PRESSiTENP: 
SOURCE: 

NO. ni FANSIBAY: 

9200 
2 
CS 
32' 
40' X 32' 
2 

50i175 
1 

B8-7 



FOSTER WHEELER USA COR?. PAGE 5 

CUSTONER: DOEMETC 
LOCATION: WESTERN COLG 
UNIT : SPENT SHALE ROISTURIZID SECT. 900 

JOB no. : 11-36265 
DGTE : 05/05/87 
REV. 1 

C.r PCEPk2E: e \  * br- 

I 310 P-9OIAIB RECIRCULATING PUHP 12 20?,200 

6PU: 
HD. FT.: 
P S I  : 
S.6.: 
PUfiP TYPE: 
PLlNP IlGTERIAL: 
DRIVE TYPE: 
D R I V E  HP: 
YiCP OR FIELI! 91.: 
SOURCE: 

2300 
9s 

60.7CIFT3 
HC 
cs 
1 
100 
S 
1 

/I 

B8-8 

I 



FOSTER WHEELER USA C0P.P. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLO 
UNIT : SPENT SHALE ROISTURIZING SECT. 900 

PA6E b 

JOB YO. : 11-36265 
DATE : 05/05/07 
REV. ! 
PEEPPEE! E. , 1 +- 

-.r 

320 B-901 VENT BLOWER 6 135,000 

COW TYPE: CENTRIF 

INLET PSIG: -3' H20 
OUTLET PSIG: 2' H20 
6AS HANDLED: 
I: VALVE (CP/CV): 
HATERIAL: cs 
DRIVER TYPE: n 
DRIVER H.P. 
SOURC;: 1 

INLET cap ACFH: 20000 

320 0-902 COWVEYDR BLOWER b 150,000 

COHP TYPE: CENTRIF 
INLET CAP ACFH: 20000 
INLET PSI& -. 5' H2O 
OUTLET PS16: 5.5' H20 
6AS HANDLED: 
K VALVE (CPICVI: 
HATERIAL: CSlEPOXY LINED 
DRIVER TYPE: H 
DRIVER H.P. 
SOURCE: 1 

B8-9 



FOSTEfi YHEELER USA CORF. PASE 7 

CUSTOHER: DOE/HETC 
LDCATION: WESTERN COLO 
UNIT : SPENT SHALE HOISTURIZIM6 SECT. 900 

JOB NO. : 11-36265 

REV. 1 
P E P k l E L  F : TC' 

DATE : o s i o m  

TOTAL CODE: 320 : 12 : 0 :  293,550 : 0 :  0 :  

B8-10 



FOSTER YHEELER usa CORP. PAGE B 

CUSTOHER: DOE/tlETC 
LOCATION: UESTERN COLO 
UNIT : SPENT SHALE tlOISTURIZIN6 SECT. 900 

EQUIPHENT DETAIL 

JOB NO. : 11-56265 
DATE : 05105i87 
REV. 1. 
PREPAREI: F', : 7 3 :  

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : YEIEHT : HATERILLS : SUBCONiRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HANHOURS : 

350 A-902 VENTURI SCRUBBER b 330,000 

6AS FEED: 33231WHR 
YATER FEED: 830000#/HR 
665 TEHP: 195 DE6 F 
YATER TEHP: 140 DE6 F 
6AS PRES. : -1' H2O 
MATER PRES. : 20 PSI6 
HAT'L: 304 SS 

SCURCE: 1 

350 F-901 BA6 FILTER b 240,000 

AIR: 20000 ACFH 
SNCOHlN6 DUST: 55011HR 
COLLECTED DUST: 50011HR 
En I SS IONS: 50#/HR 
INLET PRES. -0.5' HZO 
OPER. TEtlP. 350 DE6 F 

AUTO. BA6 CLEANING 

SOURCE: 1 



FOSTER WHEELER usa CORP. FLGE 4 

CUSTOHER: DOE/HETC 
LOCGTION: WESTERN COLO 
UNlT : SPENT SHALE HOISTURIZING SECT. 900 

JOB NO. : 11-36265 
DATE : 05/55/’57 
REV m ! 
P@E?PI?.Ef P: ’ I r.) 

- I  - 

n 

B8-12 



FOSTER YHEELEfi USA CDRP. 

CUSTONER: DOEIHETC 
LOCATION: WESTERN COLD 
UNIT : SPENT SHALE HOISTURIZIN6 SECT. 900 

PAGE 1(1 

JOB NO. : 11-36265 

REV. 1 
PEEPA4ES E ! I !J. 

DATE : o 5 i e m  

-,I 

360 CV-901 CONVEYOR, S C E Y  TYPE W /  24' b 
GCUBLE SCREWS 

420 TPH DESIGN CAPACITY 
70tlFT3 SOLID BULK DENSITY 
400 DE6 F DESIGN TEHP 
C.S. CONSTRUCTION 
70 ' LON6 

SOURCE: 1 

183,000 



FOSTER WHEELER USA CORP. 

CUSTONER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : SPUIT SHALE KOISTURIZIffi SECT. 900 

EQU I PHENT DE1 A I L 

JOB NO. : 11-36265 
DATE : 05/05/67 
REV. 1 
YREPMEI  F: ’ i p r  

PAGE 1 1  

560 CV-902 HOISTURIZED SHALE CONVEYOR, b 
BELT TYPE 

399,000 

30’ WIDE X 200’ LON6 
Y /  COVERED HOOD 

480 TPH CAPACITY 
175 DES F OPER. TEHP 

z .  ST 
0.01 

360 CV-903 TRANSFER CONVEYOR, 
BELT TYPE 

6 861,000 

30‘M X 600’ AV6. LEMGTH 
Y! COVERED HOOD 

480 TPH CAPACITY 
175 DE6 F OPER TEHP 

A 



FOSTER YHEELER US& CDRP. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : SPENT SHALE HOISTURIZIN6 SECT. 900 

PASE !2 

EQUIPHENT DETAIL 

: FW : : CODE 1000 : CODE 2000 : CODE 400@ : 
: CODE : ITEH : DESCRIPTION : BTY : HEIGHT : HATERIALS : SUBCONTRACT :PIRECT LABOR: 
: NO. : NO. : : COST OkE : RANHOURS : 

360 CV-904 CROSS CONVEYOR, 
BELT TYFE 

4 546,800 

42'Y X 400'L 
Mi COVERED HOOD 

960 TF'H CAPACITY 
!75 DE6 F @PER. TEHP. 

B8-15 



FUSTER S)KEELER USA CUAP. 

CUSTOHER: DOE/HETC 
LCCATIOH: UESTERN COLO 
UNIT : SPENT SHALE #OISTURIIING SECT. 900 

EQUIPHENT DETAIL 

JOB YO. : 11-36265 
DATE : 05/05/87 
REV. 1 
PtE?FSET Ei’ . jh‘ 

390 A-901 P U ~  n u  
ENCLOSED HORIZ. 

b 3,720,000 

CAPACITY: DRY 420/TPH WET 480/TPH 

400 DE6 F DES. TEHP. 
ATN. DES. PRES. 
HATER FEED: 480 6Pll 
VAPOR DISCHARGE: b15000 CFPH 

A 

B8-16 



APPENDIX R-9 

ECUIPKEST COST DATA 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOEIMETC JOB NO. : 11-36265 
LOCATION: WESTERN COLO DATE : 04/14/87 
UN I T  : FEED PREPARATION SECT. 1000 REV. : o  

EQUIPMENT SUMHARY 
DREPhREI, BL: TAF 

......................................................................................... 
: FW : : CODE 1000 : CODE 2000 : :CODE 4000 : Y. : 
:CODE : DESCRIPTION : DIRECT :SUBCONTRACT: TOTAL : LABOR : OF : 
: NO. : : MATERIALS I DLE : : HANHOURS :TOTAL : ......................................................................................... 

VESSELS : : : I : 

: 110 ;TOWERS 0 :  0 :  0 :  0 :  
: 120 :REACTORS, REGEN.,CONVER. : 0 :  O r  0 :  0 :  
: 130 :DRUMS I O r  0 1  0 :  0 :  
: 140 :STORAGE TANKS 0 :17,195,200 :17,195,200 : 0 : 24.1%: 
: 150 :TOWERS (FIELD FABRICATED) : 0 :  0 1  0 :  0 :  
I 160 :PROCESS DUCTS 0 :  0 1  0 :  0 :  
: 180 :VESSEL TESTING 0 :  0 :  0 :  0 1  
: 190 :SPECIAL VESSELS 0 :  0 :  0 :  0 :  

: r : 

: 1 : 
I I 1 

: : HEAT TRANSFER EQUIPMENT : 

I 210 :SHELL & T U B E  EXCHANGERS 0 :  0 :  0 :  0 :  
: 220 :DGUBLE PIPE EXCHANGERS o r  0 ;  0 :  0 :  
: 230 : A I R  C O O L E D  EXCHANGERS 0 1  0 :  0 :  O r  
: 240 :FIRED PROCESS EQUIPMENT 0 ;  0 :  0 :  0 :  
: 270 : V A C U U M  E Q U I P M E N T  0 1  0 :  0 :  0 :  
: 2 3 0  :ST'. T U R S I N E  S i i R F A C E  'CON3. : 0 ;  t :  + I  

: 2 9 0  :OTHER H E A T  TRANSFER EQUIF. : 0 1  3 :  c , :  j :  

\ 

: Y E C H A N I C A L  EOUIPMENT I 

: 
: 310 :PUMPS 0 :  0 :  0 :  0 :  
: 320 :COMPRESSORS : 3,842,900 I 0 : 3,842,900 I 0 : 5 . 4 % :  
: 330 :ELECTRICAL GENERATORS 0 :  0 :  0 :  0 :  
: 340 :MATERIALS HA N D L I N G  : 494,400 I 0 : 494,400 2 0 : 0 . 7 % :  
I 350 :MATERIALS PROCESSING :11,682,500 I 0 :11,682,500 : 0 : 14.4%: 
I 360 :MATERIALS TR A N S P O R T  :18,083,600 :19,200,000 :37,283,600 : 0 : 5 2 . 3 % :  
: 370 :THERHO/HECHANICAL I 0 :  0 :  0 :  0 :  
I 380 :DRIVERS 1 0 :  0 1  0 :  0 :  
: 390 :OTHER HECHANICAL EQUIPMENT : 0 :  O r  0 :  0 :  

I t I 
: : 

: HISC. ERUIPMENT : 1 : 
: : I 

: 490 :ELV, CRANE, HOIST : 824,000 I 0 : 824,000 : 0 : 1 .2%:  
: 910 :PACKAGE SYSTEMS 0 1  0 :  0 :  0 1  
: 920 :UTILITY THERMAL SYSTEMS I 0 :  O r  O r  0 :  
: 930 :WATER TREATING 0 :  0 :  0 :  0 :  
: 940 :WASTE TREATING 0 :  0 :  0 1  0 :  
r 950 :BLDG. & M(S1NT. EQUIPMENT I 0 :  0 :  0 :  0 :  
: 960 :CATALYST & CHEHICALS I O r  0 1  0 :  0 :  I 

TOTAL EQUIPMENT :34,927,400 :36,395,200 :71,322,600 D 0 :100.0%: 

3 L -  : 8 : I I I : I ......................................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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, 

. .  

PkEE 1 

A 

CUSTORER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : FEEG PREPARATION SECT. 1MO 

JOB NO. : 11-36265 
DATE : 0 4 / 1 4 / 8 7  
REV. 0 
"EE"+5,E: E. : I Y' 

-.- 



FOSTER LitiiELiR USA CGRP. PkGE i 

CUSTOHER: DOE/HETC 
LOCATION: UESTERN COLO 
UN?T : FEED PREPARATION SECT. 1000 

EEUIPHENT DETAIL ----------------------------------------------------------------------------------------- 
: FW : : CODE 1000 : CODE 2000 : CODE. 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABGR: 
: NO. : NO. : : COST D&E : HAHHOURS : 

140 V-l004A/C FEED BIN,  20'L X ?O'W X 20'H 6 
CS CONSTRUCTION WI 3G DE6 
P Y R A ~ I D  ROTTOHI 

339,000 

SOURCE: 1 

SUBTOTAL : 2 : 0 :  0 : 15,97C,OOO : 0 :  

FRE I6HT 
DEVELOPMENT 

0. ox 
0.01 

0 
0 



FOSTER #HEELER USA CGFiF. PAGE 3 

CUSTONER: D O E I H E T C  
LOCATIDN: WESTERN COLO 
U # I T  : FEE? PREPIIRATION SEC?. !000 

JOB NO. : 11-36265 
DATE : 04/14/87 
REV. C' 
5cE;::fE: T i c  



FOSTER YKEELER USA CDDP. PASE 4 

... 

CUSTOHER: DOEIHETC 
LOCATION: WESTERN COLO 
UNIT : FEEI! PREPARATIDN SECT. 1000 

JOB NO. : 11-34265 
DATE : G4114i87 
REV. c 
?c,E'qfx: 2 : I ?  

-.- 

320 8-1001 PRIMARY CRUSHING BLOWER 4 
1553G11HR DUST FLOW RATE 

COHP TYPE: CEHTRIF 
INLET CAP ACFH: 120900 
INLET PSIG: 
OUTLET PSIS: 1' Hi0 
6AS HANDLED: 

RATERIAL: cs 
DRIVER TYPE: H 

t: w L v i  (CP/CV): 

DRIVER H.P. 
SOUZCCE: 3 n+yCC&?@+ 

283,200 

320 8-lGO2 SECOWDARY CRUSHING BLOWER 4 
~ ~ O W H R  DUST FLOW RATE 

COHP TYPE: CENTRIF 
INLET CAP ACFR: 681240 
INLET PSIG: 
OUTLET PSIG: 1' H20 
6 k S  HANDLED: 
K VALVE !CP/CV): 
9fiTERI AL: cs 
DRIVER TYPE: H 
DRIVER H.P. 1092 BHP 

SOURCE: nug6.".+v 

i , w , e o o  



1 

iOSTiii $HEELER USA CDRU. PkGE E 

CUSTOHER: DOEMETC 
LOCATION: UESTERN COLO 
UNIT : FEED PREPARATION SECT. 1000 

JOB NO. : 11-36265 
GATE : 04114107 
REV * r! 
D E E ~ A ~ X ~  E'.' ? ,L. 

7 , :  

520 E-1003 TERTIARY CRUSHING BLDWER 4 
o846011HR DUST FLOW RATE 

1,590,000 

320 9-!004 STACKING BOOM BLOWER 2 
!2.2#iiiR DUST FLOW RATE 

43,400 

n 



FDSTih YHEEiER USA CORP. 

CUSTONER: DOE/HETC 
LOCATION: WESTERN COLO 

' UNIT : FEE! PREPARhTION SECT. 1000 

Pk6E b 

JOB NO. : 11-36265 
DATE : 04/14/97 
REV. 0 
fr;crP*,t: f : 

-,". 
I ..., ..-,-* ,--. 

320 8-1005 SILO BLOWER 4 
1670011HR DUST fLOH RATE 

COHP TYPE: CENTRIF 
INLET CAP ACFH: 130000 
INLET PS16: 
OUTLET PS16: 1' ti20 
6AS HANDLED: 
Y: VALVE ICP'CV): 
HATERIAL: is 
DFIVER TYPE: H 
DRIVER H.P. 147 BHF 
SOURCE: 

311,600 

B9-9 



FOSTEE #HEELER US& CORF. PAEE ? 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN CDLO 
UNIT : FEED PREPARATIDH SEC?. !000 

JOB NO. : 11-36265 
M T E  : 04114107 
REV. 0 .  
CSFP;';: z ~I * I -: - I -  

345 PK-1001 SAEPLINE STirT!ON 
INCLUDING: 

2 260,000 

1- PRIRARY STATION 
1- BELT FEEDER 
2- CRUSHERS 
1 - SECONDARY COLLECTOR 

340 PK-lo02 SAHPLIliE SiATIDN 
I NCLUfr ! N6: 

2- PRIHARY STlTIONS 
1- BELT FEEDER 
1- CRUSHER 
1 - SECGNDARY COLLECTOR 

2 220,000 

._.  

n 

n 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLO 
UNIT : FEU! PREPARATION SECT. 1000 

PAGE 6 

TOTAL CODE: ' 340 : 4 :  0 :  494,400 : 0 :  0 :  

B9-11 



FOSTER HHEELER USA CLIFF. Pk6E9 

CUSTDNER: DOEiHiTC 
LOCATION: WESTERN COLO 
UnI? : FEE5 PREPARATION SECT. lOOC 

ESUIPHENT DETAIL 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUECONTRACT :DIRECT LABOR: 

: HFINHOURS : : NO. : NU. : : COST : DLE 

SOLID ROTOR IflPACTOR, 850 TPH 
40' FEED & 6' DISCHARGE 
450 HP 

550 K-1002AIC SECONDARY CRUSHER b 1,031,400 

P.EViFtSIELi IHPACTOa 
850 TPH 
6' FEED k 2' DISCHARGE 
1 0 0 0  H? 

c 



FOSTER WtiEiLER USA CDRP. 

CUSTOKER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : FEED PREPIIRCtTION SECT. 1000 

EQUIPKENT DETAIL 

JOB NO. : 11-36265 
DATE : 04!14107 
REV I I' 
F i E i ' 4 K  E Ti2 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :OlRECT LABOR: 
: NO. : NO. : : COST O&E : HIINHOURS : 

350 K-1003 TERTIARY CRUSHER 6 1 I 779 I 600 

REVERSIBLE IKPACTOR 
1350 TPH 
2'  FEED & 114' DISCHARGE 
1500 HP 

350 S-1WlAIC 40' GF.IZ!LY 6 5 9 5 , 2 0 0  

20'  1 40' 
cs 

C 



FOSTER YHiELiR USA CORF. 

CJSTOHER: DOE/HETC 
LOCATION: WESTERN COLD 
U#!T : FEED PREPARATIM SECT. 1000 

ERUIPHENT DETAIL 

PAGE I f  

JOB NO. : 11-36265 
DATE : 04/14/87 
REV. I! 
;'iiE?AilE." E : I *? 

-.. 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : RTY : WEIGHT : lllTERIALS : SUBCONiRkCT :DIRECT LABOR: 
: NO. : NO. : : COST D E  : HANHOURS : 

359 S-1002AIC 6 "  6EIZZiY 

B '  x 10' 
cs 

SOURCE: 1 

6 162,000 

350 S-100SklC 2 INCH SCREEN b 9 0 ,  ooo 

9 '  x 12'  
cs 
E50 TPH CAFACITY 

SOURCE: 1 

n 



FOSTER WHEELER USA CORF. PAGE IZ 

CUSTONER: DOElHETC 

UNIT : FEED PREPARATION SECT. 1000 
crs LDCATION: WESTERN COLO 

! 

JOB NO; : 11-36265 
DATE : 04/14/81 
REV. 0 
9RFc;:E: I ', 

-.- 

EBUIPHENT DETAIL 

350 S-l004A/C b BU SCREE# b 90,000 

9' x 12' 
cs 
1450 TPH CAPACITY 

SOURCE: 1 

350 . S-1005RIC 0 SCREEN h 174,000 

12' X l b '  
cs 
!350 TPH CAPACITY 

t 

SOURCE: 1 

0 



FOSTER YHZLEF~ usa cofir. P G E  / 3  

A 
CUSTOHER: DOE/HETC JOB NO. : 11-36265 
LOCATIOM: WESTERN COLO DATE : 04/14/87 
UNI? : FEED PREPARATiON SECT. 1000 REV. @ 

PEEPAcE: 5 ’ T”: 

ERUIPHENT DETAIL 

: FW : : CODE. 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEM : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: YO. : NO. : : COST OLE : HANHOURS : 

350 F-1001 PRIHGRY CAUSHINE BAGHOUSE 2 
120700 ACFH 
2085011HR 
cs 

406,000 

350 F-1002 SECONDARY CRUSHING EGHOUSE 2 

681240 ACFH 
llEB2011HR 
cs 

2,200,000 

n 



FOSTER WHEELER usa CDRP. 

CUSTORER: DOE/RETC 
LOCATION: YESTEM COLO 

.- UNIT : FEE! PREPARATION SECT. 1000 ~ 

EQU I PHENT DE1 A I L 

PRGE 14 

JOB NO. : 11-56265 
DRTE : 04/14/87 
REV. 0 
P k E P A X I  : T :- 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HANHDURS : 

350 F-1003 TiRTIllRY BAGHOUSE 2 2,400,MH) 

766400 ACFH 
1336701lHR 
cs 

SOURCE: 3 

350 F-1004 STACKINE BOON RAGHOUSE 2 R4,OOO 

24640 ACFN 
12521lHR 
cs 

SOURCE: 3 



FOSTER YIiEELER USA COliP. 

CUSTORER: DOE/HETC 
LOCRTION: YESTERN COLO 
W I T  : FEED PREPARATION SECT. 1000 

JOB NO. : ll-3a265 
DATE : 04/14/87 
REV. h 
&-+..-- : . - . r  

l r  
c “fC*-‘ r 

ElUIPHENT D E T M L  

: FY : . .  : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : I T E H  : M S C R  I P T I  ON : QTY : WEIGHT : flATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : UO. : : COST DbE : HANHOURS : 

EO F-1005 S I L O  BAGHOUSE 2 436,000 

130000 ACFH 
22667tiHG 
cs 

SOURCE: 1 

SUBTOTAL : 2 : 0 :  216,000 : 0 :  0 :  

A 



6 1 -6a 
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FDSTER WHEELER USA C O P .  

I 

CUSTOHER: DOE/LTC 
LOCATION: WESTERN COLD 
UN!T : FEED PREPARATION SECT. 1000 

PAEE 17 

JOB NO. : 11-36205 
DklE : 04114387 

I REV. 
- .  

< !-' 
i,-rD.;-- . . ._I r..t. r 

360 A-1001A/C APRON FEEDERS 
!b '#  x 20'1 
850 TPH 

ERUIPMENT DETAIL 

: F11 : : CODE 1000 : CODE 2000 : CODE 4005 : 
: CODE : ITEH : DESCRIPTION : Q T Y  : WEIGHT : MATERIALS : SUBCONTRfiCT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HANHOURS : 

t 270 1 eoo 

SOURCE: 1 

360 A-1@02A!C Ai'RON FEEDEF! 
19?"W X 18'L 
850 TPH 

6 330,009 

SOURCE: 1 

B9-20 



FOSTER MHEELER USA CORP. P&EE 16 

CUSTOHER: DOE/HETC JOB NO. : 11-36265 
LOCBTION: WESTERN COLO DBTE : 04/14/87 

EEV. i, UNI? : FEED PREPFlRATIDN SECT. 1000 
"p;kE. E - .  

EQUIPRNT DETAIL 

360 I -1003 I lC  APRON FEEDER 
1 0 2 ~  I i a , ~  
1400 TPH 

6 330,000 

SOURCE: 1 

560 CV-lOOlA/C PEIYIRY CRUSHER CONVEYOR b 
3 6 ' ~  x 1 2 0 ' ~  
850 TPH 

311,100 

SOURCE: 1 



FOSTER YHEELER USA CGRP. 

C!JSTOt!ER: DOE/HETC 
LGCLTION: YESTERN COLO 

'. UNIT : FEED PREPARATION SECT. 1000 

F&GE 10 

JOB NO. : 11-36265 
DhTE : 04/14!8? 
REV. C' 

pF,y;JE' ; I .I 
- , -  

350 CV-!002 TRANSFER CONVEYOR 
48'Y X 360'L 
3000 YPH 

2 414,800 

SOURCE: 1 

360 CV-100': STACKER CONVEYER 
48'N X 160G'L 
3000 TPH 

SOURCE: 1 

2 1,843,200 

C 

n 



FOSTER WHEELER USA CORP. PAGE 2C 

CUSTOHER: DOEMETC 
LOCATION: WESTERN COLO 

~ UNIT : FEED PREPARATIOW SECT. 1000 

JOB MU. : 11-36265 
DATE : 04/14/87 
REV. c 

T. -  ' I -  :,3:?5r.:- 
. . _ / . , .  .,-F : 

EQUIPHENT DETAIL --------------------------------------------------------------------------------------------------- 
: FV : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : MTERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : RANHOURS : 

360 CV-1004A/B COARSE SHALE CONVEYOR 4 
48'Y X 350'1 
3000 TPH 

EO6 , 400 

SOURCE: 1 

T O T A L  : 4 : 0 :  ? X , 5 9 @  : 0 :  1 :  

160 C V - l O O W C  SECONDARY CRUSHER CONVEYOR 6 570,000 
36'W X 220'L 
850 TPH 

SOURCE: 1 

FREIGHT 3.02 
DEVELOPNENT 0.01 

17,100 
0 



FOSTER YHEELER USA CDRF.  

CUSTOHER: DOEMETC 
LOCATION: NESTERN COLG 
UN!T : FEEO PREPARATION SECT. 1000 

EQUIPHENT DETAIL 

PkGi 21 

JOB NO. : 11-36265 
DATE : 0 4 / 1 4 / 8 7  
REV. 0 '  
Pk;:kaE:  : : e  T . -  

366 C V - 1 0 0 6 A i C  T E R T I A R Y  CRUSHER CONVEYOR 6 
36'Y X 1 6 0 ' L  
850 TPH 

414,600 

SOURCE: 1 

360 C V - 1 0 0 7 A i b  T E R T I A R Y  CRUSHINB CONVEYOR 4 
48'W 1 3 5 0 ' L  
2600 TPH 

C 

SOURCE: 1 

806,400 

B 

n 



FOSTER WEELER USA CGRP. PA6E 22 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : FEED PREPARATION SECT. 100@ _- - 

CIIS JOB NO. : 11-36265 
DATE : 04/14/07 
REV * 0 
PCEPT:: ? I -  

T .  

360 CV-100WC RECYCLE COWVEYOR 
3R'W X 1SO'L 
520 TPH 

SOURCE: 1 

6 324,000 

360 CV-l009A!b TRANSFER CONVEYOR 
4e.n x W L  
2600 TPH 

SOURCE: 1 

4 138,400 

SUBTOTAL : 4 : 0 :  138,400 : 0 :  0 :  

FREIGHT 3.02 
DEVELOPHENT 0.02 

4,150 
0 



FOSTER CIHEELER USA COW. 

I ' - 

CUSTOHER: DOEIHETC 
LOCATIO#: WESTERN COLO 
Uti IT : FEED PREPARAT!MI SECT. lo00 

PA6E 22 

JOB Mi. : 11-36265 
DATE : 0 4 / 1 4 / 8 7  
REV. @ 
C x ? f i R i :  : ; I P- 

..- 

3 0  CV-lOlOA/B TRANSVERSE CONVEYOR 
4a.w x SWL 
2600 TPH 

k 1,267,200 

SOURCE: 1 

360 CV-l@!!AiB LOWER TRkNSVERSkL CONVEYOR 4 
4a.u x SSU'L 
2 0 9  TPH 

SOURCE: 1 

1 ,267,200 

n 



FOSTER WHEELER USA CDRP. PAGE 24 

CUSTOHER: DOEMETC 
LOCATION: WESTERN CDLO 
UNIT : FEEE PRE?bRATIOW SECT. 1000 

JOB NO. : 11-36265 
DATE : 04/14/87 
REV. 0 
FcEP;y: E : I ,?- 

- I -  

EQUIPNENT DETAIL 

: FV : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEN : DESCRIPT ION : RTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABDR: 
: NO. : NO. : : COST DLE : NANHOURS : 

360 CV-1012AiB RETORT FEED CONVEYOR 
48'W x 7 5 0 ' L  
2600 TPH 

4 2,288,000 

SOURCE: 1 

360 CV- 10 1 3 i 9  HETORT U 1 STR IBUT I ON CONVEYOR 4 
48'W X 540'L 
2600 TPH 

SOURCE: 1 

1,244,000 

SUBTOTRL : 4 : 0 : 1,244,000 : 0 :  0 :  

FREIGHT 3.0% 
DEVELOPHENT 0.0% 

37 , 320 
0 

B9-27 



FOSTER #HEELER USA COR?. 

GUSTOflER: DOilHETC 
LOCATIDN: WESTERN COLO 
UNIT : FEED PREPARATION SECT. 1000 

PLSE 25 

JOB NO. : 11-36265 
DATE : 0 4 l l k l 8 7  
REV. e 
PRE”?E: 4 5 

360 CV-10!4 CROSS TRANSFER CONVEYOR 2 
4B’U X 2 6 0 ’ 1  
2600 TPH 

299,600 

SOURCE: 1 

360 X-1003 BELT CONVEYOR SCALE 
3000 TPH 

2 16 ,000 

SOURCE: 1 

A 

c 



CUSTOHER: DOE/HETC 
LOCATION: NESTER1 COLO 
UNIT : FEED PREPARCITION SECT. 1000 r- 

JOB NO. : 11-36265 
DATE : 04/14/87 
REV e c 
P5EPAhE' ' I-' 

- 1 -  

360 X-1004 BELT CONVEYOR SCALE 2 
SO00 TPH 

16,000 

SOURCE: 1 

360 X-1001 TRAVELIHE BOOK STACKER 2 4,7;6,000 

FREIGHT INCLUDED 

B9-29 



FOSTER WHEELER USA C O W .  

CUSTOHER: GOE/flETC 
LOCkTiON: NESTERU COLO 

* -  UNiT : FEED PREPARRTIOI SECT. 1000 

FLGE 2! 

JOB NO. : 11-36265 
DATE : 0 4 / 1 4 / 8 7  
REV. b 
-F,tt*::.t. r r 
r --.-,-- , ., 

360 11-1002 BUCKET WEEL RECLAI5ER I I Q, 200,000 

SOURCE: 3 
KRUPP IWD. 

B9-30 



FOSTER WHEELER USA C O W .  FA6E ;E 

CUSTOHER: DOElHETC 
LOCATION: YESTERN COLD 
UNIT : FEED PREPARATION SECT. 1000 

JOB NO. : 11-36265 
DATE : 04114101 
REV. ci 
Dr'ipA;EE ; t L: 

-.- 

EQUIPHENT DETAIL 

490 V-!OO? TRAVELING HOPPER 20 
( TRIPLE HOPPER RAIL CAR 1 
1750 CU. FT. CAPACITY 

800,000 

B9-31 



. . . . .- - . .... ~.. . . ....... 

APPCNIjIX E-1 C. 

E c U I P X 3 i T  COST DATA 



FOSTER WHEELER USA CORP. 

V E S S E L S  
: : 

1 : 110 :TOWERS : 
: 120 :REACTORS, REGEN.,CONVER. : 
: 130 :DRUMS : 
: 140 :STORAGE TANKS 
: 150 :TOWERS ( F I E L D  F A B R I C A T E D )  : 
: 160 :PROCESS DUCTS 
: 180 : V E S S E L  T E S T I N G  : 
: 190 : S P E C I A L  V E S S E L S  : 
t I 

: 
: : HEAT TRANSFER E Q U I P H E N T  t 

: 2 1 0  : S H E L L  & TUBE EXCHANGERS 
: 220 :DOUBLE P I P E  EXCHANGERS I 
: 230 : A I R  COOLED EXCHANGERS : 
: 240 : F I R E D  PROCESS E Q U I P M E N T  : 
: 270 :VACUUH E Q U I P M E N T  
: 2 9 0  : S T M .  Y U R B I N E  S U P F A C E  COND. : 
: 2 9 0  : O T H E R  HEAT TRANSFER E Q U I P .  : 

: M E C H A N I C A L  E Q U I P I I E N T  : 

: 310 :PUMPS 
: 320 :COMPRESSORS 
I 330 : E L E C T R I C A L  G E N E R A T O R S  I 

: 340 : M A T E R I A L S  H A N D L I N G  I 

: 350 : M A T E R I A L S  PROCESSING : 
t 360 : M A T E R I A L S  TRFlNSPORT : 
: 370 :THERMO/MECHANICRL : 
: 380 : D R I V E R S  

I 

0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

t 
: 
I 

0 :  
0 :  
0 :  
O I  
O r  
O r  
0 :  

I 

7,800 : 
O r  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

: 390 IOTHER M E C H A N I C A L  EQUIPMENT :53,152,000 : 

I 
: . H I S C .  E Q U I P M E N T  : : 

I 490 : E L V ,  CRANE, H O I S T  I 0 :  
I 910 :PACKAGE SYSTEMS : 0 :  
I 920 i U T I L I T Y  THERMAL SYSTEM8 I 0 :  
: 930 IWATER T R E A T I N G  : 0 :  
: 940 :WASTE T R E A T I N G  0 :  
: 950 :BLDG. 61 M A I N T .  E Q U I P M E N T  : 0 :  

~ I 960 x C A T A L Y S T  L C H E M I C A L S  : 0 :  

: : 

: : 

: 

0 :  
0 1  
O r  

312,000 : 
0 :  
0 :  
0 1  
0 :  

: 
1 

O r  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

0 :  
0 1  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

: 
0 :  
0 :  
0 :  

312,000 : 
0 :  
0 :  
0 :  
0 :  

0 :  
0 :  
0 :  
0 :  
0 :  
c ;  
:I : 

7 , 8 0 0  : 
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

0 :53,152,000 : 

1 : 
0 1  0 :  
0 1  0 :  
0 1  0 :  
0 :  0 :  
0 :  0 :  
0 :  0 1  
0 :  0 :  

: 

: 

0 :  
0 :  
0 :  
0 : 0.6%: 
0 :  
0 :  
0 0  
0 :  

0 :  
0 :  
0 :  
c :  
0 :  
I .  

v :  

0 : 0.0%: 
o t  
0 :  
0 :  
0 :  
0 :  : 
0 :  
0 :  
0 : 99.41: 

: 
: 

0 :  
0 1  
0 :  
0 :  
0 :  
0 :  : 
0 :  : 



CCSTOHER: DOE!ETC 
LOCATION: HESTERN COLO 
EUIT : SPEN? SHALE DISPOSAL SECT. l lOh  ,- 

FkGE ! 

n 
303 NO. : ! 1-36265 
DATE : 04/16/87 
REV. r. . 
p:,;,piE: ; : ,<r 

- -  

141 TK-!lo! HATER STOF(A6E TANK 
API TYPE 

I 312,000 

SIZE: 110' DIA X 3 6 '  H 
TYPE OF ROOF: CONE 
CAP. I N  BARRELS: OOOGO 
MTEHIAL:  cs 

SOURCE: 1 

C 

B10-4 



FOSTER UHEELiR USA CORP. PAGE 2 

CUSTOHER: DDElHETC 
LOCATION: WESTERN COLO 

. UNIT : SPEN? SHALE DISPOSAL SECT. 1100 

EQUIPHENT DETAIL ........................................................................................................... 
: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : RTY : WEIGHT : MATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : HAHHOURS : ............................................................................................................... 

3!0 P-llO!A/B WATER PUHP 

6PH: 
HD. FT.: 250 
PSI: 
S.6.: 1.0 
P W  TYPE: HC 
PUMP NATERIAL: CS 
DRIVE TYPE: H 
D R I V E  HP: 50 
SHOP OR F!Eit !'IT.: S 
3JUECE:  1 

2 

500 

7,600 

B10-5 



PASE 3 

CUSTOHER: DOE!IETC 
LOCATION: WESTERN COLO 
UNI! : SPENT SHALE DISPOSAL SECT. 1100 

EQUIPHENT DETAIL 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : !TEY : GESCRI PTION : RTY : YEIGHT : NATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NG. : NO. : : COST Dhi : HANHOURS : 

I90 1-1101 HAUL TRUCKS 

DUHP BOTTOH 
100 VD3 CIPICITY 
1500 HP 
DIESEL DRIVE 

25 37,500,000 

3 0  1-1102 CRAWLER BULLDOZER 

400 HP 

a 

0 

3,200,000 



FOSTER WiiiEiER USA CORP. PA6E 4 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UN?T : SPENT SHKE DISPOSAL SECT. !lo? 

r 

JOB NO. : 11-36265 
DATE : 04/16/81 
REV. @ 

1 y. 
- 

r?,tfH:.:-' : . 

390 X-1103 PtiSHER DOZER 3 1,200,000 

400 HP 

390 1-1104 SCRAPER, ihRCTOR TOWED 10 8,700,000 

54 YD3 CAPACITY 

i' , 
\ _. u 



FOSTER YHiELEF; USA C O W .  

CUSTOKER: DOE/KETC 
LOCATION: #€STERN COLD 
i i # I T  : SPENT SFklE E I S P ~ S A L  SECT. 1!0F 

PAGE 5 

393 X-1105 SCRAPER, TRLCTOR TOWEil 2 

20 YD3 CAPACITY 

680,000 

B10-8 

n 



FOSTER #HEELER USA CORP. PAGE b 

CL'STOLR: DUEIHETC JOB NO. : 11-36265 
LOCATION: WESTERN COLO DATE : 04I1bl07  
UNIT : SPEWT SHALE DISPOSAL SECT. !lo0 REI'. !' 

>SZZA:>C:  E . 7;. 

390 X-1107 SEGHENTED COHPACTOR 2 100,000 

400011 

390 X-1108 TRACTOR, 100 HP 

RUBBER TIRED 

2 

SOURCE: 3 

SUBTOTkL : 2 : 0 :  300,000 : 0 :  G :  

FREIGHT 3.01 
DEVELOPMENT 0.0% 

9, OO? 
0 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/HETC 
LOCITIDN: YESTERN COLO 
URIT  : SPEYT SHALE DISPOSAL SEE. 1100 

PASE 7 

310 X-!109 MITER TANK TRUCK 2 90,000 

B10-10 



APPENDIX B-11 

EQUIPMERT COST DATA 



FOSTER WHEELER USA CORP. 

CUSTOMER: DOE/METC J O B  NO. : 11-36265 
L O C A T I O N :  WESTERN COLO D A T E  : 03/06/87 
U N I T  : RAW t B F  WATER TREATMENT SECT. 2000 REV. : o  

E Q U I P M E N T  SUHHARY 
P R E P A R E f  E t :  T A L  

......................................................................................... 
I FW I I CODE 1000 I CODE 2000 i ICODE 4000 : X : 
:CODE I D E S C R I P T I O N  : D I R E C T  :SUBCONTRACT: T O T A L  : LABOR : OF : 
: NO. : : H A T E R I A L S  : D&E I : MANHOURS : T O T A L  : ......................................................................................... 

V E S S E L S  : : : 
I I 1 : 

: 110 :TOWERS 33,100 I 0 :  33,100 : 0 : 2.0%: 
: 120 :REACTORS, REGEN. ,CONVER. : 0 :  0 1  0 :  O r  
: 130 :DRUMS I 18,400 I 0 :  18,400 : 0 : 1.11: 
: 140 :STORAGE TANKS : 96,800 I 462,300 : 559,100 I 0 : 34.0%: 
: 150 :TOWERS ( F I E L D  F A B R I C A T E D )  I 0 :  0 :  0 :  0 :  
: 160 :PROCESS DUCTS : 0 :  0 :  O I  0 :  
: 180 I V E S S E L  T E S T I N G  I 0 :  0 :  0 :  0 :  
: 190 : S P E C I A L  V E S S E L S  0 :  0 :  0 :  0 :  

I 
: : 

: : HEAT TRANSFER E Q U I P M E N T  I : : 

: 210 : S H E L L  & TUBE EXCHANGERS 1 0 1  0 1  0 :  0 :  
: 220 :DOUBLE P I P E  EXCHANGERS 0 :  0 :  0 :  0 :  
: 230 : A I R  COOLED EXCHANGERS 0 :  O r  0 :  0 :  
: 240 : F I R E D  PROCESS E Q U I P H E N T  0 1  0 :  G :  b :  

: 270 :VACUUM E Q U I P M E N T  : 0 :  0 :  0 :  0 :  
: 2 8 0  : S T M .  T U R S I N E  SURFACE COND. : 0 :  ' J !  
: 290 : O T H E R  HEAT TRANSFER E Q U I P .  : 0 1  0 :  v : 

I : : 

: M E C H A N I C A L  E Q U i P f l E N T  1 I 

1 r I 
: 310 :PUMPS : 70,800 : 0 :  70,800 : 0 ; 4. :;.: 
: 320 :COMPRESSORS I 0 :  0 :  0 :  0 :  
: 330 : E L E C T R I C A L  GENERATORS : 0 1  0 1  0 :  0 :  : 
: 340 : M A T E R I A L S  H A N D L I N G  : 0 :  0 :  0 :  0 :  
: 350 :HCITERIALS PROCESSING I 83,200 : 0 1  83,200 : 0 : 5.111 
: 360 : M A T E R I A L S  TRANSPORT : 0 :  0 :  0 :  0 :  
: 370 :THERMO/MECHANICAL : 0 :  0 1  0 :  0 :  
: 380 : D R I V E R S  I 0 :  0 :  0 :  0 :  
: 390 :OTHER M E C H A N I C A L  E Q U I P M E N T  I 0 :  O I  0 :  0 :  

: : : 
: : : I I I I 
: 1 M I  SC. E Q U I P M E N T  I I : : 

: I : I : : 
: 490 : E L V ,  CRANE, H O I S T  : 0 :  0 1  0 :  0 :  
I 910 :PACKAGE S Y S T E M  I o t  0 1  0 :  0 1  
I 920 : U T I L I T Y  THERMAL SYSTEMS f 0 :  O I  0 :  0 :  : 
: 930 :WATER T R E A T I N G  : 323,400 : 0 I 323,400 : 0 : 19.7%: 
: 940 :WASTE T R E A T I N G  : 556,200 : 0 : 556,200 : 0 : 33.8%: 
I 950 r B L D 6 .  & M A I N T .  EQUIPMENT : 0 :  0 :  0 :  0 :  

! : 960 : C A T A L Y S T  & C H E M I C A L S  I 0 :  0 :  0 1  0 :  
*.. : I : : ......................................................................................... 

I T O T A L  E Q U I P M E N T  : 1,181,900 : 462,300 I 1,644,200 : 0 : l O O . O ' i :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bll-3 



CUSTOHER: DOEISETC 
LDiATIOk: bkSTEiik COLD 
L!N!T : RAY L BF CikTED TEEPITHENT SECT. 2OOG 

ERUIPHENT DETAIL 

JOE NO. : 11-36265 
DATE : 05/06/63 
REV. 0 

.I. 
----._-. 
r7,::tC.:- 2 . 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : : casi OLE : HANHOUES : 

110 7-2051 DESASSER, 5' X 12' VEPT. 9' X 16' 1 17,900 53,100 
HORIZ. W /  300 SCFH 5 HP FAN 
HORIZ. DRUH Y /  VERT. STRIPPEfi 

ikE!Ei;? 
D E V E L I P W i  

n 

n 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOEIETC 
LOCATION: WESTERN COiO 
UNIT : RAW & BF WATER TREATHENT SECT. 2000 

ERUIPHENT DETAIL 

PkGE : 

JOB NO. : 11-36265 
DATE : 05/06/07 
REV. r) 

o ~ E P $ ~ E :  f , f r- * .r  

130 D-2055 CAUSTIC STORAGE DRUH 
6 '  O I A  X 16 '  T I T  

VERT. OR HORIZ.: H 
SUPPORT: SDLS 
HATER I AL : cs 
STRESS RELIEVE: NO 
1-m: SPOT 
JOINT EFF.: 851 
WALL THICKNESS: 5/16' 
CORR. ALLOW. : 110' 
DESIGN - PSIG/TEHP: 25/650 
ASHE CODE: VI11 D1 
NOZIHY RATIN6: 150# 
SOURCE: 1 

1 8,400 9,200 



FOSTER YHEELEA USG CGRP. 

CUSTOHER: DOE/HETC 
LOiftTIOhi: WESTERN COLO 
UNIT : MY k 2F WATER TREATHENT S E E .  2000 

ERUIPHENT DETAIL 

JOB NO. : 11-36265 
DATE : 05fOb487 
REV. 0 
FEEDFEE: I r -  

T . .  

n 

B l l - 6  



FOSTER #HEELER USA CORF. PAGE 4 

CUSTOHER: DOEIHETC 
LOCATION: WESTERN COLO 
UNIT : RAY b BF YATER TREATHENT SECT. 2000 

JOB NO. : 11-36265 
DATE : 05/06/87 

F'EEPAoE: s ' :E  

REV. n ..- 

141 TK-2002 TREATED RAY WATER STORAGE TANK 1 

SIZE: 80' D I A  I 48' H 
TYPE OF ROOF: CONE 
CAP. I N  BARRELS: 42973 
HATERIAL: cs 

SOURCE: I 

224 , 000 

141 TK-2052 DEf l lNERALIZED YATER STORAGE TANK 1 93,700 

SIZE: 40' DIA I 32 '  H 
TYPE OF ROOF: CONE 
CAP. I N  BARRELS: 7162 
HATERIAL: 'CS/EPOI Y L I N E D  

SOURCE: 1 



FOSTER YHEELEE USA CORP. PAGE 5 

- 

CUSTONEO: DOE/HETC JOB NO. : 11-36265 
LOCATIDN: WESTERN COLO DkTE : 05/66l87 
UNIT : RM & BF HATER TRElTMENT SECT. 2000 PlV.  0 -.. 

' r *  
r n -  :'?t"K: p 

141 TK-2053 POTABLE Y4TER STORAGE TANk 1 144,630 

SIZE: 50' DIA X 42 '  H 
TYPE OF ROOF: CONE 
CAP. IN BARRELS: 14688 
HATER1 AL: CS !EPOXY LINED 

SOURCE: 1 

TOTAL CODE: 141 : 3 :  6 :  0 :  462,300 : 0 :  

n 

Bll-8 



CUSTOtiER: D O E / E T C  
LOCkTION: YiSTERN COLO 
UNIT : RAW & BF WATER TREATYENT SECT. 2000 

JOB NO. : 11-56265 
DATE : 05IOei8i 
REV. 0 
P R E F P K  E .  i c -  

142 TK-2001 H E M  TANK 
15 '  G I P  1 32' H 
OPEN TOP 

2 66,000 62,600 

142 TK-?i;51A/5 NEtlTRkiIZATIGN T A N K  2 19,600 34,200 
10'  G I A  I l a '  T / T  
EPOXY LINED 



FOSTER LiHEELE2 USA CORP. 

CUSTOMER: DOEMETC 
LOCATIOti: WESTERY COLll 
UNIT : RAY & BF WATER TREATRENT SECT. 2000 

ERU!PNENT DETAIL 

PAGE 7 

JOE NO. : 11-36265 
DATE : 05/06/87 
REV. 0 

V " ,  

I r- p- -e , " C Y  n:*lilc. F. 

A 



FOSTER UHEELER USA CORP. PAGE 6 

CUSTONER: DOE/IIETC 
LOCATIO#: UESTERN COLD 
UNIT : RAW & BF WATER TREATHENT SECT. 2000 

JOB NO. : 11-36265 
DATE : 05/06/87 
REV. 0 
?REPA!?E!’ r’: I k- 

...- 

EQUIPWENT DETAIL ---------------------------------------------------------------------------------------- 
: FW : : CODE 1000 : CODE 2000 : CODE 4COO : 
: CODE : ITEH : DESCRI PTION : QTY : WEIGWT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST N E  : HANHOURS : 

310 P-?001A/D CLARIFIER UNDERFLOU PUHP 4 5,600 

6PM: 95 

PSI : 
S.6.: 
PUMP TYPE: ‘ HC 
PUHP HATERIAL: cs 
DRIVE TYPE: R 
DRIVE HP: 5 
SHOP OA FIELD RT.: S 
SOURCE: 1 

HD. FT.: I 58 
I 
I 

310 P-?OO2A/D SAHDFILTEE DISCHARGE PUHP 4 22,400 

6PR: 1905 
HD. FT.: 69 
PSI: 
S.6.: 
PUMP TYPE: Hc 
PUHP NATEGIAL: cs 
DRIVE TYPE: p1 

DRIVE HP: so 

SOURCE: I 
SHOP OR FIELD Hi. :  s 



FOSTER #HEELER USA COR?. PAGE t 

CUSTOHER: DOElHETC 
LOCBTIOY: HESTERN caLo 

. UNIT : RAY & BF WATER TREATHENT SECT. 2000 

EQUIPRENT DETAIL 

Job No. : 11-36265 
MTE : 05/6bi67 

PEEPRcE: e 1 b ? 

REV. e -.- 

310 P-2003AIC CARBON FILTER FEED PUHP 3 23,100 

6PH: 1905 
HD. FT.: 173 
PSI:  
S.6.: 
PunP TYPE: Hc 
PUHP HATERIAL: cs 
DRIVE TYPE: H 
DRIVE tip: 125 
SHOP OR F!ELG RT.: S 
SOURCE: 1 

310 P-2051Ai6 NEUTRALIZED WATER PUHP 2 2,800 



FOSTER HHEELER US& CDfiP. PAGE 1C 

CUSTONER: DOE/HETC 
LOCATIOH: U iSTEf iH  COLO 

/- U N I T  : RAW h BF HATER TREATIIENT SECT. 2006 

! ERU I PHENT DETAIL  

,. 

;rs 

JOB NO. : 11-36265 
DATE : 0 5 / 0 b / 8 7  
REV. 0 
Dp.i?;?E; F I I- 

- .- 

310 P-2052A/E DEHINERRLIZED WATER PUHP 2 5,400 

GPR: 520 
HD. FT.: 127 
P S I  : 
S.6.: 
PUHP TYPE: HC 
PURP HATERIAL: cs 
DRIVE TYPE: t! 
DRIVE HP: 30 
SHOP OR F I E L D  HT.: S 
jOURCE: 1 

310 P-2053A1B DEGASIFIER DISCHARGE PUHP 2 6,000 

6PR: 600 
HD. FT.: 173 
PSI: 
S. 6. : 

PunP HATERIAL: cs 
DRIVE TYPE: N 
DRIVE HP: 40 
SHOP OR F I E L D  RT.: S 
SOURCE: 1 

PUHP TYPE: nc 



FOSTEA WHEELER USA CORP. PGSi 11 

CUSTOHER: DOE/HETC 
iOiP .TIDN:  WESTERN COLO 
UN!T : RAY & BF WATER TREATHENT SECT. 2000 

JOB NO. : ! 1-36265 
DATE : 05iObi87 
REV. 0 .  
,.,.. ;p;;;.;r- / . , . - _ _  3 ~ . ! H: -.- 

I 310 P-2054418 POTkbLE YATER PUHP 2 3,400 

n 

B l l - 1 4  



FOSTER WHEELER USA CCiRP. PAGE 1; 

CUSTOHER: DOElRETC 
LOCATION: VESTERN COiO 
U N I T  : RAY & EF MATER TREATHENT SECT. 2000 

JOB NO. : 11-362b5 

REV. Q 
PF.E%EiS E . ?; 

DATE : o m / a i  

ERUIPRENT DETAIL  
-------_.------------------------------------------------------------------------------------------ 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : I T E H  : DESCRIPTIOM : BTY : HEIGHT : RATERIALS : SUBCONTRlCT :DIRECT LABOR: 
: NO. : NO. : : COST D&E : MNHOURS : 

350 F-2001AlH CLARIF IED WATER SANDFILTER 8 BO , BOO 

12'  D I A  X 8 '  Tl l ,  V E R T I C K  
GRAVITY TYPE 1 

25 P S I 6  DESIGN 
4 '  BED HEIGHT 

Bll-15 



FOSTER #HEELER USA CORP. 

CUSTOHER: DOEMETC 
LOLATION: WESTERN COLO 
UNIT : RAW & BF WATER TREATHENT SECT. 2000 

EQUIPNENT DETAIL 

PAGE 13 

JOE NO. : 11-36265 
DkTi : 05/06/87 
REV. c 
32E”z*E: : #’ 

7 .  

n 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEN : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUECONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : RANHOURS : 

930 1-2001 CHEEICAL FEEG SYSTEII 1 
INCLUDING: 
LINE & ALUN SLURRY TANKS 

PIP I NE. 
ALL SKID HOUNTED 

punps, AGITATOR, nrsc. 

29,000 

9 3  D-2051LIB CATION EXCHANGER 2 59,000 

520 6PH 
12’ D I A  X 12’ TIT 
CS ! EPO X Y LINED 
125 PSI6 DESIGN PRESSURE 
8; BEL! HEIGHT 



FOSiEE YHEELER USA CORP. F G i  14 

CUSTOFEP.: DOEIHETC 
LOEATION: E S T E R N  COicl 
U N I T  : RAW t BF YRTER TREATHEK SECT. 2 0 0 0  

JOB NO. : 11-36265  
DATE : 0 5 / O b i 6 7  
CEV. c. 
'^-I.--- - .. - 
.I.. A.- . , 

.I_ I . _ .  . . 

ERUIPtlENT DETAIL  ---_____---------------------------------------------------------------------------- 
: FW : : CODE 1 0 0 0  : CODE 2000 : CODE 4000 : 
: CLlDE : ITEM : D E S 9  I P T I O N  : ETY : YEIGHT : HATERIALS : SUBCONTRACT :Fi !?ECi ?BEOR: 
: NO. : NO. : : COST DLE : FANHOURS : 

030 D-?O5?A!E I N I O N  EXCHAHGEF! 2 59, oo@ 

520 6PH 
1 2 '  i3IB I 1 2 '  T!T 
CSIEPOXY L INED 
1 2 5  P S I 6  DESIGN PPESSUPE 
e '  EED HEIGHT 

'20 6PM 
1 2 '  C!A X 1 2 '  T I T  
CSIEtOXY L iNED 
125 P S I 6  DES!GN PRESSURE 
8' RED HEIGHT 

SOURCE: 1 

1,770 
0 



FOSTER WHEELER usa COW. 

CUSTOIIER: DOE/HETC 
LOCRTION: bli5TEP.N COLD 
UNIT : RAW 6r BF HATER TRERTHENT SECT. 2000 

EQUIPHENT DETAIL 

W E  15 

A 

JOB NO. : 11-36265 
DATE : W 0 6 i B i  
REV. 0 
PEE3AFE: E : - c Y .  

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : RTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DtrE : NANHOURS : 

939 i -2051A/8 ACTIVATED CARBON FILTEI! 2 63,000 

720 GPH 
12'6' DIR X 14' T/T 
cs 
125 PSIS DESIGN PRESSURE 
8' BED HEIGHT 

, I  T O i A l  : 2 : 3 :  i4,?% : 0 :  . .  

930 PG-2051 k C ! C  !NJECT!ON FACKASE 2 
1 6PH 
INCLUDING: DILUTION TkNK & 
TWO PdHoS, !YPE 31635 

30,000 

SOURCE: 1 



FOSTER WHEELER USA CORP. PkiE lo  

CUSTOHER: DOE/HETC 
LOCATION: CIESTERN COLG 
UNIT : RAW & BF HATER TREATHENT SECT. 2000 

EQUIPRENT DETAIL 

JOB NO. : 11-36255 
DATE : 05/05/a7 
REV, c 
PK%EF{,ZET E.\ ' T P '  

030 P6-2052 CAUSTIC INJECTION PACKAGE 2 0 

INCLUDING: 
CAUSTIC HEATER & 2 PUHPS 
cs 

COST INCLUDED Y1 P6-2051 

930 P6-?053 POTABLE WlTER CHLORINATOR, 2 
200 5PN 

15,000 

C 

SOURCE: 1 



FOSTER WHEELER USA COW. PAGE 17 

CUSTOHER: ROE/HETC 
LOCATION: WESTERN COLO 
UNIT : RAW & BF HATER TREATHENT SECT. 2000 

JOB NO. : 11-36265 
: 05/06/87 DATE 

‘ C E ? C :  
REV * 0 .  

- a -  

; ?. 



FOSTER WHEELER LISA CGRP. P A G E  18 

CUSTOKER: DOE/ETC JOB NO. : 11-36265 
LOCATION: YESTERN COLO DATE : 05/06 iB7 
UNIT : RAW & BF YATED TREATHENT SECT. 2000 REV. <' 

V?ElAEE:~ 5 : I ? -  
- I -  

EQUIPNENT DETAIL 

940 CL-2001A/B CLARIFIER SOFTENER 2 540,000 

75' DIA X 10' STR. SIDES 
cs 
CONE BOTTOH 

'.. ./ 
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drs 

FOSTER WHEELER USA CORP. 

CUSTOMER: DOE/METC 
LOCATION: WESTERN COLO 
UN I T  : STEAH & POWER GEN. SECT. 2100 

JOB NO. : 11-36265 
DATE : 04/24/87 
REV. I O  
PREPAREC B Y !  TAR 

EQUIPMENT SUMMARY 

s FW I I CODE 1000 I CODE 2000 I :CODE 4000 1 X : 
:CODE : DESCRIPTION I DIRECT iSUBCONTRACTi TOTAL I LABOR I OF I 
I NO. I I MhTERIALS I DLE t I HANHOURS ,TOTAL I 

I VESSELS : I : I : 
......................................................................................... . 

: t I I : 
: 110 :TOWERS 0 :  0 :  0 :  0 :  
: 120 :REACTORS, REGEN.,CONVER. : 0 1  0 1  0 :  0 :  
: 130 IDRUHS I 57,200 I 0 :  57,200 : 0 : 0 . 5 1 :  
I 140 ISTORAGE TANKS I 0 1  0 1  0 :  o t  
: 150 :TOWERS (FIELD FABRICATED) : 0 :  0 1  0 :  0 :  
I 160 ;PROCESS DUCTS I 0 1  O r  0 :  O r  I 
: ieo :VESSEL TESTING 0 :  0 1  0 :  0 :  
: 190 :SPECIAL VESSELS I 0 :  O I  0 :  0 :  1 

I 
I I I I 1 I I 

I HEAT TRANSFER ERUIPHENT I r I 

: 210 :SHELL L T U B E  EXCHANGERS I 0 1  0 :  0 :  0 :  
: 220 :DOUBLE PIPE EXCHANGERS 0 1  0 :  0 :  0 :  
: 230 : A I R  C O O L E D  EXCHANGERS 0 :  0 :  0 :  0 :  
: 240 :FIRED PROCESS EQUIPMENT : 0 1  0 :  0 :  0 :  
: 270 :VACUUR E R U I P M E N T  0 1  0 :  0 :  0 :  

c Z * ! .  : 2EC) : S T r ,  fUR3INE SURFACE C O N D ,  : ! , 0 3 4 , 1 0 0  : t, * ! , ? 3 & > 1 ? "  ' 
: 2 9 0  : O T Y E R  H E A T  T R A N S F E R  EQUIP. : 0 :  I ) :  ', , ! 

: : M E C H A N I C A L  E Q U I P M E N T  : I 

: 310 :PUMPS : 704,500 : 0 : 704,500 : 0 : 5 . 6 % :  
: 320 :COMPRESSORS : 157,400 : 0 : 157,400 : 0 : 1.37.: 
: 330 :ELECTRICAL GENERATORS : 9,867,400 : 0 : 9,867,400 : 0 : 78.5%: 
: 340 !HATERIALS HANDLING 0 :  0 :  0 :  0 :  I 

I 350 IRATERIALS PROCESSING : 0 :  0 :  0 :  0 :  
: 360 :MATERIALS TRCINSPORT : 0 :  0 1  O r  0 :  1 

: 370 :THERMO/MECHANICAL . O r  0 :  O r  0 :  
I 380 :DRIVERS r 0 1  0 1  0 1  0 1  I 
: 390 :OTHER HECHANICAL EFIUIPMENT I 0 :  0 :  0 1  0 :  

: I I 

I I I 

: I : 1 

: : I : : 1 
1 : I I I I I 
1 I MISC. EQUIPMENT f I I 1 I I 

: 490 IELV, CRANE, HOIST I O r  O r  0 :  o r  
: 910 rPACKA6E SYSTEMS 8 O r  0 1  0 :  0 :  I 

I 920 IUTILITY THERMAL SYSTEMS I 0 :  0 1  O r  0 :  : 
I 930 :WATER TREATING I 749,000 I 0 I 749,000 : 0 I 6.0%; 
I 940 :WASTE TREATING I 0 1  0 1  0 1  0 1  I 
I 950 rBLD6. 81 MAINT. EQUIPMENT I 0 1  0 1  0 :  0 :  : 
I 960 :CATALYST b CHEHICALS : 0 :  0 :  O I  0 :  I 

: : I I r r 

i ' *  : I r 
-' _____----_-____---_---------------------------------------: -------- - - - ~ - - - - - ~ - - - - ~ - - - - - ~ ~  

I TOTAL EQUIPMENT :12,569,600 I 0 :12,569,600 : 0 :100.0%: ......................................................................................... 
B12-3 



FDSTER WHEELER usa COR?. M E  1 

CUSTOHER: DOE!ilETC JOB NO. : 11-36265 
LOCATION: WESTERN COLO DATE : 04!24/07 
UNIT : STEAH I POWER 6EN. SECT. 2100 R E V .  0 

PREPAREC BY : 

EBUIPHEWT D E T A L  

n 

I 

B12-4 



FOSTER WHEELER 2% CORP. PAEE 2 

CUSTOHER: DOEIHETC 
LOCPT!ON: YESTERN COLO 
UNIT : S T E M  h POWER 6EN. SECT. 2100 

EQUIPHENT DETAIL 

J@B NO. : 11-36265 
U T E  : 04/24/07 
REV. 0 
Df!EPA!?E? E! : TAP 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : FANHOURS : 

200 E-ZlOlA/B STEAH SURFACE CONDENSER 4 1,004,000 

16650 FT2 PER SHELL 
TUBES: CSIlOWSIIlSO DE6 F 
SHELL: CS/15&FV/175 DE6 F 

3 -- 

B12-5 



FOSTER WHEELER USA CO!?P, P M E  3 

I 

10,750 
0 

TOTAL : 8 : 0 :  569,150 : 0 :  0 :  
~ 

B 12-6 

A 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLO 
UNIT : STEM t POWER 6EN. SECT. 2100 

JOB NO. : 11-36265 
DATE : 041241Bl 
REV. 0 
PREPAREP BY : Ti?? 

EQUIPHENT DETAIL 

PRGE 4 

310 P-2102A H.P.1L.P. BFW PUHP 2 30,000 

316 P-2162BiC H.P./L.P. BFU PUHP 4 39,600 



FOSTER YHEELER USA CORP. PAGE 5 

CUSTOHER: DOEIHETC 

UNIT : STEAH & POWER 5EN. SECT. 2100 
LocaTm: WESTERN COLO 

EQUIPHENT DETAIL 

JOB NO. : 11-36265 
DATE : 04/24/07 
REV. 0 
PREPRREF BY : T RE' 

310 P-210WH CONOENSATE PUMP 16 116,800 

6PH: 700 
HD. FT.: i 60 
PSI: 
S.6.: 1 
PUHP TYPE: HC 
PUHP NATERIAL: cs 
DRIVE TYPE: H 
D R I V E  HP: 40 
SHOP OR FIELD HT.: S 
SGURCE: 1 

A 

B 12-8 



FOSTER UHEELER USA CORP. PAGE 0 

CUSTDHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : STEAH & FOYER 6EN. SECT. 2100 

JOB NO. : 11-36265 
DATE : 04124187 
REV. 0 
PREPARE'? E'! : i kF 

EOUIPHENT DETAIL 

: FY : t CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : RTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST : D &E : NANHOURS : 

320 C-2101AlD VACUUH PUHP 0 152,800 

CDHP TYPE: 
INLET CAP ACFR: 
INLET PSI6: 
OUTLET PSIG: 

K VALVE (CPICV): 
HATER ILL: 
DRIVER TYPE: 
DRIVER H.P. 
SOURCE: 

sirs HANDLED: 

CENTRIF 
800 
2' Hg ABS 
ATH 

FREIGHi 
DEVELOPRENT 

3.02 
c.02 

TOTAL : 8 : 0 :  0 :  'I : 

B12-9 



FOSTER WHEELER USA CORP. 

CUSTOER: DOEMETC 
LOCATION: WESTERN COLO 
UNIT : S T E M  b POWER 6EN. SECT. 2100 

r.. 

PA6E 7 

JOB NO. : 11-56265 
DATE : 04/24/87 
REV. 0 
PREPARE! BY : ThF 

EQUIPHENT DETAIL _--_-__-----------------------__---------------------------------- 
: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : MSCRIPTION : RTV : WEIGHT : HATERIhLS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : :  : COST D E  : HANHOURS : 

I 330 !6-2101 H. P. TURBUEENERATOR 2 6,200,M)O 

CONDENSIN6 TVPE 
bOO PSI INLET S T E M  
2' Hg ABS OUTLET S T E M  
346515 #/HR STEAH FLOW 

21.56 HW 

SOURCE: 1 
~~~~ ~~ ~ 

SUBTOTAL : 2 : 0 : 3,383,000 : 0 :  0 :  
~~ 

FREIGHT 
DEVELOPHENT 

3. O X  
0 0 0 %  

101,400 
0 

TUTAL : 2 : 0 :  0 :  

A 



FOSTER WHEELER USA CORP. PAGE 8 

CUSTOHER: DOE/HETC JOB NO. : 11-36265 
LOCATION: WESTEM COU) DATE : 04/24/01 
UNIT : S T E M  L POWER SEN. SECT. 2100 REV. 0 

PRFRREI! 8V : 1 A i  

i 

EQUIPHENT DETAIL 

: FV : : CODE 1000 : CODE 2000 : CODE 4090 : 
: CODE : ITEN : DESCRIPTION : QTV : UEI6HT : MTERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DLE : NANHOURS : 

P 

t 

B12-11 



FOSTER YHEEiER USA CORP. 

CUSTOflER: DOE/HETC 
LOCIITION: WESTERN COLO 
UNIT : STEAR & POWER 6EM. SECT. 2100 - 

PRGE 9 

JOB NO. : 11-36265 
DATE : 04/24/07 
REV. 0 
PREPARE? BY : i A ?  

EQUIPKNT DETAIL 

930 DH-?lOlII/B H.P. BFY DEAERIITOR 4 
600000#/HR OUTLET 
50 PSIG e 275 DE6 F DESIGN 
cs 

499 , 200 

i 3 0  DH-ZlO?A/D H . P .  /?.P. DiClERAiOR 4 233, 0OG 

l t500@1/HR WTLET 
50 PSIG [! 275 DE6 F DESIGN 
CS 

SOURCE: 1 

n 



FOSTER WHEELER USA CORP. PAGE l i l  

CUSTOHER: DOE/NETC 
LOCATION: WESTERN COLO 
U N I T  : S T E M  h POWER 6EN. SECT. 2100 

JOB NO. : 11-36265 
DATE : 04/24/01 
REV. 0 
PREPAREI! @V : TAR 

EBUIPHENT DETAIL -- -----__------------------__________________I_- 

: FY : ; CODE 1000 : CODE 2000 : CUM 4000 : 
: CODE : ITEn : DESCRIPTION : RTY : HEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST D LE : MNHOURS : 

B12-13 
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FOSTER WHEELER USA CORP. 

CUSTOMER: DOE/METC JOB NO. I 11-36265 
LOCATION: WESTERN COLO. DATE I 04/28 /87  

I -- UNIT I COOLING WATER SYS. SECT. 2200 REV. 0 
PREPAREC F Y :  T A F  

EQUIPMENT SUHMARY ---------------------------.------------------------.------------------------------------ 
I FLI I I CODE 1000 I CODE 2000 I ICODE 4000 I Y. I 
ICODE I DESCRIPTION I DIRECT ISUBCONTRACTI .TOTAL I LABOR : OF : 
I NO. I I MATERIALS I DLE I I MANHOURS ;TOTAL : 

I VESSELS I I I I I I 

: 110 :TOWERS O r  O r  0 ;  0 1  : 

I 130 IDRUMS I O r  O r  0 :  0 1  
I 140 ISTORAGE TANKS 0 1  0 1  0 :  0 :  I 
: 150 !TOWERS (FIELD FABRICATED) I 0 1  0 1  0 :  0 1  

I 160 :PROCESS DUCTS I 0 :  0 1  0 1  0 1  I 
: 180 ;VESSEL TESTING I 0 1  0 1  0 1  0 1  : 
: 190 :SPECIAL VESSELS : 0 1  0 :  0 :  0 :  

......................................................................................... 
I : t : 

: 120 :REACTORS, REGEN.,CONVER. : 0 1  0 1  0 :  0 :  : 

: : I ! 

: : I I : I 

: HEAT TRANSFER EQUIPRENT : I : : 
: 1 : : 

: 210 :SHELL f TUBE EXCHANGERS : O r  0 1  0 :  0 :  
I 220 :DOUBLE PIPE EXCHANGERS 0 :  0 :  0 :  0 :  
: 230 : A I R  COOLED EXCHANGERS I O r  0 :  0 :  0 :  
: 240 :FIRED PROCESS ERUIPNENT : 0 1  0 :  0 :  0 :  
: 270 rVACUUH ERUIPHENT : 0 1  0 :  0 :  O r  I 

: 280  : S T Y ,  :URSINE SURCACE COND. : 0 :  3 :  
: 2 9 0  :OTt!Ei? H E A T  TRANSFER EEUIP. 1 0 :  3 :  i .  J J  

2 

: MECHANICAL ERUIPHENT I 1 

: 310 :PUMPS : 1,798,400 I 0 : 1 , 7 9 8 , 4 0 0  I 0 I 3 2 . 5 1 :  
: 320 :COHPRESSORS I 0 1  0 1  0 1  0 :  I 
I 330 IELECTRICAL GENERATORS 1 0 1  0 1  0 1  0 1  : 
I 340 ,HATERIALS HANDLING I 0 :  0 ;  0 1  0 1  I 
: 350 :MATERIALS PROCESSING : 0 :  0 1  0 1  0 :  
: 360 :MATERIALS TRANSPORT I 0 :  0 :  0 :  0 :  
: 370 :THERNO/MECHANICAL : 0 1  0 1  0 :  0 :  I 
I 380 IDRIVERS I 0 1  0 1  0 :  O r  
: 390 IOTHER NECHANICAL EQUIPMENT I 0 1  0 1  0 1  0 1  

: 

: I : I I I : 
I I I 8 I I : 
I I HISC. EQUIPMENT I I I I I I 

I I I I I I I 

I 490 :ELV, CRANE, HOIST I 0 1  0 1  0 1  0 1  I 

I 910 ;PACKAGE SYSTEMS I 0 1  0 1  0 1  0 1  I 
: 920 :UTILITY THERMAL SYSTEMS : 0 I 3,740,000 : 3,740,000 : 0 : 67.5X: 
I 930 :WATER TREATING . 0 1  0 1  O r  0 1  
I 940 IWASTE TREATING I 0 1  0 1  0 :  0 :  : 
I 950 :BLDG. & MAINT. EQUIPMENT I 0 ;  0 :  0 1  0 1  : 

~ : 9 6 0  :CATALYST & CHEHICALS I 0 1  0 :  0 1  0 1  I 

B13-3 



W T E R  dHEELER USA COW. PAGE 1 

CUSTGNEP.: DOE/HETC 
LOiAiIDk: WESTERN COLL! 
UNIT :COOLING WATER SVS. SECT. 2200 

11-36265 
09/28/87 

E -._ 
I F :  

3!6 F-2261AIC COOLIN6 WATER CIRC. PUNPS b 
& SPARE 
FOR CT-2201AIB 

1,164,000 

6PR: 
HD. FT.: 

S. E. : 
PURP TYPE: 
PVNP HITERIAL: 
DD!VE TYPE: 
DRIVE HP: 
S ! W  02 FiELt HT.: 
SOURCE: 

PSI: 

47550 
196 
85 
1.0 
HC 
CS 
H 
3600 
F 
3 
YG2THINETOH 

310 P-226iAIC CUOLINE MATER CIRC. PUHPS 3 
k SPARE 
FOR CT-2202 

5B?, 060 

n 



FOSTER #HEELER USA CORP. 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLO 
UN!T :COOLING MATER SYS. SECT. ZOO 

PAGE 2 

JOB NO. : 11-36265 
DATE : 04120i07 
REV. 0 
pC.EFi?F.E:. E' : 13: 

-.. 

TOTAL CODE: 310 : 9 :  0 : 1,798,360 : 0 :  @ :  

B 13-5 



FOSTER HHEELEA USA CDRP. PAGE 3 

CUSTQHER: DOElHETC 

U#!T :COOLINS WATER SYS. SECT. EM 
LOCATION: WESTERN cnu 

JOB NO. : 11-36265 
DRTE : 04/28/07 
REV. e 

T * -  tj!Eak;;: ; , * r  

EQUIPHENT DETAIL  

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : I T E H  : DESCR I P T I O N  : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : ND. : : COST OLE : HANHOURS : 

020 C T - 2 O I A / B  COOLING TOYER (PACKAGE) FOR 2 
UNIT  2100 

!,700,000 

FRE I :Hi 0.6: 
r,E \'ELOPIIEH T 0.02 i' 

920 13-2202 CIIOLIN6 T O t i i i i  PACKAGE I 

79130 GPH 
6 CELL 
30 DE6 F DELTA 'I 
63. DE6 F WET BULB 
17 DE6 F 4PPRORCH 
54 '  Y 1 294' L 
ONE 200 HP HOTORKELL '  
PK6. INCLUDES CHER ADDIT ION 
SY STEHS: R IOCIOE , CORROSION 
I N H I B I T O R ,  DISPERSANT k 
ACIi! 

SOURCE: 1 

1,046 , 000 

c 
B13-6 



FOSTER WHEELER USA CDRP. 

CUSTOHER: DOE/HETC 
LOCfiTION: YESTERN COLO 
UNIT :COOLIN6 YATER SYS. SECT. 2200 

PAGE 4 

JOB NO. : 11-36245 
DATE : 04/28/87 
REV. I! 
",E"::: 5 1 -  

- t r  

EQUIPLNT RETAIL ------------------------------------------------------------------------------------------------- 
: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : RESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST R&E : RANHOURS : 

c 

a 

B13-7 



APPENDIX B-14 



ER WHEELER USA CORP. FOS 

u CUSTOHER: DOE/METC 
L O C A T I O N :  WESTERN COLD 
U N I T  : P L A N T  b I N S T .  A I R  SECT.  2300 

JOB NO. : 11-36265 
D A T E  : 04/17/07 
REV. : o  
PREPARE: 5';;  T A F  

E R U I P M E N T  SUMMARY 

V E S S E L S  
I 

: 110 :TOWERS 
: 120 :REACTORS, REGEN.,CONVER. : 
: 130 :DRUHS 
: 140 :STORAGE TANKS 
: 150 :TOWERS ( F I E L D  F A B R I C A T E D )  : 
: 160 :PROCESS DUCTS I 

: 180 : V E S S E L  T E S T I N G  
: 190 : S P E C I A L  V E S S E L S  : 

I 
: : HEAT TRANSFER E Q U I P N E N T  : 

: 210 : S H E L L  & TUBE EXCHANGERS 
: 220 :DOUBLE P I P E  EXCHANGERS 
: 230 : A I R  COOLED EXCHANGERS : 
: 240  : F I R E D  PROCESS E Q U I P M E N T  : 
: 270 :VACUUM E Q U I P M E N T  
: Z e O  :STY. T U E B I N E  SURFACE C O N D .  : 
: 2 3 0  :OTHER HEAT TRANSFER E Q U I P .  : 

: 

: H E C H A N I C A L  E R U I P H E N T  

: 310 :PUt lPS 
: 320  :COMPRESSORS 
: 330 :ELECTRICAL GENERATORS 
: 340 : M A T E R I A L S  H A N D L I N G  
: 350 : N A T E R I A L S  P R O C E S S I N G  
: 360 : M A T E R I A L S  TRANSPORT : 
: 370 : T H E R N O / H E C H R N I C A L  : 
: 389 : D R I V E R S  I 
: 390 :OTHER H E C H A N I C A L  E Q U I P H E N T  : 

: I : 
I I :  1 
1 ,  : NISC. EQUIPMENT I 

49a r E L V ,  CRANE, H O I S T  I 
: 910 :PACKAGE SYSTEHS : 

: 94b :WASTE T R E A T I N G  : 

' !  : 

: 92p : U T I L I T Y  THERMAL SYSTEMS I 
: 930 :WATER T R E A T I N G  : 

1 950 :BLDG. & M A I N T .  E Q U I P H E N T  : 
: 960 : C A T A L Y S T  & C H E H I C A L S  : a L :  1 :  

I 
0 :  
0 :  

47,100 : 
0 :  
0 :  
0 :  
0 :  
0 :  

1 

1 

24 ,100  : 
0 :  
0 :  
0 :  
0 :  
0 :  
0 1  

: 
0 :  

553,100 I 

0 :  
0 :  

3 5 , 9 0 0  : 
0 :  
0 :  
0 :  

75,100 I 

I 
: 
: 
1 

0 1  
0 :  
0 1  
0 :  
0 :  
0 :  
0 :  

: 
0 :  
0 1  
0 :  
0 :  
0 ;  
0 ;  
0 :  
0 1  

: 

0 :  
0 :  
0 :  
0 :  
0 :  

0 :  
9 .  2 ,  

0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
O r  
0 :  

: 
I 

: 

0 :  
0 1  
0 :  
0 :  
0 :  
0 :  
0 :  

I 

: 
0 :  
0 :  

47,100 : 
0 :  
0 :  
0 :  
0 :  
0 :  

2 4 , 1 0 0  : 
0 :  
0 :  
0 :  
O !  

n .  
d .  

0 :  
5 5 3 , 1 0 0  : 

0 :  
0 :  

35,900 : 
0 :  
0 :  
0 :  

75,100 I 
: 

I 

0 :  
0 :  
O r  
0 :  
0 :  
0 :  
0 :  

: 
0 :  
0 :  
0 : 6 . 4 % :  
0 :  
0 :  
0 :  
0 :  
0 :  

: 

0 : 3 .  :;:: 
0 :  
0 :  
c :  
? :  

'J : 

0 : 
0 : 7 5 . 2 % :  
0 :  
0 :  
0 : 4 . 9 % :  
0 :  
0 :  
O r  
0 : 10.2%: 

1 

: 
: 
: 

0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

: 



PAGE I 

ERUIPflENT DETAIL 

JOB NO. : I!-36?65 
DATE : 0 4 / ! ? 1 8 ?  

o5E;';:E: ; 
REI.. i 

: FY : : CIlDE 100@ : CODE 2000 : CODE 4000 : 
: CODE : ITEK : DESCRIPTION : QTY : WEIGHT : HATERIGLS : SUBCONTRACT :CIFiEii LABOR: 
: NO. : NO. : : COST DLE : N9NHniJP.S : 

!311 D-2301 R I R  RECEIVER 
5 ' 6 "  DIA 1 7' TIT 

3 47,100 

VERT. OR HORIZ.: V 
SUPPORT: LEGS 
HATERIAL: cs 
STRESS RELIEVE: NO 
X -RGY: SPOT 
iGINT EFF.: a x  
CDRR. ALLOW. : V 
3ES!EN - PS!G/TE!P: !50i\r 
E f l E  LOGE: Y 
H11Z/flk hAiING: 1504 
SOURCE: 1 

Ljm THICKNESS: v 

S5S iZTAL  : 3 : 0 :  4?,!t4 : c :  c :  . 

B 1 4 - 4  



FOSTER NHEELEH USA CORP. PAGE 2 

CUSTOHER: DOEIHETC JOB NO. : 11-36265 
LDCATION: YESTERN COLO DATE : 04/17!87 
UNIT : PLANT L !ET. RIP SECT. 23ec !?E?, I 

T I  

x E 3 & ” E :  E .  ; i r  

EQUIPHEN1 D E T A I L  

2~ E - z ~ ~ ~ A / c  A I R  COHPEESSOR AFTERCOOLER 3 
516600 ETUlHR DUTY 

23,400 

TYPE: V 
SHELL ID IN.: v 
TUBE LENGTH FT.: V 
NO. OF SHELLS: 1 
SR. FT. PER SHELL: 
TOTAL SQ FT.: 233 
SHELL - F S I S X E H P :  V 
TUEE - PSIGiTEHP: V 
HkTL. - SHELL!TUBE: CS 
SOURCE: 1 

B14-5 



FOSTEF. #HEELER liSk COR?. 

CUS?Ot!E*: DOE/!!ETC 
LQCATION: YESTERH COLO 
VN!! : PLANT t !NE?. 41; SECT. 230? 

- 

EQUIPHENT DETAIL 

P G E  3 

: 11-36265 
: 04/17/8? 

( 
: p  ' 

3?0 C-2301kiC A I A  COflPRESSOR 3 
W /  3 STAGE YATiR-Ci)OLED 
INTERCOOLERS 

537,000 

C O W  TYPE: 
INLET CAP LCFH: 
INLET PS16: 
OUiLET PS!5: 
6 A S  HANDLED: 
k VALVE ! C P / C V ) :  
RATER1 AL : 
DRIVER TYPE: 
D R I V E R  H.P. 
SOURCE: 

CEMUIF 
2000 SCFn 

125 
G!R 

cs 
I! 
1250 

n 

B14-6 



FOSTER YHEELE! USA C O W .  PASE 4 

CUSTOHER: GOE/IIETC 
LOCATION: YESTERN COLO 
UN!T : PLANT I. INST. AIR SECT. 2306 --. 

EQUIPIIENT DETAIL 

x e  F - ~ ~ O I A X  SUCTION A I R  FILTER 3 
Y /  AEPLACEASLE GLASS FIBER 
FILTER SECTIONS 
2900 SCFH 
cs 

SOURCE: I 

13,500 

550 F-2302A/C AIR PRiiILTEil 
900 SCFH FLOW 
41?6#/HR 
CARTRIDGE TYPE 
cs 

3 15,300 



FOSTEK WHEELER Esa CORP. 

CUSTOHEE: DUE/HETC 

UN!T : P!RH? k IHST. &:I? SECT. 23% 
L o c a m :  YESTERN coui 

PAGE 5 

EQUIPNENT DETRIL ............................................................................................................ 
: FY : : CODE 1000 : CODE 2000 : CRDE 4000 : 
: CDDE : ITER : DESCRIPTION : RTY : WEIGHT : HATERIALS : SUBCONTRACT :D!F.EC! LABOR: 
: NO. : NO. : : COST D E  : HANHOURS : 

350 F-2303klC A I R  AFTEDFILTER 
SOOSCFH FLOW 
4 126#/ftR 
CARTRIDGE TYPE 
cs 

3 6,000 

B14-8 



FOSTER WHEELER USA COR?. 

CUSTDWER: DOE!HETC 
LOCATION: YESTERN COLO 
UNIT : PLAN7 & INST. A!!? SECT. 2300 

PGGE b 

EQUIPHEN1 DETAIL 

: FW : : MIDE 1000 : CODE 2000 : CODE 4000 : 
: CODE : IiEH : DESCRIPTION : QTY : YEIGHT : MATERIALS : SUBCONTRGCT :DIRECT LAEOR: 
: Ne. : NO. : : COST D&E : WCtNHOURS : 

300 OR-ZSOlAIC INSTRUtIENT AIR DRYER 3 
DUAL SYSTEH 
DRY TO -40 DE6 F 
900 SCFH 
cs 

72,900 

SOURCE: 1 

C 

B14-9 



APPENDIX B-15 

ECL'IP?iEII;T COST DATA 



FOSTER WHEELER USA COHP. 

CUSTORER: DOE/METC J O B  NO. : 11-36265 

UNIT : WASTE WATER TREATING SECT 2400 REV. : o  

EQUIPMENT SUMNARY 

,-. LOCATION: WESTERN CO DATE : 05/05/87 G.$ 
PREPARE: B Y :  !?WE 

......................................................................................... 
: FY : : CODE 1000 : CODE 2000 1 :CODE 4000 : % : 
:CODE : DESCRIPTION : DIRECT :SUBCONTRACT: TOTAL : LABOR : OF : 
: NO. t : RATERIALS : DbE : : RANHOURS I T O T A L  : ......................................................................................... 

VESSELS 
: 

: 110 :TOWERS 
: 120 :REACTORS, REGEN.,CONVER. 1 
: 130 rDRURS I 
1 140 :STORAGE TANKS I 
: 150 :TOWERS (FIELD FABRICATED) : 
: 160 :PROCESS DUCTS 1 
: 180 :VESSEL TESTING : 
: 190 :SPECIAL VESSELS : 
: : 
: 1 : 

: HEAT TRANSFER EQUIPRENT : 

: 210 :SHELL ti TUBE EXCHANGERS : 
: 220 :DOUBLE PIPE EXCHANGERS 
: 230 : A I R  COOLED EXCHANGERS 
: 240 :FIRED PROCESS EQUIPMENT : 
: 270 :VACUUM EQUIPMENT 
: 2 E C  : . j T M ,  TLRaINE SURFACE COND. : 
: 240 : O i H E i i  HEAT TRANSFER EOUIP. : 

: PIECHANICAL E i l U I P M E N T  : 

: 

: 310 :PUMPS 
: 320 :COtlPRESSORS 
: 330 :ELECTRICAL GENERATORS 
: 340 :HATERIALS HANDLING 
: 350 :HATERIALS PROCESSING I 
: 360 :MATERIALS TRANSPORT 
: 370 :THERMO/RECHANICAL 
: 380 :DRIVERS : 
: 390 :OTHER RECHANICAL EOUIPNENT : 

: 

: . RISC. EQUIPRENT 

I 490 :ELV, CRANE, HOIST I 

I 910 :PACKAGE SYSTEMS 1 

: 920 :UTILITY THERMAL SYSTEMS : 
: 930 :WATER TREATING 
: 940 tWASTE TREATING 
: 950 :BLDG. b M I N T .  EQUIPRENT : 
: 960 :CATALYST & CHERICCILS I 

: 

I 

0 :  
0 :  

35,200 : 
35,200 1 

0 :  
0 1  
0 :  

174 ,600  : 
: 
: 
: 

O r  
O I  
0 :  
0 1  
0 :  
0 :  
0 :  

254,900 I 

O r  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 1  

1 
: 
: 
: 

O I  
0 :  
0 :  
0 :  

0 :  
0 :  

3,0e6,400 : 

0 :  
0 1  
0 :  
O r  
O r  
0 1  
0 :  
0 :  

t 

1 

: 
0 :  
0 :  
0 :  
0 ;  
0 :  
5 :  
0 :  

0 :  
0 1  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

1 

0 :  
0 :  
0 :  
0 :  

O r  
0 :  

35,200 I 
35,200 : 

0 :  
0 :  
0 :  

1 7 4 , 6 0 0  : 

0 :  
O !  
0 :  
0 :  
0 :  

'.I ! 

2 5 4 , 0 0 0  : 
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

1 

: 
1 

: 
0 1  
0 :  
0 1  
0 :  

0 : 3,006,400 : 
0 :  0 :  
0 :  0 :  

: : 

0 :  
0 :  
0 : 1.0%; 
0 : 1.0%: 
0 :  
0 :  
0 :  
0 : 4 . 9 x :  

0 :  
0 :  
0 :  
!; ; 

t i !  

L : 

0 : 7 . 1 : : :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  
0 :  

: 
O r  : 
0 :  : 
0 :  1 

0 :  
0 : 86.1%: 
0 :  
0 :  1 



FGSTEK ~ ~ ~ ~ E E L E R  usa CORF. PASE I 

CUSTO9ER: DOElHETC 

UNI! : WASTE YATEE TREATINS SECT 2400 
- LOCATION: YESTERN CO 

. 



FOSTER l lHE iLER USA COR?. 

CUSTOHER: DOEIHETC 
LOCATION: MESTERN CO 
UNIT : WASTE WATER TREATIHG SEC? 2 4 0 0  

P k 6 i  2 

EQUIPHENT MTAIL 

: FW : : CODE 1000 : CODE 2000 : CODE 4 0 0 0  : 
: CODE : ITEM : DESCRIPTION : QTY : WEIGHT : H A T E R I M  : SUBCONTRACT :DIRECT LABOR: 
: No. : NO. : : COST OLE : HANHOURS : 

130 0-2403  ACID DAY DRUH 2 2, 800 8, BOO 

TOTAL : 2 : 2,800 : 8,800 : e :  0 :  

B15-5 



F O X 3  WHEELER USk CO9P. 

CLiSTO!tER: DOE/HETC 
LOCATION: WESTERN CO 
UNIT : YP.STE YATEF! TREATIHl SECT ?4@C 

PAGE 3 

c 
B15-6 



FOSTER WHEELER USA CORP. PASE + 

CUSTOPIER: DOE/flETC 
LOCATION: WESTERN CO 
UNIT : WASTE WATER TREATINE SECT 2400 

JOB NO. : 11-36265 
DATE : @5!05!07 
REV. 6 
P3EPIiF.E: E . b, d 

EQUIPMENT DETAIL 
~~ 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCR I P I 1  ON : QTY : WEIGHT : HATERIALS : SUBCONTRACT :D!RECT LABOR: 
: NO. : NO. : : COST DtE : HANHOURS : 

141 TK-2402 BACKWASH HOLDING TANK 2 35,200 

SIZE: 11-6 O I A  X 9-6 
TYPE OF ROOF: CONE 
CAP. IN BARRELS: 176 
HATERIAL: CS 

SOURCE: 1 

B15-7 



FGSTii! WHEELER USA C O W .  PAGE 

CUSTDHER: D O E M E X  
iOCAT ION: UESTERN CO 
UNIT : #ASTi  #ATE? TREATING SECT 2400 

VERT. OR HORIZ.: 
SUPPORT : 
HATERIAL: CONCRETE-14CY 
STRESS RELIEVE: 
X-RhY: 
JOINT EFF.: 
l iALL THICKNESS: 
CORR. ALLOY. : 
DESIGN - PSIE/TE!fP: 
A 3 E  CODE: 
NOZ:HW RATING: 
SOURCE: 1 .................... I------------_-------__-----__-________ 

SUETOTAL : 2 : 0: 6,300 : 

! 9 0  BA-2404 AERAT!ON BASIN 2 126,060 



FOSTER iiiiELEP, USA CORP. 

CUSTDHER: DOE/HETC 
LOCATION: WESTERN CO 
UNIT : HASTE WATER TREATING SECT 2400 

PASE 6 

JOB NO. : 11-36205 
DATE : 05/@5/8? 
REV. 0 
!?.iFA!?EI E .  : y e -  

-.. 



iOSTiR YHEELER USA CORP. PAGE 7 

CUSTOHER: DOE/tlETC 
LOCAT IOk: UESTERN CO 
!INIT : HASTE WATER TREATING SECT 2400 

JOB NO. : 11-362b5 
DATE : 05f05 l07  
RES. r '  

, -  
k!:: 

-"--.?-. .. 
7 ?.E+ *r.t - r: 

190 BA-2410 SPLITTER BOX 2 7,200 

B15-10 



FGSTEii UHEELER USA C O W .  

CUSTOHER: DOE/HETC 
LOCATION: WESTERN CO 
UNIT : WASTE WATER TREATINE SECT 2400 

PAGE g 

JOB NO. : 11-36265 
DATE : 05/05/8? 
REV. n 

PEEiliRE:l P : i 4 r  

B15-11 



FOSTER bHiELER USA CGRF. 

CUSTORR: DOE/HETC 
LOCATION: WESTERk CO 
UNIT : WASTE kATER TREATINS SECT 2400 

PAEE 0 

n 
JOB NO. : 11-36265 
DATE : 05/05!87 

@ REV. 
?;,E?;:,:: 5 -  : !I L :. 

. .- 

310 P-2401AiB STORH WATER BASIN PUHP 4 12,880 

6PH: 200 
HD. Fl.: 
PSI: 25 
S.6.:  1.0 
PU#P TYPE: vc 
PUHP HATERIAL: cs 
DRIVE TYPE: n 
DRIVE HP: 5.0 
SiiOP Dk FIELD HT.: S 
SOURCE: 1 

310 ' P-2402AIC API SEPMATGR PUHP b 17,040 

6PK: 210 
HD. FT.: 
PSI: 30 
S.6.: 
PURP TYPE: w: 
PUNP RATERIAL: cs 
DRIVE TYPE: n 
DRIVE HP: 10 
SHOP OR FIELD HT.: S 
SOURCE: 1 



FOSTER LiHEELER USA CORP. PAGE 10 

CUSTO!!ER: DOE/HETE JOB NO. : 11-36265 
LOCATION: WESTERN CO DATE : 05/05/67 
UN!? : WASTE WfiTE!? TREATING SECT 2400 P!V. c 

“EECth;: , 91.:: 

EQUIPHENT DETAIL 

110 P - Z ~ O ~ A / B  RECOVERED OIL PunP 4 12,880 

6Pn: 25 
HD. FT.: 
PSI: 70 
S.6.: 
PUHP TYPE: uc 
PUBP HC1TERIAL: cs 
DRIVE TYPE: H 
DRIVE HP: 2 
SHOP OR FIELD H l .  : S 
SOURCE: 1 

310 ?-?404A/B NUTilIENT HETERING PUHP 4 4,000 

GPH: 
HD. FT.: 
PSI: 
S.6.: 
PUHP TYPE: 
PUHP MATERIAL: 
DRIVE TYPE: 
DRIVE HP: 

SOURCE: 
SHOP OR FIELD ni.: 

2.0 6PH 

10 

flETERIN6 
ss 
R 
I 
S 
1 



FOSTER YHEELER USA CORP. PAGE I I 

CUSTOWER: DOE/t!ETC JOB NO. : 11-36265 
LOCATIO#: WESTERN CO DATE : 05/05!87 

REV. fi. Ut i IT  
f!-,:l'h:,k. 2 '  : RU: -+-- . . - - -  - 

: HASTE MATER TREATINE SECT 2400 

110 P-2405A1B CAUSTIC HETERINE PUHP 4 e, ooo 

6PH: 
HD. FT.: 
PSI :  
S. 6. : 
PUHP TYPE: 
PUnP HATERlAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD 41.: 
SOIIRCE: 

1.6 

10 

YETER I N6 
ss 
R 
1 
S 
1 

310 . P-2406AiB ACID NETERINrJ PUHP k 8,000 

6PH: 1.6 
HD. FT.: 
PSI: 10 
S.6.: 
PUR TYPE: HETERI N6 
PUHP HATERIAL: ss 
DRIVE TYPE: H 
ORIVE HP: 1 

SOURCE: 1 
SHOP OR FIELD tu.: s 

n 



FOSTER YHEELEE USA CORF. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN CO 
UN!? : WASTE WATER TREATING SECT ?40n  

13 -- 

PAEE 1 2  

EQUIPHEHT DETRIL 

: FW : : CODE 1000 : CODE 2000 : CODE 4005 : 
: CODE : I T E H  : DESCRIPTION : RTY : WEIGHT : HATERIALS : SUBCONTRACT :D!F(ECT LFi603: 
: NO. : NO. : : COST DLE : HANHOUFS : 

310 P-2407A1C E Q U I L I Z A T I O N  BASIN PUHP b 

GPH: 1200 
HII. FT.: 
PS I :  35 
S. 6. : 
P M P  TYPE: YC 
PUHP HATERIAL: CS 
GElVE TYPE: H 
PRIVE HP: 35 
SHOP Of? FIELD HT.: S 
SOURCE: 1 

2 4 , 9 6 0  

310 ?-2408A/B PRIEARY SLUDGE PUHP 4 12,880 

6PH: 120 
HD. FT.: 
PSI:  25 
S.6.: 
PUHP TYPE: vc 
PUKP HATERIAL: cs 
DRIVE TYPE: H 
DRIVE HP: 3 
SHOP OR F I E L D  HT.: S 
SOURCE: 1 

B15-15 



iOSTEfi WHEELER USA CORP. PAGE 1 3  

CUSTOHER: DOE!HETC 
LOCFtlION: %STERN LO 
UN!T : WASTE M T E R  TREATING SECT 2400 

JOB NO. : 11-36265 
N T E  : 05/05/87 
REV. ( 
c~" ' - ' -  - 

..CTt!''L -* . r~':- 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : i T E H  : DESCRIPTION : RTY : WEIGHT : MATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : COST DkE : RANHOURS : 

316 F-240FC!E R i T l j R N  SLUDGE PUHF 4 

6PR: 1200 
HD. FT.: 
PSI: 35 
S.6.: 
PURP TYPE: vc 
PURP HkTERIAL: cs 
DAIVE TYPE: n 
)RIVE HP: 35 
SHEP e(i FXLD KT.:  s 
SOURCE: I 

16,640 

310 P-2410Alb ALUH RETERING PURP 4 a, 000 

6PH: 
HD. FT.: 
PSI: 
s.5.: 
PUHP TYPE: 
PUHP HLTERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR FIELD HT.: 
SOURCE: 

1.6 

10 

RETERING 
cs 
H 
1 
S 
1 

C 

B15-16 



FOSTER YHEELER USA CORP. PAGE 14 

CUSTOHER: DOE/RETC 
LOCATION: WESTERN CO 
UNIT : WASTE WATER TREATING SECT 24Gb 

-, . 

310 P-2411A1B BELT FILTER PRESS PUMP 4 4,000 

6PH: 
HD. FT.: 
PSI: 
S.6.: 
PUnP TYPE: 
PUHP HATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SnOP OR FIELD IT.: 
SOURM: 

50 

15 

DIAPHRAGH 
CS 

1 
S 
1 

n 

310 F-2412A1C FILTER FEED PUHP 6 24,960 

6Pf: 1200 
HD. FT.: 
PSI: 15 
S.6.: 
PUHP TYPE: K 
Pl?RP HATERIAL: cs 
DRIVE TYPE: n 
DRIVE HP: 15 
SHOP OR FIELD RT.: S 
SOURCE: 1 

C 

B15-17 



FESTER I iH iELUi  tiSA CORP. 

CUSTOtlER: DOE/HETC 
LOCITION: WESTERN CO 
UNIT : WISTE L;BTEt? TREATINE SECT 2400 

? L E  1'; 

JOB NO. : l l - 3 b M  
DITE : 05/05!63 

0 REV. 
":F;;KL ; .. . . 

h?:: 

310 P-2413A/C BACKHASH PUNP 6 4 6 ,  BOO 

6PU: !450 
HD. FT.: 
PSI: 60 
S.6.: 
PUHP TYPE: HC 
PUHP NATERICIL: Cs" 
DRIVE TYPE: H 
D R I V E  HP: 75 
SHOP OR FIELI! HT.: S 
SOURCE: 1 

310 P-24!4A8 TREATED EFFLUEHT PUMP 4 13,520 

6PH: 1200 
HD. FT.: 
PSI: 50 
S.6 . :  1 
PUHP TYPE: HC 
PUflP HATERIAL: cs 

DRIVE HP: 50 
SHOP OR FIELI! hi.: S 
SOURCE: 1 

DRIVE TYPE: n 

B15-18 

n 



FOXER LlHEELiR USA CORP. PAGE i b  

CUSTOHER: DOE!HETC 
LOCATION: NESTERN EO 
UNIT : YPtSTE YATEP TREATINE SECT 2400 

310 P-2415AlB CLEAN STORHYATER P U W  4 12,eao 

6Ptl: 200 
HD. FT.: 
PSI: 50 
S.6.:  1 
PUHP TYPE: 5 vc 
PUHP HATERIAL: cs 
DRIVE TYPE: H 
DRIVE HP: 5 
SHOP OR F!ELD HT.: S 
SOURCE: 1 

t 

B15-19 



,FOSTER WHEELER USA CORP. 

CUSTOHER: DOE!HETC 
LOCATION: nESTERN CG 
UNIT  : YASTE WATER TREATING SECT 2400 

PAGE 17 

JOB NO. : 11-36265 
DATE : 05/05/67 
REV. 0 
DDFDHLE: F.t'T 

EQU I PHENT DETAIL 

: FW : : COOE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : GESCRIPT I ON : QTY : WEIGHT : MTERIALS : SUBCONTRRCT :D!RECT LbBOR: 

: HkNHOURS : : NO. : NO. : : COST : DtE 

940 BA-2407A!B RPI SEPARATOR 4 179,600 

325 6PH HYDROGBRD HODEL 210 

340 S-24G3 LECAtiTATION VALVE 2 4 ,900 

112-8121 EELFIELD DECGWTATION VALVE 
ROCEL HSlSTD 

FREIGHT 3. OZ 
GEVELOPHENT 0. 01 

! 50 
0 

TgTBL : 2 : 9 :  5 , 0 5 0  : 0 :  0 :  

B15-20 

n 



FOSTER YHEELER USA CORP. 

CUSTONER: DOE/LTC 
LOCATION: WESTERN CO 
UNIT : WASTE WATER TREATING SECT 2400 

PAGE / d  

JOE NO. : 11-36265 
DATE : 05/05/87 
REV. 0 
PREFA?,:: * PP 

EQUIPIENT MTRIL -------------------------------------------------------------------------------------------------- 
: F W  : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEN : DESCRIPTION : RTY : YEIGHT : HATERIALS : SUECUNTRACT :DIRECT LAbDii: 
: NO. : NO. : : COST D&E : MANHOURS : 

910 EA-2408 TRICKLING FILTER 2 256,000 

940 L-2411 TRICKLINE FILTER NEDlA LOT 32,000 



FESTER WHEELER USA CCRP. 

CtiSTOHER: DOE/HETC 
LOCATION: YESTERN CO 
UNIT : WASTE YATER TREATING SECT 2400 

PAGE I 4  

JOB KO. : 11-36265 
DATE : 05/05/87 
REV. c 
Pc.fP$cE: ; : kCF 

EQUIPHENT DETAIL 

: FY : .. : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : WEIGHT : HATERIALS : SUBCONTRRCT :DIRECT LABOR: 
: NO. : NO. : : COST DkE : HANHOURS : 

'740 1-2410 ROTARY DISTRIBUTOR 2 72,000 

n 

CSEISHT 1.0% 
SEVELOPKENT 13.02 

?40 1-2431 IAF POLYRER FEED S Y S T i N  2 25,  N O  

c 



, - >  

FOSTER YHEELER USA CORP, 

CUSTOMER: DOE/NETC 
LOCATION: WESTERN CO 
UNIT : YASTE WATER TREATING SECT 2400 

PAGE 2 0  

JOB NO. : 11-36265  
DATE : 0 5 / 0 5 / 8 7  
REV. 1: 

**.’?”-- - - .  
Y?.k-h?.:. E : ?, i: : 

940 L - 2 4 0 2  EQUALIZATION BASIN DIFFUSION 2 
SYSTEH 

SOURCE: 1 

61,600 

940 L - 2 4 0 3  AERCITIDN BASIN GlFFUSlON S l S i E H  2 246,OOG 



1 

FOSTER MiiEiLER USA CDRP. PAGE Ll 

CUSTDNER: DOE/KTC 

U N I T  : WASTE HATER lREATIN6 SECT 2400 
LccmoN: WESTERN CD 

JOB NO. : 11-36265 
DATE : 05/05/87 
REV. 0 ,  

r . . .  r r m . r r r  r 

‘r.frr.7.:- t ! 9%. 

940 ?-2412118 PRESSURE FILTERS 4 412,000 

SOI‘RCE: 1 

940 . TE -2401 SLUDGE HOLDING TANK 2 196, GOO 

c 
I 



FOSTER YHEELER usa CORF. PASE 1-1 

CUSTOHER: DOE/HETC 
LOCATION: YESTERN CO 
UNIT : HASTE MATER TREATING SECT 2406 

JOB NO. : 11-36265 
DllTE : 05/05/87 
REV. r, 

- _  jFE?ARE: i . I n .  

040 L-24041118 ACTIVATED SLUDGE CLARIFIER 4 1,046,400 

4 320,000 940 S-2402A/B INDtiCED A I R  FLOTATION SYSTEPI 



FOSTER iiHEELER USA CORP. 

CUSTOMER: DOE/HETC 

ENIT : MASTE YATEF: TREATING SECT 240E 
, i r  LOCATIDW: i i iSiERN CO 

PLGE 23 

JOB NO. : 11-36265 
DATE : 05/05/67 
REV. G 
FK.EP2F.E: ; . Pr:  

940 PK-2401 SRNI TRRY WASTEYATER TREATHENT 1 
SYSTEH 

SOURCE: 1 

145,OOG 

C 
B15-26 





FOSTER WHEELER USA CORP. 

CUSTOMER: DOE/HETC JOB NO, : 1 1 - 3 6 2 6 5  
L O C A T I O N :  WESTERN CO DATE : 0 5 \ 0 6 / 8 7  
U N I T  : 2500 I N E R T  6AS G E N E R A T I O N  REV. : o  

EQUIPMENT SUHHARY 
PREPAREL P": RWP 

. ........................................................................................ 
: FW : I CODE 1000 : CODE 2000 I :CODE 4000 : % : 
:CODE : D E S C R I P T I O N  ' I D I R E C T  :SUBCONTRACTi  T O T A L  : LABOR : OF : 
: NO. : : H A T E R I A L S  : D b E  : I MANHOURS : T O T A L  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V E S S E L S  

: 1 1 0  :TOWERS 
: 120 :REACTORS, REGEN.,CONVER. 
: 1 3 0  :DRUMS 
: 140 :STORAGE TANKS 
: 150 :TOWERS ( F I E L D  F A B R I C A T E D  
I 160 :PROCESS DUCTS 
: 1 8 0  : V E S S E L  T E S T I N G  
: 190 : S P E C I A L  V E S S E L S  

: HEAT TRANSFER E Q U I P H E N T  

: 2 1 0  : S H E L L  & TUBE EXCHANGERS 
: 220 :DOUBLE P I P E  EXCHANGERS 
: 2 3 0  : A I R  COOLEE EXCHANGERS 
: 2 4 0  :FIRED PROCESS E Q U I P I I E N T  
: 2 7 0  :VACUUM EQUIPMENT 
: 22C : S T Y .  'YFFBlhE SLrDFACE C O N E ,  
: 23C :CTnEi i  dEA7 T R A N S F E i i  E 3 u i P .  

: H E C H A N I C A L  ECIUIPt lEN7 

: 3 i 0  : D U M P S  

: 3 2 0  :COMPRESSGRS 
: 330 : E L E C T R I C A L  GENERATORS 
1 340 :HATERIALS H A N D L I N G  
: 3 5 0  : M A T E R I A L S  PROCESSING 
I 360 : H A T E R I A L S  TRANSPORT 
: 370 i T H E R H O / M E C H A N I C A L  
: 3 8 0  : D R I V E R S  
I 3 9 0  :OTHER H E C H A H I C A L  E Q U I P H E N T  

: 

I I H I S C .  E Q U I P M E N T  

: 4 9 0  : E L V ,  CRANE, H O I S T  
: 9 1 0  :PACKAGE SYSTEHS 
I 920  ! U T I L I T Y  THERMAL SYSTEMS 
: 9 3 0  :WATER T R E A T I N G  
I 9 4 0  i W A S T E  T R E A T I N G  
I 9 5 0  tBLD6. & M A I N T .  E Q U I P M E N T  
I 9 6 0  I C A T A L Y S T  b C H E M I C A L S  

: I 

I 

I 

: 

I 

: 

I 

: 
I 
: 

: 
: 

I 
I 
: 
I 

: 
I 
I 
I 
I 
I 

: 
.- 0 : 

0 :  
5 0 , 7 0 0  : 

0 1  
0 :  
O r  

' 0 1  
0 :  

I 

2 5 , 3 0 0  : 
0 1  

0 :  
O r  
0 1  

0 :  
~ 0 :  

I 

0 :  
3 3 7 , 8 0 0  I 

0 :  
0 :  
O r  
O I  
O r  
0 1  
0 :  

: 
I 
I 
: 

0 :  

0 1  
0 :  
0 1  
0 1  
0 :  

ies,400 : 

I 

I 
0 1  
0 :  
O I  
0 1  
0 :  
0 1  
O r  
0 :  

: 
: 

O r  
0 :  
0 :  
0 :  
0 :  
- .  J I  

. I :  

e :  
0 :  
0 :  
0 1  
0 :  
0 8  
0 :  
0 :  
0 1  

I 

0 :  
0 1  
O r  
0 :  
0 1  
0 1  
0 1  

I 

I 

o r  
0 :  

50,700 : 
0 1  
0 :  
O r  
0 :  
0 :  

2 5 , 5 0 0  : 
0 :  
6 :  
9 :  
e :  
- .  

* .  

0 :  
3 3 7 , 8 0 0  : 

0 :  
O r  
0 :  
0 1  
0 :  
0 1  
0 :  

: 
I 

I 
0 :  

185,400 I 
0 1  
0 :  
0 1  
0 1  
0 :  

: 

I 

0 :  
0 :  
0 : 8 . 5 % :  
0 :  
0 :  
0 :  
0 :  
0 :  

0 :  A,;:;: 
0 :  
0 :  

c :  
* .  
< .  

- .  

9, , - *  

0 : 56.4:.: 
0 :  
0 :  I 

0 :  : 
O r  
0 :  
0 :  : 
0 1  : 

: 

0 :  
0 : 3 0 . 9 % :  
0 :  : 
0 :  
0 :  I 
0 1  
0 :  

: 



FOSTER WHEELER usa CORP. PAGE 1 

CUSTDHER: DOEIHETC 
LOCAiiGN: WESTERN CO 
UNIT : 2500 IIiERT 6P.S EENERA7ION 

TOTAL CODE: 210 : 2 :  0 :  25,340 : 0 :  5 :  

210 E-2501 INERT GAS COOLER 2 24,600 

TYPE: fiES 
SHELL I D  IN.: 
TUBE LENGTH FT.: 
&I. OF SHELLS: ! 
SR, FT. PER SHELL: 503 
TOTAL SR FT. :  503 
SHELL * PSISITEHP: 
TUaE - PSiGiTiHP: 
RATL. - SHELLiTU6E: CS 
SOURCE: t 

B16-4  



FOSTER WHEELER USA CORP. 

CUSTOHER: DOEMETC 
LOCATION: WESTERN CO 
UNIT : E G O  INERT GAS GENERATION 

PA6E 2 

320 C-Z561A/B I M E R T  6AS COHPRESSOR 4 328,000 

COEP TYPE: SCREW 
INLET CAP ACFH: 3856 
INLET F'SIG: lG.5 P S I A  
OUTLET P S I &  J.i 

6AS H I N D L E D :  
K V A L V E  !CP/CV! : 
M T E Z  I AL: 
D R I V E R  TYPE: EO'TOR 
DR!VER H.P. S?? 
SOURCE: I 

cc 

B 16-5 



FOSTER WHEELER USA CDRP. PAGE 3 

n 
CUSTOHER: DOE/llETC 
LOCATION: WESTERN CO 
UNIT  : ?50@ I I iER? 6AS GENERATIOli 

910 PE-2501 INERT 6AS GENERATOE PACEASE 2 ieo, ooo 

1 5 3 , 3 0 0  SCFlHR 
P=10 '  HZO 
T= 1 OOF 

c 
B 16-6 



FOSTER YHEELER USA CORP. 

CUSTOKR: DOE/HETC 
LOCGTION: WESTERN CO 
UNIT  : 2500 NEET 5AS GENERATION 

PAGE 4 

JOB NO. : 11-36265 
DATE : 05/06/87 
REV. '.I 

C6\EF$EL8 5'. : k12 

B16-7 



APPENDIX E-1 7 

ECUIPYEhT CCST DATA 



FOSTER WHEELER USA CORP. 

CUSTOMER: DOE/HETC J08 NO. : 11-36265 
- LOCATION: WESTERN COLO DATE : 04/16/07 

UNIT : FLARE SYSTEH SECT. 2600 REV. : o  

EQUIPHENT SUHHARY 

I 

DREDAFiEf l  81: T A F  

......................................................................................... 
: FW : I CODE 1000 : CODE 2000 : :CODE 4000 : 7. I 
:CODE : DESCRIPTION I DIRECT ISUBCONTRACTI TOTAL : LABOR : OF : 
: NO. : : MATERIALS : DLE : : MANHOURS :TOTAL : 

I VESSELS : I : 1 

......................................................................................... 
: : 

: 110 :TOWERS 0 :  0 :  0 :  0 :  
: 120 :REACTORS, REGEN.,CONVER. : 0 1  O r  0 :  0 :  
: 130 : D R U M  : 147,400 : 811,600 I 959,000 : 0 : 27.2%: 
: 140 :STORAGE TANKS 0 :  0 :  0 :  0 :  
: 150 :TOWERS (FIELD FABRICATED) : 0 :  O !  0 :  0 :  
: 160 :PROCESS DUCTS 0 :  0 :  0 :  o t  
: 180 :VESSEL TESTING 0 :  0 1  0 :  0 :  
: 190 :SPECIAL VESSELS : 0 :  0 :  0 :  0 :  
I I : : 

: 
: HEAT TRANSFER EQUIPRENT : 

I : 
: 210 :SHELL t TUBE EXCHANGERS O I  0 :  0 :  0 :  
: 220 :DOUBLE PIPE EXCHANGERS 0 1  0 :  0 :  0 :  
: 230 : A I R  COOLED EXCHANGERS : 0 :  0 :  0 :  0 :  
: 240 :FIRED PROCESS EQUIPHENT I 0 1  0 :  0 :  3 :  
: 270 :VACUUW EQUIPNENT 0 ;  0 :  ? !  <I 1 

: 280 : S T U .  TLlRaINE SURFACE CGND. : 0 :  3 :  i .  

: 290 :OTHER HEAT TRANSFER EBUIP. : 0 :  0 :  c :  c .  

! : MECHANICAL EQUIPWENT I 
I 

I 
: 310 :PUMPS : 1,504,900 : 0 : 1,504,900 : 0 ; 4 2 . 2 % :  
: 320 :COMPRESSORS 0 :  0 :  0 :  0 :  
: 330 :ELECTRICAL GENERATORS : 0 :  0 :  0 :  0 :  
I 340 :MATERIALS HANDLING : 0 :  0 :  O r  0 :  
I 350 :MATERIALS PROCESSING : 0 :  O I  0 :  0 :  
: 360 iHATERIALS TRANSPORT : 0 :  O r  0 :  0 :  
: 370 :THERMO/MECHANICAL 0 :  0 1  0 :  0 :  
: 380 :DRIVERS : 0 :  0 ;  O I  0 :  
: 390 :OTHER MECHANICAL EnUIPMENT : 0 :  O I  0 :  0 :  : 

I 

1 1 I : : 
1 HISC. EQUIPMENT : : I : I 

I 490 :ELV, CRANE, HOIST 1 0 ;  o t  0 ;  O I  
I I I I I : 

: 910 IPACKAGE SYSTEMS 1 0 1  O I  0 :  0 :  
I 920 IUTILITY THERMAL S Y S T E M  I 1,055,800 : 0 I 1,055,800 I 0 : 30.0%: 
: 930 :WATER TREATING 0 1  0 ;  0 :  0 :  
t 940 :WASTE TREATING 0 1  0 :  0 1  0 :  : 
: 950 :BLDG. & MAINT. EQUIPMENT : 0 :  0 :  0 :  0 :  
: 960 ICATALYST & CHEHICALS 0 :  0 :  0 :  0 :  3 LII : : I I : ......................................................................................... 

TOTAL EQUIPHENT : 2,708,100 : 811,600 : 3,519,700 : 0 :100.0%: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B17-3 



iOSTEE YHEELER LjSk COFP. F F i E  1 

CUSTO4ER: DOE!t!ETC 
LOCATION: UESTERN COLO 
UNIT : U P . E  SVSTEI! SECT. 

._ 

i38 D-XDlfi!F K.O. URUn FOR UNIT 100 b 320,400 
14' DIA 1 42' Til 
Y f  3' X 2 '  HATER BOOT 

310,800 



FOSTER WHEELER USA CORP. PAGE 2 

CUSTOttER: DOEiHETC 
LOCATIDN: WESTERN COLO 
UN!T : FLARE S W E F  SEE.  260@ 

rs '-  

JOB NO. : 11-36265 
DATE : 04!lbi07 
REV. 
GF>EE;;,E; i . . ,. > . I  

EQUIPMENT DETAIL 

VERT. OR HORIZ.: H 

RATERIAL: SA-516-70 
STRESS RELIEVE: NO 
X-RAY: S P N  

YALL TH!CKNESS: 3/8' 
CDRR. ALLOY.: .125' 
DESIGN - P S I W E Y P :  50/400 
ASRE CODE: VI11 D1 
NO!!!W RATING: I50# 
SOURCE: 1 

SUPPORT: seLs 

J O I N T  EFF.: a52 



FOSTER LiHEELED USA CORP. PAGE 3 

C 

B17-6 

A 

C 



FOSTER WHEELER US& CORP. P K E  4 

C!STOHER: DOE/HE?C 
LOCATION: YESTERN COLO 
UN?T : FLARE SYSTEF SECT. 2O00 

VERT. OR HORIZ.: H 
SUPPORT: SDLS 
8ATERIAL: SA-5 16-70 
STRESS RELIEVE: NO 
X-RAY: SPOT 
JOINT EFF.: 852 

CORR. ALLOY. : ,125' 
DESIGN - PSIG/TEHP: 50/400 
ASHE CODE: '4111 D1 
NO!/RY RATING: 1501 
SOURCE: 1 

nRLL THICKNESS: 112' 



iirSTER YHEELER USA COW. PbGE 5 

m 

C 

B17-8 

n 



FOSTER WKELER USA CORP. PAGE b 

CUSTDHER: DOEIHETC 
LOCGTION: WESTERN COLO 
!K!T : FLARE SVSTEt! SECT. 2606 

I EQUIPHENT DETAIL -_-_------------------------------------------------------------------------------------- 
: FH : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : HEIGHT : HATERIALS : SUeCONTHACT :DIRECT LABOR: 
: NO. : NO. : : COST DkE : HRNHOURS : 

310 P-?bOlA!F UNIT 100 K.0. DRUH PUHP b 

6PH: 
HD. FT.: 
PSI: 
S. 6. : 
PUHP TYPE: 
PUHP NATERIAL: 
DRIVE TYPE: 
DRIVE HP: 
SHDP OR F?E!.D H?.: 
SOURCE: 

230 
607 
150 
0.55 
RECI? 
cs 
I! 
30 
S 
3 
YOfiTHINGiON 

450,000 

: ,  . I SUETOTAL : 6 : 0 :  450,000 : . .  

110 P-?602Fi!F UkIT 100 K.O. DAUH dATEW 6 
BOOT PIMP 

16,aoo 

6PH: 25 
HE. FT.: 142 
PSI :  70 
S.6.: 0.994 
PUMP TYPE: HC 
PUHF HATERIAL: CS 
DRIVE TYPE: n 
DRIVE HP: 5 
SHOP OR FIELD HT.: 5 
SOURCE: 1 

\ 

SUBTOTAL : 6 : 0 :  16,800 : 0 :  0 :  

FREIGHT 3.02 
DEVELOPHENT 0.01 

500 
0 



1 

I B 

FOSTER WHEELER USk COR?. PAGE 7 

CUSTOHER: DOElHETC 
LOCATION: WESTERN COLO 
UN!? : FLLRE SYSTEI! SECT. 2600 

EBUIPtlENT DETAIL 

3.32 
0. C X  

!1G P-2604ki8 UNIT 300 Y.O. DRUH M T E R  2 
BOUT PUHP 

5.400 

6PR: 15 
HD.. FT.: i 16 
PSI: 50 
5.6. :  0.994 
PUMP TYPE: iic ' 
PUHP HPITERIAL: cs 
GRIVE TYPE: H 
DRIVE HP: 3 
SHOP OR FIELD HT.: S 
SOURCE: 1 

n 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : FLARE SYSTEM SECT. 2600 

EQUIPHENT DETAIL 

PAEE 8 

JOB NO. : 11-36265 
DATE : 041161’87 
REV. c 
PEE’AK.EI 2 , 1; 

310 P - 2 6 0 W E  UNITS 400/500 K.0.  DRUM PUHP 2 66,000 

310 P-260OdlB U N I T S  4001590 K.O. DRUI! WATER 2 
BOOT PUHP 

5,600 

6PM: 25 
HD. FT.: 162 
P S I :  70 
S . 6 . :  0.994 
PunP TYPE: HC 
PUHP MATERIRL: cs 
DRIVE TYPE: M 
DRIVE HP: 5 
SHOP OR F I E L D  HT.: S 
SOURCE: 1 



FOSTER WHEELER USA CORP. PGEE 9 

CUSTORER: DOE/HETC 
LOCATION: WESTERN COLO 
UN!! : F L M E  SYSTEF SECT. 2600 

- 

EBUIPEHT DETAIL 

310 P-2607R1B UNIT 606 K.O. ORUK PUKP 2 5,400 

6PH: 25 
HD. FT.: 116 
PSI: 50 
s. 6. : 0.994 
PUHP TYPE: HC 
F M P  HATERIAL: cs 
GRIVE TYPE: H 
DRIVE HP: 3 
SHOP OR FIELD KT.: S 
SOURCE: 1 

310 P-Z608k!B U N I T  7G@ K.O. DRUH PUHP 2 !6,000 

6PR: 50 
HD. .FT.: 607 
P S I :  150 
S. 6 .  : 0.56 
FUHP TYPE: HC 
FUnP HkTERIAL: cs 
DRIVE TYPE: H 
DRIVE HP: 20 
SHOP OR FIELD HT.: S 
SOURCE: . 1 



FOSTER YHEELER USA CDRP. PPIGE 10 

CUSTDHER: DOE/HETC 
LOCATION: WESTERN COLD 
UN!? ; FLARE SYSTER SECT. 2600 

JOB NO. : 11-36265 
DATE : 0 4 l l b i 6 ?  
REV * ll 

D?E?kRE: 

EQUIPWENT DETAIL -------------------------------------------------------------------------------------------- 
: FW : : CODE 1000 : CODE 2000 : CODE 400cI : 
: CODE : ITEH : DESCRIPTION : QTY : HEIGHT : HllTERIRLS : SUBCONTRACT :DIRECT LA50!?: 
: NO. : NO. : : COST DLE : HANHOURS : 

~~~~~~ 

310 P-26098iB UNIT 800 K.0. DRUH PUHP 2 66,000 

;lo P-2610A/F FLARE K.D.  DRUR PUHP 
FOR 0-2607RIC 

6 450,000 



FOSTER WHEELER Usa ZORP. 

CUSTOflER: DOE/HETC 
LOCATION: YESTERN COLO 
UNI' : FLARE %TEN SECT. l6Oil 

EQUIPHENT DETAIL 

FASE 11 

JOB NO. : 11-36265 
DhTE : 04/16/87 
REV, I 

*..  
I -- 2'" r ! i M E  L ' 

310 P-?bltGIC FLARE K.O. DRUH UATER BOOT 3 
PUUP FOR D-2607AIC 

9,400 

6PU: 35 
HD. FT.: 162 
PSI: 70 
5.6.: 0.994 
PUNP TYPE: HC 
PUfP YATERIAC: CS 
DRIVE TYPE: n 
DRIVE HP: 5 
SHOP c?R FIELD M.: S 
SDIJRCE: 1 

310 P-?5I"LF\!D FLARE K.D.  DRUM W R P  4 
FOR P-2608A/B 

6Pn: 
HD: FT. : 
PSI: 
S.S.: 
w n p  TYPE: 
PURP NLTERIAL: 
DRIVE TYPE: 
CRIVE HP: 
SHOP Of! FIELD I T . :  
SOURCE: 

300 
601 
150 
0 . 5 6  
REC I P 
CS 
n 
so 
S 
3 
WORTHINGTON 

300,000 

c 



FOSTER WHEELER USk CORP. P h 5 i  12 

CUSTOHER: DOElHETC 
LOCATION: HESTERN COLO 
UNIT : FLARE SYSTEK SECT. 2600 

JOB NO. : 11-56265 
DATE : 04/16/81 
REV. c 

-.I ‘p;sE: 1 I r’ 

EQUIPHENT DETAIL 

310 P-2613A1B FLARE K.O. DRUH MATER BOOT 2 
PUHP FOR @-2608b/B 

5 , 500 

6PH: 45 
HD. n.: 162 
PSI: 70 
S.6.: 0.??4 
PUHP TYPE: HC 
PUHP HATERIAL: cs 
DRIVE TYPE: R 
DRIVE HP: 7 112 
SHOP OR FIELD HT.: S 
SOURCE: 1 

B17-15 



FOSTER YHEELET! USA COAP. PAGE 15 

CUSTOHER: DOElHETC 
LOCATION: UESTERN COLD 
LlNlT : FLARE SYSTEP SECT. 2600 

JOB UO. : 11-36265 
DATE : 04/16/87 
REV. I ,  

c;pkF ,&  , I *  
T I  

ERUIPHEWT DETAIL -_-_-__----------------------------------------------_-----_-_-------------------------------------- 
: FW : : CODE 1000 : CODE 2900 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : OTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: NO. : NO. : : cosr : Uhi : HANHOURS : 

920 FL-?60lA/C FLARE FOR AETORTING HODULES 3 &3,000 

6UY SUPPORTED 

270' TIP ELEVATION 
36' TIP DIA 
0 - 400 DE6 F 
CS CONSTRUCTION 

029 Fi-2602A!6 FLRRE FOR UPSi?AD!NG RODULES 2 3b2,OOO 

6UY SUPPORTED 

190' TIP ELEVATION 

30a TIP DIA 

0 - 400 DEE F 

CS CONSTRUCTION 



FOSTER WHEELER USA CORP. 

CUSTOHER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : FLARE SYSTEH SECT. 2606 

EQUIPffENT DETAIL 

PAGE 14 

JOB NO. : 11-36265 
DATE : 04/16/01 
REV. (8 

PF.E”EE: c I ?  
-.. 

B17-17 



APPENDIX B-1 E 

'.'OS'IP."EKT CCST DATA 

P k < T  FUEL SYSTEM - L N I T  2700 



FOSTER WHEELER USA CORP. 

CUSTONER: DOE/METC 
LOCATION: WESTERN COLO 
UNIT : PLANT FUEL 6AS SECT. 2700 

JOB NO. : 11-36265 
DATE : 05/13/07 
REV. : o  
DREPGREI, E): i a F  

EQUIPMENT SUMMARL 

: VESSELS 
: 
: 110 :TOWERS 
: 120 :REACTORS, REGEN.,CONVER. 
: 130 :DRUMS 
: 140 :STORAGE TANKS 
: 150 :TOWERS (FIELD FABRICATED) 
: 160 :PROCESS DUCTS 
: 180 :VESSEL TESTING 
I 190 :SPECIAL VESSELS 
: 
I 

: HEAT TRANSFER EQUIPMENT 
I 

: 210 :SHELL t TUBE EXCHANGERS 
: 220 :DOUBLE PIPE EXCHANGERS 
: 230 : A I R  COOLED EXCHANGERS 
: 240 :FIRED PROCESS EQUIPMENT 
: 270 :VACUUH EQUIPHENT 
I 280 : S T M .  T U R B I N E  SURFACE COND. : 
: 2 9 0  :OTHER HEAT TRANSFER EQUIP. : 

: MECHANICAL EQUIPMENT : 
: 
: 310 :PUMPS 
: 320 :COMPRESSORS 
: 330 :ELECTRICAL G E N E R A T O R S  
I 340 :HATERIALS HflNDLING I 
: 350 :MATERIALS PROCESSING 
I 360 IHATERIALS TRANSPORT 
: 370 :THERNO/HECHANICAL 
: 380 :DRIVERS I 
: 390 :OTHER MECHANICAL EQUIPHENT : 
: : I 
I : : 
I : HISC. EQUIPRENT : 

I 490 :ELV, CRANE, HOIST I 
t 910 :PACKAGE S Y S T E M  I 
: 920 :UTILITY THERMAL SYSTEMS : 
: 930 ;WATER TREATING : 
: 940 :WCISTE TREATING : 
: 950 I B L D ~ .  k HAINT. EQUIPMENT : 
I 9 6 0  :CATALYST t CHEMICALS : 

: : I 

: : 

: 
I 

0 :  
0 :  

24,900 8 
0 :  
0 :  
0 :  
0 :  
0 :  

I 

I 

O r  
0 1  
O r  
0 1  
0 :  
0 :  
0 :  

: 
: 
: 

0 :  
0 :  
0 :  
0 1  
0 :  
0 :  
0 :  
O I  
0 :  

: 
: 
: 

0 1  
0 :  
0 ;  
0 :  
0 1  
0 :  
0 :  
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iOSTEE YHEEiEii USA COW. 

CUSTDHER: DOE/HETC 
LOCATION: UESTEkll COLO 

, UNIT : PLANT FUEL 6% SECT. 270C 

PAGE 1 

JOB NO. : 11-36'265 
DATE : 05!13!87 
REV. 9 
cEEc;z,EL 5 .  . : L. 

7 . -  

VERT. OR HORIZ.: H 
SUPPORT: SDLS 
HATERIRL:  SA-51h-70 
STRESS R E L I E V E :  NO 
X-RAY: SPOT 
JOINT EFF.: 851 
#ALL T'lICENESS: 3/4' 
CORR. u o n .  : 1/8' 
DESIGN - PSIG/TEHP: 150/650 
ASHE CODE: VI11 Dl 

SOURCE: 1 
NOZ/HW RATING:  1:et 

c 

B18-4 
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FOSTER WHEELER usa CORP. 

CUSTOMER: DOE/METC J O E  NO. : 11-36265 
LOCATION: WESTERN COLD DATE : 04/17/@7 
U N I T  : STORAGE FACILITIES SECT. 2800 REV. : o  

EQUIPMENT SUHMARY 

6.3 
PREPARE: 2 . :  T A F  

......................................................................................... 
: FW : : CODE 1000 : CODE 2000 : :CODE 4000 : % : 
:CODE : DESCRIPTION : DIRECT :SUECONTRACT: TOTAL : LABOR : OF : 
: NO. : : MATERIALS : DLE : : HANHOURS :TOTAL : ......................................................................................... 

VESSELS : : 
: 

: 110 :TOWERS I O r  0 :  0 :  0 :  
: 120 :REACTORS, REGEN.,CONVER. I 0 :  o t  0 :  0 :  
I 130 :DRUMS : 0 :  0 1  0 :  0 :  
: 140 :STORAGE TANKS 26,000 :11,281,000 111,307,000 : 0 : 98.2%: 
: 150 :TOWERS (FIELD FABRICATED) : 0 :  0 1  0 :  0 :  
: 160 :PROCESS DUCTS 0 :  o t  0 :  0 :  
: 180 :VESSEL TESTING 1 0 :  0 1  0 :  0 :  
: 190 :SPECIAL VESSELS : 0 :  0 :  0 :  0 :  

: * .  I : 
: 

: : HEAT TRANSFER EQUIPMENT : 

: 210 :SHELL t TUBE EXCHANGERS 0 :  0 :  0 :  0 :  
: 220 :DOUBLE PIPE EXCHANGERS 1 0 :  0 :  0 :  0 :  
: 230 :AIR COOLED EXCHANGERS 0 :  0 :  0 :  0 :  
: 240 :FIRED PROCESS EQUIPMENT 0 :  0 :  0 :  c :  
: 270 : V A C U U M  EDUIPNENT 0 :  0 :  ? a  

: 280 :STY. TURBINE SURFACE COND. : 0 1  0 :  9 :  i 

: 2 9 0  :OTHER HEAT TRANSFER EPUIP. : 0 :  0 :  0 :  0 :  

: 

6 .  

I 

: MECHANICAL ECUIPMENT I 
: : 

: 310 :PUMPS : 209,300 : 0 : 209,300 : 0 : 1 .  e x :  
: 320 :COMPRESSORS I 0 :  0 :  0 :  0 :  
: 330 :ELECTRICAL GENERATORS I O I  O r  0 :  0 :  
: 340 :MRTERIALS HANDLING 0 :  0 :  0 :  0 :  
: 350 :HFITERIALS PROCESSING 0 :  0 :  0 :  e 0 :  
: 560 :MATERIALS TRANSPORT : O I  0 :  0 :  0 ;  
: 370 :THERMO/MECHANICAL O r  0 :  0 :  0 :  
: 380 :DRIVERS 0 :  0 1  0 :  0 :  
: 390 :OTHER MECHANICAL EQUIPMENT : 0 :  0 :  0 :  0 :  

: : : 
: : c  I 

MISC. EQUIPMENT I : : : 
: : I : : 
: 490 :ELV, CRANE, HOIST I O r  0 :  0 1  0 :  
: 910 :PACKAGE SYSTEMS : 0 :  0 :  0 :  0 1  : 
: 920 :UTILITY THERMAL SYSTEMS I 0 :  0 1  0 :  0 :  
I 930 :WhTER TREATING I 0 :  0 1  0 :  0 :  
I 940 :WASTE TREATING . 0 :  0 :  0 :  0 :  
: 950 :BLDG. & MAINT. EOUIPIIENT : 0 :  0 :  0 :  0 :  
I 960 :CATALYST & CHEMICALS : 0 :  0 :  0 :  0 :  

- :  I : I I I : ......................................................................................... 
TOTAL EQUIPHENT : 235,300 :11,281,000 :11,516,300 : 0 :100 .0%:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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A 

CUSTOFER: DOE/#E?C 
LOCBTION: WESTERN &OLO 
UN!T : S T O R M  W!L IT?ES SECT. ?806 r 

\ .  .. 

SIZE: 200' x 4 8 '  

C4P. iN SAERELS: 250000 
RATEEIAL: CS 

TYPE OF ROOF: FLOAT 

SOUF(&E: 

2,526,000 

141 i-2BOZRiB NAFTHb STORIGE TANK 

SIZE: 60'  X 60' 
?YPE OF ROOF: FLOAT 
CAP, I N  3ARRELS: 30000 ' 

MTER I AL: cs 

SOURCE: 1 

2 4@6,000 



FOSTER WHEELER USA CORP. 

CUSTOFER: DOE/!lETC * JOB NO. 
LOCATION: WESTERN COLO DATE 
UNIT : STORAGE FACIL!TIES SECT. 2 8 0 0  REV, 

c c - t  * - -- . e5L- 

EQUIPHENT DETAIL  

P A E i  2 

: 11-36265 
: 04117!07 

0 
-, . I Y 

: FV : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITER : DESCRIPTION : OTY : l iE I6HT : M T E R I R L S  : SUBCONTRACT :D!RECT LRBU?: 
: NO. : NO. : : COST DLE : HAKHOURS : 

141 T-2803RfB  DIESEL O I L  STORAGE TANK 2 504,000 

SIZE:  67' 1 64 
TYPE OF ROOF: FLOAT 
CFIP. I N  BARRELS: 40000 
HATERIAL: cs 

SOURCE: 1 

141 T-2804klB BOTTOH PRODUCT TANK 2 
e 

SIZE:  160' X 56' 
TYPE OF ROOF: CONE 
CAP. I N  BARRELS: 200000 
H k T E R I K :  cs 

C 

SOURCE: 1 

1,520,000 



FOSTER MtiEELER USA CORP. PGSE 3 

CUSTO!IER: D W H E T C  
LDCATIDN: MESTERN COLO 
UH!T : ?TORAGE FACIL!TIES SECT. 280@ 

EQUIPRENT DETAIL 

141 T-2805k!B SULFUR TANK ! HEATED ) 2 138,001i 

EIZE: 36' ! 40' 
TYPE OF mc: COHE 
CkF. I N  BkRRELS: 5000 
!fbTERIAL: cs 

SOSRCE: 1 

SIZE: 150' X 32' 

CAP. I N  BARRELS: 100000 
MTERIGL: cs 

TYPE OF ROOF: cenE 

SOURCE: 1 

1 440,OOG 



141 7-2809 SOUR MATE!? TANK 2 1 ,?:4, COO 

SOLIGCE: 1 



FOSTER YHEELEF, USA CORP. PASE 5 

n 

CUSiOKER: DOE/METC 
LOCPITION: MESTERN COLCl 
UKT : STORAGE FF~CILITIES SECT. 2800 

JO8 NO. : ! 1-36265 
DATE : 04/17!87 
REV. ci 

I .-- -..--,--c - 
P?':TL"t. t 

141 T-2ElG STRIPPED WATER TANK 1,934,000 

SIZE: 180' X 4 0 '  
TYPE OF ROOF: FLOAT 
CAP. !N EARRELS: 150000 
HI~TEEIRL: cs 

SOUACE: 1 

141 1-2812 POTABLE HATER TANK 

SIX: 3 0 '  X 4 0 '  
TYPE OF ROOF: CONE 
CAP. !N BARRELS: 5000 
MATER I AL: cs 

SOURCE: 1 

1 03,000 



FOSTER YXELER USCI COR?. PAGE b 

CUSTORER: DM/HETC 
LOCAT ION: WESTERN COLD 
U H F  : STORAGE FACI?!T!ES SECT. 2800 

!41 7-2813 CAUSTIC SODA TANK 1 40,000 

S I  2E: ?e' x 36' 
TYPE OF RO!F: CONE 
CAP. I N  BARRELS: 2000 
M T E R  I AL: cs 

SOURCE: 1 

141 1-2814 SLOP OIL TANK 1 ?O,OOO 

SIZE: 56' X 56' 
TYPE OF ROOF: CONE 
CAP. I N  BLRRELS: 10000 
HATERIAL: cs 

SOURCE: I 



FOSTER YHEELER USA COR?. 

CUSTOHER: DffE/I!ET& 
?DCkiID#: WESTERN COLO 
U N V  : STDRAGE FACIL!TIES SECT. 2800 

EQUIPflENT DETAIL 

PAGE i 

JOB NO. : 11-36265 
DATE : 0 4 / 1 7 / 0 1  
REV. P 
x:p;:zr : r . .  

I t  .._. .,-. - . 

: FY : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEY : DESCR IPTIOK : QTY : WEIGHT : HATERIALS : SUBCONTRACT :DIRECT LABOR: 
: KO. : NO. : : COST DkE : NClNHOURS : 

141  1-28!5 SPONGE OIL TANK 1 04,000 

SI li: 30' X 40' 
TYPE OF ROOF: FLORT 
CAP. IN BARRELS: 5000 
?ATEPIRL: CS 

SDURCE: 1 

B19-10 



FOSTER #HEELER usa CORP. PAEE 6 

CUSTOER: DOE/ETC 
LUCAT?ON: WESTERN COLO 
UNIT : STDRAGE FAC!?ITIES SECT. 2806 

JOB NO. : 11-3626s 
DATE : 0 4 / 1 ? / 8 ?  
REY. !I 

P i E ? ; I x :  ; I I L  
I. 



FOSTER #HEELEF( USA CORP. 

CUSTOMER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT : STOiiAGE FACILITIEC SECT. 2800 

EQUIPHENT DETAIL 

PAGE 0 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : OTY : WEIGHT : MATERIALS : SUBCONTRACT :DIEECT LABO2: 
: NO. : NO. : : COST OLE : NANHOURS : 

B19-12 
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FOSTER WHEELER USA CORP. PRGE 1ci 

Grs CUSTDHER: DOEMETC 
LOCATION: WESTERN COLO 

' UHI! : STDRkEE FACILIT!ES SECT. 2800 

JOB NO. : 11-36255 

REV. c 
"::;;,E: E ' ? -  

DATE : owiiai 

-,. 

ERUIPHENT DETBIL  

310 P-2ROl-BAfB TRANSFER PUNPS 16 120,000 

spn: BOO 
HD. FT.: 
PSI: 50 
3.E.: ( A )  1.0 
PUHP TYPE: HC 
PUHP HATERIRL: cs 
DRIVE TYPE: tl 
DRIVE !tP: 40 
SHOP OR F I E L D  Ill.: S 
SOURCE: 1 

F2E I EiiT :. 0% 
CEVELOPKENT 0 . K  

510 P-2809A18 SULFUR PUHP 
( S T E M  TRACED ) 

6PH: 

PSI :  
S.6.: 
PUHP TYPE: 
PUHP NATERICIL: 
DRIVE TYPE: 
DRIVE HP: 
SHOP OR F I E L D  HT 
SOURCE: 

HDI FT.: 

2 23,400 

50 

50 
( A )  1.4 
Hc 
ss 
5 

: s  
1 

n 



FOSTEF. WHEELER iJSA CORF. PAGE 1 1  

CUSTOFIER: DOE/HE?C 
LOCATION: WESTERN COLO 
UNIT : STORAGE FACILITIES SECT. 2800 

EQUIPRENT DETAIL 

Wll: 50 
HD. FT.: 
PSI: 50 
S.6.: * O b  

' EUFP TYPE: HC 
P U W  HATERIAL: cs 
DRIVE TYPE: M 
DRIVE HP: ;!4 

3KOP OR FIELD MT. : 5 
SOURCE: 1 

510 P29ll-t3A!a TRANSFER PUHP b 49,000 

e 

6PH: 200 
HD: FT.: 
PSI: 50 
S. 6. : 1.0 
PUHP TYPE: Hc 
P'unP MATERIAL: cs 
DRIVE TYPE: M 
DRIVE HP: 15 
SHOP OR FIELD H?.: S 
SOURCE: 1 

n 



CUSTD4ER: DOE/HETC 
LDCRTION: YESTERN COLD 
UN!T : STCRLGE FCICIL!TIE5 SECT. 2800 ~ 

EQUIPHENT DETAIL 

: FW : : CODE 1000 : CODE 2000 : CODE 4000 : 
: CODE : ITEH : DESCRIPTION : QTY : YEIGHT : [ATERIALS : SUBCONTRACT :DIREii LABOR: 
: HD. : NO. : : COST DkE : HRNHOURS : 

B19-15 



APPENDIX 3-20 

GENERAL PLANT F A C I L I T I E S  - U X I T  2jGcf 

3 



FOSTER WHEELER USA CORP. 

CUSTOMER: DOE/METC JOB NO. : 1 1 - 3 6 2 6 5  
L O C A T I O N :  WESTERN COLO D A T E  : 0 4 / 1 7 / 8 7  
U N I T  : F I R E W A T E R  SYSTEM SECT. 2900 REV. : o  

E Q U I P M E N T  SUMMARY 

/ 

PREPARE: H ?  T A F  

......................................................................................... 
: FW : : CODE 1000 : CODE 2000 I :CODE 4 0 0 0  : X : 
:CODE : D E S C R I P T I O N  : D I R E C T  ~ S U B C O N T R A C T I  T O T A L  : LABOR : OF : 
: NO. : I M A T E R I A L S  I D L E  I : MANHOURS : T O T A L  : ......................................................................................... 

V E S S E L S  
: I I I 

: 110 :TOWERS 0 :  o r  0 :  0 :  
: 120 :REACTORS, REGEN.,CONVER. : O r  0 :  0 1  0 :  
: 130 :DRUMS I 0 :  0 1  0 :  0 :  
: 1 4 0  :STORAGE TANKS : 0 : 250,000 D 250,000 : 0 : 32.6i:: 
: 150 :TOWERS ( F I E L D  F A B R I C A T E D )  : 0 :  O r  0 :  0 :  
: 160 :PROCESS DUCTS : 0 :  0 1  0 :  0 :  
: 180 : V E S S E L  T E S T I N G  o r  0 :  0 :  0 :  
: 190 : S P E C I A L  V E S S E L S  : 0 :  0 1  0 :  0 :  

: : I 

: : : 
I : HEAT TRANSFER EQUIPMENT : I 

I 210 : S H E L L  b TUBE EXCHANGERS 0 :  0 :  0 :  0 :  
: 220 :DOUBLE P I P E  EXCHANGERS : 0 :  0 :  0 :  0 :  
: 2 3 0  : A I R  COOLED EXCHANGERS 0 :  0 :  0 :  0 :  
: 2 4 0  : F I R E D  PROCESS EQUIPMENT 0 1  0 :  0 :  0 :  
: 270 :VACUUM EQUIPMENT 0 :  0 :  0 :  Q :  

: 290 :OTHER HEAT TRANSFEA E Q U I P .  : 0 :  0 :  0 :  c :  

: 

: 2 8 0  : S T M .  T V R B I N E  SURFACE CGND. : 0 1  0 :  1. : J :  

: 
: M E C H A N I C A L  E Q U I P M E N T  : 

! 

: 310 :PUHPS : 1 4 6 , 8 0 0  : 0 : 1 4 6 , 8 0 0  : 0 : 1 9 . 1 % :  
: 320 :COMPRESSORS 0 :  0 :  0 :  0 I  

: 3 4 0  : f l A T E R I A L S  H A N D L I N G  0 :  0 :  0 :  0 :  
: 350 : M A T E R I A L S  PROCESSING : O r  0 :  0 :  0 :  
: 360 I R A T E R I A L S  TRANSPORT . 0 :  0 :  O r  0 :  
: 370 r T H E R H O / M E C H A N I C A L  : 0 :  0 :  0 :  O I  
I 380 : D R I V E R S  I 0 :  o t  0 :  0 :  : 
: 390 :OTHER M E C H A N I C A L  EQUIPMENT : 0 :  0 :  0 :  0 :  

: 330 :ELECTRICAL GENERATORS : 0 :  0 :  0 :  0 :  

I : 
: I r I 
: M I S C .  E Q U I P M E N T  1 I : : 
I : I r : : 

: : : 

: 4 9 0  : E L V ,  CRANE, H O I S T  : O r  0 :  O r  0 1  
I 910 :PACKAGE SYSTEMS I 0 :  0 1  0 :  0 :  
: 920 : U T I L I T Y  THERNAL SYSTEMS : 0 :  0 :  0 :  0 :  : 
: 930 :WATER T R E A T I N G  : 0 1  0 :  0 :  0 :  
I 940 :WASTE T R E A T I N G  : 0 :  0 :  0 :  0 :  

0 : 370,800 : 0 : 4 0 . 3 % :  r 950 :BLDG. I M A I N T .  EQUIPMENT : 370,800 : 
: 960 : C A T A L Y S T  81 C H E M I C A L S  0 :  0 :  0 :  0 :  : 

T O T A L  EQUIPMENT : 517,600 : 250,000 : 7 6 7 , 6 0 0  : 0 : 1 0 0 . 0 2 :  

3 L I : I : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
_----------_---_-_--_____o______________----------------------------~-------------------- 
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F W E P  YHEELER USA CORP. 

CUS:ORER: DOElRETC 
LOCA?!ON: WESTER# COLO 
U H I T  : F!!?EWATEP SYETEll SECT, ??O!‘ 

PAGE ! 

141 TK-2?Ol FIREWATER STDRABE TANK 1 
API TYPE 

250,000 

SIZE: BO’ 1 ‘Jb’ 
TYPE OF ROOF: CONE 
C&P. I N  BARFELS: 50000 
HATER! AL: cs 

SOURCE: 1 

B20-4 



FOSTER YHEELEF! usa CDRP. FkEE 2 

CUSTOMER: DOE/HETC 
LOCATION: WESTERN COLO 
UNIT  : FIREYATEF. SYSTE!! SECT. 2000 

/- 

310 P - Z ~ O ~ A ~ B  FIREWATER P u w  2 50,000 

6PH: 2500 
HO. FT.: 
PSI: 
S.6.: 1.0 
PUIP TYPE: HC 
PunP MATERIAL: cs 
DRIVE TYPE: H 
DRIVE HP: 300 
SiOP [lfi FIEL? RT.: s 
SOURCE: 1 

310 P-2902A/B FIREWATER PUHP 2 90,000 

6PH: 2500 
HD. FT.: 
PSI: 
S.6.: 1.0 
punp TYPE: Hc 
PUHP MbTERIAL: cs 
DRIVE TYPE: 0 
DRIVE HP: 300 
SHOP OR FIELD HT.: S 
SOURCE: 1 



CUSTORER: DOE/HETC 
LOCATION: WESTERN COLO 

' UN!l : F!!?E#ITER SYSTE!! SECT. 2900 

1 2,500 .. -19 P-2903 FIREYATER JOCKEY PUFP 

5?H: 50 
HD. FT.: 
PSI :  
S . 6 . :  1.0 
PUN? TYPE: HC 
PUHP M i E R I A L :  is 
D R I V E  TYPE: 1 
W I V E  HP: 5 
S N P  3F. FIELD HT.: S 
SOIRCE: 1 

IC 
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FESTER WHEELEF: USb CORP. PCIEE 4 

CUSTOHER: DOElMETC 
LOCATION: WESTERN COLO 
UN?? : rIRENGTEF SVSTE!! SECT. 2900 

JOB NO. : 11-36269 
DATE : 04t17 i07  
REV. r 
Dx2k;,E; ;. I "I 

- . .  

ox! a-2901 FIRE TRUCE 2 

1000 6AL CAPACITY 
COMPLETE ti/ STD ACCESSORIES 

340,000 

950 &-230? FOAfl T R A I L E R  1 
1060 51L CPPfiCITV 
Yi FIBERGLASS TANK h P!PIN6 

20,000 
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