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ABSTRACT

T h i s  s t u d y  p r e s e n t s  an  econom ic  e v a l u a t i o n  o f  two 

t r a n s p o r t a t i o n  s y s te m s  a s  a p p l i e d  t o  a  s p e c i f i c  mine  h a u l ­

age  o p e r a t i o n .

I n  t h e  f i r s t  p a r t  i t  e v a l u a t e s  t r a n s p o r t a t i o n  c o s t s  

by  means o f  a  f l e e t  o f  t r u c k s  o v e r  a  d i s t a n c e  o f  68  m i l e s .

I t  t a k e s  i n t o  a c c o u n t  t h e  a c t u a l  f e a t u r e s  o f  t h e  e x i s t i n g  

r o a d  and d e t e r m i n e s  t h e  o p t i m a l  number and t y p e  o f  t r u c k s  

t o  be  n e ed e d  f o r  t h e  r e q u i r e d  a n n u a l  p r o d u c t i o n .  I t  i s  

shown t h a t  t h i s  o p e r a t i o n  c a n  be  im p ro ved  a p p r e c i a b l y  by  

p a v i n g  t h e  r o a d .  T h i s  p a r t  i s  s o l v e d  b y  c o m p u t e r - a s s i s t e d  

s i m u l a t i o n .

R a i l r o a d  h a u l a g e  sy s te m  analysis i s  c o n t e m p l a t e d  i n  

t h e  s e c o n d  p a r t  . A s p e c t s  s u c h  as  b r e a c h i n g  j u n g l e  a r e a s ,  

c o s t  e s t i m a t e s  o f  j u n g l e  a c c e s s  t r a i l s ,  r a i l r o a d  e q u ip m e n t  

s e l e c t i o n ,  and c o s t s  e s t i m a t e s  f o r  t h i s  o p e r a t i o n  a r e  d e -  

t e r m in e d o  Com puter  p r o c e d u r e s  a r e  a l s o  u s e d  t o  d e t e r m i n e  

t r a v e l i n g  t i m e s .

F i n a l l y ,  a  c o m p a r i s o n  b e tw e e n  b o t h  s y s t e m s  i s  p e r f o r m e d .  

I t  i s  a p p a r e n t  t h a t  on t h e  b a s i s  o f  h a u l a g e  c o s t s  only ,  t h e  

r a i l r o a d  s y s te m  i s  s u b s t a n t i a l l y  b e t t e r .

i i i
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INTRODUCTION

G e n e r a l

The B o l i v i a n  m in i n g  i n d u s t r y  i s  c h a r g e d  w i t h  t h e  r e ­

s p o n s i b i l i t y  o f  d e v e l o p i n g  and e x p l o i t i n g  i t s  m i n e r a l  r e ­

s o u r c e s  t o  s u s t a i n  i t s  economy w h ic h ,  i n d e e d ,  i s  t h e  b a s e  

o f  t h e  B o l i v i a ’ s economy. I t  i s  o b v i o u s  t h a t  t h e  demand 

f o r  m i n e r a l  c o m m o d i t i e s  i n  t h e  coming y e a r s  w i l l  i n c r e a s e  

m a n i f o l d .  G iv e n  a d e q u a t e  m i n e r a l  r e s o u r c e s ,  t h e  t a s k  o f  

e x p a n d i n g  p r o d u c t i o n  b y  a  f a c t o r  o f  t h r e e  o r  f o u r  o f f e r s  

no s m a l l  c h a l l e n g e .  The demand f o r  raw  m a t e r i a l s  i n  t h e  

m i n e r a l  a s p e c t  i s  c o m p l i c a t e d  by  t h e  f a c t  t h a t  m in i n g ,  u n ­

l i k e  t h e  o t h e r  i n d u s t r i e s ,  m a r k e t s  a  w a s t i n g  a s s e t .  Con­

sumed m i n e r a l  r e s o u r c e s  c a n n o t  be  r e p l e n i s h e d  and m o s t  o f  

t h e  h i g h - g r a d e ,  e a s i l y - m i n e d  d e p o s i t s  have  b e e n  e x h a u s t e d .  

However, t h e r e  s t i l l  a r e  some m i n e r a l  d e p o s i t s  w h ich  c a n  

be  c o n s i d e r e d  o f  r e l a t i v e l y  h i g h  g r a d e ,  b u t  t h e y  a r e  n o t  

m ined  o u t  b e c a u s e  o f  o t h e r  d i f f e r e n t  a s p e c t s  su c h  i n a c c e s ­

s i b i l i t y ,  i s o l a t i o n ,  w e a t h e r  c o n d i t i o n s ,  and so f o r t h .  An 

i r o n - m a n g a n e s e  d e p o s i t  l o c a t e d  i n  s o u t h e a s t  o f  B o l i v i a  i s  

one s u c h  d e p o s i t .

Two y e a r s  ago ,  C o r p o r a c i o n  U i n e r a  de B o l i v i a ,  t h e  

S t a t e ’ s B o l i v i a n  m in i n g  company,  s t a r t e d  p r e l i m i n a r y  work 

a t  E l  Mutun d e p o s i t .  F o r  t h e  e x p e r i m e n t a l  s t a g e  a  p i l o t
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p l a n t  w i t h  a 700 MTPD c a p a c i t y  was b u i l t  and an a c c e s s  r o a d  

from P u e r t o  S u a r e z  t o  t h e  mine was b u i l t .  The e x p l o i t a t i o n  

p h a s e  w i l l  b e g i n  by  w o rk in g  t h e  a l l u v i a l  d e p o s i t s  i n  t h e  

n a r r o w  v a l l e y s  o f  t h i s  a r e a .  The m in i n g  o f  these  a l l u v i a l s  

w i l l  l a s t  f o r  s e v e r a l  y e a r s .  The o r e s  w i l l  be c o n c e n t r a t e d  

i n  a  m i l l  and t h e n  t h e y  w i l l  be  t r a n s p o r t e d  t o  P u e r t o  B u sch ,  

a  h a r b o r  on t h e  P a r a g u a y  R i v e r ,  f rom whence t h e y  w i l l  be 

s h i p p e d  down t o  t h e  A r g e n t i n a  S t a t e  S t e e l  Company a t  San 

N i c o l a s ,  A r g e n t i n a .  I n  t h i s  s m e l t e r  t h e  c o n c e n t r a t e  w i l l  be 

c o n v e r t e d  i n t o  s t e e l .  F e a s i b i l i t y  s t u d i e s  have  d e t e r m i n e d  

t h a t  f o r  an  e c o n o m ic a l  o p e r a t i o n  t h e  minimum t o n n a g e  t o  be  

s h i p p e d  down t o  t h e  s m e l t e r  m us t  be  1 , 0 0 0 , 0 0 0  MTPY.

The h a u l a g e  o f  t h i s  c o n c e n t r a t e  f rom t h e  m i l l  t o  t h e  

r i v e r  h a r b o r  o v e r  a d i s t a n c e  o f  68  m i l e s  i s  t h e  t o p i c  o f  

t h i s  d i s s e r t a t i o n .

The u se  o f  t r u c k s  a s  a m a in  t r a n s p o r t a t i o n  sy s te m  

f o r  t h i s  o p e r a t i o n  i s  t h e  o r i g i n a l  p l a n  c o n t e m p l a t e d  by  

t h e  company’ s m anagem ent .  A two-way r o a d  was b u i l t  w i t h  

t h i s  p u r p o s e .

P rob le m  S t a t e m e n t

The h a u l a g e  c y c l e  c o n s i d e r e d  i n  t h i s  r e p o r t  c a n  be 

e x p l a i n e d  a s  f o l l o w s :  a f t e r  t h e  o r e  i s  t r e a t e d  i n  t h e  m i l l  

i t  i s  s t o r e d  i n  an o r e  b i n .  The t r u c k s  a r e  l o a d e d  from 

t h a t  b i n ,  l e a v i n g  t h e  l o a d i n g  a r e a  and b e g i n n i n g  t h e  l o n g  

d i s t a n c e  t r a v e l  t o w a rd  t h e  r i v e r  p o r t  a t  w h ich  t h e  c o n c e n ­
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t r a t e  i s  u n l o a d e d  i n t o  t h e  p o r t  f a c i l i t i e s .  A f t e r  diunping 

t h e  u n i t s  l e a v e  t h e  p o r t ,  m ak ing  t h e i r  way h a c k  t o  t h e  m i l l  

f o r  r e l o a d i n g .

The optimum s e l e c t i o n  and a s s i g n m e n t  o f  e q u ip m e n t  

w i l l  a c h i e v e  maximum p r o f i t  f o r  t h e  company. The a n a l y s i s  

d e s c r i b e d  i n  t h i s  r e p o r t  a s s i s t s  management i n  t h e  s e l e c ­

t i o n  o f  t h e  b e s t  s y s te m  o f  o r e  t r a n s p o r t a t i o n .  B o th  a 

t r u c k  and a r a i l r o a d  sy s te m  a r e  c o n s i d e r e d .

P u r p o s e  and Scope

The o n l y  c e r t a i n  and a b s o l u t e  way management c a n  d e t e r ­

mine c o s t  and p r o d u c t i v i t y  o f  any  m in i n g  s y s te m  i s  t o  i n ­

s t a l l  end o p e r a t e  t h e  s y s t e m .  However, when s y s t e m s  i n v o l v e  

l a r g e  c a p i t a l  e x p e n d i t u r e s  t h i s  p r o c e d u r e  i s  se ld o m  e c o n ­

o m i c a l l y  f e a s i b l e  and p r a c t i c a l .  The p r o b a b i l i s t i c  n a t u r e  

o f  m in i n g  and p r o d u c t i o n  would  n e c e s s i t a t e  a  l e n g t h y  e x p e r  

im e n t  f o r  e a c h  a l t e r n a t i v e  t o  l o c a t e  t h e  optimum s y s t e m .  

S i m u l a t i o n  p r o v i d e s  a  b e t t e r  a p p r o a c h .  S i m u l a t i o n  m eth o ds  

a r e  u s e d  when t r u c k  s t u d i e s  a r e  made.  S t a n d a r d  s i m u l a t i o n  

i s  em ployed  as  w e l l  i n  t h e  r a i l r o a d  a n a l y s i s . .

S u m m ar iz ing ,  t h i s  s t u d y  p e r f o r m s  t h e  a n a l y s i s  o f  s e ­

q u e n t i a l  o p e r a t i o n s  and c o s t s  f o r  a  t r u c k  h a u l a g e  s y s te m ,  

makes a c o s t  e s t i m a t i o n  f o r  a  r a i l r o a d  o p e r a t i o n  and, f i n a l ­

l y ,  co m p ares  b o t h  a l t e r n a t i v e s  g iv in g  management  ways o f  

e v a l u a t i n g  su c h  s y s t e m s  w i t h o u t  c h a n g i n g  t h e  a c t u a l  o p e r a ­

t i o n .
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The r e s u l t s  o b t a i n e d  a r e  a n a l y z e d ,  and some t h o u g h t s  

a r e  g i v e n  p e r t a i n i n g  t o  t h e  p r a c t i c a l  a p p l i c a t i o n  o f  e a c h  

s y s t e m .
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FACTORS REQUIRING SPECIAL CONSIDERATION ■

L o c a t i o n

The "E l  Mutun" d e p o s i t  l i e s  i n  t h e  s o u t h e a s t  c o r n e r  

o f  B o l i v i a *  The p i l o t  p l a n t ,  a l r e a d y  i n  o p e r a t i o n ,  i s  l o ­

c a t e d  17 M i l e s  due s o u t h  o f  P u e r t o  S u a r e z ,  a  s m a l l  tow n i n  

t h e  B o l i v i a n - B r a s i l i a n  h o r d e r ,  w h ich  c o n s t i t u t e s  t h e  n e a r ­

e s t  town  t o  t h e  d e p o s i t  s e r v i n g  as  a  c o n n e c t i o n  p o i n t  w i t h  

t h e  r e s t  o f  t h e  c o u n t r y *  P u e r t o  S u a r e z  i s  390 m i l e s  by  

r a i l  e a s t  from S a n t a  Cruz  de l a  S i e r r a ,  and 680 m i l e s  f rom 

Cochabamba C i t y  ( s e e  F i g u r e  1 * ) .

G eography  and C l im a te  o f  t h e  Zone

The a r e a  i n  w h ich  t h e  t r a n s p o r t a t i o n  sy s te m  i s  l o c a t e d  

c o r r e s p o n d s  t o  t h e  low l a n d s  l y i n g  i n  t h e  m id d l e  o f  S o u th  

A m e r ic a .  I n  g e n e r a l ,  i t  i s  a  f l a t  l a n d  w i t h  s l i g h t  u n d u l a ­

t i o n s ,  i s o l a t e d  d e p r e s i o n s ,  and d e e p ,  f e r t i l e  s o i l .  The s u r ­

f a c e  c o v e r  c o n s i s t s  o f  s e d i m e n t s  o f  a l l u v i a l  and a e o l i a n  

o r i g i n  t r a n s p o r t e d  by  w a t e r  and wind from t h e  Andes Moun­

t a i n s  and t h e  B r a s i l i a n  H i g h l a n d .  Below t h e  u n c o n s o l i d a t e d  

m a t e r i a l  a r e  h o r i z o n t a l  s t r a t a  r e s t i n g  on a  g r a n i t e  b a s e .

The c l i m a t e  c o r r e s p o n d s  t o  t h e  t r o p i c a l  r e g i o n s .  The 

t e m p e r a t u r e  i s  g e n e r a l l y  warm, humid,  and w i t h  h e a v y  r a i n ­

f a l l  d u r i n g  t h e  Summer. Annual r a i n f a l l  i s  e s t i m a t e d  b e t -

5
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ween 35 and 45 i n .  T h i s  p a r t  o f  B o l i v i a  i s  v e r y  t h i n l y  

p o p u l a t e d ,  m ost  o f  t h e  i n h a b i t a n t s  b e i n g  f a r m e r s .

B u i ld in g ;  Roads i n  J u n g l e  A reas

The c o n s t r u c t i o n  o f  p e rm a n e n t  r o a d s  i n  j u n g l e  a r e a s ,  

e s p e c i a l l y  i n  t h e  p r e s e n t  c a s e  i n  w hich  t h e  works  a r e  

b e i n g  d e v e l o p e d  i n  t h e  c e n t e r  o f  t h e  c o n t i n e n t  p r e s e n t s  

two m a jo r  d i f f i c u l t i e s :  1 ) t h e  i s o l a t i o n ,  and 2 ) t h e  c l i ­

m a t e .

The i s o l a t i o n  means t h a t  any p r o j e c t  m us t  be l a r g e l y  

s e l f - s u f f i c i e n t ,  and f o r  l o n g e r  p e r i o d s  t h a n  i s  n o r m a l .  

S e l f - s u f f i c i e n c y  i n v o l v e s  n o t  o n l y  t h e  s u p p l y  o f  h a r d w a r e ,  

p e r s o n n e l ,  and e n g i n e e r i n g  cap ac i ty  b u t  a l s o  s u c h  m a t t e r s  

a s  t e c h n i c a l  r e f e r e n c e  m a t e r i a l s ,  c o m m u n ic a t io n  e q u ip m e n t ,  

an d  t h e  l i k e .

The c l i m a t e  i s  v e r y  dem anding  on men and m a c h i n e s .  The 

h e a v y  r a i n f a l l  d u r i n g  t h e  Summer m onths  fo rm s  l a g o o n s  and 

t u r n s  t h e  l a n d  swampy; t h e  d r a i n a g e  i s  s lo w .  I t  h a s  b e e n  

r e p o r t e d  t h a t  d u r i n g  J a n u a r y  and F e b r u a r y  t h e  h i g h e s t  t em ­

p e r a t u r e s  o f  t h e  c o n t i n e n t  a r e  fo u n d  i n  t h i s  r e g i o n .
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The f o l l o w i n g  m e th od s  o f  a n a l y s i s  c a n  p r o v i d e  t h e  

n e c e s s a r y  means t o  s o l v e  an o p t i m i z a t i o n  p r o c e s s :

C o n v e n t i o n a l  Methods - C a l c u l u s

The c l a s s i c a l  m e tho d s  o f  C a l c u l u s  p r o v i d e  e l e g a n t  

s o l u t i o n s  t o  a  r e l a t i v e l y  l i m i t e d  number o f  p r o b l e m s .  C a l ­

c u l u s  i s  i n  f a c t  p r i n c i p a l l y  a p p l i c a b l e  t o  p r o b le m s  i n v o l v ­

i n g  f o r c e  f i e l d s  s u c h  a s  t h o s e  o f  g r a v i t y ,  e l e c t r o m a g n e t i s m ,  

s t r e s s e s ,  and f i e l d  p r e s s u r e s .  T hese  s i t u a t i o n s  a r e ,  u n f o r ­

t u n a t e l y ,  o f  l i m i t e d  r e l e v a n c e  t o  many o f  t h e  p r o b le m s  i n  

t h e  d e s i g n  and o p e r a t i o n  o f  l a r g e - s c a l e  s y s te m s  l i k e  

t h e  one c o n s i d e r e d  i n  t h i s  t h e s i s .  T hu s ,  c a l c u l u s  i s  n o t  

a p p l i c a b l e ,  i n  s i t u a t i o n s  where  a  l a r g e  number o f  v a r i a b l e s  

a r e  n o t  c o n t i n u o u s  f u n c t i o n s  and do n o t  have  c o n t i n u o u s  

d e r i v a t i v e s  a t  a l l  p o i n t s ,  w h ich  i s  t r u e  o f  t h e  p r e s e n t  

c a s e .

Dynamic Program ming

Dynamic P rogram ming  i s  a t e c h n i q u e  t h a t  c a n  b e  u s e d  i n  

a  s p e c i f i c  f u n c t i o n  s u b j e c t  t o  a  few c o n s t r a i n t s ,  e .  g .  two 

o r  t h r e e .  I t  i s  m o s t l y  u s e d  i n  a l l o c a t i o n  p r o b le m s  and o f t e n  

u s e f u l  f o r  m ak ing  a  s e q u e n c e  o f  i n t e r r e l a t e d  d e c i s i o n s .

8
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Dynamic p rogram m ing  i s  a  g e n e r a l  t y p e  o f  a p p r o a c h  t o  p r o b ­

lem s o l v i n g ,  and t h e  p a r t i c u l a r  e q u a t i o n s  u s e d  m ust  be d e ­

v e l o p e d  t o  f i t  e a c h  i n d i v i d u a l  s i t u a t i o n .

The l a r g e  number o f  c o n s t r a i n t s  t a k e n  i n t o  a c c o u n t  i n  

t h i s  s t u d y  i s  t h e  m a in  r e a s o n  f o r  n o t  u s i n g  t h i s  t e c h n i q u e .

L in e  a r  Program m ing

L i n e a r  p rogram m ing  i s  a p p l i e d  t o  s i t u a t i o n s  d e a l i n g  

w i t h  e i t h e r  m a x im iz in g  o r  m i n i m i z i n g  t h e  v a l u e  o f  some 

l i n e a r  ( o b j e c t i v e )  f u n c t i o n  s u b j e c t  t o  a  s e t  o f  l i n e a r  

c o n s t r a i n t s  , The c o e f f i c i e n t s  r e l a t i n g  i n p u t  and o u t p u t  

a r e  known. T h e re  a r e  no p r o v i s i o n s  made f o r  r e l a t i o n s h i p s  

s u b j e c t  t o  random f l u c t u a t i o n s  o r  e r r o r s  i n  d e t e r m i n a t i o n s .  

A l l  o f  t h e s e  l i m i t a t i o n s  make l i n e a r  p rogram m ing  u n s u i t a b l e  

f o r  a  s t u d y  where  l aw s  o f  p r o b a b i l i t i e s  and c h anc e  p l a y  a  

k e y  r o l e  i n  t h e  p r o c e s s .  T h us ,  t h i s  t e c h n i q u e  i s  n o t  a p ­

p l i c a b l e  i n  t h i s  p r o b le m .

S ys tem s  S i m u l a t i o n

Sys tem s  s i m u l a t i o n  i s  a m ethod  u s e d  t o  r e p r o d u c e  and 

m a n i p u l a t e  t h e  p r o d u c t i o n  p r o p e r t i e s  o f  a r e a l  w o r ld  s y s te m  

i n  t h e  r e d u c e d  form o f  a m o d e l .  S i m u l a t i o n  does  n o t  a lw ays  

g i v e  n u m e r i c a l  a n s w e r s  b u t  p r o v i d e s  a  s e t  o f  sub -op t im um  

s o l u t i o n s  from w hich  t h e  r e q u i r e d  a n sw e rs  c a n  be s e l e c t e d  

f o r  t h e  e x i s t i n g  o p e r a t i n g  c o n d i t i o n s  o r  f o r  t h e  p r o p o s e d
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o p e r a t i o n s  o r  c h a n g e s  i n  t h e  s y s t e m .

Sys tem s s i m u l a t i o n  i s ,  i n  m ost  c a s e s ,  a s t o c h a s t i c  op ­

t i m i z a t i o n  t o o l ,  t h o u g h  m od e ls  o f  d e t e r m i n i s t i c  o p t i m i z a t i o n  

a r e  n o t  uncommon.

The sy s te m  u n d e r  s t u d y  i s  a  s t o c h a s t i c  p r o c e s s ,  which  

i n v o l v e s  a l a r g e  number o f  v a r i a b l e s ;  c o n s e q u e n t l y ,  s im u ­

l a t i o n  p r o c e d u r e s  a r e  w e l l  s u i t e d  f o r  s o l v i n g  and o p t i m i z i n g  

t h e  p r o b le m .

S i m u l a t i o n  o f f e r s  t o  d e c i s i o n  m ak e rs  a  u n i q u e  o p p o r ­

t u n i t y  t o  e x p e r i m e n t  w i t h  p r o p o s e d  o p e r a t i o n a l  c h a n g e s  w i t h ­

o u t  a l t e r i n g  t h e  a c t u a l  c o n d i t i o n s .

The t r e n d  to w a rd  t h i s  method h a s  b e e n  a c c e l e r a t e d  

r a p i d l y  by  t h e  w i d e s p r e a d  a v a i l a b i l i t y  o f  h i g h - s p e e d  d i g i t a l  

c o m p u t e r s ,  v/hich r e d u c e  t h e  t im e  r e q u i r e d  f o r  c o m p u t a t i o n  

and c a n  a l s o  g e n e r a t e  t h e  n e c e s s a r y  random num bers  r e q u i r e d  

. f o r  s i m u l a t i o n .  T h u s ,  t h e  e x p a n s i o n  o r  c o m p r e s s i o n  o f  t im e  

i s  p o s s i b l e  and a  p ro b le m  a r e a  c an  be a n a l y z e d  more c r i t i ­

c a l l y .
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G e n e r a l

The o p t i m i z a t i o n  o f  a  f l e e t  o f  t r u c k s  f o r  t h e  c o n c e n ­

t r a t e  h a u l a g e  sy s te m  i s  a c c o m p l i s h e d  by  u s i n g  s i m u l a t i o n .  

T h i s  c h a p t e r  d i s c u s s e s  and ' a n a l y s e s  t h e  d i f f e r e n t  c o n c e p t s  

and  t e c h n i q u e s  u s e d  i n  c a l c u l a t i n g  s u c h  i t e m s  a s  t r a v e l i n g  

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

t h e  s y s t e m .

Two k i n d s  o f  s i m u l a t i o n  a r e  u s e d  in . t h i s  d i s s e r t a t i o n :  

p r o b a b i l i s t i c  s i m u l a t i o n  i s  employed  w henever  c e r t a i n  s e r v ­

i c i n g  t i m e s  a r e  t a k e n  i n t o  a c c o u n t  and w hich  r e c o g n i z e s  

t h e  p r o b a b i l i s t i c  n a t u r e  o f  t h e  s i t u a t i o n  i n v o l v e d ;  on t h e  

o t h e r  h a n d ,  t h e  movement o f  t r u c k s  a l o n g  t h e  h a u l  r o a d s  i s  

c a l c u l a t e d  by  u s i n g  s t a n d a r d  s i m u l a t i o n .  T h is  l a s t  t e c h n i q u e  

e n a b l e s  e a c h  v e h i c l e  t o  p e r f o r m  a c c o r d i n g  t o  i t s  m e c h a n i c a l  

c h a r a c t e r i s t i c s  and t h e  t y p i c a l  p r o f i l e  o f  t h e  r o a d .  The 

n e e d  o f  a  d i g i t a l  co m p u te r  i s  o f  pa ra m o u n t  i m p o r t a n c e  i n  

p e r f o r m i n g  t h e  huge number o f  c a l c i i l a t i o n s 0 The c o m p u te r  a c ­

c o m p l i s h e s  t h e  s t a g g e r i n g  c o m p u t a t i o n a l  and b o o k - k e e p i n g  

w ork  and f u r n i s h e s  n e c e s s a r y  means f o r  c o m p r e s s i n g  t h e  t im e  

s c a l e  b y  a l l o w i n g  s e v e r a l  d a y s ’ o p e r a t i o n s  t o  be s i m u l a t e d  

i n  a  m a t t e r  o f  m i n u t e s .

11
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F u l l  S i m u l a t i o n

B ecause  o f  t h e  f a c t  t h a t  t h i s  s t u d y  d e a l s  w i t h  t h e  

d e v e lo p m e n t  o f  a  new mine t h e r e  i s ,  so m e t im e s ,  i n s u f f i c i e n t  

d a t a  a v a i l a b l e .  T h e r e f o r e ,  some a s s u m p t i o n s  a r e  n e c e s s a r y .  

The i n p u t  d a t a  f o r  t h e  c o m p u te r  p rog ram  was o b t a i n e d  from 

h i s t o r i c a l  d a t a  g a t h e r e d  from e a r l i e r  s t u d i e s  c a r r i e d  o u t  

u n d e r  s i m i l a r  c i r c u m s t a n c e s .

C o n s i d e r i n g  t h a t  t h e  d a t a  c a n  be  d e s c r i b e d  a c c u r a t e l y  

b y  a  s t a n d a r d  p r o b a b i l i t y  d i s t r i b u t i o n ,  o n l y  c h a r a c t e r i s t i c  

p a r a m e t e r s  o f  t h e  d i s t r i b u t i o n  i n d i c a t i n g  a d e g r e e  o f  c e n ­

t r a l  t e n d e n c y ,  su c h  as  t h e  mean, and a d e g r e e  o f  d i s p e r s i o n ,  

s u c h  as  t h e  s t a n d a r d  d e v i a t i o n ,  a r e  n e e d e d  b y  t h e  c o m p u t e r .  

Random e l e m e n t  t i m e s  c a n  t h e n  be  c a l c u l a t e d  d i r e c t l y  w i t h  

a n  a l g e b r a i c  e q u a t i o n ;  t h i s  f a c t  a l l o w s  a r e d u c t i o n  i n  t h e  

number o f  c a l c u l a t i o n s  p e r f o r m e d  and t h u s  t h e  economy as  

w e l l  a s  t h e  e f f i c i e n c y  i s  im p ro v e d .

The h a u l a g e  was e x p l a i n e d  e a r l i e r .  The e x i s t e n c e  o f  an  

o v e r h e a d  h o p p e r  i s  c o n t e m p l a t e d  b e c a u s e  t h e r e  a r e  no l i m i ­

t a t i o n s  as  f a r  a s  t h e  t y p e  o f  m a t e r i a l  t o  be  h a n d l e d  w h ich  

i s  n o t  b u l k y  and f l o w s  f r e e l y .  L o a d in g  t i m e s  were o b t a i n e d  

f rom  h o p p e r  m a n u f a c t u r e r s  and s u c h  i n f o r m a t i o n  i s  u s e d  as  

i n p u t  i n  t h e  p r o g r a m .  T a b le  1 .  shows l o a d i n g  t i m e s  f o r  e a c h  

t r u c k  s i z e  u n d e r  s t u d y .  D a ta  r e f e r r e d  t o  t u r n i n g ,  s p o t t i n g ,  

and  dumping t i m e s  was o b t a i n e d  from a  s t u d y  p e r f o r m e d  b e f o r e  

( B a n d e i r a  1969)#  F i g u r e s  f o r  t h e  t h r e e  t y p e s  o f  v e h i c l e s  

c o n s i d e r e d  a r e  g i v e n  i n  T a b le  2.
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T a b l e  1* L o a d in g  Times U s in g  an O v erhead  Hopper

Tr u c k  S i z e  (T o n s )  L o a d in g  Times (m in )  

35 3 . 5

45 3 . 8

50 4 . 0

T a b l e  2 .  T u r n i n g ,  S p o t t i n g ,  and Dumping Times

T r u c k  S i z e  ( T o n s )  T u r n i n g ,  S p o t t i n g  and S p o t t i n g  Time a t  
_____________________ Dumping-Times (m in )  S t o r a g e  B in  (m in )

35 1 . 3  0 . 3

45 1 . 3  0 . 3

50 1 . 3  0 . 3

A S t a n d a r d  S i m u l a t i o n  o f  T r u c k  P e r f o r m a n c e

As h a s  p r e v i o u s l y  s t a t e d ,  s t a n d a r d  s i m u l a t i o n  i s  u s e d  

h e r e  f o r  o n l y  one o p e r a t i o n  i n  t h e  m odel  - t h a t  o f  d e t e r m i n ­

i n g  t h e  t h e o r e t i c a l  p e r f o r m a n c e  o f  t h e  h a u l  t r u c k s  a l o n g  

t h e  r o a d .  I n  t h i s  \ i ay t h e  a c t u a l  t r u c k  p e r f o r m a n c e  c a n  be 

c l o s e l y  e s t i m a t e d .

T r u c k  p e r f o r m a n c e  c h a r a c t e r i s t i c s  a r e  commonly e x ­

p r e s s e d  i n  g r a p h s  show ing  d e v e l o p e d  t r a c t i v e  e f f o r t  as  a  

f u n c t i o n  o f  t r u c k  s p e e d .  An exam ple  i s  shown i n  F i g u r e  2. 

R i m - p u l l  i s  e q u i v a l e n t  t o  t h e  t r a c t i v e  e f f o r t  d e v e l o p e d  by
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t h e  t r u c k * s  e n g i n e  and power t r a i n ,  a s su m in g  no w h e e l  s l i p  

on t h e  ro a d w a y .  Only a p o r t i o n  - o n  t h e  o r d e r  o f  75 p e r c e n t -  

o f  t h e  e n g i n e * s  r a t e d  pow er ,  d e p e n d in g  on t h e  s p e e d ,  i s  

a v a i l a b l e  t o  c r e a t e  n e c e s s a r y  t r a c t i v e  e f f o r t ,  t h e  b a l a n c e  

b e i n g  l o s t  i n  t h e  power t r a i n  and a c c e s o r i e s .  I.Iore power i s  

l o s t  a t  low t r u c k  s p e e d s  b e c a u s e  o f  g r e a t e r  g e a r  r e d u c t i o n s  

i n v o l v e d .  I f  i t  were  n o t  f o r  t h i s  t h e  r i m - p u l l  d e v e l o p e d  

w ou ld  have  a h y p e r b o l i c  r e l a t i o n s h i p  w i t h  r e s p e c t  t o  t h e  

v e l o c i t y .

K
R i m - p u l l  =  ------------------

V e l o c i t y

I n  f a c t ,  t h e  p e r f o r m a n c e  c u r v e s  o f  a l l  t r u c k s  a p p r o x i ­

m a te  h y p e r b o l i c  c u r v e s ,  w i t h  s m a l l  d e v i a t i o n s  r e l a t e d  xo 

g e a r  r a t i o s  and t o r q u e  c o n v e r t e r  c h a r a c t e r i s t i c s ,  w i t h i n  

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

Under  l o a d  t h e  t r a c t i v e  e f f o r t  i s  ex p en d e d  i n  o ve rcom ­

i n g  t h e  r o l l i n g  r e s i s t a n c e  on t h e  r o a d ,  t h e  g r a d e ,  and i n  

a c c e l e r a t i n g  t h e  t r u c k  and i t s  l o a d .  As t h e  t r u c k  g a i n s  

s p e e d  t h e  t r a c t i v e  e f f o r t  a v a i l a b l e  f o r  a c c e l e r a t i o n  d i m i n ­

i s h e s ,  so t h a t  t h e 1 t r u c k  a p p r o a c h e s  some maximum s p e e d  f o r  

a  g i v e n  c o m b i n a t i o n  o f  e n g i n e  power ,  g r o s s  v e h i c l e  w e i g h t ,  

g r a d e ,  and r o a d  c h a r a c t e r i s t i c s .

The p ro b lem  o f  t h e  d e s i g n e r  o f  t r u c k  s i m u l a t o r  p ro g ram  

i s  t o  d e t e r m i n e  t h e  s p e e d  o f  t h e  t r u c k  o v e r  e a c h  i n c r e m e n t  

o f  t h e  r o a d  and t h e  t im e  consumed i n  t r a v e l i n g  t h a t  i n c r e -
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m ent .  The suraation o f  t h e s e  in c r e m e n ta l  t im e s  i s  the  t o t a l  

t im e  r e q u ir e d  t o  go from the  l o a d i n g  p o i n t  t o  the  dumping 

point*. A s i m i l a r  c a l c u l a t i o n  d e ter m in e s  th e  t ime f o r  the  

r e t u r n  t r i p .

The problem i s  c o m p l ic a t e d  by the  e x i s t e n c e  o f  a r t i f i ­

c i a l  c o n s t r a i n t s .  For example,  speed l i m i t s  may be imposed  

i n  th e  i n t e r e s t  o f  s a f e t y  or t o  p r e v e n t  a c c e l e r a t e d  d e t e r i ­

o r a t i o n  o f  th e  equipment and t i r e s .  These may v a ry  e r r a t i c a l ­

l y ,  a c c o r d in g  t o  th e  f a c t o r s  a f f e c t i n g  th e  r o u t e .  These  

c o n s t r a i n t s  must be ta k e n  i n t o  c o n s i d e r a t i o n ,  i n  a d d i t i o n  

t o  t h o s e  p e r t a i n i n g  t o  the  road s u r f a c e ,  th e  g r a d e ,  and 

r e l a t e d  f a c t o r s .

The a c c e l e r a t i o n  t h a t  can be produced by t h e  a v a i l a b l e  

r i m - p u l l  i s  o b t a in e d  from Newton's  Second Law o f  Motion:

F =  ( m a s s ) ( a c c e l e r a t i o n )  or

F — ma

where F i s  th e  n e t  r i m - p u l l  a f t e r  d e d u c t i o n  o f  th e  e f f e c t s  

o f  grade and r o l l i n g  r e s i s t a n c e  and t h e  mass i s  t h a t  o f  the  

t r u c k  and i t s  l o a d .  I t  i s  c o n v e n ie n t  t o  e x p r e s s  th e  a c c e l ­

e r a t i o n  as "m iles  per  hour per  second" or mphps. I t  i s  a l s o  

c o n v e n i e n t  t o  e x p r e s s  t h i s  as a f u n c t i o n  o f  th e  t r a c t i v e  e f ­

f o r t  per t o n  o f  th e  v e h i c l e  w e i g h t .

The f o l l o w i n g  form ula  i s  used:
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T r a c t i v e  e f f o r t / t o n  o f  g r o s s  v e h i c l e  w e i g h t
a  ~  ----------------------------------- -------------------- --------------------------

2000  l b s / t o n  x 5280 f t / m i l e  
3 2 . 2  f t / s e c ^  3 600  s e c / h r

whence

a  — O.Ollmphps p e r  pound o f  t r a c t i v e  e f f o r t  p e r  t o n

A s i n g l e  segm en t  l e v e l  h a u l  r o a d  would he t h e  s i m p l e s t  

c a s e  t o  he c o n s i d e r e d .  With  a  g r a d e  r e s i s t a n c e  o f  z e r o  t h e  

t o t a l  r e s i s t a n c e  would  he e q u a l  t o  t h e  r o l l i n g  r e s i s t a n c e .  

The p o t e n t i a l  v e l o c i t y  i s  c a l c u l a t e d  from t h e  r e l a t i o n s h i p  

e x i s t e n t  b e tw e e n  v e l o c i t y  and r i m - p u l l  i n  t h e  p e r f o r m a n c e  

c u r v e s  ( F i g u r e  3 * ) »  The t r u c k ’ s a c c e l e r a t i o n  w i l l  i n c r e a s e  

a t  a  r a p i d  r a t e  from s t a n d s t i l l .  The a c c e l e r a t i o n  r a t e  i s  

r e d u c e d  as  v e l o c i t y  i n c r e a s e s  u n t i l  t h e  t r a c t i v e  e f f o r t

© r a k i n g  D i s t vC o n s t .  V e lo c .A c c e l .  D i s t ?

o
T o t a l  D i s t a n c e

F i g u r e  3 .  V e l o c i t y  P r o f i l e  o f  a S i n g l e  Segment Road
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e q u a l s  t h e  combined r o l l i n g  and g r a d e  r e s i s t a n c e ,  a t  w h ich  

t i m e  a  s t e a d y  s t a t e  v e l o c i t y  i s  a c h i e v e d .  T h i s  c o n d i t i o n  

w i l l  c o n t i n u e  u n t i l  i t  s h o u l d  be n e c e s s a r y  t o  b r i n g  t h e  

t r u c k  t o  a s t o p .

S i m u l a t i o n  P r o c e d u r e s

S i m u l a t i o n  demands t h e  u s e  o f  a  h i g h - s p e e d  d i g i t a l  

c o m p u t e r .  Even th o u g h  m o d e r a t e l y  com plex  s y s te m s  c a n  e a s i l y  

e x h a u s t  s t o r a g e  c a p a c i t y  i n  s m a l l  c o m p u te r s  p o p u l a r  i n  i n ­

d u s t r y ,  i t s  a b i l i t y  t o  " s p e e d - u p - t i m e " g i v e s  t o  t h i s  t e c h ­

n i q u e  a s t r o n g  a d v a n t a g e  and u s e f u l n e s s .

The c o m p u te r  p rog ram  u s e d  t o  d e t e r m i n e  t r u c k  t r a v e l  

t i m e s  was m o d i f i e d  from one d e v e l o p e d  a t  t h e  C o lo r a d o  

S c h o o l  o f  Mines f o r  u s e  i n  a  c o u r s e  i n  s u r f a c e  m i n i n g .  I t s  

u s e  p e r m i t s  t h e  e v a l u a t i o n  o f  t h e  p e r f o r m a n c e  c h a r a c t e r i s ­

t i c s  o f  d i f f e r e n t  t r u c k s  o v e r  d i f f e r e n t  r o a d  s u r f a c e s  and 

p r o f i l e s .  T h re e  t y p e s  o f  t r u c k s ,  n am e ly  3 5 - ,  4-5-, and  50-  

t o n  c a p a c i t y ,  o v e r  two d i f f e r e n t  s u r f a c e  r o a d  t y p e s  - t h e  

one w h ich  s i m u l a t e s  t h e  e x i s t i n g  r o a d  w i t h  a  r o l l i n g  r e s i s t  

a n c e  o f  3 p e r c e n t  (6 0  l b s  p e r  t o n )  and a p a v ed  r o a d  w i t h  a  . 

r o l l i n g  r e s i s t a n c e  o f  1 . 5  p e r c e n t  ( 3 0  l b s  p e r  t o n ) -  were  

t e s t e d .  One h u n d r e d  and t w e l v e  s e g m e n t s  were  c o n s i d e r e d .

T h i s  c o m p u te r  p rog ram  r e q u i r e s  t h e  u s e  o f  two d a t a  

f i l e s :  t h e  f i r s t  one c o n t a i n i n g  d e s c r i p t i v e  i n f o r m a t i o n  

a b o u t  t r u c k  r o u t e  and t h e  s e c o n d  one g i v i n g  v e h i c l e  c h a r -
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a c t e r i s t i c s  i n f o r m a t i o n .  The f i l e  w i t h  t h e  t r u c k  r o u t e  h a s  

f e a t u r e s  o f  t h e  r o a d  s u c h  as  l e n g t h  o f  s e g m e n t ,  g r a d e  o f  

s e c t i o n ,  s u r f a c e  code  ( r o l l i n g  r e s i s t a n c e  c o r r e s p o n d i n g  t o  

e a c h  s e c t i o n ) ,  sp e e d  l i m i t ,  and s e c t i o n  num ber .  V e h i c l e  

c h a r a c t e r i s t i c s  i n p u t  t h e  f o l l o w i n g  i n f o r m a t i o n :  n e t  v e h i ­

c l e  w e i g h t ,  t r u c k * s  p a y l o a d ,  and p e r f o r m a n c e  d a t a  on  t h e  

v e h i c l e :  s p e e d  a t  w h ich  e v a l u a t i o n  i s  made,  t r a c t i v e  e f f o r t  

a t  t h a t  s p e e d ,  and maximum r e t a r d i n g  f o r c e s  a t  s p e e d  c o n s i d ­

e r e d .

A l i s t i n g  o f  t h i s  p ro g ram  a lo n g  w i t h  a t y p i c a l  c o m p u te r  

o u t p u t  i s  g i v e n  i n  A ppendix  I .

O w n ersh ip  and o p e r a t i n g  c o s t s  p e r  u n i t  t h e  s y s te m  

a r e  d e t e r m i n e d  b y  means o f  a c o m p u te r  p rog ram  w r i t t e n  w i t h  

t h i s  p u r p o s e .  A ppend ix  I I .  d i s c u s s e s  t h e  d i f f e r e n t  a s p e c t s  

t a k e n  i n t o  c o n s i d e r a t i o n  i n  p e r f o r m i n g  s u c h  c a l c u l a t i o n  and 

a l s o  shows t h e  c o m p u te r  p ro g ram  l i s t i n g  a s  w e l l  a s  t h e  r e ­

s u l t s  o b t a i n e d  f o r  t h e  t h r e e  t r u c k s  u n d e r  s t u d y .

The s t o c h a s t i c  n a t u r e  o f  t h e  p r o c e s s  i s  c o n t e m p l a t e d  

i n  t h e  p r o b a b i l i s t i c  s i m u l a t o r *  I t  u s e s  t h e  t r a v e l  t i m e s  

g i v e n  by  t h e  f i r s t  s i m u l a t o r ,  and t h e  u n i t a r y  c o s t s  o b t a i n e d  

i n  t h e  p rog ram  o f  c o s t s .  The m odel  makes t h e  f o l l o w i n g  a s ­

s u m p t io n s  :

1 .  T ru c k s  a r e  n o t  a l l o w e d  t o  p a s s  e a c h  o t h e r  i n  t h e  

same d i r e c t i o n

2.  No a l l o w a n c e  f o r  a d j u s t m e n t s  due t o  b reak d ow n s  i s  

made



ER-1556 20

T a b l e  3• T r a v e l i n g  Times T a b l e

T ru c k S u r f , T ime Adjus ted .
Type Code* m m . Time Min.

A 1 297 356
35-Ton 3 363 ^36

B 1 308 370
4 5 -T on 3 374 449

C 1 271 325
5 0 -Ton 3 3^8 418

* Code 1 c o r r e s p o n d s  t o  a  r o l l i n g  r e s i s t a n c e  = 1.5$GVW 

Code 3 c o r r e s p o n d s  t o  a  r o l l i n g  r e s i s t a n c e  = 3 •0/GVW

Die 4 . C o s t p e r  Ton T a b le

T ru ck S u r f . No, o f D e la y L o a d . H a u l i n g C o s t /
T y p e .. Code T r u c k s T ime* Time* Time* !  on 8

A 1 49 311 6218 8 2 8 , 2 1 1 2 ,4 8 9
35-Ton 3 60 . 306 6114 1 , 0 1 6 , 6 1 9 3 . 0 6 0

B 1 39 385 7696 8 3 8 , 3 6 9 2 . 3 6 2
4 5-T on 3 47 393 7852 1 ,04-3,485 2 .8 7 5

C 1 31 410 8196 7 3 3 ,8 7 5 ’ 2 .0 9 7
5 0 - t o n 3 4o 409 8172 9 5 4 ,0 7 7 2 . 7 2 8

*Time g i v e n  i n  m i n u t e s
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3 .  C yc le  t i m e s  a r e  su p p o s e d  t o  be d i s t r i b u t e d  a c c o r d i n g  

t o  t h e  n o rm al  d i s t r i b u t i o n .

A random number g e n e r a t o r  a v a i l a b l e  a t  t h e  C o m p u te r ’ s

C e n t e r  L i b r a r y  i s  u s e d  i n  t h i s  p ro g ra m .

The p r o c e d u r e  t o  c a l c u l a t e  c o s t  p e r  t o n  f o r  e a c h  t y p e ' 

o f  t r u c k  c a n  be d e s c r i b e d  a s  f o l l o w s .  To s t a r t ,  a l l  k i n d s

o f  c o s t s  p r e v i o u s l y  o b t a i n e d  were  c o n v e r t e d  i n t o  a  y e a r l y

b a s i s .  Then by  a d d in g  them up t h e  t o t a l  c o s t  p e r  y e a r  i s  

f o u n d ,  w h ich  d i v i d e d  b y  t h e  a n n u a l  p r o d u c t i o n  g i v e s  t h e  c o s t  

p e r  t o n . .

I t  i s  a  m a t t e r  o f  company p o l i c y  t o  d e f i n e  t h e  number

o f  s h i f t s  t o  be worked  p e r  y e a r ,  a s  w e l l  as  t h e  d u r a t i o n  o f

e a c h  s h i f t .  F o r  t h i s  p ro b le m  a w o r k in g  y e a r  o f  600 s h i f t s

o f  8 h o u r s  e a c h  was d e f i n e d .

The c o n v e r s i o n  o f  t h e  s e v e r a l  c o s t s  p e r  s c h e d u l e d  h o u r  

i n t o  c o s t s  p e r  y e a r  was a c c o m p l i s h e d  by  m u l t i p l y i n g  t h e  

f o r m e r  b y  4 8 0 0  ( t o t a l  number o f  w o r k in g  h o u r s  p e r  y e a r ) .

I n  A ppendix  I I I  c a n  be fo u n d  a  c o m p le te  l i s t i n g  o f  t h i s  

p ro g ram  as w e l l  a s  a  c o m p u te r  o u t p u t  f o r  one o f  t h e  u n i t s  

a n a l y z e d .  R e s u l t s  on t h i s  s e c t i o n  a r e  g i v e n  i n  T a b le  5.

P a v i n g  Road E s t i m a t i o n

By p a v i n g  t h e  r o a d  i n  e x i s t e n c e  t h e  f o l l o w i n g  a d v a n ­

t a g e s  c a n  be o b t a i n e d :

1 .  A r e d u c t i o n  i n  t h e  r o l l i n g  r e s i s t a n c e  f a c t o r  w h ich
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l e a d s  t o  a  h i g h e r  v e h i c l e  p e r f o r m a n c e ,  g r e a t e r  t i r e  

l i f e ,  and more t r u c k  m i l e s  p e r  g a l l o n  o f  f u e l  c o n ­

s u m p t io n ,

2.  D us t  c o n d i t i o n s  d r a s t i c a l l y  r e d u c e d  d u r i n g  t h e  d r y  

s e a s o n ,  thi.r< s a f e t y  im proved  f o r  b e t t e r  v i s i b i l i t y ,

3 .  T o t a l  mud e l i m i n a t i o n  d u r i n g  t h e  r a i n y  m o n th s ,

4 .  I n  t h i s  p a r t i c u l a r  c a s e  i t  w ou ld  make p o s s i b l e  t h e  

t r a f f i c  o f  v e h i c l e s  t h e  whole  y e a r  r o u n d .

The r o a d  p a v i n g  c o s t  e s t i m a t e  i s  p e r f o r m e d  b a s e d  on 

f i g u r e s  f u r n i s h e d  b y . t h e  C o lo r a d o  D e p a r tm e n t  o f  H ighways .  

The d a t a  u s e d  was c o m p i l e d  b y  t h e  C o s t  E s t i m a t e s  U n i t  o f  

t h e  S t a f f  D e s i g n  D i v i s i o n  and c a n  be fo u n d  i n  t h e  1972 

C o s t  D a ta  P u b l i c a t i o n .

C a l c u l a t i o n s  on t h i s  s e c t i o n  a r e  g i v e n  i n  A ppend ix  IV. 

R e s u l t s  c o m p a r in g  c o s t s  i n  b o t h  t y p e s  o f  s u r f a c e s  a r e  shown 

i n  T a b l e s  4 . ,  5 . ,  and 6 ,

T a b l e  5.  D i f f e r e n c e  i n  C o s t  -per Ton f o r
T h ree  T.vnes o f  T ru c k s

S u r f .  T r u c k  Type
Code A B C

C o s t / T o n  1 2 .4 8 9  2 .3 6 2  2 .0 9 7

$ 3 5 .0 6 0  2 .8 7 5  2 .7 2 8

D i f f e r e n c e 0 .5 7 1  0 .5 1 5  0 .6 3 1
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T a b le  6 . T o t a l  Annual C o s t  D i f f e r e n c e
(Optimum F l e e t  O b t a i n e d )

Unoaved Road Paved Road D i f f e r e n c e  

T o t a l  C os t  $ 3 , 0 0 8 , 9 8 4 .  2 , 3 1 2 , 9 9 1  6 9 5 ,9 9 3 .

T a b le  6 . shows t h e  a n n u a l  d i f f e r e n c e  i n  t r a n s p o r t a t i o n  

c o s t  f o r  b o t h  a l t e r n a t i v e s .  S a v in g s  on t h e  o r d e r  o f  

$ 7 0 0 , 0 0 0 .  p e r  y e a r  c a n  be e x p e c t e d ,  w h i l e  an  a n n u a l  amor­

t i z a t i o n  o f  $ 2 9 0 , 0 0 0 . f o r  p a v i n g  t h e  r o a d  i s  e s t i m a t e d .

T hus ,  n e t  s a v i n g  on  t h e  v i c i n i t y  o f  $ 4 0 0 , 0 0 0 .  p e r  y e a r ,  

w h ich  i s  a 13  p e r c e n t  d e c r e a s e  o f  t h e  p l a n n e d  a n n u a l  i n v e s t ­

m ent  m ig h t  be t h e  d i r e c t  b e n e f i t  o f  t h i s  o p e r a t i o n ,  b e s i d e s  

t h e  o t h e r  a d v a n t a g e s  e a r l i e r  m e n t i o n e d .



ER-1556

RAILROAD HAUL AG-E SYSTEM ANALYSIS

G e n e r a l

B ecau se  o f  t h e  r a t h e r  l a r g e  d i s t a n c e  o v e r  w h ic h  t h e  o r e  

m u s t  he  h a u l e d  i t  i s  d e s i r a b l e  t o  c o n s i d e r  t h e  p o s s i b i l i t y  

o f  r a i l r o a d  h a u l a g e  as  an  a l t e r n a t i v e .  I f  s u c h  a  r a i l r o a d  

w ere  t o  be  c o n s t r u c t e d ,  i t  h a s  t o  be  t h e  same gau ge  as  t h e  

e x i s t i n g  C o ru m b a-S an ta  Oruz R a i l r o a d  ? /h ich  c o n n e c t s  Corumba 

w i t h  Sao P a u lo  i n  B r a s i l  and P u e r t o  S u a r e z  w i t h  S a n t a  Cruz  

i n  B o l i v i a .  I t  would have  t h e  m e r i t  o f  p r o v i d i n g  an  e x t e n ­

s i o n  o f  r a i l r o a d  s e r v i c e  t o  t h e  h a r b o r  o f  P u e r t o  Busch  on 

t h e  P a r a g u a y  R i v e r ,  w i t h  much b e n e f i t  t o  t h i s  a r e a .

B ecau se  o f  t h e  p o s s i b i l i t y  o f  s u c h  a r a i l r o a d  o f f e r i n g  

c o m m e rc ia l  common**-carrier s e r v i c e ,  as  w e l l  a s  s e r v i n g  as  an  

o r e  h a u l e r  , i t s  c o n s t r u c t i o n  would i n v o l v e  num erous  p r o b ­

l e m s  i n  a d d i t i o n  t o  t h o s e  c r e a t e d  b y  t h e  i r o n  o r e  t r a n s p o r ­

t a t i o n .  T h e r e f o r e ,  t o  e s t a b l i s h  a  c o m p a r i s o n  on t h e  minimum 

f e a s i b l e  b a s i s ,  a s  i f  i t  were  t o  c a r r y  o n l y  i r o n ,  t h e  a n a l y ­

s i s  w i l l  be made on t h e  b a s i s  o f  t h e  l e a s t  f a v o r a b l e  c o n d i ­

t i o n .  I f  r a i l  h a u l a g e  i s  a t t r a c t i v e  i n  s u c h  a  c a s e  i t  w i l l  be 

more a t t r a c t i v e  when t h e  o t h e r  f a c t o r s  a r e  i n c l u d e d  l a t e r .

E s t i m a t i o n  o f  r a i l r o a d  c o s t s  i s  d i f f i c u l t  b e c a u s e  o f  

t h e  t r o p i c a l  j u n g l e  t h r o u g h  w hich  i t  m us t  p e n e t r a t e .  One o f  

t h e  b e s t  s o u r c e s  o f  i n f o r m a t i o n  f o r  e s t i m a t i n g  c o s t  o f  j u n ­

24
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g l e  p e n e t r a t i o n  i s  t h e  U. S .  Army T r a n s p o r t a t i o n  R e s e a r c h  

Command.

B reach in g :  J u n g l e  A reas

I n  b r e a c h i n g  j u n g l e  a r e a s  a m ethod  i n v e s t i g a t e d  b y  

t h e  c i t e d  i n s t i t u t i o n  h a s  b e e n  t h r o u g h l y  e v a l u a t e d .  A t y p ­

i c a l  o p e r a t i o n  would  be c o n d u c t e d  as  f o l l o w s :

A s t a n d a r d  t r a c t o r ,  e .  g .  C a t e r p i l l a r  D8 , u s i n g  i t s  

b l a d e  c u t s  a  sw a th  o f  one b l a d e  w i d t h  ( a b o u t  4 m ) .  I t  would  

be  n e c e s s a r y  t o  c u t  t h r e e  t i m e s  s u c h  a  w i d t h  t o  have  12  m 

s p a c e .  A C a t e r p i l l a r  D8 t r a c t o r  c a n  e a s i l y  c u t  t h r o u g h  

t r e e s  up t o  0 . 5  m wide  a t  t h e  b a s e ;  i t  c a n ,  i n  g e n e r a l ,  

a v o i d  l a r g e r  t r e e s  a s  i t  c u t s  i t s  t r a i l  b e c a u s e  t h e  j u n g l e  

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

s m a l l  d i a m e t e r  t r e e s .  O t h e r  v e h i c l e s  s u c h  as  t r a c k e d  v e h i ­

c l e s  would  f o l l o w  a l o n g  b e h i n d  t h e  t r a c t o r  a s  t h e  t r a i l  i s  

c u t  and c a r r y  en ough  f u e l  and s u p p l i e s  f o r  t h e  w o r k e r s .

R i g h t  a f t e r  t h e s e  v e h i c l e s  t h e  c rew s  b u i l d i n g  t h e  embank­

m en t  would f o l l o w ,  b u i l d i n g  a t  t h e  same t im e  t h e  r a i l  t r a c k .  

W orkers  would r e m a i n  on  t h e  job  u n t i l  i t  was c o m p l e t e d .

Once t h e  embankment and t h e  r a i l  t r a c k  i s  b u i l t ,  a  s m a l l  

t r a i n  would  t r a v e l  b a c k  and f o r t h  f o r  l o g i s t i c  p u r p o s e s .

As i t  was c o n c l u d e d  by t h e  U. S .  Army, i t  became c l e a r  

t h a t  p r i m a r y  e n v i r o n m e n t a l  f a c t o r s  a f f e c t i n g  o f f  r o a d  mo­

b i l i t y  i n  j u n g l e  a r e a s  a r e  v e g e t a t i o n  and d r a i n a g e  o f  t h e
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a r e a .  A n o th e r  i n t e r e s t i n g  c o n c l u s i o n  o b t a i n e d  v/as t h e  e v i -  

de3ice o f  a d e f i n i t e  r e l a t i o n s h i p  e x i s t e n t  b e tw e e n  t h e  e a s e  

o f  v e h i c u l a r  m o b i l i t y  i n  f o r e s t  a r e a s  and t h e  s t a t i s t i c a l  

d i s t r i b u t i o n  o f  s i z e  c l a s s e s  o f  t r e e s .

A F o rm u la  f o r  J u n g l e  P e n e t r a t i o n  Time

An e q u a t i o n  d e v e l o p e d  b y  J .  T .  S o u l e s  o f  t h e  Rome Plow 

C o . ,  C e d a r t o n ,  G e o r g i a ,  f o r  e s t i m a t i n g  t i m e s  f o r  c l e a r i n g  

f o r e s t e d  a r e a s  i n  t e m p e r a t e  zon es  w i t h  s t a n d a r d  t r a c t o r s  

a p p e a r e d  t o  be  a s t a r t i n g  p o i n t  f o r  d e v e l o p i n g  a  n u m e r i c a l  

v a l u e  f o r  j u n g l e  m o b i l i t y .  T h i s  e m p i r i c a l  r e l a t i o n s h i p  i s  

e x p r e s s e d  a s  f o l l o w s :

T = B 4- + M2N2 4 M5N3 4 M4 N4 4 DP

w here

T s Time p e r  h e c t a r e  i n  m i n u t e s  t o  c l e a r  a l l  t r e e s .

B : Base  t im e  f o r  e a c h  t r a c t o r  p e r  h e c t a r e

N : Number o f  t r e e s  p e r  h e c t a r e  i n  e a c h  d i a m e t e r  r a n g e
o b t a i n e d  from f i e l d  s u r v e y

M : M i n u t e s  o f  c u t t i n g  t i m e  p e r  t r e e  i n  e a c h  d i a m e t e r
r a n g e  -

D : Sum o f  d i a m e t e r  i n  c e n t i m e t e r s  f o r  a l l  t r e e s  p e r
h e c t a r e  above 150  cm i n  d i a m e t e r

P : M in u te s  o f  c u t t i n g  t im e  p e r  c e n t i m e t e r  o f  d i a m e t e r
f o r  t r e e s  above  150  cm i n  d i a m e t e r .

The v a l u e s  o f  B, M]_ -  M4 , and P c a n  be fo u n d  on page
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9 1 ,  E n g i n e e r i n g / M i n i n g  J o u r n a l ,  F e b r u a r y  1971* The v a l u e s  

o f  Nq -  N^, a r e  c h a r a c t e r i s t i c s  o f  e a c h  p a r t i c u l a r  a r e a  

u n d e r  s t u d y .

J u n g l e  M o b i l i t y  In d e x

A n o th e r  and more d i r e c t  e m p i r i c a l  a p p r o a c h  was d e v i s e d  

t h a t  a p p e a r s  t o  a c c o u n t  f o r  more o f  t h e  s i g n i f i c a n t  f a c t o r s  

t h a t  a f f e c t s  j u n g l e  m o b i l i t y  i n d e x .  T hese  f a c t o r s  become 

a p p a r e n t  as  a r e s u l t  o f  a b o t a n i c a l ,  e n g i n e e r i n g ,  and t i m e -  

m o t i o n  s t u d i e s  t h a t  were  c o n d u c t e d  b y  t h e  U. S .  Army C orps  

o f  E n g i n e e r s .  Then,  t h e y  were  c o r r e l a t e d  w i t h  a e r i a l  p h o t o ­

g r a p h y  a l r e a d y  t a k e n .  T hese  o n - t h e - g r o u n d  s t u d i e s  e s t a b l i s h e d  

t h a t  t h e  m a j o r  h i n d r a n c e  t o  m o b i l i t y  was t h e  v e g e t a t i o n ,  

and t h a t  t h e r e  was a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  d i f f i c u l t y  

o f  m o b i l i t y  and age o f  f o r e s t .  The j u n g l e  c l e a n i n g  e q u a t i o n  

shows t h a t  t h e  d e g r e e  o f  d i f f i c u l t y  i s  a  f u n c t i o n  o f  a  s i z e  . 

d i s t r i b u t i o n  o f  t r e e s ;  ho w e v e r ,  t h i s  d i s t r i b u t i o n  i s  s t a t i s ­

t i c a l l y  t h e  same f o r  a n y  t r o p i c a l  f o r e s t  o f  t h e  same t y p e  

and age w h e r e v e r  i t  i s  l o c a t e d .  S i n c e  age and t y p e  o f  f o r e s t  

c a n  be d e t e r m i n e d  f rom a e r i a l  p h o t o g r a p h y ,  i t  i s  n o t  n e c e s ­

s a r y  t o  o b t a i n  t r e e  c o u n t s .  F o r  e a c h  su c h  s t a t i s t i c a l  d i s ­

t r i b u t i o n  o f  t r e e s ,  i t  was fo u n d  t h a t  a  g i v e n  amount o f  e f ­

f o r t  was r e q u i r e d  t o  p e n e t r a t e  o r  c l e a r  t h e  f o r e s t  w i t h  a 

g i v e n  t r a c t o r  a t  a  g i v e n  r a t e .  T h i s  r a t e  c a l l e d  t h e  " F o r e s t  

M o b i l i t y  R a t e " ,  i s  t h e  p r i m a r y  m o b i l i t y  f a c t o r  and i s  m o d i -
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f i e d  by  s e c o n d a r y  f a c t o r s  s u c h  as u n d e r f o o t  c o n d i t i o n s ,  

r a i n f a l l ,  t r a c t o r  t y p e ,  e f f i c i e n c y ,  and s t r e a m  c r o s s i n g s .  

T hese  p r i m a r y  and s e c o n d a r y  f a c t o r s  a r e  r e l a t e d  by  

t h e  e m p i r i c a l l y  d e r i v e d  " J u n g l e  M o b i l i t y  I n d e x "  ( J i l l )  a s  

f o l l o w s :

(F x U x R) + S
JMI =  — ------------------------

T x E

w h e r e :

JMI:  J u n g l e  M o b i l i t y  In d e x  e x p r e s s e d  i n  h o u r  p e r  Km

F : F o r e s t  M o b i l i t y  R a t e .  These  r a t e s  c an  be d e t e r m i n e d
e m p i r i c a l l y  f o r  e a c h  t y p e  and age o f  f o r e s t .  F o r e s t  
M o b i l i t y  R a te  i n c l u d e s  t h e  e f f e c t s  o f  t y p i c a l  m i c r o -  
t e r r a i n  f e a t u r e s  and s o i l  c o n d i t i o n s ,  u n i t y  hr/Km

U : S l o p e .  T h i s  i s  t h e  p e r c e n t  s l o p e  upon  w h ich  t h e
v e h i c l e  i s  w o r k in g

R : R a i n f a l l .  The amount o f  p r e c i p i t a t i o n  i n  t h e  p r e v i o u s
48  h o u r s  i s  c o n s i d e r e d ,  i t  i s  g i v e n  i n  mm

T : T r a c t o r .  T h is  i s  t h e  f a c t o r  r e l a t i n g  v a r i o u s  makes and
m odels  o f  t r a c t o r s  t o  t h e  C a t e r p i l l a r  D8 H e q u i p p e d  w i t h  
a  b u l l d o z e r  b l a d e ,  cab g u a r d ,  w in c h ,  and w i d e - t r a c k  
o p t i o n .  I t s  v a l u e  r a n g e s  from 0 , 2 5  t o  1 . 8

E : E f f i c i e n c y .  T h i s  f a c t o r  c o n s i d e r s  t r a i n i n g  a n d / o r
e x p e r i e n c e  o f  t r a c t o r  o p e r a t o r s

S : S t r e a m s .  D e f in e d  as  w a t e r  c o u r s e s  whose w a t e r  i s  n o t
v i s i b l e  t h r o u g h  t h e  j u n g l e  c a n o p y .  T hese  do n o t  n e c e s ­
s a r i l y  c o n t a i n  w a t e r  b u t  a r e  u s u a l l y  damp. I t  i s  com put­
e d :  S = (No. o f  S t r e a m s  Xing x 0 . 5 ) / ^ i s t a n c e  i n  Km

To o b t a i n  t h e  t im e  and u l t i m a t e l y  t h e  c o s t  f o r  a g i v e n  

p e n e t r a t i o n  o r  c l e a r i n g ,  t h e  JMI c a l c u l a t e d  f o r  a  c e r t a i n



f o r e s t  t y p e  i s  m u l t i p l i e d  by  t h e  l e n g t h  o f  t h e  t r a i l  t o  be 

c u t*

C o s t  E s t i m a t i o n  o f  J u n g l e  A ccess  T r a i l

Based  upon  t h e  two e a r l i e r  c o n c e p t s ,  i t  i s  p o s s i b l e  t o  

make a  c o s t  e s t i m a t e  o f  a  j u n g l e  a c c e s s  t r a i l .

C o s t s  o f  p r e p a r i n g  t h e  t r a i l s  a r e  c a l c u l a t e d  a c c o r d i n g  

t o  t h e  JMI.  I t  i s  e v a l u a t e d  as  f o l l o w s :

(F  x U x H) + S
JMI —  ---------------------------

T x S

where

F : 1 . 1  h o u r  p e r  Km

U : 1 . 0  f o r  t h e  t o t a l  l e n g t h  c o r r e s p o n d i n g  t o  a s l o p e  b e t ­

ween 0 and 1 0  p e r c e n t  

R s 1 . 5  f o r  t h e  t o t a l  l e n g t h  c o r r e s p o n d i n g  t o  an  a v e r a g e  

r a i n f a l l  o f  1 . 0  cm p e r  day  

T : 1 . 3  C a t e r p i l l a r  D8 e q u ip p e d  w i t h  a  Rome KG c l e a r i n g  

b l a d e

E : 0 . 5  i t  i s  assum ed t h a t  o p e r a t o r s  a r e  e x p e r i e n c e d  w i t h  

t r a c t o r s  b u t  have  n e v e r  c l e a r e d  j u n g l e  

S : (4 6 0  x 0 . 5 ) / 1 0 0  =  2 . 3  (A ssum ing  460 s t r e a m s  i n  100 Km)

So ,  t h e  JMI comes o u t

JMI = 5 . 5  h o u r  p e r  Km 

The t o t a l  e s t i m a t e d  t im e  t o  p r e p a r e  an a c c e s s  t r a i l
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o v e r  t h e  68  m i l e s  would  t h e r e f o r e  be 605  h o u r s .

Assuming an  8 - h o u r  work d a y ,  and an a d d i t i o n a l  1 4 - d a y  

a l l o w a n c e  f o r  c o n t i n g e n c i e s , i t  would t a k e  90  d a y s  t o  com­

p l e t e  t h e  t r a i l .  The f o l l o w i n g  c a l c u l a t i o n s  a r e  p e r f o r m e d :

2 C a t e r p i l l a r  D8 w i t h  Rome KG b l a d e
@ $33  p e r  h o u r  f o r  720 h o u r s  $ 4 8 , 0 0 0 . 0 0

1 C i s t e r n  t r u c k  t o  h a u l  f u e l  @ $ 2 0 0 / d a y
(As p e r  U .S .  Corps  o f  E n g i n e e r s )  1 8 , 0 0 0 . 0 0

1 T r u c k  f o r  camp f a c i l i t i e s  @
$200 p e r  day  ( I b i d )  1 8 , 0 0 0 . 0 0

G e n e r a l  camp f a c i l i t i e s  ( f o o d ,
e l e c t r i c  p l a n t s )  f o r  90 d ays  2 0 , 0 0 0 . 0 0

T o t a l  Owning and o p e r a t i n g  c o s t s  $ 1 0 4 , 0 0 0 . 0 0

O v erh ead  and P r o f i t  © 125 p e r c e n t  $ 1 3 0 , 0 0 0 . 0 0

T o t a l  e s t i m a t e d  c o s t  f o r  t r a i l  o p e n in g  $ 2 3 4 , 0 0 0 . 0 0

The f i g u r e  o b t a i n e d  seems t o  be  r e a l i s t i c  a c c o r d i n g  

t o  i n f o r m a t i o n  r e c e i v e d  from e a r l i e r  o p e r a t i o n s  p e r f o r m e d  

i n  t h i s  a r e a .  C o s t  on  embankment c o n s t r u c t i o n  h a s  b e e n  

e s t i m a t e d  as t w o - t h i r d s  o f  t h e  r o a d  embankment c o s t  which  

t o t a l  amount i s  a p p r o x i m a t e l y  $ 5 0 0 , 0 0 0 . 0 0  i n  t h e  l e n g t h  o f  

6 8  m i l e s .  T hus ,  t h e  t o t a l  amount e s t i m a t e d  f o r  t h e  r a i l ­

r o a d  embankment i s  3 4 0 , 0 0 0 . 0 0 .

Adding up t h e  p r e v i o u s  f i g u r e  o b t a i n e d ,  t h e  c o s t  o f  

j u n g l e  t r a i l  o p e n in g  p l u s  embankment c o n s t r u c t i o n  i s  e s t i ­

m a te d  a t  $ 5 7 5 , 0 0 0 . 0 0  w h ich  makes $ 8 , 7 5 0 . 0 0  p e r  m i l e .
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C h o ice  o f  Method o f  O p e r a t i o n

I n  u s i n g  r a i l  h a u l a g e  one h a s  t h e  c h o i c e  b e tw e e n  s h o r t  

t r a i n s  o p e r a t i n g  f r e q u e n t l y  and l o n g e r  t r a i n s  o p e r a t i n g  l e s s  

o f t e n .  I f  t h e  r e q u i r e d  t o n n a g e  o f  1 , 1 0 3 , 0 0 0  t o n s  p e r  y e a r  

w e re  t o  be h a u l e d  o v e r  a  p e r i o d  o f  300  d a y s ,  t h e  amount t o  

be  moved p e r  d a y  i s  3680 t o n s .  On t h e  o n e - m e t e r  g au ge  u s e d  

b y  t h e  c o n n e c t i n g  l i n e s  a 50 - t o n  c a r  would be  t h e  a p p r o x i m a t e  

maximum t h a t  c o u l d  be  h a n d l e d .  S e v e n t y - t h r e e  o f  t h e s e  m us t  

be  d e l i v e r e d  p e r  d a y .

The maximum t r a c t i v e  e f f o r t  o f  a  l o c o m o t i v e  i s  l i m i t e d  

b y  i t s  w e i g h t ,  n o t  i t s  h o r s e p o w e r ,  b u t  t h e  maximum sp e e d  

t h a t  c a n  be r e a c h e d  i s  d e t e r m i n e d  by  t h e  power a v a i l a b l e .

The r e s i s t e n c e  o f f e r e d  b y  t h e  l o c o m o t i v e  and t h e  o r e  c a r s  

c a n  be e s t i m a t e d  b y  t h e  e q u a t i o n s  g i v e n  by  B ra u n s  and O rr  i n  

t h e  AIME S u r f a c e  I , l in ing v o lu m e .  Such e q u a t i o n s  a r e  known as  

t h e  D a v is  F o r m u l a s .  They a r e :

29 .0024AV2
L oco m o t iv e  R e s i s t a n c e ,  l b / t o n  = 1 . 3  + -----+ *03 + — ------------

W WN

29 .0005AV2
F r e i g h t  c a r  R e s i s t a n c e ,  l b / t o n  = 1 . 3  + —  + .045V + --------------

W WN

E x a m i n a t i o n  o f  t h e  c o m p u te r  p ro g ram  u s e d  f o r  t h e  t r u c k s  

w i l l  show t h a t  i t  i s  a  a d a p t a b l e  t o  r a i l  h a u l a g e  a s  w e l l .  By 

r e p l a c i n g  t h e  s e c t i o n  c o n c e r n e d  w i t h  t h e  r o l l i n g  r e s i s t a n c e



ER-1556 32

o f  t h e  v a r i o u s  k i n d s  o f  r o a d s  w i t h  a  s e c t i o n  b a s e d  on t h e s e  

e q u a t i o n s ,  and u s i n g  t h e  p r o p e r  d ra w b a r  c h a r a c t e r i s t i c s  o f  

t h e  l o c o m o t i v e  t o  be u s e d ,  t h e  ro u n d  t r i p  o f  any  s e l e c t e d  

s i z e  o f  t r a i n  c a n  e a s i l y  be c a l c u l a t e d .  The m o d i f i e d  p rogram  

i s  shown i n  A ppend ix  V. T h i s  m o d i f i e d  p rog ram  was u s e d  w i t h  

two s i z e s  o f  l o c o m o t i v e s  and v a r i o u s  numbers  o f  c a r s ,  w i t h  

t h e  r e s u l t s  shown i n  T a b le  7 .  F o r  c o n v e n i e n c e  t h e  r o a d  p r o ­

f i l e  u s e d  f o r  t r u c k s  i s  employed  f o r  t h e  t r a i n ,  b u t  w i t h  t h e  

u n d e r s t a n d i n g  t h a t  t h e  a c t u a l  l i n e  would  be  b e t t e r  e n g i n e e r e d .

i 7 . T r a i n T r a v e l i n g  Times T a b le

L oco m ot ive
S i z e

Number 
o f  c a r

L o a d in g  
Time*

Dumping
Time*

T r a v e l i n g
Time*

T o t a l
Time*

25 1 0 0 50 236 386

1 2 0 -T o n . 30 120 60 250 430

40 160 80 310 550

25 100 50 250 390

8 0-T o n . 30 120 60 280 4 6 0

40 160 80 345 585

* Time g i v e n  i n  m i n u t e s .

E x p e r i e n c e  shows t h a t  i n  an  8 - h o u r  s h i f t  t h e r e  a r e  450 

m i n u t e s  o f  w o r k in g  t i m e ,  t h e  r e m a i n i n g  30  m i n u t e s  b e i n g  c o n ­

sumed b y  t r a v e l  t im e  t o  and from t h e  j o b .  A n a l y s i s  o f  T a b le  

7 . shows t h a t  a  1 2 0 - t o n  l o c o m o t i v e  p u l l i n g  30  c a r s  i s  w i t h i n
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t h a t  f i g u r e ;  s o ,  su c h  t r a i n  i s  s e l e c t e d  f o r  t h e  c o s t  e s t i m a ­

t i o n .

A d i e s e l - e l e c t r i c  l o c o m o t i v e  i s  c o n s i d e r e d  b e c a u s e  o f  

t h e  a d v a n t a g e s  i t  p r e s e n t s :

1 .  High a v a i l a b i l i t y

2 .  M a in te n a n c e  c o s t s  r e l a t i v e l y  low

3 .  P r o d u c t i o n  o f  s t a n d a r d - s i z e  u n i t s  r e l a t i v e l y  h i g h

4 .  Low o p e r a t i n g  c o s t s .

J o b  a n a l y s i s  and c o s t  r e l a t e d  t o  t h e  s e l e c t i o n  o f  r a i l  

h a u l a g e  o p e r a t i o n  i s  d e s c r i b e d  i n  A ppendix  V. On t h e  b a s i s  

o f  t h i s  e s t i m a t i o n ,  t h e  e x p e c t e d  c o s t  p e r  t o n  o f  o r e  d e l i v ­

e r e d  t o  t h e  p o r t  would  be  a p p r o x i m a t e l y  $ 1 . 4 0  o r  $ 0 .0 2 0 6  p e r  

t o n  p e r  m i l e .  T h i s  r e p r e s e n t s  a  s a v i n g  o v e r  t h e  b e s t  t r u c k  

h a u l a g e  s i t u a t i o n  c h e c k e d  o f  $ 0 , 6 9 7  p e r  t o n .
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SUMMARY ADD CONCLUSIONS

Summary o f  P r o c e d u r e

The s t e p s  p e r f o r m e d  i n  t h e  d e v e lo p m e n t  o f  t h i s  s t u d y  

w ere  made i n  t h e  f o l l o w i n g  s e q u e n c e :

1 .  T r a v e l i n g  t i m e s  f o r  d i f f e r e n t  u n i t s  on  two t y p e s  o f  

r o a d s  were  d e t e r m i n e d ,  A p ro g ram  d e v e l o p e d  a t  C o lo r a d o  

S c h o o l  o f  M in e s ,  M in in g  D e p a r t m e n t ,  was a p p l i e d .

R e s u l t s  o b t a i n e d  a r e  g i v e n  i n  T a b le  3»> and Appendix  I  

shows t h e  l i s t i n g  o f  t h i s  p ro g ram  as  w e l l  a s  a  c o m p u te r  

o u t p u t  f o r  one o f  t h e  u n i t s ,

2 .  T r a v e l i n g  t i m e s  o b t a i n e d  were  i n c r e a s e d  b y  a f a c t o r  

o f  20  p e r c e n t  up i n  o r d e r  t o  g e t  a c t u a l  t r a v e l  t i m e s .  

T h i s  c o r r e c t i o n  was done due t o  t h e  f a c t  t h a t  t r u c k s  

a r e  n o t  o p e r a t e d  a t  t h e i r  f u l l  p o t e n t i a l  on  a  d a y - t o  

d ay  b a s i s .  The a d v i s e d  i n c r e m e n t  was t a k e n  from t h e  

p a p e r  p r e s e n t e d  i n  t h e  AIME p r e p r i n t  n o ,  68-A R -310 .

3 .  O w n ersh ip  and o p e r a t i n g  c o s t s  f o r  e a c h  u n i t y  c o n s i d ­

e r e d  was c a l c u l a t e d .  D e t a i l s  a r e  shown i n  A ppend ix  I I .

4# A d j u s t e d  t r a v e l i n g  t i m e s  were  u s e d  as  d a t a  i n  t h e

p r o b a b i l i s t i c  s i m u l a t o r  (A p p e n d ix  I I I . ) ,  T o t a l  l o a d ­

i n g ,  t r a v e l i n g ,  and d e l a y  t i m e s  on t h e  s y s te m  f o r  

e a c h  f l e e t  s t u d i e d  i s  c a l c u l a t e d .  The t o t a l  c o s t  p e r  

t o n  f o r  d i f f e r e n t  numbers o f  u n i t s  i s  a l s o  g i v e n ,  R e -

34
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s u i t s  o b t a i n e d  a r e  shown i n  T a b le  4 .

5* A p a v in g  c o s t  e s t i m a t i o n  on t h e  e x i s t i n g  r o a d  was 

made.  R e s u l t s  c a n  be fou nd  i n  A ppend ix  IV,

6 , The p r o b a b i l i s t i c  s i m u l a t o r  was r u n  s e v e r a l  t i m e s  

u n t i l  s u f f i c i e n t  r e s u l t s  f o r  a n a l y s i s  were  a v a i l a b l e .  

D i f f e r e n c e  o f  c o s t  p e r  t o n  b e tw e e n  t h e  e x i s t e n t  r o a d  

and t h e  paved  r o a d  was com pu ted .  T a b l e  5 .  shoy/s s u c h  

d i f f e r e n c e s .

7 ,  Annual  d i f f e r e n c e  i n  c o s t  b e tw e e n  t h e  two k i n d s  o f  

r o a d s  were  c a l c u l a t e d ,  ( T a b le  6 . ) .

8 , Y e a r l y  s a v i n g s  b y  p a v i n g  t h e  r o a d  were  c a l c u l a t e d ,

9* A r a i l r o a d  a n a l y s i s  was made.  I t  c o n t e m p l a t e s  a s p e c t s  

s u c h  as  b r e a c h i n g  j u n g l e  a r e a s ,  c o s t  e s t i m a t i o n  o f  

j u n g l e  a c c e s s  t r a i l s ,  r a i l r o a d  e q u ip m e n t  s e l e c t i o n ,  

e s t i m a t i o n  o f  o w n e r s h i p ,  o p e r a t i n g ,  and r e p a i r  c o s t s .  

T r a v e l i n g  t i m e s  f o r  t r a i n s  were  com puted  u s i n g  a 

m o d i f i e d  v e r s i o n  o f  t h e  t r u c k  s i m u l a t o r .  A c o m p le t e  

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

o b t a i n e d ,  c o m p u te r  l i s t i n g ,  and c o m p u te r  o u t p u t  i s  

shown i n  A ppend ix  V.

1 0 .  F i n a l l y ,  a  c o m p a r i s o n  b e tw e e n  b o t h  a l t e r n a t i v e s  was 

m ade .

C o n c l u s i o n s

Based  upo n  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y ,  t h e  m ost
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s u i t a b l e  s y s te m  o f  t r a n s p o r t a t i o n  f o r  t h e  c o n c e n t r a t e  was 

f o u n d  t o  be a r a i l r o a d  o p e r a t i o n .

T ru c k  h a u l a g e  c o s t s  f o r  t h e  optimum f l e e t  o f  t r u c k s  

s e l e c t e d  - t h i r t y - o n e  50 - t o n  t r u c k s -  was d e t e r m i n e d  a t  

$ 2 , 7 2 8  p e r  t o n  h a u l e d  c o r r e s p o n d i n g  t o  $ 0 ,0 4 1  p e r  t o n  p e r  

m i l e .  Lower c o s t s  were  g o t t e n  i n  t h i s  sy s te m  b y  c o n s i d e r i n g  

t h e  p a v i n g  o f  t h e  r o a d .  The f i g u r e s  o b t a i n e d  were  $ 2 , 0 9 7  

p e r  t o n  o r  $ 0 . 0 3 0 8  p e r  t o n  p e r  m i l e .

On t h e  o t h e r  h a n d , ,  t h e  l o w e s t  r a i l  h a u l a g e  c o s t  fo u n d  

was' $ 1 . 4 0  p e r  t o n  t r a n s p o r t e d  o r  $ 0 .0 2 0 6  p e r  t o n  p e r  m i l e .

Y e a r l y  t r a n s p o r t a t i o n  s a v i n g s  on t h e  o r d e r  o f  34 p e r ­

c e n t  o f  t h e  a n n u a l  i n v e s t m e n t  c a n  be  e x p e c t e d  b y  b u i l d i n g  

and  o p e r a t i n g - a  r a i l r o a d  s y s t e m .  »
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RECOMMENDATIONS

The s e l e c t i o n  o f  t r u c k s  o r  t r a i n s  as  t h e  p r i m a r y  m e th ­

od o f  t r a n s p o r t  c a n n o t  r e s t  on t h e  h a u l a g e  c o s t  a l o n e ;  many 

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

and d e l i v e r y  a t  t h e  A r g e n t i n i a n  m a r k e t .  T h i s  t o t a l  c o s t

m u s t  be  k e p t  a s  low a s  p o s s i b l e  i f  t h e  c o m m e rc ia l  s u c c e s s

o f  t h e  m in i n g  v e n t u r e  i s  t o  be  a s s u r e d .

The f o l l o w i n g  p o i n t  s h o u l d  be i n v e s t i g a t e d  f u r t h e r  

b e f o r e  a  f i n a l  d e c i s i o n  i s  made:

1 .  The t r a n s p o r t i n g  c a p a b i l i t i e s  o f  t h e  P a r a g u a y - P a r a n a  

R i v e r .  What m us t  be t h e  n a t u r e  o f  t h e  b a r g e s  o r  v e s s e l s  

t h a t  w i l l  move t h e  o r e  f rom P u e r t o  B usch  t o  t h e  s t e e l  

m i l l ?  T h i s  w i l l  a f f e c t  t h e  d e s i g n  o f  t h e  t r a n s f e r  f a c i l ­

i t i e s  and t h e i r  c o s t s .

2 .  The v a r i a b i l i t y  o f  t h e  o r e  and t h e  n e c e s s i t y  f o r  s e p a ­

r a t i n g  t h e  v a r i o u s  q u a l i t i e s  and g r a d e s .  I f  t h e  o r e  

m us t  be h a n d l e d  i n  a l a r g e  number o f  c a t e g o r i e s  t h i s  

w i l l  a f f e c t  t h e  p ro b le m s  o f  l o a d i n g  f a c i l i t i e s  and u n ­

l o a d i n g  and s t o r a g e  f a c i l i t i e s .  The a r r i v a l  o f  many

t r u c k s  s p r e a d  o u t  o v e r  a  24- h o u r  p e r i o d  w i l l  r e q u i r e  a 

d i f f e r e n t  d e s i g n ,  and c o s t ,  o f  t h e  p o r t  f a c i l i t i e s  t h a n  

w i l l  t h e  a r r i v a l  o f  a  few t r a i n s  a t  l o n g e r  i n t e r v a l s .

3 .  The e f f e c t  o f  c h a n g e s  i n  s c a l e  o f  o p e r a t i o n .  I f  i t  be

37
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assum ed t h a t  t h e  e v e n t u a l  s i z e  o f  t h e  m in i n g  o p e r a t i o n s  

may d o u b l e ,  f o r  e x a m p le ,  t h i s  w i l l  r e q u i r e  e n l a r g e m e n t  

o f  t h e  f a c i l i t i e s  on b o t h  ends  and may r e s u l t  i n  t h e  

p h y s i c a l  o v e r l o a d i n g  o f  t h e  i n t e r v e n i n g  r o a d  o r  r a i l ­

r o a d ,  E n la r g e m e n t  c o s t s  may d i f f e r ,  a f f e c t i n g  t h e  r e l ­

a t i v e  s u p e r i o r i t y  o f  one sy s te m  o v e r  t h e  o t h e r ,

4o The s o c i a l  e f f e c t s  o f  e a c h  c h o i c e .  The b u i l d i n g  o f  e i t h e r  

a  l a r g e ,  h e a v y - d u t y  h ig h w a y ,  t o  c a r r y  h e a v y  t r a f f i c ,  o r  

o f  a  new r a i l r o a d  i n  an  h i t h e r t o  u n d e v e l o p e d  a r e a ,  i s  

s u r e  t o  c r e a t e  many new s o c i a l  p r o b le m s  and o p p o r t u n i ­

t i e s .  Not o n l y  s h o u l d  t h e  p r o p e r  c h o i c e  r e s u l t  i n  t h e  

l o w e s t  t o t a l  c a p i t a l  and o p e r a t i n g  c o s t s ,  i t  s h o u l d  a l s o  

c r e a t e  t h e  maximum o f  b e n e f i t  t o  t h e  a r e a  t r a v e r s e d .

5 .  The im p ro v e m e n ts  t h a t  m ig h t  be  o b t a i n e d  t h r o u g h  c h a n g e s  

i n  s i z e  o f  t h e  t r a n s p o r t a t i o n  e q u ip m e n t .  T h i s  work so 

f a r  h a s  b e e n  done on  t h e  a s s u m p t i o n  t h a t  5 0 - t o n  t r u c k s  

o r  c a r s  were  t h e  l a r g e s t  t h a t  c o u l d  be h a n d l e d  e f f e c ­

t i v e l y  o v e r  t h e  r o a d  o r  on t h e  m e t e r - g a u g e  r a i l r o a d . '

T h i s  a s s u m p t i o n  n e e d s  t o  be  v e r i f i e d  o v e r  t h e  r a n g e  o f  

a p p l i c a b l e  t e c h n o l o g y  and any  o p p o r t u n i t y  f o r  more e f ­

f i c i e n t l y  s i z e d  h a u l a g e  u n i t s  t o  be  u s e d  i n v e s t i g a t e d .

6 . The i n f l u e n c e  o f  v a r i o u s  l o c a l  c o n d i t i o n s  on  t h e  p e r f o r m ­

ance  o f  t h e  e q u ip m e n t  n e e d s  more s t u d y .  F o r  e x a m p le ,  h i g h  

a m b i e n t  t e m p e r a t u r e  may r e q u i r e  l o w e r  s p e e d  l i m i t s  t o  

p r e v e n t  r a p i d  t i r e  d e t e r i o r a t i o n .
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APPENDIX I

STANDARD SIMULATION PROGRAM TO 

DETERMINE AVERAGE HAUL TIMES
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c DATA S H O U L D  COMEH WHOLE B O B B I N G  HANOF OF S P E E D S .
u
c c .  \OPTIONAL F I L K  FOP ACT ONAT I C  I N P U T  OF CONTROL I N F O R M A T I O N
c L I N E  1 S OP E i •: A 1 I M G t  L E VA 1 1 0 N , F X ♦
c L I N E  P : E N G I N E  T r P E .  L = T v O  C Y C L E ,  p =A C Y C L E
c L I  NX, 3 : NORMAL L O A D I N G  AND D UMP I NG T I M E S ,  S E C O N D S .
c LD.\)E A : P E  p. - C E N T  TO L'OWN R ATE ENG I NX FOR E E A R .
c L l i v E  b : p E R C F N T  OF P A T F D  LOAD TO EX. CAR h i  E D .
c L I N E  i : A CCF.RT A BL F ACC EL t  R A T I  ON ,  N PH P F. h S EC 0  N D •
c
o

L I  NX. 7 : PF. hCF. N7 OF S H I F T  7 IMF TRUCK I S  OP F. R A T I N G *
u
c v . - h l ' l Tk N l i t C . U . F p U S H ,  C O L O .  S C H .  OF M I N E S .  N O V . ,  19 . 71
c
c :f: .f. >!'. :-j: ,>• vf: 4: 4: vf; 'jc :j: 'Jf. 4. 4- ;f- 4: rf: 4. :jc jf; 5̂ $  4: ,-f: jr. 4: 4: ^  4; 4c sjt 4: if, 4. rjc •%. ;f; 5ju- ̂  :■£ 4? 4: ^   ̂4.- A
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D  1 0  E L  S I  U.v C A . P l  1 ( 1 4 ) ,  C a p  7 P C  1 4 ) >  C A P !  3 (  1 4 ) ,  C A P T 4 C  1 4 ) ,  C A P T S C  1 A ) 
D I  iv; E  V b  i  0  .V C A  P  Y 6  ( 1 i  )  j* n  n  C 4  1 )  j  i ■ c ' P  C (:• 1 )  t  } • P  i ' C C- 1 )
DI  ivjEMS 1’ O.v LLiM ( P. SO ) >  G h A ( P S O ) , 1  S I  P ( P b o )  > i S p L I  ( P S O )  ,  S E C  < 2 5 0  
I M T E G B n  S E C  
C AL L  E m / S  PTC 1 0 )
W t i  1 1 E ( 4  > 1 )
b i - = 0

1 F On MAT C 1 a  > * LA FPL OF F I L L  WI TH h O L T E  I MF O P MA T  I Oa< ? ’ , ? )
LE A DC 4 ,  c l ) WAX) E 1 

c\ B O h M A T C  A S  )
C ALL I P i  L h. C l *  L AM E l )  

h  1 TEC i\ t  3  )
3  EOiiiXiATC 1 A> • LAME OF F I L E  W I T H  l / L H I C L E  I a) F OF MAT I OM ? ? >

h  EADC A y E ) LAM EE 
C ALL 1 F 1 L E C 2 : ,  L A M E D  
I T  E,5T = 0 
WH1TEC 4 ,  A)

A FORMAT C I a ,  * MOW I S  C ONT R OL  I LP ' QPMAl  I OM TO B E  I M P U T ?
1 I = T T i L  £ = F h O M  S T O R E D  F I L E .  0  5  >
E EADC A ,  3 ) I n O W  

b F  O E MA I C  I )
I r ( I ri 0  W • .\j E • p. ) G 0  T 0  I S
I 1 = 3
W: / TEC 4 ,  6 )

6 F O P mATC 1X> ' LAME OP' P I L E  Wl l i - i  RUiM- COMTPOL D A T A ?  • ,  S )
1 0 1 1 0 = 0 .
RpJlDC A^ D ) LAMES 
CALL I F I L E C  3.» L A M E S )
GO TO 5 0 0  
T OT0  = 0 • 0  

1 5 1 1 = 4
bi:)c, p h  I T  E, C 4  ,  1 0  )
10  F O h M A T C l H  > * WHAT I S  G P E F t A T I L G  E L E U A T I 0 L ? » ,  5 )

h EADC I T j 2 O ) E.LEC 
I P  C l T . E L . 4 ) GO TO 2  5 
WHI TEC 4 , S E E ) E L E C  

hct G P OE0ATC 1 A , F 1 0 . D
2i:) P On MAT CP’)
Lb  E D I T  EC 4 j 3 0 )
3 0  P OP MAT ( 1 h  D E l G I L E  T i' P E ?  2 - C Y C L F = D  4 - C Y C L E = 4  O F )

KP.ADC 1 1  j  '?, 0  ) EL G 
I P  C I T . E G . 4 ) 6  0  T 0  5  7 0  
t h l ' i  EC / i j  5 P 6 )  P.LG 

5 7 4  I P  C E L G - E ) P 6 y ,  3 7 1 ^ 0 : 6 0
3 6 0  I p C B,L G -  4  ) P. 7 0  .> 3  7 4  j  L 7 O
0 7 0  W P l l P C 4 , 4 u )

1PCIMOW. ML.p) GO TO Ob 
4 0  P O h M A T C l n  ,  * OLLY C O D E S  P  Oh 4 CAM BP A C C F i ' T E D .  PP. -  EL T P P  • '  ,  f  )

G 0  T 0 P 1 0 O 
4 7  1 . 1 P C E L E V - 6 0 0 0 )  P . ' / P j P V i U  P 7 3
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2 7 2

2 7 3

3 7 A
2 7 b

2:7 6
2 O >1*
5 0

7 5 b
S b

■7 o b

i
bb

7 *y

b 7 0  

7 2

 ̂' V.'1 6
b 0 

3 o b

r  i* AC =1 • Vj -  C EL EV /  i ■ C f/j. ) * 3 . 1 3 3 3
C-. (j TO 0 3 0
F F A C = 0 • 0  0** 0  • u  3 + ( h. L E 0 -  6 0  0  i■:> • ) / 1  0  0  0  •
CO TO 0 3 0
1 F  ( t. L  hi 0 -  1 i j Hr 0 • ) O 7 6 > 2 7 5 > 2  7 b
r h  A C -  1 • DU - 0  • U 3 3  ( FLEC -  1 O C 0 .  ) /  I 0 0 0 *
CO TO 2 b O  
P FAC = 1 - 0  
W 3 I i t ,  ( A -» b U )
F O h O A T ( I n  > * WHAT A B E  MOhMAL L O A D I M b  AMD 
1 DC O r  I O b  T 1V"j E S j SF: C O L D S ?  ’ > 3 )

H EA i; C I T .> 5 b ) 1 L OA Jj> I DUO 9 
I K( 1 I  - EC - A ) bO TO 7 3 0  
vvhl' i  EC l\>  7 5 6 )  I L  OL’A j  I DUMP 
F 0 ! 3  A i ( 1 /■ j  1 A  ̂ 0  f  1 h  )
F O h o  a  1 ( 9 1 )

w h  I T  t. ( A .» 6  0 )
F O r MA T  ( I h  , ' B Y CHAT % S H A L L  TRUCK BE DOi v M- BATED !• OP u FAH ? * , ? )
BEiABC i ’i * DO)  ];K A T E  
I F  ( I T .  DO-  D b O  TO 3 1 0  
b H 1 1  h  ( 4 ,  5 0 6 )  L r  AT h,
V. iV i  T 1- C A > 6  b )
F Oh *•'A 1 ( 1 H ,  ' P EHCB' MT OF H A T E D  L OAD TO B E  C A D D I E D ?  b j )
BE a D C  I T > 2  U ) i - CTLD 
1 F (  I i . 10, . l  ) b 0  TO 3 AO 
b h I T F  ( t- > 5 2  6 )  K ’. TLD
V: i \  1 1' }• C A y 7 : )

F Oh MAT ( 1 a  ,  ' WnAT I S  A C C E P T A B L E  A C C EL  FIE A T I  OM y MPH P F R  S F C - ?  ' "
h  EA I, C i TO 0 0 ) A C
1 F C I T - E C . A ) b O  TO 3 7 0
W h i T E C  A , 5 2 6 ) AC
A C C E L -  AC: 3 b 2 3 0  - / 3 6 0 0  .
WBI TEC Ajr 7 2 )
F O H M A I ( 1 n > * CHAT P C I  OF S H I F T  T I M E  I S  TRUCK OP ERA T I  MG ? * * S > 
h  E A D C I !  > 2  O ) E F F 
I F C 1 T . E D . A ) C O  TO 9 1 9  
b h I T  EC A , 5 0  6 ) EKF 
FOHMA T C I  6 A b )
TE A DC 9.y 3 5 b )  C A P T 1  
P E A  DC 2*  3 5 ( ' } ) C A r T 2  
hEADC '?.» 3 5 3 )  C A 9  T 3 
H t .ADC 9.» 3 5 3 ) C a h T  A 
P. EA j. - C 2 y 3 b vj ) C A t- 1 5 
fO.’..A T. ( F j  b ) v, T E •] i- ,  l- T L L'i 
F 0 1 • HA I  ( 5 a > 2 r ) 
i s h. A j.,' C 1 j 3  b i ) C A- 9 1 6 
3 i •. I i I* ( 6 .> 3  5 0  ) C/j r  1 b 
r ( )3:vjA T ( 1 a  > 1. A A 5 )

C h  IT f C 3 .» 3 b b ) C .A 2 T 1
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l, hi J, h ( 0 > 3 3 3 ) On r 1 L 
v. h l l  i- C (>, 3 3 3  ) G7»rT5 
V h i l b  ( 3  5 3  ) ( . : » 5 | / i

5 n  n  h c C.j O b b l C A P  13
3 3 ')  F 1 ) H 3 A T (  1 n - ; * .5 EC LLO B j; ArSfc 1’ 1 •>}}; 1 OT.AL 3

i ' lO.vb XO.v T 01  AL * )
3 - L  F 0  n f‘j A 1 C i a ,  * FT D 1 S  SHC T I L h  L I

1 A I L F S  T O v J - y j l L *  )
V. h I Tf c C (' > 3C ' )
3 n i l  EC 6 j. :L )

A 3 2 ■ v = i\) +1
I L C L - 6 1  ) 2 3 0 ., 1 1 7 L:> 1 1 7 2  

A3 A h LA DC cl > 9  L s K.\il:= 1 \ 1 ? . »  !:!■!• = 1 L: 5 O ) L S R ( 0  -  1 ) > RFPC 1 ) >
t o  1 0  A 3 0

1 1 7 2  0  = 0
I I 7 A L :- j + 1

rsLADC 1 ,  9 5 *  E ; MD= 1 2 0 5 >  F h h  = 1 2  7 S ) L L L  ( M ) * G RA ( L ) j I Sl*K 
1 I b i - L l  ( L )  ,  SHC ( A )
0 0  TO 1 1 7 A

SJ r Ox-.11A 1 ( 3. ' w I > H O
3 3 r  Uh /;A I ( 5 a   ̂ I * h j I j I j A 3 )
I L L  3 L = iYi~ 1

DO 2 0 1  0 1 = 0 0
1 K( S E C  ( I ) • t'.U • *L * ) G 0  TO 1 4 0 0
1 r  ( S EC ( I ) • LG . ’ D ’ ) G 0 TO 1 4 3 0
0 0  T O C & 1$0 j  9 0 0 ,  9 2 0 *  0 4 0 , 9 6 0 >  9 0 0 ,  1 0 0 0 ,  1 0 1 L , 1 0 1 6 ) I  

b b o  I vLI TEC 6 ,  o O O )  5LCC I )
b 6 0  F 0  R»VJAT C I ii -  ,  1 S UP FA C L. CODE E h  ft OK I N S E C T I O N  * ,  A ?

G O T O ]  5 0 0  
6 3  0 S G LA= 0 . 0 1 5

GO TO 1 0 0 0  
y 0 i ’< S G h A = I-) • hi L

GO TO 1 O L 0
0 L 0 b G HA = 0 • 0  3

GO TO 1 0 2 0  
yAO 3 G h A = 0 • 0 A

GO TO 1 0 0 0  
v  0 0 b G DA=0  • 0 A b

hO  1 0  1 i T , t  
J  6 V) b G HA55 l:V • 0  A 5

(3 0  1 0  1 OLO
1 O0 0  b G H A ~ 0 • 0 6

GO 10 1 0 2 0  
1 0 1 2  5 G h A = 5 . 1 0

GO 10 1 OLD 
i 6  1 6  b G r:A= O • 1 6
l u L O  1 G}\“ GLA C X ) / 1 O O  + SGHA + 0 .  0 2
103(3 L EM 1 = L L.\i C i )

U b H . , =  i SAL T  ( I ) 
i u 4 O L EL 1 - 5 lv.\) 1 -  A

PL HE F A I T  

i‘i I T M P  H

h R R ( L -  1 ) 

( 0 ) ,

SLR( I ) 

)
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1 060

1 0 00

1 1 1 0
1 I 2 o

I 1 50
1 1 6 0
II 70

1 2 b 0
123 0

■ 1240

1 7 36
1 3 3 0

17 7 3

14 0 0

1433

14/-i 5 
14b 0

143 u

1 5 4 0

I F  C L E 0 1  . L L .  1 0 3 ) u S i ' L ”  I 5 3 L  T C I + 1. ) + 1 
I K  (LI :  0 1  ) 1 0  6 0 *  1 0  6 u *  1 0 5  0 
1,1 0 = L1; 4 1 +2 . 3000 1 
l i t  51 = 1 
(.0 10 111 0 
LJ. 5 = 2 • 0 0 0 0 1  
i  D E 3 i = 2
i  K ( 5 6 ) 1 5 0 0 *  1 1 2 0 * 1 1 2 0
0 5 3 = 5 6 * 3 6 0 0 / 5 2 3 0  + 0 . 5

DU 1 1 5 0  1 4 = 1 , 6 1 * 1
I F ( J S r - C I a - 1 ) ) 1 1 5 0 * 1 1 6 0 * 1 1 5 0
C 0 0  1' I 0  0 E
IK(0 S 3 - J 3PL)1 17 0 * 1 17 3 * 1240
3 U L L = 1 0 0 0 . * h 3 r ( 1 4 - 1 ) * ( 1 . - D h A T E / 1 0 0 . ) * 3 K A C
DH A G = G V '.v + TG h
D I F  F'= 3 U L L - DhAG
A C C — 3 2 • 2  •+ DI  3 i* /  G \) G
I F  C A C C . L E . A C C E D G O  1 0  1 2 3 0
ACC = AC C EL
G O  1 0  1 3  3 0

Dh AG=GC G + TGG
ACC = 3 2  • 2 * Dh AG / G  VG
1 F ( A C C .  G L . A C C E L )  GO TO 1 7 3 0
i  o t d h = d d a g + k e ;i  a h d

A C C = 3 2  • 2  * T O T D h / G C W  
1 F C A C C . G E . A C C E L ) G O  TO 1 7 3 0  
B D I S  = B D 1 3 + D I 5 
A C C -  -  A C C EL
0 U A 01" = S 3  * * 2  + 2  • * A C C * DI  5
1 F ( Q U A N T . L I . C ) Q U A 0 1 = 0 . 0  
T = C - 5 P + 5 G H T C  G U A O T ) ) / A C C  
S P  = S P + A C C  + T

GO TO 1 4 5 G
1 = I L  OA D
G V 0 = \*; T Ei l  '3 + V; TL D * 3  C TL D / 1  0  0  •
GO TO 1 4 4 5
1 = 1 DUA3
GO g = G T E 0 3
1 D E 5 I =1
1 1 A E = T I A E + T
T O T 1 0  = TOT I 4  + 1
GO 1 0  C l  4 3 0 *  1 0 4 0 ) I D E S T
AC EL= Di  5 * 3 6 0 0  • / (  1 + 5 2 3 0 .  )
1 0 0 5 =  ( G O G -  G 1 EAP ) / 2  0 0  0 .
T 0 4 y d  = 1 0 N 5 + L E N C  I ) 4 5 2 3  0 
1 0  T -/j = 1 0  T i- j +1 0  3  AI
V/HIT EC 6*  1 5 4 3  ) SEC C I ) * L E N (  I ) * B D I 3 * 1  I-NE* T O T l / i *  I S P L T C  I ) * A V K L *
1 1 ' U N  5 * 1  Oi/M A I  * T  0 1 ' A

F 0  n  iviA  1 C 1 4  * A  3 * 2  4  * 1 5  * 2  A * F 5  .  0  *  2  A  * F 5  * 0  * 2  a  * F 6  •  u  * 2  a  * 1  2  *  5  A  *

1 F 5 * 2 * 2  a  * F 6 • 2. * 2  a  * F 6 • 1 * 2  a  * F ( • 1 )
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PL-i  b - 0  .
T i  M b - ! - .

2 0 1 0  C O X i  I : vL0
1 2  0  O \v r \ 11  F  C 6  > 1 S 3  0  )
1 boi:) b O h i W i  ( 1 H -  ̂ ' LivD OF DATA * ) 

GO TO 1 3 O 0
1 2 SO V; h  1 T DC 6  3 1 2 b )
1 2 b F Oh:vjA'i ( i H j ’ LHhb.OH ’ )
12  7 b CQMTI MLX
1 3  0  0 'i h  I J- S = 6  * 3  6 1; 0 . * ( E F F / 1  0 0 .  > / T O T I 0  

S H T OiXS = 1 K I  r  S * W TL L* * FC T L D /  2  0  0  0  0  0  • 
3  H T iyj 1 = T h I F 3 * 1 O t A 
\v H 1 T E C 6 > 1 9  2 0 )  i h  1 r  S

1 9 2 0 FOkmATC lA.» 1 T h U C K  MAKES * , F 6 . 2 *  * 
v- h  1 7 E ( 6 3 1 9  4 0 ) S b  T OM 3

7 b: I P S  P E R  SH I E‘T • * )

19 4 0 FOHMA'J ( 1 * 11 C A H E I E S  S  Fi3 . D  * 
v / h l T E C  b ,  1 9  6 0 )  SHI 'M 1

TOMS DUE I MG THE S H I

i 9  6 0 POEMATC 1 1 T H I S  E Q U A L S  • j F t f . l * ' T 0 M -  M 1 L F S / S H I F T .  '* )
i b & 0 V.f H I '1 E ( 6  j 2  1 0 0  )
2 1 0 0 h O L M A T C 1 H - j ' THUCK S T O P P E D . ’ )
2 1 9 0 v, H 1 I E ( G .» 2 2 0 0  )
2 2 0 0 F OhFiAT ( l h  1 * ' E.vD OF J O E  * )

EMD
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1 i:.i LATA 0 0  i'i u T U m W A D . •OLLi:\3G bh  S I  57 0 9 C E  COL}: “ i " .
i .•') \ij i L h 11; l  i D 5 6 -T O .v Jr: j' /A D LT i1;)-
o  ̂  0Vi> E.vCi  \>i\ c u e c l i e s  V T -  i V 1 -  C Of-3 5 H K .
b ' J 0 3 ' j i r.  /■) ,v >?r . I S S K b ; A L L ! 5 O.v C L D i  -  ‘.vOA 1
iJ'.J - j-'-' \j A--.LE ; A 'J 1 0 ** w 1 • I'13 : 1
U:v.. 50 T I i\ E 5 1 4. E -  p. i . c, t ' ~ 3 5 j> f O .  3 9 .  I ”

s e e L  E-v U5 Ab  E T I L E T O T A L SrO-'i-' l: EA I T 'i 0 0 T OTA
F T - D i S 5 EC T I L E I, I 4 1 T >4 ir' H 0 1  L E E 7' q \ j -

L fa u  • 8   ̂I vJ * 8  A {•„! * 0 6 • 6  O 0 . 0 0 . 0
i 1 6 4 0 0 . 6 2 . 3 9 8  * 6 0 2 4 .  5 7 0 . 0 1 5 . 5
2 2 6 2 5 0 . 5 6 . 3 5 8  • 6 0 3 3 .  5 0 0 . 0 4  G .  4
3 1 3 1 2 0 . 3  1 • 3 3  9 . 6 0 2  5 * 3 5 0 . 0 5 2  . 8
4 1 6 4 0 0 • 4 6  • 4  6 5 • 6 0 2 3 .  51 0 .  0 6 8 . 3
5 0 6  4 0  • 8 5 • 4  6 1 . 6 9 8 o • 3 3 0 . 0 7  7 .  7
6 7 3:1 6 0  • 1 b  3 • (-j A 4 * 6 0 8 6 .  5 C 0  .  ! 14 6 . ,
7 5 0 3  5 0 . 1 3 o . /  3  O . 6 0 3 8 .  8 7 vj 0 1 9 2 0  1 . v

S 2 2 0 7 ':'i • 6  1 . O  4  1 e 6 0 8 2 . 5 0 0  0 0 8  2  3  • 7

9 2  0 5 3 V) e 3 9 . fa 3 fa * 6  0 8 2 .  6 9 V7 • 1 ’» 8  5 1 .
13 /- U 4, O v7 V 0  • 1 7” . 9  A. 7 - fa {'} 3:■< * 0  'O • ‘ t 8  5  7  • 9

i i 2  2 0  7 i j  « 6  0 . 1 C 3 7 . 6 0 8  4  .  1 0 P  7  9  .  A

1 2 0 6 4 0  • 2 5 . 1 C 3  8 . 6 3 2 9 .  0  5 fa * '.j 8 3 5 . 9

13 1 6 4  3 0 . 4: 0  * 1 0 7 2 . 61:'} 2 7 .  1 9 0  .  0 3 0 4 .  5
1 A 2 6 2  5 0  • 6 3 . 1 1 3  5 . 6 C 2 9 .  3 5 0  * C7 3  8  9  • 3

1 5 1 6 4 0 0  • 4  5 • 1 1 8  3 . 6  0 2 2 .  5 0 0  ♦ P 3 4 4  .  0

1 6 1 3 1 2 0  • 3 7 . 1 2  1 7 . 6  0 2 5 .  1 3 3 5 7 . 3
17 9 3 4 G o 3 2 . 1 2 4 9 . 4. {'/. v. * -J I S . 4 7 0 .  4 3  fr fa 0  fa

18 2 9 5 3 0 . 5 4  • 1 3 3 8 . 6 0 8  5 * 9  3 L .  1: 3 9 4 . 6

10 3 9 3 7 O • 9 4 . 1 4 8  7 . 6 0 3 0 .  3 5 0  . 0 4 3 1 . 8

2 0 8 9 5 3 fa 0 /  1 . 1 4  9 7 . GO 2 7 .  1 1 fa' « o ■ 4  5  y  .  5

21 3 8 6 0  . 9 . 1 5 C 6 . t j  b 2 5 .  3 3 tJ; 4 6 8  .  9

2 2 2 6 2  5 0  . 6 9 . 1 5 7  4 . 6 0 2 6 .  5 0 io • fa 4 6 7 . 8
2 3 9 6  4 0  • 2  1 * 1 5 9 6 . 6 0 •3 3 . 5 0 0 .  0 4 9 7  .  1
2 4 6 5 6 0  • 1 6  . 1 6 1 1 . 6 0 8 4 .  3 6 0 . 0 5 3  3 .  3
2 5 2 9 5 8 O . 7 9  . 1 6 9 0 . 6 0 2 6 . 4 6 pi‘.V ♦ r ! 5 3 1  .  3
2 6 1 3 1 8 0  * 2 9 . 1 7 1 9  . 6 C 3 3 .  5 0 0  .  (7 5 4  3 .  7
2 7 8 8 9  7 0  • 5 9  . 1 7 7 9  . 6 0 2 8 .  5 S fa * fa 5 6  5* 4
2 6 1 9  6 6 0  • 5 5 . 1 3 3 3 . 6 0 2 5* 6 6 0 . 0 5 8  4 .  1

2 a 8 6 8  4 ',j • 6 4 . 1 8 9 7 . t o 2 9 .  0 6 fa • fa 6 G b *  9

3 0 1 6 4 0 0  • 4 3 . 1 9 4 0  . 6 0 2 4 .  4 8 O . 0 6 8 4 .  4

31 3 6 0  9 U • 3 b  • 2 0  8  o . 6 0 2 9  . 4 2 0 .  0 6 5 8 *  6

3 2 1 3 1 2 o • 2  7 . 2  0  5 5 . 6 0 3 3 .  5 0 0 • O 6 7  1 . 0

3 3 1 9 6 o 0  • 5 b  * 2 1 1 4 . 6  0 1 7 .  6 0 0  . 0 6 8 9  . 7
3 4 9 6 4 0  • 8  7 • 8 1 4 0 . 6  O 3 1 . 0 0 0 .  0 6 9 9  . 0

3 5 9  b 8 0  • 2 /  « 8 1  6 7  . 6  0 81  .  3 0 0 .  0 7 G 8 . 3
3 6 3  8 6 0  . 9  . 8 1 / 6  . 6 0 8 6 .  8 9 0  .  0 7 1 1 . 4

37 6 5 6 0  • 1 9 . 2 1 9  5 . 6  3 8 O .  5 9 0 . 0 7 1 7 .  6

3 6 1 6 4 0 0  « 3 7 . 8  8  3  3  « 6 3 3  3 »  5  O 0  .  O' 7 3 3 . 2
30 1 3 1 8 0  • 4  G . 8 8 7 3 . • 6 0 1 6 .  £ 4 0  * 0 7 4  5 * 6

4 0 1 9 6 9 0  • 5 3 . 2 3 8 5 . 6 o 3 G . 7 9 O . L 7 6 4 . 2
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4  1 i 6  4  0 0  • 4 3 .
4'<r! 2  9 5 3 0  • b  1 •

4  3 1 6 4 5 0 . 3 6 «
4 4 1 3 1 2 0  • 3 8  *

4 5 9 8 4 5  • 2 3 .
4 6 3 2 6 0  • 7 *

4 7 9  5  4 0 . 2 0 .

4 8 3 6 0 9 0 . H 0  •
4  9 2  9 5 2 0 . 6 3 .

5 0 1 '' *'  /  V . J 0 . 5 4 .

5 1 3 2 8 1 0  . 9 5 .

5 2 <6 V 2  1 0  • 1 0 5 .

5 3 6  6  9  (i) 0  • 1 6 3 .
5 4 1 9  6 9 r'J • 4 5 .

5 5 6 5 6 0  • 1 5 .
5 6 1 3 1 2 0 . 8 9 .

5 7 1 3 1 2 0  • 4  3  •

5 8 2  2 9 7 0  • 5 4 .
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APPENDIX I I

OWNERSHIP AND OPERATING COST FOR A TRUCK

The c o s t  o f  m oving  a  c u b i c  y a r d  o r  t o n  o f  m a t e r i a l  i s  

d e t e r m i n e d  b y  d i v i d i n g  t h e  h o u r l y  c o s t  o f  o w n e r s h i p  and 

o p e r a t i n g  c o s t  (0  & 0 )  b y  t h e  h o u r l y  p r o d u c t i o n .

O w n ersh ip  C o s t

The o w n e r s h i p  c o s t  i s  t h e  sum o f  t h e  h o u r l y  c h a r g e s  f o r  

D e p r e c i a t i o n ,  I n t e r e s t ,  T a x e s ,  I n s u r a n c e ,  and S t o r a g e .

D e p r e c i a t i o n  The h o u r l y  d e p r e c i a t i o n  c h a r g e  i s  t h e  

d e l i v e r e d  p r i c e  o f  t h e  u n i t  ( l e s s  t h e  v a l u e  o f  t i r e s )  d i v i d e d  

b y  t h e  d e p r e c i a t i o n  p e r i o d  i n  h o u r s .  A s t r a i g h t  l i n e  m ethod 

w i t h  no s a l v a g e  o r  r e s a l e  v a l u e  i s  u s u a l l y  e m p lo y ed .

F i v e  i t e m s  a r e  n e c e s s a r y  t o  make t h e  d e p r e c i a t i o n  c a l ­

c u l a t i o n .  They a r e :

P u r c h a s e  p r i c e
E x t r a s
F r e i g h t
T i r e  C o s t s
D e p r e c i a t i o n  p e r i o d

P u r c h a s e  p r i c e  may be  t h e  d e a l e r ’ s q u o t e  o r  t a k e n  

d i r e c t l y  from c u r r e n t  l i s t s  o r  c a t a l o g s .

E x t r a s  i n c l u d e  o p t i o n s  and a t t a c h m e n t s  n e c e s s a r y  f o r
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t h e  m ac h in e  t o  p e r f o r m  w e l l  and n e c e s s a r y  f o r  t h e  c o m f o r t  

o f  t h e  o p e r a t o r .

F r e i g h t  c o s t s  c a n  he e s t i m a t e d  more a c c u r a t e l y  h y  p e r ­

s o n s  r e s p o n s i b l e  f o r  p a y i n g  th em .  I n  g e n e r a l  i s  r o u g h l y  

c a l c u l a t e d  @ $3*50  p e r  100 l b  s h i p p i n g  w e i g h t .

T i r e  c o s t s  s h o u l d  be o b t a i n e d  from t h e  l o c a l  t i r e  d i s ­

t r i b u t o r ,  I f  t h i s  i s  n o t  c o n v e n i e n t ,  i t  c a n  be e s t i m a t e d  

from h a n d b o o k s .

D e p r e c i a t i o n  p e r i o d  i s  d i f f i c u l t  t o  d e t e r m i n e  s i n c e  

u s e f u l  l i f e  c a n  e x c e e d  t h e  d e p r e c i a t i o n  p e r i o d  b y  a  c o n s i d ­

e r a b l e  amount i f  a  good p r e v e n t i v e  m a i n t e n a c e  p ro g ram  i s  

c a r r i e d  o u t .

I n t e r e s t ,  T a x e s ,  I n s u r a n c e ,  S t o r a g e  I n  d e t e r m i n i n g  t h e  

c o s t  o f  i n t e r e s t  on t h e  e q u ip m e n t  i n v e s t e d ,  c o s t s  o f  i n s u r ­

ance  premiums f o r  g e n e r a l  l i a b i l i t y ,  f i r e ,  and t h e f t ,  t a x e s  

o n  t h e  a s s e s e d  v a l u a t i o n  o f  t h e  e q u ip m e n t ,  and c o s t  o f  s t o r ­

ag e  o f  t h e  e q u ip m e n t ,  t h e  f o l l o w i n g  f o r m u l a  i s  u s e d :

.Hourly  C o s t  I n t .  P r e v a i l i n g :  RateCvf?) x Average  Y ear .  I n v e s t .
Tax ,  I n s u r ,  S t o r .  Hours o p e r a t e d  p e r  y e a r

The c u r r e n t  p r e v a i l i n g  r a t e  i s  13 p e r c e n t ,  made up o f  

9 p e r c e n t  f o r  i n t e r e s t ,  2 p e r c e n t  f o r  t a x e s ,  and 2 p e r c e n t  

f o r  i n s u r a n c e  and s t o r a g e .

To d e t e r m i n e  A verage  Y e a r l y  I n v e s t m e n t ,  s i m p l y  m u l t i p l y
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t h e  d e l i v e r e d  p r i c e  b y  50 p e r c e n t .

O perat in g  C o s ts

The h o u r l y  o p e r a t i n g  c o s t s  a r e  t h o s e  i n c u r r e d  w h i l e  

t h e  v e h i c l e  i s  w o rk in g  and i n c l u d e  t h e  f o l l o w i n g  i t e m s :

T i r e  r e p l a c e m e n t
T i r e  r e p a i r s
G e n e r a l  r e p a i r s
F u e l
S e r v i c e
O p e r a t o r

T i r e  r e p l a c e m e n t  c o s t s  a r e  e q u a l  t o  t h e  o r i g i n a l  c o s t  

o f  t h e  t i r e  d i v i d e d  by t h e  e s t i m a t e d  l i f e  o f  t h e  t i r e .  C o s t  

i s  o b t a i n e d  b y  t h e  l o c a l  t i r e  d i s t r i b u t o r .  The d e t e r m i n a t i o n  

o f  o r i g i n a l  t i r e  l i f e  i s  e x t r e m e l y  d i f f i c u l t  a s  i s  i n f l u ­

e n c e d  b y  many o p e r a t i n g  c o n d i t i o n s  s u c h  a s  s p e e d ,  g r a d e ,  

m a i n t e n a n c e ,  s u r f a c e ,  c u r v e s ,  and o t h e r s .  A method  o f  e s ­

t i m a t i n g  t i r e  l i f e  h a s  b e e n  d e v i s e d  where  a  maximum l i f e  o f  

6000 h o u r s  i s  m u l t i p l i e d  by  f a c t o r s  w h ic h  a c c o u n t  f o r  s p e e d ,  

c u r v e s ,  l o a d s ,  g r a d e s ,  and t h e  l i k e .

I t  i s  c u s t o m a r y  t o  a p p l y  a  c e r t a i n  m a r g i n  o f  s a f e t y  i n  

t h e  form o f  t i r e  r e p a i r  c o s t .

G e n e r a l  r e p a i r s  i n c l u d e  p a r t s  and l a b o r  c o s t s  i n v o l v e d  

i n  n o rm a l  m a i n t e n a n c e  and p e r i o d i c  o v e r h a u l  o f  t h e  v e h i c l e .  

G e n e r a l  r e p a i r s  s h o u l d  be b a s e d  on a c t u a l  e x p e r i e n c e . . How­

e v e r ,  an  h o u r l y  c h a r g e  c a n  be e s t a b l i s h e d  f o r  e s t i m a t i n g
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p u r p o s e s  by  u s i n g  t h e  h o u r l y  d e p r e c i a t i o n  c h a r g e  o f  t h e  u n i t  

a s  b e i n g  i n d i c a t e d  by  t h e  r e p a i r  c o s t s .  Wide e x p e r i e n c e  

shows t h a t  t h e  a v e r a g e  h o u r l y  r e p a i r  c o s t  c a n  be  d e t e r m i n e d  

v e r y  s i m p l y  a s  a  p e r c e n t a g e  o f  1 0 ,0 0 0  h o u r  d e p r e c i a t i o n  

c h a r g e .  S e l e c t i o n  o f  p e r c e n t a g e  t o  be a p p l i e d  i s  a  m a t t e r  

o f  j u d g e m e n t .

F u e l  c o s t s  a r e  b a s e d  on  l o c a l  r a t e s  and e n g i n e  f u e l  

c o n s u m p t i o n  r a t e .  E n g in e  c o n s u m p t io n  r a t e  d e p e n d s  on e n g i n e  

h o r s e p o w e r  and v e h i c l e  d u t y  c y c l e .

S e r v i c e  c o s t  i s  t h e  c o s t  o f  o i l ,  g r e a s e  and f i l t e r s ,  

and  t h e  l a b o r  i n c l u d e d  i n  p e r f o r m i n g  n o rm a l  s e r v i c e  i t e m s .

The amount c h a r g e d  f o r  t h i s  w i l l  v a r y  a c c o r d i n g  t o  t h e  f r e ­

q u e n c y  a t  w h ic h  t h i s  s e r v i c i n g  i s  done and b a s e d  on  t h e  l a ­

b o r  r a t e  a p p l i e d .  Most e s t i m a t o r s  a g r e e  t h a t  t h e  s e r v i c e  

c o s t  c a n  be  b a s e d  on  t h e  s i z e  o f  t h e  e n g i n e  i n  t h e  e q u ip m e n t .

O p e r a t o r  c o s t  v a r i e s  f rom  one l o c a t i o n  t o  a n o t h e r  b a s e d  

o n  r e a l  wage r a t e s .  O p e r a t o r  c o s t  s h o u l d  i n c l u d e  n o t  o n l y  

t h e  d i r e c t  wage,  b u t  a n y  b e n e f i t s  p a i d  by  t h e  company 

w h ic h  r e v e r t s  t o  t h e  o p e r a t o r .

The sum o f ' t h e  o p e r a t i n g  c o s t  and o w n e r s h i p  c o s t  g i v e s  

t h e  e s t i m a t e d  owning and o p e r a t i n g  c o s t .
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hEADC 1 * 1 Cl;) ( hi- C I ) * ka C D *  K!-( D  * 1 C C X ) *
1 1 I ( D  * h  r  CD* ST C D  * A V C D  * I-= 1 * 3 )
i'l'.Ai- ( 1 * ‘d i l l : ) F 1 * F2 *  F 3 *  F1 A 
WRI TEC 6*  3 C O  
\v i i 11 P ( 0 * 3  ii) 1 )

C
C C O M P U T I N G  0 0  MET. S H I P  C O S T
C

DO ACC 1 = 1 * 3
DP = i-h( £ ) + L a  ( D  +FEC I  )
O v = T C ( 1 ) ^ 6 .
T'A = D P -  0  v 
* D= TA /  C a i  C D )
H D= I" D / o  7 6 0  •
Pi V = 0 3 * 0  * 5
0  C "  A V * T I  ( I  ) + Y D 
TH=AV/ *T X C l )  / 3  7 6 0  •

C
C C O M P U T I N G  O P E R A T I N G  C O S T
C

F T = F 1  *6 i . ; O0  .
KT = Fci * 6 0 C  0 •
T L =  C F'T + H T ) /P . *
T C 5 = 0 U / T d  
T H = T C S * 0  • 1 5
RL=C C D P - F h C  I  ) ) *  • 6 ) / I  5 0 0 0 .
G F = • 0  6 * H P (  I ) * F  3 
F  C = G F * F A 
O G = F C * . 3  3 3  
C 0 =  i C S + T h  + HL + FC + OG 
( ) 0=Tr i  + (J 0
W h I T P C  6*  5 0 0 ) C S T C l ) * OC* TH* CO* 0 0 )

4 0 0  COMT I MUE
c
C F ORMATS
C
10  0 F  OhM A T C 8  F )
2 0 0  FORMATC 4 F )
3 0 0  FORMATC / / *  » T h U C K  S D F ' * S X *  ' Q C M F R S H i P ' * 3X*

1 '  O v D E P S P I  h » * DA* * O P E K A T I  A1 G ’ * 3X * * T O T AL  COS T  * )
3 0 1  F Oi 'DATC i 3 a *  • C O S T / * E A R * * 3 a * * C O S T / H  0 U H * * 2 X *

1 ' C O S T / h  0 1 ‘K * * A a * * P E R  H Ol jF * )
5 0 0  r  OHM A T C / I  A * F 8 .  2  * A X * F 1 O • 8  * 5 a * F  6  • 2  * 6.X *

1 F 6  * 8 * /  A * r 6  * 8 )
S T O P  
Fi\j D
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* O p e r a t i n g  c o s t s  do n o t  i n c l u d e  o p e r a t o r ’ s w a g e s .  They a r e  

c o n s i d e r e d  i n  t h e  c o s t  p e r  t o n  c a l c u l a t i o n .
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c
pU
cp HAULAGE SIMULATION AND COST PER TON CALCULATION
1/
c
r«

INPUT VARIABLES
U
C NUMBTL — NUMBER OF TRUCKLOADS
c AVRGLT - AVERAGE LOADING TIME
c AVRGHT - AVERAGE HAULING TIME
c DELAYS - PERCENT DELAYS IN LOADING STATION
c FACTOl - FACTOR FOR LUNCH TIME AND STARTUP
c FACT02 - NUMBER OF SCHEDULED SH IF T S PER YEAR
c FACT 03 - STANDBY FACTOR FOR TRUCKS
c COSTOH - COST PER OPERATING HOUR FOR A TRUCK
G COST OF - COST PER SCHEDULED HOUR FOR A FOREMAN
C COSTOD - COST PER SCHEDULED HOUR FOR A DRIVER
C C OS TOW - COST PER SCHEDULED HOUR FOR A WORKER
C TDAOCO - TRUCK DEPRECIATION AND OWNERSHIP COST
c TONWAG - TONNAGE PER TRUCKLOAD
cp TOTTON — TOTAL TONNAGE TO BE HAULED PER YEAR

cp GENERATED VARIABLES

c SIGMAL - STANDARD DEVIATION OF LOADING TIME
c SIGMAH - STANDARD DEVIATION OF HAUL TIME .
c AMINLT - MINIMUM LOADING TIME
c AMINHT T* MINIMUM HAULING TIME
c F I R S T - NUMBER OF TRUCKS FOR F IR S T  SIMULATION
c TRU<N> - TRUCK NUMBER N
c HAULT “ HAUL TIME
c TLOAD - LOADING TIME
c J - NUMBER OF TRUCKLOADS
c THAULT TOTAL AHUL TIME
c TLOADT ~ TOTAL LOADING TIME
c R - RANDOM NORMAL NUMBER
c DELMIN - MINIMUM DELAYS
c TRUOPC - TRUCK OPERATING COST
c TRUSHC - TOTAL SCHEDULED COST
c TOTDOC - TOTAL DEPRECIATION AND OWNERSHIP COST
c C P T C I) - COST PER TON FOR ( I )  TRUCKS
c • TIMEHO - HOPPER OPERATING TIME
c TOTTHO - TOTAL HOPPER OPERATING TIME
c
c

TOTIHO TOTAL HOPPER DELAY TIME

c
c
c
c



-15!

c
c

20

1 5 0

4 0

5 0

3 6 0

6 0

6 0 0
7 0

C

8 0

9 0
5 0 0

100
110
120

61

DIMENSION TRUC1 1 0 ) *  CPTC 1 1 0 )
READC 1* 1 0 0 0 ) NUMBTL.* AVRGLT# AVRGHT* DELAYS# FACTOl* FACT02#
1 COST OH# COSTOF> COSTOD* COSTOW*TDAOCO#FACT03# FACT04#
2  TONNAG# TOTTON
SIGMAL=. 1 0 * AVRGLT 

SIGMAH=. 1 2*AVRGHT 
AMINLT=. 8 0 * AVRGLT 
AMINHT=* 8 0 * AVRGHT

WRI TEC 6# 9 9 9  )

FIRST=AVRGHT/C AVRGLT*4>- 1 .
K =FIRST  
M=K*15  
DO 10  I=K#M 
DO 2 0  N = l #  I 
TRUC N ) = 0 •
TIMEHO=0.
H AULT=0•
TLOAD=0•
J=0
THAULT=0.
TLOADT=0*
TO TIH O=0.
DO 1 3 0  N - 1 # I 
J=J+1
DEL TAT= TIMEH 0 - TRUC N >
IF C D E L T A T )50#  3 6 0 #  4 0  
TRUC N)=TRUC N ) + DELTAT 
GO TO 3 6 0
TOTIHO=TOTIHO-DELTAT  
TIMEH0=TIMEH0 - DELTAT 
CALL RANDOMCSIGMAL#AVRGLT#R>
IFC R-AMINLT) 6 0 # 6 0 0 #  6 0 0  
TLOAD=AMINLT 
GO TO 7 0  
TLOAD=R
TRUC N)=TRUCN)+TLOAD  
TIMEH 0=TIMEH O+TL OAD 
TL OA DT=TL OA DT+TL OAD

CALL RANDOMCSIGMAH#AVRGHT#R)
IFC R-AM IN H T)8 0# 9 0 #  9 0  
HAULT=AMINHT 
GO TO 5 0 0  
HAULT=R
TRUC N)=TRUC N> +HAULT 
I F C N - 1 ) 1 0 0 # 1 0 0 # 1 1 0  
IFC TRUC N>-TRUCI > ) 1 2 0 # 1 3 0 # 1 3 0  
IFC TRUC N)-TRUC N - 1 ) > 1 4 0 # 1 3 0 # 1 3 0  
HAULT=HAULT+TRUCI>-TRUCN>
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TRUCN)= TRUCI)
GO TO 1 3 0  

1 4 0  HAULT=HAULT+TRUCN-1 ) -TRUC N)
TRUC N ) =  TRUC N - 1)

1 3 0  THAULT-THAULT+HAULT
111  I F C J - N U H B T L ) 1 5 0 , 1 6 0 , 1 6 0
1 6 0  DELHIN=TLOADT*DELAYS
17 0 IFC T O T IH O -D E L H IN )1 8 0 ,  1 9 0 , 1 9 0
1 8 0  TGTTHO=C TLOADT+DELHIN)*FACTO1
C
1 9 0  T OTTHO=C TLOADT+TOTIHO)*FACT01
C
C
2 3 0  T R U 0PC =FA C T 02*C 0ST 0H *8  **C THAULT/TOTTHO)

P I = I
T R U S H C = F A C T 0 2 * 8 .* C C 0 S T 0 F + C 0 S T 0 W + P I * C 0 S T 0 D )
TOTDOC=TDAOC 0 * FACT0 3 * PI  
A J = J
TOTPRO=AJ*TONNAG*FACTO2*8.*60 . /T OTTHO  

2 4 0  CPTCI ) = CTRUOPC+TRUSHC + TOTDOC)/TOTPRO
C

WRITEC 6 , 3 0 0 0 ) TONNAG 
WRITEC 6 , 2 0 0 0 ) I , C P T C I )
WRITEC 6 , 4 0 0 0 ) TOTPRO 

10  CONTINUE
C
C FORNATS
C
9 9 9  F ORHATCIX,* TRUCK SIMULATION AND COST PER TON CALCULATION*)
1 0 0 0  FO R M A T C I ,14F)  ,
2 0 0 0  F0RHATC7X,1SHNUMBER OF TRUCKS = , 1 8 , / , 1 I X ,

1 14HC0ST PER TON = , F 1 3 . 4 )
3 0 0 0  FORHATC1 5 X , / / / , 25H TRUCK CAPACITY IN TONS = , F 1 1 . 2 )
4 0 0 0  FORHATC 5 X , 2 0 H  ANNUAL PRODUCTION = , F 1 0 * 1 )

STOP
END

SUBROUTINE RANDOMCSIGHAL,AVRGLT,R)  
A=0 ♦
X = 0 .
DO 1 5  1 = 1 , 1 2  
X=RANC 0 • )

1 5  A=A+X
R =C A-6*)*SIGHAL+AVRGLT
RETURN
END
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TRUCK SIMULATION AND COST PER TON CALCULATION

TRUCK CAPACITY IN TONS * 5 0
NUMBER OF TRUCKS = 2 6

COST PER TON = 2 . 0 8 6 9 6
ANNUAL PRODUCTION = 9 5 0 9 3 0 . 8

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 2 7

COST PER TON = 2 . 0 8 3 8 1
ANNUAL PRODUCTION = 9 8 8 7 1 0 . 9

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 2 8

COST PER TON = 2 . 0 8 2 7 0
ANNUAL PRODUCTION » 1 0 2 4 4 9 7 . 4

TRUCK CAPACITY IN TONS * 5 0
NUMBER OF TRUCKS = ' 2 9

COST PER TON = 2 . 1 0 0 6 9
ANNUAL PRODUCTION = 1 0 4 8 3 1 3 . 6

TRUCK CAPACITY IN TONS 
NUMBER OF TRUCKS 

COST PER TON 
ANNUAL PRODUCTION

5 0  
3 0  

2 . 0 9 1 1 6
1 0 9 2 8 6 1 . 0

TRUCK CAPACITY IN TONS 
NUMBER OF TRUCKS 

COST. PER TON 
ANNUAL PRODUCTION

5 0
31

2 . 0 9 7 3 0
1 1 2 4 7 2 4 . 2

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 3 2

COST PER TON = 2 . 0 9 7 8 1
ANNUAL PRODUCTION = 1 1 5 9 3 8 8 . 4
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TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 3 3

COST PER TON = 2 .
ANNUAL PRODUCTION = 1 1 8 6 0 0 1 .

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 3 4

COST PER TON = 2 .
ANNUAL PRODUCTION = 1 2 1 3 7 2 2 .

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 3 5

COST PER TON = 2 .
ANNUAL PRODUCTION = 1 2 5 1 1 6 6 .

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 3 6

GOST PER TON -  2 .
ANNUAL PRODUCTION = 1 2 9 4 7 8 2 .

TRUCK CAPACITY IN TONS = 5 0
NUMBER OF TRUCKS = 3 7

COST PER TON = 2 .
ANNUAL PRODUCTION = 1 3 0 9 8 7 1 .

1 1 3 8 7  
4

1 2 1 3 6
8

1 2 0 9 8
0

1 1 0 9 2
5

1 3 3 5 5
2
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APPENDIX IV

ROAD PAVING COSTS ESTIMATES

Road p a v i n g  c o s t s  e s t i m a t e s  a r e  "based on d a t a  f u r n i s h ­

e d  b y  t h e  C o lo ra d o  D e p a r tm e n t  o f  H ighways.  F i g u r e s  c o r r e ­

spo n d  t o  t h e  y e a r  o f  1 9 72 .

Due t o  much h i g h e r  l a b o r  c o s t s  i n  t h e  U. S.  A. t h i s  

e s t i m a t e  s h o u l d  have  l o w e r  numbers  f o r  B o l i v i a n  p a t t e r n s ;  

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

p r o j e c t  o t h e r  i t e m s  a r e  i n c r e a s i n g l y  h i g h e r ;  s o ,  a f t e r  an  

a n a l y s i s  o f  t h e  s i t u a t i o n ,  i t  was c o n c l u d e d  t h a t  t h e  a v e r ­

ag e  c o s t  t a k e n  i n t o  a c c o u n t  i s  c l o s e  enough  f o r  t h e  e s t i m a t e .

C o s t s  i n c l u d e  a l l  c o n s t i t u e n t s  o f  t h e  way pavem en t  

c o m p l e t e  i n  p l a c e ,  b u t  do n o t  i n c l u d e  10 p e r c e n t  f o r  e n g i ­

n e e r i n g  and c o n t i n g e n c i e s .

E s t i m a t e s  a r e  c a l c u l a t e d  a s  f o l l o w s :

B ecause  o f  t h e  h e a v y  l o a d s  t o  be s u s t a i n e d ,  a  t h i c k ­

n e s s  o f  5 - i n .  p avem en t  i s  a d v i s a b l e  t o  u s e .  Under s u c h  c o n ­

d i t i o n s  :

A verage  c o s t  p e r  s q u a r e  y a r d  p e r  i n c h  
o f  t h i c k n e s s  f o r  5 - i n .  h o t  b i t u m i n o u s
p av em en t  i s  $ 0 . 5 0

C o s t  p e r  s q u a r e  y a r d  f o r  a  5 - i n 0 t h i c k
n e s s :  $ 2 .5 0
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Road c h a r a c t e r i s t i c s :

L e n g th  : 68 m i l e s  -  1 1 9 ,6 8 0  yd
Width  : 39 f t  -  13 yd
A rea  : 1 , 5 5 5 , 2 4 0  s q - y d

T o t a l  c o s t  68  m i l e s

A m o r t i z a t i o n  p e r i o d

A nnua l  a m o r t i z a t i o n

A nnua l  d i f f e r e n c e  i n  c o s t  t r a n s ­
p o r t a t i o n  b e tw e e n  paved  and u n p a v ed  
r o a d  ( f ro m  T a b le  6 . )

R e t  a n n u a l  s a v i n g s

A nnua l  S a v i n g s  p e r c e n t a g e

$2 , 8 8 7 , 0 0 0 .0 0

10 y e a r s  

$ 2 8 8 ,7 0 0 . 0 0

$  6 9 5 , 9 9 3 . 0 0

$ 4 1 7 , 2 9 3 . 0 0

1 3 . 8 5



ER-1556

APPENDIX V 7

RAIL HAULAGE ANALYSIS

68



ER-1556 69

c
C
u
c;
o
u
u
c
c
c
u
u
u
e;
o
P
u
(j
c

-¥■ 3  3  3  *  *  *  0  3  0  3  3  3  3  0  1- *  3  *  3  3  *  *  3  0  *  3  3  *  *  0  3  3  3  3  3  *  3  3  3  3  *  *  *  3  *  3  *  *  3  3 *  >' 3  *

* U 9 -J>. F ‘"i JO, r r. OF ‘i r 0 C • V . F i.\ O'! FO. iO: 1 0 j 1 9 7 3 .  C O W
’’•i.iAi.-., ( ; ; 7 9 . , ' .  r. v ALL Al. I O'; o W i G P A F )  A F A F T b P  b Oh P L o - l  3
l i h  h .Snip.  I .vG v b ;■•■ s A Y I  UFAL I F  B I T .  r F f-|!. I r. F3 '1 W E E
}_AiA -b  1J..EW - I TP. AFU'ir.Kfc OP 7 1 GOAL • THESE Ar fc. :
A .  \  F i  L h  C O f  'I AI  -v I ::(■ DEB Cl i l l  Vi:, IA E O l p A  i I 0 3  A A 01 ‘i TP OCA V’ OL 

I a- H i  A L P B s C p 1  F ‘l i v f  L i F L KQS I D W i  1 F I  CAT ID F  OF POOTE 
EW bET -U L.yT L I . a F  TO LEE CL I E E  B A O '  Ah CT I OF i 

C A ) Li:. F(; ‘i'H Ob' B-b CT I OF > b'h.i: 1 
( r.t) G l a D E  Ob SEC J I OF j  F E F C i ;. \n  
C O  LEG! F F  OF TFACK C U B V A I C E F  
CL) Si-'E ED L I  3 1 ‘JO FP’H
CL) SECT I O'V F L F B E r .  C Q W O F L Y  A L I C I T  DOT -

L II- TO D F S I G f A T E  L O A D IN G .  OTb.BV.S TFFV AW*
p  T f  TO'  PBS IG F A Y E  13 .-/.i-1A G. 'OTHER vALC-b S L fj.

! • \  i' I L F  v i T r i  I : D ' F ' . oP T  I F a: ADOl'T FOB I po T IB; PE E S T U D I \ 2
r I i i b i  E I V fc. i, I v L* S FAY C 03  TA I 3 A3 i  PDF I F W  I F F  0:- ••.'ATI fiV

S. j A i\< : !• • 1  i  ;.i I  £*»'• )J*_■ BL. i  i-F;'h P  i  \! 0 -L' i 1- >. •

F I A '• A L I  31 C A® AT AI v 3 1. 0 0  0 7 1‘ C 1‘ 0 3  3 > ,  3 0  OF ALL I: T s A3 1"
b"r Ox TA L A F I- A OF L OC (*,•- 0 T I v K C 3 C . F I )

1.1: V '9  H /•; V i>* 3 L 1; SFAU.3' 1 p. L 1 •>/1 A C ’’ 1 A> I t\j r r  i- j- vl.3 ' l . A ' f :
OF KOOIFFI* )T B h i F G  S T O D I F I B
(/■>) S h - W P  ( I F T P  OFF ) AT FHIC M  E P A L O A T I O F  F A T;ir 
CEO T F A C T l V i ;  E b ' F O F T  C D h  A VJ B A13 -  P  U L L ) AT THAT S F E F  T o  
DATA S HO U L D  COVER WHOLE F O F F I F G  HAF GE  OF S P E E D S •

C .  \ F I L F  V I T h  L- j W I P b A T I O F  ABOUT CARS USED A F P  L 0 A D 5 \ :

Li £} L •

L I F E  1 
L I T E  P 
L I a.E  3 
L l 3 >- /■

FiTFTY v. E I  (* h T Ob C A h >  1 0 A .
V. h-1C: r: T Or  LOAD CAivr-1 b‘-D̂  1 {* 9 S *

l. .FT Ki"‘ L' r £' /. L ** b  i- ):• t' 0  A!'
F PC) DIAL AO: hA i-ii'O uECY h l.L S 3  • b"i' .

0 J, 
0 
0 
i;

!_;

C
{.;

0
C
0;

:r;
0
C

\  OFT I 3.3: .  L  b l  LT 1 o -  W  7 OF A T I C  I F D 3 T  OF CBj vTY' i L I -• FOV- I \  c6
F 1 r- i
LI : /: 1.
’ , i F 3, 3
l.MY F 

i  ; F r
L. J. .. r 
L j.. ;■ E 7

:. J r  r-\ ‘i .1 .v (; r l.t r  3 A ' 11 ' !.v j  J*3! •
E. D T l l F  T'j j-r. . 3 - T ;- 0  CY C L F j  = F C‘v pi’ ,p
'O- 3D .P. ; -*3 C L .  LOAD A ' :F  JF ■ <..F T I . : ‘ W  3 : T n . A  

r-I -COOOi i 0 POP )• Y vT ■ PA)  .
r : ; MF:A;'.{ «':« • ( '■  ̂ O'- LOW* TO r:E CO1 0 i '■ ! .
AUC/YWAF'LY ACC F D D  A T I  00> W F P  a .

(;> t,.-r l  ; 7 ~ 7 i xbl  1 r ' 3 1 .v I 1 -Br* *• A 1 I ,\TC* •

r 11 1 i 3 « 3  • r :. BE :i C OL O.  Y Cl*; ■ Ob i \  S ® 0 v • > 19  7 1

•>.::: :! >- v- ;• t). * r!: ^ >: 4. :t; jV ;J; * ; } ; v -■ ;jc :

i. i !• ••• " j. (.: A r  1 1 C .1. Z: ) J. P A W  PC 1 / ;)  ,  CF'O- ] :•;( I /; ) ,  o r  X’}y ( 1 /; ) ,  CA h C 3 -• )
J 1 .-.i-.F.V X O'.'J Co 0"i l": ( 1 1 ) .■> A3 ; ■ C r 1 ) J, P i'A-( -• { )  ■
L .3 : 1: V 0 7 LK.\t C A;- .v ) > Or-o C / i ; ^  )..(• C A- ,'•>) j  I ,^ -L  T C A 0, i > ) > SJ-‘PC /3* )



ER-1556 70

i  ■ : i 0 :' • ." KG 
CM. ,  i_, M  : ■;,)

; c  I t e c  ' G  i )

O ( . J

FO- C 1 ■ ■ J> ' A .'iE 0:• f i L i *  0 I TF M ' E / i E  i  V f' OFOAT I OF ? ’ ,  .c )
r  r C i  ( C ,  E ) -:A - E l
b ( A 5 )
CAL l, i  r  I L  L C i ,  'OAOE1 )
- i ' . ITKC ' J ,  3 )
FOiM AT C i E ,  * :)i\ OF OF F I L E  WI TH LOCO.GOTI vK I T FOX .--ATI O.v ? ' , ? >
; ■' EA j.'C ,  'r' ) .'J / M ].' H
0 ALL i  F I EEC 0 ,  A A A EH ) 
v. Ml TEC A,  5 3 3  )
FQr.-.ATC i a F  CAFE OF F I L E  WI TH CAH I OFOAOAT I 0 0  ? * ,  3 )
h EM D ( c ,  H ) » / '  0 B 4  
CALL. I F I 3 EC 7 ,  bAOFZ; )
F a I TEC 4 ,  5 3 6 )
f O a m i  c i • i - i o v ;  - A m r  c a t s  i,u t h e  i h a i m ?  • ,  s>

EM)’ ‘ C A,  5 3 T ) OCAF 
F Or- Mi T C I )
1 T 0 ‘i = E
W i \ I  T E C A * A )
FOrMATC 1 E ,  ' HQW I S  COHThOL 1 0 FOBMA1 1 0 3  TO BE I 0 P 0 7 ?
1 I = 1 T 2 j 3  = F r:0.0 S 1 OhED F I L E • * ,  S )

h  VTA D  C D ,  5  )  I H O F  

FOi- -jA TC I )
1 FC I .h G-’: . 0 E . £  ) G 0 'i 0 1 5  
i  T -  3
V. i. i it, ( A ,  0 )
F 0 \''i C 1 ;■> ,  f FATE. OF - F IL E  WI TH HUH-COOTP OL DATA? 0  5 )
'i 0 T IH  ~ . 
h EA L’C 4 ,  y ) OAr)E3 
C / m l  I F I L E  C 3 ,  CAFE 3 )
0 0 T 0  5 0
1 0  .1 '.'j ~ :,y • "j
I T = A 

3  I I '  F C A*,  1 I ; )

FOFMATC 1 H ,  ’ W.H.A T I S OBEh'ATIMG E L E V A T 1 0 3 ?  O S )  
r I • ( i 1 , ; ) FLEW
X b  ( I T *  r  0 e ) f3 0  I 0  f :  b 
■. r  X TEC A,  5«E(- ) EL h 0 

b Oi-AATC X ■:̂  F 1 0 o 3 )
]■ O1”' . T C  fj .vs F ) 

i T ii. C A ,  j  )
F O : uvjaTC i n   ̂ * hFJGI 'j E 1 A F E ?  F , - C i  CLE=H> A-OiCXAiAH O S )
c LALC I I ,  LA.-) E.5 0
i  r C 1 T • jl.I1 • ^*) (- (.) 'i 0 57  0
’.y r  i T EC 7:, 5VA ) b.vC*.
i  h C A \ (- -  0 ) 5-OV, 0 7 1 ,  F 6 0
I E c ) 0  7 0 ,  3 7  A ,  0 7 ' . ;
V ' 1 'i'i-.C 7.' ,)



ER-1556 71

I f c  I . . ' j . v . 2 ) g o  t o  p s  
t'.> FOM-FVi ( 1 ,-i ,  1 o  vL t CO Drib 9  01- A  CAM BE ACCEMJfKD.  r ' E - F  J7 FT- • * > 5 )

GO TO P l v G  
0 7  1 I  F ( FL TO -  6 !!■ 0 0 ) 2  7 0  > 2 1 2  > 9 1  3
07  0 i -FAC = I • u -  C E L E v / 1  UOvj . ) ;M  • 0 1 3 3 3

GO T 0 Oo. l
o ( 3 A FA C -  '3 • 9 6. -  0 • 0  3 * ( EL F 0 -1? 0 6 •  ) /  i u W 0 •

GO 'i 0  P b O  
8 7  4 I F ( F E E S  ~ 1 {j-,! 0 • ) 2 1  6 > 2 1  2 >  P. 7 5
07 b P F A C -  1 • GO- I )  • 0 3 *  < E L E V -  1 GOG • ) /  1 AGO •

GO i >,» 2 b 
07  6 P r  AC = 1 • i;
8 6  0  I, h i  TEC Tb b G )
50  FOHivi/Vl ( I h   ̂ * Vi HAT Ah E M0.F14AL P E P - C A P  LOAD!  MG AMD

1 DGr lPi  0  6 T I  F E S  > 5 F C 0 F D S ?  * > $ )

HFA DC I T .» 5 5 )  I L OA Dj  I ill.'A P 
I  r  C I T • F G . A ) 6 0  TO 7 o  0 
••vii 1 T E C  *'-» 1 DPP ) ILQAiM 1 DUMP 

1 0 8 8  FOF- viA'I ( F s j i b j P ^ X S )
5b  F OnF-A'i ( 6.T j  F I )

l o . j  \vh I TEC G  GO )
6b FOriFJATC i n   ̂ ' H i  THAT % SHALL EMGIME BE DOEM- FATED FOR EAR ? '  ,

i  i F A  j j  C l T >  k  v  )  17  A  T  F.
I r  ( I 7 • Li- • A ) G 0  1 0  b 1 0
V; i < 1 11.  ( A j  b 2  6 ) L F./11 E. 

b i b  GUI  1 F C 4 , 6 5 )
6 b  F 0 ; - F V 1 (  I n  ,  ’ rMr.CE.MT OF F AT E D  LOAD TO BE CAPPI Bl D?  * * ? )

F E A D C F L l 0 ) r C Y L D  
11’ ( I 1 • • 4 ) G 0  1 0  (SA0
v;h 1 1 EC A*  59.6. ) PCTLD 

oA O iv h. I TEC A j 7 0-)
7 I* uPtAil i C 1 -i j  '  v . nAi  I  b  A C C EP' i  AI:!L F A C C i'.,L F r  A T I 0'.\! > A pH PF' F o fc. C * r * >

r  FA L; C 1 1 j  8  0  ) A C 
i  E C i 1 • F b • 4 ) G 0  TO b 7 0
0 h  I 1 b, C A J 5 8  6  ) A C

o 7 :>• A C CFL = A.C A 5 8  b 0 • / 3 6 C  0 ♦
n i l  EC 4 *  7 b  )

7 8  F C b r . A l  ( I n  > ’ l u A ' f  P C T  OF S H I  FT T I ME  I S  TEA I S  OPE MAT ID 6 ?  S O
/• h A L. C 1 10  r : -) M ’S1'
1 K ( 11 . M. . A ) (- 0 TO P l D  
F P. I T .■.(/■> 56  6 ) F v F

3  b L F O.-.FAT C 1 (: A 5 )
; l v  h i ’A ) • ( MM*)  CAP!  1

r . M' . LCFj  3 b b )  C A r i L  
i . -EM C P> 3.r-’: i) CAMi  3 
i Ei » CM 3 5 . . )  CAP1 A 
:■ < I .» o b ■ j ) GArM b

*• ’’r') *- FA C r  > b 1.; ) i 'L<j (b .vA .'iL h.> i* f i  t L 0
y j l1 ‘.j :• .rit i ( b ' . j i ' j L i ’ )



ER-1556 72

L }<A) )C 1 ,  3 5 0 )  CA> T  6  
V i \ i  i EC 6 ,  b b ’ 1 ) CAl- 'Yb 

b b 5  h 0; ' *iA ‘t ( i :■ , 1 / ’A b )
!.\ !•, I Yr  ( 6 ,  3 b b  > CA:"T 1 

i l l  b’C 6 ,  3 b 5  ) C b - ' i ' v  
'■V h  I i K ( 6  ,  2 b  b ) l" A 3 I 3 
v. i - i  i E ( 6 ,  3 r , b )  (YiKi  a  
v ; ; 13  EC 6 ,  3 5 5 ) C A S T S  
J": Y.P. L ' (  f  a 1 S'- 1 r] )  ' Ji

lA 1 0  i* 0 - 0 0  i C ( . A,  ? )
hfaec 7, l /-j 1: ’) e yl>:■ 
r •; F_A DC ?  ,  I f . ! . : ? )  a A K L  V'

1 4 1 5  F OTOATC 6 0 ,  I )
i'» EA D C 7 ,  i 4  1 P ) FAR CA 

3 6 0  F O R M A T C 1 H - ,  * S EC LEM B R A K E  T I M E  T O T A L  S P E E D
i VLL TOMS T O M-  T O T A L ’ )

3 6 0  K O o o A l C l A  j  ’ , F T  D I S  S E C  T l - O f  L I > C 1 3
1 MkH « H , L b  T O ' ? - M I  * )

V0 0  {•■;■■. I TF C 6 ,  3 6 0  )
\ >  - i  EC 6  ,  3 o £ )

I F  C M -  o  1 ) ^  3 7 ,  i 17 0 ,  1 i 7 0 
A 3 /! „•* t  A -D.C P. ,  * *.<** ;• V L= i I 7  P ,  KP r  = 1 0  5 A > 3 S P C 0  -  i > ,  r..p 3 ( ; j -  1 )

0  0  T 0  4  3 0  
1 1 7  0  >vj = w
1 1 7 6  M = M+1

TEA EC 1 , 5  5 *  EM I ■= 1 0 0  5 ,  EE K= 1 0 7  5 ) L ^ - : C  O  ,  C* r  A C M ) ,  rC*-Cl"° C >:•) ,
1 I S o L T C i o ) ,  bECCi-v)
0  0  TO 1 1 7 4

0 0  POi-T.’EATC b3  ,  i *  F )
A  F' Or. A A 1 ( 0  6 ,  I  ,  F ,  r  9 I ,  A 3 )
1 O' (_■ 5 31 = :/i -  1

DO 0 0 1 0  1 = 1 j  i3
1 FCSECC I ) .  3,0 . *L '  ) 0 0  1 0  1 4 0 0
I F C S F C C  I ) .  V'0 . * D * ) G 0 TO 1 4  3 0

l o E O  T G L A C  3. )
1 0 3 3  LEM 3. =LF.M C I )

J S F L  = I  S E L T ( I )
1 0 AO L E M i = L E M 1 - S

I F C L E M i  • L,F . 1 0 0  ) j S P L =  I S P L T C  I + 1 ) 1
I F CLEW 1 M O S T ,  1 G 6 0 *  1 0  0 0  

i  i f6 0  DI  3  = L r  0  1 + P • Aif;(rr; 1
I D E S T  = 1 
0 0  TO 1 1 1 0

I -O?'J V: DI  S = L5 • 6  o  o  -3 1
I E S T  = P

I I  1 u  I  F' c S r  )  1 5 0  f } ,  1 I  2  0 ,  1 i  B  0
1 1 c;(;! J  ,b P = S x" T 3 6 0 3 /  b P o i 1 + :J  • b

DO 1 1 5 0  I 7 = 1 , 6 ! >1 
i F C  J S b - C  I *-s -  1 ) ) 1 1 b 0 9 1 1 6 0 ,  1 1 SO



ER 73

11 SO
1 1 61.

1 1  l i d

12 2 0
1 2 3 0
1 2 4 0

17  3 0  
1 3 3 0

1 7 7 0

140 0

1 4 3 3

1 4 4  b 
1 4 5 6

14b 0

c  o l t i e o e

AWLDL = 6 XL 0 C /  v A a L X '
X 1 CAR = V: T E L P  + V' TL DP p C T L 1) / 1  0 U.
A 4 L DC= 5,; TC A.: < / n A  /> L E
i f  ( J S P - J S P L  ) 1 1 7 id* I 1 7 0 9 1 2 4 0
P U L L - U A J 0 . + D E P C I A - 1 ) P ( 1 . - D P A T E / 1 0 0 . 5+-PFAC
DhLOC = f.vTLOC*C 1 . 3 + 2 9 .  / A X L D L + O . 0 3 *  J S P + 0  • 6 0 2 4 * F A H L O
l * J 5 P * * 2 / v ; T L 0 C >
D R C R S = N O £ A R * w T C A B * C 1 . 3 + 2 9 . / A W L DC+ 0 . 0 4 5 * J S P  + O . 0 0 0 5  
1 * F A h  C A * J  S P ■* * 2 /  lv T C A P O
DH C u R = (  v / TLOC+MOCAhPPTCAH)  4 0 .  8PDGCUHC I )
DhAG=DLL OC+DRCRS + DP CUR+Uv TL OC+N DC ARP UTCAf?) PTGR
D I F E =  P L L L - DRAG
A C C = 3 2  • 2  * D 1 F F /  G V W
I F C A C C • L E «A C CEL ) G 0 TO 1 2 3 0
ACC=ACCEL
GO TO 1 3 3 0
DHLOC- viTLOCPC 1 . 3 + 2 9 .  / A X L D L  + 0 .  0 3 * J S P + 0 .  0 0 2 4 * F A R L O *  J S P
1 * * 2 / E T L O O
UT C AP ^ GT E A P
DHCHS = M OCARp OTCARp ( 1 . 3  + 2 9 . / AXLDC + 0 . 0 4 5 * J S P + 0 . 6 0 0 5  
1 * F A F  C A T J S P * *  2 / \ vTCAH )
D P C U R - C 0 T L 0 C + 4 O C A H P L T C A H ) * 0 . 5 * D 6 C U R C I )
DHAG=DfcL0C + DRCRS+DRCUH + < WTL OC +NOC AR*tvTCAjO *TGH
A C C = 3 2 . 2 T D H A G / G V 0  
I F C A C C . G E . A C C E L ) G O  TO 1 7 3 3  
B D I S - B D I S  + D I S  
A C C = - A C C E L
Q U A N T = S P * * 2  + 2 . * AC C * D I S  
I F C Q U A N T . L T  . 0 > Q U A N T = 0 .  0 
T« C “ S P + S Q H T  C QUANT > ) / A C C  
S P = 5 P + A C C * T

GO TO 1 4 5 0  
T = I L 0 A 1 J * N 0 C A R
GOw = L TLOC + lvOCAR* C I v T E M P + L T L D T P C T L D / 1 GO • )
T ONS=N OCAH* OTLD* P C T L D / 1  0 0 .
GO TO 1 4 4 5  
’I ~ I  DuAP+N OCAR 
G V U = G 7 L 0 C +•;■! OCAH 4 0  T EE P 
TON5 - 0 •
I D L S T = 1
T I M E = T I F E  + T
T 0 T H m = T Q T I 4 + T
GO TO ( 1 4 3 3 ^ 1 0 4 0 ) I D E S ?
A 0 EL= DI  S 4 3 6 0 0  • /  ( T*  5  2  8  0 .  )
T ONE I = T ON S PL EN < I ) /  5 2 b 0 
T 0  TN = T 01 i'j + T ON IN I
P H I  TEC 6 ^ 1 5 4 0 ) S E C C I > * L E N < 1 > , B D i S > T I T O T I M ,  I S P L T C I ) >  A VEL* 
1 T ONE I s T OTA



ER-1556 74

1 5 4 u  b Or'^aTC 1K*A2* 2X* 1 5-> PS* F 6 .  (•)> 2 V ,  2C F 6 .  J *  P A )  9 I P 9 P A

I F 3 • c'. 9 ' d /«> 2' b • 1  ̂2 a^ F 7 * 1 )
II L  I  k? —' 0  •
7 I ;Xi 21,— i 1' o

2 0  1 0  COMTI  S U E
1 2 0 U  OH I TEC 6 j  1 52.) 0  )
1 5 b O  F O 0 0 ATC l t i - 9  ’ EMC OK 3.'.'VIA ’ )

GO TO 1 3 0  0 
12 5 0  C G I  T E C 6 > 1 2 5 )
1 2 5  F  0 : - . EAT( 1m  ̂ ' E h E  0I-; ' )
12  i 5  CO MT I MU F
1 3 O 0  T r ; I P 3  = 3 * 3 6 O 0 .  *C E F F / 1  0 0 .  ) / T O T I i - i

S n T G M 5 - T F I P S ^ v r L B * P C T L D * M 0 C A H / l  0 0 .
Sh Ti - i l  = T H I  PS' OT OTr'i 
v,HI TEC 6 > 1 9 2 Q ) T R I P S  

19 2 0  POi F l A ' i  C 1 * 9  '  T P A I M  OAVE S  F 6 .  2 *  1 T C I  P S  P E R  S H I  F T .  * )
\vKI TEC 6 * 1 9 AO)  S n T O M S  

19 A O  F Q k E A T C  1X> * I T  C A n R  I E S  F 0 .  1> * TOMS D C F  I MG T H E  S H I F T . ' )
F h 1 TEC 6 9  19  6 0 ) SHTFiI 

19 6 0  FOhOATC l & j  1 T H I S  EQUALS * 9  F ' 6  . U  ’ T OM-0 I L F S / S B I  FT . * )
1 5 0 0  S H I T E C  6 9 2 1  O b )
2 1 O 0  F O 0 FATC 1 M -  j- ’ T R AI M S T O P P E D .  f )
2 1 9  0  F A i T E C  6 * 2 2 0 0 )
2 2 0 0  F O H a A T C  l r i  1 * 1 EMD OF J O B *  )

EM )J



ER-1556 75

.■Oli .  i.'AOiA U0\: i ' iC' l’l-'-v R OA j ) • SCR F
\ >;>. •• 1 V Ti-.AC'i I V L ER F  ORT V E R S O S  L
0 9  0  0. o  i’ 0 >'■) L-i E S E L  L L E C T h I C  L O
010 3i ,  OF T n E  b o o n  “ eA I L R O A b  L.v 
I . 1 2 0 - T O - I S  4  a a L L S  4  0
OOU5 U 5 1: i:, A 5 A 1 /VIA OX 1 i n In 7-'

EEC LEX
E l

BRA AL 
I: I S

T I X  E 
SEC

I  OTA 
T I E

mJ 0) • 7 2  O G • / Oil V!
i 1 6 4 0 ij * 4 3 . 7 0 4  3
4 2  6  Or 0) u  • 4 5 . 1 2 , 6 1
5 1 3 1 2 i J • 3 0 . 7 3 1  7
4 1 6 4 0 U • 3 6  • 7 3 5 3
5 y ii a ki • 1 9 . 7 3 7 2
(.- 7 2 1  6 !v • 1 5 1 . 7 5023
7 5  y w 5 Ly • 1 1 7 . 7 6 4  1
V> b  2  9  7 kio 5 3 . 7 6  9 4
6 b 9 5 3 y . 6 4 . 7 7 5 8
1 :■ 6  b 6 /J • 1 2 . 7 7 6  7)
1 i 2:2  y 7 ['j. 5 C . 7 b  1 9
l b y 6  A u  • i y . 7 8  3 8
1 3 1 6  4 0 69 © 3 4 . 1 8 1 2
1 4 b  6  b 5 3 . 502. 7 y  2 5
1 0, 1 64;> 3 5 . 7 9 6  02
1 ; 1 3 3  0 £', ‘.C- u  • 7 9  9 i J
1 7 9 > ; Zi 8  • c i b * 817 1 5
1 b y  5 3 A . 6 2  . 5  A 7 b
l 3 y 3 7 7 5 . 8  1 5 6

‘3 y 3 3 6 b  o t> 1 O
L i 3 8 {} ft 6 . 8 0 0 5

b  6  b 0) 5 b . 6  02 in 1
■ [< y 6  4 6  • 1 6  . 8  2 9  6

y b y V. • A 6  » o 3  9 2
' 2  3 b 3 6  A * 8  3  b a

1 _> i r t. • 2  A • 8  6  0 9
7 0-; v 7 5 3 « 8  A  6.8

1 Vf' l i ■i » a 1 . o 5 0  3
cl V 2  6 2 4 A. 5 b . 8  5 5 5
3. J 1 6  4 0 3  . 3 6  • 8  5 9  1
31 3 6  o  y & . 7 02. c - 6 6 2
30 1 3 1 b C f (' 0' . d 6  0: 5

o l y 6 9 b 1 * i > 7 On 5
'.4 v 6  4 1 o . •_> 7 5 3

j  3 Is • ’ ■-7 7 9
3 ( 3 • .•f > 7 . ; .7 >,S
3 ! r- s ! ■ ; » 1 7 . ■>'. 9-
3'.' i i z 1 i , ft 0 7  o (.• ■'-6 2

1 .1 R i ■ * 3 7 . o  7 6 6
z ■. ■ 1 v V ,_7 V • v..

.CL C: OLE 11 ’ V!iFt> ’*3 11

!(.: Or 7 i 9  E 3 h'7 ] f V

: 00  07 I 6 h AS I T ARE Y. l\ ^ On] R Ac. F
1 -V 3 )•:a 1 7 r, i« r Y V ILL i 6 4  :-' xRA i  .
I .7 . V: H 1:..LS

ithAX 1 0 v;•t'T K RX1 XE Ti-Av?E L T I y

S R E E,D Ex I T T 0  X T 07 A; t—»
L i K I T  X EH K ILLS TOO - 0 iL

VJ 0 • 6.7 \J 0 • ft

6 6 30? • 5 5 4 6  5 ft 9 Zi C: b • 2
6 6 AO • b  kj 7 4 5 ft

*”// 1 2 11 • 6
68 029 • 4 5 3 7 2 ft 7 i 5 6  4 • t

< ’J-i 3 3. • 4 9 4 6  5 . 9 c2 iV4 ( ft 0?
6 C;) 3 5 • 4 5 2 7 9 ft 5 r'? 'o

0* V.)
6 J . 8

6& 3b • 4 7 2 0 5 0 ft 6 4 3 8 0 • l:

6 0 34 • 4 9 1 67  7 • 0 600 5 b ft c.

60 2 2 • 52 6 5 2 ft 6 67  1 r: • 5
6 0 31 • 4 6 8 0? 6 ft 9 7 5 4 9 • /■
60) 4 0 • 4 9 1 5 6 ft 4 7 7 0 c ft p
6 vj 3 i Q4 7 6 50i • 83 O Z; ft 4
6 0 3 5 • 51 6 1 9 ft 5 0 6 o 7 ft E
6 *0 32 • 5 ■:> 4 6,5 ft 9 91 33 •

60 34 O 63 7 4 5 ft 7 9 8 7 9 • 5
6  0 02 9 • 4 9 4 6  5 ft 9 113 3 4 5 ft
6 0 32 • 4 9 2 1 6 ft 7 1 6 7 1 0 e 2
6 8 2. 6 o 4 5 6 1 9 ft 5 1 39 9 7 • 7
6  9 32 • 49 o  03 8 e 9 1 18 3 0 • r-

6 0 37: • 1 3 1 1 1 5 ft R 1 29 5 5 • 1
60 3 Or • 5 v. o 3 o ft 9 1 3? j •

, f , O .f. Zf • 5 4 9 3 ft 2 1 38 2  ■/ ft 9
60 32 • /.: d 7 4 5 ft ? 140 M 3 ft
6 1:) 4 4 • 5 9 6 1 2 ft b I 49 1 2 0 b
6 0 fL u<T •. .4o 3  9 6 1  6 ft /i 1 5 1 .

o o r; p 2 3  '■ ft 9 1 ;'V 2 3 ft
6 ;•> -5 7 « 4 9 ?■ 7 T ft 7 1 > : 0 • 6
6 'r • J- 7 » £' 4. 6 5 2 ft 1 7 r /;9 ft 1
f' V. 3 L~ • in 1 i-( k .. ft 1 1 7 4 ft 8
60 34 • 2 0 7 4 5 ft 5 1 8 3 5  3 ft 7
60 31 • 4 5 4 6 5 ft y 1805 19 ft 6
6 O 3 4 • 32 1 0 2  5 0 3 1 9 - :■4 4 ft 2

6 9 ft 52 3 7 2 . 1 2 8 3 1 7 0 *'
6 2 0 ft /. ^ bbo ft L 2 07 7 7 .
6 o' 4: e 53 9 7 v ft u. 2 1 I 5 x ft 0

6' ’ O 0 /.. 0: 7 '7 ft 8 1 3 5 ft 5
r ' 8 • j  1 9 ^ft *.„• 6  1 ■'■ P ft i

9 . ' ■„> r- • 0'' 7 1. "• . /• i 0 ft I

60 l  \ { ;) o '?> • / :  6 5 ft y '•  8 ■. / 1 ft
a f ■■ 3 1 6 ft / 2 P L\ s  3 ft 1

6 0 ' L-. • / \  xj t . u; ; 0 / i.t -n .■ i  3 ft 1



ER-1556 76

4  1 1 • /■ 3  -9 • 6  9  4  9,« 6' f ; 8  v .  /* 9 t  0  6  0 ? C fc /! 7 -

4 6  9  5  3 0  . b 0, • v  . f.. * /a ; 3 0 5  0 fc 3  fc . •j 8 4  3  1 7 9

4 3 1 6  /. 3  (■- « 9  6  3  6  . ’ - 3  5 1 4  6 - 5 . 9 0  /; 7  ' fc 6
V L \ 1 3  1 5 6  • « 9 1 : fc 7 . r-,-7 8  9 5  3 3 7  8  0 7 2  fc 1 fc A L-

' '  5 9  5  4 ; • 1 / • 9 !  5  4  . V - /' 5 1 8 ! fc" • 5 8  ^ 0 3  6 1

4 6 3  3  c .• 0  • •5 * 9  VI 5  <•' e 6f c 2  V /.: fc' v  3  » 8 fc fc 0  7* fc

/ :Y v  6  6 1 7  . 9  1 6 9 . 6'.:' Zi . • 4  fc 8  7  9  . fc l-i fc V - ,  : ; fc fc

Zfc; 3 0 3  9 i  '•" » 5' i  6  5  * 6 0 3 8 c  fc o 1 (. 8  5  . fc 8  6 b  3 6 >

/' 6 ri v; i . f v t fc .c 5 7  • 9  2. 4  1 . 6  O 3  5 5 1 0  3  0  . 0 8  7 0  7 0 7

5 0 1 6 0 0 6  . 4  6 . 5  2  6  3  . 6 8 4 5  5 4  fc 5  0 9 8 3  1 3 o ?-

5 1 3  5 6  1 0 . 6 9  . 9  3  5 7  . 6 0 o  o 4 o 9  3  8  • 1 2  9  0  7  0 7

5 3 4  9  3  1 { . ,  % 9  5 . 9  4  5  2  . A M 3  5 t  fc 1 3  9  0  . 3 fc . A 6 6

5 3 6  3  9  G 1 4 4 . 9  5  9  6  e /’ r A 3  8 fc z.: i 9  5  7  . 4 3 0 4 0  6 1

5 4 1 9  6  9 0  ® 3  b  ® 9  6  3 4 . 6  0 3  5 4 7 5  5  9  • Z; 3 8 9  0  6 6

5 b 6  5  6 G . 1 7 . 9  6  5  1 . 6 0 o  fc c_ O 4  3 1 8 6 . /i 3 3 1 7 1 9

5 6 1 3  1 £ 6  • 6: fc • 9  6 7  4  0 6 3 4  fi 4  8; 3 7  8 . / 3  3  5 4 6 (:

5 7 1 3 1 3 '0 • 3 7  • ?  / 1 1 . 6 9 8  4 4  -fc 3  / 8  ®7 3 3 9  1 7

5 6 3  8  9  7 ’LJ • 4  6  . 9  7  5 1  . 6 0 4 5 0 6  5 8  . 4 I '  S  ’ - 9 9

5 9 1 9  6 ? (7 • 4 1 . 9  7 9 2  . 6 9 3 2 5 4 5  5 9  . Zi 3  5  i  r y A;

b  5 3  9  3  7 b  • 7 6  . 9  6  6  b  • 6 3 3  5 4 2 1 1 1 3 . fc 3  6  8  4  7 7

6 1 4  9  5  1 L' • 1 0 3 . 9  9  7 1  . 6 9 3  8 5 5 1 3  9  b  • 3  7 6-6 5 • t 1

6 3 2  9  5  3 fci • 6 6 . 1 0  6 4 0 . 6 0 8  5 4  5 O * J G • 9 3  O. Z.: fc Z 7

6 3 3 9  3 7 0  • 6  3 . 1 0 1 2 2 . 3 8 5  8 1 1 1 b . 5 3  9  6  013 1

6  /] 6  5 6 b  • 2 0 . 1 0 1 4 2 . 6 3 2 8 8  1 1 6  6 . 4 3 9 7 6 9 5

6 5 9  6  4 t-3 • 1 6  . 1 0  1 6  0  • 6 0 4  /; 5 0 e i /  "J • 5 4  0 0  6 9 i

6 6 3 9  3 7 6; • 7  6  • 1 0 2  3 8 . 6  0 3  4 3 8 1 1 1 8  . fc 4 1  1 5 7 fc

6 7 6  5 3  6 0  . 1 7  9  . 1 0 4 1 7 . fc 0 4  8 O /i r ‘ ^£5 A r.. 0  • 3 4  3  6  1 b fc

6 6 9  6 0 3 tj • 2  2  6 . 1 (j  6 4 5 . 6  k1 c.'9 5 0 2  7 9  0  . 0 4  6 4 1; 6 ■0

6 9 6  3  b  3 6 . 1 / 2  • 1 so b  l / . 6  9 3 8 5 9 8 3 3 b . 1 4 0  7  3 0 M

7 3 3 5 9 3 6 6  . 1 0 9 0 5 . fc 0 3  5 4 7 1 3  b  4  « 5 f ' 0 4 1 0

7  1 6  9  5 3 O • 6  b  ® 1 0 9 7  3 . 6 0 8 9 5 8 6  3  c  ®9 5 0 0  5 7

7 6 1 63; - ] 6  • 4 2  . 1 1 6  1 6 . 6 3 A /■'r'. O 4  5 4  6  5 . 9 5  1 3  4  6 6

7 3 3 6 3 4 i:! • 5 1  . 1 1 1:16 7  . 6  3 3 5 3 7 7  4  5  ® 5 5 8  0 9  8

7  6 1 9  6 5 1.J • 4 5 . 1 1 1 1 2 * 6 3 5 1 5  5 9  . 1 5 8 6 5 1 1

7  5 4  3  6  5 •J 9 6 2 . 1 1 1 9  5 . 6 0 3 5 4  0 1 8 1 1 . 5 3 5 6 2 0

7  6 6  3  8  3 0  • 1 7 2 . 1 1 3 6 -  6  • 6  9 3 8 5  3 8  3 3  0 . 1 5 6 1 9 8 O'

7 7 3  6 3  5 0 . 6 3  . 1 1 4 2  0 . 6  9 a’ rt 4  6 7  4  5 . 7 . 5  6  0  3  5. 6

715 5: 5 5  3 0 . 5 7  . 1 1 4 6 7 . f .  y 3  5 4 9 b  3  fc . 9 5 7  7 7  7 6

7 9 3  6 3  5 6  1 . 1 1 5 4  7 . 6  0 A « . r. > 4  4 7  4  5  ®7 5  0  5  8  3 fc
o G 5  5 7  7 0 . 1 1 7 . 1 1 6 6 4  . fc 6 Q 8’J 5  o 1 5 5 4 . 4 6  0  1 0  7 7

6 1 1 6 4 0 2  5 . 1 1 6 9  2 . 6  0 / \  Oi 4  9 4  fc 5  * 9 6 0  5 7 3 ii.

6  3 4 3 6 5 9 9  . 1 1  / 9  1 . 6 1; r' V 4  9 1 2  1 1 . 6 0  1 7  3  5 0

6 3 5 3 4  9 5  • 1 1 . 1 1 9  6  1 . 6  0 o 6  4 1 4  9  ] . 8 6  3  8  7 6 4

6 3  9  3  7 0  e 7  6 • 1 1 9  7 7 • 6 ' 3 K 4  1 1 1 1 5 . fc. 6  Z;  ̂ fc Z1. C-t

6  b 4  5 9  3 0 . 1 6  6  • 1 2  0  6  3  * 6  3 8  9 l; 0 1 3 0  6  . fc 6  5  6 . 9  9 7

5 6 6 9  3 4 0  • 1 3  j. . i  2  8  1 4  . fc 3 4  8 5 4 1 7  7  1 . 0 6  7 4  7 0 7

6 7 4  5 9 3 0  • 7  6  . 1 2 2 9 1 . 6  v.' 4  fc' 5  (j 1 3  . b 6  6  7  7  5 h'

6  5 <"! c‘ V; / 6  0 5 5  » 1 2  3  4  6  • 6  0 8  <s 3  7 6 5 8  . 6 6 . 9  / ‘ 8  6 1

6 9 3  3  >5 1 0  • fc 3  • i  2  4  1 . 6  (. 3  5 fc V, 9  3  8  . i 7  C 3  6  C jr

9 6 1 iO'Vt' i 0  . c i (-■ V' • 1 2 6 3 3 . fc fc 3 8 5  9 8  9  O  r ' • 4 7  3  3 4 8 6

9 1 6 6  6  5 0  . 5 1  . 1 8  ( -  o  1 . 6 1 ) a 4 9 7  4  5  . 7 7 4  6 8 6



ER-1556 77

9 8 2 2 9 7 0  • 5 5 . 1 9 7  3 6 . 6  0 2  b l , o 6  5 8 h 7 4 7  6  v -■

VO 9  1 b  6 1 9  3 . 1 8 9  8 6 . 4  0 o  8 68' 8  6 9 7 7  7 G; S  . - f

9  A 2  9  5  3 © 5 9  « 1 8  9  b  7  . (-■(■' 3  /! 7 , 5  3 b v 7  b 1 4  9 5

9 5 1 io 1 7  0 ; 7 * 2 1 3 ® 1 O 8  6  2  ® t  {■ O r' 6 ' 8  c  n  v r ’ b  1 ;; 7 7

9 6 1 6 4 0 feV • 3 8  . 1 3 8  3 b « 6  {'■ 8  v 4 V 4  6  6 V ■5 1 5 4  4 6

9 7 1 9  6 b Iv • 3  8  • 1 3 8 7 6 . 6  2 3  G 6  b  0 1 . . i-. 1 6; 7

v b 4 2 6 5 t-7 * 8 9  • 1 3 3 6  6 . 6  6 v-*.' r"‘ U. ?-J fC 1 8  1 1 6 o 8  ! 0

9 9 4 9  5 1 (J’ • 9  6  « 1 3 4  6  4 . >: 3  4 1 4  0 6 6 q /' 7  r 1 -

1 0 0 5 5 7  7 ('■ • 1 o  4  « 1 3 5 9 6 . /■-. ( r 8  b ' J / ’ 1 6  b. /> j . 0  0 3

i 6  i 6  5  6  2 12 • 1 3 b . 1 3 7  3 6  * 6  i j 3 8 . i  6  6  4 8  b 1 7 6 -

l b 8 3 2 8 1 b  • 6 5 . 1 3 6 0 1 . 6  0 3 4 1 7 9 3 2 1 8 9  1 0 2 6

1 0 3 5 2 4  9 0 . 1 1 0 . 1 3 9 1  1 . 6 0 3 2 5 3 1 4  y  1 8 9  5 6  v  3 c

1 0 4 1 0 6 9 0  • 8 1  . 1 0  v  3  2  « 6 0 3 4 8  5 3 4  3 7 <-) 9  7 L.

1 6 5 8 2 9  7 i.v« 5 3  • 1 3 9 6  5 . 6  0 8  9 6  f . 6 5 8 0 q  1 0  6 '

1 0  6 1 5 7  4  7 8  • 3  3 0  * 1 8  3 1 6 . 6  4 3  8 q q 4  4 ?  3 6 V 4 f- ' 8  5 A

1 9 7 . 2 9  5 3 0 . 5 4 . j, 4 3 7 0 . 6 0 3  7 4  4 45 ^ '5 V •: 6 " 3

H I  6 5 5 7 0  • 1 1 . 1 4  3  b  (■ . 6  5 Q q /• 9 1 1* y- 8 91 7 4  8  I /

1 0 9 4 9  5 1 0  • 1 0 7 . 1 4  4  6  7  . 6 0 3 1 C 1 1 4  6 6 q 1 6 “ 4  0 7

i i e 1 9  6 9 0  • 3 6 . 1 4 5 2 3 . 6 0 3 7 4 6 5  5  9 4 C . ; v  c  6 6

1 1 1 8 8 9 7 0  • 4 6 . 1 4  5  6  9  . 6 0 3 4 3 8 6  5 8 (• 9  9 0  3 -c 8

1 1  t i 3  5 0 0 8 . 7 4 . 1 4 6 4 3 . 6  6 8  7 5 9 9  9  6 3 1 0  1 6  3  5 u

D 0 0  e 3 6 8 0  • 1 o  8  4  3  » r/i 0 0 0 G ■:. 1 0  ‘ f " 5  3 c:,

11 3 3  5 0  0 10' • 7  4  . 1 6  3 1 6 . 6  0 r> ( "> o  <r. 4 7 G 1 0  '■ i' Q ' j c;

1 1 4 2 2 9 7
f  /13* • 5 0 . 1 6 3 6 6 . 6 3 3 1 O O" 4. O c\ 1 7;'" 6  3  3 5

1 1 5 1 9 6 9 0  » . 4 7  . 1 6 4 1 3 . 6 0 8  b 1 4 »i. 1 CO 6 5  5 iC

1 1  6 4 9  5 1 0  • 9 9 . 1 6 5 1 3 . 6 6 3 4 0 2 f/j 3 6  3  3 q

1 1  7 5 5 7 0 . 1 3 . 1 6 5 2 6 . 6 6 2 9 5 2 G f  ■ 3  3 u

1 1 6 2 9 5 3 0  » 7 1  . 1 b  5  9  7  . 6  8 8  b 3 1 G f/; 1 6 - 0 6  3  3

1 1 9 1 5 7 4 7 0  . 3 3 1  . 1 6  9  8 7 * 6  6 3 2 4 9 f ) O {  "3 L

\ m 2 2 2  7 G • 4 4 . 1 6 9 7 8 . 6  6 3  5 1 9 fV. 1 ( 0 r-' I',c • ».> C q

1 8 1 1 9  6 9 G • 4 3 . 1 9 0 1 4 . 6  6 3 1 5 8 0 6 3 3 c,

1 9 2 5 2 4 9 0 . 1 1 0  . 1 9 1 2 5 . 6  6 3 8 5  i p. 0 1 0  0 f~ ' '"■i n;

1 2 3 3 2 8 1 0  • 7 1  . 1 9 1 9 6 . 6  6 3 1 5 1 p 0 1 C C • 6  6  3 q

1 2 4 6 5 6 2 e . 1 3 8 . 1 9  3 3 4 . 6 6 3 2 5 9 0 0 1 0  0 6 3 3 5

1 2  5 5 5 7 7 0  * 1 0 2 . 1 9 4 3 5 . 6  0 3 7 4 8 (/! 0 1 0  0 6 3  3 q

1 2  6 4 9 2  1 0 . 1 0 7 . 1 9  5 4 2 . 6 ;  •• 3 1 3  6 f *; 1 ( c ' 6 3  3 3

1 2 7 4 2 6  5 0 . 9  8 . 1 9  6  3 2 . 6 0 3 2 5 5 P 1 0- 0 6 ,3 3 q

1 2 b 1 9  6 8 0 . 4 6 . 1 9  6  7 7 . 6 0 8 9 4 8 CO 0 1 Of: 6  3  3 q

1 2 9 1 6 4 8 •0 • 3 2 . 1 9  7  0  9 . 6 0 3  5 4 8 G 1/; 1 CO 6  3  3 3

1 3 0 1 0  1 7  0 0 . 2 1 3 * 1 9  9  2  3  * 6 0 3 8 4 4 !/• O 1 0 0 6  3  3 5
1 3 1 8  9  5  3 0 . 6 4  . 1 9 9 6 7 . 6  0 3 1 3  5 (0 0 1 0 0 6  3 3 q

1 3 2 9  1 8  6 0  • 1 9 3 . 2 0 1 6 0 . 6 0 3 8 4  V r» O 1 0 0 6  3  3 q

1 3 3 2 2 9  7 u  • 4 2 . 2 0 8 2 8 . 6  S 3  7 5 3 G 8 1 0  0 6 3  3 5
1 3 4 2 6 8  5 0 * 6 1  . 2  0 8 6 2 . 6 0 8 9 4 6 0 0 6  3  2 q

1 3 5 1 G 4 9 8 8  • 8 8 0 . 2  6  5 0 3 . 6  0 3  c\ 5 3 *.• 0 1 0 0 6  3  3 q

1 3 6 3 8 8  1 0  • 7  6 . 8 0  5 7 9 . 6 0 2  v q G (■': 1 0 0 6 3  3 q

1 3 7 2 8 9 7 0  • 4 8 . 8 0 6 8 1 . 6 0 3  7 4 5 G 0i 1 0 0 6 3 3 q

1 3 b 4  5 9 8 8  • 1 1 9 . 8  0  7  4  w . 6 0 2 6 4-5 G 0 1 CO 6  3/ 3 5
1 3 9 6 2 3 4 W • 1 3 1 . 8 . 0  6  7 1 . 6  0 5 8 /i 6 C-f 0 1 01- 6 r\ q

1 4 0 4 5 9  3 0 . 8 9 . 8  0 9 6 6 • 6  6 3  5- l b # j .*) 1 0  0 1 3  3 5
1 4  l 3 9  3 7 0 . 9 1  . 8  1 O 5 1 . 6 0 0  v 3 3 ! /' 0 1 0  I'16 3  3 q



ER-1556 78

142 5 2 4 9 u c . 2 1 1 6  1. 6 6 3 2 . 52 0 .  8 18 G 6 3 3 .
1 4 vj 4 2. 6 5 (■. t) cl • 2 1 2 4 3 . 6 0 3 5 . 4 4 8 . 0 1 8 0 6 3 3 .
1 4 /j 1 6 4 6 6-. 0* c:' • ? 1 2 5 6 . 6 3 2 6 . 55 0 . 0 1 GG 6 3 3 .
1 4 5 5 5 7  7 . 1 1 7 . 2 1 4 0 3 . 6 0 3 2 . 53 0 . 0 1 0 0 6 3 3 .
14 6 2 6 6  5 0 • 51 . 2 1 4 5 4 . 6 0 3 5 . 4 8 0 . 0 1 8 G 6 3 3 *
14 7' 2 9 5 3 3 . 6 6 • 2 1 5 2 2 . 60 2 9 . 39 G . 17 1 fc fc 6 3 3 *
i 4 b 2 6 2  5 fc . 4 b • 2 1 5 7 0 . 6 0 3 7 . 4 9 0 .  0 1 8 0 6 3 3 .
1 h f b 2 15 2 0 . 1 7 2 . 2 1 7 4 3 . 60 3 2 . 51 0 . D 180  6 3 3 .
i b y 4 2 6 5 6 . 9 9 . 2 1 5 4 1 . 6 0 2 9 . 6 9 0 . 0 1 0 8 6 3 3 *
151 1 9 1 b G • 3 b • 2 1 8 5  Q• 6 8 3 5 . 3 0 0 . G 1 0 0 6 3 3 .
152 2 6 2 4 0 . 61 . 2 1 9 4 0 . 6 0 2 9 • 4 5 (A . Cj 1 0 8 6 3 3 .
153 1 6 4 £ 0 . 2 5 . 2 1 9 6 9 . 6 0 ^ 0 . 4 8 0 . 0 1 8 8 6  3 3 .
154? 2 9 53 0 . 5 7 . 2 2 0 2 6 . 6 8 3 5 . 3 4 0 . 8 1 8 0 6 3 3 .
1 5 b 4 5 9 3 69 • 1 0 6 . 2 2 1 3 2 . 6 0 2 9 . 3 5 0 . 0 1 O 06 3 3 .
1 5 6 6 2 2 2 li* * 1 721. 2 2 3 0 4 . 68 3 2 . 4 9 0 * 8 1fc fc 6 3 3 .
157 9 5 4 2 0 • 1 9 0 . 2 fc 4 fc 4 . 6 8 3 5 . 4 5 0 .  G 1fc 0 6  3 3 .
1 55 6 53 0 0 • 1 7 9 . 2 2 6 7 3 . 68 3 2 . 51 0 . 0 1 8 8 6 3 3 .
1 59 3 9 3  7 'O • 5 b . 2 2 7  5 9 . 6 0 3 1 . 38 rvt ; *<&*. • Vj 1 8 0 6 3 3 .
1 9 5 4 0 • 2b» 2 2 7 o ( . 60 2 3 . 9 2 0 . 8 1 8 0 6 3  3 .
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i b 3 1 3 1 2 0* fV ("■ o 2 3 9 3 1 • 6 3 V> 'V> * 'i r-fc r. i j • 1 0 0 6 3 3 .
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1 C 13 12 (J • fc 1 * 2 4 1 3 0 . 6 3 /■ 4 „ 6 6 . f-} 1 £..(763 3 .
i o 7 i (: 0 0 l: © 4 4 . £ 4 1  / 7 * 6 6 ' r> ©4 6 fc). 6 1 8 8 6 3 3 .
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APPENDIX V

R a i l  H au lage  C o s t  A n a l y s i s

E quipm ent  S e l e c t i o n  R a i l  h a u l a g e  e q u ip m e n t  i s  s e l e c t e d  

b a s e d  on  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :

R o l l i n g  stock
A diesel-electric locomotive is selected. Prom travel 
time study a 120-ton unit is the most convenient for this 
study.
C a r s :  5 0 - t o n  c a p a c i t y

w e i g h t  e m p ty :  25 t o n s  
A n t i f r i c t i o n  b e a r i n g s  
S id e  dump c o n s t r u c t i o n

Time d a t a :  f rom c o m p u te r  i n f o r m a t i o n  i t  c a n  be  s e e n  t h a t  
a  3 0 - c a r  t r a i n  c a n  s a f e l y  make a r o u n d  t r i p  p e r  
s h i f t .  So,  a l o c o m o t i v e  w i l l  be  c a p a b l e  t o  make 2 
t r i p s  p e r  d ay

One train will haul 1500 tons p e r  shift.
Transportation of 3680 tons will require

368O/1 5 0O = 2.46 train shifts p e r  day
T a k in g  a 90 p e r c e n t  l o c o m o t i v e  a v a i l a b i l i t y  t h e  number

of locomotives needed is two. .
Assuming an  a v a i l a b i l i t y  of 86 p e r c e n t  f o r  dump c a r s

M in in g  r a t e  p e r  y e a r  

M in in g  r a t e  p e r  day  

Working days  p e r  y e a r  

S h i f t s  p e r  day

1 , 1 0 3 , 0 0 0  t o n s  

3 , 6 8 0  t o n s  

300

2
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t h e  q u a n t i t y  r e q u i r e d  t o  p e r m i t  o p e r a t i o n  o f  two 3 0 - c a r  

t r a i n s  w i l l  h e :

(3 0  x 2 ) / 0 * 86 6 9 . 8

P u r c h a s e  o f  70 c a r s  i s  recommended.

I f  t h e  a n n u a l  p r o d u c t i o n  were  t o  i n c r e a s e ,  t h e  2 l o c o ­

m o t i v e s  w i l l  s t i l l  be  c a p a b l e  o f  h a u l i n g  h i g h e r  t o n n a g e s .

Ow nersh ip  C o s t s  E s t i m a t e  o f  i n v e s t m e n t  r e q u i r e d :

2 l o c o m o t i v e s  © $ 2 4 0 ,0 0 0  e a c h  $ 4 8 0 , 0 0 0 . 0 0

70 c a r s  © $ 1 8 ,0 0 0  e a c h  1 , 2 6 0 , 0 0 0 . 0 0

T r a c k  g r a d e  c o n s t r u c t i o n  p l u s  j u n g l e
c l e a r i n g :  68 m i l e s  @ $ 8 ,7 5 0  p e r  m i l e  5 9 5 , 0 0 0 . 0 0

L in e  t r a c k :  68 m i l e s  o f  1 3 3 - l b  r a i l  
8 - i n .  x  1 0 - i n .  x 8 f t  t r e a t e d  t i e s  ©

,0 0 0  p e r  m i l e  5 , 7 8 0 , 0 0 0 . 0 0

R a i l w a y  s i g n a l s  1 0 0 , 0 0 0 . 0 0

C om m unica t ion  f o r  t r a i n s  1 5 , 0 0 0 . 0 0

T r a c k  m a i n t e n a n c e  m a c h in e s  1 4 0 , 0 0 0 . 0 0

L oco m ot ive  r e p a i r  shop  1 5 0 , 0 0 0 . 0 0

Dump c a r  r e p a i r  shop  5 0 . 0 0 0 . 0 0

T o t a l  i n v e s t m e n t  $ 8 . 5 7 0 . 0 0 0 . 0 0

1 .  D e p r e c i a t i o n

a )  T o t a l  o w n e r s h ip  c o s t  $ 7 , 7 7 5 * 0 0 0 . 0 0 *

* T o t a l  i n v e s t m e n t  m inus g r a d e  
c o n s t r u c t i o n  and shop  c o s t s .

b )  A p e r i o d  o f  15 y e a r  a p p l y i n g  t o  a l l  
r a i l  h a u l a g e  e q u ip m e n t  i s  u s e d .
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Assume t h a t  m in i n g  o p e r a t i o n s  
4800 h o u r  p e r  y e a r .

c )  H o u r ly  d e p r e c i a t i o n  c o s t

T o t a l  o w n e r s h i p  c o s t
H o u r ly  d e p r e c i a t i o n  c o s t  =  --------------------------- —

T o t a l  h r s  i n  d p r .  p e r i o d

d)  D e p r e c i a t i o n  c o s t  p e r  t o n  o f  a n n u a l  p r o d u c t i o n  
s c h e d u l e d :

$ 7 , 7 7 5 , 0 0 0
---------------- — ------- — - =  $ 0 . 4 7 / t o n
1 , 1 0 3 , OOOtons x 1 5 y r

2 .  I n t e r e s t ,  T a x e s ,  and I n s u r a n c e

The f o l l o w i n g  v a l u e s  a r e  commonly u s e d :

f o r  n  =  15 y e a r s

A verage  a n n u a l  i n v e s t m e n t  =  5 3 .3 $

T h e r e f o r e ,  a l l o w a n c e  f o r  i n t e r e s t ,  t a x e s  and i n s u r a n c e  

i s  10 p e r c e n t  o f  a n n u a l  i n v e s t m e n t .

7 , 7 7 5 , 0 0 0
1 0 7 . 9 9 / h o u r

15 x 4800

I n t e r e s t
Taxes
I n s u r a n c e

T o t a l 10$
n -  1

Average  a n n u a l  i n v e s t m e n t — (■ x 1 0 0 )  $  o f  t o t a l  i n v e s t
2n

0 . 1 0  x 0 .5 5 3  x 7 , 7 7 5 , 0 0 0
C o s t / h o u r  =  ----------------------------------------------  — $ 8 7 . 2 7 / h o u r

4800 h o u r / y r



ER-1556
85

Op e r a t i n g ;  C o s t s  F u e l  o i l  c o n s u m p t io n  i s  t h e  

m o s t  r e l i a b l e  i n d i c a t o r  o f  t h e  g r o s s  work p e r f o r m e d  b y  a 

d i e s e l - e l e c t r i c  l o c o m o t i v e .  F u e l - o i l  e x p e n s e  i s  r o u g h l y  

20 p e r c e n t  o f  t h e  c o s t  o f  l o c o m o t i v e  o p e r a t i o n  and m a in ­

t e n a n c e .  O th e r  e x p e n s e  e l e m e n t s  a l s o  v a r y  i n  a c c o r d a n c e  

w i t h  work p e r f o r m e d  , b u t  n o t  i n  d i r e c t  p r o p o r t i o n .  The 

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

r i v e d  from e x p e r i e n c e  seems t o  be  r e a l i s t i c  f o r  t h i s  e s ­

t i m a t e  :

F u e l  o i l  c o s t  
L o co m o t iv e  o p e r a t i n g  c o s t  
L o co m o t iv e  r e p a i r  c o s t  
T r a c k  m a i n t e n a n c e  c o s t  
Car m a i n t e n a n c e  c o s t  
T r a i n  t r a f f i c  c o n t r o l  c o s t

20$ o f  l o c o  o p r  & r e p  c o s t
:<Z n n ii

1 2 0$
50$

1 .  L o com o tive  o p e r a t i n g  and r e p a i r  c o s t

a )  F u e l - o i l  c o s t

F o rm u la  f o r  g r o s s  work d o n e ,  e x p r e s s e d  i n  t h o u s a n d s  

o f  f o o t  t o n s

M f o o t  t o n s
10003

(T + W)(L + 2 6 . 4H) + 1 5 0 ,0 0 0

w h e r e :

N i s  number o f  t r i p s  i n  p e r i o d .  Say one o p e r a t i n g  day  
p e r i o d  o f  16 h o u r s

3 6 8 0 tp d
T r i p s  p e r  day  =  -------------------------------  =  2 .4 5

30 c a r s  x 5 0 - t o n s
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S i s  number o f  l o c o m o t i v e  s h i f t s  worked p e r  d a y :  3

T i s  n e t  t o n s  h a u l e d  p e r  t r i p :  1500

W i s  w e i g h t  o f  l o c o m o t i v e  p l u s  empty  c a r s  i n  t o n s :  
L o c o m o t iv e :  120 
Empty c a r s :  750

71: 870 t o n s

L i s  l i f t  i n  f t .  I t  i s  assumed .50 f t  l i f t  i n  t h i s  work

H i s  h a u l  l e n g t h  i n  m i l e s :  68 m i l e s

2 6 .4  i s  a  c o n s t a n t  d e r i v e d  u s i n g  a  t r a i n  r e s i s t e n c e  
o f  10 l b / t o n

(5 2 80  x 1 0 ) / 2 0 0 0  : 2 6 .4

1 5 0 ,0 0 0  i s  a  l e n g t h  o f  empty  h a u l  on l e v e l  t r a c k  i n  f t

T h e r e f o r e :

2 . 4 5  

1000 x 3

M f o o t  t o n s  3 ,6 9 4  Pe r  l o c o m o t i v e  s h i f t  p e r  day  

Each g a l l o n  o f  f u e l  o i l  w i l l  p r o d u c e  a b o u t  1 1 ,5 0 0  f o o t  

t o n s  o f  g r o s s  work ,  t h e r e f o r e ,  t o t a l  d a i l y  f u e l  c o n ­

s u m p t io n  i s :

[ (1500 + 8 7 0 ) ( 5 0  + 2 6 .4  x 68 )  + 150 ,  OOOj

3 , 6 9 4 , 0 0 0  x 3

1 1 ,5 0 0  9 ‘ g a ~

Assuming f u e l  o i l  c o s t  a s  $ 0 . 1 6 / g a l ,  i t s  c o s t  p e r  h o u r

o f  o p e r a t i o n  o v e r  a  p e r i o d  o f  a y e a r  would b e :

964 x 0 .1 6  x 300 days
------------------------------------------- —$ 9 , 6 4 /  h o u r

4 8 OOhour s / y e  a r
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The o p e r a t i n g  and r e

b )  L ocom otive  o p e r a t i n

1.00
9 .6 4  x  =

0 . 2 0

Loco o p e r a t i n g  :
Loco r e p a i r s  :
T r a c k  m a i n t e n a n c e  :
Car m a i n t e n a n c e  :
T r a f f i c  c o n t r o l  :

R e c a p i t u l a t i o n

D e p r e c i a t i o n

I n t e r e s t ,  T a x e s ,  I n s u r a n c e  

T o t a l  O w nersh ip  C o s t

Loco o p e r a t i n g  

Loco r e p a i r s  

T r a c k  m a i n t e n a n c e  

Car m a i n t e n a n c e  

T r a f f i c  c o n t r o l

T o t a l  Opr .  & Rep.  C o s t s

T o t a l  O w n ersh ip ,  R e p a i r  
and O p e r a t i n g  C o s t s

i r  c o s t s  a r e  t h e n  com p u ted :  

and r e p a i r  c o s t

$ 4 8 , 2 / h o u r

4 3 . 2 X 0 ,.75 =  $ 3 6 , . 1 5 / h r
4 8 . 2 X 0 ,.25 =  $12,, 0 5 / h r
4 8 . 2 X 1 . ,20 = 857,, 8 4 / h r
48 . 2 X 0 ,.50 = $18, , 0 0 / h r
4 8 . 2 X 0 ,,10 =  $  4 , , 8 2 / h r

P e r  Hour P e r  t o n

$ 1 0 7 .9 9 0 . 4 7

8 7 .2 7 0 . 3 8

$ 1 9 5 .2 6

inCO•
oaV??

3 6 .1 5 0 .1 6

1 2 .0 5 0 .0 4

5 7 .8 4 0 . 2 5

1 8 . 0 8

00o
.

o

4 . 8 2

Ov!
o

.
o

$ 1 2 8 .9 4 $ 0 . 5 5

$ 3 2 4 .2 0 $ 1 . 4 0
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