
5.2.8.7 Existing; Utilities, 

An existin~ powerline is located approximately 11 miles southwesterly of 

the site. The powerline runs in a southeasterly direction from Ye~owtail 

Dam toward Sheridan, Wyomin~ as shown on Drawing 835704-00-4-081. 

This could supply temporary power to the size durin~ plant construction 

and startup operations. 

5.2.8.8 Land Ownership Status 

The land ownership status of Site 23 is shown on Drawing 835704-00-2-ii0 

and Drawing 835704-00-2-111. 

The westerly half and southerly quarter of the plant site are Fee Lands. 

This land is owned by the Shed Oil Company. The northerly and sasterly 

portions of the site are Trust Lands - individually owned Indian allotment 

or tract. 

The railroad facility and the required right-of-way are located primarily on 

Trust Land - individually owned Indian allotment or tract. A small portion 

is Fee Land~ this land is not owned by either the tribe or hldividual 

Indians. 
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5.3 RAW WATER ANALYSIS 
i 

The raw water analys i s  shown in Table 5 . 3 - 1  g ives  the chemical and p h y s i -  

cal characterist ics  o f  the  raw water u s e d  for the des ign of  the  proces s  and 

uti l i ty un i t s .  The analysis  is  based on data gathered at two s i tes  on the 

Bighorn R i v e r -  one near St.  Xavier,  Montana, the other at B ighorn ,  

Montana, 

f 
t 's 

5-36 M 

i | xo~c[, P,~G( A; rHF. f ~  O~ ;HI,~ n[rmtT 



. [  :" 

i ' 1 

' i :  i - i  

r 

' i y  

i i '  

i • 
o: : . . : -  

' p . .  . 

; ,2 ,  ' ,  " 

TABLE 5,3-1 

RAW WATER ANALYSIS 

Constituent Concentration (ppm as CaCO s ) 

Calcium (Ca) 

Magnesium @.¢g) 

Sodium (Na) 

Potassium (K) 

Bicarbonate (HCOs) 

Carbonate (CO s ) 

Sulfate (SO~) 

Chlorine (C1) 
Nitrate (NO a) 

Fluorine (F) 

Total Anions 

185 

124 

190 

14 

164 

0 

317 

2? 

3 

2 

513 

Iron (rag/l) 

~anganese  (rag/l) 

Boron (rag/l) 

Silica (rag/l) 

Carbon Dioxide (rag/l) 

pH 

Turbidity (JTU) 

Suspended Solids (rag/l) 

Total Dissolved Solids (rag/l) 

Temperature (°F) 

0.2 

0.1 

0 .2  

13 
9 

? .6  

118 

20 (assumed) 

?44 

60 
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5.4 UTILITY DESIGN INFOR~.~ATION 

Design criteria for the plant utility systems are shown in Table 5.4-1.  

These criteria are used to maintain oompatibtlity of the process units with 

the utility producing systems. 
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Utility 

S team: 

1500 psig  

600 psig 

I O0 psig 

60 psig 

Boiler Feed Water: 

HHP 

HP 

MP/LP 

Cooling Water: 

Supply 

Return 

Plant Air: 

Instrument Air: 

LP Nitrogen: 

Fuel Gas: (I) 

Raw Water: 

Fire Water: 

NOTE: (1) ~ m  

TABLE 5.4-1 

UTILITY DESIGN INFORMATION 

Normal Conditions 

Producer  User 

Battery  ,limits Battery Limits 

1500 930 1450 925 

600 760 550 756 

100 SAT 90 3~0 

60 SAT 50 303 

1930 230 1925 230 

815 230 775 230 

175 230 140 230 

75 80 70 80 

40 110 45 110 

125 100 100 100 

125 100 100 100 

50 95 35 95 

60 75 50 75 

100 70 80 70 

150 70 125 70 

Typical  fuel  gas properties are: 

Molecular Weight 

Net Heating Value 

12.5 

430 BtulSCF 
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5.5 PRODUCT AND BYPRODUCTS SPECIFICATIONS 

, , '  

5 . 5 . 1  PRODUCT SPECIFICATIONS 

The principal product  o f  ths  synfue l s  faci l i ty  i s  p ipel ine  quality s u b s t i t u t e  

natural  gas (SNG).  A l so .  e x c e s s  power i s  g e n e r a t e d  on site and de l i vered  

to the  utility g'~id for  expor t  sales .  The  fo l iowing data out l ine  the  

s igni f icant  s p ~ i f i e a t i o n s  u s e d  for this project .  

SNG 

Beat of Combustion (BBV), Btu/SCF (rain.) 

[~lethane purity, % vol. (rain.) 

Carbon Monoxide, % vol .  (max.) 

Hydrogen, % vo l .  (max.) 

Carbon Dioxide, % vol. (max.) 

HsO 

960 

95 

0.1 

1.5 

2.0 

nil 

5 . 5 . 2  BYPRODUCTS AND ASH SPECIFICATIONS 

Byproducts from this coal conversion facility fall into two categories. 

Saleable byproducts: ammonia, hydrotreated napl~tha and sulfur. Waste 

byproducts of ash and gypsum sludge: these solids have no commercial 

value and must be suitable for landfill disposal. 

Ammonia (Ag~cultural Grade) 

Ammonia Purity, % wt. (min.) 

Water Content, % wt. (max.) 

Organic Material,  ppm wt. (max.) 

99.5 

0.5 

5.0 

Hydrotreated Naphtha 

Stabilized for storage and transportation 

Spec i f i c  Gravi ty  t; .82 
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5.5.2 (Continued)  

ASTM Distillation (Estimated) 

Vol. % 

IBP 

10 

30 

50 

70 

80 

90 

FBP 

OF 
u 

172 

192 

20T 

223 
252 

270 

300 

374 

Su l fur  (Molten) 

Sulfur Purity, % wt. (rain.) 

Carbon Content, % wt. (max.) 

Ash Content, % wt. (max.) 

Free Acidity, % wt. (max.) 

Color 

Free of As, Se, Te 

99.8 

0.06 

0.02 

O. 003 

Bright  Yellow 

Ash and Gypsum 

Solid effluents have been tested according to the U.S. EPA Hazardous 

Waste Identification Extraction Procedure Toxicity Test. The gasifier ash 

leachate was found to contain trace metals at a concentration below the 

limits specified in the RCRA regulation 40 CFR 261.24. 

Gypsum produced in the Flue Gas Desulfurization Unit is considered to be 

nonhazardous accordinE to the RCRA standard. 
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5.6 ECONOMIC CRITERIA - CAPITAL COSTS 

Capital cost estimates have been developed using capacity factored, 

Machinery and Equipment (M & E) factored, and detailed estimating tech- 

niques. Capacity factored estimating is based on multiplying the cost of a 

like unit for which the Direct Field Costs (DFC) are known by the ratio of  

the new unit's  capacity to that of  the l ike unit .  Capacity ratios are 

adjusted by an exponent  chosen on the basis  of the unit type .  Machinery 

and equipment factored estimating is  based  on equipment capaci t ies /costs  

from which all other costs  are factored to determine the total Direct Field 

Cost. Some detailed estimates are prepared based on Material Take-of fs  

(MTO's) from preliminary overlays or sketches  where available. 

t 

Capacity factored estimates have been developed for those units for which 

F1uor has cost data on a comparable unit. The majority of units in this 

category are factored from data compiled from previous experience. Other 

units in this category are either factored from costs of units constructed 

by Fluor or from other in-house sources. 

Machinery and equipment factored estimating is used  for units for which 

Fluor has no comparable cost  data from actual projects c6nstrueted by 

Fluor. Process design and equipment specifications are developed for 

these units by process  engineering and then priced on an individual basis  

by  Fluor's mechanical and vesse l  engineering groups.  All bulk materials 

and labor man-hours are factored from equipment capaci t ies /costs .  The 

factors for bulk materials and labor man-hours are based on Fluor's h i s -  

tortcal experience.  

Detailed estimates have been prepared for  several  of fs i tes  and uti l i ty units 

and most site sens i t ive  portions of  the estimate. Included in this category 

are site preparation, site improvements, bui ldings,  rai'~oads, and other 

c ivi l /s tructural  site specific items. 
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5.6 (Continued) 

Capital cost estimates for all cases reflect instantaneous January, 1982 

dollars and worldwide procurement of direct field materials. Each estimate 

reflects the appropriate site location. The capital cost estimates are not 

escalated to an "end of job" cost basis. 

Cost scaling exponents and capacity factors, Tables 5.6-I and 5.6-2, pro- 

vide a list of recommended exponents and applicable commodity bases that 

were used for capacity factored estimating for each unit. A capacity ratio 

based on the recommended commodity and adjusted by its respective expo- 

nent is applied to the Direct Field Cost of the unit. A recommsnded 

exponent and ratio basis is provided for adjusting Indirect Field Costs 

(IFC) and Office Costs with respect to a capacity factored estimate for a 

total plant.  

The exponents provided in the tables are meant to cover a range of varied 

combinations of scaling options and can be used for any commercial size 

unit. These exponents could be higher when adding/deleting trains or 

lower when increasing/decreasing capacity per train. Thus the exponents 

are considered "average" for the types of units covered and may benefit 

from adjustment based on the particular situation to which they are 

applied. 

Minimal exponent ,  for any change = (confidential) 

For process  units and most of fs i te /ut i l i ty  units ,  (confidentia/)  is 

recommended. 

A (confidential) expone:nt is  used fur changes in capacity where the 

number of  trains remains constant.  

Note: 

considered confidential.  

part o f  the final report .  

Certain data required for the cost estimate development is 

It is an "examinable", but i s  not included as 
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UNIT 

O1 

02 

03 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

24 

25 

40 

41 

TABLE 5.6-1 

COST SCALING EXPONENTS 

UNIT TITLE 

CoD] Screening 

Coal Distribution 

Ash Handling 

Gasification 

CO Shift 

Gas Cooling 

Rectisol 

Gas Liquor Separation 

Tar Distillation 

Naphtha Hydrotreating 

Phenosolvan 

Ammonia RecovePy 

Sulfur Recovery 

Stretford 

ADIP 

Claus 

SCOT 

Process Steam Superheater 

Methanol Synthesis 

Methanation 

SNG Purification and Compression 

Partial Oxidation 

Hydrogen Production 

Oxygen Production 

Steam Generation 
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TABLE S. 6-1 (Continued)  

COST SCALING EXPONENTS 

UNIT 

5-45 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

61 

65 

67 

68 

71 

75 

UNIT TITLE 

Power Generation 

Flue Gas Desulfur~zation 

Raw Water Treating 

BFt.V ~ Condensate Treating 

Air & Nitrogen Systems 

Process Cooling Water 

Utility Cooling 

Potable Water 

Utility Water 

Fire Water 

Fuel Gas 

Flare 

Wastewater Treat ing 

Tankage ~ Dispatch 

Sanitary Sewer 

Interconnect ing Pipelines 

Bui ldings  

Electri~-al 

Control Systems 

Ash Disposal  

Site Preparation 

Site Improvement 

EXPONENT 

Data ~s confidential 
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UNIT 

01 

02 

03 

10 

II 

12 

13 

14 

15 

16 

TABLE 5.6-2 

CAPACITY FACTORS 

BASE CASE: WESTMORELAND COAL, 40% FINES @ SITE 1 

UNIT NAME 
i i 

Coal Screening 

Coal Distri- 

bution 

Ash Handling 

Gasification 

CO Shift 

Gas Cooling 

Rectisol 

Gas Liquor 

Tar 

Distillation 

Naphtha 

Hydrotreating 

BASIS FOR SELF-SUFF. COPROD. SHELL COAL 
CAPACITY CASE @ CASE @ CASE @ 

FACTOR SITE 1 SITE 1 SITE 23 

Coal, TPD 

Coal, TPD 

Gasifier 

Ash, TPD 

No. of 

Gasifiers 

Catalyst 

Volume, ft 3 

Cooling 

Duty,  

MM Btu/hr 

Acid Gas 

Removed, 

lh mol/hr 

Net Gas 

Liquor Feed, 

Ib/hr 

Tar/Oil 

Feed, lb/hr 

Naphtha 

Feed lb/hr 

Confidential Data 
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UNIT 

17 

18 

19 

20 

TABLE 5.6-2 (Continued) 

CAPACITY FACTORS i[ • 

BASE CASE: WESTMORELAND COAL, 40% FINES @ SITE 1 

UNIT NAME 

BASIS FOR SELF-SUFF.  COPROD. SHELL COAL 

CAPACITY CASE ~ CASE ~ CASE @ 

FACTOR SITE I SITE i SITE 23 

Phenosolvan 

Ammonia 

Recovery 

Sulfur Recovery 

ADIP 

Claus 

SCOT 

Stretford 

Process Steam 

Superheater 

Net Gas 

Liquor Feed, 

Ib/hr 

Amn~onia Prod- 

uct Rate, 
Ib/hr 

Gas Feed, 

It) mol/hr 

H~S 

Absorbed, 

Ib mol/hr 

Sulfur Prod- 

uct Rate, 
TPD 

Gas Feed, 

lb mol/hr 

Gas Feed, 

11:) mol/hr 

Vent Gas 

Feed, lb 
mol/hr 

Confidential Data 
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TABLE 5.6-2 (Cont inued)  

CAPACITY FACTORS 

EASE CASE: WESTMORELAND COAL, 40~ FINES @ SITE 1 
D 

UNIT UNIT NAME 

BASIS FOR SELF-SUFF. COPROD. SHELL COAL 

CAPACITY CASE 0 CASE @ CASE 

FACTOR SITE 1 SITE 1 SITE 23 

' %  

( 

21 

22 

23 

24 

25 

40 

41 

Methanol 

Synthesis  

Methanation 

SNG Purif ica-  

tion & 

Compression 

Partial 

Oxidation 

Hydrogen 

PrOduction 

Oxygen 

Production 

Steam 

Generation 

Methanol 

Production 

Rate,  TPD 

Feed Ra.te, 

Ib mol/]~i" 

-]~.tto- 

Liquids ' Feed 

Rate,  l b / h r  

H s Produc-  

t/on Rate,  

Ib mol/hr  

O s Produc-  

tion Rate,  

TPD 

Steam Pro- 

duction 

Rate,  

M l b / h r  

No. of 

Boilers 
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UNIT 

42 

43 

44 

45 

46 

47 

48 

TABLE 5.6-2 (Continued) 

CAPACITY FACTORS 

BASE CASE: WESTMORELAND COAL, zlO~ FINES @ SITE 1 

UNIT NAME 

Power 

Generat ion 

Flue Gas 

Desulfuriza- 

tlon 

Raw Water 

Treating 

BFW & Conden- 

sate Treating 

Air & Nitroger... 

System 

Process Cool- 

ing Water 

Utility Cool- 

ing Water 

BASIS FOR SELF-SUFF. COPROD. 

CAPACITY CASE @ CASE 

FACTOR SITE 1 SITE 1 
i m 

Generat ion 

Capaci ty ,  

MW 

No. of  Tra ins  

Flue Gas 

Feed Rate ,  

MM SCFM or 

SO s Removed, 

lb tool/hr. 

Raw HsO 

Flow Rate ,  

gpm 

Total BFW 

Flow Rate, 

gpm 

Air + N s 

Quen t i ty ,  

Cooling l-leO 

Flow, gpm 

- D i t t o -  

Confidential  Data 

SHELL COAL 

CASE Q 

SITE 23 
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UNIT 

49 

50 

51 
59. 

53 

54 

55 

TABLE 5.6-2 (Continued) 

CAPACITY FACTORS 

BASE CASE: WESTMORELAND COAL, 40% FINES @ SITE I 

UNIT NAME 

BASIS FOR SELF-SUFF. COPROD. 

CAPACITY CASE @ CASE @ 

FACTOR SITE 1 SITE 1 

SHELL COAL 

CASE @ 

SITE 23 

Potable Water 

Utility Water 

Firewater 
Fuel Gas 

Flare 

Wastewater 

Treating 

AP1 Separation 

Biotreatment 

Evaporation 

Water Flow, 

gpm 

Design 

Capacity, 

gpm 

-Ditto- 
Fuel Gas 
Quantity, 
MM Btu/hr  

Design 

' Capacity, 

MM Ib/hr  

Wastewater 

Flow Rate, 

gpm 

Confidential Data 
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TABLE 5.6-2 (Cont inued)  

CAPACITY FACTORS 

BASE CASE: WESTMORELAND COAL, 40% FINES ~ SITE 1 

UNIT UNIT NAME 

55 (Continued)  

Intermediate 

Tankage 

Byproduct Tankage  

IPEIMethanol 

Tankage 

Sulfur Storage 

Ammonia Storage 

Sulfuric Acid 

and Caustic 

Ammonia 

56 Sanitary Sewer 

5'7 Interconnect ing 

Pipeway 

61 Buildings 

65 Elect. Distri-  

bution 

67 Control Info,  

System 

68 Ash Disposal 

71 Site Preparation 

75 Site Improvements 

BASIS FOR SELF-SUFF. COPROD. 

CAPACITY CASE @ CASE @ 

FACTOR SITE ! .......... S iTE 1 
i 

Confidential  Data 

SHELL COAL 

CASE 0 

SITE 23 
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5.6 (Continued) 

Where a single train is  involved, but the type and mix of equipment 

are very similar and capacity changes are partly achieved by adding 

pieces of equipment like extra bays (fin fans ~oolers), shells (shell 

and tube exchangers), pumps or compressors, the exponent may 

range up to (confidential). 

Generally, an exponent in the range of (confidential) is chosen based 

on inspection of equipment Hat and method of capacity increase. 

Exponents in the range of (confidential) are used for changes in 

numbers of trains, where a great degree of equipment duplication is 

involved within a given unit .  

All capital cost estimates are comprised of the following components: 

Direct Field Costs (labor man-hours, labor dollars, and material 

dona~s) 

Material Transportation Costs 

Indirect Field Costs 

Office Costs 

The sum of these four items comprise the Total Field and Office Costs. 

Other Capital Costs are associated with the project to obtain the Total 

Capital Required. 

Other Capital Costs include the following: 

Construction Camp 

Initial Catalysts and Chemicals 
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5.6 (Continued) 

Land 

Spare Parts 

Paldup Royalties 

Shop, Machinery, and Lab Equipment 

Owners Costs 

Startup Costs  

Management Reserve 

Workin~ Capital 

Financing Costs 

Interest During Const~uctlon (IDC) 

The Direct Field Cost for each unit is estimated on an individual basis 

aecordlnE to a unit estimate scope developed by process en~ineerin E, and 

is summarized to the total level. Material Transportation, Indirect Field, 

and Home Office Cost estimates are developed at the total level only. 

Contingency is evaluated on a unit basis and summed to a total contin- 

gency recommendation for each case and is included as a part of the man- 

agement reserve. Fees are included in the capital cost estimates at the 

total level only. There is no sales tax in Montana. 

A complete l i s t  o f  un i t s  with area descr ipt ion ,  showing the  est imate bases  

and t echn iques  u s e d  to prepare the Direct  Field Cost est imates for the 

Base Case ,  i s  summarized in Table 5 . 6 - 3 .  Refer to Table 5 .6 -2  for the 

other process  e a s e s .  
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5 .6 .1  DIRECT FIELD COST ESTIMATE 

The Direct  Field Cost (DFC) estimate for  each unit cons i s t s  of  field labor 

man hours ,  labor dollars, and material dollars,  on a direct  hire basis  only. 

The Direct  Field Labor (DFL) man-hours are estimated according to Fluor's 

standard base .  These base man-hours are adjusted for eacl~ s i te  location 

using a 67 percent  labor ef f ic iency in relation to that base .  The 

67 percent  labor efficier~cy ref lects  a 50-hour work week at the jobstte 

location. 

The direct  field labor wage rate is  established as shown on Table 5.6-4 

and includes  premium pay for a 50-hour work week.  The composite wage 

rate is  based on a craft mix considered applicable to the type  of  project 

covered in this  s tudy .  The direct  field wage rate does  not  include craft 

benef i t s  and burdens .  (All craft  benef i t s  and burdens are included in the 

Indirect Field Cos t s . )  

The direct  field material costs  are instantaneous Jauuary, 1982 dollars and 

reflect  worldwide procurement of  both major equipment and bulk materials. 

The ratio of  U . S .  to £oreign purchase  is  shown in Table 5 . 6 - 5 .  

Each of  the process  unit estimates is  based on Pluor's experience with 

previous prQjects and reflect  in -house  generated cos t s  adjusted for 

worldwide procurement,  us ing the general multipliers shown in 

Table 5 . 6 - 5 .  

The direct  field material cos ts  htclude fre ight  to the jobsite for  domestic 

purchased material and freight  to the  port  of  export for  foreign procured 

material. 
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TABLE 5.6-4 
i 

CRAFT WAGE RATES 

DIRECT FIELD LABOR 

Craft 
Craft Mix, % 

Boilermaker  2.6 
Br ick layer  0.5 
Carpenter 10.9 
Cement Mason 2.0 
Electrician 11.3 
Insulators 1.1 
Ironworkers 5.8 
Laborers  16.8 
Shee t  Metal Workers 0.1 
Millwrights 2.3 
Offers 0.8 
Opera t ing  Eng.  4.0 
Painters 2.1 
F ipef i t t e r  I Welders / R igger  38.3 
Teamster 1.4 

Journeyman Composite 
Foreman Adjustment 

100.0 

Composite Wage Rate - 
40-hour week 

Overtime Adjustment to 50 hr., 5 day week 

Composite Direct  Field 
Labor  Rate:  S0-hour  week 

Average  Rate - Use 

NOTES: 

(1) Basis  is  Montana area  
(2) Effect ive 1st  Qtr .  1982 
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Montana 
Journeyman  
Rate 
(40 h r l 5  d a y s ) ,  
$1hr 

15. O0 
16.00 
12.10 
12. O0 
16.30 
18.80 
14.40 
10.70 
15.20 
13.10 
12.50 
13.20 
12.50 
17.60 
12.60 

14.85 
.25 

15.10 
2.50 

1'7.60 
17.60 
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TABLE 5.6-5 

GENERAL ESTIMATING GUIDELINES FOR 

WORLDWIDE PROCURF~IENT ADJUSTMENT 

A/_..CC De sc.ri.'p.tion 

00 Excavat ion 

10 Concre te  

20 S t r u c t u r a l  Steel 

30 Buildings 

40 

41 

42 

Field Fabricated Vessels 

Shop Fabricated Vessels 

43 Compressors  

44 E x c h a n g e r s  

45 Fired Heaters /Boi le rs  

46 Pumps 

47/  

48 

49 

Material Handling 

Miscellaneous 

50 Piping 

60 Electrical 

70 I n s t r u m e n t s  

80 Pa in t ing / Insu la t ion  

Coun t ry  Purchase 

U . S . A  100 

U . S . A  100 

U . S . A  100 

U .S .A  100 

U.S.A I00 

U.S.A 35 

Other 65 

U.S.A 100 

U.S,A 50 

Other 50 

U . S . A  80 

Other 20 

U . S . A .  60 

Other  40 

U . S . A  65 

Other 35 

U . S . A .  85 

Other 15 

U . S . A  30 

Other  70 

U . S . A  50 

Other 50 

U . S . A  90 

Other  10 

U . S . A  I00 

Composite 

Multiplier Multiplier 

Confidential Data 
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5.6.1 (Continued} 

Other general estimate qualifications and assumptions are as follows: 

All direct  field cost estimates include labor and material costs for 

excavation, concrete, s t ructura l  steel, buildings, machinery and 

eqttipment, piping (valves, pipe, f i t t ings,  e t c . ) ,  electrical (including major 

equipment) instrumentation, scaffolding, painting, and insulation. (All 

construction equipment and small tools are included in the indirect  field 

costs o ) 

Each unit direct field cost estimate is developed on a direvt hire basis 

only. However, it is recognizsd that for the actual project a number of 

Rems would be subcontracted. 

Each site direct field cost estimate assumes that no piling will be required.  

Direct field costs for each unit include common facilities such as substation 

buildings (excluding major equipment), pipe racks from the unit to the 

main interconnecting plpeway, cable trays, etc. 

The pricing basis for the detailed portions of the estimate are as follows: 

SITE PREPARATION & SITE IMPROVEMENTS 

Nearly 811 of the estimate was priced as subcontract, based on in-house 

p~ises and telephone inquiries in the Billings, Montana area. 

BUILDINGS 

The majority of pricing was obtained from in-house prices and telephone 

inquiries. 

5 - 6 0  
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5.6. I (Continued) 

~.~ACHINERY AND EQUIPMENT 

Most of equipment pricing (about 70 percent )  was in-house. The large 

dollar items, like c(mpressors,  were pr iced by  vendor by telephone. 

Written quotes from vendor were obtained on the boilers, s tack,  cooling 

towers, and turbine generators. 

5.6.2 INDIRECT FIELD COST ESTIMATE 

Indirect field cost estimates are developed based on Fiuorls construction 

experience with other related projects of similar magnitude. 

The Indirect  Field Cost category covers the  following areas: 

The labor and material costs for temporary construction facilities, 

such as temporary buildings, roads,  util i t ies,  and railroads.  A 

variety of offices, shops, warehouses,  and other facilities are 

required to support  the construction effort .  These facilities are used 

for approximately 42 to 48 months and are removed at the completion 

of the project.  

The labor and material costs for construction services such as medical 

and first aid, janitorial work, final job cleanup, handling and serv-  

icing of construction equipment, consumables ( i . e . ,  welding supplies, 

paper cups,  e t c . ) ,  and the cost (rental  or purchase) of construction 

equipment. 

Field staff salaries, expenses, and overheads. 

Field staff and craft  burdens ,  benefits and insurance. This account 

includes burdens  and benefits for an field labor, which is expressed 

as a percent  of total labor cost. 
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5.6.2 (Continued) 

Burdens: Defined as leEislated costs, such as FICA, worker's com- 

pensation, liability insurance, state and federal unemployment 

2nsurance. 

Benefits: Defined as nonlegislative costs ,  such as health and wel- 

fare, vacation, sick leave,  holiday, travel expense and mileage, 

pension fund, apprentice fund. 

Temporary Construction Facilities: A variety of offices, shops, wa~e- 

houses, and other faeiilties are required to support the zoned construction 

effort. These facilities are used for approximately 48 months and are 

removed at the completion of the project. Approximately 300 acres of 

equipment, materials lay down, and storage areas are required for tem- 

porary facilities. The project is divided into construction zones of equal 

magnitude and includes: 

Administration offices 

Site security building and firehouse 

Site security guard buildings 

Craft orientation and training building 

Equipment maintenance shop and services area 

Communication and computer building 

Client administration building 
Material warehouses 

Pipe shop 
Quality control building 

Electrical and instrument shop 

Craft shops 

First aid buildings 

Generator building "~ 

Toilet trailers 

Office trailers 
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5.6.2 (Continued) 

Craft change houses and weather sheRers 

Brass alleys 

5 . 6 . 3  OFFICE COST ESTIMATE 

Office c o s t  e s t imates  are d e v e l o p e d  b a s e d  on p r e v i o u s  e x p e r i e n c e  and 
adjusted for each site. The office cost estimates cover the following 

areas: 

Engineering, design and procurement man-hours, and labor costs for 

each case. 

Office expenses such as computer costs, reproduction ~ o s t s ,  travel, 
eto.  

Licensor costs for basic processing engineerinE (e.E., Type A 

process p a c k a g e ) .  

Office burdens, benefits, and overhead costs. 

5 . 6 . 4  MATERIAL TRANSPORTATION COST ESTIMATE 

Material t r a n s p o r t a t i o n  c o s t  e s t i m a t e s  are d e v e l o p e d  b a s e d  on Fluor's  

e x p e r i e n c e  and i n s t a n t a n e o u s  J a n u a r y  1982 fre ight  r a t e s .  T h i s  est imate 
c a t e g o r y  i n c l u d e s  the  cos t  o f  t r a n s p o r t i n g  worldwide p u r c h a s e d  material 
from t h e  port  o f  export  to  t h e  projec t  s i te  locat ion .  S p e c ~ t c a l l y ,  the  

material  t r a n s p o r t a t i o n  cos t  e s t imate  i n c l u d e s :  

1. Port Terminal Charges 

2. Ocean Freight 

5-63  l i  J 

I ,- sw .~ ' . ,  w,  , , . . . ~ , ,  ,~m.,. I 

i i :~ 
i ,~ / :  i i i  

H • 

H 

• : i • 

i '  : i ~i ̧̧  

• • : i ~ -  

r • 

i:! /•i 

• ; • / • •  • i  ¸ 

i I E 

; i : /  i i ~ 

• ! •~i: i :  • • i .  ;•i 

( 



5.6 .4  (Cont inued)  

3.  Air Freight  

4.  Brokerage  and Freight Forwarding  Fees 

. Inland Freight from Dock to Jobsite  (Separate Estimate/Each Site 
L~cation) 

6. Import Duties 

Mariner Insurance 

5 .6 .5  OTHER CAPITAL COSTS 

The following descr ibes  the bas i s  for the  Other Capital Cost i tems: 

Construct ion Camps 

Separate,  but  adjacent,  camps are inc luded  for s ingle  s ta tus  craft 

employees and  married superv isory  s ta f f  employees.  The  camps should  be 

located near  the  construction site to minimize travel  d i s tances .  Each 

subcontractor erec ted  camp inc ludes  p a v e d  roads ,  parking  areas ,  ut i l i t ies ,  

m~d recreation facil it ies in addition to the  hous ing .  All bu i ld ings  are 

modular and are "pre-engiueered."  The camps are total ly enc losed  by  

fencing and area l ighted for secur i ty  p u r p o s e s .  Approximately  40 to 50 

acres are requ ired  for the total camp. 

Temporary diese l  generators are inc luded  to provide power for camp 

operation and for temporary cons truct ion  power.  A package  sewage 

treatment plant  i s  included to serve  the  camp. ~Vater i s  obta ined from a 

preconstructed  pipel ine .  The water i s  treated in a package  un i t  treatment 

plant.  
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5 .6 .5  (Continued) 

The single status camp provides accommodations for all direct hire 

employees, male and female. The camp ~ accommodate approxlmately 1800 

personnel. Included in the camp are: 

Dormitories - Approximately three hundred 5-to-V-man modules assem- 

bled into building complexes of varying configurations. 

Kitchen/Diner - Dining area allows for serving 1800 persons in shifts; 

includes kitchen, bakery, food preparation area, food storage, and 

refrigerated storage. 

Recreation Building - Houses post office, cashier, game room, 

television room, library, lounge, and similar activities. Facilities for 

basebal l ,  s o c c e r ,  vo l l eyba l l ,  e t c . ,  are  located  adjacent, to and 

administered from the  recreat ion  bu i ld ing .  

Administration Office - Provides office space for the necessary camp 

registration,  administration, and secur i ty .  Offices are fully heated  

and air conditioned. 

Other camp buildings included are warehouses, maintenance shops, 

garages, and guard houses. 

No separate staff camp is included, in the total camp cost estimate. 

Camp operation is contra~ted to a firm with experience in operating a camp 

of this size, Camp operator's duties will include: 

Food preparation in single status camp 

Housekeeping in single status camp 
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5 . 6 . 5  (Continued) 

The construction of the project is accomplished us ing  direct hire labor 

working a 50-hour work week during warm weather months,  with an overall 

construction duration of 42 months.  

The manpower estimates correspond  to the  cons truct ion  schedule ,  material 

de l iver i e s ,  and climatic condi t ions .  

To complete the pro~eet, approximately 22 million manhours will be  

e x p e n d e d  requir ing a peak  work force of approximately 8,400 craftsmen 

and 200 to 360 superv i s ing  s ta f f  persons .  The peak manpower arrives  

during the 4th Quarter, 1987 and includes total field labor, both direct 

and indirect. 

Although  the capital cost  estimate has been  prepared  on a total direct hire  

f ie ld  labor bas i s ,  dur ing  actual  execut ion of the  project ,  subcontracts  will 

be  i s s u e d  for at least the  fo l lowing major work items: 

Site Preparation 

Installation of temporary facilities, including fencing buildings, water 

and sewer treatment, 8~ld power 

Electrical 

Insulation I Painting 

Trash and garbage disposal 

Camp construct ion,  operat ion ,  and maintenance 

Security (Jobsite and Camp) 
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5.6.5 (Continued) 

Initial Catalysts and Chemicals 

Initial catalysts  and chemicals quantit ies  are developed as part of the 

process des ign .  Unit prices r re based on published supplier data. 

Land 

Land acreage is  based on facility and right-of-way requirements.  Esti- 

mates of land prices  on the reservation were determined, and an allowance 

was made to accommodate the anticipated total requirements. Cost dif- 

ferences between cases was not determined because of the small impact on 

the total capital costs. 

SpaTe Parts 

Spare parts are based on two percent of direct field materials used on the 

project. They represent the warehouse stored spare parts such as spate 

turbine rotors, pumps, heat exchanger tube bundles, instruments, mid 

other replacement materials required to maintain the synfuels facility. 

Pald-up Royalties 

Paid-up royalties are based on royalties l icensors will charge for processes  

used in plant des ign.  

Shop, Machinexu/, and Laborato~ Equipment 

Equipment included in this category are cranes ,  maintenance vehic les ,  fire 

trucks,  ambulances,  cars,  building furniture ,  maintenance shop equipment, 

and laboratory equipment. 
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5 .6 .5  (Continued~ 

Owners Costs 

Owners costs included owners engineering costs, consultants costs, owners 

construction management costs, environmental costs, legal costs, permitting 

costs, and coal testing costs. 

Startup Costs 

S t a r t u p  cos ts  for  the  one yea r  s t a r t u p  pe r iod  inc lude  t h e  following: 

One year cost for operating and maintenance manpower and materials 

One year cost for plant supervision 

Six months cost for catalysts and chemicals 

Six months costs for raw materials 

An allowance of one percent of total plant cost for field modifications 

No cred i t  is  t aken  for  saleable b y p r o d u c t s  p r o d u c e d  d u r i n g  s t a r t u p .  

Management Rese rve  

Con t ingency  r e q u i r e m e n t s  have  been  eva lua t ed  on a sect ion by  sect ion 

bas i s  for  the  d i rec t  f ield cos t  por t ion  of  t he  capital  cos t  es t imate .  The  

con t ingency  evalua t ion  for  i nd i r ec t  field cos t s ,  home office cos t s ,  and  i tems 

o t h e r  t h a n  d i r ec t  f ie ld cos t s ,  has  b e e n  made on an overa l l  cost  est imate 

bas i s .  

Contingency is evaluated as follows: 

Direct  Field Cos ts  (sec t ion  by  sec t ion) :  

Process  Defini t ion 

Pr ic ing  Basis  

Bstimating ~",ethod 
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5 . 6 . 5  ( C o n t i n u e  d ) 

Indirect Field Costs and Other Costs (total job only): 

Pricing Basis 

Bst imattng Methods  

Other  capital  c o s t s  ( to ta l  job o n l y ) :  
C o n t i n g e n c y  i n c l u d e d  in  al lowance 

Note that  i t ems  a n a l y z e d  on a tota l  job b a s i s  have  b e e n  a s s i g n e d  a c o n -  

tingency based on the Base Case analysis only. 

Workin~ Capital 

Working capita l  r e p r e s e n t s  the  a c c o u n t s  p a y a b l e s ,  a c c o u n t s  r e c e i v a b l e s ,  

and c a s h  on h a n d  r e q u i r e d  to c o n d u c t  the  opera t ions  o f  the  p lant .  Two 
months  o f  o p e r a t i n g  c o s t s  are t h e  b a s i s  for  work ing  capi ta l .  

F inanc in~  Costs 

Financing costs are the costs associated with obtaining the necessary 

financial arrangements for the project. These are described in Volume III, 

Financial and Legal Analysis. 

I n t e r e s t  D u r i n ~  C o n s t r u c t i o n  

I n t e r e s t  d u r h : g  c o n s t r u c t i o n  i s  the  c o s t  of  capital  for  the  e n g i n e e r i n E ,  
p r o c u r e m e n t ,  and c o n s t r u c t i o n  p e r i o d  o f  pro~ect .  It i s  b a s e d  o n  the  cash  

flow projec t ions  and  the  appropr ia te  i n t e r e s t  r a t e .  Deta i l s  ~£ i t s  

deve lopment  are in  Volume III ,  Financial  and Legal  A n a l y s i s .  
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5 . 6 . 6  MANPOWER PLANS 

Manpower data is provided for field manpower (Direct Field Labor and 

Indirect Field Labor) and office manpower (engineering, design, and 

procurement). 

All manpower requirements shown are based on summations of manpower 

data for each estimate as a whole, and not on individual units. An 

manpower data is tabulated on a quarterly basis, in conformance with the 

project schedule. 

All field manpower plans are based on a 50-hour work week (650 hours per 

quarter) and reflect an equivalent number of men. 

Office manpower plans were generated, for the total estimate only. The 
total project manpower plans for all cases are tabulated on a quarterly 

basis. Office manpower plans are based on a 40-hour work week (520 

hours per quarter). 

The Construction and Engineering/Design progress curves used to develop 

manpower plans are based on Fluor's historical data and experience with 

similar projects. These curves have been modified for each case to reflect 

the project duration and activity relationships specific to the respective 

case as determined by the project master schedule and the scope of work. 
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5.7 ECONOMIC CRITERIA - OPERATING AND MAINTENANCE COSTS 

Operat ing  and maintenance  c o s t s  are the  annual  c o s t s  a s s o c i a t e d  with 

operating the synfuels  facility. The components comprising the operating 

and maintenance costs and the basis  for their estimation are presented as 

follows: 

5.7.1 COAL COST 

Coal c o s t  i s  b a s e d  on the  coal  q u a n t i t y  deve loped  in t h e  p r o c e s s  des ign  

and the  coal  pr ice  at the  p lant  gate  as  determined in t h e  Coal Supply  

S t u d y  p r e s e n t e d  in Volume V,  Specia l  S t u d i e s .  T h e s e  are as  fol lows:  

~estmoreland Resources,  Inc. C o a l -  

Shell Oil Company Coal 

$14.75 / ton 

$15.85/ton 

5.7 .2  CATALYSTS AND CHE~ICALS 

Annual  c a t a l y s t s  and chemicals  c o n s u m p t i o n s  are d e v e l o p e d  in  the  p r o c e s s  

d e s i g n  and  the  un i t  pr ices  a t e  de termined  from eupp l i er s  p u b l i s h e d  chemi-  

cals and  c a t a l y s t s  data .  T h e s e  c o s t s  are detai led in Table  6 . 1 . 1 0 - 1 .  

5 . 7 . 3  PLANT MANAGEMENT STAFF i 

Supervision costs for the plant s taff  is  based on plant operating labor 

costs .  Preliminary manning charts were developed for the facil ity,  and the 

supervision costs were estimated to be 10 percent of operating labor and 

materials  c o s t s .  S taf f  e s t imates  are p r e s e n t e d  in Table  6 . 1 . 1 1 - 1 .  
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5 .7 .4  PLANT OPERATING LABOR AND MATERIALS 

Operating labor and materials cost are based on projected operating labor 

requirements assunzing a yearly cost of $35,000 per man with an allowance 

of 10 percent of manpower costs for materials. Manpower estimates are 

presented in Table 6.1.11-I. 

5 .7 .5  MAINTENANCE LABOR AND MATERIALS 

Annual maintenance costs have been established by applying a factor to 

the installed cost of each unit. This factor varies from four percent for 

units with high maintenance requirements (Gasification and Tar Distillation) 

to one percent  for several  ut i l i ty /of fs i te  units .  The majority of  the 

process  units  are set at three percent ,  and the majority of the uti l ity 

uni t s  are set at two percent .  

For the Base Case: Westmoreland Coal, 40~ Fines @ Site i, the annual 

maintenance cost is estimated to be $36,100,000. This total cost is 

assumed to be 60 percent materials and 40 percent labor. 

Using an average labor rate (including overheads) of $35,000 per annum 

for each maintenance staff position, the total maintenance manpower equals 

413. 

The maintenance staff includes maintenance personnel, laborers, craft fore- 

men, plant engineering, purchasing, and warehouse personnel. 

5 .7 .6  WATER PUMPING COST 

Water pumping requirements are developed in the' Water Supply Study 

included in Volume V,  Special Studies .  ~ e c t r i c i t y  is  based on 4C/kWh. 
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5.? .7  SOLID WASTE DISPOSAL 

Solid waste disposal r equ i r emen t s  are determined in  the  p rocess  design for  

each case.  Two options a re  cons idered  in developing the  disposal cost ,  

depending  on the case.  For  the  Westmoreland coal based  cases ,  disposal 

costs  are  based  on disposal at a site adjacent  to Site 1. These  costs were 

developed in  t he  Solid Waste Disposal S tudy  inc luded in Volume V, Special 

S tudies .  The costs re f lec t  the  civil work associated with p r epa r ing  the  

site and reclaiming the  disposal site to i ts  p rev ious  s ta te .  At Site 23, 

solid wastes  are  disposed in the  Shell mine for  a cost  of $5.50 pe r  ton.  

5 .? .8  TAXES AND INSURANCE 

Ad Valorem taxes  and insurance  for the plant are estimated to be two and 

one-half percent of Total Field and Office Costs. 

5.'7.9 BYPRODUCTS CREDIT 

Offset t ing the  operat ing and maintenance costs a re  c red i t s  from byp roduc t  

sales .  Byproduc t s  which genera te  r evenue  for  the  project  include 

naph tha ,  ammonia, su l fu r ,  and electr ic  power.  SNG and methanol are  

p roduc t s  and are  not inc luded  in the  byp roduc t s  c red i t .  The  unit  pr ices  

for the  b y p r o d u c t s  a re  as follows: 

Naphtha  - $268/ST 

Ammonia - $235/ST 

Sul fur  - $60/ST 

Power - 4¢/kWh 

The  quant i t ies  p roduced  are  developed in the  p rocess  des ign.  
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SECTION 6.0 

CONTENTS AND RESULTS 

6.1 BASE CASE OVERALL PLANT DESCRIPTION 

6 .1 .1  INTRODUCTION 
,, i H,, 

The syn fue l s  p lan t  is a complete " g r a s s  roots"  facil i ty for  t h e  convers ion  

of coal in to  consumer  e n e r g y  p r o d u c t s ,  pr imar i ly  p ipe l ine  qual i ty  methane 

substitute natural gas (SNG); 'also, power is generated for sales. Coal 

from the Westmoreland mine and raw water from the Bighorn River are the 

only n a t u r a l  r e s o u r c e  materials u s e d  in  t h e  p lant ,  which  is  a total ly  self-  

suf f ic ien t  ope ra t i ng  facil i ty.  Sect ion 6 .1 .2  contains a summary  of the  

major raw materials  and p r o d u c t s / w a s t e s  for  th i s  p lan t .  

The coal gasif icat ion and b y p r o d u c t s  t r e a t i n g  p r o c e s s e s  are  l icensed  by  

Lurg l  Mineraloetechnik  of West Germany and have  b e e n  success fu l ly  

d e m o n s t r a t e d  at commercial scale in  South  Africa.  The  methana t ion  process  

is also b a s e d  on Lurgl  t echno logy .  The  offs i te  and u t i l i ty  sys t ems  for  th is  

p lan t  a re  all based  on commercially p r o v e n  technology .  

The p l an t  uses  the  bes t  available cont ro l  t echnology  to  p r o t e c t  t he  local 

e n v i r o n m e n t .  Par t icula te  ma t t e r  and  s u l ~ r  oxides are  removed  from flue 

gases ;  coal d u s t  is  contained withiu closed convey ing  and  s to rage  sys tems .  

The p l an t  water  management  sys tem is  des igned  to ach ieve  zero ef f luent  

d i s cha rge .  SoHd wastes from the  p lan t  a re  made sui table  for  safe disposal  

as landf i l l .  Mechanical equ ipment  is  de s igned  for low noise  opera t ion  to 

maintain t he  re la t ive ly  quiet  local env i ronmen t .  

The  following sec t ions  a d d r e s s  t he  Base  Case,  however ,  most  t ex t  pe r t a in -  

ing  to t h e  p roces se s  is appl icable  to the  a l ternate  ca se s .  Unique dif-  

f e rences  be tween  t h e  Base Case and  a l te , ' :mdves  are  a d d r e s s e d  in  Sec-  

t ion 6 .4 ,  6 .5 ,  and  6.6 of th i s  Volume. 
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6.1.1.1 PROCESS DESCRIPTION 

A l ist  of plant u n i t s  i s  g iven in Section 6 . 1 . 5 .  Coal enters  the  plant  at 

the coal s creen ing  uni t  which screens  and d is tr ibutes  the a s - rece ived  coal 

to provide s ized coal (2 x 1/4 inch)  for f eed  to Lurgi gss i f lers  and coal 

f lues  for boiler fue l .  

Coal is  gasif ied b y  reaction with steam and o x y g e n .  The resul tant  gas  i s  

cooled and combined with gas  produced in  the  Texaco Pa~dal Oxidation 

Unit (descr ibed l a t er ) .  The combined stream i s  reacted in a Lurgi  Sour 

Gas Shift  Unit to  generate  additional h y d r o g e n  b y  the reaction 

CO + HzO = CO z + H z. The shift  convers ion  unit  produces  the  proper  

H~-to-CO ratio for the  methane s y n t h e s i s  react ion.  

The shi f ted gas i s  cooled,  condens ing  water  vapor and hydrocarbons .  

Products  of the Gas Cooling Unit are a l iquid stream called "gas liquor" 

containing water ,  pheno l s ,  tar,  and oil ,  and a "raw gas" conta in ing  

h y d r o g e n ,  carbon monoxide ,  carbon d iox ide ,  su l fur  compounds,  methane ,  

light hydrocarbons, and naphtha. 

In the gas puri f icat ion area,  the Lurgi Select ive  Rectisol Unit c o n d e n s e s  

naphtha  and removes carbon dioxide and su l fur  compounds from the  raw 

gas .  Products  of  the  Rectisol Unit are a pure  gas  for methanation,  

naphtha which i s  hydrotreated  for sales as a gasoline b lending  component  

and three acid gas  streams: an HzS-~ich gas  stream containing most of  

the H~S removed from the raw gas ,  CO 2 and l ight  hydrocarbons;  an 

HzS-lean gas stream containing CO z and some HzS and l ight  hydrocarbons ;  

and a COz-rich gas  stream containing CO~, traces  of  sulfur and l ight  

hydrocarbon compounds .  

A Lurgi Methanation U~it reacts carbon monoxide ,  carbon dioxide and 

hydrogen in the pure gas to produce methane. The pure gas  feed 

contains an excess of carbon dioxide which is removed in the SNG 

Purification and Compression Unit. The resultant product "SNG" is 

compressed to pipeline delivery pressure. 
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6 .1 .1 .1  (Continued) 

The gas liquor p roduced  in the  Gas Cooling Unit flows to the Lurgi  Gas 

Liquor Separation Unit where  gas liquor is s epa ra t ed  into aqueous and  

hyd roca rbon  streams. 

The hydrocarbon  stream flows to Tar  Distillation for  f u r t h e r  p rocess ing .  

The aqueous stream flows to the  Phenosolvan Unit .  The phenols a re  

e x t r a c t e d  and sent  to the  Texaco Partial Oxidation Unit.  The aqueous  

stream, after phenol removal, flows to the "Phosam-w" (Hcensed by 

U.S. Steel) Ammonia Recovery Unit where ammonia is recovered and purified 

to produce a saleable byproduct. The aqueous "stripped gas liquor" is 

biotreated in the Wastewater Treating Unit and used as cooling tower 

makeup water. 

The T a r  Distillation Unit separa tes  the hyd roca rbon  s t ream containing t a r s ,  

oils, and naphtha  into a naph tha  stream sent  to Naphtha  Hydro t rea t ing ,  

and a ta r /o i l  stream sent  to the  Texaco Partial  Oxidation Unit. The Lurgi  

Naphtha Hydro t rea t ing  Unit h y d r o t r e s t s  the  n a p h t h a  recovered  in the  
Rectisol and Tar Distillation uni t s  to reduce  the  s u l f u r ,  oxygen ,  n i t rogen  

and react ive  unsa tu ra t ed  h y d r o c a r b o n  content  of the  naph tha .  The naph tha  

p roduc t  is suitable for  use as a gasoline b lending  component .  

In the  Partial  Oxidation Unit phenols ,  ta r  and oil are  reac ted  with oxygen  

and  steam to produce additional "raw" syn thes i s  gas .  T ~ s  gas is sent  to 

the  Shif t  Unit along with the  Lurgi  "raw" gas.  

( 

The H2S-rich acid gas s t ream from the Rectisol Unit is enr iched in HzS 
conten t  in a Shell ADIP uni t  and processed in a Claus plant for  su l fu r  

r e c o v e r y .  The Claus uni t  offgas  is processed in a (Shell)  SCOT uni t  and  

flows to a Peabody-Holmes des igned S t re t ford  uni t  for  byp l~duc t  su l fu r  

r e c o v e r y .  The HaS lean acid gas stream from Rectisol is also processed  in 

the  S t r e t fo rd  unit .  The  S t r e t fo rd  offgas containing some hydroca rbons  

and  un reac t ed  su l fur  compounds and C0~-r ich  acid gas stream from 
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6 . 1 . 1 .  i (Continued) 

Rectisol ate combusted in the Process Steam Superheater to convert these 

compounds to carbon dioxide and sulfur dioxide. Superheated steam for 

use in the gasifiers is generated in the combustion. The flue gas is 

discharged to the atmosphere. 

6.1.1.2 UTILITIES AND OFFSITES DESCRIPTION 

Coal fines ave sent to the coal-fired steam boilers where 15~0 psig 

superheated steam is generated. The steam flows to the power generation 

unit where steam turbine driven generators produce the total power 

requirement for the plant plus power for sale. 

The boiler" flue gas is treated for sulfur removal us ing lime in a Davy 

McKee 8aavberg-HoeRer desulfurization unit. A low SO z flue gas is 

produced, and a nonhazardous gypsum sludge suitable for landfill is 

recovered. 

The plant water management is based on a zero liquid discharge philosophy. 

The aqueous stream generated in the Lurgi units is processed in au 

activated sludge biotreatment system. The Process Cooling Towers are 

designed to evaporate the treated Lurgi water. 

The balance of the utility and offsite units are similar to the 

conventional refinery systems and are not described. 
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6.1.2 FEED AND PRODUCT SUMMARY 

Table 6.1.2-1 contains a summary of the raw materials used and the products 

and solid wastes generated in this plant. 
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TABLE 6 .1 .2- I  

FEED AND PRODUCT SUI~MARY (1) 
. , , . .  J | i i 

BASE CASE: WESTMORELAND COAL - 40% FINES - SNG 

Raw Materials 

Coal from Mine 

Lurgi Gasification Feed 

Boiler Feed 

UNITS 

STID 

STiD 

STID 

QUANTITY 

18,000 

10,800 

7,200 

Bulk Chemicals 

Liquids 

Solids 

Water 

Products (3) 

SNG 

Aromatic Naphtha 

Anhydrous Ammonia 

Sulfur 

Methanol 

Solid Wastes 

Gasifler Ash (Dry) 

Boiler Ash (Dry) 

Gypsum 

Plant Refuse 

ST/D 

ST/D 

Acre-Ft/D 

MM SCF/D 

BPSD 

STID 

STID 

STID 

STID 

STID 

STID 

STID 

72 

158 

30.1 

137.5 (2) 

1,351 

T6.8 

87.2 

--0-- 

827 
531 
38? 

5O 
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TABLE 6,1.2-1 (Continued) 

Solid Wastes (Continued) 

Raw Water Treatment Sludge 

Spent Catalyst 

Biotreating Incinerator Ash 

and Cooling Tower Sludge 

ST/D 

ST/D 

ST/D 

20 

0.02 

30 

NOTES : 

(I) All quantities per stream day 

(2) SNG production equals 125 MM SCF/D calendar day basis 

(S) Plant also produces 283.2 MW power for sales 
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6.1.3 THERMAL EFFICIENCY CALCULATION 

Table 6.1.3-1 summarizes the overall thermal efficiency calculation for the 

plant. Only the net saleable products  are considered in the plant 

efficiency. The remainder of the plant energy  balance consists  of energy 

losses in the air coolers,  cooling towers,  and warm stack gases  vented  to 

the atmosphere. 
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6 .1 .4  DESIGN BASIS 

6 . 1 . 4 . 1  PURPOSE OF PLANT 

The Crow Synfuels  Plant converts  subbituminous coal from the Westmore- 

land Absolaka [Vline to pipeline quality subst i tute  natural gas (SNG).  

Power, and byproducts  inc luding ammonia, naphtha and sulfur are also 

produced for sales .  

6 . 1 . 4 . 2  SCOPE OF PLANT 

The plant encompasses a series of  process ing  steps including coal receiving 

from the mine, coal gasification, gas purif ication,  methanation and delivery 

of SNG to pipel ine.  Several byproduct  process ing uni ts ,  ammonia recovery,  

naphtha hydrotreat ing,  sulfur recovery ,  steam and power generation,  water 

treat ing facilities and the other utility and offsite units  are included to 

make the plant a complete, se l f - suf f ic ient  grass-roots  facility.  

6 . 1 . 4 . 3  GENERAL DESIGN CRITERIA 

The plant is des igned to use the  available natural resource materials with a 

minimum impact on the  local environment.  Coal crushed to two inch size 

and smaller at the Absolaka Mine is  transported by railcars and received at 

the plant s ite .  The plant des ign is  based on 60 percent s ized coal at two 

inch b y  one-fourth inch and 40 percent  coal f ines at less  than one-fourth 

inch s ize .  The sized coal i s  gasif ied in Lurgi gasifiers and the  f ines  are 

fed to the  boilers to generate steam. 

The plant is  des igned to produce 125 bI~| SCF per day of  SNG on a calendar 
day bas is .  The various process  and uti l i ty units  are designed with multi- 

ple trains  and suff icient  s tandby eapacity to obtain an overall  plant 
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6 . ~ . 4 . 3  ( C o n t i n x ~ e d )  

on-stream factor of  332 days per year .  Surge storage of critical plant 

l iquid streams i s  provided between un i t s  to maintain operat ing f lexibi l i ty .  

Section 6 .1 .6  d i s c u s s e s  the ~rain phi losophy of  the plant un i t s .  

The plant is designed to meet all applicable federal, state, and local 

regulations for the .protection of the environment. Best Available Control 

Technology (BACT) is used throughout the plant for environmental protec- 

tion design. Process equipment vent streams and waste materials are 

strictly controlled and monitored to ensure compliance with regulations 

covering noise, air quality, water quality and solid waste disposal. 

In particular,  the plant is  compatible with the nearby  Class I area for 

ambient air concentrat ion of SO~. based  on u s i n g  Site 1 for the proposed  

plant .  Particulate and SO 2 emissions from the  coal f ired boilers are 

reduced to environmental ly acceptable l eve l s  by  electrostatic  precipitation 

and f lue gas desul fur izat ion ,  respect ive ly .  Hydrocarbon compounds and 

carbon monoxide contained in process  vent  streams are des troyed by  com- 

bus t ion  in  the Process  Steam Superheat ing  Unit .  Particulate emissions are 
controlled in the coal and ash handl ing  areas.  The plant waste water 

treatment facilities are des igned with recycle  so that  no l iquid e f f luent  i s  

d i scharged from the  plant .  Solid wastes  from the plant  are disposed in  a 

ne ighbor ing  disposal  s i te .  

6. i .  4 .4  PLANT FEED 

The only  resources  fed  to the  plant are coal and raw water.  Crushed coal 

from the  mine is  fed to the plant at a des ign  rate of  18,000 S T / S D .  Sec-  

tion 5 .1  contains the coal analyses .  The plant  u s e s  raw water from the 

Bighorn River at a nominal rate of 10,000 acre feet  per  year .  The water 

analys is  i s  shown in Section 5 .3 .  
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6.1 .4 .5  Products 

The principal product of this facility is pipeline quality substitute natural 

gas (SNG). The specifications of the SNG and the byproducts listed below 

are included in Section 5.6.  The SNG is compressed to sufficient pressure 

to enter the gas pipeline system. 

Power produced within the plant in excess of the internal requirements is 
exported. Other saleable byproducts from the plant include anhydrous 
liquid ammonia, molten sulfur and hydrotreated aromatic naphtha. 

Solid wastes from the plant are mainly coal ash and flue gas desulfurization 

sludge. These are combined and conveyed to a neighboring disposal site. 

No liquid effluent is discharged from the plant. 

6.1.4.6 DESIGN BASIS - MECHANICAL ENGINEERING 

Mechanical equipment and vessels  are configured and cost estimated based 

upon equipment specifications defined by process requirements. Equipment 

specification data sheets ,  complete with process requirements data, were 

reviewed by mechanical equipment and vessels engineers,  and, in turn, 

matched with existing equipment models, or standard designs,  wherever 

possible. Each existing equipment model or standard design considered 

conforms to Fluor equipment specifications. These specifications are devel- 

oped in accordance with accepted industry standards and applicable gov- 

ernment codes and standards shown in Table 6.1.4-1.  

With mechanical equipment and vesse l  configurations determined by the for- 

going, prices were obtained from in-house data or computer programs, and 

direct contact t~ith suppliers. The computer programs and in-house data 

bases are updated continuously from actual cost data obtained from equip- 

ment procurement activity. These costs,  and other specific data about the 

equipment, are documented on each data sheet. 

• ,.:~ "il ~iiiii 

" : i  

.! . . . .  ! 

i i 
' i : :  i 

£ 
L i " 

i 

, " o . 

• . i 

• ! 

t o 

• . ',; 

6-12 i i m|l ! I 
USE M DI~,.*'SdR[ ~ i[l'~.lkT DaTA 

LI S U ~  110 TH[ I~qlUCl*n~ C,'l INl[ 

Wa~'~[ F;LGI[ M |H[ I~NT ~ 1[k~2 RI[T~T 



i i • 

~\.i • ~•:i 
j,/ \~. • / 

. . ~ .  . 

. . \ 

- ,  . . '  

•.,. % 

TABLE 6.1.4-1 

MAJOR CODES AND STANDARDS 

Pressure Vessels 

ASME SECTION II 

ASME SECTION VIII,  DIVISION i 

ASME SECTION VIII,  DIVISION 2 

Tanks  

API 620 

API 650 

API 2000 

Heat Exchangers  

API 660 

API 661 

Material Specif icat ions,  Parts  A and 

B 
Pressure  Vesse ls  
Alternate Rules 

Recommended Rules for Des ign  and 

Construct ion of  Large ,  Welded, 

Low Pressure  Storage Tanks  

Specif ication for Welded Steel  Tanks  

for Oil Shortage 

Vent ing  Atmospheric and Low Pres -  

sure  Storage Tanks 

Heat Exchangers  for General Ref in-  

e r j  Services  

Cooled Heat Exchangers  for 

General Ref inery  Sez~rloes 
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T A B L E  6 . 1 . 4 - 1  ( C o n t i n u e d )  

ASME SECTION I 

ASME SECTION II 

ASME SECTION VIII, DIVISION 1 

TEMA 

Fired Heat Transfer Equipment 

API RP 530 

API 630 

ASME SECTION I 

ASME SECTION II 

ASME SECTION VIII, DIVI~,~ON 1 

Rotatin~ and Mechanical Equipmevt  

API 610 

API 611 

Power Boilers (Steam Systems) 

Material Specif ications,  Parts A and 

B 

Pressure Vessels  

Standards o f  Tubular Exchanger 

Manufacturers Association, and 

Addenda 

Recommended Practice for Calcu- 

lation of  Heater Tube Thickness in 

Petroleum Refineries  

Tube and Heater Dimensions for 

Fired Heaters for Refinery Service 

Power Boilers 

Material Specif ications:  • Parts A and 

B 

Pressure Vesse ls  

Centrifugal Pumps for General Ref in-  

ery Services  

Genel.al Purpose Steam Turbines 

for Refinery Services  
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TABLE 6.1.4-1 (Continued) 

API 612 

API 613 

API 614 

API 615 

API 617 

API 618 

API 619 

API 6?2 

API  674 

k 

Special Purpose Steam Turbines for 

Refinery Services 

Special Purpose Gear Units for 

Refinery Services 

Lubrication, Shsftsealing and Con- 
trol Off Systems for Speclal Pur- 
pose Applications 

Combustion Gas Turbines for Gen- 

eral Refinery Services 

Centrifugal Compressors for Gen- 

eral Refinery Services 

Reciprocating Compressors for Gen- 
eral Refinery Services 

Rotary Type Positive Displacement 

Compressors for General Refinery 

Services 

Packaged, Integrally Geared Cen- 

trlfugal Plant and Instrument Air 

Compressors fat  General Refinery 

Services 

Positive Displacement 
Reciprocating 

Pumps 
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TABLE 6.1.4-1 (Continued) 

API 675 P o s i t i v e  Displacement  P u m p s  Con-  

t ro l l ed  Volume 

API 6?6 Positive Displacement Pumps Rotary 

ANSI B ? 3 . 1  Spec i f i ca t ion  for  Horizonta l  End . • 

S u c t i o n  Centr i fugal  P u m p s  

ASME SECTION VIII ,  DIVISION P r e s s u r e  V e s s e l s  

NEMA MG-1 Motors  and Generators  

NEMA SM21 Mult i s tage  Steam T u r b i n e s  for  

Mechanical  Drive  Serv ice  
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6.1.5 PLANT UNITS 

The plant units required for the Crow Synfuels  Plant are listed in 

Table 6.1.5-1.  This table also indicates whether the unit is a proprietary 

process designed by a licensor or a nonproprietary unit designed by Fluor. 
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Unit 

Number 

01 

02 

03 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

24 

25 

4O 

41 

42 

43 

44 

45 

46 

BASE CASE: 

TABLE 6.1.5-i 

PLANT UNITS 

WESTMORELAND COAL - 40% FINES-SNG 

Unit Name 

Coal Screening 

Coal Distribution 

Ash Handling 

Gasification 
CO Shift 

Gas Cooling 
Rectisol 
Gas Liquor Separation 
Tar Distillation 

Naphtha Hydrotreating 

Phenosolvan 

Ammonia Recovery 

Sulfur Recovery 

Process Steam Superheating 

Methanol Synthesis 

Methanation 

SNG Compression & Purification 

Partial Oxidation 

PSA Hydrogen Production 

Oxygen Production 

Steam Generation 

Power Generation 

Flue Gas Desulfurizatton 

Raw Water Treating 

BFW and Condensate Treating 

Air & Nitrogen Sys'tems 

Licensor/. Designer 

Fluor 

Fluor 

Fluor 

Lurgi 
Lurgt 

Lurgi 

Lur~i 

Lurgi 

Lurgi 
Lurgi 

Lurgi 

U.S. Steel 

Shell! Peabody-Holmes/Fluor 

Fluor 

Lurgi 

Lurgi 

Fluorl Lurgi 

Texaco 

Union Carbide 

Lotepro 

Pluor 

Fluor 

Davy-McKee 

Fluor 

Fluor 

Fluor 
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TABLE 6 . 1 . 5 - 1  (Continued) 

Umt 

Number 

4? 

48 

49 

50 

51 

52 

53 

54 

55 

56 

5'/ 

Unit Name 

Process Cooling Water 

Utility Cooling Water 

Potable Water 

Utility Water 

Firewater 

Fuel Gas 

Flare 

Wastewater Treating 

Tank Farm and Dispatch 

Sanitary Sewage Treatment 
Interconnecting Pipeway 

Lieensor /Des i~ -ner  

F luor  

F luor  

F iuor  

F luor  

F luor  

F luor  

F luor  

F luor  

F iuor  

F luor  

Fluor 
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6 . 1 . 6  PLANT TRAIN PHILOSOPHY 

General 

The general ph i losophy  for the  Crow S y n f u e l s  Facil ity is  to divide the  

major process  uni ts  into  two 50 percent capacity  parallel  trains.  

The two train ph i lo sophy  permits schedul ing  a general  shutdown .of o n e - h a l f  

the facility for maintenance and inspect ion while  cont inuing  plant opera-  

t ion at G0 percent  capac i ty  and phased cons truc t ion  for manpower l eve l ing .  

Additionally,  the multiple train approach avo ids  total loss  of product ion 

due to a single p r o c e s s  un i t  shutdown.  Parallel  trains  are c r o s s - c o n n e c t e d  

for operating f lex ibi l i ty .  

The des ign phi losophy  of each process  uni t  re f l ec t s  an overall plant 

onstream time of 332 d a y s  per  year.  Factors which  inf luence the onstream 

performance of  a p lant  are the  use  of parallel t ra ins ,  intermediate product  

s u r g e  tankage and s p a r i n g  of  critical equipment .  For single train u n i t s  

with l iquid hydrocarbon feed  s tocks ,  feed s u r g e  is  provided; also s u f f i -  

c ient  unit capacity i s  prov ided  to process  f eed  accumulated during  a un i t  

shutdown.  Spare equipment  i s  provided in  critical serv ices  in accordance 

with accepted re f inery  practice  for the targeted  onstream factor. 

The phi losophy adhered  to in the  des ign of  the  ut i l i ty  and offs i te  un i t s  i s  

to ensure  that support  sys tems  have 100 percent  availabil ity.  For crit ical  

sy s t ems ,  such  as steam generat ion,  the "N + 1" approach is u s e d ,  where  N is  

the number of uni ts  requ ired  to meet des ign  product ion .  For example ,  one  

additional boiler i s  prov ided  for the Steam Plant .  
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Process  Uni ts  

Tab le  6 .1 .6 -1  summarizes t he  n u m b e r  of t r a ins  and  t h e  c r i t e r i a  (equipment  

size l imitat ion,  a n d / o r  o p e r a t i n g  and maintenance f lexibi l i ty)  which d e t e r -  

mine t h e  number  of t ra ins  for  each  un i t .  The  t r a in  ph i lo sophy  is shown 

schemat ica l ly  on Drawing No. 835704-00-4-001. 

Coal Sc r een ing  consis ts  of  two 66 percen t  t r a in s .  Two 100 pe rcen t  capaci ty  

c o n v e y o r s  are p rov ided  to e n s u r e  de l ivery  of  coal to  t h e  gas i f lers ;  simi- 

l a r ly ,  two 100 pe rcen t  c o n v e y o r s  provide  coal to t h e  bo i l e r s .  

The  Gasification Unit cons i s t s  o f  two parallel gas i f ier  t r a i n s ,  each t ra in  

c o n s i s t i n g  of  seven gas i f i e r s .  To s u p p o r t  normal  ope ra t i on  12 gasif iers  

are  r e q u i r e d .  Four teen  gas i f l e r s  are  p rov ided  to e n s u r e  con t inuous  p r o d u c -  

t ion at de s ign  ra tes .  Gasif iers  are  t aken  offl ine fo r  s c h e d u l e d  mainte-  

nance  a n d  are also sub jec t  to  u n s c h e d u l e d  i n t e r r u p t i o n s  due  to mechanical 

p rob lems  or  var ia t ions  in  coal p r o p e r t i e s .  

The  Ash  Handling Unit cons i s t s  of  two 50 p e r c e n t  t r a i n s .  Four  s luiceways 

de l i ve r  a sh  s lu r ry  from Gasif icat ion to Ash Handl ing .  Two spare  s luiceways 

are  p r o v i d e d  between un i t s  to allow for  maintenance  s h u t d o w n  of a 

s lu iceway normally in ope ra t ion .  

The  Par t ia l  Oxidation Unit  cons i s t s  of one t r a in .  Feed  s to rage  is  p rov ided  

to allow for  maintenance s h u t d o w n  of  up to two weeks .  The  CO Shift  Unit 

cons i s t s  of  two 66 p e r c e n t  t r a i n s ,  and  the  Gas Cooling Unit  has  two 50 p e r -  

cen t  t r a i n s .  The Select ive Rect isol  Unit is p r o v i d e d  wi th  two 55 pe r cen t  

t r a i n s .  Methanation and SNG Pur i f i ca t ion /Compress ion  cons is t  of two t r a in s  

of 50 and  55 pe rcen t  capac i ty  r e spec t i ve ly .  

Methanol  Synthes i s  Unit h a s  one  t r a in  with suf f ic ien t  s p a r e  capaci ty to 

allow shu tdowns  wi thout  i n t e r r u p t i n g  methanol makeup  to Rectisol .  PSA 

H y d r o g e n  Product ion  Unit  c o n s i s t s  of one 100 p e r c e n t  t r a i n .  
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TABLE 6.1.6-1 

TRAIN PHILOSOPHY - PROCESS UNITS 

Unit No. of  Trains 

01 Coal Screening 2 x 66% 

02 Coal Distribution 2 x 100% 

03 Ash Handling 2 x 50% 

10 Gasification 14 (12 operating)  

ii CO Shift 2 x 66% 

12 Raw Gas Cooling 2 x 50% 

13 Rectisol 2 x 55% 

14 Gas Liquor Separation 2 x 50% (2) 

15 Ta~ Distillation 2 x 50% 

16 Naphtha Hydrotreating 1 x 100% 

17 Phenosolvan 2 x 50% 

18 Ammonia Recovery 2 x 50% 

19 Sulfur Recovery  2 x 50% 

20 Process Steam Super- 2 x 50% 

heating 

21 Methanol Synthes i s  1 x 100% 

22 Methanation 2 x 50% 

23 SNO Purification & 2 x 55% 

Compression 

24 Partial Oxidation 1 x 100% 

25 Hydrogen Production 1 x 100% 

Criteria (1) 

a-Screening Modules, b 

b 

b 

a-Mk IV Oasifiers, b 

a-Reactor, b 

a-Air Coolers, b 

a-Methanol Wash Towers, b 

b 

b 

b 

b 

b 

b 

a-Reactors,  b 

a-Compressors,  b 

NOTES: 

(I) 

(2) 

Criteria for  number of trains are as follows. 

(a)-Equipment size limitation 

(b) -Operat ing  and maintenance flexibility 

Primary separation o f  dusty  tar i s  100% spared 
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Gas Liquor Separation cons i s t s  of two 50 percent  trains  with the except ion 

of  the dus ty  tar separation area which cons i s t s  of  two 100 percent  tra ins .  

Three  days  s torage  capacity i s  provided for the  feed to Phenosolvan.  

Phenosolvan and Ammonia Recovery consis t  of two 50 percent  tra ins .  

Fourteen day storage is  provided for the  feed to Tar Disti l lation, which 

cons i s t s  of  two 50 percent  tra ins .  Naphtha Hydrotreat ing cons i s t s  of  a 

s ingle  train and is  provided with fourteen days  of  feed storage to permit 

cont inued operation of Gasification when th i s  unit  i s  down.  

Sul fur  Recovery and Process  Steam Superheat ing  each consis t  of two tra ins .  

UTILITY AND OFFSIT~ UNITS 

Table 6 . 1 . 6 - 2  summarizes the number of  trains  and applicable criteria for 

each system.  The train phi losophy is  shown schematically on Drawing 

Number 835704-00-4-002.  

The  Oxygen  Plant cons is ts  of  two 50 percent  capacity tra ins .  No provis ion 

is  made for l iquid o x y g e n  storage in view of  the  h igh  reliability of  o x y g e n  

plants  and the  provis ion of  multiple t ra ins .  A spare o x y g e n  compressor,  

however ,  is  provided for each train.  

The Air and Nitrogen System, which suppl ies  ins trument  air,  plant air and 

LP n i trogen ,  cons i s t s  of one train with critical equipment spared.  

Two emergency flare s tacks  are provided,  each handl ing  50 percent  of  the  

maximum relief  load.  
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TABLE 6 . 1 . 6 - 2  

TRAIN PHILOSOPIIY - UTILITY & OFFSITE UNITS 

Unit  No. of Trains  Critez~a (I) 

40 Oxygen Production 2 x 50% a-Compressors 

41 /42  Steam and Power  3 x 50% a - B o i l e r s ,  b 

Generation 

43 Flue Gas Desulfurizat ion 3 x 50% b 

44 Raw Water Treat ing  1 x 100% 

45 BFW & Condensate  Trtg .  1 x 100% 

46 Air & Nitrogen 1 x 100% 

4? Process  Cooling Water (2) 2 b 

48 Utility Cooling Water 1 x 100% 

49 Potable  Water 1 x 100% 

50 Udl i ty  Water 1 x 100% 

51 Firewater 1 x 100% 

52 Fuel Gas i x 100% 

53 Flare 2 x 50% b 

54 Wastewater Treat ing  2 x 50% b 

55 Tank Farm & Dispatch 1 x 100% 

56 Sanitary  Sewage Treatment 1 x 100% 

NOTE: 

(i) 

C2) 

Criteria for number of  trains  are as follows: 

(a) -Equipment  s ize  limitation 

(b) -Operat ing  and maintenance flexibil ity 

A 32% capacity train s e r v e s  the  process  u n i t s ,  and a 68% capacity 

train s e r v e s  the Power Generation and Tank Farm Units .  
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The intermediate tankage area is  provided with one 14-day storage tank for 

each hydrocarbon process ing unit feed stock.  The final product tankage 

area is  designed for 60-day storage of  ammonia and 30-day storage for 

naphtha and sulfur.  

The water treating units - Raw Water Treating,  BFW & Condensate Treating,  

Potable Water, Utility Water and Firewater - consist  of  one train each. 

Because the Wastewater Treating Unit is  susceptible  to upset ,  i t  consists  

of  two 50 percent  trains so that 50 percent  capacity operation can be main- 

tained. The "N + 1" philosophy is  applied to the  equipment that requires 

regeneration and/or  backwashing,  including f i l ters ,  sof teners ,  and ion 

exchange beds .  Critical pumps are spared.  

The Steam and Power Generation fadl i t ies  consist  of  three 50 percent  

trains in accordance with the "N + 1" phi losophy.  All trains are normally 

in operation at reduced load. However,  if  one train should fail,  the 

trains remaining in operation can handle the  full plant load. Three 50 per-  

cent trains of flue gas desulfurization are provided to be compatible with 

boiler operation. 
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6.1.7 PLOT PLAN 

The development of  plot plans invo lves  conforming to i n d u s t r y  s tandard 

pract ices ,  in  addit ion to economies,  constructabi l i ty  and operabi l i ty .  The 

units  are spaced to comply with r i sk  i n s u r e r s  recommendations.  

For the  overall  plot  p lan ,  the uni t s  are arranged ,  as much as poss ib l e ,  in 

the  same sequence  as the process  flow of the  plant .  Some u n i t s ,  however ,  

are located out of  sequence  and adjacent to or near other un i t s  for eco-  

nomic reasons ,  s u c h  as minimizing long  r u n s  of  large diameter exotic  

p iping.  

For example: 

The Steam Generation (Unit 41) area is  located adjacent to Oxygen  

Production (Unit  40) which requires  large quantit ies  of h i g h  p r e s s u r e  

steam. 

Sulfur  Recovery  (Unit  19) i s  located adjacent to Flue Gas D e s u l f u r a -  

tion (Unit  43) in order to uti l ize a common stack.  

Oxygen  Product ion (Unit 40) i s  located such  that it is  u p w i n d  of  the  

rest  of  the p lant  (based upon the  preva i l ing  wind, TBD) .  

The cool ing towers  are located s u c h  that  the water vapor plume does 

not interfere  with the plant operat ion.  

Ponds are,  in  general ,  grouped toge ther  and located in the  low area 

of the plant .  

The Flares (Unit  53) are located in  the  Solar Evaporation Pond 

(Unit 54B) to minimize plant acreage .  
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The main control bu i ld ing  is  centrally located.  

Suff ic ient  railroad swi tchyard  is  provided to allow for makeup of  t ra ins ,  

swi tch ing ,  and sor t ing  of  incoming cars and storage  of  cars. A spur  i s  

also provided to the maintenance and warehouse  area,  and Flue Gas Desu l -  

furization (Unit 43) for  unloading  of suppl i e s .  

The Plot Plan for the  Base Case i s  shown  on 

835704 -00-5-050.  
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