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1 . 0  F E A S I B I L I T Y  STUDY OVERVIEW 

Volume I is the Executive Summary, which summarizes the work completed 

for the Feasibility Study. It describes the objectives of the study, the 

findings, and the conclusions. It also provides a status of the overall 

program, including process technology, cost estimates, legal and financial 

information, environmental impact, and socioeconomic factors. The volume 

also summarizes the special studies conducted to determine certain specifics 

for the basis of design. A Phase II management plan is presented in 

Volume I which encompasses preliminary engineering to support permitting 

and financing activity. 

Volume II covers the Engineering and Cost Analysis. The Engineering 

portion describes in detail the process units within the Base Case. Also 

covered are three alternate cases where they deviate from the Base Case 

and the three special process studies. The screening studies that defined 

the parameters of the Base Case are examined. Economic criteria, pri- 

marily for the Base Case, are established and evaluated. Then cost esti- 

mates (capital and operational) are presented. Because of the amount of 

material presented, Volume II is divided into three separate books. 

Volume III covers the Financial and Legal Analysis for the SNG plant. 

The financial portion of this volume examines all economic aspects of the 

project. Balanae sheets are presented along with special sensitivity 

studies (debt /equi ty  ratio, interest  rates,  coal prices, and effect on SNG 

cost for varying capitol requirements) .  Capital requirements,  re turn on 

investment, and risk analysis are discussed. The legal portion assesses 

the federal, state, local, and tribal regulations that impact the imple- 
mentation of the Crow Synfuels Project, examines jurisdictional issues and 
addresses Water Law and Indian Law. 
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1.0 (Continued) 

Volume IV covers  Environmental,  Health,  Safe ty ,  and Socioeconomic i s s u e s .  

Federal ,  s tate ,  and tribal permitting (environmental:  air, water ,  and solid 

waste)  with jurisdict ional  definition is  d i s c u s s e d .  The e f fec t s  o f  nature  

(flora, fauna,  cl imatology, air qual i ty ,  water ,  p h y s i o g r a p h y ,  and se i s -  

mology) as an impact on the plant s i te  and transportation corridors  are 

presented  in detail  for the Crow Reservat ion .  

Health and Safety  deal with the hazards  assoc iated with the s y n f u e l s  •plant 
and with the  handl ing  of  raw materials  and products .  The  control  
measures ancl pract ices  to ensure  safe  p lant  operation are ana lyzed .  

Volume V covers  Special Studies .  Part I of  th is  volume d i s c u s s e s  the 

special  s tudies  conducted  on resources  and site analyses .  This  part 

reports  the s tud ie s  on the coal s u p p l y ,  on transportation of  the  coal,  on 

solid waste d i sposa l ,  on sources  and movement of  raw water,  and on the 

analyses  of 11 cm~didate s ites  for the  SNG plant .  The resource  require -  

ments (coal and water) ,  their cos t ,  and  their handl ing have  greatest  
impact on the Crow project .  

Part II of Volume V covers  the  marketing and transportation ana lyse s  for 

both SNG and b y p r o d u c t s .  This part  ident i f i es  the best  d ispos i t ion  of  

SNG and the b y p r o d u c t s .  The market for  natural  gas and the  impact of  

th i s  subst i tute  natural  gas  on the market p lus  the means and cos t s  of  

moving the SNG into the market are cons idered .  Byproduct s ,  inc lud ing  

methanol and power ,  as saleable products  are examined in detail .  

Part III of Volume V covers  planning and communication. It deve lopes  a 

s trategy  to gain acceptance for the feas ibi l i ty  s tudy .  The communication 

of  information about the synfue l s  plant  to all affected part ies  becomes 

important in Phase  II (permitting and f inanc ing  activities) b y  deve lop ing  
support  for the  p lant .  
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2 .0  INTRODUCTION 

The Crow Tribe of Indians h,~s initiated a synfuels  plant study to deter- 

mine the feasibility of developing their energy resources in response to a 

U,S .  Department of Energy solicitation. The Crow Reservation (2.3 minion 

acres) in Montana has large quantities of surface minable coal and access 

to sufficient raw process water for a projected 2S-year life coal conversion 

plant(s) .  Coal •resources are estimated in excess of 16 billion tons. Two 

major s o u r c e s  of  water  are  avai lable  to the Crow T r i b e .  

The objective of this feasibility study is to determine the financial, 

environmental, socioeconomic, and technical viability of the proposed 

synfuels plant. The study includes such areas as plant siting and design, 

special technical substudies, capRal and operating cost, and marketing. 

The Crow Synfuels Pro~ect is a coal-to-SNG gasification plant in which 

subbituminous coal on the Crow Reservation is gasified in a Lurgi process 

to produce pipeline quality gas for sale to a predetermined market. The 

work performed to date on this project is presented in this feasibility 

study final report. 

Four  d i f ferent  p r o c e s s  c o n f i g u r a t i o n s  are e v a l u a t e d  in the  f eas ib i l i ty  

study,  a Base Case and three alternate cases. The Base Case uses  

Westmoreland coal (40% fines maximum) from the Absoloka mine to produce 

substitute natural gas (SNG) and power for sale. The fines a~e used in 

the boilers for power generation and the coarse coal is gasified in the 

Lurgi reactors. The plant is sized for 125 MM SCF/CD of SNG. The 

plant  i s  located remote ly  from t h e  mine (S i te  1) b e c a u s e  o f  envh-onmenta l  

r e s t r i c t i o n s  imposed b y  t h e  n e a r b y  Northern  C h e y e n n e  Indian R e s e r v a t i o n  

which  has  a Class I PSD d e s i g n a t i o n .  Coal i s  t r a n s p o r t e d  b y  rail .  D u r i n g  

the  coal  mining and p r e p a r a t i o n ,  it  i s  e s t imated  t h a t  as  much as  40 p e r c e n t  
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2.0 (Continued) 

of the coal could be in a size range of less than 1/4 inch. These frees 

are consumed in a boiler to generate steam which is used in the process 

and for power generation. Excess power produced is exported for sale. 

Alternatives to the Base Case, namely a Self-sufficiently, a Coproduction, 

and a She]/ Coal Case, were also studied and az.e reported herein. These 

alternate eases use essentially the same processing procedure and process 

units as the Base Case and most of the information for the Base Case 

applies to the other cases. 

The Self-sufficiency Case examines the use of only the portion of coal 

fines necessary to generate the power required by the SNG plant. The 
balance of coal fines will need to be disposed of elsewhere. Discussion in 
the study of this case is limited to differences from the Base Case. 

The Coproduetion Case involves produclng less SNG to coproduce methanol 

as part of the primary product line. The objective is to assess the 

economics of liquid production along with SNG. Coproducing SNG and 

methanol is more efficient than producing all methanol because of the high 

methane content in the raw gas leaving the gasifier. However, a premium 

is required to produce a l iquid. This study attempts to quantity the 

economies of this alternative. 

The Shell Coal Case uses a coal from a different n~/ne on the Crow Reserva- 

tion and assumes the SNG plant is a minemouth plant (Site 23). This coal 

from a Shell operated mine has slightly different characteristics than the 

Base Case coal (Westmoreland mine). The cost of Shell coal is an impor- 

tant factor in the economics of this case. Although the plant can be 

located at the mine, the location is remote requiring a longer water pipe- 

line and longer access roads to service the site. The study analyzes these 
parameters. 
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2.0 (Continued) 

Volume II presents the technical and economic criteria necessary to 

evaluate not only the Base Case but also the other study eases. 

The technical criteria are the overall design basis for the study and 

include the two coal analyses, site data for the two sites, raw water 

analysis, utility design information and product and byproduct 

specifications. The economic criteria section describes the study basis for 

the capital and ~he operating and maintenance costs. The overall cost 

basis is the same for all four cases. 

In the contents and results section, the overall plant description, feed and 

product summary, thermal efficiency, desi8~n basis, plant unit list, train 

philosophy, plot plan, overaU block flow diagrams for overall material 

balance, water balance, sulfur balance, air emissions and solid effluents, 

steam balance, utilities summary, catalysts and chemicals summary, 

operating and maintenance manpower and process unit designs are 

presented for each of the four cases. For eases other than the Base 

Case, only the data that differs from the Base Case is presented. 

The process unit design includes the unit design basis, process 

description, process sketch, material balance, equipment list, and plot plan 

for each unit in the synfuels facility. Control systems and electrical 

designs are included for tb.s Base Case. Civil/Structural designs are 

included for Sites I and 23, the only two sites considered in the four 

cases, 

In addition to the  technic8/  data, the capital and operatin~ cost  resu l t s  are 

presented. The economic criteria establish the estimate base and the 

results are tabulated in the capital cost estimate section. Tots/ field, 

office and other capital costs are included and represent the total capital 

requirements for the pro~eet. OperatLn g costs are based on opera.hE 
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2 .0  (Continued) 

labor, maintenance labor, maintenance materials, catalysts and chemicals, 

coal costs, taxes and insurance, and byproduct credit developed for the 

plant. These capital and operating costs become the ba~es for the 
economic and financial analysis  presented in Volume III of this report .  

This  feasibility s tudy final report provides suf f ic ient  information to make 
t h e  d e c t s i o ~  'to p r o c e e d  t o  t h e  n e x t  p h a s e  w i t h  p r e ) t m i n a r y  e n g i n e e ~ i n g ,  

permitting and f inancing activities being the major objective.  
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3 .0  SUMMARY 

The primary objectLve of  the Crow Tribe of indians Synfuels Feasibility 

Study is  to determine the cost of service for producing SNG fron~ coal on 

the Crow I~eservation. In this volume, the capital and operating costs for 
the s y n f u e l s  faci l i ty  are d e v e l o p e d .  T h e s e  values  become the  bas i s  for  the  

cost  of  s e r v i c e  development in  Volume III,  Financial and Legal  Analys i s .  

To determine  the  optimum locat ion ,  coal supp ly ,  and p r o c e s s  des ign  

r e q u i r e d  the  inves t igat ion  o f  var ious  special  s t u d i e s  and proces s  

configurations. This part of the study describes the results of the four 

process design cases which were considered in evaluating the capital and 

operating costs for the synfuels facility. The special studies presented in 

Volume V analyze the impact of the coal supply and the site. 

The s y n f u e l s  feasibi l i ty  s tudy  e v a l u a t e s  four  proces s  d e s i g n  c a s e s :  a Base 
Case and t h r e e  alternate c a s e s .  

The Base Case is a coal-to-SNG plant, based on Westmoreland Resources, 

Inc.  coal  generating export p o w e r  and located at Site  1.  The Se l f -  

sufficiency Case assumes that electric power is generated only for in-plant 

use (no export power). The site,  coal source, and SNa product are iden- 

tical to the Base Case. The Coproduction Case varies the process design 

to coproduce SNG and methanol. Other parameters are identical to the 
Base  Case .  The  Shell  Coal Case i s  b a s e d  on produc ing  the  same amount of  

SNG as t h e  Base  Case,  but  u s e s  Shel l  coal and Site 23 as the  b a s i s  for  the 

d e s i g n .  Export  power is  also g e n e r a t e d .  

3.1 DESIGN CONSIDERATIONS 

Several design considerations apply to all of the cases.  
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3.1 (Continued) 

In each ease the plant uses the best available control technology to protect 

the local environment. Particulate matter and sulfur oxides are removed 

from flue gases~ coal dust is contained within closed conveying and storage 
systems. 

The facility is designed to produce 125 MI~I SCFICD of SNG in the Base 

Case. Additional/y, the facility is designed to be expandable to twice this 

size at a later date. Coal reserves, water supply, plot area and location 

are adequate to accommodate a 250 M~I SCF/CD facility with power 

generation. 

Environmental constraints imposed by the nearby Northern Cheyenne 

Indian Reservation, which has an EPA designated Class I air emissions 

c o n t r o l  r e q u i r e m e n t ,  n e c e s s i t a t e s  t h e  l o c a t i o n  o f  t h e  s y n f u e l s  p l a n t  a w a y  

from the Westmoreland mine for the coal supply producing 250 him SCF/CD 

and export power. Air emissions modeling indicates that a single 125 MM 

SCF/CD plant without generating export power could be located at the 

minemouth. This would result in considerable capital savings and should 

be evaluated durin E the next project phase. 

The plant is designed to achieve zero water discharge. Only in wetting of 

the solid wastes to aid in their handling and through evaporation does any 

water leave the plant. No deep disposal wells are required to inject waste 

water. All ponds are lined to eliminate percolation loss. 

Solid wastes, depending on the case, are disposed of either in the mine or 

adjacent to the plant on a virgin site. The wastes are disposed in a clay 

lined subsurface containment. The encapsulation prevents the wastes from 

being subject to leaching by surface water runoff. Monitoring wells assure 

that subsurface contamination of aquifers does not take place. 
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3 .2  BAS~. CASE 

The process technology is described in detail for the Base Case, but much 

is common to all of the cases. 

The process  des ign  is  based  on Lurgl coal gasif ication technology  which 

has  been  proven  in commercial instal lat ions.  The larges t  Lurgi type  
operat ing  plants  are in  South  Africa. The  Great Plains Project in North 
Dakota,  which is  v e r y  similar in des ign  to the  proposed  Crow Synfuels  

p lant ,  i s  be ing  cons truc ted  at the  present  time. 

In addition to coal gasification, Lurgi technology is used for gas cleanup, 

liquid byproduct processing, methanol synthesis, and methanation. The 

selective Rectisol process removes carbon dioxide and sulfur compounds 
from the  cooled gasif ier  product  gas and condenses  naphtha.  Rectisol  

p r o d u c e s  an HaS rich gas  stream which is  suitable for Cl~.us su l fur  r e c o v -  

e r y .  Air emissions modeling show that the  Rectisol  CO~-rich gas stream 

can not  be  directly v e n t e d  to the  atmosphere becallr.~ o f  the  hydrocarbon 

content .  Ins tead ,  the gas  makes up a portion of  the  fuel  used  in the pro-  

c e s s  steam superheater .  Lurgi  l iquid byproduct  p r o c e s s i n g  cons i s t s  of: 

gas liquor separation, tar distillation, naphtha hydrotreating, and pheno- 

solvan. The methanol used in the Rectisol unit is produced by the Lurgi 

methanol synthesis process which has been used in commercial installations 

to  produce  methanol from natural  gas .  The Great Plains Project will 

demons.~rete the Lurgi methanation process  on a commercial scale.  

O~her l~.censez, technologies  are u s e d  in  the  plant .  Ammonia i s  recovered  
from the  gas l iquor b y  the  U . S .  Steel  Phosam-W p r o c e s s .  The  Sulfur  

R e c o v e r y  Unit incorporates  the  Shell  Adip and Scot  p r o c e s s e s ,  the Claus 

proces s  and the  Peabody-Holmes Stret ford p r o c e s s .  The  Texaco Partial 

Oxidation process produces additional "raw" synthesis gas from phenols, 

oils and tars. Hydrogen production uses the Union Carbide Pressure 

Swing Absorption process, and oxygen production uses proven technology. 

Davy-McKee prov ided  a package  with preliminary technical  information for 

their  Saarberg-Hoelter  f lue gas  desulfurizat ion p r o c e s s .  
• , . ,  | 
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3.2  ( C o n t i n u e d )  

The ut i l i ty  and o f f s i t e  un i t s  are similar to  convent iona l  r e f i n e r y  s y s t e m s  

d e s i g n e d  b y  F luor .  

3.3 COMPARISON S 

The following sections depict the various parameters that were evaluated 

and the resulting comparisons. 

3 . 3 . 1  Coal Feed  Comparison 

Coal A n a l y s e s  for  the  four  c a s e s  are p r e s e n t e d  in Table  3 . 3 . 1 - 1 ,  and  coal 

feeds  for the f o u r  cases are presented  in Table 3 . 3 . 1 - 2 .  The f irs t  three 

cases  are based on coal from ~estmoreland's  operat ing Absaloka mine and 

the ~ourth case is  based on coal from Shell 's  proposed Young's  Creek 

mine. 

The pr ice  per  ton  of  de l ivered  coal for  t h e  Power S e l f - s u f f i c i e n c y  Case  

does  not  allow for  d i sposa l  o f  the  e x c e s s  f i n e s .  A subs tant ia l  cos t  could  

be i n c u r r e d  if  no  market is  avai lable  for  t h e  e x c e s s  f ines .  

The coal a n a l y s e s  data ref lec t  three  i t ems  which favor  the  Shel l  coal  - -  

l o w e r  ash  c o n t e n t ,  lower  s u l f u r  content  and  h i g h e r  calorif ic  v a l u e .  The  

latter i s  the most s ignif icant  because  it  resu l t s  in 4 percent  l e s s  coal 

required for the  Shel l  coal to produce the same gas product .  This  is  

depicted in Table 3 . 3 . 1 - 2 .  The lower ash quant i ty  reduces  solid waste 

disposal  cos t s ,  and the  lower sulfur percentage  reduces  overall  su l fur  

emiss ions ,  however ,  the  latter two do not s ignif icant ly  impact the  overall  
economics.  

Even  t h o u g h  l e s s  coal i s  r e q u i r e d  for the  Shel l  Coal Case ,  the  Shel l  coal i s  

more e x p e n s i v e  at the  mine.  The h i g h e r  cos t  at the  mine more than 

of f se t s  the transportat ion costs  associated with the  other cases  which use  

Westmoreland coal.  
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3 . 3 . 1  (Continued) 

Water for the project is supplied from the Bighorn River. Although water 

requirements vary between winter and summer conditions, approximately 

10,000 acre - feet are required per year for the 125 MM SCF/CD facility. 

The pipeline for transporting the water to the facility is sized for the 

expanded case (9.50 MM SCP/CD). 

3.3.2 Product and Byproduct Summary 

The products and byproducts for the four cases are presented in 

Table 3.3.9.-i. They reflect the methanol production in the Coproduction 

Case versus only SNG as in the three other cases. The quantify of 

products and byp ..,ducts from the Coproduction Case indicate a reduction 

in power export of 41 MW. The energy equivalent of the coproduced SNG 

and methanol versus the SNG in the Base Case is 5815 million Btu per 

hour versus 561S million Btu per hour respectively. Naphtha production is 

considerably less for the Coproduetion Case. The reduction in naphtha 

results because less tar oil is upgraded with the elimination of the GO 

shi f t  u n i t  in t h e  C o p r o d u c t i o n  Case .  The  i n c r e a s e  in  n a p h t h a  p r o d u c t i o n  

in  the  She l l  Coal Case i s  a c h a r a c t e r i s t i c  o f  t h e  coa l .  
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The efficiency for the Coproduction Case is lower than for the  Base Case. 

The efficiencies are comparable for the Base Case and the She]/ Coal Case. 

The reduction in power production raises the efficiency ~onsiderably for 

the Self-sufficiency Case. 

3 . 3 . 3  Capital  Cost  Summary 

The  capi ta l  c o s t s  are b a s e d  on  a combinat ion  of  capac i ty  f a c t o r i n g ,  

mach inery  and  equ ipment  f a c t o r i n g ,  and de ta i l ed  es t imat ing  t e c h n i q u e s .  

Each u n i t  i s  pr i ced  o n  a D i r e c t  Field Cost  b a s i s  for  each c a s e .  Overa l l  

c o s t s  are  summarized in  Table  3 . 3 . 3 - I .  
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3.3.3 (Continued) 

This  table summarizes the capital costs  for  each case exc lus ive  of  f inanc ing  

cos ts  and in teres t  dur ing  construction ( IDC) .  The Base Case re f l ec t s  a 

3 percent  lower capital cost  than the Shel l  Coal Case.  The  increased  

Shell  Coal Case capital costs  reflect the  additional water p ipe l ine ,  access  

roads and site preparation costs  requ ired  for Site 23. Also,  increased  

capital costs  resu l t  because  of additional power generat ing faci l i t ies  for the  

Shel l  Coal Case.  Because the Shell Coal has  a h igher  heat ing  v a l u e ,  l e s s  

coal i s  required to supply  the inplant  e n e r g y  consumption,  therefore  a 
corresponding  greater  power export r e s u l t s .  

Comparing the Base  Case and the Power Se l f - suf f i c i ency  Case,  the  capital 

cost  dif ference is  $364.9 million to produce  an additional 283.2  MW of 

power.  This  i s  $1288/kW which is  comparable to the instal led cost  for new 

coal f ired power generat ing  facil it ies.  

For the  C o p r o d u c t i o n  Case ,  the  capital  c o s t s  are v e r y  similar to  t h o s e  o f  

t h e  Base  Case .  

In summa~z ing  the  capital cost a n a l y s i s ,  the Se l f - su f f i c i ency  Case 

represents  a s igni f icant ly  lower capital requirement  than the  other  three 

cases .  However,  i t  does  not result  in  a n y  export  power,  and it does  not 

consume all of  the  coal f ines  that are generated  in the coal preparat ion.  

The Coproduction Case i s  only s l ight ly  more cost ly  than the Base  Case and 

produces  s l ight ly  more product on a Btu bas is  but  produces  l ess  

byproduct  in the  form of  power and n a p h t h a .  The Shell  Coal Case has  a 

h igher  capital cost  than the Base Case because  of  the  longer water pipeline 
and access roads and the  h igher  site preparat ion costs  due to the  rougher  
t o p o g r a p h y  at S i te  23.  
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3.8 .4  Operation Cost Sumrnaz~ 

The operating costs for the four cases are presented in Table 3 .3 .4 -1 .  

Review of the operating costs shows the highest operating costs for the 

Shell Coal Case primarily because of the higher coal costs and higher 

electrical costs associated with the longer water pipeline for Site 23. The 

Self-sufficiency Case is a simpler plant requiring fewer operating personnel 

and less  overall maintenance labor and materials. The Base Case and 
Coproduction Case are very similar in operating costs .  

To evaluate the net operating costs for the four cases, a comparison of the 

byproduct revenues is analyzed. Table 3.3.4-2 summarizes the expected 

annual revenues for each case. Examining the byproduct credits, the 

Shell Coal Case has the highest  value because of the greater quantity of 

naphtha and export power produced. The Self-suff iciency Case byproduct 

value is much less than the other cases because there is  no export power 

credit.  The Coproduction Case is lower than the Base Case reflecting the 

reduction of naphtha and power export. 

The results of combh~ing the annual operating costs with the byproduct 
credits for the four cases studied are summarized in Table 3.3.4-1.  The 

lowest net annual operating costs are reflected in the Shell Coal Case. A 

discounted cash flow analysis is necessary for each of the four cases 

studied to determine which case has the lowest cost of service. The dis-  

counted cash flow analyses alone with various sensitivity analyses are 

presented in Volume III, Financial and Legal Analysis. 

Additional information required to perform the economic evaluations as 
well as to provide a portion of the basis of design is presented in 

Table 3.3.4-3. It presents the production schedule and onstream factor 

for each of the cases. Also required are the cash disbursement schedules. 

These are presented in Table 3.3.4-4. The cash flow corresponds to the 

project master schedule included in the Management Plan of Volume I, 

Executive Summary. 
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TABLE 3 . 3 . 4 - 3  

PRODUCT PRODUCTION SCHEDULE 

Base Case 

Self-Sufficiency Case 

Shel l  Coal Case 

First  Gas into Pipel ine  111189 

F irs t  Methanol to Sa les  

Full Production T i 1189 

1989 SNG Production (1) 30,688 

1989 Methanol Production (3) ,  (4) 

1990 - 2013 SNG Production 45,625 

Per year 

1990 - 2013 ~]ethanol Production (3),  (4) 

per year 

2014 SNG Product ion (i) 22,813  

2014 Methanol Product ion  ( 3 ) ,  (4) 

SNG Heating Value (2)  980 

Onstream Factor 332 

Pmnt Production, per  stream day (i) 137.5 

per calendar day (i) 125 

Coproduction 

Case 

1/1/89 
1 1 1 / 8 9  

7 / 1 / 8 9  

14,973 

834,000 

22,348 

1,250,000 

11,174 
622,000 

980 

332 

67.3  

61 .2  

( 

NOTE: 

1. Gas Production in MM SCF (~K11ion Standard Cubic Feet) 

2. SNG Heating Value in Btu/SCF (British thermal units per standard 

cubic foot)  

3.  Methanol p r o d u c t i o n  in  short  tons  ( s h o r t  ton i s  2000 l b . )  

4 .  Methanol hea t ing  va lue  - 9740 B t u / l b  
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4.0 SCOPE OF WORK 

The scope of work for the  Preliminary Des ign  and Cost Estimate of  the  

Crow Tribe o f  Indians Synfue l s  Plant i s  presented  in th i s  sect ion.  

Primary tasks  inc lude  developing the technical  and economic criteria which 

are the basis  for  the  subsequent  prel iminary plant des ign and capital cost  

estimate; the process  development; ut i l i ty  and offs i tes  des ign;  special  

process  s tudies  and capital and operat ing  cost  determination.  The 
following descr ibes  the major tasks  performed in each of  these  specif ic  

areas.  The information addresses  the  Base Case which i s  a coal 

convers ion facil ity producing  125 MM SCF/CD of  SNG us ing  Westmoreland 

Resources ,  Inc.  coal. Where criteria d i f fers  for the  other three  eases  

( i . e . ,  coal analys i s  for the Shell  Coal Case) ,  these  d i f ferences  are 

presented .  

4 .1  PROCESS DEVELOPMENT 

A process  des ign  package is  developed, for each major unit  in  the gas  

product ion,  purif icat ion,  and byproduct  proces s ing  portion of  the  plant .  
These  des ign packages  inc lude the fol lowing items: 

(1) Process  flow diagrams which  contain simplified graphic 

representat ions  of the equipment and p ip ing ,  necessary  to def ine 

the bas ic  process .  Equipment names,  item numbers  and 

s igni f icant  des ign parameters are shown.  

(2) Mass balances  which contain composition and mass f lows of  each 

major stream enter ing  or l eav ing  the  uni t .  These  data are 

presen ted  on a separate tabulat ion.  Components are shown in 

moles /hour  and /or  p o u n d s l h o u r ,  aion~ with stream f lowing 

condi t ions .  
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4.1 (Continued) 

(3) Process and mechanical specifications to the extent necessary to 

obtain cost estimates for equipment. Detail data sheets of the 

equipment, containing dimensions or duty requirements, design 

temperature and pressure,  metallurgy and any auxiliary 

equipment requirements were developed where individual pieces 
of equipment were priced. These priced data sheets are not 
included in the report. 
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(4) Major equipment requirements to facilitate preparation of plot 

plans, cost estimates, and the equipment procurement schedule. 

(53 Plot plans or layout sketches showing the location of major 

equipment items within the area allocated to each process unit 

are. developed. These plot plans indicate the required area for 
all mechanical equipment, buildings, structures,  and electrieai 
substations required for the process plant. Locations are based 
on equipment functions in the process, maintenance and safety 
requirements. Detailed piping, structural, and architectural 

drawings are not included in the feasibility study. 

(6) Utility and offsite requirements for each process unit. The 

consumption of steam, boiler feed water, condensate, cooling 

water, electric power, fuel and inert gas are determined for each 

unit. Offsite requirements for receiving chemicals, treating 

effluents,  product storage and shipping are presented. 

The process units are based on Lurgi technology. Design data for the 

gasification section were obtained from samples of the two potential coal 

feed stocks submitted to Lurgl for testing at their l~boratory. These 

laboratory tests provided the design basis for the commercial fatuity. 

Licensor secrecy arrangements determined the amount of detail which is 

presented in the study report. 
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4.2 UTILITY SYSTEMS DEVELOPMENT 

Utility systems for the facility are designed to meet the requirements of 

the process units .  The design of the utility systems includes the following 

items: 

Cl) Utility system flow diagrams which show the major equipment in 

each utility system and the distribution network to the various 

process unit consumers. Utility equipment names, item numbers 

and significant design parameters are shown. 

(2) Mass balances which contain flow for major streams in the utility 

distribution system. These data are presented on the system 

flow diagram or in a separate tabulation. 

(3) Major equipment or packaged utility systems specified in 

sufficient detail to obtain cost estimates for the mechanical 

equipment. Specification data sheets containing dimensions or 

duty requirements and auxiliary equipment requirements are 

prepared. These data are not included in the study report. 

(4) Major equipment requirements to facilitate preparation of plot 

plans, cost estimates and the equipment procurement schedule. 

(5) Plot plans or layout sketches showing the location of major 

equipment items within the area allocated to the utility system. 

(6) Utility and offsite requirements for each system to facilitate the 

design of other utility systems and the offsite support facilities. 

( 
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4.2  (Cont inued)  

The remoteness  of the  plant  location requires  the  facil ity to be 

se l f - su f f i c i ent  in all ut i l i ty  requirements .  A s tudy  regarding  power 

se l f - su f f i c i ency  v s .  power generat ion is  presented .  This  addresses  the 

i s s u e  of  how to consume e x c e s s  coal f ines  that are generated  with a Lurgi 

based  s y n f u e l s  p lant .  Resu l t s  of  optimization s tud ie s  balancing the  

process  cooling water  requirements  to the  process  waste  water available are 
presented. 

4.3 OFPSITES DEVELOPMENT 

The major offs i te  sect ions  inc lude  storage and loading facilities for 

b y p r o d u c t s ,  bu i ld ings ,  roads ,  ash  dispose./', and water s u p p l y .  

The offs i te  requirements  for the facility are d e s i g n e d  to meet the  

requirement of  the  process  and uti l i ty  sect ion of  the  p lant .  The des ign of  

the  of f s i te  facil it ies inc ludes  the  fo l lo~ ing  items: 

(1) Block flow diagrams which show the flow of  materials between the  

offs i te  facilities and the  process  uni ts  and uti l i ty  sys tems .  Major 

flow s treams  are ident i f ied  on the diagram and where necessary  a 

separate tabulation detai ls  the mass and e n e r g y  balance for the 

system.  

(2) Major equipment or packaged systems speci f ied in suff ic ient  

detail to obtain cost  est imates for the mechanical  equipment.  

(3) Land requirements  for the offstte facil it ies determined from the  

development of  the  overall  plant plot p lan.  Allowances for 

in terconnect ing  p ipeways ,  roads and bu i ld ings  are included in 

the plot plan.  Storage areas for coal, raw water p o n d s ,  ef f luent  

treatment and product  tankage are based  on estimated process  

requirements .  
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4.3 ( Continued ) 

(4) Utility summaries for the offsite areas tabulated for inclusion in 

the overall plant requirements. 

4.4 SPECIAL PROCESS STUDIES 

The special studies include the analysis of flue gas desulfurization 
processes, steam pressure level, and expanded plant capabilities (250 MM 
SCF/CD). In addition to the studies indicated, complete designs and cost 

estimates were prepared for three other eases: an alternate coal supply, 

power self-suf~Iciency, and methanol/SNG coal production. 

4.5 CAPITAL AND OPERATING COSTS 

Using process definitions, specifications, plot plans, layouts, information 

from Fluor's data base and vendor quotes, capital cost estimates are 

presented for onsite process units,  utilities, and offsites.  To these total 

field and office costs are added other capital costs,  some normally provided 

by the client, to obtain total capital requirements. Other capital costs 

include land, spare parts,  paidup royalties, shop, machinery and lab 

equipment, owners costs,  startup costs,  management reserve,  working 

capital financing costs, and interest during construction. The total capital 

requirements serve as the basis for the economic analysis performed in 

Volume III, "Financial and Legal Analysis". 
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S E C T I O N  5 . 0  

C R I T E R I A ,  R A T I O N A L E ,  A N D  A S S U M P T I O N S  

5.1 COAL ANALYSES 

Tables 5-I and 5-2 give the coat analyses as developed by Lurgi for the 

Westmoreland Resources, Inc. Absaloka mine coal and the Shell reserve 

c o a l  r e s p e c t i v e l y ,  T h e  f o r m e r  i s  t h e  c ~ a l  r e s o u r c e  f o r  t h e  f i r s t  t h r e e  

p r o c e s s  e a s e s ,  a n d  t h e  l a t t e r  i s  t h e  coat r e s o u r c e  f o r  t h e  f o u r t h  p r o c e s s  

c a s e .  
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TABLE 5-I 

COAL ANALYSIS 

WESTMORELAND RESOURCES - ABSALOKA MINE 

Proximate Analysis, wt% 

Moisture 
Ash 
Volatile Matter 
Fixed Carbon 

Ultimate Analysis, wt% 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Chlorine 
Oxygen 

Sulfur Distribution, wt% 

Pyritic 
Organic 
S u l p h a t e  
T o t a l  

Calorific Value, Btullb 

HHV 
LHV 

As Received 

26.0 
? . 4  

2 6 . 5  
40.1 

).oo-"~'~ 

8,612 (eale) 
8,392 (ealc) 

Dry Ash Free 

m 

m 

39.8 
60.2 '£'G"GT'G- 

75.98 
4.59 
1.09 
1.23 
0.03 

17.08 

0.80 
0 . 3 8  
0.05 

"T2E'9" 

12,931.4 
12,493 (cale) 

( 

Ash Fusion Properties, °F 

Softening Point (H=W) 
~lelting Point (H=I/2 W) 
F l o w  P o i n t  
Flow Point minus Malting Point 

HardgTove Grindability Index 

calo = calculated value 

Atmosphere 
Reducin~ Oxidizhtg 

2084 2174 
2093 223? 
2120 2306 

2? 69 

50 @ 23.34% moisture 
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TABLE 5-2 

COAL ANALYSIS 

SHELL OIL COMPANY - YOUNGS CRE~K COAT, 

Proximate Analysis, wt% 

Moisture 

Ash 

Volatile Matter 

Fixed Carbon 

Ultimate Analysis, v~t % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Chloz~Jae 

Oxygen 

As Received 

26.3 

4.1 
32.5 

37.1 

lO0.O 

_Sulfur Distribution, wt % 

Pyritic 

Organic 
Sulfate 

Total 

5-3 

Dry Ash Free 

m 

46.7 

53.3 

100.0 

75.51 

5.19 
1.26 

0.55 

0.03 

17.46 

lOO.OO 

0.23 
0.28 
0.04 
0.55 
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TABLE 5-2 

Calorific Value, Btu/Ib 

BBV 
LI-IV 

Ash Fusion Properties, °F 

Softening Poh~t (H=W) 

Melting Point (H=I/2 W) 

Flow Point 

~luw Point minus Melting Point 

ttardgTove Grindability Index 

'cale = calculated 

(1) 12,869 calc b y  DuLong formula 

(Cont inued)  

As  Received Dry Ash Free 

9090 

8752 (calc) 

1~,061 (1) 

12,570 (cale) 

Atmosphere 
Reducin~ Oxidiz in~ 

2201 2273 

2210 2282 

2219 2291 

9 9 

45.4 @ 23.8% moisture 
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5.~. SITE DATA 

5.9. I AREA DESCRIPTION 

The Crow Tribe of ~ndians Synfuels Plant will be located in southern 

Montana southeast of Billings upon the Crow Indian Reservation. The 

reservation abuts the southern border of Montana as shown in Draw- 

ing 835~4-00-5-060, Site Location ICAap. ~]ajor communities located a~ound 

the reservation include Hardin, Montana to the north; Billings, Montana to 

the northwest; and Sheridan, ~yoming to the southeast. ~lajor Indian 

communities within the reservation boundaries include Crow Agency, Lodge 

Grass, and Wyola. The Bighorn and Little Bighorn Rivers flow in a 

northerly direction through the reservation. The Little Bigho-n River 

ftows into the Bighorn River near Hardin. Yellowtsil Dam is located on the 

Bighorn River with Bighorn Lake behind the dam. 

The Shel l  Oil Company mine i s  located in the southeast  corner of  the  

reservat ion .  The V~estmoreland Resources,  Inc. mine i s  located in the  

Ceded Area bordering on the northerly l ine o f  the  Crow Reservation 

c o r n e r  • 

The Northern Cheyenne Indian Reservation is  located near the northeast  

corner  and along the eas tern  boundary of the Crow Indian Reservation. 

The Northern Cheyenne Indian Reservation is  c lass i f ied  as a Class 1 art 

quality area as desiKTmted by  the Environmental Protect ion A~eney (EPA). 

5 . 2 . 2  SITES STUDIED 

Eleven different site locations for  the synfuels  plant were studied during 

the plant site selection proces s  as described in the Resource  and Site 
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Anv:Tsis  Section (Volume V) of  this report .  From th is  special s t u d y ,  two 

p lant  sites were se lec ted  for the feasibi l i ty  s t u d y .  These s i tes  are 

re ferred  to in this  report  as  follows: 

Site  1 - This plant s i te  i s  located between the  cit ies of Bi l l ings and 

Hardin near the  northernly  b o u n d a r y  o f  the  Crow Reservat ion.  

Site 1 is  u s e d  in  the  Base Case for the  feasibi l i ty s tudy  economic 

analys is .  In addition to the Base  Case ,  Se l f - suf f i c iency  Case ,  

and Coproduct ion Case are a s s o ~ a t e d  with Site 1. 

Site  23- This plant s i te  i s  located in the  southeas t  corner of  the  

reservation nor th  of  and adjacent to the  proposed Shell  mine.  

Site 23 i s  u s e d  for the  Shell Coal Case economic analysis .  

A description of the different p~ocess cases mentioned above is contained 

in Section 6.4 and 6.5 of this Volume If. 

5.2.3 TOPOGRAPHIC MAPS AND AERIAL PHOTOGRAPHS 

Topographic  information of  the  area was obta ined us ing  various  U . S .  

Geological Survey  maps .  The maps u s e d  in the  s tudy  are l isted in  

Table 5.2-1. 

Aerial photo indexes  of  B ighorn  County were obta ined from: 

Aerial Photography  Field Office 

USDA-ASCS 
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TABLE 5.2-1 

SOURCE OF TOPOGRAPHIC INFORMATION 
i 

SITE MAP NO. 

Billings, Montana Map NL 12-9 
Forsyth, Montana Map NL 13-4 

Hardin, Montana Map NL 13-7 

Roundup, Montana Map NL 12-6 

Cody, Wyoming Map NL 12-12 

Sheridan, Wyoming ~ap NL 13-I0 

Bar V Ranch, Montana 7.5 minute series 

Bar V Ranch NE, Montana 7.5 minute series 

Benteen, Montana 7.5 minute series 

Bentonite Flats, Montana 7.5 minute series 

Camp Four, Montana 7.5 minute series 

Chimney Creek, Montana 7.5 nfinute series 

Corinth, Montana 7.5 minute series 

Crow Agency, Montana 7.5 minute series 

Good Luck Creek, Montana 7.5 minute series 

Hardin, Montana 7,5 minute series 

Hardin SW, Montana 7.5 minute series 

Iron Spring SW, Montana 7.5 minute series 

Kid Creek, Montana 7.5 minute series 

Little Bear Creek, Montana 7.5 minute series 

Lodge Grass, Montana 7.5 minute series 

Mission Coulee, Montana 7.5 minute series 

Mountain Pocket Creek, Montana 7.5 minute series 

Ninemile Polnt, Montana 7,5 minute series 

Padlock Ranch, Montana 7.5 minute series 

Pass Creek East, Montana 7.5 minute series 

Pearl School, Montana 7.5 minute series 
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SCALE DATE 

Scale 1:250,000 1979 
S c a l e  1 : 2 5 0 , 0 0 0  1 9 7 6  

Scale 1:250,000 1963 

Scale 1:250,000 1977 

Scale 1:250,000 1979 

Scale 1:250,000 1962 

Scale 1:24,000 1978 

Scale 1:24,000 1978 

Scale: 1:24,000 1967 

Scale: 1:24,000 1969 
S c a l e :  1 : 2 4 , 0 0 0  1 9 6 9  

Scale: 1:24,000 1960 
Scale: 1:24,000 1969 

Scale: 1:24,000 1967 

Scale: 1:24,000 1967 

Scale: 1:24,000 1960 

Scale: 1:24,000 1960 

Scale: 1:24,000 1972 

Scale: 1:24,000 1967 
Scale: 1:24,000 1967 

Scale: 1:24,000 1967 
Scale: 1:24,000 1960 

Scale: 1:24,000 1964 

Scale: 1:24,000 1960 

Scale: 1:24,000 1972 

Scale: 1:24,000 1967 

Scale: 1:24,000 1976 
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TABLE 5.2-1 (Continued) 

SOURCE OF TOPOGRAPHIC INFORMATION 
, i i 

SITE 

Prante Ranch, Montana 

Rowley, Montana 

Rowley, NW 

Shiek Ranch, Montana 

The Dugout ,  Montana 

Walkerhill, Montana 

Wolf School, Montana 

Wyola, Montana 

Wyola NE, Montana 

Yellowtail Dam, Montana 

Acme, Wyoming 

Monarch, Wyoming 

MAP NO. 

7.5 minute series  

7 .5  minute series  

7.5 minute series  

7 ~ 5 minute series  

7 .5  minute series  

7 .5  minute series  

7.5 minute series  

7 .5  minute series  

7.5 minute series  

7.5 minute series  

7.5 minute series  

7.5 minute series  

SCALE DATE 
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Scale: 1:24,000 1960 

Scale: 1: 24,000 1969 

Scale: 1:24,000 1969 

Scale: 1:24,000 1960 

Scale: 1:24,000 1972 

Scale: 1:24 ,000 1960 

Scale: 1:24,000 1972 

Scale: 1:24,000 1967 

Scale: 1:24 ,000 1967 

Scale: 1:24,000 1964 

Scale: 1:24 ,000 1968 

Scale: 1:24,000 1964 
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5.2 .4  SITE RECONNAISSANCE 

.f 

During the week of October 19 through 23, 1981, representatives  from the 

Bureau of Indian Affairs (BIA),  Council of  Energy Resource Tribes 

(CERT), Padfic Coal Gasification Company (Pacific), and Fluor Engineers 

and Constructors, Inc. (Fluor) participated in a site reconnaissance trip. 

The purpose of the trip was to investigate and evaluate potential plant 

sites and resources of coal for the synfuels facility. Details of the site 

reconnaissance and the evaluations of the potential sites are described in 

the Resource and Site Analysis Section (Volume V). 

Information and data were gathered regarding civil/st:':uctural, environ- 

mental and transportation concerns. In addition to prospective plant sites, 

potential water and coal sources were visited and evaluated. Basic infor- 

mation pertaining to climate, maps, land ownership, railroad, roads, build- 

ing regulation~ and mining operations was obtained. 

In addition to Site i and Site 23, nine other potential sites were con- 

sidereal. Criteria for the evaluation of the sites included. 

(I) Usable Area 

(2) Topography and D~inage 

(3) Impact Upon Class i Air Quality Area (Northern Cheyenne Indian 

Reservation) 

(4) Road Access 

(5) Railroad Access 

(6) Proximity to Raw Water Supply 

5.2 .5  METEOROLOGICAL AND DESIGN DATA 
i i 

The following meteorological and des ign data are used as the basis  for the 

feasibility s tudy.  The source of the regional climatological information was 
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5.2.5 (Continued) 

the National Climatic Center's Climatological Summaries, issued by the 

National Oceanic and Atmospheric Administration (NOAA). The summaries 

include information for Billings, Montana; Colstrip, Montana; Wyola, 

Montana; and Sheridan, Wyoming. 

Temperature 

Temperatures for site design are: 

(1) Design Dry Bulb 88OF 

(2) Corresponding Wet Bulb 64OF 

(3) Design Wet Bulb 65OF 
(4) Corresponding Dry Bulb 85°F 

(5) Maximum Dry Bulb 100OF 

(6) Minimum Dry Bulb -30OF 

N OTB: The design dry bulb and wet bulb are the temperatures 

which are not exceeded more than 5 percent of the time 

during the hottest three months of the yes:'. 

Source: "Cooling Tower Fundamentals and Application Principles," 

The Marley Co., 1969. 

( 
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5.2.5 

Rainfall  

(Continued) 

(1) Annual Mean 15 in.  
(2) Design Storms: 

Frequency Duration 
25 60 mh~. 

50 60 rain. 

Rainfall  
2.1 in.  

2.6 in.  

Figure 5-1 shows the rainfall intensity  vs  duration curves for the 
Bill ings,  ~ontana area. 

Sources: Engineering Department, City of Bil l ings.  "Climatological 

Summary," National Climatic Center. 

Snow Load 

Design Snow Load 30 psf  live load 

Sources: Engineering Department, City of Bil l ings.  "Recommended 

Snow Loads for Montana Structures," Department of Civil 

E n g i n e e ~ g ,  Montana State University,  Bozeman, Montana, 

Mareh 1978. 

Wind 

Prevailing Direction 

Extreme Wind (Fastest  Mile) 
from West 

?9 mph 
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5.2.5 (Continued) 

The wind roses  for  the  following areas are as shown on Figure 5-9.. 

(1) Westmoreland Mine Area 

(2) Colstrlp Area 

(3) Billings Area 

(4) Shell Mine Area 

Design Wind Pressure:  30 psf @ 30 f t .  

Sources: "C1imatologic~ Summary," National Climatic Center, 1980. 

"Environmental Impact Study on Coal Development on the 

Crow Indian R~.servation," Bureau of Indian Affairs, 

Department of the Interior, Report No. 273. 

Uniform Bulldhlg Code, 1979. 

Frost Depth 

Frost Depth for Foundations 4 ft. 

Sources: Engineering Department, City of Billings, Montana. 

Enghleering Department, City of Hardin, Montana. 

Evaporation 

Average Annual Gross Evaporation 40 in. 

Sources: "Climatological Summary," National Climatic Center, 1980. 

"Environmental Impact Study on Coal Development on the 

Crow Indian Reseiw~?%on." Bureau of  Indian Affairs ,  

Department of the Interior, Report No. 273. 
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5 . 2 . 5  ( C o n t i n u e d )  

Seismic  

Seismic Zone: UBC Zone 1 

S o u r c e :  Uniform B u i l d i n g  Code ,  1979.  

5 . 2 . 6  BUILDING CODES AND REGULATIONS 

Among  t h e  b u i l d i n g  codes  and r e g u l a t i o n s  that  the  d e s i g n  and  c o n s t r u c t i o n  

o f  the  p lant  fac i l i ty  will comply  with are the  fo l lowing:  

ORGANIZATION 

AASHO - 

ACI - 

AISS  - 

AITC - 

AMCA - 

ANSI - 

ASHRAE-  

ASME - 

ASTM - 

AWPA - 

AWS - 

AWWA - 

IAPMO - 

NEC - 

NFPA - 

SSPC - 

TEMA - 

American Assoc ia t i on  o f  State  Highway Officials  

American Concre te  I n s t i t u t e  

Asphal t  I n s t i t u t e  

American I n s t i t u t e  for  Timber C o n s t r u c t i o n  

Air ~ o v i n g  and  Cond i t i on ing  Assoc iat ion  

American National  S t a n d a r d s  Ins t i tu te  

American S o c i e t y  o f  Heat ing ,  Re fr igera t ion ,  and Air 

Condi t ioning  E n g i n e e r s  

American Society of Mechanical Engineers 

American S o c i e t y  o f  T e s t i n g  Materials 

American 1'tood P r e s e r v e r s  t Assoc i s t ion  

American Welding Soc i e ty  

American Water Works Assoc iat ion  

Internat ional  A s s o c i a t i o n  o f  Plumbing and  Mechanical  

Officials 

National Electricai  Code 

National  Fire l ~ o t e c t i o n  Assoc iat ion  

Stee l  S t r u c t u r e s  Pa in t ing  Counci l  

Tubu lar  E x c h a n g e r s  Manufacturers  Assoc ia t ion  
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5 ,2 .6  (Continued) 

UBC 

UFC 

UL 

UPC 

- Uniform Building Code 

- Uniform Fire Code 

- Underwriters Laboratory 

- Uniform Plumbing Code 

In addition, the project will comply with all Crow Tribe of Indians Codes 

and Regulations. 

5.2 .7  DESCRIPTION OF SITE 1 

5.2.7.1 Site Location and Description 

Site 1 is  located between the cities o f  Bill ings and Hardin as shown on 

the  Area Map, Drawing 835704-00-4-079 and the Vicinity Map, Drawing 

835704-00-5-080. The site is  approximately 45 miles by road from Billings 

and 15 miles from Hardin. The land i s  present ly  cultivated for  dryland 

wheat farming. Main plant buildings and s tructures  would bare ly  be seen 

from Interstate 90 and probably not s e e n  from Hardin. 

The plant site i s  composed cf  the fol lowing Sections located in Township 2 

South, Range 31 East: 

Section 16: SW¼ 

Section 17: S½ 

Section 20: N½ 

Section 21: NW¼ 
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5 .2 .7 .2  Physiography and Natural Drainage 

Most of the plant site is generally flat at an elevation of about 3340 feet. 

The peak elevation of 3400 feet occurs near the northwesterly corner of 

the site. The minimum elevation is approximately 3300 feet occurring at 

the easterly boundary of the site. The direction of the natural drainage 

in the area is generally away from the site in a northwesterly direction. 

The site area is drained by two different drainage courses: Fly Creek 

and North Fork Two Leggins Creek. Essentially, the westerly half of the 

site is  drained to Fly Creek while the easterly half i s  drained to North 

Fork Two Legglns Creek. Fly Creek flows northerly into the Yellowstone 

River. North Fork Two Leggins Creek flows easterly and drains into the 

Bighorn River, then into the Yellowstone River. The Yellowstone River 

flows into the Missouri River. 

5.2.7.3 G~otechnical Data 

During April 27th through May 1, 1981, a preliminary geotechnical investi-  

gation was performed by Woodward-Clyde Consultants. This investigation 

was done as part of the Feasibility Study for the Crow Electric Power Gen- 

eration Project. 

This preliminary gectechnical investigation included a limited soil recon- 

naissance in the vicinity of Site 1. The investigation consisted of five 

test holes in this area, each to a depth of 20 feet. The locations of the 

test holes are shown on the Vicinity Map, Drawing 835704-00-5-080. 

Drawing 835704-00-2-I07 shows the summary logs of the test holes. 

The test  holes indicate that the upper 3 to ? feet layer of the softs consist 

of st i f f  to very stiff clays. The remaining depth of the test hole shows 

hard claystone bedrock underlying the upper layer. 
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CLAY. STIFF TO VERY STIFF. SILTY. SAHDY. CALCAREOUS, OCCASIftN- 
ALLY POROUS. SLIEHTLY HOIST TO MOIST. BROHH (CL. CL-CH. CH). 

CLAY, VERY STIFF, SANDY, HOIST. BROWN. OLIVE, GRAY (CL, CL-CH.. CB).. 
(WEATHERED BEDROCK). 

CLAYSTONE, HEDIUH HARD. SANDY, SCATTERED BENTOHITIC CLAY LENSES 
GRAY, BLACK (BEDROCK). 

CLAYSTOHE~ HARD TO VERY HARD, SANDY, SCATTERED BENTONITIC CLAY 
LENSES, HOIST. GRAY, BROWN, BLACK (BEDROCK). 

INDICATES qo BLO~'S OF A Iqo-POUND HM,EqER FALLING 30 INCHES WERE 
REQUIRED TO URIVE A 2-INCH DIAIIETER SAMPLER 12 INCHES. 

INDICATES GRADUAL CHANGE IN HATERIALS. EXACT STRATA CHANGE 
NOT LOCATED. 

NOTES: 

I .  TEST HOLES HERE DRILLED BETWEEN APRIL 27. 1981 
AND HAY I .  1981 WITH A q-INCH HELICAL AUGER POWERED 
BY A CENTRAL HINE EQUIPHENT (CI4E-qS) DRILLING Rift. 

. TEST HOLE LOCATIONS AND ELEVATIONS ARE APPROXIHATE. 
TEST HOLE ELVATIONS ~ERE OpZAINED FROH U.S.G.S. TOPO- 
GRAPHIC HAPS. 
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5.2.7.3 (Continued) 

Laboratory tests indicate that the clays and claystone bedrock expand 

when wetted. No ground water was encountered in any test holes which 

indicates that groundwater will present no excavation or foundation 

problems. 

Excavation of the soil and rock is expected to be generally accomplished 

with scrapers bulldozers and ripping equipment. Very little blasting, if 

any, is anticipated. 

All onsite soils are assumed to be suitable for recompaction. 

A site soil investigation ~ri.11 be performed prior to the detailed engineering 

phase. 

5 . 2 . 7 . 4  Existing Onsite Structures  

A buried 12 inch diameter high pressure gas pipeline runs diagonally 

across the site as indicated on the Vicinity Map, Drawing 835704-00-5-080. 

This pipeline is relocated as described in Section 6.8.1.1 of this Volume. 

5 . 2 . 7 . 5  Existin~ Roads 

Two exist ing highways are located near the site as shown on the Vicinity 

Map, Drawing 835704-00-5-080. Interstate 90, which also is designated as 

State Route 87/212, is  a divided expressway  running in an eas t -west  

direction.  This route is located approximately 8 miles north o f  the site .  

Old State Route 871212 is  a 2-lane undivided road also running in an east -  

west  direction. This road i s  located about 6 miles north of  the s i te .  This 

road is  in current use as an alternate route to Interstate 90. The two 

roads provide independent transportation routes  between Bill ings and 

Hardin. 
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5.2. ?. 5 (Continued) 

The plant access road will connect Site i with old State Route 87/212 

and also Interstate 90 at Toluca Interchange as shown on Drawing 

835704-00-5-080. 

D u r i n g  the  r e c o n n a i s s a n c e  tr ip  o f  October  19 t h r o u g h  23,  1981,  road maps 

for  the  s ta te  o f  Montana and B i g h o r n  C o u n t y  were  o b t a i n e d  from Montana 

Department  o f  H ighways .  

Road maps for the Crow Indian Reservation were obtained from Bureau of 

Indian Affairs, Crow Agency, Montana. 

S t a n d a r d  Spec i f i ca t ions  for Road and Br idge  C o n s t r u c t i o n  and S tandard  

D r a w i n g s  Supplement  were  o b t a i n e d  from Montana Departmen~ o f  H i g h w a y s ,  

Contract  Plans  D i v i s i o n .  

5.2.7.6 Existing Railroad 

The existing Burlington Northern rail lines in the region are shown on the 

Area Map, Drawing 835?04-00-4-079. The existing rail lines serve Wesi~ 

moreland mine; Billings, l~ontana; Hardin, Montana; and Sheridan, 

Wyoming. The existing rail lines in conjunction with s new railroad are 

u s e d  for the  import  o f  coal from Westmoreland mine,  the  import of  e q u i p -  

ment ,  s u p p l i e s  and c a t a l y s t s ,  and  the  e x p o r t  o f  b y p r o d u c t s  and s p e n t  

c a t a l y s t s .  The  n e a r e s t  rail  l lne  p a s s e s  approx imate ly  ? miles nor th  of  the  

site running in a northwest-southeast direction. 

A rai lroad map for the  s ta te  o f  Montana p l u s  a map o f  t h e  United States  

showing locations of coal resources were obtained from Burlington Northern 

Railroad Co., Billings Office. 

"Standard  Plans  for  Unit  Coal Tra in  Spur  and Loop Tracks"  was  obta ined  

from B u r l i n g t o n  N o r t h e r n  Rai lroad C o . ,  Eng ineer ing  D i v i s i o n ,  176 East  

5 th  S t r e e t ,  S t .  Paul ,  5~innesota 55101.  
t m i 
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5 .2 .7 .6  (Continued) 

The coal supply for Site 1 is transported by rail from the Westmoreland 

mine. The mine is located about 42 miles east of the plant site as shown 

on Drawing 835?04-00-4-079. The coal is transported north from the mine 

along an existing spur for a length of about 32 miles to an existing 

Burlington Northern mainline. The coal is then transported in a south- 

westerly direction on the existing mainline for a distance of about 66 miles 

to Huntley. Here the train changes to another existing mainline going 

easterly toward Hardin. Twenty-nine miles from Huntley the train meets 

the new plant rail line running south to the plant site. A description of 

the new railroad is contained in Section 6.8.1.3. The coal travels a total 

distance of about 136 miles from the Westmoreland mine to the plant site. 

5 .2 .7 .  ? Exist ing Utilities 

An existing 230 kV poweriin~ is located approximately 9 miles east of the 

site. The powerline runs in a northeasterly direction from Yellowtail Dam 

toward Hardin as shown on Drawing 836704-00-4-079. This could supply 

temporary power to the site during plant construction and startup 

operations. 

5.2.7.8 Land Ownership Status 

The land ownership status of Site I and the 'solid waste disposal area is 

shown on Drawing 835'704-00-2-108. 

The northwesterly corner of  the site is  Trust  Land - tribally owned. The 

rest  of the z i ~  is  Trust Land - Individually owned Indian allotment or 

tract .  

The solid waste disposal area lies primarily on Fee Lands. This land is 

not owned by either the tribe or individual Indians. 
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5.2,8 DESCRIPTION OF SITE 23 

5.2 .8 .1  Site Location and Descriptio_n 

Site 23 is located northerly o[ and adjacent to the proposed Shell mine 

along the easterly boundary of the Crow ~ndian Reservation as shown on 

the Area Map, Drawings 835704-00-4-081 and 835704-00-5-082. The plant 

site is located about 115 miles by road from Billings, 70 miles from Hardin, 

and 20 miles from Sheridan, Wyoming. The land is presently being used 

for grazing. The plant would not be v~sible from any ma~or highway or 

population center. 

The site is composed of the following Sections: 

Township 9 South, Range 38 Bast 

Section 9.: S~ 

Section 3: SE~ SE¼ 

Section 10:NE¼ RE¼ 

Section 11: All 

5.~..8.2 Physiography and Natural Drainage 

The site is situated on a high plateau with a mild ~rade over the site of 

about 2-1/2 percent sloping to the east.  The average elevation over the 

site is approximately 4380 feet. The maximum elevation of 4400 feet occurs 

in the westerly portion of the site while the minimum elevation of 4300 feet 

occurs along the easterly plant boundary. 

The site is bounded on the north, south and west by very steep slopes 

which limit the available area of the plant. East of the Crow Indian Res- 

ervation boundary, the plateau continues at a gradual slope. A prominent 

ravine pro~ects about 1800 feet into the northerly portion of the site. 
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5 . 2 . 8 . 2  (Continued) 

The predominant direction of runoff across the plant site is from west to 

east. The natural drainage around the site is generally in a direction 

away from the site. The drainage is  intercepted by  Squirrel Creek located 

to  the  north,  Tanner Creek located to the south ,  and Dry Creek located to 

the  east .  These creeks  flow in an easterly direction and drain into the  

Yellowstone River, which f lows into the Missouri River.  

5 . 2 . 8 . 3  Geotechnical Data 

During 1975 and 1981 test holes were drilled in the area of the Shell mine 

for the purpose of mine evaluation and plannin E. This was performed for 

the Shell Oil Company. The test holes were deep drillings of up to 

600 feet in depth. No other soils data from any other test borings is 

known to exist. 

The locations of the test holes within and near Site 23 are shown on the 

Vicinity Map, Drawing 835704-00-5-082. Summary logs of the test holes 

are shown on Drawing 835704-00-2-109. 

Test hole 121D, which is located in the southern portion of the site, 

indicates that the upper 65 feet is composed of sandy clay, sandstone and 

shale. This is underlain by a 12 foot layer of the Wasatoh Formation. 

This formation is chiefly yellowish gray, friable, fine-Erained sandstones 

with interbedded shales. The Wasatch Formation is founded on layers of 

shale and sandstone. The remainder of the test hole is composed of alter- 

natin E sandstones, shales, clay materials and stray coal seams. 
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5 . 2 . 8 . 3  (Continued) 

Test  hole 123D, which is located on the plant" norther111y boundary,  

indicates  that the upper 5 foot layer is  composed of  sandstone and is  

underlain by  a 20 foot layer of  shale. The next  layer is  composed of 

6 feet  of  the Wasatch Formation. The remainder of  the  tes t  hole is  

composed of  alternating sandstones ,  shales ,  clay materials and stray coal 

s e a m s .  

Test  hole 206 is located southerly of  the plant and indicates that the  upper 

30 foot layer is composed of  c lay,  sandstone and shale.  This is underlain 

by thin layers  of scoria,  shale and coal. The remainder o f  the tes t  hole is  

composed o f  alternating sandstones ,  shales,  clay materials and stray coal 

s e a m s .  

Test  hole 597 is located southwesterly  of  the plant site and shows that the 

upper 25 foot  layer is  composed of  sandstone.  This is  underlain by  a thin 

5 foot layer of coal. The next  layer is  composed of a 25 foot layer of  

s i l tstone followed by a 10 foot layer of  coal.  The remainder of the test  

hole is  composed o f  alternating sandstones ,  shales and coal seams. 
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The stray coal seams present  beneath Site 23 are not of economic 

importance because of the deep overburden,  the thinness  of the  coal 

seams, and the intermixing o f  the  coal with other soils.  

5 . 2 . 8 . 4  Existing Onstte Structures  

There are no known ex is t ing  above grade or below grade onsite 

s tructures .  
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5 . 2 . 8 . 5  Existing Roads 

There are no exist ing paved roads in the  immediate area of  the site as 

indicated on Drawing 835704-00-5-082. The nearest  highways are Highway 

87 to the west and Highway 338 to the south.  Highway 87 runs  along an 

ex i s t ing  railroad in a north-south direction connecting Lodge Grass,  

~'lontana with Sheridan, Wyoming. Highway 87 also spans the uncompleted 

length of  Interstate 90 between the two cit ies .  Highway 338 runs in a 

northeasterly direction branching from Highway 8T north of  Sheridan. 

A new road is to be constructed by the Shell Oil Company to connect the 

mine with Highway 338. 

There will be two separate plant access  roads connecting the site with the 

ex i s t ing  highways.  

5.2.8.6 Existin~ Railroad 

The exist ing Burlington Northern rail l ines in the region are shown on the 

Area Map, Drawing 835704-00-5-082. The exist ing rail l ines serve  Bill ings,  

Montana; Hardin, Montana; and Sheridan, Wyoming. The mainline parallels 

Interstate 90 and Highway 87. An ex is t ing  spur track branches  to the 

north from the mainline near Sheridan. 

A new railroad is to be constructed by the Shell Oil Co., the mine opera- 

tors, from the existing spur track to the site. A railroad facility serving 

Site 23 will be constructed at the southerly end of the Shell .mine. 
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