
7. COST ESTIMATES 

7.1 CAPITAL COST ESTIMATE 

The capital cost information included in this report was 

obtained from engineering-construction firms participating in 

the feasibility study. A major objective of the study was to 

obtain capital cost estimates of the highest degree of 

certainty. Given the level of engineering accomplished and 

construction experience in the project subsystems, it was 

possible to obtain lump sum, fixed price bids for portions of 

the work. Two major subsystems, gasification and gas treat- 

ment, were estimated due to lack of actual construction 

experience in the United States and application of processes. 

In the information that follows, capital investment costs are 

treated in two major parts; OSBL and ISBL, since two contrac- 

tors were used and each used different scope of estimates. 

7.1.1 Capital Cost Breakdown 

Table 7-1 provides a capital cost summary. Appendix E 

provides a breakdown of cost of the OSBL major equipment. 

Cost estimate details for the ISBL major equipment are given 

in Appendix F. 

7.1.1.i Land. The land purchase price of $600,000 is based 

upon a negotiated price and option to purchase in the amount 

of $40,000 per acre for the 15-acre project site. 

7.1.1.2 Total Installed Cost. Total installed cos t of the 

process plant and offsites is $46,985,206. Detail estimate 

is given below. 
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CAPITAL COST ITEM 
Land 

Working Capital 

TABLE 7-1 

CAPITAL COST SUMMARY (1983) 

ESTIMATE 
600,000 

500,000 

DOLLAR 
TOTAL 

1,100,000 

Total Installed Cost 

I SBL 

OSBL 

Project Contingency 

8,850,000 

33,695,206 

4,440,000 

46,985,206 

Initial Catalyst, 

Chemicals and 

Operatin @ Supplies 250,000 

250,000 

PERCENT 
TOTAL 
1.1 

0.90 

2.0 

16.1 

16.1 

8.1 

85.3 

0.45 

O 

Start-Up 

ISBL 

OSBL 

Owner's Cost 

Finance and Legal 

Market Analysis 

Environmental and 

Permits 

Interest During 

ConstEuction 

TOTAL CAPITAL COST 

250,000 

250,000 

500,000 

300,000 

116,000 

225,794 

5~647,000 

6,288,794 

$55,124,000 

0.45 

0.45 

0.9 

0.55 

0.2 

0.4 

10.2 

11.35 

I00 ..0 
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7.1.1.3 Paid-up Royalties. Royalties for the gas processing 

is included in the gas treatment capital cost estimate and not 

identified separately. Agreement with the gasification 

process grantor is that there will be no royalties for the 

gasification process. 

7.1.1.4 Initial Catalysts, Chemicals, and Operatin@ Supplies. 

Materials consumed in the processing operation is estimated 

to be $250,000. When this category is not identified sepa- 

rately, it is included in operating or working capital. 

7.1.1.5 Working Capital. Funds required for cash on hand, 

materials purchased, inventories, stocks of chemicals, cata- 

lysts, tools, spare parts, etc., is estimated to be $500,000. 

7.1.1.6 Start-up Cost. Operating costs necessary to bring 

the plant on-stream is estimated to be $500,000. This figure 

includes operator training, equipment testing, and additional 

capital required to correct problems. 

7.1.1.7 Contractor's Home Office Cost and Fee. When not 

identified separately, this item is included in the capital 

cost for the subsystem. It was not possible to fully identify 

all of these costs because firm price bids were provided by 

one contractor. 

7.1.1.8 Owner's Cost. Owner's cost for market analysis, 

finance and legal, environmental studies, interest during con- 

struction, and obtaining construction permits is estimated to 

be $6,288,794. 

Other costs incurred for process selection, site selection, 

and feasibility studies were cost shared by this government 
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grant or treated as sunk costs by the company, ana not 

considered for recapture in the project economic analysis. 

7.1.1.9 Project Contingency. Based on accuracy analysis of 

the cost estimates, a contingency of $4,440,000 is added to 

cover uncertainties during project execution and price 

escalation. 

7.1.1.10 Process Contingency. Due to process operating 

experience of the contractors and process guarantees, a 

process contingency is not considered appropriate. 

7.1.2 ISBL Capital Cost Estimate 

The ISBL capital cost estimate is of a preliminary or budget 

classification with a gross accuracy range of plus or minus 

20 percent. The estimate is based upon: 

0 

0 

'0 

0 

Q 

Equipment list 

Equipment motor list 

Preliminary plot plan and elevation 

Process flow diagrams 

P&ID's 

Vendor quotes 

Material take-offs 

Table 7-2 gives a summary of the ISBL capital costs. 

7.1.2.1 ISB L project Schedule. The following project 

schedule was•assumed, using historical information of projects 

of the same approximate magnitude. 

• 7-4 



TABLE 7-2 

ISBL COST SUMMARY 

COST ITEM 

Equipment 

Bulk Materials 

S/C Materials 

S/C Labor (26M-man-hours) 

D/H Labor (74M-man-hours) 

SUBTOTAL DIRECT COSTS 

Field Indirects 

Professional Services 

Insurance 

Start-up 

SUBTOTAL 

Escalation 

Contingency 

DOLLAR 
VALUE 

$ 1,950 M 

1,490 

280 

690 

860 

5,270 M 

1,460 M 

2,010 

110 

250 

9,100 M 

1,390 M 

1~010 

TOTAL INSTALLED COSTS $11,500 M 

PERCENT 
TO ISBL 
T.I .C. 

17.0 

12.9 

2.4 

6.0 

7.5 

45.8 

12.7 

17.5 

0.9 

2.2 

79.1 

12.1 

8.8 

i00.0 

I 
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Engineering Start 
Engineering Completion 

Procurement Start 
Procurement Completion 

l /Of /81 
7/01 /82  

8/oi /81 
11/oi /82 

Construction Start 
Construction Completion 

11/oi/81 
11/01/83 

TOTAL PROJECT 

7.1.2.2 ISBL Estimate and Procedure 

Duration 

18 Months 

15 Months 

24 Months 

34 Months 

Equipment 

Equipment pricing for this project is based on single-source 

vendor quotations specifically obtained for this project and 

in-house pricing and factoring. 

The major equipment pricing for this project is summarized as 

follows: 

Percent 

• Single Vendor Quotes 92 

• In-House Pricing 6 

• Factored from In-House Data 2 

TOTAL EQUIPMENT 

Bulk Materials 

i00 

Bulk material quantities were developed through semirigorous 

rake-offs from the reference drawings and documents by the 
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take-off groups. The following techniques were employed by 

the individual disciplines. 

o 

@ 

@ 

Piping ($351M Direct Material) 

Linear footage of pipe was tabulated by size and 

metallurgy. Valves were counted and listed by size 

and metallurgy. Fittings, flanges, and shop fabrica- 

tion costs were factored using relationships estab- 

lished from the plot plan and Davy McKee's historical 

experience. Specialty items (for example, orifice 

flanges, temporary strainers, monitors, etc.) were 

taken off sketches in detail based on the P&ID's. 

Preliminary estimating isometric sketches were made 

for stainless steel lines only. Pricing was based 

on in-house information. 

Civil Structural ($539M Direct and S/C Material) 

Structural steel quantities for the pipe racks and 

structures were scaled from the plot plan and eleva- 

tion drawing, based on a pounds per linear foot per 

member. 

Concrete filled pipe piles (30 feet long, 10-inch 

diameter) were used for the reactor and truck loading 

structures, along with the pipe rack and conveyor 

bents. 

Equipment, structures, pipe rack, and conveyor bents 

foundations were assigned required cubic yards of 

concrete based on size and weight. 

Electrical control room was priced on a square foot 

basis. 
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@ 

Reactor structure siding was scaled off of the eleva- 

tion drawings and priced on a square foot basis. 

All civil/structural pricing was based on in-house 

information. 

Electrical ($I02M Direct and S/C Material) 

Major electrical equipment requirements were tabu- 

lated from motor horsepower and equipment list. 

Power and control devices, lighting fixtures, recep- 

tacles, and switches were tabulated from preliminary 

equipment layout plot plans and estimate sketches. 

Instruments ($563M Direct Material) 

Instrument device quantities were tabulated from 

P&ID's and equipment list. Instrument bulk material 

quantities for instrument piping, tubing, mounting, 

and supports were determined from typical installa- 

tion details and preliminary plot plan. Pricing was 

based on in-house information. 

Insulation/Fireproofing/Painting ($25M Direct and 
S/C Material) 

Piping insulation was derived on a lineal footage 

technique. The coal-feed bins (BN-102 A, B) were the 

only equipment items insulated and this price is 

included with equipment. 

The first 16 feet of the reactor structure was fire- 

proofed. This quantity was based on a square footage 

of fireproofing per linear foot of structural steel 

member. 
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Piping painting was factored based on the linear 

footage of pipe. Equipment and structural steel 

painting were factored based on their weight. The 

settler tank (T-102), Coal-Feed Bins (BN-102 A, B) 

and the gasifiers (R-101 A, B) are the only equipment 

items painted. 

All insulation, fireproofing, and painting prices 

were in-house. 

Labor Direct Hire (74M-Man-hours, $860M) 
Subcontract (25M-Man-hours, $692M) 

Generally all direct labor man-hours, both direct hire and 

subcontract, were developed in the same manner. The quanti- 

ties determined from the adjusted/conditioned material take- 

offs were man-houred using Davy McKee Base 1.0 units. The 

base 1.0 labor man-hours generated were then adjusted to 

"at-site" man-hours using a productivity factor of 1.40. This 

productivity factor was taken from an independently published 

survey for the Billings, Montana, area. 

Direct hire labor was priced using a composite project wage 

rate that was developed using a historical craft mix from a 

similar type project. Subcontract labor was priced using a 

built-up S/C wage rate. 

Miscellaneous direct hire labor man-hours were included in the 

estimates at seven percent of the total direct hire labor man- 

hours for each phase. These man-hours were included for the 

following: 

• Clean-up 

• Show-up 
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S/C assistance 

Scaffolding 

Equipment protection 

Field Indirects ($1460M) 

The field indirects estimate includes construction super- 

vision, field office labor, auxiliary labor, temporary con- 

struction, construction equipment, small tools, consumables, 

field office cost and related payroll burden. 

The field indirects costs for this project was developed on a 

percent-to-direct-labor basis using historical data from com- 

pleted projects. 

Payroll burdens for direct hire labor, auxiliary labor and 

field office labor were included at 52 percent of direct labor 

which includes 14.8 percent for craft fringes and 37.2 percent 

to cover taxes and insurance for direct and indirect labor. 

Professional Services 

Professional services for this project were developed as a 

percentage of current direct cost by using historical infor- 

mation from completed projects. 

Fringes and overhead were developed using current DCAA audited 

rates. Home office fee was established using government fee 

guidelines. 
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Insurance ($110M) 

Insurance coverages included in the estimate cover general 

liability, automobile liability, installation all risk, and 

bare rental coverage. The cost of insurance was included as 

a percentage of the "Total Installed Cost." 

Taxes (0) 

There are no applicable sales or use taxes in Montana. 

Royalties 

As per agreement with Northern Resources Incorporated, no 

technology license fee is required on the Winkler gasifier. 

Start-up 

An allowance of $250M was included based on providing 76 man- 

weeks of start-up services and includes salaries, fringe 

benefits, overhead, fee, out-of-pockets, and escalation. 

7.1.3 OBSL Capital Cost Estimate 

The OBSL capital cost estimate is a combination of firm fixed 

price and budget-type estimate. The gas treatment system is 

of the budget estimate category. The remainder is firm fixed 

priced. The cost estimate is based upon: 

@ 

@ 

Preliminary designs 

Equipment lists 

Process flow diagrams 

Vendor quotes 

Material take-offs 

7-i1 



Table 7-3 gives a summary of OSBL capital costs. 

7.1.3.1 OBSL Project Schedule. The following project 

schedule was assumed, using historical data from projects of 

approximate scope and magnitude. 

Engineering Start 
Engineering Completion 

Procurement Start 
Procurement Completion 

Construction Start 
Construction Completion 

TOTAL PROJECT 

1/01/81 
1/01/82 

s/01/81 
7/01/82 

s/0z/s2 
12/31/83 

12 Months 

14 Months 

20 Months 

36 Months 

7.1.3.2 OSBL Estimate and Procedure 

Equipment 

Equipment pricing for the project is based upon vendor quota- 

tion specifically written and obtained for this project. All 

of the major equipment pricing was obtained by written quotes. 

Bulk Materials 

Bulk material quantities were developed by rigorous take-offs 

from the project preliminary drawings. The following tech- 

niques and procedures were used by the various disciple take- 

off groups. 

@ Earthwork and Concrete 

Surface area of earthwork and roads were scaled from 

the plot plan drawings. Pricing was based on 

in-house data for similar work. 
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TABLE 7-3 

OSBL COST SUMMARY 

Earthwork and Concrete 

Electrical System 

Structural Steel and Buildings 

Instruments and Controls 

Major Equipment 

Insulation 

Piping System 

Painting 

Gas Transmission 

Gas Treatment: 

Refinery Gas 2,424,000 
Coal Gas 5,283,000 

Construction Fee 

Engineering and Procurement 

Contingency 

Coal Handling Deduction 
Steam Generation Deduction 

Start-up 

ESTIMATE 

3,683,511 

1,891,024 

2,361,826 

1,096,749 

6,882,073 

530,575 

2,927,769 

175,400 

6,624,100 

7,707,000 

33,835,273 
992,973 

34,828,000 
3,621,20~ 

38,4"49,206 
2,040~000 

40,489,206 
(2,435,000) 
(2,319,000) 

55,735,206 
250,000 

$35,985,206 

PERCENT 
To OSBL 
T.I.C. 

10.2 

5.3 

6.4 

3.0 

19.1 

1.5 

8.1 

.5 

18.4 

21.4 

93.9 
2.8 

96.7 
I0 .I 

106.8 
5.7 

112.5 
(6.8) 
(6.4) 

99.3 
.7 

i00.0 
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Concrete volumes were calculated from the floor 

dimension, typical footings and foundations, and 

size and weight of equipment. Pricing was based 

upon in-house data. 

Structural Steel and Buildings 

Quantities of structural steel for pipe racks and 

structures were scaled from the preliminary drawings. 

Pricing was based on pounds per linear foot and 

in-house and vendor data. Square footage of build- 

ings were scaled from the preliminary drawings. 

Pricing was based upon the square footage of similar 

type buildings. 

Piping System 

Linear footage Of pipe was scaled from drawings and 

tabulated by size and specification. Valves were 

counted and listed by specifications. Fittings, 

flanges, and fabrication costs were factored, based 

on company experience. Pricing was based on in-house 

and vendor data. 

Electrical Systems 

Electrical material quantities were tabulated from 

motor horsepower, equipment list, and scaling from 

preliminary drawings. Power and control devices, 

lighting, receptacles, and switches were taken off 

the preliminary drawings and factored. Pricing was 

based upon vendor and in-house data. 
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Instrumentation and Controls 

Quantities of instrument devices were tabulated from the 

preliminary drawings. Instrument piping, tubing, mounting and 

supports were obtained from typical installation details and 

scaling from the preliminary drawings. Pricing was based on 

vendor information. 

Insulation 

Linear footage of piping insulation was obtained by scaling 

the preliminary drawings. Pricing was based on vendor and 

in-house data. 

Painting 

Quantities for painting were based on linear footage of piping 

and square footage of flat surface areas. Pricing was based 

on vendor data. 

"i U 

Transmission Pipeline 

Quantities of pipe was determined by scaling maps. Road 

crossings were determined by counting. Pricing was based on 

in-house and vendor data. 

Gas Treatment 

A budget type estimate for gas treatment facilities was based 

upon gas characteristics and flow quantities. Pricing was 

based on in-house and vendor data. To permit definition of 

the refinery off-gas treatment cost, the estimate is divided 

into two parts: coal gas and refinery gas. 
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Labor 

Labor quantities were developed ~rom the material take-offs 

and adjusted for the project area. 

Engineering, Procurement and Management 

Engineering and procurement costs were developed based on a 

count of drawings required and percentage of direct costs by 

using in-house data from completed projects. Burdens and 

overhead were applied at current audited rates. 

Construction Management and Supervision 

Construction management costs were developed as a percentage 

of direct costs based on historical in-house data. 

Construction Fee 

The construction fee was developed as a percentage of force 

account direct costs. 

7.1.3.3 C@pital Savings Adjustments. Subsequent to the com- 

pletion of the preliminary engineering and cost estimates a 

decision was made to reduce capital costs and improve pro~ect 

economics. Due to study cost constraints, the changes were 

reflected only on the most important drawings and documents. 

The cost estimate was revised to show a net deduction for each 

change. 

Coal Handling 

To reduce coal storage and handling facilities cost, a change 

was made to share the Montana Power Company, Corette Plant 
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coal receiving and storage facilities. By sharing these 

facilities the coal hopper, storage silo (13,000T), some con- 

veyors and other auxiliaries could be eliminated. To complete 

the coal handling link, a conveyor would be required between 

the plants. This change resulted in a new deduction of 

$2,435,000. 

Steam Generation 

To reduce steam generation and feedwater treatment costs, a 

change was made to purchase steam and condensate from the 

Coterie Plant. The auxiliary boilers and associated equipment 

were eliminated. A pipeline was added to transport steam to 

the project site. This change resulted in a net deduction of 

$2,319,000. 

72 OPERATING COSTESTIMATE 

The operating cost estimate is based upon a production rate 

of I0.0 x 109 Btu per day (5.6 x 109 Btu produced from 

coal and (4.4 x 109 Btu per day purchased off-gas). 

On-stream time was determined to be 365 days per year due 

to multiple trains, on-line spares, and turn-up capability of 

the systems. Table 7-4 provides a summary of operating and 

maintenance costs. Costs were based on current 1980 prices 

and escalated at 10 percent per year to 1984. 

7.2.1 Feed Materials 

Feed materials consist of coal, oxygen, and refinery gas. The 

quantity of coal was detemined from a supplier's quote. The 

quantity of oxygen was determined from the material balance. 

The oxygen price was obtained from a vendor based on over-the- 

fence sale to the project. The quantity of refinery gas was 
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TABLE 7-4 

OPERATING COST ESTIMATE (1984) 

COST ITEM 

Feed Materials 

Coal 
Refinery gas 
Oxygen 

ESTIMATE BASE 

UNIT quAnTITy PRICE 

T 11 

l0 g Btu 
Ton 

155,125 
1,606,000 

66,000 

17.57 
2.66 

49.78 

Catalysts and Chemicals 

Utilities 

Water and Sewage 
Nitrogen 
Electricity 
Steam 

l.s. 

M gel 
Ton 
KwH 

M Ibs 

1.S.  

52,560 
25,000 

8,000,000 
350,400 

1 . S .  

0.56 
6.60 

• 06 
1.67 

Operatin~ Labor 

Operators Man Shift per year 
Shift Supervisor per year 

21.25 
4.25 

19,800 
24,200 

Maintenance 

Labor Man Shift per year 
Materials l.s. 

3.00 
1.s. 

19,800 
l.s. 

Administration and Overhead 

Plant Manager 
Process Engineer 
Clerk-Typist 
Overhead 

person 
person 
person 

l.s. 

• 1.00 
1.00 
1.00 

1.8. 

44,400 
33,300 
13,200 
l.s. 

Fringe Benefits Salaries 

Local Taxes and Insurance 

673,900 

1.s. 

26Z 

1.s. 
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2,725,422 
4,278,544 
3~285.~440 

10,289,406 

381,015 

29,242 
165,000 
440,000 
585~640 

1,219,882 

420,750 
102~850 

523,600 

59,400 
622~160 

681,560 

44,400 
33,300 
13,200 

. 110~000 

200,900 

172,304 

1~464~100 

14,932,767 
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obtained by subtracting produced gas from estimated demand. 

Refinery gas price was estimated based on discussions with the 

potential supplier. 

7.2.2 Catalysts and Chemicals 

Catalysts and chemicals were determined by factored estimates 

based on size of using equipment and current prices. 

7.2.3 Utilities 

Quantities for water and sewage, nitrogen, electricity, and 

steam was derived from the material balance. Prices •were 

obtained from suppliers in current 1980 prices and escalated 

to 1984 at i0 percent per year escalation. 

7.2.4 Operatin 9 Labor 

Operating labor was based upon an analysis of each shifts 

requirements. One operator is required for coal conveying, 

drying, dry coal storage, and feeding coal to the gasifier 

hoppers. One operator is required for gasifier operation, 

waste heat recovery, and char removzl. One operator is 

required for gas treatment and compression. One helper is 

required for each shift. One operator is required for the 

control room. One supervisor is required for each shift. 

Annual shift requirements is 4.25 per position. 

7.2.5 Maintenance 

Analysis of maintenance requirements showed the need for one 

pipefitter, one electrical/instrument man and one helper. 

Maintenance materials was factored from plant cost. 
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7.2.6 Administration and Overhead 

Analysis of overhead and administration functions indicated a 

requirement for a plant manager, process engineer, and clerk- 

typist. Miscellaneous administrative supplies, materials, and 

corporate burden was estimated. 

7.2.7 Fringe Benefits 

Fringe benefits and payroll taxeswas estimated to be 26 per- 

cent. Sick leave and vacation is not included since salaries 

include these costs. 

7.2.8 Local Taxes and Insurance 

Local taxes and insurance were factored from plant cost. 

7.2.9 Royalties 

All royalties are paid-up and not applied to operations. 

7.2.10 Waste Disposal 

Sewage disposal is included with water cost. Solid waste 

disposal was not considered since ash, the major solid waste, 

is planned to be sold. No credit is taken for ash or sulfur, 

also to be sold. 
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8. ECONOMIC ANALYSIS 

8.1 INTRODUCTION 

This section of the report presents an analysis of the 

economic feasibility of the Billings MBG Project. The 

approach to determining economic feasibility was to determine 

the MBG selling price that would meet all expenses and 

recover all investments at an adequate rate of return. A 

life cycle cash flow model was structured and discounted cash 

flow analysis was utilitized to determine an internal rate of 

return on investment in the project. Several key financial 

parameters were tested through sensitivity studies and the 

competitive position of the MBG was assessed. 

8.2 ECONOMIC ANALYSIS PARAMETERS 

Table 8-1 summarizes the data used in the economic analysis 

of the Billings MBG Project. 

8.2.1 Sponsor 

The sponsor of the project is a group consisting of private 

commercial companies with government support in the form of 

an alternate fuels production program grant and loan 

guarantees. 

8.2.2 Dollar Method 

Then-current dollars are used in all financial analysis. 

Prices are escalated to the current year to account for 

inflation. 
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TABLE 8-1 

ECONOMIC ANALYSIS DATA SUMMARY 

SPONSOR Private 

DOLLAR METHOD Then-current 

BASE YEAR ESTIMATES 

Dollar Year for all Base Data 

Estimated Construction Costs 

Depreciable Plant Costs 

Annual Operating Costs 

Annual By-Product Revenue 

Annual MBG Output 

ANALYSIS PARAMETERS 

Schedules 

Construction 

Operation 

Retirement: Equity 

Debt 

Capital Expenditure Rates 

1981 - 10% 

1982 - 38% 

1983 - 52% 

Plant Start-Up Rate 100% - 1984 

Discount Rates 

Low Interest Equity Advance 

Construction Loans 

Debt Financing 

Equity Financing 

Overall Project Rate 

1984 

$55,124,000 

$53,658,000 

$14,932,767 

None Taken 

3,650,000 x 106 Btu 

Dates 

Ii/81 - 12/83 

1/84 - 12/03 
1/84 - 12/03 

12/84 - 12/03 

5% 

17% 

14% 

20% 

11.4% 

Years 

2.17 

20 

20 

20 
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TABLE 8-1 (Continued) 

ECONOMIC ANALYSIS DATA SUMMARY 

Financial Structure 

Debt 75% 

Equity 25% 

Escalation Rate 

General Rate 10% 

Refinery Gas 5% 

Depreciation Method 

Tax Life 20 years 

Method Straight Line 

Tax Rate and Schedule s 

Effective Income Tax 50% 

Federal Income Tax 43% 

State Tax 7% 

Investment Tax Credit 20% 

ITC Claim Schedule 1984 with 7 years carry forward 

Other Tax Credits None 
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8.2.3 Base Year Estimates 

All base year figures are expressed in January, 1980 dollars. 

Estimated construction costs and depreciable plant costs were 

taken from Table 7-1. Depreciable plant costs were calculated 

by subtracting nondepreciable costs from total capital cost. 

Annual operating cost was taken from Table 7-5. By-product 

revenue was not considered although it is anticipated that 

elemental sulfur, ash, and char will be sold. Annual MBG 

output is I00 percent of design output. 

8.2.4 Analysis Parameters 

8.2.4.1 Schedules. The construction schedule was taken from 

Section 7 by combining the ISBL and OSBL construction sched- 

ules proposed by the contractors. The operations schedule 

was determined by assuming a twenty-year project life. 

Retirement of equity is treated as occurring at the end of 

the project life. Debt is amortized over the twenty-year 

project life. 

8.2.4.2 Capital Expenditure Rate. Based on the project 

schedule, the following capital expenditures are anticipated: 

1981 - i0 percent, 1982 - 38 percent, 1983 - 52 percent. 

8.2.4.3 Plant StartTUp Rate. Plant start-up is scheduled 

for late 1983 with 100 percent production reached on 
t 

January i, 1984. 

8.2.4.4 Discount Rates. The interest rate for the low 

interest equity advance will be 5 percent. The interest rate 

for the construction loan was assumed to be 17 percent based 

on conversations with bankers. Debt financing was assumed to 

be 14 percent based on a current rate of 16 percent with a 

2 percent point discount for government or joint venture 
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partners guarantee of the loan. A 20 percent interest ~ate 

was used for equity financing. The overall project rate was 

calculated to be 11.4 percent, a weighted average based on 

the debt equity ratio and after tax (.75 x .17 x .5 + .25 x 

.20 = .06375 + .050 = .11375 = .114). 

8.2.4.5 Financial Structure. Based on discussion with 

bankers and company management, the financial structure of 

75 percent debt and 25 percent equity was chosen. 

8.2.4.6 Escalation Rate. A general inflation rate of 

I0 percent was used through the cash flow analysis except for 

escalation of refinery gas. A rate of 5 percent was assumed 

for this item. 

8.2.4.7 Depreciation Method. A tax life of 20 years was 

assumed. Since the expected salvage value is less than 

10 percent, salvage value~was assumed to be 0. The straight 

line depreciation method was chosen to provide maximum tax 

benefits in the later years of the project. This is optimum 

because of leverage (interest deductions), investment tax 

credits, and lack of other income. 

8.2.4.8 Tax Rates and Schedules ,. An effective income tax 

rate of 50 percent was calculated based on a federal rate of 

43 percent and a state rate of 7 percent. Investment tax 

credit was taken at 20 percent, I0 percent general credit 

plus i0 percent for energy investment. Although the general 

investment tax credit expires in 1981, historically Congress 

renews it. It was assumed that a new tax credit would be 

passed equal to the present one. For investment tax credit 

purposes, it was assumed that the plant will go on line in 

January, 1984, thus 1984 will be the first year for the 

credit. A seven-year carry forward period was assumed based 
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on current laws. No other tax credits were assumed or taken. 

Current prices for uncontrolled domestic crude exceed the 

cut-off point for the alternate fuels tax credit contained fn 

the Windfall Profits Tax Bill. 

8.3 INVESTMENT PATTERN 

The methodology used to develop the project investment pattern 

was to treat investment in two phases. The first phase is 

preproduction and the second, production. The preproduction 

phase includes engineering, procurement, and construction and 

start-up. The production phase starts at the full attainment 

of I00 percent production capability and extends for the 

twenty-year project production life. The rationale for this 

methodology is that the sponsoring company has no other income 

to take advantage of the construction interest deductions. 

If carried forward as an operating loss against future income, 

significant investment tax credits would be lost. The most 

advantageous method of financing construction would then be 

for the joint venture shareholders to borrow the construction 

funds and take the annual interest expense as a deduction 

against their income. The joint venture shareholders would 

pass the tax savings to the project through a lower effective 

interest rate for the construction period. When the plant 

reaches production, the joint venture company will then 

assume the long-term debt repayment and the joint venture 

shareholders will retain the equity portion of the capital 

structure. 

Table 8-2 shows the capital expenditures and investment 

pattern. The low interest equity advance will be used fJr 

detailed engineering and will be expended during 1981. 

Expenditures of other funds occur during 1981 through 1983. 

The expenditures are prorated on a 75 percent debt, 25 percent 
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TABLE 8-2 

CAPITAL EXPENDITURE PATTERN 

CONSTRUCTION FINANCING 

Government Grant 

Private 

Debt (75%) 

Equity (25%) 

Interest 

Government Grant (5%) 

Private (11.4%) 

Total Investment 

LONG-TERM FINANCING 

Government Grant 

Debt 

Equity 

($ x 106) 

1981 

3.8 

1982 1983 TOTAL 

3.8 

.825 14.10 19.35 34.275 

.275 4.70 6.45 11.425 

4.90 18.80 25.80 49.500 

.095 .195 .205 .495 

.063 1.205 3.884 5.152 

.158 1.400 4.089 5.647 

5.058 20.200 29.889 55.147 

AMOUNT 

$ 4,295,000 

38,139,000 

12,713,000 

$55,147,000 

q 
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equity contribution basis. During 1981, expenditure will be 

made to acquire land and engineering work. Expenditures for 

1982 and 1983 will be made for procurement and construction. 

Interest costs were calculated based on !eve1 monthly expendi- 

tures thus the interest charge for the year would be the 

stated interest rate times one-half of the annual expenditure. 

Interest rates were taken from the economic analysis param- 

eters, Section 8.2. Interest was accumulated, compounded and 

rolled into the construction cost to give a total capital cost 

of $55,147,000 (rounding off of numbers for this calculation 

causes slightly different total capital cost than shown in 

Table 7-1). When production is reached, the interim financ- 

ing is converted to long-term debt and assumed by the joint 

venture company. The joint venture shareholders retain an 

equity position of $12,713,000. 

8.4 MBG PRICING 

The methodology used in pricing the MBG was to consider only 

project requirement~ and not allow the price to be influenced 

by market condition. The price must meet all expenses 

incurred by the project, including debt principle repayment. 

The pricing approach was to project the first operating 

year's costs and divide by units produced to find the 

required selling price. This initial selling price would 

then be escalated annually, based on cost escalation. 

Table 8-3 provides the calculation of the initial MBG sales 

price to cover all incurred cash outlays for the year. 

Operations costs were taken from Section 7 of this report. 

Interest was determined from the long-term debt shown earlier 

in this section, Table 8-2. These cost items were supposed 

to obtain total expected 1984 costs. Depreciation was not 

considered since it does not represent a real cash outflow. 
"6 , 
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TABLE 8-3 

MBG I~ITIAL SALES PRICE 1984 

OPERATIONS COST 

Feedstocks 

Coal 

Refinery Gas 

Oxygen 

Other Operating Costs 

Interest 

Government Grant for Engineering 

Private Debt 

Total Costs 

Plus Debt Principle 

Required Revenue 

+ Sales 3.65 million mm Btu 

Round-up 

1984 EXPENSE 
(Millions 

$ 2.73 

4.27 

3.29 

.22 

5.34 

20.49 

1.20 

$21.69 

$ 5.9425 

$ 5.95 per mm Btu 
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Principal reduction was added since it is a real cash outlay. 

Taxes were considered and determined that they would be zero 

since the first year price would be essentially a breakeven 

case. A total required revenue of $21.69 million was calcu- 

lated. This figure was divided by expected sales to determine 

the unit price. The unit price was rounded up to $5.95 per 

million Btu since conventional rounding would cause a selling 

price that would not cover costs ($5.94 less than $5.9425). 

Cost escalation was examined to determine a percentage 

escalation for the MBG price. In the first years it was 

found that total costs escalated at about 6 percent per 

year. In the final project years costs escalated at 8 per- 

cent. The cost escalation increased because decreasing 

interest costs shifted more weight to the costs influenced by 

the assumed i0 percent inflation rate. To prevent steady 

declining profits in the final years, the 8 percent escalation 

rate was selected. Thus, profits are expected to steadily 

rise, then flatten out in the final years. 

The initial selling price of $5.95 per mm Btu was escalated 

at 8 percent resulting in a set of prices that were used to 

determine annual revenues. When the internal rate of return 

was calculated, a 16.79 rate of return on investment was 

found. Since this is'below the required rate, the initial 

price was increased to $6.10. A discounted rate of return of 

20.72 percent was calculated which meets the minimum 

20 percent rate required. 

8.5 cAs  FLOW SC  DUL  

The cash flow schedule presents a schedule of annual 

disbursements and receipts for the various project accounts. 

Table 8-4 provides the cash flow schedule for the operating 
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period. The schedule for the capital investment period is 

provided in Table 8-2. The data needed to develop the 

operating cash flow schedules is shown in Table 7-5. In 

preparing the cash flow schedule&, the following general 

assumptions were made: 

No cash contributions are made by investors other 

than specified in the capital investment pattern. 

Each annual account is treated as a discrete 

end-of-year transaction. 

o Escalation of costs estimates and prices is applied 

at the beginning of the year for the entire year. 

The plant is assumed to operate at i00 percent 

capacity for the entire year. 

Equity is recovered through depreciation and salvage 

value. 

Depreciation is treated as a cash flow item. 

MBG price is a single price for the year, expressed 

in then-current dollars. 

q 

8.5.1 Revenue 

Determined by multiplying the annual MBG price per unit times 

the units sold. One hundred percent, 3,650,000 mm Btu, is 

assumed to be sold each year. 
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8.5.2 Costs 

8.5.2.1 Feedstocks. Coal is escalated at the rate of 

l0 percent per year. The amount shown is for coal delivered 

to the plant gate. Refinery gas is escalated at 5 percent 

per year. The amount shown is the price at the refinery 

gate. Oxygen is escalated at I0 percent per year. The 

amount shown is based on over-the-fence sale, delivered to 

the plant gate. 

8.5.2.2 Other Operating Costs. Other operating costs 

include chemicals, utilities, operating and maintenance 

labor, maintenance materials, administration and overhead. 

Other operating costs are escalated at 10 percent per year. 

8.5.2.3 Interest. Interest for the low interest equity 

advance is based on repayment over a five-year period with a 

level end of year payment which includes interest and 

principal. Only interest is shown here. Interest for debt 

is based upon repayment over a twenty-year period with a 

level end of year payment which includes principal and 

interest. Only interest is shown here. 

8.5.2.4 Depreciation. The straight line depreciation method 

was used. The base for depreciation was taken from Table 8-1. 

For tax purposes, salvage value was considered less than 

10 percent and not deducted from depreciable costs. 

8.5.2.5 Total Costs. Summation of costs. 

8.5.3 Net Income Before Tax 

Revenues minus total costs. Operating losses are carried 

forward for a maximum of seven years. 
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8.5.4 Income Tax 

Income tax was calculated using an assumed 50 percent 

effective tax rate. Investment tax credit was taken as 

20 percent of qualified items, 10 percent normal investment 

for credit, plus 10 percent energy investment tax credit. It 

was assumed that the credit would be taken when the plant is 

put in service, 1984..Tax credit not used carried forward 

for seven years. 

8.5.5 Income After Tax 

Net income before tax minus net tax. 

8.5.6 Cash Flow 

Income after tax plus depreciation. 

8.5.7 Principal Payment s 

Reduction of long-term debt and equity advance. 

8.5.8 Net Cash Flow 

Cash flow minus principal payments. This figure was used to 

calculate the internal rate of return. 

8.5°9 IRR 

The internal rate of return as the discounted cash flow rate 

of return of the Net Cash Flow stream, based on an equity 

investment of $12.71 million. 
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8.6 SENSITIVITY ANALYSES 

This section of the study looked at the sensitivity of the 

initial sales price of the MBG to several operating param- 

eters. The sensitivity of the discounted cash flow internal 

rate of return to initial sales price and financing options 

was studied. 

8.6.1 MBG Price to Total Capital Cost 

Variations in total capital cost yield the MBG prices shown 

in Figure 8-1. A 12 percent change in total capital cost 

causes a 3 percent change in MBG price. 

8.6.2 MBG Price to Delivered Coal Price 

Figure 8-2 shows the effect on MBG price caused by variations 

in delivered coal price. A i0 percent change in the delivered 

coal price causes about 1 percent change in MBG price. 

8.6.3 MBG Price to O&M Cost 

The sensitivity of the 1984 MBG price to operating and 

maintenance cost, minus coal cost, is shown in Figure 8-3. 

10 percent change in O&M cost causes a 5 percent change in 

MBG price. 

A 

8.6.4 MBG Price to Load Factor 

AS shown in Figure 8-4, the MBG price is very sensitive to 

load factor. A 10 percent change in load factor causes an 

ii percent change in MBG price. 
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8.6.5 MBG Price to Refinery Gas Price 

Figure 8-5 shows the sensitivity of the MBG price to the cost 

of the refinery gas. A 10 percent change in refinery gas 

produces a 2 percent change in the initial MBG price. 

8.6.6 IRR to Initial MBG Price 

Figure 8-6 shows the effect that the 1984 MBG price has on 

the discounted cash flow internal rate of return. The anal- 

ysis assumed the same escalation rate as in the base case, 

8 percent. A 3 percent increase in MBG price causes a 

29 percent increase in the IRR. A 2.5 percent decrease in 

MBG price causes a 20 percent decrease in IRR. It is seen 

that a small variation in MBG price has a great effect on the 

rate of return. 

8.6.7 IRR to Financin@ Option 

Sensitivity of the discounted cash flow rate of return to 

financing option is shown in Table 8-5. Three alternative 

financing methods were examined. Case II, 75 percent debt/ 

25 percent equity and a 14 percent interest rate is the most 

likely case. Using the 75/25 debt equity ratio it was found 

that a 2 percentage point increase in the interest rate causes 

a 21 percent decrease in IRR. 

8.7 INTERFUEL COMPETITION 

The technical capability of the refineries to use MBG has 

been established. Assuming that the needed system modifica- 

tions are made, the principal issues in the use of MBG are 

economic. Informal conversations with the refinery managers 
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TABLE 8-5 

SENSITIVITY OF IRR TO FINANCING 

BASE CASE 

CASE I 

CASE II 

CASE III 

SOURCE AMOUNT TERM_____~S 

Equity Advance 
Private Debt 
Equity 

Private Debt 
Equity 

Private Debt 
Equity 

Private Debt 
Equity 

$ 4,300,000 
38,135,000 
12,711,000 

41,360,000 
13,787,000 

41,360,000 
13,787,000 

41,360,000 
13,787,000 

5%/5 yr 
14%/20 yr 

12%/20 yr 

14%/20 yr 

16%/20 yr 

1RR, % 

20.79 

24.08 

21.03 

16.62 
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indicate a willingness to use MBG if it is less costly than 

conventional alternatives. This subsection of the report 

compares projected costs of MBG with those of a mix of 

conventional refinery fuels. 

8.7.1 Current and Future Refinery Conventional Fuel Price 

The Conoco and Cenex refineries provided estimates of current 

refinery fuel costs. The figures provided by Conoco are based 

on 1980 year-end crude price of $34.00 per barrel, or $5.86 

per million Btu. Conoco planning personnel advised that crude 

and fuel costs are expected to escalate at a 9 percent annual 

rate in constant dollar terms. The cost of natural gas is 

soon expected to reach 2/3 of the crude oil price on a con- 

tained energy basis. This expectation suggests a 1980 value 

of $3.90 per million Btu. According to Conoco's planners, 

this same value can be applied to residual fuel oil which is 

frequently burned in place of or in addition to natural gas. 

Current fuel costs figures provided by Cenex yield a weighted 

average fuel price of $3.91 per million Btu. The Cenex cost 

differed negligibly from that provided by Conoco. Cenex cur- 

rently relies upon imported natural gas for about 40 percent 

of its requirements at a price of about $5.00 per million Btu. 

Thirty percent of its requirements are met by domestic 

natural gas at $2.47 per million Btu. The final 30 percent 

share is residual fuel oil. Personnel at the Cenex and 

Conoco refin- eries agreed to evaluating residual fuel at 

$3.90 per million Btu and a 9 percent annual escalation rate 

in real terms. 

8.7.2 Refinery Gas and MBG Price Comparison 

Figure 8-7 provides a graphical representation of constant 

dollar refinery fuel costs escalated from 1980 at 4, 6, and 

9 percent rates. The constant dollar MBG costs are also 

8--24 

P P 



\ 

40 

30 

20 

10 

9 
8 
7 

6 

5 

4 

3 

GAS I ~EFINERY 

m 

1 

1980 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 

1~5 19~ 

I 
I I I 

1995 2000 

4% 
2% 

I 
2OO5 

FIGURE 8-7 

COMPARISON OF REFINEI'IIf GAS AND MBG 
CONSTANT DOLLARS 

l u  

8-25 

P 



p P 

plotted for comparative purposes. Since the MBG is manufac- 

tured and its costs are to a large degree tied to inflationary 

increases through long-term contracts for feedstocks and 

utilities, the constant dollar MBG price curve is flatter and 

expected to increase at a 2 percent real rate. As seen in 

Figure 8-7, MBG becomes competitive with conventional alter- 

natives between 1985 and 1986 when conventional fuels rise at 

the expected 9 percent real rate. The MBG becomes competitive 

in 1990 at a 6 percent real increase rate in conventional 

fuels. The semilog plot somewhat obscures the magnitude of 

MBG's advantage in later years. Figure 8-8, a linear plot, 

graphically displays the MBG price advantage over conventional 

fuels. As the plot indicates the MBG price disadvantage is 

only one or two years and the long-term potential advantage 

is tremendous. 

One of the assumptions that have been made in this analysis 

is that patterns of refinery fuel consumptionwill remain 

constant. However, there is some likelihood that both quan- 

tity and the mix of refinery fuel requirements will vary with 

time. In particular, energy conservation programs may be 

expected to reduce overall plant energy requirements. As 

fuel requirements are reduced, purchases of the most costly 

fuel may be disproportionately reduced, which may cause a 

corresponding alteration in the weighted average cost of the 

refinery fuel mix. 

Finally, there is another consideration that can influence 

the marketability of MBG. The use of MBG to replace residual 

fuel oil will increase the refiner's yield of residual fuels. 

This incremental supply of residual fuel may be difficult to 

market locally. In the Rocky Mountain area such fuel markets 

are often weak. Since residual fuels are generally not 

transported by pipeline and water transportation options are 
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not available, it is necessary to transport residual oils by 

relatively expansive rail transportation. High transportation 

costs can seriously impair refinery netbacks on residual fuel 

sales. However, since the residual fuel replace by MBG can 

be sold, the refinery netback will increase refinery revenues. 

Although the increased cost of MBG will tend to reduce the 

cost differential. It is expected that since residual oil 

will rise at a higher real rate than the MBG the price curves 

will cross in the near future, about 1988, thus making the 

use of MBG less expensive than the use of residual oils. 

8 - 2 8  

p P 



9. MBG SALES CONTRACT 

9.1 GENERAL 

It is the purpose of this task of the feasibility study to 

draft preliminary contract clauses unique to the sale of Btu 

gas. It is intended that these clauses would he added to the 

companies general clauses and then be used as a basis for 

negotiating the final contract. 

9.2 CONTRACT CLAUSES 

9.2.1 Term 

The term of this contract shallbe for a period of twenty (20) 

fiscal years beginning with January 1, 1984, each of such 

years to consist of twelve (12) months ending December 31. 

9.2.2 Quantity 

During each of the years provided for, Buyer shall purchase 

and accept delivery, and Seller shall sell and deliver, 

quantities of medium-Btu gas as set forth below: 

Yea___~r 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Minimum 
Quantity 

(Millions of Btul 

0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 

Maximum 
Quantity 

(Millions of BtU) ' 

0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
0,000,000 
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Minimum Maximum 
Quantity Quantity 

Year (Millions of Btu) (Millions of Btu) 

1992 0,000,000 0,000,000 
1993 0,000,000 0,000,000 
1994 0,000,000 0,000,000 
1995 0,000,000 0,000,000 
1996 0,000,000 0,000,000 
1997 0,000,000 0,000,000 
1998 0,000,000 0,000,000 
1999 0,000,000 0,000,000 
2000 0,000,000 0,000,000 
2001 0,000,000 0,000,000 
2002 0,000,000 0,000,000 
2003 0,000,000 0,000,000 

At least six (6) months prior to the beginning of each fiscal 

year, Buyer shall ~advise Seller of the millions of Btu's of 

gas to be purchased in the immediately succeeding fiscal year 

within the minimums and maximums above specified. In the 

event that Buyer fails to notify Seller within this time 

frame, Buyer shall be deemed to have elected to receive the 

minimum quantity. 

Notwithstanding the above provisions regarding minimum and 

maximum quantities, the parties agree that Buyer may not 

purchase more than 00,000,000 millions of Btu's over the life 

of this contract. 

9.2.3 Quality 

During the term of this contract, Seller agrees to supply the 

medium-Btu gas by pipeline of the following approximate 

average quality and substantially free of sulfur, water and 

particulates. 
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Approximate Analysis 

Constituent Mole % 

B2 36.8 
N2 1.7 
CO 32.3 
CO 2 15.5 
Methane 9.3 
Ethane 2.6 
Ethylene 1.4 
Propane 0.2 
Propylene 0.6 

HHV=406 Btu/scf 
Specific Gravity = 0.684 

Seller warrants that the gas shall have an "as received" heat 

content of not less than 286 Btu per cubic footl however, that 

the approximate average quality of the gas shall be as 

specified above. 

In the event Seller fails to meet the warranted specifications 

provided hereunder for any gas shipped to Buyer, and where 

such gas is burned by Buyer, Seller shall reduce the then 

current price by__ percent (_._.%) per million Btu. Seller 

agrees to provide Buyer with notice of shipment of any gas not 

meeting the minimum specifications as soon as Seller becomes 

aware of this fact. In the event the gas shipped by Seller to 

Buyer is unsuitable for burning, and is not burned by Buyer, 

Buyer shall not pay Seller for such shipments. 

Seller agrees to acqu~ze and install at the gasification plant 

the most modern and efficient machinery, equipment and other 

facilities (as determined by Seller) required to produce, 

prepare and deliver the quality and quantity of gas provided 

for in this agreement. Seller further agrees to operate and 

maintain said machinery, equipment, and facilities in accor- 

dance with good engineering practices so as to efficiently 

and economically produce, prepare and deliver said gas. 
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9.2.4 Delivery 

All gas purchased hereunder shall be delivered by Seller FOB 

Buyer's plant gate, and title thereto to shall pass to Buyer 

downstream of the meter. Buyer shall notify Seller at least 

twenty (20) days prior to the beginning of each month during 

the term of this contract of the quantities of gas Buyer will 

purchase during such month, and the average daily requirement. 

In addition, Buyer will furnish Seller an estimate of the 

quantities to be ordered in each of the two months following 

such month. Monthly quantities ordered by Buyer during each 

fiscal year shall relate to the annual quantities of gas to 

be purchased during the particular fiscal year, such relation- 

ship to be based on a ten percent (10%) variance of the figure 

derived by dividing the annual shipments specified by Buyer 

under Section by three hundred sixty-five (365), said 

result to be multiplied by the number of days during the 

month. The daily quantities to be delivered by Seller shall 

not exceed million Btu's during any twenty-four (24) hour 

period. 

9.2.5 Measurement of Gas Quantity andQuality 

Seller shall measure the volume of all gas shipped under this 

agreement. Seller shall monitor the gas constituents on a 

Continuous basis. The Btu's of gas delivered shall be based 

upon quantities delivered times the higher heating value of 

the gas constituents. The quantity of Btu's delivered shall 

be based on eight-hour averages. The formula to calculate 

Btu's delivered shall be agreed to prior to signing this 

agreement and included at Buyer's plant gate. Meters shall be 

regularly calibrated using such methods as are then prescribed 

by standard accepted practices. During any period when the 

Seller's plant gate measuring facilities are not in operation, 
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measurements by Buyer shall be used for all purposes under 

this contract. Seller shall notify Buyer immediately of any 

failure in Seller's measurement facilities. Buyer shall have 

the right to have its personnel present during any measurement 

or during any calibration of the respective scales. Buyer 

shall also have the right to review the results of any 

calibration test. 

In the event that Seller's measurement devices are shown to be 

faulty thereby causing erroneous measurements, an appropriate 

adjustment shall be made in the price to reflect the correc- 

tion for these errors provided that no such adjustment shall 

be retroactive for a period in excess of one month prior to 

the date of discovery of fault in the equipment, provided 

that if the devices have not been tested as above provided,• 

any such adjustment fOE excess measurement shall be retro- 

active to the last time such devices were so tested. 

9.2.6 Sampling and Analysis 

Sampling and analysis of gas•delivered hereunder shall be 

performed expeditiously by qualified employees or agents of a 

mutually acceptable independent commercial testing organiza- 

tion (the "Organization") using suitable testing equipment 

provided by Seller, said sampling and testing to be in accor- 

dance with the then current methods approved by the American 

Society for•Testing Materials (ASTM). The results of the 

sampling and analysis so performed shall be mailed to Buyer 

as the tests are completed. Buyer may have a representative 

present at any time to observe the sampling. One part shall 

be forwarded to Buyer for analysis, one part shall be retained 

for analysis by the Organization, and the third part shall be 

retained in one of the aforementioned containers, properly 
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sealed and labeled to be saved for future analysis in the 

event of a dispute between the parties regarding the analyses. 

Should analysis of the third part be found necessary, such 

analysis shall be made in quadruplicate by an independent 

commercial testing laboratory (the "Lab"), selected by the 

parties, with the average of the results of such an analysis 

to be binding on the parties. The cost of the analysis made 

by the Lab Shall be shared equally by the parties- 

9.2.7 Price 

The base price of gas per million Btu FOB Buyer's plant gate 

which complies with the standard set forth above shall be 

$ . The base price shall be subject to the 

adjustments provided for in Articles hereof. 

9.2.8 Price Adjustments 

The per million Btu price of gas may be increased or decreased 

from the base price. The increase or decrease, when added to 

the base price, shall be called the current price. For the 

purpose of this contract, the base price date is deemed to be 

January i, 1984, unless another date is specified hereunder. 

Price adjustments shall be computed quarterly or at such other 

time as may be specified in this article, with Seller sending 

Buyer a copy of each such calculation within thirty (30) days 

after the effective date of the adjustment. 

The individual price adjustments specified in this article 

will be rounded to the nearest 1/100 of 1~ per million Btu. 

Seller shall furnish to Buyer a computation showing the effect 

of any price changes due to the below-enumerated paragraphs. 

In the event that Buyer is not satisfied with the computation 
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of the adjustments, Buyer shall promptly notify Seller in 

writing of those portions of the computations with which it is 

not in agreement. The parties to this agreement shall meet 

within ten (10) days of such notification in an effort to 

arrive at a mutually satisfactory computation. 

If the meeting of the parties does not resolve the matter, 

they shall immediately refer same to a national independent 

accounting firm, selected by mutual agreement of the parties, 

for the purpose of arriving at the correct computation. 

Seller agrees tO provide the independent accounting firm to 

arrive at its computation. The findings made by the indepen- 

dent accounting firm shall be final. During the period of 

verification of the computations, Seller shall continue to 

deliver hereunder and neither party shall be required to pay 

any part of the adjustment in question, provided, however, 

that when the matter is finally determined by the parties or 

the independent accounting firm, the paying party shall also 

pay interest at the rate of one percent above the Bank of 

America of Los Angeles prime rate during the period commencing 

fifteen (15) days after the date of first billing by Seller, 

to which such adjustment was applicable, and ending on the 

date of actual payment. The fees and other charges of the 

independent accounting firm shall be paid by the party whose 

contention as to the proper amount of the adjustment is 

farthest from the amount determined to be proper by such firm; 

in the event there is no such party, the fees shall be shared 

equally by both parties. 

Seller will receive from or pay to Buyer within a period of 

thirteen (13) months following the termination da~e of this 

contract, any price adjustments resulting from the application 

of this Article where such adjustments were not known or 

subject to calculation as of the date this contract termiates 
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or otherwise expires, provided, however, that such price 

adjustment may only relate to a period of eighteen (18) months 

immediately preceding the date the con-tract termiates or 

otherwise expires. 

9.2.8.1 Materials and Supplies. A Composite Index shall be 

computed for each calendar quarter from the monthly Bureau of 

Labor Statistic Wholesale Price Index for: 

• Chemicals and allied products 

• Fabricated metal products 

• Machinery and equipment 

• Industrial fittings 

Each of said indexes is reported in the U.S. Department of 

Labor, Bureau of Labor Statistics publication "Wholesale 

Prices and Price Indexes." 

The three monthly values of each index shall be ar~ ~hmetically 

averaged to determine a quarterly average value. The 

quarterly average value for each index shall then be arith- 

metically averaged to obtain the quarterly average value of 

the Composite Index. 

At the beginning of each calendar quarter, the price of gas 

delivered in that quarter shall be increased or decreased from 

the then base price. The quarterly average value for each 

index shall then be arithmetically averaged to obtain the 

quarterly average value of the Composite Index. 
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At the beginning of each calendar quarter, the price of gas 

delivered in that quarter shall be increased or decreased from 

the then base price. The quarterly average value as deter- 

mined above for that quarter will be compared with the average 

for the quarter ending , to determine the 

percentage increase or decrease. The percentage increase or 

decrease so derived times $ will be the increase or 

decrease in the price per million Btu in determining the new 

current price. 

In the event the United States Department of Labor, Bureau of 

Labor Statistics shall change the basis of either or both of 

the indexes referred to he;ein, the parties shall agree upon 

the new basis to be followed in determining the adjustment of 

the price of coal as a result of increases or decreases in the 

cost of materials and supplies. If the parties areunable to 

agree to a new basis to be followed or to a means of utilizing 

the revised indexes within a period of fifteen (15) days after 

hhe start of any calendar quarter, the unresolved matter shall 

be resolved by arbitration, in accordance with the rules of 

the American Arbitration Association. Within thirty (30) days 

after the start of any calendar quarter the parties shall 

apply to such Association to appoint an arbitrator. Each part 

shall designate an established governmental index as a new 

basis to be followed in determining the increases or decreases 

in the cost of materials and supplies, whichever is appli- 

cable, and the arbitrator shall pick one of the two. The 

arbitrator shall have no power to reach any other decision. 

The decision of the arbitrator shall be binding upon both 

Buyer and Seller, and such decision shall constitute the 

method for adjusting the price of coal as a result of 

increases or decreases in the cost of materials and supplies. 

The new indexes or bases determined pursuant to this paragraph 

shall be used in lieu of the indexes or bases replaced by same 

for all applicable purposes of this agreement. 
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9.2.9 Labor, Salaries, and Related Costs 

A weighted average hourly wage rate for labor at the plant 

shall be computed whenever labor costs contained in the salary 

and wage list and fringe benefit list applicable to the plant 

are more or less than the costs shown on the initial salary 

list and fringe benefit list, attached hereto and made a part 

hereof. The cost of labor shall be computed in the manner 

prescribed by the Manning Table for labor cost adjustments, 

which is attached hereto and made a part hereof. As used 

herein, "labor costs" shall be deemed to include only those 

costs of labor as specified above provided, however, that any 

new or additional expenditures on behalf of past, present, or 

future employees not reflected on the initial salary and 

fringe benefit lists which are required by a new labor agree- 

ment, governmental, judicial or legislative action, shall be 

considered as increased cost of labor. 

The number of persons employed in each classification listed 

on the position list shall not be changed and no new cate- 

gories shall be added unless required by new labor agreements, 

governmental, judicial, or legislative acton, effective after 

. In this event, Seller shall advise Buyer of 

such changes and the persons will be added at the appropriate 

rate to arrive at a new weighted average hourly wage rate. To 

the extent that persons are added to the numbers the position 

list resulting from new labor agreements, governmental, judi- 

cial or legislative action, and where such requirement is 

later reduced or eliminated, then the number of persons shown 

on the position list may be reduced to the extent of the 

increases. Seller shall not be required to show Buyer a pay- 

roll or other information relative to the number of persons 

actually employed. Seller agrees to provide Buyer with a 
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letter from an independent certified public accounting firm 

acceptable to both of the parties certifying the propriety of 

the labor costs included in the calculation. 

The price per million Btu of gas shall be increased or 

decreased by the amount derived by multiplying the percentage 

of increase or decrease in the weighted average hourly wage 

rate times $ . The price adjustment shall be 

effective with respect to gas shipped on or after the 

effective date of the change in labor rates. 

l 

L i 

9.2.10 Costs Based on Values 

Seller shall compute the total amounts paid governmental 

bodies and ad valorem property taxes, or similar governmental 

exactions, based upon the value of (a) personal property 

(including intangibles where such intangibles arise solely out 

of Seller's ownership or operation of the plant), (b) produc- 

tion taxes, or (c) real estate (to include only real estate 

needed by Seller to produce and distribute the gas where such 

properties (real or personal) were owned by Seller and consti- 

tute part of or were used solely in connection with the plant, 

excluding any such amounts which are includable in the calcu- 

lation of any other adjustment under any other provisions of 

this Article. Buyer shall pay Seller, or Seller shall pay 

Buyer, within a reasonable period of time after such taxes and 

exactions payabie for the year in question have been paid, as 

the case may be, a lump sum amount equal to the total million 

Btu purchased by Buyer during such year mu!tiplied by the 

greater or less than $ . In the event that such 

payments by Seller are not based on millions of Bt~ produced, 

the total amounts paid by Seller for such year shall be 

divided by the greater of 0,000,000, or the number of millions 

of Btu of gas from the plant delivered by Seller to all 

9-11 

p 0 



p P 

Q 

customers during such year. Buyer is hereby given the right 

to contest the validity of, or increase in, any such tax or 

exaction (in the name of Seller, if necessary); provided, 

however, that such contest is handled and paid for by Buyer. 

Seller shall give Buyer such assistance in prosecuting such 

contest as Buyer reasonably requests, provided Buyer pays the 

costs incurred by Seller in so doing• 

9.2.11 Other New or Increased Taxes 

The price of gas delivered hereunder shail be increased or 

decreased from the basic price to reflect the amount that the 

cost per million Btu of producing gas at the plant is 

increased or decreased by new, additional or reduced taxes 

(or changes in the rates of said taxes) of any kind whatso- 

ever, enacted or effective after . Neither this 

provision nor any other shall apply to costs relating to state 

or federal taxes on net income, profits or excess profits 

(except that a reduction in federal incentives shall be 

deemed to be an increase in cost within this provision). In 

the event that such payments by Seller are not based on Btu's 

produced, the per million Btu cost of such taxes shall be 

determined by dividing the amount of such taxes paid in the 

fiscal year involved by the greater of the actual number of 

million Btu's shipped in the previous fiscal year or 

0,000,000. The calculation and payment of the amount due 

hereunder shall be accomplished promptly. This section shall 

not apply to taxes specified in other sections. 

9.1.12 Additional Costs Imposed by Le@islation, Regulation, 
judicial Action, or Chan~es in the Method of Operation 
due to Material Shortages. 

The price of gas shall be increased from the base price to 

reflect increases in the cost per million Btu of producing gas 
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at the plant due to any investment (other than costs or 

increases therein covered by any other Section hereof) 

required in order to comply with any new legislation, regula- 

tion, judicial action (other than the codification of the 

common law), enacted, promulgated, or taken or made effective 

after , which pertain to production practices, 

health and safety (other than compensation to employees for 

injuries or death), and all aspects of reclamation, such as 

waste disposal, air and water quality standards, and the like. 

In the event that a capital investment is so required, said 

cost will be recovered by Seller as follows. The price per 

million Btu of the first 0,000,000 million Btu multiplied by 

millions of Btu to be delivered subsequent to the date of 

payment of such investment cost by Seller, shall be increased 

Ia, where: from the base price by an amount equal to ~-- 

I = •The dollar cost of the investment item. 

a = The level annual payment which will amortize a one 

dollar investment over T years at Z interest rate. 

Z - The cost of money to Buyer expressed as an 

interest rate on debt securities having a maturity 

date of five (5) years obtainable by Buyer. 

T The useful life allowed by the Internal Revenue 

Service for depreciation purposes of the investment 

item, if any, or if none, seventeen (17) years. 

X The greater of (i) the total number of million Btu 

of gas to be delivered to all customers by Seller 

from the plant during the fiscal year the invest- 

ment is made, or (ii) million (0,000,000). 
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The per million Btu price of gas may be increased in the event 

that Seller incurs greater expense resulting from the purchase 

and consumption of a different item of significant materials 

and supplies due to the shortage or unavailability of a 

previously used item of significant materials and supplies, if 

the unit price of such different item is equal to or greater 

than 120 percent of the unit price of such item previously 

purchased and consumed in the preceding calendar quarter (the 

"Base Quarter"), or whenever the actual unit price of a signi- 

ficant item of materials and supplies purchased and consumed 

during any calendar quarter is equal to or greater than 

120 percent of the unit price of such item purchased and 

consumed, in such Base Quarter. A significant item of 

materials and supplies is herein defined as any item which 

represents at least 1 percent of Seller's total annual 

operating costs at the plant, said costs to be certified to 

by a national firm of independent certified public accounts. 

In the event the above occurs, the price of coal delivered in 

that fiscal quarter and each subsequent fiscal quarter during 

which the unit price of the items in question is equal to or 

greater than 120 percent of the unit price of such items in 

the applicable Base Quarter shall be increased by an amount 

equal to: 

T(C-P) - [(I-Ib) (TP)] 

x 

C = Current fiscal quarter unit price of materials 

and supplies to which this paragraph applies, 

including "different materials and supplies" 

and/or "material items," where applicable. 

P Base unit price of each "previously purchased and 

consumed materials and supplies and/or "material 

items." 
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T = The quantity of each item of "previously purchased 

and consumed materials and supplies" and/or 

"significant materials" purchased and consumed 

during the Base Quarter. 

X = Total million Btu of gas produced during the 

applicable Base Quarter. 

= The percentage increase in the Composite Index as 

defined above for the quarter in question. 

I b = The value of I in the applicable Base Quarter. 

9.2.13 Transfer Taxes 

Buyer shall be liable for any and all applicable transfer 

taxes, such as sales and use taxes imposed by any govern- 

mental authority, upon the purchase or use of gas by Buyer. 

Buyer agrees to reimburse to Seller within twenty (20) days 

from the date of receipt of billing, any such transfer tax 

imposed upon Seller. Seller represents that as of 

198__, the State of Montana does not impose a sales or use 

tax upon a transaction such as is contemplated herein. 

(Needs to be verified.) 

For the purpose of this section, a transfer tax is deemed to 

include only a tax imposed by a governmental authority upon 

the transfer of property from Seller to Buyer, or the consump- 

tion of property received from Seller or Buyer. 

9.2.14 Other Price Adjustment@ 

The price of gas shall be increased or decreased from the base 

price to compensate either party for increases or decreases 
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in the cost of coal, oxygen, refinery gas and utilities. The 

increase or decrease shall be determined as follows. The 

annualized increase or decrease in cost shall be divided by 

the annual quantity of gas to be produced (expressed in 

millions of Btu) to derive a dollar per million Btu cost 

increase or decrease. The base gas price shall be adjusted 

to reflect this change in price. The adjustment in the price 

of gas under this section shall be made when the cost changes 

occur and will apply to gas shipped after the effective date 

of the change. 

9.2.15 ComPosite Adjustment 

The price of gas shall be increased or decreased from the 

base price to compensate either party for the increases or 

decreases in the various items making up the total base price 

and which are not otherwise provided for herein. The 

increase or decrease shall be determined as follows: 

(a) __ percent of $0.00 shall be multiplied by the 

percentage increase or decrease in the weighted average 

hourly wage rate (as determined above) from that in effect at 

the base date. 

(b) _____ percent of $0.00 shall be multiplied by the 

percentage increase or decrease in the wholesale price index 

for construction machinery and equipment for each calendar 

quarter. 

(c) ____. percent of $0.00 shall be multiplied by the 

percentage increase or decrease in Other price adjustments. 

The base date in making both of these calculations shail 

be , 198. The adjustment in the price of gas under 
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this section shall be made (i) under subsection (a) at such 

time that the weighted average hourly wage rate is increased 

or decreased, (ii) under subsection (b) as soon after the end 

of each calendar quarter that the index is available for such 

period, and (iii) under subsection (c) when the price adjust- 

ment is made,'all adjustments to apply to gas shipped after 

the effective date of the applicable change. 

9.2.16 Quality Adjustment 

Adjustments to compensate for deviations in as-received Btu 

from shall be calculated within fifteen (15) 

days from the close of each calendar month with the calorific 

content of gas delivered during such month being the basis of 

adjustment. The determination of Btu content shall be made 

as provided by above, and shall be the basis for this price 

adjustment. The adjustment shall be the amount derived by 

the following formula: 

(To be determined during negotiations) 
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i0. GOVERNMENT ROLE 

i0.i ENVIRONMENTAL 

During the investigation of permit requirements for the 

project, it was found that definitive regulations were not in 

existence for coal gasification projects. Different views 

were often expressed by personnel within a single government 

agency. Such uncertainty causes an adverse impact on the 

financing of the project. 

It was also found that the same type of permits, air quality 

for example, must be obtained from state agencies as well as 

from the Federal Environmental Protection Agency. Neither 

the state nor federal agency expressed a willingness to issue 

a permit based on the other's recommendations or findings. 

This lack of cooperation will require a duplication of per- 

mitting effort and expense. The government could greatly 

assist the permitting process by establishing definitive 

environmental guidelines and combining federal and state 

permit requirements. 

10.2 DEREGULATIONS 

Rapid and complete deregulation of domestic crude oil and 

natural gas will allow these fuels to rise to world prices, 

thus eliminating the government imposed constraint on the 

competiveness of synfuels. The price of synfuel should not 

be constrained by regulation. 

10.3 FINANCIAL INCENTIVES 

Financial incentives should be given in two categories, 

owner/operator and user. 
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10.3.1 Owner/Operator Incentives 

From the view of the Billings MBG Project, the following 

financial incentives/assistance would expedite the project 

and ensure its commercial success. 

• Grants - Until medium-Btu gas is proven commercially 

viable, grants should be available for feasibility 

studies and engineering for projects of this type. 

The feasibility study grant Northern Resources 

received for this project expedited the project a 

minimum of one year. A follow-on grant for engin- 

eering and permitting would help ease the uncertainty 

arising from inconsistent of nonexistent environmen- 

tal regulations and construction cost uncertainties. 

@ Loan Guarantees -Financial institutions are not 

willing to make the large sums of capital available 

for construction of synfuel plants without strong 

guarantees of repayment. In the case of the Billings 

MBG Project, government loan guarantees will elimi- 

nate the financial barriers and make available capi- 

tal at comparatively reasonable rates resulting in 

lower MBG cost. 

@ Price Supports - Since synfuel parity with conven- 

tional energy is some years ahead, price supports 

are needed to expedite synfuel production if national 

goals are to be achieved. For this project price 

supports would ensure the competiveness of the MBG 

with the natural gas and residual fuel oil that it 

would replace. The price support should make up the 

difference between the refineries' current cost of 

fuel and the sales price of the MBG. The support 
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should be contained until parity is reached. The 

length of time price supports would be needed would 

be dependent upon world energy prices, assuming com- 

plete decontrol of natural gas and crude oil. For 

this project, this period is expected to be 5 to 

7 years. 

Rapid Depreciation - Rapid depreciation would not be 

a good incentive for the Billings MBG Project. For 

projects with a large equity position, rapid 

depreciation would provide some incentive. 

10.3.2 Customer Incentives 

Specific financial incentives for users of synfuel would also 

expedite acceptance and commercial viability. 

Rapid Depreciation - In the case of MBG, retrofit 

costs of the refinery are small in relation to total 

plant cost but are a significant cost during the year 

incurred. Competition with other capital improve- 

ments of greater payback indicates the need for rapid 

depreciation for this type of investment. A one year 

write-off for investment of retrofit costs would 

increase the attractiveness of investment in fuel 

change. 

Tax Credits - Tax credits for the user of synfuel 

would provide more rapid acceptance of the higher 

price fuel. They should be used with price supports 

to achieve parity of the synfuel with fuel being 

replaced. 
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10.4 OTHER GOVERNMENT ACTIONS 

During the investigation of pipeline routes it was found that 

the most direct Koute between the plant site and the Cenex 

Refinery would be along Interstate Highway 90. When the 

local, state, and federal highway right-of-way authorities 

were contacted regarding application for a permit to lay the 

pipeline inside the right-of-way, they said it could not be 

done. The authorities could not provide documentation that 

such permits were prohibited. The government could greatly 

improve the project economics by allowing the pipeline inside 

the highway right-of-way. A savings of two to three million 

dollars in pipeline construction costs could be achieved. 
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ii. MARKET POTENTIAL 

ii.i GENERAL REFINERY MARKET 

The technical feasibility of refineries to use medium-Btu gas 

has been established and documented in other studies. 

Generally, refineries use energy in the form of process heat, 

steam, and electricity. Process heat is developed by furnaces 

and heaters to process crude oii. Steam is produced by 

boilers and is used to power turbines and pumps, in heat 

exchangers, and is used as a stripping agent. Electricity is 

purchased or cogenerated and is used for lighting and to 

power pumps. The refining industry obtains about two-thirds 

of its energy from its raw materials or by-products. The 

remaining one-third is purchased. Table Ii-i provides a 

breakdown of energy sources and its utilization. 

The largest single source of energy is off-gases from the 

refining processes. This refinery gas accounts for over 

40 percent of the industries energy. Other signicant sources 

include natural gas, petroleum coke, residual fuel oil and 

electricity. Overall, the refinery industry accounts for 

4 percent of the total United States energy consumption. In 

1978 the industry consumed the equivalent of 1.4 million 

barrels of crude oil per day in the processing of 

14.7 million barrels of crude oil per day. The potential 

market for medium-Btu gas from coal is the nearly 80 percent 

or 1.1 barrels of crude oil equivalent per day currently 

consumed in the form of refinery gas, natural gas, and 

residual fuel oil. 
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TABLE ii-I 

1978 REFINING INDUSTRY FUEL USE 

Energy Source 

Refinery Gas 

Natural Gas 

Petroleum Coke 

Residual Fuel Oil 

Purchased Electricity 

Liquid Petroleum Gas 

Distillate Fuel Oil 

Purchased Steam 

Coal 

Crude 0il 

1012 Btu's Percent 

1291.7 42.2 

820.6 26.8 

394.8 12.9 

314.6 10.3 

94.8 3.1 

57.1 1.9 

51.7 1.7 

32.9 1.0 

3.2 .I 

2.6 0 

3064.0 i00.0 

°" i, 

Source: "Crude Petroleum, Petroleum, and Natural Gas Liquids: 
" U S. Department of Energy, DOE/EIA-0108/78 1978, . 

11-2 

" '  ' t 
~' ~ev o 



It is recognized that replacing the refinery gas could 

require large capital expenditures to construct additional 

facilties to make marketable products from the refinery gas. 

Accordingly, the initial market potential would be limited to 

replacement of natural gas and residual fuel oil which 

require small expenditures for retrofitting. 

Natural gas and residual fuel oil represents a total market 

of 3.1 x 1012 Btu per day. In terms of gasification units 

of a 3.5 x 109 Btu per day nominal production (the size 

considered for this project), this market size indicates a 

potential of over 880 gasifier units producing the equivalent 

of 534,000 barrels of crude oil per day. Constraints such as 

availability of cheap coal, locations near the coal source, 

and current prices for natural gas would tend to limit early 

development to specific areas of the United States. The 

first targets should be in those areas with high natural gas 

prices (those dependent on imported natural gas) and/or those 

areas highly dependent on imported crude oil and with good 

markets for residual fuel oil. 

11.2 BILLINGS MBG PROJECT MARKET POTENTIAL 

The basic market approach utilized by Northern Resources is 

to size the gasification plant to the demand of a specific 

group of customers committed to the purchase of the industrial 

fuel gas. The potential for plant expansion is limited to 

the expansion plans of these committed customers. Since it 

is possible that a new MBG customer could locate near the 

Billings MBG Project, additional land was purchased and no 

cost or very inexpensive considerations for possible expansion 

is to be incorporated in the final design. The approach of 
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establishing plant size to committed customers ensures a very 

high load factor, enables selling of the MBG at the most 

advantageous price, and eases financing of the project. 

11.3 OTHER MARKETS 

MBG as primary fuel and feedstock for other industries, 

offers a broad market much larger than petroleum refining 

alone. Based on industrial usage of energy in gross terms, 

Northern Resources perceives the industrial fuel gas market 

in total being several times as large as the refining 

industry. The market is broad and includes all users of 

natural gas and fuel oil. The limiting factors are perceived 

to be size (minimum of 7.0 billion Btu per day), and load 

factor (24-hour per day, 7-day per week demand). Studies by 

others indicate this market could approach 900 plants 

supplying 3.0 quads of energy per year. 
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.If~r,'~. :~,:o. ,.~. ~avi~ limb 2.c. 

SALT LAKE CITY, UTAH 

II I II I 

SErViCE: Instrument Air, Plant 
Air, inert gases 

CU~RO~ION ALLOWANCE: .i inches 

ANSI Rating: 150 ib 

~gXIMoh DESIGN PRESSURh: 

303 psig. PNmUMATIC TEST AT: 

VALVES 

Check 

Globe 

Gate 

Bail 

TUblhG 

F IT'~' l& GS 

Tubings 

I I I I 

| Speo .o. , 

Rev. O 

~l 81 ? 8 . . . .  

Sheet I of 3 

CONSTRUCTION MATERIAL: I/2" and smaller 
tubing I/2" thru 3" screwed, 3" thru 12" 
but~weld and Flange. 

G&NEHAL I~ATEnlAL: Copper tubing and 
carbon steel pipe. 

T~PERATUk& RANGE: -20°F to 300OF. 

275 psig at lObby o r  230 bsig at 300°F. 

I/2" anO smaller 
1/2" thru 3" 
3" thru 12" 

1/2" and smaller 
i/2" tbru 3" 
3" thru 12" 

I/2" and smaller 
1/2" thru 3" 
3" thru 12" 

Pipe 

FLANGES 

I/2" and smaller 
1/2" thru 3" 
3" thru 12" 

1/2" and smaller 

URIFiC~ FLG 

I/2" thru 3" 
3" thru 12" 

i/2" and smaller 

i/2" tbru 3" 
3" thru 12" 

i/2" thru 3" 
3" thru 12" 

I/2" thru 3" 
3" tnru !2" 

VC 10A 150# scrd bronze lift type 
VC-10A 150# sord, bronze lift type 
VC-18A 150# flanged, C.~., swing type 

bse VG !OA 
VO-IOA 150# sord, bronze 
VO-18A 150# flanged carbon steel 

VG-IOA !50# serd bronze 
VG-IOA 150# scrO bronze 
VG-I~A 150# flanged carbon steel 

VG 10A 150# scrd Bronze 
VB-45A 600# scrd Carbon Steel 
VB-iSB flanged carbon steel 

Copper 0.032 Wall Astm 568 or Astm B75 

Astm A53 GrB Type h or Astm AI06 Gr5 Sch 80 
Astm A53 Gr5 Type 5 or Astm AI06 
GrB ~td wall thickness 

A-2 

~wagelock tubing braas tubing f i t t i n g  or 
approved equal 

3000¢ Forged steel sord Astm AI05 
~td Wall, buttweld fitting Astm A 234 WP5 

150# RF tnreaded, Astm Al05 
150" RF Weldneck with ~ne same bore as ~ne 
adjoining pipe Astm AiOb 

300# RF threadea, Astm AI05 
300# RF ~.e!dneck, Same bore as the 
adjoining pipe Astm AI0~ 

P :: 
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5pec No. !CC 

Rev. 0 
I 

8 /7b  

Sheet 2 o£" 3 

" UNIEhS 

Tubing 

Pipe 

PLUGS 

NIFPLES 

REDUCERS 

Tubing 

Piping 

GASKETS 

BOLTING 

112 j 

3/4 j 
lJ 

ly=t 

2" 

2½ d 

3q 

4 j 

6 s 

10e 

12* 

I12" and smaller 

i/2" thru 3" 

i12" thru 3" 

1/2" thru 3" 

Swagelock brass union or approved equal 

3000# Forges Steel Steel to Steel seats 
Astm A105 

3000# Forged Steel bull plug, Ast= A!05 

Threaded bo th  ends, Sch 80, Aatm A106 

I/2" and smaller 

112" thru 3" 

3" thru 12" 

Swagelock Brass reducer or approved equal 

Swage Scn~o Astm A234 TBE Astm A234 WPB 

Buttwelded reducer Std wall thickness Astm 
A234 ~PB 

150# i/Ib" compressed asbestos - flat ring. 

Studs Astm A-193 Gr b-7 with A194 Gr 2H 
hvy Hex Nuts  

BRANC}t (. ONNLLTION 

Z4'120' lS ~ tS. :14" lUr  !0- I a'[ S' 
IL L IL L 
L L L L 
L L L L 

! 

11 ' L L L I. I. F/[ F T 
i 

I. L L L T.T~/I T 

HEAOER Sm?£ 

,", 2" [,-.," ,',: I,:', 
L 1 F F L T 
L If-/ F F I F , T 

F / T 

LI~%I~. !_W!.IW- LI~. T CODE 
W R I H H T C=COUPLING 
H H I H T E=EXTRUSION 

H H T F=TEE w/SWAGE OR RE JCER 
H T H=TEE; REDUCING OU1LET 
T L'=THREDOLET. SOCKO ET 

R ,STtJB.IN. REINFOHCED 
S=STUB.IN. PLAIN 
T=TEE, STRAIGHT 
W;WELDOLET 
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SALT~K~ c ,~ .  UTAH 

Spec No. ICC 
q 

Rev. 0 

NOTES: 
| 

I. Vents shall be 314" coupling with plug. 

2. Drains shall be 3/4" coupling with plug. 

. The temporary valves used to accomplish the hydrostatic test snail be removed 
upon the request of the customer. 

. ASTM A53 GR b smls pipe may ~e substitu~e~ for ASTM AI06 G~ B pipe when A53 
G~ B smls is available. 

. When Engineerfng judgement dictates, buttweld valves may be used in place of 
flanged valves. See Specification Sheets VG-2OA, VU-2OA, VB-20A and 20b, and 
VC-2OA. 

. For instrument connections use 3000# FS Scr'd. AST~ A-lOS half couplings or 
t~u-eadolets. 

. When Engineering judgement dlcates the i/~" to 3" size screwed requirement 
may be char~ed to a buttweld or socketweld design. 

8. All underground piping shall be welded. 
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Rev. 0 

8178 

Sheet 1 of 3 

$ERVIC~: Flre water, Potable 
Water, Procesm Water 

COREOSIO~ ALLOWANCE .i ~ncb 

ANSZ EA~NG 150 ib RF 

CONSTRUCTION PLATER!AL: ~12" t.h~ul-112" acrewed, 
2" tbru 24" butweld and flange. 

GENERAL MATERIAL: Carbon Steel 

TEP~=RAT~RE RANGE -20O~o ~00 o 

P~ZIMbM DhSIOh PRESSURE 275 pslg at  lO0°F or 200 ps lg at  400oF 

5~DROSTATIC TEST at ~25 psig 

VALVES (See Note 5) 

Check I-I12" and smaller 
2" and larger 

Globe 1-1/2" and smal ler  
2" and larger 

Gate I-I/2" and smaller 
2" and larger 

But te rtly 2" thru 12" 
2" t~uru 6" 

PXPE 1/2" thru 1-112" 
1/2" thru 1-1/2" 
2" tbru 24" 

F ITT IhGS 

FLANGES 

1/2" thru 1-1/2" 

1/2" tbru 1-1/2" 
2" ~hru 24" 

I/2 a thru I-I/2" 

2" thru 24" 

ORIF. FLGS. 

UNIONS 

1/2" tbru 1-112" 
2" tbru 24" 

1/2" tbru  1 - 1 / 2 "  

. 1/2" thru I - 1 /2 "  

VC-IOA 150# sord, bronze, l l f t  type 
VC-18A 150# f langed, swing type 

VO-10A 150# scrd, bronze I S ~  
VO-18A 150# flanged, O3&~ 

YG-IOA 150# serd ,bronze ISP~ 
VG-20A 150# but#weld, OS&~ 

~-22C 150# wa/er, C.3 body 
VF-16A 150# water, Cl body, (Firewater) 

ASTM A120 Galvanized Sch. 80 
ASTM A53 Gr.B Type E or AI06 Gr.B Sch. 80 
A~TM A53 Gr.B Type E or ASTM AI06 Gr.B. 
Std ~all Tbicknesa 

300# P~illable iron, scrd, Ga!v. ASTM A47 
Gr. 32510 
30000 AST~ A 105 Sob. 80 
Std Wall, but#weld tlttings ASTM A23~ W~B 

150# ~F (FF it companion flange is F~), 
threaded, A~TM AI05 
150#hF (FF if companion flange is FF), 
weldneck, same bore as the adJolnir~ pipe, 
ASTM AI05 

300@ RF, threaded, ASTM AI05 
300# RF weldneck,same bore as the adjoining 
pipe, AST~ A105 

300# ~sllable iron, Galv. metal to metal 
seats - A~TM A~7 Gr 52510 
• 3000# F.S. ASTM AI05 metal to metal seat= 
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Spec No. ~CA 

Rev. O 

817~ 

Sheet 2 of 3 

PLUC~ 

HIPPLES 

REDUCERS 

GASKETS 

BOLTING 

1 /2 "  thru 1 - 1 / 2 "  

1 /2 "  tbru 1 - 1 / 2 "  
1 /2 "  thru 1 - 1 / 2 "  

1 /2 "  tbru 1 - 1 / 2 "  

1 /2 "  thru I-I/2" 
2" tbru 2~" 

300C# FS, bull plug.- ASTM AI05 

S~h 80, T~E - A~TM A120 G&/v. 
Sch ~0, TBE - ~TM AI06 

Reducer Coupl i~ ,  Galvanized AS~M 47 
Gr 325 I0 
Swage Sch 80, TBE - A~M AI06 
Buttweld reducer with ~td wall thickness, 
A.STM A23~ WPB 

150# 1 /16"compressed  ~sbes to~  - f l a t  r i n g  
(fuZZ face for FF ~ian~es) 

Studs  - ASTM A-193 GR B-7 WIA-194 GR 2E 
Hvy Rex Nuta 

BRANCH CONNECTION 
H E A D E R  'S IZE  

~ #  i L L L L L t L 
3.,4' L L L L L L L 

I l L L L L L L L 

~'̂ ~ L L L L L L L 

i = S S S S S S S 

~!~' w w w w w w H. 
z G ~ W W W W WI H H 

=,G'w w w w w! H 
ioo W W W H H H T 
~2' W W W H H! T 

~* W W W R ,'F' 
, e w  V i-i T,I  
'ls"l W W T 

2~ # WT T 

nmu= mmummmmmB m| 
n n n n i m n m . u m  
L L L L L" T 

S S H H T 

H ,H H T 

H' R T 

H T 

T 

C006 
C=COUPLING 
E=EXTRUSION 
F - T E E  w / S W A G E  OR R E D U C E R  
H-TEE; REDUCING OU1 ET 
L~THREDOLET,  SOCKCLET 
R - S T U B . I N .  REINFORCE 
S-STUB-IN, PLAIN 
T-TEE. STRAIGHT 
W=WELDOLET 
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' ~ ~ I Spec No. ~CA 

- -  -- , L m m  ~ ---- 

NOTES: 

I. Vents shall be 3/q" ooupllnE with plug. 

R. Drains shall be 3/4" coupling with plug. 

3. The temporary valves used to accomplish the hydrostatic tee~ shall be removed 
upon the  reques~  o£ tl~e ~ustomer.  

4. A3TN A53 GR B sml~ pipe may be aubatltuted for A~TH AI06 GR B pipe when A53 
GR B smls is not available. 

5. When EnKineering Judgement dictates, buttweld valves may be used in place of 
flanged valves. See 3pe~i/icatlon Sheets VG-20A, VO-2OA, and VC-2OA. 

6. For instrument connections use 3000# ES A~TH AI05 3cr'd half couplings, 
threaolets, or 300# ~alla~le iron scr'd Te~ A~TH k-~7 Gr 32510 

7- When E~Ineering Judgement dlcta~es tale 1/2" to I I/2" 3ize screwed ~equire- 
ment may be changed ~o a bu~tweld or socketweld deslgn. 

8. All underground plplng shall be welded. 
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SALT I,.AKf- ClIY. UTAH 

- -  I I I I I~ I I I I I  II 

i Spec No. I~,B 
[. , 

~ev, 0 
III 

b/'[~ 
I 

Sheet 1 of 3 
-" | ! " I III 

SERVICE: Flammable Gases, 
Steam, Condensates, 
Hydrocarbon liquids 

CONSTRUCTIuN hAT~Rl~L 1/2 thru I-I/2 
soc~etweld 2" thru 14" buttweld and flange 

CORRQSIO~ ALLOWANCE i inch GENERAL MATERIAL Caroon Steel "' 

ANSI RATING 150 Ib IEMPERATURE RANGE -20oF to 40OOF 

MAXIMUM DESIGN PRF~SDRE 275 pslg at i00°~ or 200 psig at 400OF 

HYDROSTATIC TEST at 425 psig 

VALVES (See Notes 5 and 9) 

Check 112" thru I-I/2" 
2" thru 14" 

Plug 

Eall 

Globe 

Gates 

Butterfly 

PIPE 

~ITTINGS 

FLANGSS 

ORIF. FLGS. 

UNIONS 

I/2" thru 1-I/2 
2" thru 4" 
6" thru 14" 

I/2" thru I-I/2" 
2" thru 4" 

I / 2 "  thru' 1 - I / 2 "  
2" thru 14" 

I/2" thru 1-I/2" 
2" thru 14" 

2" thru 12" 

I/2" thru I-I/2" 
2" thru 14" 

I/2" thru I-I/2" 
2" thru 14" 

I/2" thru 1-I/2" 
2" thru 14" 

I/2" t~ru 1-112" 
2" thru 14" 

1/2" thru 1-112" 

VC-49A 600# swing check, socketweld 
VC-18A 150# swing check, flanged 

VP-27A 300# screwed (seal welded) 
VP-18A 150# flanged 
VP-16B 150# FlaDged 

VS-12D 150# socKetwelc 
VS-l~b 150# ~'langed 

VO-49A 600# socketwelo 
VO-18A 150# flanged 

VG-30A 300# socketweld 
VG I~A 150# flanged 

VF-22C 150# wafer, CS body 

ASTM A53 GrB Type E or AI06 GrB Sen. 50 
ASTM A53 GrB Type E or AI06 GrB Std Wall 
thickness 

3000#FS, socketweld ASTM AI05 
Std Wall thickness, buttweld fittings ASTM 
A234 WPB 

150# HF, socketweld, ASTM AI05 (see hote 9) 
150~ RF, weldneck, same bore as the 
adjoining pipe,ASTM AI05 (see Note 9) 

300# RF, aocketwe!d, ASTh AI05 
300# HF weldneck, same thickness as bore 
as the acjoining pipe, AST~i AI05 

3000~ FS, Steel to steel seats - AJTM AI05 
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SAL1 LAKE C| lY,  UTAH 

I I Nil 

PLUG5 

NIPPLES 

~EDUCERS 

I 

I I I IIII 

1/2" tnru I-i/2" 

I/2" thru I-1/2" 

1/2" thru 1-1/2" 
2" thru lq" 

GASKETS 

BOLTING 

• i i  ii 

Spec No. ICB 

Bey. 0 
I I 

~/78 

Sheet 2 o£ 3 

3000# FS, bull plug, ASTM AI05 

Sch 80 plaln both ends, ASTM A106. 

SwaEe Sch.80 plain Ooth ends ASTM A234 WPB 
Bu~twelded reducer with the stJ wall 
thickness, A.STM A23q WPb 

1.50# 1/8" Spiral Wound 304 SS w/asbestos 
tiller Flexitalllc Style CG 

Studs - A-~Tm A-193 OR ~-7 w/A-194 GR 2H 
Bvy hex Nuts 

3 / 4  I 

t ¢ 

2" 

3q 

4 ~ 

6' 
8' 

I0 I 

12d: 

BRANCH CONN[CTION 
== 

HEADER SIZE 

2,' ~Q' ~'  ,6" ,," i t '  ",o '~ " I  s' '"J ~'I~'." 2"I,~"I,',." 
. . . .  L L L LIL L LJ L i .  

L L L L L L L I  H ~ H 
L L L L L L H H , H 

L I. L L i L H il It T 

mm mm.-m wmm[m=m mmJ 

I "  t314"1112l 

I 

W W W 
W W H 

w,, li H 
H H H 
H H T 
H T 

H H H T 
H H T 

H T 

T 

CODE 
C = C O U P L I N G  
E=EXTRUSION 

F=TEE w/SWAGE OR REDUCER 
H-TEE: REDUCING OU" LET 
L;THREDOLET, SOCKOLET 
R=STUB-IN. REINFORCED 
S=STUB.IN. PLAIN 
T=TEE. STRAIGHT 
W=WELDOLET 
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SALT LAKE CITY. UTAH 

I I I III II I 

i i | I I 

I I 

Spec No. ICB 

Rev. 0 

8/78 

Sheet 3 of 3 
I I I I  i I 

NOT&S: 

I. Vents shall be 3/4" coupling or threadolets with plug. 

2. Drains shall be 3/4" coupling or threadolets witn plug. 

3. The temporary valves used to accomplish the hycrostatic test shall oe removed 
upon the customer's request. 

4. A~TM A53 GR B smls pipe may De suOstituted for ASTM AI06 GR B pipe when A53 GR 
5 smls is available. 

. When engineering judgement dictates, 5uttweld valves may be usec in place of 
flanged valves. See Specification Sheets VC-2OA, VB-20A & 20~, V O-2OA, and 
VG-2OA. 

6. For instrument connections use 3000# FS Scr'd. ASTM A-IO5 half couplings or 
threadolets. 

. 

. 

9. 

~hen engineering judgement dlctages the I/2" to I-I/2" size socketweld design 
may be changed to a buttweld or screwed design. 

All unoergrcund piping shall be socketwelded or buttwelded. 

All gas service containing free hydrogen gas shall be a minimum of 300# ANSI 
class rating, all screwed connection shall be seal welded, and all screwed 
instrumentation connections shall be seal welded up to the first block valve. 
For Flanged Valve use specification sheets VC-33A, VP-33A & B, VB-33A and 
VG-33A. 
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SAtT tAKE CITY. UTAH 

III I imm HI ! 

Spec No. 3C5 

Rev. O 
ml, 

8/7~ 

Xbeet I of 3 

SERVICE: Flammable gases, 
hydrocarbon liquids, 
steam, condensa~es, 
re~ r igerant s 

CORROSION ALLOWANCE .i inch 

CONSTRUCTION MATERIAL 1/2 thru 1-1/2 socket 
welded 2" thru 12" buttweld and flange 

.° 

GENERAL MATERIAL Carbon Steel 

ANSI RATING 300 ib ~F 

MAXIMUM DESIGN PRh~SUR5 740 psig at IO0°F or 635 psig at 400OF 

T~IPERATb~E RANGE -20OF to 400°F 

h~DROSTATIC TEST at Iii0 pslg 

VALVES (See Note 5) 

Check 

Plug 

Ball 

Globe 

Gate 

Butterfly 

I/2" thru I-i/2" 
2" thru 12" 

i/2" tbru l-i/2 
2" thru 4" 

i/2" thru i-I/2" 
2" thru 12" 

I/2" thru i-i/2" 
2" thru 12" 

i/2" thru 1-1/2" 
2" thru 12" 

3" thru 12" 

I/2" thru i-i/2" 
2" thru 12" 

FITTINGS 112" thru i-I12" 
2" thru 12" 

VC-61A, o00# lift check, socket weld 
VC-33A, 300# awing check, flanged 

bse VG-30A 
VP-33A & 5, 300# plug, flanged 

VG-3OA, 600# ball, socket weld 
VB-33A, 300# ball, flangeC 

VO-73A, 8OO# gobe, socket weld, ES 
VO-33A, 300# globe, flanged 

VG-3OA, 800# gate, socket weld 
VG-33A, 300# gate, flanged 

VF-3OA, 300# wafer, 

ASTM A53 GrB Smls or Al06 GrB Sct~ dO 
ASTM A53 GrB Smls or AI06 GrB Std Wall 
thickness 

3000# FS, socket welded ASTM AI05 
buttweld fittings, Std wall thickness - 
AS~M A234 WPB 

FLANGES 

ORIF. FLGS, 

i/2" ~hru I-1/2" 

2" thru 12" 

I/2" ~hru I-!/2" 

2" thru 12" 

300# RF, socketwelded, same bore as the 
adjoining pipe,'ASTM Al05 
300# RF, weldneck, same bore as the 
adjoining pipe, ASTM AI05 

300# RF, Socketweld, same bore as the 
adjoining ASTM AI05 
300# RF, ~eldnec~, same tore as the 
adjoining ASTM Ai05 
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UNIONS i/2" thru I-I12" 

PLOGS 1/2" thru I-i/2" 

REDUC~-RS I12" thru I-I12" 
2" t~ru 12" 

GASKETS 

BOLT I hG 

3000#FS, Socketweld, steel to steel seats 
ASTM AI05 

3000# FS, bull plug - ASTM AI05 

Swage Sch 50, plain end - ASTM A234 
buttwelded reducer, Sic wall thickness, 
ASTM A234 NPB. 

300# spiral wound, i18", type 304 SS coils 
w/asbestos filler-flexitallic Style CG 

Studs - A193 G~ B-? w/A-19q GR 2H hvy hex 
Nuts 

1 1 2  I 

3 : 4 "  

1' 

1 : % "  

IV~£! 

2 ~  41 

N 

1~ ~ 

~o ~ 

l~li' 

0RANCH CONNECTION 
H E A D E R  S I Z E  

24'120" 18" 16",, 14", 12" 10" S' 61 41 3 I 
L L L L l, 
L L L L L L 

L L L I. L tt 

I 

TI L H H H 
H H II T 

H 11 TJ 

L L L L tl tt H T 

S S S $ II II T 

W W 
W H 

W H 
H H 
H T 

T 

II H II T 
H tt T 

H _T 
T 

CODE 
C=COUPLING 
E=EXTRUSlON 
F=TEE, w/SWAGE OR RED 
H=TEE; REDUCING O U T L E T  
L=THREO'OLET,  SOCKOL T 
R =STUB-IN.  REINFORCED 
S=STUB-IN, PLAIN 
T=TEE. STRAIGHT 
W=WELOOLET 

ER 
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SALT tAKE CITY. UTAH 

P 

I III I . . . .  I 

Spec No. 3C8 
II I __ I 

Rev. O 

dlTb 
I .... I 

Sheet 3 of 3 

NOTES: 

!. Vents shall be 3/~" thredolet with plug. 

2. Drains shall be 3/4" threaolet with plug. 

3. The temporary valves used to accomplish the hydroutatic test s~all be removed 
upon customer request. 

q. When engineering judgement dictates, buttweld valves may be used in place of 
flanged valves. See Valve Specification $~eets VC-36A, VP-36A, VB-34A & B, 
NO-36A, and VG-36A. 

5. For £nstru~nt connections use 3000# FS. ASTh A-105 threadolets or screwed 
half couplings. 

b. Wnen engineering Judgement dictates, the i12" to i-i12" size socketwe!d 
requirement may be changed to a buttwelded or screwed design. 

7. All underground piping shall be welded. 
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SALT LAKE CITY. UTAH 

I I 

Spec No. 6CB 

Rev. 0 

8178 

I Sheet 1 of  2 
! 

I I ,~i 

SERVICE: Flammable gases, 
steam, condensates, 
refrigerant hydro- 
carbon liquids 

COhaOSION ALLOWANCE .I inches 

CONSTkbCIION MATERIAL: 1/2" thru I-I/2" 
socketweld 2" thru !2" bu~tweld and flange 

GhNERAL MATBnlAL: Carbon Steel 

ANSI Rating bOO Ib TEMP~KA'fUk~ kA~GE -20OF to 750OF 

MAXIMU~ DE~IGN PRKSSUR~ lqO0 psig at lO0°F or o85 psig at 750°F 

hYDkOSTATIC TEST at 2220 psig 

VALVES 

Check i/2" thru 1-1/2" 
2" thru 12" 

VC-61A, ~00# swing check, socketweld 
VC-54A, 600# swing check, buttweld 

Rlug I" thru 1-1/2" 
2" thru 6" 
6" tbru 12" 

Use ball valve 
VP-54A, 600# plug, buttweld 
Use Butterfly valve 

Ball i/2" thru i-l/2" 
2" thru 4" 
6" thru 12" 

VB-46A, 600# ball, socketweld 
VB-5OA, 600# bail, buttweld 
VB-50B, 600# ball,  buttweld 

Globe I/2" thru 1"1/2" 
2" thru 12" 

VO-61A, ~00# globe, FS socketweld 
VO-54A, 600# globe, Outtweld 

Gate 1/2" thru I-i/2" 
2" thru 12" 

VU-60A, 500# gate, socketwe!d 
VG-54B, 600# gate, buttweld 

butterfly 3" thru 12" VG-50A 600# wafer 

PIPE 1/2 thru i0 

12 

Astm A53 OrB smls or Astm AI06 Gr5 x 
Strong wail thickness 
Astm A53 GrB Smls or Aatm AI06 GrB Son 50 " 

iITI.~O I/2" tbru I-I/2" 

I/2" tbru 12" 

Socketweld fitting xstrg wall thickness 
ASTM AI05 
Buctwelded .fitting with the same wall 
thickness as the adjoining pipe ASTM A234 
WPB 

FLANGES I/2" tnru 12" 6009 RF, weldneck wi~n ~he same ogre as the 
adjoining pipe, ASTM AId5 

PLUGS I/2" Chru 1-1/2 3000# FS, bull plug ASTM AI05 
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jFor~ "~. :+~.~,:ott ~. ?~'i+ ~tt,i+ ~n¢. 
SALT LAKE CITY. UTAH 

I II  

" ! +,+o .o .  +++ i 
! .°v. 0 _ j  

H 
Sheet of 2 

REDUCERS 112" thru i-i/2" 
2" thru I0" 

12" 

Swage plain end xstrg ASTH A234 hPB 
5uttwelded reducer, xstrg wall thlckness 
~5Th A234 hPB 
5uttwelded reducer, Sch 80, ASTM A234 
6PB 

GASKETS 

BO LT ~NG 

NOTkS: 

600# 118" spiral wound, 304 ~S winding, 
asOestos filled, flexltalllc type CG 

Studs - ASTM A193 GR S-7 w/A-194 GR 2H Hvy 
Hex Nuts 

BRANCH CONNLCTION 

HEAOER SIZE 

~/2' . L L t L t L I. I t_ 
i,~'4~lr 7L L L L L L L 

I' iL L L L L L L " 
flY." 

i~' [L L L L L L L T 

2; i w w w l u T I 
; 2:,,, i I 

+' [ I, ;w w tt I It t{ T COOE 
4' 'W H H H T 

6' :it H H T 

s' H H T 

~oJ !H T 
, )  

12+ T 

L LiT,  I 
L,  T 

C"COUPLING 
£=EXTRUSION 
F=TEE w/SWAGE OR REDUCER 
H=TE£. REDUCING OUT LET 
I--= TH R E DOLET. SOCKOLET 
R=STUS.IN. REINFORCED 
S'- STU 8.IN, PLAIN 
T-: TE £, STRAIGHT 
W'WELDOLET 

i, Vents shall be 3/4" thredolet with •plugs. 

2. Drains shall be 3/4" thredolet with plugs. 

3. The temporary valve used to accomplish the hydrostatic test shall be rgmoved 
upon customer request. 

. When engineering judgement dictates, RF flanged valves may replace outtwe!c 
valves. See Valve Specification Sheets VC-51A, VPA & B, ~B-SIA & 5, VO-SIA, 
and VG-52A. 

5. ~'or instrument, connections use 3000~ ~'3 Ser'd. AS'IN A-105 ~,ai{' coupli~,gs or 
Thredolet and use Valve VG-5oA. 

b. For hi6h .pressure grease and ell piping when no corrosion allowance is neec~d, 
see the engineer for maximum prus~ure  and tempe:'ature limiSs. 

A-IS 
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ISBL PRELIMINARY DESIGN DRAWINGS 
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4.3.9 

ITEM 

SINGLE-LINE EQUIP. LIST. 

AREA 100 

NO. REQUIRED DESCRIPTION 

A-101 

A-102 

B-102 

BN-101 

BN-102 A,B 

BN-103 A,B 

BN-104 A,B 

CO-101-1 A,B 

CO-101-2 A,B 

CO-102 A,B 

CO-I03 

CY-101- A,B 

D-101 A,B 

D-102 A,B 

D-103 A,B 

Dr-101 A,B 

E-101 A,B 

E-102 

E-103 

FE-101 

FE-102 A,B 

FE-104 A,B 

FE-105 A,B 

H-101 A,B 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

2 

2 

Settler Rake 

Additive Mixer 

Start-up Blower 

Weigh Belt Feed Bin 

Coal Feed Bin 

Lock Hopper Vessel 

Coal Feed Surge Vessel 

Gasifier Screw Feeder #1 

Gasifier Screw Feeder #2 

Char Removal Screw Conveyor 

Coal DistributingConveyor 

Dry Cyclone 

Steam Drum 

Steam Blowdown Drum 

Product Gas Separator Drum 

Raw Coal Diverter 

Product Gas Condenser 

Char Slurry Purge Heat Exchanger 

Char Slurry Purge Cooler 

Coal Weigh Feed Belt 

Lock Hopper Rotazy Feeder 

Heat Recovery Rotary Feeder 

Dry Cyclone Rotary Feeder 

Boiler Feed Water Heater 

D-5 
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p. 

ITEM 

H-102 A,B 

H-103 A,B 

H-104 A,B 

LV-101 A,B 

LV-102 A,B 

LV-103 A,B 

P-101 A,B 

P-101-1 

P-102 1,2 

P-103 1,2 

P-104 1,2 

R-101 A,B 

S-101 A,B 

S-I02 

T-101 

T-102 

T-103 

NO. REQUIRED 

2 

2 

2 

2 

2 

2 

2 

1 

1 + 1 (spare) 

1 + 1 (spare) 

1 + 1 (spare) 

2 

2 

1 

1 

1 

1 

DESCRIPTION 

High Pressure Steam Boiler 

Start-up Burner 

Radiant Boiler 

Sleeve Valve 

Lock Hopper Inlet Valve 

Lock Hopper Outlet Valve 

Venturi Circulation Pump 

Venturi Circulation Pump (common 
spare) 

Char Sludge Pump 

Scrubber Water Return Pump 

Additive Metering Pump 

Winkler Gasifier 

Venturi Scrubber 

Vent Scrubber 

Scrubber Water Return Pump Tank 

Settler Tank 

Additive Mix Tank 

4 

f 

AREA 200 

ITEM NO. REQUIRED DESpRiPTiON 

BN-201-1 A,B 

BN-201-2 A,B 

BN-202 

C0-201 A,B 

C0-202 A,B 

C0-203 

2 

2 

1 

2 

2 

l 

No. i Char Lock Hopper 

No. 2 Char Lock Hopper 

Dry Char Storage Bin 

Char Collection Conveyor 

Char Transfer Conveyor 

Char. Blending Conveyor 

D-6 
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ITEM NO. REQUIRED 

CO-204 

DV-201 A,B 

FE-202 

LV-201-1 A,B 

LV-201-2 A,B 

LV-202-1 A,B 

LV-202-2 A,B 

VB-201 

1 

2 

1 

2 

2 

2 

2 

1 

DESCRIPTION 

Char Distributing Conveyor 

Char Diverter Valve 

Dry Char Rotary Feeder 

No. 1 Char Lock Hopper Inlet Valve 

No. 2 Char Lock Hopper Inlet Valve 

No. 1 Char Lock Hopper Outlet Valve 

No. 2 Char Lock Hopper Outlet Valve 

Char Bin Activator 

D-7 
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APPENDIX E 

MAJOR EQUIPMENT COST ESTIMATES 
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p . 

OSBL Major Equipment Quotes 

Detail specifications were developed for nmjor pieces of equipmenZ 

within the 0SBL facility. These speci{ications were then sent out for bids 

and quotations from vendors were received. After a preliminary bid evaluation 

successful vendors w~re identified for all items of equipment. 

This Appendix shows the list of all equipment specifications, 

Inquiry numbers and bid dates. 

An equipment list was also developed to identify each piece of 

equipment and its supplier along with the adjusted equipment price. The ad- 

justed prices are the bid prices from the vendors, adjusted to suit the re- 

quirement of the OSBL plant. 

E-2 
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SYSTEM EQUIPMENT ITEMS INCLUDED 

ITEM NO. NO. REQUIRED 

100-2501 
Coal Feed System 

BN-101 1 
BN-102 A,B 2 
BN-103 A,B 2 
BN-104 A,B 2 
CO-101-1 A,B 2 
CO-10 I-2,A,B 2 
CO-i03 1 
DY-101 A,B 2 
FE-101 ! 
FE-102 A,B 2 
LV-101 A,B 2 
LV-102 A,B 2 
LV-103 A,B 2 

100-2502 
Gasifier w/Refractory B-102 1 

H-103 A,B 2 
R-101,A,B 2 

100-2503 
Waste Heat Recovery D-101 A,B 2 

D-102 A,B 2 
FE-104 A,B 2 
H-101 A,B 2 
H-102 A,B 2 
H-104 A,B ~. 

100-2504 
Particulate Removal CD-102 A,B 

CY-101 A,B 
D-103 A,B 
E-101 A,B 
FE-105 A,B 
P-103 1,2 
S-101 A,B 
S-I02 

2 
2 
2 
2 
2 

1 + 1 (spare) 
2 
1 

100-2505 
Char Thickening System A-101 

A-102 
E-102 
E-103 
P-101 A,B 
P-101-1 
P-102 1 , 2 
P-104 1,2 
T-I01 
T-102 
T-103 

1 
1 
1 
1 
2 
1 

I + 1 (spare) 
1 + 1 (spare) 

1 
1 
1 

..° 
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sYSTeM 
ITeM NO. NO. REQUIRED 

2 o o - 2 s o l  
Char Handling System BN-201-2 

BN-201-2 A,B 
BN-202 
CD-201 A,B 
CD-202 A,B 
CO-203 
CO-204 
DY-201 A,B 
FE-202 
LV-201-1 A,B 
LV-201-2 A,B 
LV-202-1 A,B 
LV-202-2 A,B 
93-201 

2 
2 
1 
2 
2 
1 
1 
2 
1 
2 
2 
2 
2 
1 

.. 

% 

q 

J 
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