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ABSTRACT

Before construction is  started on a mine, the expected p r o f i t a b i l i t y  

o f the p ro jec t must be determined. To obtain a p ro f i ta b le  s ta tu s , the 

product, in th is  case c o a l, must be sold under the terms o f a long-term 

contract agreement. The company personnel who negotiate and sign the 

agreement should be knowledgeable in the f ie ld  o f f in a n c ia l analysis. 

However, the complexity o f mining agreements requires the involvement of 

various d isc ip l in e s  inc lud ing legal and engineering, where knowledge of 

f in a n c ia l analysis is  not required. This inves tiga tion  was designed to 

present a procedure tha t could be used by no n -f in a n c ia lly  oriented 

personnel fo r  evaluating p r o f i t a b i l i t y .

A computer program was developed fo r  computing a discounted cash 

flow  rate o f return analysis fo r  the proposed coal mine. The values fo r  

the input factors  to the program were based on previous experience or 

past trends with adjustments fo r  fu tu re  years. The net present value and 

the rate o f return were computed fo r  the base year. I f  the net present 

value is  pos it ive  and the rate o f re turn is  la rger than the minimum base 

rate set by management fo r  investments, the pro jec t is  considered to be 

p ro f i ta b le .  However, because o f the complexity o f the mineral industry , 

the involved fac tors  in the f ina nc ia l analysis do not remain constant 

over a long period o f time.

To consider these v a r ia t io n s , each fa c to r  was varied in d iv id u a l ly  by 

a f ixed  percentage using a s e n s i t iv i t y  ana lys is . The s e n s i t iv i t ie s  of

i i i
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the net present value and the rate o f re turn to the va r ia t ion  o f the 

factors  are found from th is  analysis. The fac tors  can then be used fo r  

input fo r  the simulation and r is k  analysis.

The simulation and r is k  analysis u t i l iz e d  the discounted cash flow 

rate o f return method and a simulation technique w ith random numbers to 

evaluate the chance o f success fo r  a p ro jec t. The values o f the factors 

are allowed to vary randomly w ith in  a pre-determined range. A fte r  many 

simulations the p o s s ib i l i t y  o f success or fa i lu re  can be evaluated. 

Further analysis were conducted on negative net present values and rates 

o f re turn less than the minimum discount rate set by the company to 

estab lish  the in f lu e n t ia l  fac tors  fo r  fu r th e r  assessment.

For th is  in ve s t ig a t io n , a base case u t i l i z in g  a coal mine in Wyoming 

was developed fo r  the f in a n c ia l analysis studies. A s e n s i t iv i t y  analysis 

was conducted fo r  those factors  tha t a f fe c t  the net present value and 

rate o f return and are not expected to remain constant over long periods 

o f time. Factors determined to be sens it ive  were varied w ith in  a 

pre-determined range using random numbers fo r  500 simulations. These 

resu lts  were used to determine the possible success or fa i lu re  o f the 

mine and whether the company should attempt to develop i t .

iv
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INTRODUCTION

Most companies when considering developing a mine t r y  to obtain a 

long-term contract agreement to se ll  the mineral as soon as the deposit 

is  declared o f economic value. An agreement is  important to both the 

buyer and the s e l le r .  For the buyer i t  insures a secure supply o f a 

continuous quantity  o f a mineral w ith constant q u a l i ty  and a stable and 

predictable p r ice . The s e l le r  is  guaranteed the sale o f a certa in  

tonnage o f the mineral over a long period o f time enabling the company to 

pro tect i t s  p ro f i ts  and rate o f re turn .

Importance

The importance o f developing an equitable agreement can only be 

realized i f  the complexity o f the mining industry using coal as the 

representative m ineral, is  understood. The coal industry contains many 

in fluences, some o f which e x is t  in other in d u s tr ie s , but not a l l  in one 

industry . This combination o f influences is  what makes the mineral or 

coal industry  unique. The influences include: (1) depletion o f the

ind iv idua l deposits (raw material q u a n t i ty ) , (2) heterogeneous 

d is t r ib u t io n  o f the resource (raw material q u a l i ty ) ,  (3) pro jects having 

high uncerta in ty and r is k  associated w ith them, (4) long time delay 

between discovery and production, (5) impacts on the environment, (6) 

cap ita l intensiveness, (7) problems caused by the required lo c a t io n , (8)
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po lic ie s  on ta x a t io n , (9) government regula tions, (10) need fo r  a l l  

s k i l le d  labor, (11) involvement o f in te rna tiona l trade, (12) involvement 

o f national secu r ity ,  (13) no secondary source o f supply, and (14) both 

co-products and by-products may be involved.

Therefore, when analysts attempt to u t i l i z e  the same techniques and 

procedures fo r  analyzing a coal mining p ro jec t as would be used fo r  an 

in d u s tr ia l  or manufacturing p ro je c t ,  the resu lts  can be very misleading. 

Also, since the f i r s t  long-term agreement between Peabody Coal Co. and 

Kansas C ity  Power & L ight Co. was signed in 1913, agreements have been 

ge tt ing  more in t r ic a te .

Table 1 (1)* is  a l i s t  by year o f the increasing number o f d i f fe re n t  

clauses contained in agreements. Appendix A contains several clauses 

from actual agreements used in the coal industry. These clauses are not 

the most complex nor the simplest. In general, the statement can be made 

tha t as time passes, most clauses and therefore agreements become more 

complex. Only those clauses a f fe c t in g  economic fa c to rs ,  such as p r ice , 

w i l l  be given.

As the l i s t  o f clauses increases, the number and types of 

negotiators increase. Types o f negotia tio rs  include lawyers, engineers, 

costing personnel, and adm in istra tors. Some o f these negotiators w i l l  

have l i t t l e  economic background and are unaware o f how certa in  influences 

l is te d  a f fe c t  a long-term mining agreement.

^Numbers in parentheses are references.
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One o f the more s ig n i f ic a n t  influences l is te d  above, unique to a 

mine, is  the long lead time from discovery to production. Not only do 

bu ild ings have to be b u i l t ,  but the mine i t s e l f  has to be developed which 

normally takes several years. The sequence o f events during mine 

development requires the se lection o f the mining method and the 

establishment o f the buyer o f  the coal as soon as the geologic 

cha rac te r is t ics  o f the deposit are determined and the amount o f reserves 

are computed.

Following th is  se lection is  the time required fo r  legal problems 

re la ted to perm itting and l icens ing . An Environmental Impact Statement 

o f some type and a l l  required hearings must be held along with the 

required engineering studies which can take up to several years.

Preliminary design to determine equipment needs is  next. Delivery 

time according to several equipment manufacturers fo r  surface mining 

varies from nine months to two years or longer depending on size and 

complexity o f the equipment. The preparation p lant w i l l  normally require 

about s ix  months to a year fo r  de live ry  o f the equipment. Detailed 

design, construction o f the surface s truc tu res , and mine development can 

take fou r or more years.

Although some o f these events can take place simultaneously, i t  

takes a surface mine from f iv e  to f i f te e n  years from time o f discovery to 

production o f coa l. In economic terms, the mine could be started in a 

period o f p rosperity  and come on l in e  in prosperity  w ith a depression in 

the middle. This long lead time means the r isks  are high w ith many
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un certa in t ies . A s itu a t io n  with long lead times requires any agreements 

to be long term estab lish ing some form of s t a b i l i t y .  Anything leading to 

large unexpected expenditures can change the status o f a property from 

economic to uneconomic i f  they are not planned fo r  in advance. For 

instance, i f  a severance tax is  enacted w ith no provisions fo r  p r o f i t  

margins or i f  a law is  passed requ ir ing  major changes in past procedures 

or equipment, the mine could eas ily  become uneconomical.

The increased complexity and number o f fac tors  tha t a f fe c t  a mine 

have led to many studies on mine costing by the U. S. Bureau of Mines. 

Most o f these studies cover a p a r t ic u la r  mining s itu a t io n  or discuss 

methods fo r  computing cash flows, net present values and rates o f return 

and do not cover s e n s i t iv i t y  or p ro b a b i l i ty  procedures nor agreements.

Objective

Based on the importance o f the long term agreement and the 

requirement tha t a l l  the negotiators understand the factors  involved in 

the agreement, th is  thesis w i l l  combine an explanation o f the economic 

fac to rs  in a typ ica l agreement w ith a method fo r  determining how the 

economic fac to rs  influence the net present value (NPV) and the rate o f 

re turn (ROR). A secondary ob jec tive  w i l l  be to make th is  thesis a useful 

tool fo r  non-economists to use in understanding and assessing the 

economic fac to rs  in an agreement and th e i r  re la t ion sh ip  to the po ten tia l 

p r o f i t a b i l i t y  o f the mine. D e fin it io ns  o f economic terms used in th is
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thesis are given in Appendix B. These objectives were developed because 

nearly a l l  reports cover e i th e r  discussions o f agreements or f inanc ia l 

analysis methods but ra re ly  both. Also, most o f these reports are 

w r i t te n  fo r  economists and may not be eas ily  understood by 

non-economists.

Scope

To obtain the ob jectives o f th is  thes is , the economic factors  and 

other in f lu e n t ia l  non-economic fac to rs  contained in long-term coal 

agreements are investigated using a model o f a surface coal mine located 

in Wyoming. Clauses from typ ica l agreements showing the various factors 

are examined.

The non-economic fac to rs  covered are the quantity  (production) of 

coal required, the q u a l i ty  o f the co a l, and the time involved to develop 

and put the mine in to  production. Economic factors described are the 

p r ice , escalation values, cap ita l costs, operating costs, loans, 

in te re s t ,  minimum acceptable discount ra te , deprec ia tion , dep le tion , tax 

ra te , ro ya lty  ra te , and bonus payment. These factors are divided in to  

fac to rs  tha t are con tro l la b le  by the company and those tha t are 

uncontro llab le .

To assess the influence o f the fa c to rs , a discounted cash flow rate 

o f return analyses (DCFROR) is  performed on the values assigned to the 

various fac to rs . A base case is  f i r s t  developed and then a s e n s i t iv i t y
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analysis is  conducted. Next, a simulation is  completed w ith the factors  

being allowed to vary over certa in  ranges.

This type o f approach should aid non-economists in assessing what 

happens to the various factors when an agreement is  being negotiated. 

A lso, th is  approach adjusted fo r  d i f fe re n t  s itua tions  can be used as a 

tool fo r  forecasting or planning other mines.
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MINE MODEL AND AGREEMENT ECONOMIC FACTORS

In order to achieve the ob jective  o f the thesis a cash flow model of 

a coal mining investment is  developed, con tro llab le  and uncontro llab le 

fac tors  are defined, and procedures to enable a non-eonomist to 

understand the influence o f economic factors  on the resu lts  o f a 

f in a n c ia l analysis are discussed.

Mine Model

For th is  in ve s t ig a t io n , only a surface coal mine is  modeled. A mine 

capable o f an output o f 5 m i l l io n  tons per year was selected fo r  th is  

study. A mine o f th is  size can supply a 1,000 megawatt e le c t r ic  

power-plant fo r  20 years. Mines o f th is  size are normally located in the 

western states where the coal is  subbituminous and low in s u l fu r .  In 

th is  thes is , the coal has an average c a lo r i f i c  value o f 9,500 BTU per 

pound and a s u l fu r  content averaging 0.5 percent by weight. The mine 

model is  located in the Powder River Basin in the state o f Wyoming. (2,

3)

Overall the Basin deposits are considered f l a t ,  less than 10° d ip ; 

however, the r e l i e f  o f an ind iv idua l deposit may be ir re g u la r .  The 

average thickness o f the coal seam selected is  25 fee t.  Also a second 

seam 10 fee t th ick  l ie s  15 fee t below the f i r s t  seam. For th is  mine, the
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overburden is  less than 120 fe e t.  A s tr ip p in g  ra t io  o f 3 to 1 w i l l  be 

used fo r  cost analysis.

The mining operation w i l l  consist o f topso il removal, overburden 

removal, mining the co a l, transporta tion  to the t ip p le ,  and reclamation 

o f the mined land. A l l  o f the overburden and coal w i l l  be d r i l le d  and 

blasted before i t  is  removed by dragline and shovel-truck operations, 

respective ly . The topso il w i l l  be removed by a scraper-dozer operation. 

For the above operations, p a r t ia l ly  wet conditions w i l l  be assumed. This 

means water could be encountered during certa in  times o f the year.

Reclamation and road construction w i l l  be accomplished w ith the same 

equipment tha t removed the to p s o i l . The o r ig in a l power transmission 

l ines  and the i n i t i a l  road construction are expensed.

The coal preparation p lant w i l l  only clean and size the coal fo r  

loading in to  s i lo s  fo r  tra ns fe r  to u n it  t ra in s  fo r  shipment to the 

customer's power p lan t. This thesis w i l l  not discuss transporta tion  

rates and w i l l  consider the price o f the coal as FOB at the mine.

More d e ta i ls  on d rag line , shovel-truck and scraper-dozer operations 

can be found in many textbooks. (4, 5, 6) Further discussion of the 

mining method w i l l  not be given in th is  thes is ; however, a l i s t  o f 

equipment and re la ted costs used in the mining and preparation o f the 

coal is  given fo r  costing purposes in Appendix C. (3) These costs are in 

constant 1979 d o l la rs .  Apepndix C also includes the working cap ita l 

required fo r  construction which is  included in the to ta l  cap ita l cost.
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Any operating mine w i l l  require an annual operating budget. A l i s t  

o f the personnel by t i t l e  required to operate the mine with estimated 

benefits  and wages is  given in Appendix C with a separate table 

containing the to ta l  annual operating costs tha t are an tic ipa ted.

These tables in the Appendix l i s t  the basic mine cost data fo r  

es tab lish ing the model. Table 2 is  a summary o f the cost data in 

Appendix C. The data w i l l  be analyzed by an economic method e n t i t le d  

Discounted Cash Flow Rate o f Return (DCFROR).

TABLE 2 

SUMMARY COST DATA 

Total Capital Cost $145,825,811

Total Depreciable Cost $ 49,634,664

Exploration $ 2,000,000

Development $ 4,000,000

Annual Operating Cost $ 29,061,765

Annual Labor and Supervision $ 2,629,400

Agreements

Several d i f fe re n t  types o f agreements are being used in the mining 

industry . These agreements are ca lled Base Price Plus Escalation, Market 

Price, Annual Price Nomination, and Cost-Plus. (7) Most widely used 

today is  the Base Price Plus Escalation. A l i s t  o f advantages and
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disadvantages to the buyer and s e l le r  o f th is  method are given in Table 

3. The major reasons fo r  re je c t ing  the other types o f agreements fo llow  

(D e f in it ions  o f these agreements are in Appendix B). Market price 

agreements can seriously penalize an e f f ic ie n t  operator fo r  conditions 

beyond his con tro l.  Annual Price Nomination keeps both buyer and s e l le r  

continuously at the negotia ting tab le . A Cost-Plus agreement requires 

constant monitoring, aud iting  and knowledge o f coal mining by the u t i l i t y  

to insure e f f ic ie n c y .

A f te r  the type o f agreement is  selected, the clauses tha t are needed 

must be developed. A master l i s t  o f clauses fo r  th is  type o f agreement 

is  outlined in Table 4. Clauses o f special in te re s t to th is  thesis are 

those containing economic factors  tha t a f fe c t  the cost o f mining the coal 

and the price o f s e l l in g  the coa l. Examples o f some o f the clauses are 

given in Appendix A. (7)

The in trodu c t ion , term, quantity  and q u a l i ty  clauses a f fe c t  the 

pr ice but they do not contain economic factors and w i l l  not be discussed 

in d e t a i l . The same is  true o f the clauses covering contract reopeners, 

invoice and payment, force majeure, records and a u d its , a r b i t r a t io n , and 

legal te c h n ic a l i t ie s .

Economic factors  in the clauses concerning the base p r ice , 

esca la tion , and invoice price are the main concern o f th is  thes is . The 

next section w i l l  cover the important economic factors ou tlined in these 

clauses in Appendix A and in Table 4.
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TABLE 4 

MASTER LIST OF 

COAL PURCHASE AGREEMENT CLAUSES (7_)

INTRODUCTION

Recitals 
Agreement
Dedication on Reserves 
Buyer's Obligation to Purchase 
Source o f S e l le r 's  Coal 
S e l le r 's  Diligence (E f f ic ie n t  Miner)
Place o f Delivery and Sale

TERM

Primary Term 
Extensions

QUANTITY

Total Quantity 
Weighing
Scheduling (Monthly - Weekly)
In te rrup tions  o f Scheduled Shipments

QUALITY

Typical
Rejection Lim its 
Sampling & Analysis
Calculation o f Average C a lo r i f ic  Value 
Premium/Penalty

BASE PRICE AND ESCALATION CLAUSES

Introduction
Costs Related to Labor Rates & Fringes 
Costs Related to

BLS Producer Price Indices 
Materia ls & Supplies 
Depreciation & Depletion 
Insurance
Value o f Reserves Depleted 
In te res t
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TABLE 4 (Cont.)

Income Taxes 
Return on Investment 

Costs Related to Energy
Costs Related to Federal, State, and Local Taxes
Costs Related to the Sales Price o f Coal

Royalty 
New Costs
Changes in Contract Services 
Changes in Parent Company Charges 
Changes in the Coal Depletion Allowance 
Changes in Indices 
Sample Calculations

INVOICE PRICE

Adjusted Base Price
Premium/Penalty and Quality  Adjustment
Spot Market Bonus
Adjustment by Negotiation
Final Invoice Price

CONTRACT REOPENER

Mi n ing Condi t ions-Producti v i ty  
Market
Gross Inequity 
Union A f f i l i a t i o n  
Changes in Laws

INVOICING & PAYMENT

FORCE MAJEURE

RECORDS & AUDITS

ARBITRATION

LEGAL TECHNICALITIES
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Economic Factors

Several clauses in Appendix A include factors  which are base values 

and d i re c t ly  a f fe c t  the economics o f the mine. Two such factors  are the 

quantity  and q u a l i ty  o f the coal to be sold. The quantity  o f the coal to 

be sold on a per year basis (production) compared to the to ta l reserves 

leased by the company determines the l i f e  o f the mine which becomes a 

constant value in the determination o f the cash flows fo r  the mine. 

Production is  a fa c to r  tha t could be fluctuated throughout the l i f e  of 

the mine but the need fo r  s t a b i l i t y  in the agreement requires the 

production be set at the time o f the negotia tions.

The s ta r t in g  time fo r  the development o f the mine is  normally 

con tro lled  by the company and based on other factors  tha t w i l l  a llow the 

company to make the highest p r o f i t  or rate o f re turn . Between the 

s ta r t in g  time and production, the schedule is  sem i-r ig id  w ith only a 

small allowance fo r  va r ia t ion s .

The q u a l i ty  w i l l  f lu c tu a te  w ith in  a certa in  range because o f the 

va r ia t io n  o f the cha rac te r is t ics  o f the coa l. Coal cha rac te r is t ics  which 

are most important to the q u a l i ty  o f the coal are heat content (BTU), 

ash, moisture, and s u l fu r .  This fa c to r  leads to penalty charges i f  the 

q u a l i ty  is  lower than the range allows and to premiums i f  i t  is  higher; 

the re fo re , d i re c t ly  a f fe c t in g  the price o f the coa l.

Since th is  thesis is  examining the agreements at the time i t  is  

negotiated, a l l  factors  w i l l  be examined in the short term. This means
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tha t at the time o f the negotiations on an agreement, the fa c to r  may or 

may not be con tro l lab le  by e ith e r  the buyer or the s e l le r .  In the long 

term, a l l  fac tors  are control Table at some time e i th e r  in te rn a l ly  or by 

in fluencing external company contacts.

A l i s t  o f con tro l la b le  and uncontro llab le factors  is  given in Table 

5 and used in the clauses in Appendix A. The f i r s t  fa c to r ,  p r ice , is 

sem i-contro l!ab le . The base price is  negotiated but is  based on the 

p reva il ing  market pr ice . (1) Since the price must cover a l l  costs fo r  

the s e l le r  to make a p r o f i t ,  price escalation clauses (Appendix A) must 

be included. These clauses are negotiation provisions fo r  the mining 

companies as costs escalate.

Costs, whether exp lo ra tion , development, cap ita l or operating, are 

con tro l la b le  by the s e l le r .  Equipment expenditures w i l l  determine 

cap ita l costs and u lt im a te ly  influence the companies' cash flow. How a l l  

o f the economic factors  (p r ice , cos ts , e tc . )  are manipulated in a DCFROR 

analysis w i l l  be explained in the chapter e n t i t le d  "Procedures".

Operating costs include labor, bene fits , supplies, and overhead expenses 

and a f fe c t  the companies' cash flow on a yearly  basis. For most 

companies, labor and benefits  are the largest cost components followed by 

supplies.

The size or wealth o f the mining company w i l l  determine i f  a loan is  

required to cover the cap ita l costs. Therefore, the amount o f any loan 

is  con tro l la b le  by the company but the in te re s t rate on the loan is  not. 

In te re s t rates are con tro lled  by the economy and f in a n c ia l in s t i tu t io n s .
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TABLE 5

CONTROLLABLE AND UNCONTROLLABLE ECONOMIC FACTORS

Control 1 able Uncontrollable

1. Price (Limited C o n t ro l la b i l i t y ) 1. In te res t on Loans

2. Capital Investment 2. Depletion

3. Operating Costs 3. Tax Schedule

4. Exploration Costs 4. Escalation Factors

5. Development Costs

6. Loans

7. Minimum Acceptable Discount Rate

8. Depreciation Method

9. Bonus Payment

10. Royalty Rate
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A minimum acceptable discount rate is  completely con tro lled  by the 

company. This rate is  determined in te rn a l ly  and is  based on corporate 

financing costs and past experience, containing a management fee, a r is k  

adjustment fo r  in f la t io n ,  and a f ina nc ia l market fa c to r .  (8) This 

discount rate is  the percent re turn on investment tha t a company fee ls  i t  

can make on a lte rn a t ive  pro jec ts .

Although there are several depreciation methods, the one which 

depreciates the equipment most ra p id ly  w i l l  be used. The selected method 

w i l l  give the la rgest tax deductions in the beginning years o f the mine 

re su lt ing  in a fa s te r  recovery o f cap ita l costs fo r  the company.

There are two methods to compute depletion but only the one tha t 

gives the greatest tax deduction can be used. This fa c to r  i s ,  there fore , 

l is te d  as uncontro llab le .

Tax rates are always uncontro llab le by the company as they are set 

by the government. Royalty rates are mixed. I f  the mine is  on 

government land, the ro ya lty  rate is  set and uncontro llab le . I f  the mine 

is  on p r iva te  land, the rate is  negotiable but is  generally about the 

same value as set by the government.

Escalation factors  and indices are not con tro l la b le  by the company 

but depend on the national economy or the market. These factors  change 

w ith time and a multitude o f unrelated factors  not covered in th is  

thes is .

When the DCFROR analysis is  complete, the NPV fo r  the coal mine is 

determined. From th is  value a bonus payment to the buyer can be made.
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The payment can be part or a l l  o f the NPV but never more or the mine w i l l  

be uneconomical.

Ana ly tica l Procedures

The procedures used in th is  inves tiga tion  fo r  the f in a n c ia l analysis 

o f a coal mine model u t i l i z e s  a computer program and the DCFROR method of 

analysis. The development o f the program included s ta r t in g  with an 

e x is t in g  program fo r  a fore ign coal mine and converting i t  to f i t  the 

coal mine model in th is  in ve s t iga t io n . This was accomplished by changing 

the input o f many o f the variables and re ta in ing  only the formulas fo r  

the cash flow ca lcu la t ions . To th is  revised program a simulation section 

was added so tha t the economic fac tors  could be changed w ith in  

pre-determined l im i ts  using random numbers. With th is  revised program a 

s ingle cash flow could be calcu lated or i f  the simulation procedure were 

used, a cash flow could be calcu lated fo r  each i te ra t io n .  The f in a l  

program is  given in Appendix D. This program is  w r it te n  in the fo r tra n  

language using the Focal-10 procedures and run at the Colorado School of 

Mines Computer Center. (9)

This analysis takes in to  account the time value o f money and allows 

fo r  the expenditures and revenues to be made at various times throughout 

the l i f e  o f the mine. (10) A cash flow is  generated fo r  each year o f 

pre-production or development work and fo r  each year the mine is  in 

production. Pre-production cash flows are negative and production flows
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are usually po s it ive . These cash flows can then be discounted to a 

present value fo r  the mining operation. I f  the mine is  p ro f i ta b le ,  the 

present value is  po s it ive .

The determination o f several o f the fac tors  described in the 

previous section w i l l  be explained; p a r t ic u la r ly ,  depreciation, 

dep le tion , investment tax c re d its ,  cap ita lized  and expensed fa c to rs ,  and 

escalation fa c to rs . A l l  costs re la ted to the depreciation and depletion 

w i l l  be cap ita l ized .

The method selected fo r  the depreciation o f the tangib le  property o f 

the mine is  ca lled "Accelerated Cost Recovery System" (ACRS) and was 

developed fo r  the 1981 U.S. Tax Law. The tangib le property includes 

equipment and bu ild ings used fo r  managing the mine; and mining, cleaning, 

and s tor ing  the coal. The rates fo r  determining the amount o f 

depreciation are given in Table 6. The depreciable values computed by 

the computer program in Appendix D are based on the equipment costs and 

years o f l i f e  given in Table Cl.

Depletion w i l l  be computed both by the cost method and the percent 

method w ith the method g iv ing  the greater tax deduction being used. For 

coal the percentage depletion allowed is  10 percent. Depletion includes 

acqu is it ion  costs and lease costs.

The investment tax c re d it  w i l l  be taken fo r  th is  mine model. This 

tax c re d it  w i l l  be taken on a l l  o f the equipment which is  l is te d  in Table 

Cl. Since a l l  o f  the equipment w i l l  be used fo r  5 years or more, the 

f u l l  10 percent w i l l  be used.
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A ll exp loration and development costs w i l l  be expensed. Exploration 

costs consist o f those expenses re la ted to proving the coal e x is ts ,  the 

quantity  and the q u a l i ty  o f the coa l. Development costs f a l l  between the 

exp loration and the production phases.

The price was determined as an average fo r  mines s ited  in Wyoming 

from a series o f "Coal Week" pamphlets published by McGraw-Hill 

Publications located in New York C ity . The ro ya lty  is  based on ro ya lt ies  

from Federal and pr iva te  leases, and the tax rate is  an average value fo r  

mines located in Wyoming.

The minimum discount rate fo r  th is  inves tiga tion  was selected 

a r b i t r a r i l y .  In the past i t  has varied between 8 and 22 percent fo r  long 

term pro jec ts . The lower the in f la t io n  rate and less r is k ,  the lower 

w i l l  be the discount ra te .

When a l l  economic factors have set values, a base case w i l l  f i r s t  be 

developed and the NPV and ROR determined. This analysis is  only one 

so lu tion  and may or may not represent the optimal mine.

The next analysis w i l l  be conducted varying only one fa c to r  at a 

time. Although th is  is  not r e a l i s t i c  in the business world, i t  w i l l  

ind ica te  how sens it ive  the NPV and the ROR are to the fa c to r  under 

inve s t iga t io n .

Using the simulation technique with the DCFROR method o f analysis 

the r is k  o f s ta r t in g  a mining p ro jec t can be more f u l l y  evaluated. This 

technique uses repeated app lica tions o f a mathematical model where each 

app lica tion  changes ce rta in  variables over a specified range to obtain a
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series o f resu lts  which are representative o f possible s i tu a t io n s . Each 

o f the simulations can be considered a s e n s i t iv i t y  analysis because the 

economic factors  are changed w ith in  a certa in  range. I f  many simulations 

are completed, the most occurring NPV's can be established, and the r is k  

o f an unknown so lu tion  occurring th a t has not been assessed is  reduced.

A fte r  the fa c to r  values, net present values, and rates o f return are 

computed, the negotia tor or company analysts can iso la te  those 

simulations which resulted in negative NPV's. For each o f these NPV's, 

the values o f the fac tors  can be examined to determine i f  in d iv id u a l ly  or 

in combinations they are r e a l is t i c .  P rob ab il i t ie s  could be added or the 

values changed and new simulations completed fo r  a more complete 

evaluation.
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MODEL ANALYSIS USAGE IN NEGOTIATING AGREEMENTS

The f i r s t  step in th is  f in a n c ia l analysis o f the surface coal mine 

model w i l l  be the establishment o f values fo r  the economic fac to rs .

Using these factors in a DCFROR analysis w i l l  estab lish a base case. The 

fac tors  involved are then varied in d iv id u a l ly  fo r  a s e n s i t iv i t y  analysis. 

The la s t  part o f the analysis w i l l  include a simulation analysis where 

more than one fa c to r  is  varied and many cash flows are generated. This 

procedure f i r s t  establishes the base case, then determines the factors

having the most influence on the NPV and ROR, and assesses the r is k  in

undertaking a possible uneconomical venture.

Base Case

Using the computer program given in Appendix 0, the NPV and the ROR 

were determined fo r  the base case. These values were determined in both 

escalated and constant d o l la r  values. (10) Escalated d o l la r  values re fe r  

to actual do l la rs  o f revenue or cost tha t w i l l  be realized or incurred at

specified fu tu re  points in time. Constant d o l la r  values re fe r  to

hypothetical constant purchasing power do lla rs  obtained by ca lcu la ting  

the present worth o f escalated d o l la r  values at the in f la t io n  rate to 

some a rb i t ra ry  po int in time. This time is normally the beginning o f the 

p ro jec t.
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Constant d o l la r  analysis requires more ca lcu la tions than escalated 

d o l la r  analysis and has one po ten tia l in tang ib le  advantage. During 

in f la t io n a ry  times a given constant d o l la r  minimum ROR is  always less 

than the equivalent escalated d o l la r  minimum ROR. Therefore, i t  may be 

easier to convince a buyer to accept paying the price needed to get a 

certa in  constant d o l la r  ROR ra ther than a higher but equivalent escalated 

d o l la r  ROR fo r  a given rate o f in f la t io n .  Since both analyses re s u lt  in 

the same present value and economic conclusion, the advantage o f the 

constant d o l la r  analysis can be considered as a negotiable advantage to 

be used when an agreement is  being developed. In th is  computer program 

the NPV from the escalated analysis does not exactly equal the value from 

the constant d o l la r  analysis. The reason fo r  th is  small d iffe rence is 

the way in which the computer converts escalated d o l la r  ROR to constant 

d o l la r  ROR. I f  i=Escalated D o lla r ROR the fa c to r  is  ( l / ( l + i ) )n . But in 

the Constant D o lla r ROR i l= ( l + i ) / ( l + f ) - l  where f  is  the in f la t io n  rate 

and two ca lcu la tions to obtain the factors  are required;

( l / ( l + f ) )n( l / ( l + i 1) )n. These two ca lcu la tions do not give the exact same 

value as the one ca lcu la t ion .

The values used in th is  base case analysis were taken as those most 

l i k e ly  to occur based on many sources as covered in the ana ly tica l 

procedures section. The base case values are given in Table 7. The 

operating costs fo r  an actual coal mine w i l l  vary from year to year. For 

th is  thesis the operating cost w i l l  be considered as an average value 

obtained over the l i f e  o f a typ ica l coal mine.
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TABLE 7

VALUES FOR BASE CASE FACTORS

Price = $16.00

Operating Cost = $29,061,000 

Tax Rate = 50%

Royalty =12%

Minimum Discount Rate = 10% (Escalated Dollars)
= 3% (Escalated Dollars)

Escalation Factors:

Price Factor = 7%
Cost Factor = 7%
Replacement Factor = 7%
Investment Factor = 7%

In f la t io n  Rate = 7%

Depletion = 10%

Investment Cost D is tr ib u t io n

Year 1 = 32%
Year 2 = 48%
Year 3 = 10%
Year 4 = 5 %
Year 5 = 5 %

Amount o f Loan = 25% o f Investment

In te re s t on Loan = 15%
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Several assumptions were made in the base case DCFROR analysis. The

f i r s t  assumption is  a company planning to bu ild  th is  mine would have to

be a m u lt im i l l io n  d o l la r  corporation. A company o f th is  size would have 

other mines to cover the preproduction exp loration and development costs 

incurred by th is  coal mine; the re fo re , no losses are carried forward.

The size o f the company allows the base case analysis to be 

completed two ways. One way w ith a loan and the o ther, w ithout a loan. 

The values o f the escalation factors  used are average values based on 

past experience and used in industry when an exact s ta r t in g  date is  

unknown. The s ta r t in g  date given in th is  analysis was selected only 

because the program requires a date be used. These values are also used 

during pre lim inary analysis where exact values are not required.

With th is  assumption and values, two base case analyses were 

completed; one with a loan and one w ithout. A complete analysis o f each 

are given in Appendix E and the NPV's and ROR's are l is te d  in Table 8.

The p r in tou ts  in Appendix E are typ ica l o f a l l  analyses performed in th is  

thes is . The f i r s t  analysis in Appendix E is  w ithout a loan and the 

second one is  w ith a loan.

Based only on these resu lts  (Table 8 ) ,  the pro jec t or mine would be 

developed. The NPV is  po s it ive  fo r  both cases and the RORs fo r  both 

cases are greater than the required minimum discount rate o f 10 percent 

fo r  escalated do lla rs  and 3 percent fo r  constant d o l la rs .  A pos it ive  NPV 

indicates the p r o f i t  the company w i l l  make on the mine, while the ROR
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TABLE 8 

BASE CASE RESULTS

I .  Without a Loan

A. Escalated (Minimum Discount Rate = 10%)

1. Net Present Value = $26,912,000
2. Rate o f Return = 12%

B. Constant (Minimum Discount Rate = 3%)

1. Net Present Value = $25,265,000
2. Rate o f Return = 4.7%

I I .  With a Loan

A. Escalated (Minimum Discount Rate = 10%)

1. Net Present Value = $51,791,000
2. Rate o f Return = 15%

B. Constant (Minimum Discount Rate = 3%)

1. Net present Value = $52,098,000
2. Rate o f Return = 7.5%
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ind icates the mine w i l l  re turn more p r o f i t  to the company than i f  the 

money was invested at 10 percent in te re s t.

The company under these circumstances could pay a bonus payment of 

up to the amount o f the NPV and break even. This bonus payment may be 

the deciding fa c to r  as to whether or not the mining company can purchase 

the coal deposit on which to base the agreement fo r  s e l l in g  the mined 

coa l. However, i f  the bonus payment needed is  large and the sales 

agreement requires a low p r ice ,  the mining p ro jec t could be unpro fitab le .

The influence o f a loan reduces the amount o f money required 

immediately and the payments are spread out over time. The reduction in 

the i n i t i a l  investment through the use o f borrowed money is  leverage. 

Borrowing money is  desirable but r isks  are attached. Changes in any 

fa c to r  tha t a f fe c t  an economic analysis w i l l  cause a la rger percent 

va r ia t io n  in a leveraged DCFROR than in a cash investment DCFROR. 

Therefore, leverage can reduce p ro f i ts  as fa s t  as they were created.

Using leverage is  desirable as long as the a f te r - ta x  cost o f borrowed 

money is  less than the cash investment DCFROR o f the p ro jec t. (10) A 

second reason fo r  the influence o f the loan fa c to r  is  tha t in te re s t  

payments are considered operating costs which help to reduce taxes.

In escalated do lla rs  when th is  mining p ro jec t is  funded w ith in  the 

company, the p ro jec t w ith a minimum discount rate o f 10 percent has a NPV 

o f $26,912,000 and a ROR o f 12% (Table 8). I f  a loan is  obtained fo r  one 

quarter o f the investment cost the NPV increases to $51,791,000 with a 

minimum discount rate o f 10 percent, a 92% change in the value. The ROR
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also increases to a new rate o f 15 percent, a 25 percent change in the 

ra te . This exercise shows how c r i t i c a l  the time value o f a large amount 

o f money is  to a DCFROR analysis.

At th is  point in the model analysis an additional assumption is  made 

tha t although the company is  large and has other mines to charge the 

preproduction costs to ,  the company w i l l  borrow money and take the r isks  

in order to obtain the higher ROR and NPV. The base case fo r  a l l  other 

analyses w i l l  contain a loan value o f 25 percent o f the investment costs 

a t 15 percent in te re s t  (Appendix E and Table 8).

In summary, the base case was made using the most l i k e ly  to occur 

value fo r  each fa c to r .  Anytime a f in a n c ia l analysis o f th is  type is  to 

be undertaken a base case analysis should be the f i r s t  step. I f  the 

pro jec t appears to be p ro f i ta b le ,  the next step is  to determine the 

s e n s i t iv i t y  o f the NPV and the ROR to the other factors  which may vary.

S e n s i t iv i ty  Analysis

S e n s it iv i ty  is  determined by varying one fa c to r  at a time. The NPV 

and ROR are determined in escalated do lla rs  as each fa c to r  is  varied by 

the same percentage (Table 9). For th is  study a l l  factors were varied by 

10%. Table 10 is  a l i s t i n g  o f the factors ranked by percentage o f change 

and d ire c t io n  o f change in the NPV and Table 11 is  a ranked l i s t  of 

fac tors  re la t in g  to the ROR and the d ire c t io n  o f change in the ra te.
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TABLE 9

NET PRESENT VALUE AND RATE OF RETURN RESULTS 
FOR SENSITIVITY ANALYSIS

Base New Net Present Factor
Value %Change Value Value DCFROR(%)

Price $16.00 $26,912,000 12.
10 $17.60 60,956,000 14.

Royalty 12% 26,912,000 12.
10 13.2% 22,270,000 11.

Tax Rate 50% 26,912,000 12.
10 55% 13,179,000 11.

Minimum 10% 26,912,000 12.
Discount (Escalated 10 11% 12,183,000 12.
Rate Dollars)

Operating $29,061 25,912,000 12.
Costs 10 $31,967 14,137,000 11.

Escalations
Price (PE)
Investment (IE)
Replacement (RE)
Cost (CE)

A ll 7% 26,912,000 12.
IE, RE, CE 7% 10 PE 7.7% 46,765,000 13.
PE, RE, CE 7% 10 IE 7.7% 25,652,000 11.
PE, IE, CE 7% 10 RE 7.7% 23,807,000 11.
PE, IE, RE 7% 10 CE 7.7% 19,462,000 11.

Loan $40,799,000 (1/4 Investment)
In te re s t 15% 51,791,000 15.

10 16.5% 51,472,000 15.

In te re s t 15% 51,791,000 15.
Loan $40,799,000 10 $44,879,000 54,279,000 15.

0
1

0
7

0
1

0
0

0
1

0
1
9
8
5

0
0

0
4
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TABLE 10

ECONOMIC FACTORS RANKED BY PERCENT OF CHANGE IN NET PRESENT VALUE
AS THE FACTORS ARE CHANGED BY 10 PERCENT

Factor Controllab le % Change in NPF
Di re c t i  on 
Of Change

Price Within Limits 126 D irect

Price Escalation No 74 Di rect

Minimum Discount Rate Yes 55 Inverse

Tax Rate No 51 Inverse

Operating Costs Yes 47 Inverse

Cost Escalla tion No 28 Inverse

Royalty Yes 17 Inverse

Replacement Escalation No 12 Inverse

Investment Escalation No 5 Inverse

Loan Amount Yes 5 D irect

Loan In te res t No 0.6 Inverse
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TABLE 11

ECONOMIC FACTORS RANKED BY PERCENT OF CHANGE IN RATE OF RETURN 
AS THE FACTORS ARE CHANGED BY 10 PERCENT

D ire c t i on
Factor Contro llab le % Change in ROR Of Change

Price Within L im its 17.5 Di rect

Price Escalation No 9.2 Di rec t

Tax Rate No 7.5 Inverse

Operating Costs Yes 7.5 Inverse

Cost Escalation No 4.2 Inverse

Loan Amount Yes 2.7 D irect

Royalty Yes 2.5 Inverse

Replacement Escalation No 1.7 Inverse

Investment Escalation No 0.8 Inverse

Minimum Discount Rate Yes 0 No Change

Loan In te res t No 0 No Change
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Price and the price escalation factors a f fe c t  the NPV more than the 

other fa c to rs . This re s u lt  could have been an tic ipated since the price 

and i t s  re la ted escalation fa c to r  are the only influences on the yearly  

revenue in a cash flow analysis i f  the production remains constant. This 

fa c to r  puts money in to  the p ro jec t every year in the form o f revenue, and 

a l l  expenses are subtracted from the revenue. By escalating the price at 

a higher rate than costs, the company is  able to increase i t s  p ro f i ts  

while s e l l in g  the same amount o f coa l. The company is  re a l ly  increasing 

p ro f i ts  at a fa s te r  rate than in f la t io n  is  increasing costs.

These two factors  (p rice  and price escalation) also have the 

greatest influence on the ROR fo r  the same reasons. I f  the company is  

earning more per ton o f coa l, the re turn o f the investment w i l l  increase 

i f  the same tonnage is  sold.

The amount o f the loan is  the only other fa c to r  studied d i re c t ly  

a ffe c t in g  the NPV and the ROR. Loans spread the payments fo r  investments 

in to  the fu tu re  as stated in the previous section where money has a 

reduced value.

A l l  o f  the other factors  are inversely re lated to both the NPV and 

the ROR. The exception to th is  statement are the in te re s t  on the loan 

and the minimum discount rate which do not change the rate o f re turn .

At th is  po int in the analysis a negotia tor can assume the mining 

p ro jec t w i l l  make a p r o f i t  fo r  the company. This decision is  based on 

the base case where the NPV is  po s it ive  and the ROR is  la rger than the 

minimum discount rate selected by the company.



T-2736 35

But the base case is  only one combination o f values fo r  the various 

fac to rs . In the business world these factors do not remain constant.

This statement is  what makes the s e n s i t iv i t y  analyses ju s t  completed 

important. From th is  ana lys is , i t  can be shown how each fa c to r  a ffec ts  

the overa ll resu lts  when changed. By varying each fa c to r  the same 

amount, a ranking from the most in f lu e n t ia l  to the least can also be 

developed (Table 10 and 11). An example would be the price which i f  

increased causes the NPV and ROR to increase. Price also has the most 

influence on the NPV and the ROR o f a l l  the fac tors  evaluated according 

to th is  s e n s i t iv i t y  analysis.

With the breakdown o f fac to rs  in to  con tro llab le  and uncontro llab le 

(Table 5 ) ,  the negotia tor can determine which ones can be manipulated 

during the negotiations fo r  an agreement (Tables 10 and 11) and which are 

more sens it ive  to any change.

From the fac tors  studied, the negotia tor w i l l  know tha t the price is 

the most important fa c to r ,  tha t i t  d i re c t ly  a ffec ts  the NPV and ROR, and 

tha t i t  is  con tro l la b le  w ith in  l im i t s .  Tax rates are also important, 

inversely a f fe c t in g  the NPV and ROR and are not con tro l!ab le  during 

negotia tions. A f te r  being involved in many negotiations the company may 

want to change the tax ra tes, e tc . ,  but w i l l  have to accomplish th is  in 

the long term through le g is la t io n  which is beyond the scope o f th is  

thes is .

However, before completing the agreement, the negotia tor and the 

company w i l l  want to know i f  the base case is  the exception or the normal
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s itu a t io n .  Also, what i f  some o f the uncontro llab le factors  are changed 

by external bodies (governments-federal, s ta te , local ; e tc . ) ,  over the 

l i f e  o f the contract could the e ffec ts  o f these changes make the mine 

unp ro fitab le . These types of questions lead in to  a simulation analysis 

where more than one fa c to r  can be varied at one time which r e a l i s t i c a l l y  

resembles the business world. This type o f analysis w i l l  help determine 

the r is k  o f the mining pro jec t and is  the subject o f the next section.

Simulation and Risk Analysis

Risk in th is  inves tiga tion  is  the unforseen deviation o f ind iv idua l 

fac tors  used in cash flow analysis from th e i r  expected values which could 

lead to the fa i lu re  o f a p ro jec t. The remainder o f th is  section w i l l  

include a procedure fo r  evaluating r is k  by simulation. This procedure is  

d i f fe re n t  than taking a random sampling o f a population. Random sampling 

means tha t the population is  defined. Then sampling proceeds by taking 

items from the population by some system tha t is  in no way dependent upon 

the cha rac te r is t ics  o f the items chosen, so tha t the presence in the 

sample o f any p a r t ic u la r  item is  l e f t  e n t i re ly  to  chance. Simulation o f 

a system is  defined as the operation o f a model which is  a representation 

o f the system. This model is  amenable to manipulations which would be 

impossible, too expensive or impractical to perform. The operation o f 

the model can be studied and properties concerning the behavior o f the 

system can be in fe rre d . (11) In simpler terms, simulation is  a numerical
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technique fo r  conducting experiments on a computer, which involves 

certa in  types of models tha t describe the behavior o f a system over 

extended periods o f time.

Two variables in mining estab lish  i t  as a high r is k  industry . The 

f i r s t  is  the cap ita l in te n s i ty  o f the industry. Fortune magazine ranks 

mining companies high in assets per employee and la s t  in annual sales per 

d o l la r  o f invested c a p ita l .  According to economists th is  s i tu a t io n  means 

the industry is  cap ita l in tens ive . Second is  the long lead time from 

discovery to production. This lead time was discussed e a r l ie r  but needs 

to be reemphasized. The longer the time lapse before production, the 

more opportun it ies there are fo r  the factors  involved to vary.

Although there is  no b e tte r  system than "good managerial judgment," 

management does need some method to reduce the uncerta in ties  by 

evaluating the r isks  involved in developing a successful p ro jec t.

One method o f evaluation would be to use d iscre te values fo r  the 

fac to rs  in a DCFROR analys is . Each fa c to r 's  value would vary to cover 

a l l  possible combinations o f values tha t could be an tic ipa ted . This 

method would be feas ib le  i f  there were only one or two factors tha t could 

vary and the variance consisted o f only a few values. Unfortunate ly, 

th is  s itu a t io n  does not e x is t  in the mining industry where a number o f 

factors could a l l  change at the same time. Also in today's economy the 

values can vary in many ways and some values might be omitted i f  only 

d iscre te  values were used. Therefore, the method o f using discrete 

values becomes impractical very qu ick ly .
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In order to avoid problems from d iscre te values, the factors w i l l  be 

considered to have continuous values. This means an in f i n i t e  number of

values can be assumed w ith in  specified ranges. A computer and a

simulation program generating random numbers are required fo r  th is  type 

o f procedure to be allowed. The simulation program is  given in Appendix 

D.

The ranges fo r  the variab le  factors are given in Table 12, and were 

based on past f lu c tu a t io n s  o f the fac to rs . The minimum discount rate was 

held constant at 10 percent escalated do lla rs  fo r  th is  simulation

analysis. With the present economic s itu a t io n  in th is  country, any value

w ith in  these ranges was no more l i k e ly  to occur than any other value. 

Using th is  approach means tha t the o r ig in a l p ro b a b i l i t ie s  o f obtaining a 

certa in  value are unknown to the company and the negotia tors. Therefore, 

th is  could be considered a range approach with a large number o f 

s e n s i t iv i t y  analyses.

However, i f  the assumption is  restated tha t a l l  values have the same 

chance o f occurring, then the p ro b a b i l i ty  fo r  each fa c to r  equals one.

The present evaluation could be considered a Monte Carlo simulation where 

a l l  o f the p ro b a b i l i t ie s  are equal. This decision means tha t each o f the 

fac tors  are uniform ly d is tr ib u te d . The density and cumulative 

d is t r ib u t io n  functions are shown in Figure 1. The d is t r ib u t io n  function 

is  based on the p ro b a b i l i ty  tha t P ( a - x ~ b )  = f(x )dx  = F(X). Since 

th is  is  a uniform d is t r ib u t io n  f*3 f  (X)dx = 1 and f (X) = l / ( b - a ) , which
a

is  the basis fo r  the values from the random number generator. (12)
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TABLE 12

RANGES OF VALUES FOR VARIABLE FACTORS

Factor Range

Price $ 8.00 - $24.00

Operating Cost $17,437 - $40,685

Tax Rate 40% - 60%

Royalty 8% - 16%

Cost Escalation 5% - 9%

Investment Escalation 5% - 9%

Replacement Investment Escalation 5% - 9%

Price Escalation 5% - 9%

Loan In te re s t 12% - 18%
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FIGURE 1. DENSITY AND CUMMULATIVE DISTRIBUTION FUNCTION CURVES
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For th is  simulation ana lys is , a l l  factors and th e i r  ranges were 

considered to be independent. To consider interdependence causes 

complexity in the program and increases the time and expense o f running 

the program tha t is  not warranted by the additiona l r e l i a b i l i t y  obtained.

Based on the above discussion 500 cash flow simulations were 

completed. The NPV's were grouped and are i l lu s t ra te d  as a d is t r ib u t io n  

curve in Figure 2 w ith the cumulative d is t r ib u t io n  curve given in Figure

3. To analyze these curves a method using grouped frequencies was used. 

(13) The data is  grouped in to  c e l ls  and a l l  ca lcu la tions are based on 

the ce l l  mid-mark. A small amount o f e r ro r  from the ce l l  width selection 

and in the number o f c e l ls  e x is ts ,  but is  small and does not a f fe c t  the 

accuracy fo r  use in th is  thes is . In order to obtain a meaningful curve 

the groupings or ce l l  widths required a $30,000 width. Table 13 was 

developed fo r  the grouped normally d is tr ib u te d  data with an escalated 

d o l la r  discount rate o f 10 percent. A mean of -$9,500,000 and a standard 

deviation o f ± $65,930,000 were computed. Therefore, based on the mean 

value o f the NPV, the p ro jec t would not make a p r o f i t .

At th is  po int in the in ve s t ig a t io n , the negotia tor might examine 

fou r approaches. One, would be to drop the p ro jec t as unpro fitab le . Two 

would be to request the company reca lcu la te  a l l  values a f te r  determining 

p ro b a b i l i ty  values, i f  possib le, fo r  use with the fac to rs . Three is  to 

rerun the 500 simulations using a d i f fe re n t  minimum discount ra te . I f  

the value is  reduced the curve in Figure 2 w i l l  s h i f t  to the r ig h t  and 

more o f the simulations w i l l  ind ica te  a p ro f i ta b le  venture. A fourth
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TABLE 13

GROUPED FREQUENCY CALCULATIONS FOR THE NET PRESENT VALUE

X f t f t  f V

-165 2 -5 -10 50
-135 2 -4 -8 32
-105 6 -3 -18 54
-75 15 -2 -30 60
-45 13 -1 -13 13
-15 18 0 0 0

15 15 1 15 15
45 14 2 28 56
75 9 3 27 81

105 4 4 16 64
135 1 5 5 25
165 1 6 6 36

100 18 486

Xo = assumed mean = -15

x = mid-mark

c = c e ll  width = 30

f  = frequency (%)

t  = deviation from x_

X  = computed mean

s = standard deviation

X = x0+ c ( * f t / * f )  = -15+(30 (18/100)) = -15+30(. 18) = -15+(5.52) = -9.!

s = c l | ( * f t 2/ i f ) - ( * f W ) 2 == 30 ^ (486 /100)-( .18) 2 = 30 l b . 86-.032 =

30 H 4 .8 3  = ± 6 5 .9 3
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approach is  to examine each o f the analyses tha t have a negative NPV or

an ROR of less than 10 percent in escalated d o l la rs .

During the examination a basis must be established to determine i f

the fac tors  are adversely a ffe c t in g  the NPV and the ROR. For th is

in ve s t ig a t io n , the base case values were selected as the basis fo r  

comparison since the base case had a pos it ive  NPV. An example would be 

the operating costs. I f  they are higher than the base case, they lower 

the NPV and the ROR and can be considered one o f the negative in fluencing 

fa c to rs . Of the 278 analyses with negative NPV's or ROR's less than 10 

percent, a low price appears in 220 (Table 14). High operating costs are 

found in 154 o f the analyses and high roya lty  rates in 159 analyses.

These are the only three fac tors  which are con tro llab le  by the company in 

the short term investigated in th is  thes is .

Each unpro fitab le  analyses would have to be examined fu r th e r  by an 

experienced negotia tor to e lim inate those combinations o f values tha t 

would be almost impossible to e x is t .  Since price is  the most in f lu e n t ia l  

fa c to r ,  i f  the company decides a f te r  the i n i t i a l  inves tiga tion  to l im i t  

the price to $13.00, 93 analyses would be eliminated from th is  study.

This would be changing the lower l im i t  o f the range o f expected prices.

By e lim ina ting  the analyses with prices lower than $13.00, a l l  NPV's 

la rge r negatively than $120,000,000 are also elim inated. Also, a l l  of 

the other groups o f negative values in Table 14 are reduced. This one 

fa c to r  influences 220 o f the 278 negative present values and by
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increasing the lower l im i t  by $5.00 elim inates almost h a l f  o f the 220 

analyses and about a th i r d  o f the to ta l  negative analyses.

The same type of analyses as given fo r  the price could be 

accomplished on the other fac tors  involved even those tha t are 

uncontro llab le . Analysis o f the uncontro llab le  factors  would require 

input from an economist or an experienced negotia tor who could base the 

fu tu re  trends on analysis and experience with possible assignment of 

p ro b a b i l i t ie s .  With the fac tors  changed, 500 new analyses should be made 

and the procedures repeated. An inves tiga tion  o f th is  scope can become 

very cos tly  fo r  a property tha t would be marginal at best.

The overa ll decision fo r  the conditions given would be to cancel the 

p ro jec t.  This inves tiga tion  concerned a very marginal p ro jec t which a 

company would not pursue. However, the computer program can be u t i l iz e d  

by a negotia tor fo r  his own base case, fa c to r  value ranges, and 

s e n s i t iv i t y  analysis since the program is general, has updated tax 

formulas and a simulation procedure. The cash flow program was also 

constructed so tha t factors  can be added, deleted or changed eas ily .

Using the program with the base case and s e n s i t iv i t y  approach resu lts  in 

be tte r  economic decisions and helps negotiators w ith non-economic 

backgrounds to understand the influence o f various factors on the DCFR0R 

analysis.
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CONCLUSIONS

The purpose o f th is  inves tiga tion  was to determine what major 

fa c to rs , methods, and procedures are required to perform an economic 

analysis on a proposed coal mine fo r  the development o f a long-term coal 

sales agreement. The analysis started with a base case where a l l  factors  

have set values which were applied to a f in a n c ia l analysis method called 

"discounted cash flow  rate o f re turn (DCFROR)."  Required factors  are 

l is te d  in Table 7. A po s it ive  net present value (NPV) w ithout a loan in 

escalated do lla rs  o f $26,912,000 with a rate o f return (ROR) o f 12% was 

obtained from th is  analysis using 10 percent as the minimum discount 

ra te . In constant d o lla rs  using an in f la t io n  rate o f 7 percent the NPV 

was $25,265,000 w ith a return o f 4.7%. With a loan, both NPV and ROR 

were greater due to the leverage influence. The ROR value was greater 

than the rate set by management as the lowest acceptable p ro jec t return 

(minimum discount r a te ) .

Since mining is  a complex industry and the inves tiga tion  is  re a l ly  

pred ic ting  in to  the fu tu re ,  none of the factors used in the DCFROR 

analysis can be considered constant. To account fo r  the possible value 

changes, a s e n s i t iv i t y  analysis should be performed as the next step in 

the in ve s t iga t io n . During th is  analysis certa in  factors  are varied 

in d iv id u a l ly  by a constant amount. Ten percent was selected as the 

amount and p r ice , in te re s t  on loans, amount o f the loan, minimum discount 

ra te , tax ra te , operating costs, ro y a lty ,  and escalation factors  (p r ice .
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investment, cost, and replacement) were selected to be varied. A 

negotia tor knowing what factors  can be manipulated in the short term and 

how they a f fe c t  the NPV and ROR w i l l  d e f in i te ly  be be tte r prepared to 

obtain the best agreement fo r  the company. Major conclusions from the 

s e n s i t iv i t y  analyses are as fo llows:

1. Contro llab le factors  which change the payment o f money from present 

to fu tu re  had the most influence on the NPV and the ROR. Going from a no 

loan s itu a t io n  to a loan is  an example o f th is  conclusion.

2. Price which is  sem i-contro l!able a ffec ts  the annual revenue d i re c t ly  

and influenced the NPV and ROR the most when varied 10 percent.

3. Factors, including the tax ra te , the operating costs, and the 

ro ya lty  which a f fe c t  the cash flow on a yearly  basis were next in order 

o f in fluence. The tax rate is  uncontro llab le while the operating costs 

and ro ya lty  are con tro l la b le .

4. One fa c to r ,  the minimum discount ra te , affected the NPV but not the 

ROR. This fa c to r  changes the present value, which means varying a value 

in the present and not the fu tu re . This fa c to r  is  only compared to the 

ROR causing no changes.

Changing only one fa c to r  at a time is  u n re a l is t ic  in the mineral 

indus tr ies . To change the value o f more than one fa c to r  over a range of 

values reuqires some type o f i te r a t iv e  process and is  the th i r d  phase o f 

the in ve s t iga t io n . This procedure evaluates the r is k  o f continuing with 

a p ro jec t tha t is  not economically sound. For th is  inves tiga tion  a 

s imulation technique using random numbers and the DCFROR analysis method
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was used to produce 500 simulations. A normal d is t r ib u t io n  in escalated 

d o lla rs  at a minimum discount rate o f 10 percent fo r  the net present 

value w ith a mean value o f -$9,500,000 and a standard deviation of 

±$65,930,000 were the resu lts  o f the simulations.

The overa ll conclusions from th is  inves tiga tion  are as fo llows:

1. A computer program was developed fo r  determining the NPV and the ROR 

in escalated and constant d o l la rs .  A simulation procedure was also 

included in the program allowing fo r  wider usage.

2. The DCFROR f in a n c ia l analysis method w ith the proper manipulation of 

the involved fac tors  can be used to determine the s e n s i t iv i t y  o f the NPV 

and the ROR to these fac to rs .

3. When negative NPVs are obtained, the factors  causing the negative 

values should be iso la ted and examined fo r  p ro b a b i l i ty  o f occurrence.

4. Risk can be evaluated by using simulation techniques w ith random 

numbers and a large number o f  i te ra t io n s  o f the DCFROR method. These 

i te ra t io n s  varying certa in  fa c to r  values w i l l  not e lim inate any 

uneconomical p ro jec t but w i l l  give management or a negotia tor an 

ind ica tion  o f the success po ten tia l o f a p ro jec t.
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RECOMMENDATIONS

Investiga tions should be conducted on the fo llow ing top ics :

1. Several d i f fe re n t  base cases should be analyzed. These cases would 

have the fac tors  changed to resemble d i f fe re n t  economic s itua tions  tha t 

could occur. A s e n s i t iv i t y  analysis w ith p ro b a b i l i t ie s  would then be 

completed on each base case varying not only the factors  from th is  

inves tiga tion  but also others as the s itu a t io n  warrants. Simulations 

using the procedures from th is  inves tiga tion  fo r  each base case would 

re s u lt  in a complete f ina nc ia l analysis o f d i f fe re n t  economic s itua tions  

tha t could e x is t .

2. The computer program should be expanded to include American owned 

fore ign mines and procedures given above followed on an in te rna tiona l 

basis.
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APPENDIX A 

AGREEMENT CLAUSES



T-2736 54

TERM AND QUANTITY

S e lle r  agrees to supply Buyer at t h e _______ Power S ta t io n , in

s t r i c t  accordance with the terms, conditions, and spec if ica tions  set

fo r th  in th is  Agreement, _____  tons of coal to be delivered at the

approximate rate o f   tons per month during the period beginning

___________and end ing__________ .

QUALITY AND SPECIFICATIONS

1. The coal delivered shall not exceed three (3) inches in size and, on

an "as-received" basis averaged over each sample period, shall conform to

a l l  o f the fo llow ing  ch a ra c te r is t ics :

Moisture content - not to exceed ___ %
Ash content - not to exceed  %
S ulfur content - not to exceed ___ %
BTU content - not less than  BTU per pound
G rin d a b i l i ty  - not less than  HGI

Whenever the coal delivered during any sample period, on an

"as-received" basis averaged over such sample period, does not so

conform, the amount payable fo r  such coal by Buyer shall be adjusted as

outlined under A r t ic le  _____  (P r ic e ) .

2. Buyer shall have the r ig h t  in i t s  sole d isc re tion  to re je c t  coal 

which is  oversize, contains rock or other im purit ies  tha t would a f fe c t  

the operation o f the equipment at the S ta tion ; and S e lle r at i t s  expense,
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shall remove such re jected coal from Buyer's premises w ith in  seven (7) 

days a f te r  re je c t io n .

3. Notwithstanding the foregoing and in addition the re to , i f  the coal 

delivered or to be delivered f a i l s  to meet the average sample period 

spe c if ica tions  provided hereinabove fo r  a period o f two (2) consecutive 

sample periods, the Buyer may, at i t s  option immediately suspend 

performance hereunder u n t i l  such time as S e lle r can provide Buyer w ith 

assurances sa t is fa c to ry  to Buyer tha t S e lle r w i l l  perform f u l l y  i t s  

ob liga tions hereunder at which time such suspension shall thereupon 

cease. A fte r  two (2) suspensions, Buyer may terminate the contract. I f  

S e lle r  does not provide Buyer w ith assurances sa t is fa c to ry  to Buyer tha t 

i t  w i l l  f u l l y  perform i t s  ob liga tions  hereunder and does not so perform 

w ith in  two (2) months from date o f suspension, Buyer may a t i t s  option, 

terminate the contract at the end o f such period.
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PRICE (SIMPLE CLAUSE)

1. (a) The Base Price fo r  coal sold hereunder shall be _____  cents per

m i l l io n  BTU "as received" based on Buyer's analysis o f coal as sampled by 

Buyer at des tina t ion . This price is  f .o .b .  mine with Buyer paying the 

f re ig h t  and is  based on weights.

(b) S u lfu r adjustment - When Buyer's analys is , averaged fo r  any 

sample period, ind icates tha t the su l fu r  content is  .10 or more

percentage points above_____ % s u lfu r  "as received," the price to be paid

fo r  such coal shall be adjusted to compensate fo r  the increase above 

 % o f s u l fu r  content according to the fo llow ing  schedule:

Su lfu r Content Penalty

  -  % $1.00 per ton
  -  % $3.00 per ton
 % and above $5.00 per ton

(c) In addition to the above provis ions, the Base Price o f coal 

supplied which exceeds the l im ita t io n s  o f moisture set fo r th  in A r t ic le

  hereof by ____% or more in any sample period shall be reduced by

$1.00 per ton.

(d) In add ition  to the above provis ions, the Base Price o f coal

supplied which exceeds the l im i ta t io n  o f ash set fo r th  in A r t ic le  ___

hereof by ___% or more in any sample period, shall be adjusted to
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compensate fo r  the increase above ___% o f ash according to the fo llow ing

schedule:

Ash Content Penalty

% $1.00 per ton% $3.00 per ton
% and above $5.00 per ton

(e) In add ition  to the above prov is ions, the Base Price o f coal 

supplied which, i f  accepted, f a l l s  below the l im i ta t io n  o f g r indab il i t y

o f  HGI by more than one (1) index point t o  HGI or lower in any

sample period shall be reduced by $1.00 per ton.

( f ) In add it ion  to the above p rov is ions , the Base Price o f coal 

supplied shall be reduced by 10.0 cents per m i l l io n  BTU should the

heating value f a l l  be low   BTU per pound and by an additiona l 10.0

cents per m i l l io n  BTU should the heating value f a l l  below ______ BTU per

pound.
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PRICE (COMPLEX CLAUSE)

1. Components - The price o f coal supplied pursuant to th is  Agreement, 

per net ton o f coal at the Purchaser's generating f a c i l i t i e s ,  w ithout 

adjustment fo r  q u a l i ty  and quantity  and exclusive o f t ra n sp o r ta t io n , 

shall consist o f elements o f production costs and p r o f i t  specified in 

Annex hereto.

2. I n i t i a l  Determination o f Costs - The i n i t i a l  price stated in 

Paragraph 1 shall be the price mutually agreed upon by S e lle r  and 

Purchaser as stated in Annex attached hereto.

(a) Purchaser shall have the option to p e r io d ic a l ly  aud it these 

costs and d is t r ib u t io n s  determined by S e lle r at reasonable times and upon 

reasonable notice throughout the term o f th is  Agreement. S e lle r  shall 

make ava ilab le  to Purchaser's designated aud ito r i t s  books and the books 

o f mines supplying coal hereunder upon request in order to v e r i f y  these 

costs and d is t r ib u t io n s .

3. Quarterly Cost Adjustment - D irec t labor costs and the costs o f the

materia ls and supplies specified in Annex ___ shall be escalated or

de-escalated quarte r ly  according to the percent changes in the

corresponding WPI Code indices given in Annex ___ since the la s t

preceding quarte r ly  adjustment. The remaining production costs shall be
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escalated or de-escalated quarte r ly  in the same percentage as the to ta l 

combined adjustment to labor costs and costs o f materia ls and supplies

specified in Annex . P ro f i t  sha ll be escalated or de-escalated, as

the case may be, at the rate o f ___ o f the percentage o f the adjustment

defined above fo r  remaining production costs.

(a) Upon implementation o f federa l,  s ta te , or local regulations or 

labor contracts which are generally applied to s im ila r  mining operations 

in the area from which coal is  supplied under th is  Agreement and which 

s ig n i f ic a n t ly  impact upon the cost components or the d is t r ib u t io n  

the reo f, the affected p a r ty , a f te r  taking appropriate action to minimize 

the impact, may submit revised information concerning costs in the same

format contained in Annex ___ , and request approval o f the other party o f

those revised costs and/or d is t r ib u t io n s , as the basis fo r  immediate 

r e l i e f  and/or as the basis fo r  fu tu re  quarte r ly  price adjustments.

(b) These revised costs and/or d is t r ib u t io n s  shall be subject to 

aud it by pe tit ioned party. I f ,  as a re s u lt  o f pe tit ioned pa rty 's  audit 

such m odification or portion thereof is  determined to be ju s t i f i e d ,  

approval o f said request or such part thereof as is  ju s t i f ie d  w i l l  not be 

unreasonably w ithheld.

(c) I f ,  during the term of th is  Agreement, adjustments according to 

Paragraph 3(a) should be requested by e ith e r  S e lle r  or Purchaser, i t  is
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the in te n t o f the parties hereto tha t a f te r  consideration pursuant to 

Paragraph 3(b) and through discussions between the p a rt ie s ,  they shall 

reach a mutual agreement as to the requested adjustment. Neither party 

shall be e n t i t le d  to resort to a rb i t ra t io n  with respect to any such 

claim.
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ADJUSTMENTS TO BASE PRICES FOR COAL (COMPLEX CLAUSE)

1. General Purpose

(a) In determining the o r ig in a l base price schedule the S e lle r has 

taken in to  consideration economic factors  and conditions as of

__________________ . I t  is  an tic ipa ted tha t changes w i l l  take place in

costs o f labor, in prices o f materia ls and equipment, in incidence and 

rate o f taxes and in other economic factors and conditions which w i l l  

a f fe c t  S e lle r  in f u l f i l l i n g  i t s  ob liga tion  under th is  agreement. 

Accordingly, provisions are made, as here ina fte r set fo r th ,  to adjust the 

base prices fo r  coal from time to time, i t s  being recognized, however, 

tha t at any given time the app lica tion  o f an adjustment may not 

necessarily re s u lt  in a change in price exactly comparable to then 

current economic changes.

(b) The p o s s ib i l i t y  is  foreseen th a t ,  through the operation o f 

forces which are not w ith in  the reasonable control o f the parties to th is  

agreement, there may occur extreme or radical temporary or long-term 

changes from the economic fac tors  and conditions which existed in

__________________ . Should such a change occur and should i t s  e f fe c t  be

such as to serious ly  d is to r t  or render c le a r ly  inequ itab le , on e i th e r  a 

temporary or a long-term basis, the app lica tion  o f the methods of 

adjustment, he re ina fte r provided, w ith the re s u lt  tha t e i th e r  party would
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s u ffe r  material in ju ry  or loss by the continued app lica tion  o f such 

methods o f adjustment, then revised methods o f adjustment shall be 

adopted so as to produce, in the l ig h t  o f  then-ex is ting  and prospective 

circumstances, reasonable and equitable adjustments, e i th e r  temporary or 

long-term, to base prices. I t  is  not the in te n t o f the part ies  tha t such 

rev is ion  in methods o f adjustment should re s u lt  in depriv ing the S e lle r  

o f savings or advantages a r is in g  from additiona l investments in 

f a c i l i t i e s  or from improvements effected in u n it  costs, e f f ic ie n c y  or 

profitab leness o f i t s  opera tion , where there is  no attendant adverse 

e f fe c t  upon the Buyer, except fo r  the l im ita t io n s  imposed on S e l le r 's  

p r o f i t ,  as set fo r th  in Paragraph ____.

(c) I t  is  agreed tha t the purpose o f adjustment to base prices is  

to a llow the Buyer to purchase coal at a reasonable price and the S e lle r  

a reasonable return at a l l  times on the se l l in g  price o f coal delivered 

under th is  agreement, as measured by net income as a percent o f to ta l 

sales revenue o f S e l le r 's  ____ Mine.

(d) Should the parties  be unable to agree as to the necessity fo r  

such rev is ion  or upon such revised methods o f ad jus t, as set fo r th  in 

Subparagraph 9 (b ), the matters at issue shall be submitted and determined 

by a r b i t ra t io n ,  as provided in A r t i c l e  .
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(e) An example o f the operation o f th is  A r t ic le  is  included in 

Appendix attached hereto.

2. Adjustment o f Base Prices o f Coal - The base prices o f coal sold 

under th is  agreement shall be adjusted as here ina fte r set fo r th .  The 

adjustment to the base prices shall be the sum o f ( i )  the sum o f the then 

e f fe c t iv e  changes to a l l  components except the in te re s t  component and the 

coal severance taxes and federal reclamation fees , taxes or charges

component m u lt ip l ie d  by the price component m u l t ip l ie r  o f _____ (pursuant

to  Paragraph ____ ) carried out to the fou rth  decimal, and ( i i )  the change

in the in te re s t  component, and ( i i i )  the change in the coal severance 

taxes and federal reclamation fees, taxes or charges component. Such 

adjustment in the base prices to the nearest m i l l  shall be added to or

subtracted from the i n i t i a l  base prices set fo r th  in A r t ic le  ____

revis ions o f the base prices.

Components subject to period ic adjustment are:

(a) Labor

(b) Fringe Benefits

(c) Materia ls and Supplies

(d) Royalty

(e) E le c tr ic  Power

( f ) Pension



Business, Plant and Equipment Tax, Permit, Bond and Insurance 

Coal Severance Taxes and Federal Reclamation Fees, Taxes or 

Charges

Special Studies

Investment

In te res t
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APPENDIX B 

DEFINITIONS OF ECONOMIC FACTORS
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DEFINITIONS

1. Annual Price Agreement - An agreement to se ll  and buy coal tha t is  

based on a base price valued fo r  only one year. This agreement must 

be renegotiated every year.

2. Ash - The inorganic residue remaining a f te r  the ig n i t io n  o f a 

combustible substance such as coa l. Ash may not be ide n tica l in 

composition or in quan t ity ,  w ith the inorganic substances present in 

the material before ig n i t io n .

3. Base Price Plus Escalation Agreement - An agreement to se ll  and buy 

coal tha t is  based on a base price with changes an tic ipa ted in 

various mining costs. As these changes reach certa in  l im i ts  the 

base price is  adjusted.

4. Bonus Payment - An extra payment fo r  work done or to be done. I t  is  

an incentive to a speedy advance o f the development work in a mine.

5. B r i t is h  Thermal Unit (BTU) - The heat needed to ra ise 1 pound of 

water 1° Fahrenheit (equal to  252 c a lo r ie s ) .
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6. Capita lized Costs - Investment costs tha t are not expensed fo r  tax 

purposes in the year in which they are incurred but tha t are w r it te n  

o f f  fo r  tax purposes over a period o f time greater than one year. 

Methods used fo r  th is  w r i te  o f f  are depreciation, deple tion, and 

amortization.

7. Cash Flow - The reported net income o f a corporation plus amounts 

charged o f f  f o r  extraord inary charges to reserves and other 

bookkeeping deductions (deprec ia t ion , deple tion, am ortiza tion, e tc . )  

and not paid out in actual d o lla rs .

8. Cost-Plus Agreement - An agreement to se l l  and buy coal tha t is  

based on a base price established through the costs incurred by the 

mine. I f  the costs are higher than established in the agreement 

they are s t i l l  covered.

9. Depletion - Recovery o f an owner's economic in te re s t  in mineral 

reserves through federal tax deductions re la ted to the removal of 

the mineral over the economic l i f e  o f the property.

10. Depreciation - The period ic  loss in value which tangib le  assets 

sustain through age.
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11. Development Costs - The cost o f the work performed fo r  the purpose

of opening up a mineral deposit and making the actual ore extrac tion

possible.

12. Discounted Cash Flow Rate o f Return - The rate o f return tha t makes 

the present worth o f the cash flow fo r  an investment equal to the 

present worth o f a l l  a f te r - ta x  investments. Discounting equations 

are used in th is  analysis.

13. Escalation - A pers is ten t r ise  in the price o f sp e c if ic  commodities, 

goods or services due to a combination o f in f la t io n ,  supply, demand, 

environmental changes, engineering changes, etc.

14. Expensed Costs - Costs which are w r it te n  o f f  fo r  tax deduction

purposes in the year in which they are incurred.

15. Exploration Costs - The cost o f the work involved in searching fo r

the ore.

16. Force Majeure - A major force which can a f fe c t  a mine but which the

mine has no control over, examples are: acts o f God, f i r e ,  f loo d ,

c i v i l  d isorders, etc.
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17. Investment Tax Credit - A c re d it  against the tax l i a b i l i t y  and not a 

deduction from taxable income. I t  is  based on the amount o f the 

investment q u a l ify in g .

18. Market Price Agreement - An agreement to se l l  and buy coal where the 

base pr ice is  a function o f costs plus a reasonable p r o f i t  and the 

resu lts  are compared to other prices in the coal market.

19. Minimum Discount Rate (Rate o f Return) - The rate o f return tha t a 

company fee ls  i t  has opportun it ies in which to invest ava ilab le 

investment cap ita l w ith reasonable r is k .

20. Moisture - A l iq u id  d iffused or condensed in re la t iv e ly  small 

q uan t it ies  and dispersed in or on a so lid  body (coal) in in s in s ib le  

form.

21. Net Present Value - The present value o f fu tu re  returns on an 

a f te r - ta x  basis which is  equal to the present worth o f a cash flow 

minus the present worth o f a f te r - ta x  investments calculated at the 

minimum rate o f re turn .

22. Rate o f Return - The expected growth rate fo r  cap ita l invested in a 

p ro jec t and is  sometimes termed "opportun ity  cost o f c a p i ta l . "
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23. Risk - The p ro b a b i l i ty  tha t actual fu ture  values w i l l  vary from the 

values determined in an analysis. Of p a r t ic u la r  importance is  the 

p ro b a b i l i ty  tha t the actual values w i l l  be less than the values 

determined through the analysis.

24. Royalty - The share o f the product or p r o f i t  reserved by the owner 

fo r  perm itt ing another to use the property.

25. S e n s it iv i ty  Analysis - An analysis in which key variables are 

changed and the re su lt ing  change in the net present value and the 

rate o f return are observed.

26. Simulation - A technique whereby probable fu tu re  events are 

generated on a computer.

27. S u lfu r - A b r i t t l e ,  odorless, nonmetal l i e  element found as an 

im purity  in coa l.
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APPENDIX C

LIST OF MINE EQUIPMENT, PERSONNEL & COSTS
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TABLE Cl

EQUIPMENT AND COST SUMMARY (1979 DOLLARS)
Item Unit Cost
Dragline (Erected) $12,720,400 
D r i l l ,  Overburden 938,400
D r i l l , Coal 56,000
Coal Shovel 2,304,000
Front-end Loader 583,520
Dozer (Dragline) 241,920
Truck, Coal 474,880
Scrapers, Overburden 431,040
Cable Holder and Reel 84,500
Road Grader 153,120
Scraper,Road&Reclamation 431,040 
Dozer, Road&Reclamation 241,920 
Truck, Water 70,400
Truck, Mechanic 18,720
Truck, Welding 17,600
Truck, E le c tr ic ia n  13,760
Truck, Supply 14,400
Truck, Explosive 51,480
Truck, Lubrication 66,000
Truck, Pickup 9,600
F o r k ! i f t  13,760
Truck, Crane 184,320
Pumps, Sump 11,000
Towers and F loodlights 3,960
Substation, Power 65,880
Communications System 
Disconnect Skid 19,440
Breaker Skid 41,040
Connection Box 2,592
Cable/Power Line
Company Car 8,360
Carryall 9,900
Rippers fo r  Dozers 12,870
Pump, Casing and Well 
Explosive Storage 80,000
Oil and Fuel Storage 48,000
O ffice  and Washhouse 520,000
Shops and Warehouses 
Shop Equipment 
O ffice  Equipment 
Road Construction

Quantity Total Cost L ife  Years
1 $ 12,720 400 15
2 1,876 800 10
2 112 000 10
1 2,304 000 10
2 1,164 040 5
1 241 920 10
8 3,799 040 5
2 862 080 5
2 270 400 15
1 153 120 10
3 1,293 120 5
3 725 760 10
1 70 400 10
1 18 720 5
1 17 600 5
1 13 760 5
1 14 400 5
1 51 480 10
1 66 000 10
6 57 600 5
1 13 760 5
1 184 320 10
3 33 000 10

10 39 600 15
4 263 520 15

25 920 10
4 77 760 15
4 164 160 15
7 18 144 15

1,569 440 5
1 8 360 5
1 9 900 5
2 25 740 5

33 000 15
1 80 000 15
1 48 000 15
1 520 000 15

1,760 000 15
550 000 10
110 000 10
495 000 15
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TABLE Cl (Cont.)

Item Unit Cost Quantity Total Cost L ife  Years
S ite Preparation 160,000 15
Exploration, Detailed 240,000 15
Cleaning Plant and Loadout F a c i l i t y  17,369,400 15
TOTAL DIRECT COSTS

Fie ld - In d ire c t  20% o f D irect Costs 
TOTAL CONSTRUCTION COSTS
Engineering - 25% o f Total Construction Costs 
Overhead and Admin.-20% o f Total Const. Costs 
Subtotal 1
Contingency - 20% o f Subtotal 1 
Fees, l icenses, permits 
Subtotal 2
In te re s t - 20% o f Subtotal 2 
TOTAL COST

160 ,000
240 ,000

17 ,369 ,400
$ 49 ,634 ,664

9 ,926 ,933
59 ,561 ,597
14 ,890 ,400
11 ,912 ,320
86 ,364 ,317
17 ,272 ,864
15 ,545 ,578

119 ,182 ,759
23 ,836 ,552
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TABLE C2

WORKING CAPITAL AND TOTAL CAPITAL COSTS

Estimated Working c a p ita l :  Cost

D irect labor - 3 months $ 657,400

Operating supplies - 3 months 1,035,000

Payroll overhead - 3 months 263,000

In d ire c t  cost - 4 months 338,500

Fixed cost - 0.5 percent o f insurance base 186,900

Spare Parts 226,700

Miscellaneous 99,000

Total working cap ita l 2,806,500

Total investment cost from Table 1 143,019,311

TOTAL CAPITAL COST $145,825,811

TOTAL EXPLORATION COSTS 2,000,000

TOTAL DEVELOPMENT COSTS 4,000,000

TOTAL INITIAL INVESTMENT COSTS $151,825,811
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TABLE C3

REQUIRED PERSONNEL AND WAGES PER YEAR 

Personnel Wages Per Year

Production
Dragline operators (overburden) $ 140,400
Dragline O ilers (overburden) 129,400
Bulldozer operators (overburden) 165,800
D r i l le r s  (overburden) 42,900
D r i l l e r  helpers (overburden) 40,700
Shooters (overburden) 21,200
Wheel t ra c to r  scraper operators

(w ith overburden d r i l l )  85,500
D r i l le r s  (co a l) 42,900
D r i l l e r  helpers (coal) 40,700
Shovel operators (coal 48,900
Shovel O ilers (coal 45,100
Front-end loader operators (w ith coal shovel) 42,900
Shooters (coal) 42,900
Pitmen (coal) 40,700
Truckdriver (explosive truck) 21,200
Truckdrivers (coal) 300,200

$1,251,400

Maintenance
Road grader operators 42,900
Water truck d r ive rs  20,400
Lubrication truck dr ivers 61,500
Supply truck d r ivers  61,500
Mechanics 204,100
E lec tr ic ians  102,000
Machinists 102,000
Welders 102,000

$ 696,400

Reclamation and road bu ild ing
Wheel t ra c to r  scraper operators 85,500
Bulldozer operators 85,500

$ 171,000

U t i l i t y
U til itym en 122,100



T-2736 76

TABLE C3 (Cont.) 

Salary
Superintendent 29,000
General p i t  foremen 40,000
P it  foremen 99,000
Maintenance superintendent 22,000
Maintenance foremen 50,000
Mining engineers 22,000
Safety inspector 43,500
Office Manager 15,500
Purchasing agent 15,500
Timekeeper 11,000
Bookkeeper 11,000
Warehouseman 30,000

$ 388,500

LABOR AND SUPERVISION $2,629,400
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TABLE C4 

ANNUAL OPERATING COSTS

Annual Cost
D irect Cost

Production
Labor
Supervision

$ 1,544,500
316,500

$ 1,861,000

Maintenance
Labor
Supervision

696,400
72,000

768,400

Operating Supplies 
Spare parts
Fuel, o i l , and lu b r ic a t io n  
D r i l  b i ts  
Ti res
Explosives
Miscellaneous

460.000
1.196.000

276.000
552.000

1.196.000
460.000

4,140,000

Power 1,104,000

Reclamation (Contracted fo r  Mulching, l im ing , 
f e r t i l i z i n g ,  and seeding) 9,034,265

Payroll overhead (40 percent o f pa y ro l l) 1,051,800

Union welfare 7,123,600

Rent 2,216,000

In d ire c t  Cost
15 percent o f labor, maintenance, and supplies 1,015,400

Fixed Cost
Taxes and insurance, 2 percent o f mine cost 747,500

TOTAL $29,061,765



T-2736 78

TABLE C5

DEPRECIATION, INVESTMENT TAX CREDIT AND 
REPLACEMENT INVENTORY PERCENTAGES

1. Percent ot Total Capital Costs tha t can be depreciated 
$49,634,664/$145,825,811=.34(100)=34%.

2. Percent o f 5 year depreciation
$8,870,560/$49,634,664=.18(100)=18%

3. Percent o f 10 year depreciation 
$6,504,720/$49,634,664=.13(100)=13%

4. Percent o f 15 year depreciation
$34,259,384/$49,634,664=.69(100)=69%

5. Percent o f Investment Tax Credit 
$44,594,724/$145,825,811=.31(100)=31%

6. Percent o f replacement inventory at beginning o f each phase 
$15,375,280/$49,634,664=.31(100)=31%
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APPENDIX D 

DISCOUNTED CASH FLOW RATE OF RETURN

COMPUTER PROGRAM
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TABLE D1

DEFINITIONS OF SYMBOLS USED FOR INPUT INTO THE PROGRAM

1. AR - Royalty rate
2. CE - Rate o f cost escalation
3. D% - Percent o f investment borrowed
4. DP - Depletion rate
5. DT - Indicates i f  a loan is  considered
6. 1% - Percent o f investment used each year
7. IE - Rate o f escalation fo r  investment expenditures
8. IN(1) - Total estimated investment
9. K( )- F i r s t  year o f operating net cash flow
10. KR - F i r s t  year o f replacement
11. M - F i r s t  year o f investment
12. MS - Capital cost index
13. N - Last year o f investment
14. NO­ Last year o f operating net cash flow
15. NE - General in f la t io n  rate
16. NR - Last year o f replacement
17. OP - Annual operating costs
18. OR - Mineable reserve
19. PA - Price at beginning o f phases
20. PE - Price escalation
21. PO - Production
22. R - Minimum acceptable discount rate
23. RE - Rate replacement inventory escalation
24. S - In te res t on loan
25. TX - Tax rate
26. WP - Price index (applies to operating cost)
27. X - Number o f phases o f production
28. Y - 'Analysis reference number
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03 <N S 1
1 z  0  0 Oœ11•H O Z x x xZ ^w « Il V  fN CO r4 • r4 1-4 O  i-H

^ * 1  ^  * *
II 4to<

64 z u

t o  00 QD 00 t o
•x O' O' O' *x 

I fN w w W »H• u u u •
I If) Il II It OD
I O «-X «-% «-k Q11 o  in o  11
«-k O' O' o  ^
n O' O' o m 
OOWWCNCD

XXXQ O O Il II II

^  a  o  a  w  
1 - I  X

a  v> ca 10 o

O O Q
VI V) VI

Q. ro •> »s «s «x
v i  V I

-4  czi 11 m  co  »  ao ao  •-1 o« 01 o> o1-4 O » #4 W W 4 —4 4-4' ♦ # wwwl «w 1
O i v i i n J J j c D X x :  
II —. O C C C O C O i  Il II II II II

O CO — -x—s
to  o> II v  

O' X  II —< Vo a —« x x
Il II VO Q  O

IT) —4 O' CO

O  O ' o  
—4 -4 X II J

XX O IIO O to O —
CO CO <— fN ̂  

UI VO O' X ̂

: S' S' x —.m 1 c  c  o o  c 11 11 11 11
4T O -T O' 'T
ao ao O' O' cd 
O' O' O ' O ' O»

œ 5 O ' o> v
O' O' O ' O ' 00

*- H
-J u

H X 1-1 Q1-4 «-
to u
? S1

II -.4 W W V  V  -*4 W H4 44 N4 S4m u u u u x x x x x x x x i i
Q H H X l - a i M Q Q Q Q Q Q Q Q Q Q Q Q Q " ^

io-ijto«jcou.totototototototototototocou.
• 0 ' o 0 4 4 t N r o » i n ' O P » e O ' o « - i r N < n p -  
Ln>or—o o o o r - o r - r —o o D a D x a o o oOOOOO—•-4—40

tN rN <N r4rN fN <N IN fN fN <N fN <N <N C N <N rN fN tN rN <N «N rN <N rN fN tN P4<N tN <N rN (N <N



T-2736 82

O o O
o o Of4

O  6JÊ O  "X
-4 Z

«  U
Z X x

O
a O  oCL
00 00 00
*0

x x x 66
66 66 66

C-«t-* H  H H C-*
H  ^  fr- + O t->

U  J -J
»J u. u U X  X XX  X X

1 II
«H S «H Il II II
Il II Z II z  z
z  z lu z

tu tu tutu tu S

o  a  
# x
M %
a. o  
a  •

•%X 
X  % 
S #4

2
)

OA
N 

IS
 

T
IO

N
) 

O
V

E
R

X  U  U
x» »
^  tu  o

«  a .
^  tu

Z

fN O  U  w  U  
H  Q X  Q O tu
^  ÛS

o fN LU fN
CL

tu •-J tu
X X  x

V3 H  X
X  z
o  o

Z  3̂ 1 O ^x
O «I tu Û, — Z  fN
►H [U < XIX w
H  Z  X ^  «x a  u
O  L0 t/3 46 X  X
X  O X + O  x
q  tn  z  u -4 fr- O
O  tu  HI w  Q  i-4
os <n e - h Il U  CU 00
(X X  x  tu IN #xwj x

X  Œ Z X  ^xX 5

:  z  o  z •x H  X  V)V) I M4 M û. Q  U  «1
tu  r  tu h
V) x t/3 O X
X  W Z  « V3 r-l V3 Z
X  4 6 0  Z  tu ♦  00 M £U

« X X  Xw S  *« >«
>• « Z  X

tu kJ X  tu
O «s C/3 ê-* O ID Il (A ZU*> X  CO xp «x M >  UwX ^  u  as • x  x  x  
1*3 s  w  x  m  z a . s ^
œ ^  LU lu U3 s co x  C*3 z  rN
7 lixr >• iT) »s O os Z  3 H  H  O  J  X  Hz w e- • ♦ z  oùu 05 C0 X*̂ u3 Xfa*ll|S *v C — X s(M X D X

<** kJ w 6̂  J  *-•— — S — 5 A X 5  5 5 I - -  *
^ 1  ^  | CZ) fN

» S S W fN  S S S w O I * 4 * S Z  
^  |

: 46 16 O Zw  M H  II II (H w
*} <x

l Ch
n  *

o

X X
46 46 66
*J -J U

H  H  X  H  H  H  Q ^  
U e J M v i u u ^ J c n v i c z i c n ^

. r o m f o m m f o f n m c o f o f n c n c o r o f o

x tu> <«x C/3
00 > X HU tuX Zx«-f Z X «XZ 1 O O I XZ Z X̂ II IX z  z  o IIx w • H HX H00 a. z V) «J o'X 6 X X 6 tu •x 5> m-x ttiZ ̂  w H V3 W z . Z o

2  Xtu tu z  ♦ ta HZ o ^ z* W w *X OX | x > tH 1 Z * o MZ 3C Z Z X z  z il z Ho < taU 6S H X 65 ta z  tuV3 I Z e- ta i tu ^ tuU z  o *J X«X X eu tu «X xztas X • V3 iU 00V z CL o tu H Z H ta wt Z Z X♦ tu +z  z  o z X X O Z O z  ta t-a. w CL «a ta w ta X  . z
t  X II « CL < Il +4 6 CU Wz ‘-Ni X "X Z  >

3 o z OC O Z n z O w U4«X z w +*eu i z X #- o tu tu I H z  > > tu taH Z xi Û. O u o. r» H H Z X O O H z  r» *« tuX w » <N z II X  X  w Z O' u Il O' x z
tn  • o z  z  tu tu to  •  X
•X V o n v ta z •xV > n  v euO + « 0  0  + 0 w %ZtU «X H z  o Û. eu tu «X Z o zH w X as vo m h h uU II z  » u • V3 U V II X • HZx v X (O V V) V U3 ixn Z U «-S XV O xv ^3 n z  z •x x«J ttZ O' OOtxZ Z  V zet x  a o z z  xp c  ûs et a. xCL a. CL x • ei h a. a, o s 3d * H X w • o taIl V o 5 5 X m v ta s z  v s sV3 n ta ta t/3 o  ta

X X  X tu x w z  x  «x X XX X Z X  x x Z  X  X X•x 1 •x # + W46( N 66w o Z Z 66«X X Z Z 66 66f N 46̂ 0 Z Z 660Z 6S Z 6666H II u Il II Il w II II II
H  Z  H  Z  f i z  e-. z  o z H H Z H Z H Z H Z Z o •* Htu Z zUtu«JV)V>tXV3 UV3tulXV3 UUCui-3 V)</3MV>UV)V3 tuMUU
mo»nvoe^oo(7\ooLr)or-ip-*®aNO^<Nr3^ro<Nfoin\or-œOfX«xw4ŵ«XF4 fNtninxo<osoc^r-co®®®oo^p'^^ov^^
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