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ABSTRACT

The w o r ld s  l a r g e s t  known d e p o s i t  o f  n a h c o l i t e ,  a

n a t u r a l  o c c u r r i n g  sodium b i c a r b o n a t e ,  e x i s t s  i n  th e  P i c e a n c e  

Creek  B a s in  o f  C o lo r a d o .  T o t a l  i n - p l a c e  r e s e r v e s  have been  

e s t i a m t e d  a t  32 b i l l i o n  s h o r t  t o n s .  The p u rp o se  o f  t h i s  

t h e s i s  i s  t o  a n a l y z e  t h e  econom ics  o f  p r o d u c in g

r e c r y s t a l l i z e d  n a h c o l i t e ,  u n r e f i n e d  so d a  a s h ,  o r  r e f i n e d  

so da  a sh  from t h e  P i c e a n c e  Creek  B a s in  r e s o u r c e  u s i n g  

s o l u t i o n  m in in g  m e th o ds .

R e c r y s t a l l i z e d  n a h c o l i t e  was cho sen  a s  a  p o t e n t i a l  

p r o d u c t  b e c a u s e  o f  new and e x t e n s i v e  i n t e r e s t s  t h a t  have 

been  e x p r e s s e d  by t h e  power and u t i l i t y  com pan ies  i n  u s i n g  

n a h c o l i t e  a s  a  f l u e  gas  d e s u l f u r i z a t i o n  (FGD) r e a g e n t .  

R ecen t  t e s t s  c o n d u c te d  by s e v e r a l  i n d e p e n e n t  com panies  have

shown t h a t  t h e  d ry  i n j e c t i o n  o f  n a h c o l i t e  i s  t h e  most

e f f e c t i v e  p r o c e s s  f o r  rem oving  s u l f u r  d i o x i d e  from th e  s t a c k  

g a s e s  o f  power p l a n t s  b u r n i n g  l o w - s u l f u r  c o a l .

Economic a n a l y s e s  o f  p r o d u c i n g  u n r e f i n e d  and r e f i n e d  

so d a  a sh  from t h e  n a h c o l i t e  r e s o u r c e  were a l s o  i n c l u d e d  

b a se d  on th e  m a rk e t  p o t e n t i a l  f o r  a u n iq u e  and i n e x p e n s i v e  

l o w - g r a d e  s o u r c e  o f  sodium c a r b o n a t e ,  and an a l t e r n a t e
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s o u r c e  o f  r e f i n e d  so d a  a s h , r e s p e c t i v e l y .

The r e s u l t s  o f  th e  economic a n a l y s e s  showed t h a t  in  

o r d e r  to  m a i n t a i n  an 18 p e r c e n t  nom ina l  i n t e r n a l  r a t e  o f  

r e t u r n  t h e  r e c r y s t a l l i z e d  n a h c o l i t e ,  u n r e f i n e d  so d a  a s h ,  and 

r e f i n e d  so d a  a sh  would have  to  be s o l d  a t  $ 4 2 .7 5 ,  $59*22, 

and $ 7 2 .9 4  p e r  to n  f . o . b .  R i f l e ,  C o lo r a d o ,  r e p e c t i v e l y .  The 

m a r k e t i n g  a n a l y s i s  has  shown t h a t  t h e  p o t e n t i a l  demand f o r  

n a h c o l i t e  a s  a  FGD r e a g e n t  w i l l  r e a c h  12 m i l l i o n  a n n u a l  

s h o r t  t o n s  by t h e  m i d - 1 9 9 0 ' s ,  and t h a t  th e  d e l i v e r e d  p r i c e  

and p u r i t y  o f  th e  n a h c o l i t e  w i l l  be t h e  o n ly  l i m i t i n g  

c o n s t r a i n t s  f o r  t h i s  m a rk e t  demand. Market  s u r v e y s  have a l s o  

shown t h a t  t h e r e  i s  an im m edia te  i n t e r e s t  i n  7 5 0 ,0 0 0  t o

9 3 5 .0 0 0  s h o r t  t o n s  o f  u n r e f i n e d  so d a  a s h ,  and 1 ,4 0 0 ,0 0 0  t o

1 .6 5 0 .0 0 0  s h o r t  t o n s  o f  r e f i n e d  soda  a s h .

Based on th e  r e s u l t s  o f  t h i s  t h e s i s  i t  was c o n c lu d ed  

t h a t  a  l a r g e  enough m ark e t  p o t e n t i a l  e x i s t s  f o r  s o l u t i o n  

mined n a h c o l i t e  t o  s u p p o r t  a  l a r g e  i n d u s t r y .  P r e f e a s i b i l i t y  

c o s t  e s t i m a t e s  have  a l s o  shown t h a t  s e v e r a l  p r o d u c t s  can  be 

p r o f i t a b l y  p ro du ced  from t h e  n a h c o l i t e  r e s o u r c e .
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CHAPTER 1 

INTRODUCTION

1.1 BACKGROUND FACTORS

N a h c o l i t e  (NaHCO^ ) i s  a  n a t u r a l  o c c u r r i n g  soduim 

b i c a r b o n a t e .  I t  i s  a  w a te r  s o l u b l e  m i n e r a l  which can s e r v e  

a s  a  raw m a t e r i a l  f o r  t h e  m a n u f a c tu r e  o f  b a s i c  i n d u s t r i a l  

c h e m ic a l s  and has  r e c e i v e d  most r e c e n t  a t t e n t i o n  a s  a 

r e a g e n t  f o r  rem oving  s u l f u r  d i o x i d e  from i n d u s t r i a l  s t a c k  

g a s e s .  The o n ly  s i g n i f i c a n t  r e s o u r c e  o f  n a h c o l i t e  known i n  

t h e  world  i s  l o c a t e d  in  t h e  Green R iv e r  F o rm a t io n  in  t h e  

P i c e a n c e  Creek B as in  o f  n o r t h w e s t e r n  C o lo ra d o .  T h is  d e p o s i t  

c o n t a i n s  a  m ass iv e  c o n c e n t r a t i o n  o f  n a h c o l i t e  and d a w so n i t e  

( a  sodium aluminum c a r b o n a t e )  i n t e r m i x e d  w i th  o i l  s h a l e  

c o v e r i n g  an a r e a  o f  a p p r o x i m a t e l y  150 ,000  a c r e s  and 

m e a s u r in g  1 ,3 0 0  f e e t  t h i c k  a t  t h e  c e n t e r  (D yni ,  1974) .

The P i c e a n c e  Creek  B a s in  i s  a  l a r g e  s t r u c t u r a l  and 

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

n a h c o l i t e ,  and d a w s o n i t e .  A l l  o f  t h e s e  r e s o u r c e s  a r e  found 

w i t h i n  t h e  Green R iv e r  F o r m a t io n ,  which  i s  a  s e d i m e n ta r y  

u n i t  d e p o s i t e d  i n  a  l a r g e  l a k e  sys tem  some 50 m i l l i o n  y e a r s
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ago .  The n a h c o l i t e  and d a w s o n i t e  r e s e r v e s  a r e  found in  a 

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

P i c e a n c e  Creek B a s in ,  i n  a s s o c i a t i o n  w i th  t h e  t h i c k e s t  

d e p o s i t s  o f  o i l  s h a l e .  H e re ,  t h e  s o d i u m - r i c h  o i l  s h a l e  has  a 

maximum t h i c k n e s s  o f  1 ,500  f e e t  w i th  t h e  t o p  o f  t h e  

f o r m a t i o n  r a n g i n g  i n  d e p th  from a b o u t  1 ,400  t o  2 ,0 0 0  f e e t  

be low t h e  s u r f a c e .  E s t im a te d  i n - p l a c e  r e s e r v e s  f o r  n a h c o l i t e  

and d a w s o n i t e  a r e  32 b i l l i o n  and 29 b i l l i o n  s h o r t  t o n s ,  

r e s p e c t i v e l y  (Dyni ,  1981) .  E s t im a te d  i n - p l a c e  r e s e r v e s  o f  

s h a l e  o i l  f o r  t h e  e n t i r e  P i c e a n c e  Creek  B as in  r e s o u r c e  i s

1 .2  t r i l l i o n  b a r r e l s  o f  o i l - e q u i v a l e n t  ( N a t i o n a l  P e t ro le u m  

C o u n c i l ,  1973) .

1 .2  POTENTIAL USES

The p r im a r y  m a r k e t s  f o r  n a h c o l i t e  l i e  in  i t s  use  a s  a 

r e a g e n t  in  t h e  em erg ing  f l u e  gas  s c r u b b i n g  m ark e t  and as  a  

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

such  a s  s o d a  a sh  ( Na^ CO5 ) ,  c a u s t i c  so d a  (NaOH), and 

com m erc ia l  g r a d e  sodium b i c a r b o n a t e  (NaHCO-^).

1 .2 .1  FLUE GAS DESULFURIZATION

The f l u e  gas  d e s u l f u r i z a t i o n  (FGD) m ark e t  encom passes



T-2685 3

v i r t u a l l y  e v e r y  i n d u s t r y  r e q u i r i n g  s u l f u r  removal  from s t a c k  

g a s e s .  N a h c o l i t e  u sed  a s  a  d r y  a d d i t i v e  t o  s t a c k  g a s e s  

r e a c t s  t o  a b s o r b  s u l f u r  d i o x i d e  (SOg) a c c o r d i n g  t o  t h e  

f o l l o w i n g  r e a c t i o n s :

2NaHC0 ^ N agC0 ^ + C0 ^ -4* H^0

N a 2 C 0 5 + S 0 2 + 1 / 2  0 2 - >  N a 2 S 0 4 + C 0 2

In  1981, a  l a r g e  s c a l e  j o i n t  f i e l d  t e s t  by E l e c t r i c  

Power R e s e a r c h  I n s t i t u t e  ( EPRI) ,  P u b l i c  S e r v i c e  Company o f  

C o l o r a d o , and C h a r t e r ' s  M u l t i - M i n e r a l  C o r p o r a t i o n  a t  t h e  

P u b l i c  S e r v i c e  Company's  Cameo p l a n t  c l e a r l y  d e m o n s t r a t e d  

t h a t  a  n a h c o l i t e - b a g h o u s e  sys tem  can a b s o r b  a  h ig h  

p e r c e n t a g e  o f  s u l f u r  d i o x i d e  and w i l l  remove s i g n i f i c a n t l y  

more p a r t i c u l a t e s  a t  a  lo w er  c o s t  t h a n  t h e  "wet s c r u b b i n g "  

and " s p r a y  d r y i n g "  m ethods  c u r r e n t l y  b e i n g  u sed  i n  power 

p l a n t s  and i n d u s t r i a l  o p e r a t i o n s  (Muzio, 1983) .

No com m erc ia l  s u p p ly  o f  n a h c o l i t e  i s  a v a i l a b l e  a t  t h e  

p r e s e n t  t i m e .  C o n s e q u e n t l y , more e x p e n s i v e  l im e  and 

l i m e s t o n e  s p r a y  d r y e r s  have a c c o u n te d  f o r  o v e r  75 p e r c e n t  o f  

megawatt  s c r u b b i n g  c a p a c i t y  o f  r e c e n t l y  i n s t a l l e d  power 

p l a n t s  and 53 p e r c e n t  o f  r e t r o f i t  i n s t a l l a t i o n s .  I f  

n a h c o l i t e  were a v a i l a b l e , i t  c o u ld  g a in  a  s i g n i f i c a n t  s h a r e
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o f  t h e  FGD m ark e t  i n  d r y  i n j e c t i o n  syterns due t o  i t s  lo w er  

c o s t  and g r e a t e r  r e l i a b i l i t y  o v e r  t h e  a l t e r n a t i v e  s p r a y  

d r y i n g  p r o c e s s e s .

1 . 2 . 2  SODA ASH

N a h c o l i t e  can be p r o c e s s e d  i n t o  c ru d e  o r  r e f i n e d  soda  

a s h . R e f in e d  so d a  a s h  i s  an i n d u s t r i a l  c h e m ic a l  used  

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

and w a s te  w a te r  t r e a t m e n t . In  1982, d o m e s t i c  demand f o r  

r e f i n e d  so d a  a sh  was 7 . 8  m i l l i o n  s h o r t  t o n s ,  w h i l e  d o m e s t i c  

c a p a c i t y  exceeded  1 0 .8  m i l l i o n  s h o r t  t o n s . A l though  t h e  so d a  

a sh  m ark e t  i s  p r e s e n t l y  o v e r - s u p p l i e d ,  n a h c o l i t e - b a s e d  sod a  

a sh  c o u ld  compete  a s  an a l t e r n a t e  s o u r c e  o f  so d a  a sh  on 

a n o t h e r  r a i l  s y s te m .  At t h e  p r e s e n t  t i m e ,  most o f  t h e  

d o m e s t i c  so d a  ash  i s  p ro du ced  and sh ip p e d  from Green R i v e r ,  

Wyoming. S e v e r a l  l a r g e  consum ers  o f  s o d a  a sh  have e x p r e s s e d  

an i n t e r e s t  i n  p u r c h a s i n g  a  p o r t i o n  o f  t h e i r  so d a  a sh  from 

an a l t e r n a t e  s o u r c e  to  e l i m i n a t e  t h e i r  dependency  on one 

r a i l r o a d .

The o n ly  c o m m e rc ia l ly  a v a i l a b l e  so d a  a sh  i s  t h e  h ig h  

d e n s i t y ,  h i g h  p u r i t y  g r a d e  ( a p p r o x i m a t e l y  99*4# p u r e ) .  Many 

u s e r s  o f  so d a  a sh  in  t h e  b o t t l i n g ,  c h e m ic a l ,  w a s te  w a te r
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t r e a t m e n t , and enhanced  o i l  r e c o v e r y  i n d u s t r i e s  r e q u i r e  o n ly  

a  c ru d e  g r a d e  so d a  a sh  b u t  a r e  f o r c e d  t o  p u r c h a s e  t h e  o n l y  

a v a i l a b l e ,  more e x p e n s i v e  h i g h - g r a d e  so da  a s h .  I f  a  s o u r c e  

o f  c ru d e  so d a  a sh  were d e v e lo p e d ,  i t  c o u ld  g a i n  a 

s i g n i f i c a n t  s h a r e  o f  t h e  so d a  a sh  m ark e t  by s u p p l y i n g  an 

i n e x p e n s i v e  s o u r c e  o f  c ru d e  sodium c a r b o n a t e .

1 . 2 . 5  OTHER USES

O ther  p o t e n t i a l  u s e s  f o r  n a h c o l i t e  a r e  in  t h e  c a u s t i c  

s o d a  and c o m m e r c i a l - g r a d e  sodium b i c a r b o n a t e  m a r k e t s . 

C u r r e n t l y , c a u s t i c  s o d a  i s  p ro du ced  as  a  c o - p r o d u c t  w i th  

c h l o r i n e ,  from t h e  e l e c t r o l y s i s  o f  b r i n e . C o n s e q u e n t l y ,  i f  

t h e r e  i s  n o t  a  b a l a n c e  be tw een  t h e  demand f o r  c a u s t i c  sod a  

and c h l o r i n e ,  one w i l l  be i n  s h o r t  s u p p l y .  S in c e  1979, 

c h l o r i n e  demand has  been  weak, c a u s i n g  a  s h o r t a g e  o f  c a u s t i c  

s o d a .  I f  a  l o w - c o s t  s o u r c e  o f  sodium c a r b o n a t e  c o u ld  be 

d e v e lo p e d  t o  p ro d u ce  c a u s t i c  so d a ,  i t  c o u ld  g a i n  a  

s i g n i f i c a n t  m arke t  s h a r e .

Two p o t e n t i a l  m a rk e t s  f o r  l a r g e  q u a n t i t i e s  o f  sodium 

b i c a r b o n a t e  a r e  i n  a n im a l  f e e d  and w a s te  w a te r  t r e a t m e n t .  

The u se  o f  sodium b i c a r b o n a t e  ( b i c a r b )  i n  a n im a l  f e e d  i s  t h e  

f a s t e s t  g row ing  m ark e t  f o r  b i c a r b ,  and c o u ld  overshadow t h e
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o t h e r s  w i t h i n  a few y e a r s .  The s e v e r a l  b e n e f i t s  c la im e d  f o r  

u s i n g  sodium b i c a r b o n a t e  t o  c o n t r o l  a l k a l i n i t y  i n  w a s te  

w a te r  t r e a t m e n t  p l a n t s  i n c l u d e  i n c r e a s e d '  methane p r o d u c t i o n  

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

s o l i d s  s e t t l i n g ,  and t o x i c  p o l l u t a n t  r e m o v a l .  With t h e  g r e a t  

number o f  w a t e r  t r e a t m e n t  f a c i l i t i e s  in  th e  U n i ted  S t a t e s ,  

t h e  m ark e t  p o t e n t i a l  c o u ld  p ro v e  t o  be v e r y  l a r g e .

1 .3  STATEMENT OF PROBLEM

S in c e  t h e  d i s c o v e r y  o f  t h e  o i l  s h a l e  r e s o u r c e s  in  

n o r t h w e s t e r n  C o lo ra d o ,  t h e  o i l  i n d u s t r y  has  a c q u i r e d  l a r g e  

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

p e r i m e t e r  o f  t h e  P i c e a n c e  Creek  B a s in  where t h e  canyons have 

exposed  t h e  bed o f  o i l  s h a l e  known a s  t h e  Mahogany Ledge.  

I n a d v e r t e n t l y ,  t h e  a t t e n t i o n  o f  t h e  o i l  s h a l e  i n d u s t r y  has  

been  fo c u s e d  on t h e  t h i n n e s t  o i l  s h a l e  d e p o s i t s ,  i n s t e a d  o f  

t h e  i n c r e d i b l y  t h i c k  d e p o s i t s  t h a t  a r e  c o - d e p o s i t e d  w i th  

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

E v e n ts  in  t h e  o i l  s h a l e  i n d u s t r y  o v e r  t h e  p a s t  few 

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

o n ly  o i l  s h a l e  from th e  p e r i m e t e r  o f  t h e  b a s i n  i s  n o t  

p r o f i t a b l e  by any p ro v e n  p r o c e s s  w i t h o u t  s i g n i f i c a n t
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governm ent  s u b s i d i e s  (P a c e  E n g i n e e r i n g ,  1 982) .  C o n s e q u e n t ly ,  

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

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

economic b e n e f i t  o f  b o th  o p e r a t i o n s ,  o r  even  r e c o v e r i n g  t h e  

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

o i l  p r i c e s  can  s u p p o r t  such  an o p e r a t i o n .  In  e i t h e r  c a s e ,  

m a rk e t s  f o r  l a r g e  q u a n t i t i e s  o f  n a h c o l i t e  must be  d e v e lo p e d .

1 .4  OBJECTIVES OF STUDY

T h is  t h e s i s ,  on a  p r e l i m i n a r y  r e s e a r c h  l e v e l ,  w i l l  

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

u p g r a d i n g ,  and m a r k e t i n g  s o l u t i o n  mined n a h c o l i t e .  The 

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

s u p p l i e d  by N i e l s e n  R e s o u r c e s  C o r p o r a t i o n  t o  d e t e r m i n e  

w h e th e r  o r  n o t  t h e  econom ics  j u s t i f y  f u r t h e r  work i n  th e  

s o l u t i o n  m in in g  o f  n a h c o l i t e .  S in c e  n a h c o l i t e  can be 

p r o c e s s e d  i n t o  s e v e r a l  sodium o x id e  d e r i v a t i v e s ,  t h i s  s t u d y  

w i l l  be l i m i t e d  t o  r e f i n e d  s o d a  a s h , u n r e f i n e d  so d a  a s h ,  and 

n a h c o l i t e  a s  p o t e n t i a l  m a r k e t a b l e  p r o d u c t s . A l though  t h e  

re v e n u e  from t h e  s a l e  o f  n a h c o l i t e  c o u ld  s i g n i f i c a n t l y  

e f f e c t  t h e  o v e r a l l  economic f e a s i b i i t y  o f  an o i l  s h a l e  

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

b u t  s h o u l d  be t h e  b a s i s  o f  f u r t h e r  r e s e a r c h .
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In  o r d e r  to  a n a l y z e  t h e  m ark e t  p o t e n t i a l  o f  n a h c o l i t e  

and i t ' s  d e r i v a t i v e s ,  i t  i s  n e c e s s a r y  t o :  (1 )  D e te rm in e  t h e  

econom ics  o f  s o l u t i o n  m in in g  and u p g r a d i n g  th e  m i n e r a l s ,  and 

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

m ark e t  p r i c e  t h a t  i s  b a sed  on t h e  p r i c e s  o f  c o m p e t i t i v e  

p r o d u c t s . For  t h i s ,  t h e  f o l l o w i n g  t a s k s  were c o n d u c te d  :

Task 1-  D e te rm ine  t h e  c o s t s  o f  s o l u t i o n  m in in g  raw 

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

u n r e f i n e d  so d a  a s h , and r e f i n e d  so d a  a s h .  The f i r s t  t a s k ,  

d e s c r i b e d  i n  c h a p t e r  2 ,  was t o  e s t a b l i s h  t h e  f u l l  c o s t s  o f  

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

t h e  t h r e e  p r o d u c t s  d i s c u s s e d .  The p u rp o se  o f  t h i s  t a s k  was 

t o  d e v e l o p  t h r e e  s e p e r a t e  c o s t  e s t i m a t e s  so t h a t  each  o f  t h e  

t h r e e  p r o d u c t s  c o u ld  be e v a l u a t e d  on an i n d e p e n d a n t  b a s i s .  

The e s t i m a t e  o f  t h e  s o l u t i o n  m in ing  c o s t s  was p e r fo rm ed  by 

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

f a c i l i t i e s  were p ro v id ed ,  by N i e l s e n  R e so u rc e s  C o r p o r a t i o n .

Task 2 -  E s t im a te  th e  economic v i a b i l i t y  o f  p r o d u c i n g  

each  p r o d u c t .  The second  t a s k  was t o  u se  t h e  c o s t  e s t i m a t e s  

t o  d e t e r m i n e  t h e  economics  o f  p r o d u c in g  each  p r o d u c t .  Using  

t h e  p r e s e n t  m ark e t  p r i c e s  o f  c o m p e t in g  p r o d u c t s  ( d e t e r m i n e d
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i n  c h a p t e r  4 ) ,  20 y e a r  c a sh  f lo w s  were d e v e lo p ed  t o

d e te r m in e  t h e  DCFROR, n e t  p r e s e n t  v a lu e  (NPV), and 

b r e a k - e v e n  p r i c e  p e r  t o n  f o r  e ach  p r o d u c t . The DCFROR i s  

c a l c u l a t e d  from c u r r e n t  ( i n f l a t e d )  d o l l a r  cash  f lo w s  a s  i s  

t h e  NPV and b r e a k - e v e n  p r i c e .  The NPV i s  c a l c u l a t e d  a t  an 18 

p e r c e n t  nom ina l  r a t e  o f  r e t u r n  and t h e  b r e a k - e v e n  p r i c e  i s  

t h e  p r i c e  n e c e s s a r y  t o  y i e l d  an 18 p e r c e n t  DCFROR. F o l lo w in g  

t h i s ,  s e n s i t i v i t y  a n a l y s e s  were p e r fo rm ed  by c h a n g in g  

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

im p o r ta n c e  o f  f a c t o r  o f  p r o d u c t i o n .  T h is  t a s k  was pe r fo rm ed  

by t h e  a u t h o r  and i s  shown i n  c h a p t e r  3•

Task 3 -  D e te rm ine  t h e  p o t e n t i a l  m arke t  f o r

r e c r y s t a l l i z e d  n a h c o l i t e ,  r e f i n e d  so d a  a s h ,  and u n r e f i n e d  

so d a  a s h .  The p u rp o se  o f  t h i s  f i n a l  t a s k  was t o  d e te r m in e  

t h e  m ark e t  demand, com pe t in g  s o u r c e s  o f  s u p p l y , t h e  m arke t  

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

p r o d u c t s . T h is  t a s k  was p e r fo rm ed  by th e  a u t h o r  and i s  shown 

i n  c h a p t e r  4•

1 .5  PREVIOUS INVESTIGATIONS

The enormous sodium m i n e r a l  d e p o s i t s  o f  t h e  lo w er  Green 

R iv e r  F o rm a t io n  were d i s c o v e r e d  by I r v i n  N i e l s e n  in  1964.
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S in c e  t h a t  t im e ,  s e v e r a l  methods  have been  d e v e lo p ed  to  

l e a c h  t h e  n a h c o l i t e  f o r  t h e  s o l e  p u rp o se  o f  d e v e l o p i n g  po re  

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

t e c h n i q u e s . To d a t e ,  t h e r e  has  n o t  been  any i n f o r m a t i o n  

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

n a h c o l i t e  u s i n g  s o l u t i o n  m in in g  t e c h n i q u e s . The o n ly  company 

t h a t  has  shown any i n t e r e s t  in  s e l e c t i v e l y  r e c o v e r i n g  and 

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

I n d u s t r i a l  R e so u rc e s  I n c o r p o r a t e d  ( I R I ) o f  C o lo ra d o .  E a r l y  

i n  1983, IRI p u b l i c l y  announced t h e i r  i n t e n t i o n s  o f  

d e v e l o p i n g  and t e s t i n g  s o l u t i o n  m in ing  t e c h n o lo g y  f o r  t h e  

p u rp o se  o f  r e c o v e r i n g  n a h c o l i t e .  However , no f u r t h e r  

i n f o r m a t i o n  has  been  r e l e a s e d .

The most d e t a i l e d  work c o n c e r n i n g  t h e  l e a c h i n g  o f  

n a h c o l i t e  f o r  t h e  i n - s i t u  r e c o v e r y  o f  s h a l e  o i l  has  been 

done by S h e l l  O i l  Company. In  1972, S h e l l  O i l  Company 

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

found t h a t  n a h c o l i t e  c o u ld  be l e a c h e d  e f f i c i e n t l y  u s i n g  h o t  

w a t e r  i n j e c t e d  a t  h ig h  p r e s s u r e . T h is  t e s t  r e s u l t e d  in  th e  

i s s u a n c e  o f  U.S. p a t e n t s  3 , 5 0 2 , 3 7 2 ,  3 , 5 7 2 , 8 3 8 ,  3 ,7 0 0 ,2 8 0 ,

3 ,7 0 9 , 2 0 8 ,  3 , 7 7 9 ,6 0 1 ,  3 , 7 7 9 , 6 0 2 ,  3 , 8 9 4 , 7 6 9 ,  and 3 , 9 5 7 , 3 0 6 .

O the r  co m p re h en s iv e  s t u d i e s  t h a t  have  been  p u b l i s h e d  

c o n c e r n i n g  t h e  l e a c h i n g  o f  n a h c o l i t e  a r e  " I n  S i t u  Recovery
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o f  O i l  and M in e r a l s  from P i c e a n c e  Creek  B a s in  O i l  S h a l e ” by 

Cowles and Boughton ( 1 9 7 6 ) ,  " S o l u b l e - s a l t  P r o c e s s e s  f o r  

I n - s i t u  R ecovery  o f  H yd ro ca rb on s  from O i l  S h a le "  ( P r a t s ,  

1977) ,  and " I n - p l a c e  R ecovery  o f  M u l t i p l e  P r o d u c t s  from 

C o l o r a d o ' s  S a l i n e - m i n e r a l - b e a r i n g  P ic e a n c e  B a s in "  by Beard 

and Sm ith .

E x t e n s i v e  work has  been  c o n d u c te d  on t h e  economics  o f  

m in in g  n a h c o l i t e  u s i n g  c o n v e n t i o n a l  u n d e rg ro u nd  m in ing  

t e c h n i q u e s .  In  1972 t h e  U.S.  B ureau  o f  Mines p u b l i s h e d  a 

r e p o r t  e n t i t l e d  "An Economic A n a l y s i s  o f  a White N a h c o l i t e  

I n s t a l l a t i o n  in  C o lo r a d o " .  The s t u d y  i s  a  d e t a i l e d  

e v a l u a t i o n  o f  m in ing  and p r o c e s s i n g  11 ,680  s h o r t  t o n s  o f  

n a h c o l i t e  p e r  day .  O the r  work c o n c e r n i n g  th e  u n d e rg ro u n d  

r e c o v e r y  o f  n a h c o l i t e  has  been  done by M u l t i  M in e ra l  

C o r p o r a t i o n . S in c e  i t ' s  f o r m a t i o n  in  1978, t h e  M u l t i  M in e r a l  

C o r p o r a t i o n  h a s  c o n d u c te d  2 1 /2  y e a r s  o f  e x t e n s i v e

u n d e rg ro u n d  m in ing  in  o i l  s h a l e  and n a h c o l i t e  h o r i z o n s  a t  

t h e  e x p e r i m e n t a l  Horse  Draw Mine. T h is  work r e s u l t e d  in  th e  

deve lopm en t  o f  p r o p r i e t a r y  d e t a i l e d  mine and p l a n t  d e s i g n s  

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

d a w s o n i t e ,  and o i l  s h a l e .
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CHAPTER 2

MINING AND PROCESSING: DESCRIPTIONS AND COST ESTIMATES

2.1 OVERVIEW

To d e te r m in e  t h e  econom ics  o f  s o l u t i o n  m in in g  and 

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

c o s t  e s t i m a t e s  had t o  be c o m p le te d .  The i n - s i t u  r e c o v e r y  

p r o c e s s  used  i n  t h i s  s t u d y  i s  ba sed  on e x i s t i n g  f i e l d  and 

l a b o r a t o r y  d a t a  d e v e lo p e d  by S h e l l  O i l  Company and i s  

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

d e p o c e n t e r  o f  t h e  P i c e a n c e  Creek B a s i n . The c o s t  e s t i m a t e s  

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

d r i l l i n g  and i n s t a l l i n g  th e  n e c e s s a r y  f i e l d  p i p i n g .  A l l  

o t h e r  c o s t s ,  i n c l u d i n g  t h e  h o t  w a te r  i n j e c t i o n  s y s t e m , a r e  

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

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

a l t e r n a t i v e  p r o c e s s i n g  f a c i l i t i e s  were s u p p l i e d  by N i e l s e n  

R e so u rc e s  C o r p o r a t i o n  from p r e v i o u s  p r e f e a s i b i l i t y  work. Due 

t o  t h e  p r o p r i e t a r y  n a t u r e  o f  t h i s  d a t a ,  o n ly  c o s t  summaries  

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

The t h r e e  p r o d u c t s , r e c r y s t a l l i z e d  n a h c o l i t e ,  u n r e f i n e d  so d a
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a s h , r e f i n e d  so d a  a s h ,  were  s e l e c t e d  a s  m a r k e t a b l e  p r o d u c t s  

b e c a u s e  t h e y  can be p rod u ced  r e l a t i v e l y  e a s i l y  from t h e  

s o l u t i o n  mined b r i n e . The c o s t  f i g u r e s  used  i n  t h i s  t h e s i s  

were d e v e lo p ed  from t h e  p r e f e a s i b i l i t y  s t a g e . T h e r e f o r e , t h e  

r e s u l t s  o f  t h e  economic a n a l y s i s  sh o u ld  be used  o n ly  t o  

d e t e r m i n e  w h e th e r  o r  n o t  f u r t h e r  i n v e s t i g a t i o n s  a r e  

w a r r a n t e d .

2 . 2  THE RESOURCE

The Green R iv e r  F o rm a t io n  in  t h e  P i c e a n c e  Creek B as in  

i n  n o r t h w e s t e r n  C o lo rad o  i s  t h e  w o r l d ' s  l a r g e s t  d e p o s i t  o f  

n a h c o l i t e  ( s e e  f i g u r e  2 - 1 ) .  The f o r m a t i o n  c o v e r s  4 ,3 0 0  

s q u a r e  k i l o m e t e r s , ha s  a  t h i c k n e s s  o f  1 ,1 0 0  m e t e r s  a t  i t s  

c e n t e r , and c o n t a i n s  a m a s s iv e  amount o f  n a h c o l i t e ,  

d a w s o n i t e ,  and o i l  s h a l e  ( R o e h l e r , 1974) .  A l though  o i l  s h a l e  

i s  found th r o u g h o u t  much o f  t h e  P i c e a n c e  Creek  B a s in ,  m ajor  

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

t h e  b a s i n  be tw een  t h e  d e p th s  o f  520 and 915 m e t e r s  ( s e e  

f i g u r e  2 - 2 ) .

In  t h e  P i c e a n c e  Creek B a s i n ,  t h e  Green R iv e r  F o rm a t io n  

i s  d i v i d e d ,  i n  a s c e n d i n g  o r d e r ,  i n t o  t h e  A n v i l  P o i n t s  ( a l s o  

r e f e r r e d  to  a s  Douglas  C r e e k ) ,  Garden Gulch ,  and P a r a c h u t e
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Creek  Members ( s e e  f i g u r e  2 - 3 ) •  The P a r a c h u t e  Creek Member 

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

o i l  s h a l e  r e s e r v e s ,  and has  an e s t i m a t e d  t h i c k n e s s  o f  490  t o  

540 m e t e r s .  The lo w er  u n le a c h e d  p a r t  o f  t h e  s a l i n e  f a c i e s  

e x t e n d s  from n e a r  t h e  b a s e  o f  t h e  P a r a c h u t e  Creek Member, 

upward i n t o  t h e  Mahogany o i l  s h a l e  zone (which  i s  n e a r  t h e  

t o p  o f  t h e  member) and c o n t a i n s  t h e  l a r g e s t  q u a n t i t i e s  o f  

n a h c o l i t e .  H e re ,  t h e  n a h c o l i t e  o c c u r s  i n  non-bedded  

c o a r s e - c r y s t a l l i n e  a g g r e g a t e s  s c a t t e r e d  th r o u g h  o i l  s h a l e , 

l a t e r a l l y  c o n t i n u o u s  u n i t s  o f  f i n e - g r a i n e d  c r y s t a l s  

d i s s e m i n a t e d  i n  o i l  s h a l e , and w h i te  c o a r s e - g r a i n e d  b e d s . 

Where n a h c o l i t e  o c c u r s  i n  b e d s , i t  i s  commonly a s s o c i a t e d  

w i th  bedded h a l i t e  (N aC l) .  The lo w er  u n l e a c h e d  p a r t  o f  t h e  

s a l i n e  f a c i e s  r a n g e s  i n  t h i c k n e s s  from 160 t o  330  m e t e r s  

( D y n i , 1 981) .  The n a h c o l i t e  zone i s  o v e r l a i n  by a  l e a c h e d

zone which i s  c h a r a c t e r i z e d  by s o l u t i o n  c a v i t i e s , open 

f r a c t u r e s ,  l o c a l  b r e c c i a  z o n e s , and i n t e r v a l s  o f  p o ro u s  

m a r l s t o n e .  The n a h c o l i t e  o r i g i n a l l y  p r e s e n t  in  t h i s  zone has 

been  l e a c h e d  o u t  by ground w a t e r .  The zone i s  now s a t u r a t e d  

w i th  w a te r  o f  a  h i g h l y  s a l i n e  c o m p o s i t i o n .

The o p t i m a l  zone a v a i l a b l e  f o r  th e  a p p l i c a t i o n  o f  

s o l u t i o n  m in ing  t e c h n i q u e s  i s  an i n t e r v a l  found be tw een  th e  

d e p t h s  o f  520 and 670 i n  t h e  s a l i n e  zone .  H e r e , t h e
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f o r m a t i o n  i s  g a s  t i g h t ,  f r e e  o f  a q u i f e r s , and r i c h  i n  

s o l u b l e  s a l t s . The a v e r a g e  m i n e r a l  c o m p o s i t i o n  in  t h i s  zone 

i s  48.1  w e ig h t  p e r c e n t  c a r b o n a t e  m i n e r a l s ,  33*1 p e r c e n t  

s i l i c a t e  m i n e r a l s ,  and 1 8 .8  p e r c e n t  k e ro g e n  (D yni ,  1981) .  

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

i s  t h e  o n ly  w a t e r - s o l u b l e  m i n e r a l .  T h is  means t h a t  t h e  

n a h c o l i t e - l a d en b r i n e  t h a t  i s  p ro du ced  i n  t h e  s o l u t i o n  

m in in g  o p e r a t i o n  w i l l  c o n t a i n  v e r y  few i m p u r i t i e s .  With v e r y  

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

p r o d u c t .

A no th e r  u n iq u e  f e a t u r e  o f  t h i s  d e p o s i t  i s  t h e  h a l i t e  

b ed s  c a p p in g  a l a r g e  p o r t i o n  o f  t h e  n a h c o l i t e  d e p o s i t . Once 

a  c a v i t y  i s  formed from a  s o l u t i o n  m in in g  o p e r a t i o n , 

f r a c t u r e s  can d e v e lo p  from t h e r m a l  e x p a n s io n  and r o o f  

f a i l u r e .  I f  t h e  f r a c t u r e s  m i g r a t e  up w ard , t h e y  c o u ld  

p e n e t r a t e  t h e  o v e r l y i n g  a q u i f e r . However, due t o  t h e  d u c t i l e

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

m i g r a t i n g  upward (D yni ,  1981) .

2 .3  DESCRIPTION OF THE SOLUTION MINING PROCESS

The r e c o v e r y  o f  w a t e r - s o l u b l e  m i n e r a l s  from s u b s u r f a c e  

d e p o s i t s  by s o l u t i o n  m in in g  w i th  aqueous  f l u i d s  i s  w e l l
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known. In  such  a  p r o c e s s , aqueous  f l u i d  i s  i n j e c t e d  down a 

w e l l  i n t o  c o n t a c t  w i th  a  s u b s u r f a c e  d e p o s i t .  The s o l u t i o n  

d i s s o l v e s  some o f  t h e  s o l u b l e  m i n e r a l , and i s  t h e n  f low ed  t o  

t h e  s u r f a c e  where i t  i s  t r e a t e d  t o  remove t h e  d i s s o l v e d  

m i n e r a l . As i s  common w i th  most w a t e r - s o l u b l e  m i n e r a l s ,  t h e  

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

t e m p e r a t u r e .  T h e r f o r e , t h e  aqu eo us  f l u i d  i s  h e a t e d  t o  

i n c r e a s e  i t ' s  m i n e r a l  c a r r y i n g  c a p a c i t y  b e f o r e  i t  i s  

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

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

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

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

d i s p e r s e d  n o d u l e s ,  which can be e a s i l y  a c c e s s e d  u s i n g  

s o l u t i o n  m in in g  t e c h n i q u e s .  C o n v e n t i o n a l  m in in g  methods a r e  

l i m i t e d  to  t h e  l e s s  common, t h i c k - b e d d e d  n a h c o l i t e .  S o l u t i o n  

m in in g  o f  t h e  bedded and non-bedded  o c c u r r e n c e s  o f  n a h c o l i t e  

g i v e s  a  g r e a t e r  r e s o u r c e  e x t r a c t i o n  r a t e  r e s u l t i n g  in  

g r e a t e r  c o n s e r v a t i o n  o f  t h e  r e s o u r c e . A no the r  a d v a n ta g e  o f  

i n - s i t u  d eve lopm en t  i s  t h a t  i t  i n h e r e n t l y  has  few er  

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

The s o l u t i o n  m in in g  t e c h n i q u e s  used  i n  t h i s  t h e s i s  were 

m o d i f i e d  from t h e  p r o c e s s  d e v e lo p e d  and t e s t e d  by S h e l l  O i l
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Company i n  1972 ( B e a r d , 1973)•  The s o l u t i o n  m in in g  p r o c e s s  

i n v o l v e s  d r i l l i n g  two w e l l s  ( o r  a  s i n g l e ,  d u a l l y  com ple ted  

w e l l )  i n t o  t h e  S a l i n e  Zone t o  l e a c h  a  n a h c o l i t e  h o r i z o n  

be tw een  520 and 670  m e t e r s  ( d e p th  c han g es  w i th  g e o g r a p h i c  

l o c a t i o n ) .  Hot w a t e r  i s  t h e n  i n j e c t e d  u nd e rg ro u n d  a t  4 0 5 °  P 

and 1000 p s i g ,  which h e a t s  t h e  f o r m a t i o n  and d i s s o l v e s  t h e  

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

s u r f a c e  th r o u g h  t h e  p r o d u c t i o n  s t r i n g  where i t  i s  p r o c e s s e d .  

As t h e  n a h c o l i t e  i s  removed from t h e  f o r m a t i o n ,  a sw is s  

c h e e s e - l i k e  c a v i t y  i s  p ro du ced  ( s e e  f i g u r e  2- 4 ) .

The r e s u l t s  o f  t h e  S h e l l  t e s t  showed t h a t  n a h c o l i t e  can 

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

p r e s s u r e  i n j e c t i o n  s y s te m .  C a v i t i e s  o f  1 7 5 - f o o t - d i a m e t e r  

e a c h ,  s e p a r a t e d  by 50- f o o t - t h i c k  p i l l a r s  a r e  recommended f o r  

s u s t a i n i n g  t h e  o v e rb u r d e n  and r u b b l e  l o a d s .  I t  was a l s o  

found t h a t  t h e  r a d i u s  o f  t h e  c a v i t y  w i l l  grow a t  a  r a t e  o f  

ab o u t  0 . 5  f e e t  p e r  day ( P r a t s ,  1977) .  With a d i a m e t e r  o f  175 

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

a p p r o x i m a t e l y  1 y e a r .  With an a v e r a g e  n a h c o l i t e  

c o n c e n t r a t i o n  o f  20 p e r c e n t  and s p e c i f i c  g r a v i t y  o f  2 . 5 , 

each  c a v i t y  would p ro d u c e  a b o u t  2 00 ,0 00  t o n s  o f  n a h c o l i t e  

p e r  y e a r .
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2 . 4  PROCESSING DESCRIPTIONS

T hree  p r o d u c t s  have been  a n a ly z e d  as  p o t e n t i a l  o u t p u t s  

from t h e  n a h c o l i t e - l a d e n  s o l u t i o n :  p r o c e s s e d  n a h c o l i t e ,

u n r e f i n e d  so d a  a s h ,  and r e f i n e d  so d a  a s h .  A l l  t h r e e  p r o d u c t s  

can  be p roduced  by c o o l i n g  and c r y s t a l l i z i n g  th e  h o t  

s o l u t i o n  mined b r i n e .

2 . 4 . 1  NAHCOLITE PROCESSING

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

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

p r o c e s s  t o  i n s u r e  t h e  f o r m a t i o n  o f  o n ly  sodium b i c a r b o n a t e  

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

d u r i n g  c r y s t a l l i z a t i o n  and d r y i n g ,  a  98 p e r c e n t  p u re  d ry  

n a h c o l i t e  w i l l  be p r o d u c e d .  T h is  p r o d u c t ,  r e c r y s t a l l i z e d  

n a h c o l i t e ,  w i l l  have a b o u t  40 p e r c e n t  by w e ig h t  more a c t i v e  

sodium th a n  t h e  n a t u r a l  o c c u r i n g  n a h c o l i t e  which i s  30 

p e r c e n t  i n e r t  m a t e r i a l .  R ecen t  t e s t s  p e r fo rm ed  by Iowa 

S t a t e  U n i v e r s i t y  have d e m o n s t r a t e d  t h a t  t h e  r e c r y s t a l l i z e d  

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

rem oving  SO^ from power p l a n t  f l u e  g a s e s  (De La Cruz ,  1982) .  

C o n s e q u e n t l y ,  t h e  r e c r y s t a l l i z e d  p r o d u c t  w i l l  e n jo y  a  40 

p e r c e n t  w e ig h t  a d v a n ta g e  o v e r  t h e  n a t u r a l  n a h c o l i t e  a t  70
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p e r c e n t  p u r i t y .

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

p r o d u c e  7 5 5 ,0 0 0  t o n s  (assum e s h o r t  t o n s  u n l e s s  o t h e r w i s e  

s p e c i f i e d )  o f  n a h c o l i t e  a n n u a l l y .  Once t h e  f l u i d  i s  

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

c r y s t a l l i z e d  by r e d u c i n g  t h e  p r e s s u r e  and t e m p e r a t u r e .  The 

c r y s t a l s  a r e  t h e n  removed from th e  s o l u t i o n  by f i l t r a t i o n ,  

and d r i e d  i n  low t e m p e r a t u r e  s team  t u b e  d r y e r s .  The p r o d u c t  

(98# NaHCO^/2# NagCO^) i s  conveyed p n e u m a t i c a l l y  t o  v e r t i c a l  

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

s i m p le  c r y s t a l l i z a t i o n  p r o c e s s  i s  d e p i c t e d  i n  F i g u r e  2 - 5 .

2 . 4 . 2  UNREFINED SODA ASH PROCESSING

As i n d i c a t e d  i n  F i g u r e  2 - 6 ,  t h e  p r o d u c t i o n  o f  c ru d e  

so d a  a sh  i s  v e r y  s i m i l a r  t o  t h e  sodium b i c a r b o n a t e  p r o c e s s ,  

w i t h  o n ly  two m ajo r  d i f f e r e n c e s . To p ro d u c e  sodium 

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

b i c a r b o n a t e  p r o c e s s .  T h is  a l l o w s  t h e  CO^ t o  e s c a p e  from th e  

s o l u t i o n  so t h a t  sodium c a r b o n a t e  fo rm s i n s t e a d  o f  sodium 

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

i s  h e a t e d  t o  a b o u t  6 0 0 - 8 0 0 °  F t o  decompose any r e m a in in g  

n a h c o l i t e  t o  sodium c a r b o n a t e  a c c o r d i n g  t o  t h e  f o l l o w i n g
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r e a c t i o n  :

2NaHC05- >  Na2 C03 + COg + H2 0

T h is  p r o c e s s i n g  f a c i l i t y  i s  d e s ig n e d  t o  p ro d u c e  5 0 0 ,0 0 0  

a n n u a l  t o n s  o f  a  f i n e ,  l i g h t  c ru d e  s o d a  a sh  t h a t  i s  

a p p r o x i m a t e l y  98 p e r c e n t  NagCO^ and 2 p e r c e n t  NaHCO^*

2 . 4 . 3  REFINED SODA ASH PROCESSING

The r e f i n e d  so d a  a sh  p r o c e s s i n g  p l a n t  i s  d e s ig n e d  to

p r o c e s s  7 55 ,0 0 0  t o n s  o f  raw n a h c o l i t e  i n t o  5 0 0 ,0 0 0  t o n s  o f

r e f i n e d  so d a  a sh  a n n u a l l y .  As i n d i c a t e d  in  F i g u r e  2 - 7 ,  t h e

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

t h e  u n r e f i n e d  soda  a sh  d e s c r i b e d  above a s  f e e d s t o c k .  Once 

t h e  c ru d e  so d a  a sh  i s  f i l t e r e d ,  d r i e d  and b l e a c h e d , t h e  so d a  

ash  i s  t h e n  mixed w i th  w a t e r  t o  form a  sodium c a r b o n a t e  

m onohydra te  s l u r r y .  E x cess  s u r f a c e  m o i s t u r e  i s  removed from 

t h e  s l u r r y  by c e n t r i f u g i n g .  The wet so d a  a sh  cake  i s  t h e n  

d r i e d  in  a  s team  tu b e  d r y e r  to  p ro d u ce  h ig h  p u r i t y ,  dense  

r e f i n e d  so d a  a s h .  T h is  p r o d u c t  can t h e n  be m ark e ted  i n  t h e  

e x i s t i n g  s o d a  ash  m a r k e t .

2 .5  SOLUTION MINING COST ESTIMATE

The s o l u t i o n  m in in g  c o s t s  a r e  d i r e c t l y  p r o p o r t i o n a l  to
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t h e  q u a n t i t y  o f  raw n a h c o l i t e  b e i n g  p ro d u c e d .  S in c e  th e  

p r o c e s s i n g  p l a n t s  were d e s i g n e d  t o  h a n d le  7 5 5 ,0 0 0  t o n s  o f  

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

s o l u t i o n  c a v i t i e s  would have t o  be mined a n n u a l l y .  In  

a d d i t i o n ,  i t  was assumed t h a t  f o u r  w e l l s  would have t o  be 

d r i l l e d  each  y e a r  t o  m o n i to r  t h e  s o l u t i o n  m in in g  a c t i v i t i e s .  

T h is  g i v e s  a  t o t a l  o f  12 h o l e s  t h a t  have t o  be d r i l l e d  and 

c a se d  a n n u a l l y .  The c a p i t a l  c o s t s  f o r  t h e  s o l u t i o n  m in ing  

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

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

p r o j e c t  f o r  l e s s  t h a n  one y e a r .  T h is  i n c l u d e s  t h e  c o s t  o f  

t h e  r i g ,  b u l l d o z e r  o p e r a t o r ,  d y n a m i te ,  w e l l  cem ent ,  b i t s ,  

and p ip e  r e l o c a t i n g .  A summary o f  t h e  c a p i t a l  and o p e r a t i n g  

c o s t s  a r e  shown in  T ab le  2 - 1 .

2 .6  COST ESTIAMTES FOR PROCESSING PLANTS

T his  s e c t i o n  p r e s e n t s  t h e  r e s u l t s  o f  t h e  c a p i t a l  and 

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

p r e v i o u s l y  d e s c r i b e d .  Major equ ipm ent  c o s t s  and o p e r a t i n g  

c o s t s  were d e v e lo p e d  from i n - h o u s e  d a t a  and vendor  q u o t e s ,  

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

m ajo r  equ ipm en t  c o s t s  u s i n g  h i s t o r i c a l  r e l a t i o n s h i p s .  The 

summaries  o f  t h e  c o s t  e s t i m a t e s  were p r o v id e d  by N i e l s e n
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TABLE 2-1

DRILLING CAPITAL COST SUMMARY 
(1983 DOLLARS)

CASING COSTS

S o l u t i o n  W el ls  (1 8 ,0 0 0  f t .  o f  N - 8 0 ,1 7 1 b . )  ---------------- $5 4 0 ,0 0 0
M o n i t o r in g  W el ls  ( 10 ,000  f t .  a t  $ 1 , 5 0 0 / 1 0 0 ’ ) --------  $15 0 ,00 0

WELL HEADS

4 I n j e c t o r s  ------------------------------------------------------------------------  $ 3 7 ,0 0 0
4 P r o d u c e r s  ------------------------------------------------------------------------  $ 74 ,0 00

FIELD PIPING

2-20"  Trunk L in e s  ( 4 ,2 5 0  f t .  a t  $ 2 8 / f t . )  ------------------ $ 119 ,000
2 -4 "  I n j .  & P ro d .  L in e s  (3300 f t .  a t  $ 5 / f t . )  ------------  $1 6 ,5 0 0

CONTINGENCY (20#)  ------------------------------------------------------------ $ 1 87 ,3 00

TOTAL CAPITAL COSTS FOR DRILLING PROGRAM -------------- $ 1 ,1 2 3 ,8 0 0

ANNUAL DRILLING OPERATING COSTS SUMMARY
COSTS

RIG COSTS
$ 5 , 500 / d a y ,  5d a y s / h o l e , 12 h o l e s  --------------------------------  $ 3 30 ,000

BULLDOZER OPERATION
$800 f o r  e ac h  p l a t f o r m  & a c c e s s  r o a d -------------------------------$ 9 ,6 0 0

DYNAMITE ( $ 4 , 0 0 0 / h o l e )  ----------------------------------------------------  $ 32 ,0 0 0

WELL CEMENT ($8 , 5 0 0 / h o l e ) ------------   $102 ,0 00

BITS ( $ 8 0 0 / b i t ,  3 b i t s / h o l e )  -----------------------------------------  $28 ,80 0

CASING REPLACEMENT ( 5 0 0 ' / h o l e ,  a v . $ 2 , 5 0 0 / 1 0 0 ' )  ----- $ 1 50 ,000

PIPE RELOCATING
$38 / f t .  f o r  4 ,2 5 0  f t .  o f  2 0 " p i p e -------------------------------- $ 1 61 ,0 00
$ 7 / f t .  f o r  3300 f t .  o f  4" p i p e ----------------------------------------$2 2 ,0 0 0

TOTAL ANNUAL DRILLING OPERATING COSTS -----------------------  $835 ,4 00
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R e s o u r c e s  C o r p o r a t i o n , and a r e  shown i n  T a b le s  2&3 i n  f i r s t  

q u a r t e r  1983 d o l l a r s . D e t a i l e d  i n f o r m a t i o n  i s  c o n s i d e r e d  

p r o p r i e t a r y  i n f o r m a t i o n  and t h u s  o n ly  t h e  g e n e r a l i z e d  

e s t i m a t i n g  t e c h n i q u e s  can  be d i s c u s s e d .

2 . 6 . 1  CAPITAL COST ESTIMATES

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

p r o v id e d  in  T ab le  2 - 2 .  These e s t i m a t e s  were d e v e lop ed  u s i n g  

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

1) A t e c h n i c a l  d e f i n i t i o n  was d ev e lo p ed  f o r  each  
equ ipm ent  i t e m .

2) I n - h o u s e  d a t a  o r  t e l e p h o n e  ven do r  q u o te s  were used  
t o  p r i c e  each  i t e m .

3) Equipment e r e c t i o n  l a b o r  was f a c t o r e d  from 
e qu ipm ent  c o s t s  b a sed  on h i s t o r i c a l  r e l a t i o n s h i p s .

4) Bulk m a t e r i a l s  and l a b o r  were f a c t o r e d  from 
equ ipm ent  c o s t s  b a sed  on h i s t o r i c a l  r e l a t i o n s h i p s .

5) S i t e  d e v e lo p m e n t ,  b u i l d i n g s , and s e r v i c e  f a c i l i t i e s  
were e s t i m a t e d  based  on c o n c e p t u a l  l a y o u t s .

6 ) E n g i n e e r i n g  and c o n s t r u c t i o n  management were 
f a c t o r e d  from d i r e c t  c o s t s  b a sed  on h i s t o r i c a l  
r e l a t i o n s h i p s .

7) A l lowance  f o r  i n d e t e r m i n e n t s  was e s t i m a t e d  a t  25 
p e r c e n t  o f  e s t i m a t e d  c a p i t a l  b a sed  on o t h e r  p r o j e c t s  
a t  t h i s  s t a g e  o f  d e v e lo p m e n t .
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TABLE 2-2

PROCESSING PLANTS CAPITAL COSTS 
(1983 DOLLARS IN THOUSANDS)

RECRYSTALLIZED UNREFINED REFINED
NAHCOLITE SODA ASH SODA ASH

PRECIPITATION & DRYING $ —0— $ 16 ,0 00 $16 ,000

MAJOR EQUIPMENT 14,000 1 ,660 4 ,1 5 0

EQUIPMENT ERECTION LABOR 5 ,59 0 650 1 ,620

BULK MATERIAL & LABOR 11 ,140 1 ,290 3 ,2 2 0

ACCESS ROADS 90 90 90

BUILDINGS 1 ,000 200 200

SERVICE FACILITIES 5 ,10 0 4 ,2 5 0 4 ,2 5 0

SUBTOTAL $ 37 ,2 2 0 $ 24 ,1 4 0 $ 29 ,5 30

ENGINEERING 3 ,3 4 0 2 ,0 70 2 ,5 3 0

CONSTRUCTION MANAGEMENT 2 ,2 4 0 1 ,550 1 ,900

CONTINGENCY (25#) 10,700 6 ,9 4 0 8 ,4 9 0

TOTAL $ 53 ,5 0 0 $ 34 ,700 $4 2 ,45 0

WORKING CAPITAL (25# o f  
t o t a l  o p e r a t i n g  c o s t s ) $ 4 ,1 3 0 $ 4 ,6 8 9 $ 5 ,8 6 6
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2 . 6 . 2  OPERATING COST ESTIMATES

T a b le  2 -3  p r o v i d e s  a summary o f  t h e  a n n u a l  o p e r a t i n g  

c o s t  e s t i m a t e s  i n  f i r s t  q u a r t e r  1983 d o l l a r s . R o y a l t i e s ,  

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

t h e  economic e v a l u a t i o n  i n  C h a p te r  3* Allowance f o r  

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

d e v e lo p ed  u s i n g  t h e  f o l l o w i n g  t e c h n i q u e s :

1 U t i l i t i e s  c o s t s  a r e  from t h e  power and f u e l  
r e q u i r e m e n t s  i n  t h e  h e a t  and m a t e r i a l  b a l a n c e  w i th  
power v a lu e d  a t  $0.05/KWHR and n a t u r a l  g a s  v a lu e d  
a t  $ 4 • OO/MMBTU.

O p e r a t i n g  l a b o r  c o s t s  a r e  from h i s t o r i c a l  d a t a  
b ased  on p l a n t  c o m p l e x i t y ,  c a p a c i t y ,  and c u r r e n t  
l a b o r  r a t e s .

D i r e c t  s u p e r v i s o n  and c l e r i c a l  l a b o r  a r e  from a 
h i s t o r i c a l  r e l a t i o n s h i p  t o  o p e r a t i n g  l a b o r .

M a in ten an ce  and r e p a i r s  a r e  6 p e r c e n t  o f  p r o c e s s i n g  
p l a n t  c a p i t a l  c o s t .

O p e r a t i n g  s u p p l i e s  a r e  from a h i s t o r i c a l  
r e l a t i o n s h i p  t o  m a in te n a n c e  and r e p a i r s .

L a b o r a t o r y  c h a r g e s  a r e  from a h i s t o r i c a l  
r e l a t i o n s h i p  t o  o p e r a t i n g  l a b o r .

L o ca l  t a x e s  and i n s u r a n c e  a r e  from a  h i s t o r i c a l  
r e l a t i o n s h i p  to  c a p i t a l  c o s t .

Overhead i s  from a  h i s t o r i c a l  r e l a t i o n s h i p  to  
o p e r a t i n g  l a b o r  and m a in t e n a n c e .
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TABLE 2-3

PROCESSING PLANTS ANNUAL OPERATING COSTS 
(1983 DOLLARS IN THOUSANDS)

RECRYSTALLIZED
NAHCOLITE

UNREFINED 
SODA ASH

REFINED 
SODA ASH

UTILITIES
E l e c t r i c i t y $661 $240 $294
F u e l 6 ,5 00 11,530 14 ,000
M i s c e l l a n e o u s too 100 100

TOTAL UTILITIES $7,261 $11 ,870 $14 ,394

OPERATING LABOR 745 701 1 ,400

SUPERVISORY & CLERICAL LABOR 112 105 210

MAINTENANCE & REPAIRS 3 ,200 2 ,082 2 , 5 0 0

OPERATING SUPPLIES 482 312 374

LABORATORY CHARGES 112 105 210

TOTAL DIRECT CHARGES $11 ,912 $15 ,175 $19 ,088

LOCAL TAXES 803 521 624

INSURANCE 535 347 416

OVERHEAD 2 ,434 1 ,730 2 ,5 00

TOTAL FIXED CHARGES $ 3 ,772 $2 ,598 $3 ,5 4 0

TOTAL ANNUAL OPERATING COSTS $ 1 5 ,6 8 4 $ 17 ,7 73 $ 2 2 ,6 2 8
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CHAPTER 3 

ECONOMIC ANALYSIS

3.1 ECONOMIC EVALUATION METHODOLOGY

In  an e f f o r t  t o  a n a l y z e  th e  economic v i a b i l i t y  o f  

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

r e f i n e d  so d a  a sh  from s o l u t i o n  mined n a h c o l i t e ,  t h e  

f o l l o w i n g  economic p a r a m e t e r s  were d e te r m in e d  f o r  each  

p r o j e c t  : 1) The i n t e r n a l  r a t e  o f  r e t u r n  (DCPROR), 2) n e t

p r e s e n t  v a l u e ,  and 3 ) b r e a k - e v e n  p r i c e  f o r  each  p r o j e c t . 

These p a r a m e t e r s  were d e te r m in e d  by d e v e l o p i n g  c u r r e n t  

d o l l a r  c ash  f lo w s  f o r  a  tw e n ty  y e a r  p r o j e c t  l i f e  f o r  each  o f  

t h e  b a se  c a s e s . The c a sh  f lo w  s t a t e m e n t s  were d ev e lo p ed  from 

t h e  c o s t  e s t i m a t e s  d e v e lo p ed  in  C h a p te r  2 .  Also an 18 

p e r c e n t  minimum r a t e  o f  r e t u r n  ( a  c u r r e n t l y  a c c e p t e d  r a t e  o f  

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

f i r m s )  and p r o d u c t  p r i c e s  o f  $81 p e r  to n  f o r  r e c r y s t a l l i z e d  

n a h c o l i t e ,  $61 p e r  to n  f o r  c ru d e  so d a  a s h , and $81 p e r  to n  

f o r  r e f i n e d  so d a  a sh  were a s su m e d . S e n s i t i v i t y  a n a l y s e s  were 

t h e n  c o n d u c te d  on t h e  b a s e  c a s e s  by c h a n g in g  p r o d u c t  p r i c e ,  

c a p i t a l  c o s t ,  and o p e r a t i n g  c o s t  d a t a  by - 40# ,  - 20#,  +20# ,

and +40#. The r e s u l t s  o f  t h e  economic a n a l y s e s  a r e  used  in
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C h a p te r  4 t o  d e te r m in e  th e  m a r k e t a b i l i t y  o f  each  p r o d u c t .

3 . 2  ECONOMIC ASSUMPTIONS

An economic a n a l y s i s  com pute r  program was used  t o  

d e v e l o p  and e v a l u a t e  t h e  c a s h  f low  s t a t e m e n t s  ( P e t e r s o n ,  

1 982) .  The f o l l o w i n g  a s s u m p t io n s  were used  a s  i n p u t  

p a r a m e t e r s  i n t o  t h e  computer  program :

Cash Plow C o m pu ta t io n .  The m ethodo logy  u sed  i n  

c o m p u t ing  th e  c u r r e n t  d o l l a r  n e t  c ash  f lo w s  i s  shown in  

F i g u r e  3 -1 •  The nom ina l  d i s c o u n t e d  cash  f low  r a t e  o f  r e t u r n  

( DCFROR) i s  c a l c u l a t e d  by d e t e r m i n i n g  t h e  d i s c o u n t i n g  r a t e  

f o r  a l l  p o s i t i v e  and n e g a t i v e  c a s h  f lo w s  t h a t  p ro d u c e s  a  n e t  

p r e s e n t  v a l u e  o f  z e r o .  B re a k - e v e n  p r i c e s  were d e te r m in e d  by 

c h a n g in g  t h e  p r o d u c t  p r i c e  used  i n  t h e  b a se  c a s e s ,  and 

r e c a l c u l a t i n g  t h e  DCFROR. Once t h e s e  two p o i n t s  were 

d e v e l o p e d , l i n e a r  r e g r e s s i o n  was used  t o  a p p ro x im a te  t h e  

b r e a k - e v e n  p r i c e  which would y i e l d  an 18 p e r c e n t  i n t e r n a l  

r a t e  o f  r e t u r n .  Each p r o j e c t  was e v a l u a t e d  on a  100 p e r c e n t  

e q u i t y  p o s i t i o n  t o  d e t e r m i n e  t h e  economic v i a b i l i t y  o f  t h e  

o v e r a l l  p r o j e c t .

P r o j e c t  S c h e d u l e . I t  i s  assumed t h a t  t h e  p r o j e c t  w i l l
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TABLE 3-1

COMPONENTS OF AN ALL EQUITY ANNUAL CASH FLOW CALCULATION

CALCULATION_________________________ COMPONENT___________________

Revenue

Less  O p e r a t i n g  C o s t s

Net Income B e fo re  D e p r e c i a t i o n  and D e p l e t i o n

Less  D e p r e c i a t i o n  and A m o r t i z a t i o n  Allowance

Net Income A f t e r  D e p r e c i a t i o n  and A m o r t i z a t i o n

Less  D e p l e t i o n  Allowance

Net T ax a b le  Income

Less  F e d e r a l  Income Tax

Net P r o f i t  A f t e r  Taxes

Add D e p r e c i a t i o n  and A m o r t i z a t i o n  A llowances

Add D e p l e t i o n  Allowance

O p e r a t i n g  Cash Flow

Less  C a p i t a l  E x p e n d i t u r e s

Less  Working C a p i t a l

Net Annual  Cash Flow
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b e g in  i n  1983 , and t h a t  c o n s t r u c t i o n  w i l l  c o n t i n u e  th r o u g h  

m id - 1 985• I t  i s  a l s o  assumed t h a t  2 . 3  p e r c e n t  o f  t h e  c a p i t a l  

w i l l  be expended i n  1983 , 79*1 p e r c e n t  i n  1984 , and 18 .6  

p e r c e n t  in  1985. These p e r c e n t a g e s  were e x t r a p o l a t e d  from 

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

E s c a l a t i o n  F a c t o r s . A l l  c o s t s  were e s t i m a t e d  i n  f i r s t  

q u a r t e r  1983 d o l l a r s .  In  o r d e r  to  d e v e lo p  c u r r e n t  d o l l a r  

c a sh  f lo w  s t a t e m e n t s , c a p i t a l  and o p e r a t i n g  c o s t s  were 

assumed t o  e s c a l a t e  a t  5•4  p e r c e n t  a  y e a r  f o r  t h e  20 y e a r

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

ash  m a r k e t ,  p r o d u c t  p r i c e s  were assumed t o  e s c a l a t e  a t  a

s l i g h t l y  low er  r a t e  o f  5 p e r c e n t  ( e s c a l a t i o n  f a c t o r s

p r o v id e d  by N i e l s e n  R e so u rc e s  C o r p o r a t i o n ) .

P r i c e . In  t h e  b a s e  c a s e  e v a l u a t i o n s ,  p r o d u c t  p r i c e s  

were  assumed t o  be $81 / t o n  f o r  n a h c o l i t e , $61 / t o n  f o r  c ru d e  

s o d a  a s h ,  and $81 / t o n  f o r  r e f i n e d  so d a  a sh  ( p r o d u c t  p r i c e s  

a r e  d e v e lo p ed  i n  d e t a i l  i n  C h a p te r  4 ) .  With 7 5 5 ,0 0 0  t o n s  o f  

n a h c o l i t e  b e i n g  s o l u t i o n  mined a n n u a l l y ,  7 5 5 ,0 0 0  t o n s  o f  

r e c r y s t a l l i z e d  n a h c o l i t e  o r  5 00 ,0 0 0  t o n s  o f  u n r e f i n e d  or 

r e f i n e d  so d a  a sh  can  be p roduced  f o r  m a r k e t i n g .

R o y a l t y .  R o y a l ty  i s  p a i d  to  t h e  l e s s o r  and i s  a
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p e r c e n t a g e  o f  g r o s s  r e v e n u e . The F e d e r a l  governm ent  l e a s e s  

t h e  sodium m i n e r a l s  a t  a  r o y a l t y  r a t e  o f  5 p e r c e n t  o f  g r o s s  

r e v e n u e .

D e p r e c i a t i o n .  A l l  c a p i t a l  e x p e n d i t u r e s  were d i v i d e d  

i n t o  t h e i r  a p p r o p r i a t e  d e p r e c i a t i o n  c a t a g o r i e s  b a sed  on th e  

y e a r  t h e  c o s t s  were i n c u r r e d  and d e p r e c i a t e d  u s i n g  175 

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

Tax D e p l e t i o n  A l low ance .  Two m ethods o f  com put ing  

d e p l e t i o n  a l l o w a n c e  a r e  c o s t  d e p l e t i o n  and s t a t u t o r y  

d e p l e t i o n .  The t a x p a y e r  may s e l e c t  t h e  amount t h a t  r e s u l t s  

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

ex ceed  50 p e r c e n t  o f  t h e  p r o j e c t ' s  n e t  income b e f o r e  

d e p l e t i o n .  The a l l o w a b l e  s t a t u t o r y  d e p l e t i o n ,  a s  s p e c i f i e d  

i n  t h e  I n t e r n a l  Revenue S e r v i c e  r e g u l a t i o n s ,  i s  14 p e r c e n t  

f o r  sodium m i n e r a l s .  S in c e  i t  was assumed t h a t  t h e r e  a r e  no 

a c q u i s i t i o n  c o s t s  o r  p r e v i o u s  e x p l o r a t i o n  c o s t s ,  c o s t  

d e p l e t i o n  i s  n o t  a p p l i c a b l e .

E f f e c t i v e  Income Tax. S t a t e  and F e d e r a l  t a x e s  were 

combined t o  g i v e  an e f f e c t i v e  t a x  r a t e  o f  50 p e r c e n t .  S in c e  

t h e  n a t u r e  o f  t h e  p r o j e c t  p a r t i c i p a t i o n  i s  n o t  known, a l l  

l o s s e s  were c a r r i e d  f o rw a rd  t o  g e n e r a t e  d e d u c t i o n s  a g a i n s t
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f u t u r e  income.

I n v e s tm e n t  Tax C r e d i t s  ( IT C ) .  Tax c r e d i t  i s  t a k e n  on 10 

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

t h e  f i r s t  p r o j e c t  y e a r  in  which income t a x e s  a r e  p a i d .  The 

ITC l i m i t  i s  85 p e r c e n t  o f  t h e  p r o j e c t ' s  t a x e s  i n  e x c e s s  o f  

$ 2 5 ,0 0 0 .  A lso ,  50 p e r c e n t  o f  t h e  ITC was d e d u c te d  from th e  

i n v e s tm e n t  c o s t  i n  e s t a b l i s h i n g  th e  b a s i s  f o r  com put ing  ACRS 

d e p r e c i a t i o n  d e d u c t i o n s .

S e v e re n c e  Tax. S e v e ra n c e  t a x  i s  c a l c u l a t e d  a t  2 .25  

p e r c e n t  o f  a l l  g r o s s  r e v e n u e  t h a t  e x c e e d s  $ 1 1 ,0 0 0 ,0 0 0 .  Due 

t o  t h e  l i m i t a t i o n s  o f  t h e  com puter  p r o g r a m , t h e  s e v e r e n c e  

t a x  r a t e  was t r a n s l a t e d  i n t o  an e f f e c t i v e  c o s t  p e r  t o n .

Working C a p i t a l .  Working c a p i t a l  was c a l c u l a t e d  a s  25 

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

E x t r a o r d i n a r y  N o n r e c u r r i n g  O p e r a t i n g  C o s t s .  I t  was 

assumed t h a t  $2 , 0 0 0 ,0 0 0  i n  r e s e a r c h  and deve lopm ent  c o s t s  

would be s p e n t  in  a  s o l u t i o n  m in ing  and p r o c e s s i n g  p i l o t  

t e s t .  T h is  t e s t  would be c a r r i e d  o u t  from 1985-1984•

3 .3  RESULTS OF THE ECONOMIC EVALUATIONS

D e t a i l e d  economic  a n a l y s e s  were pe rfo rm ed  on each



T-2685 40

p r o j e c t  u s i n g  t h e  p a r a m e t e r s  p r e s e n t e d  i n  t h e  p r e v i o u s  

s e c t i o n s  and a r e  shown in  A ppend ices  1-3» A summary o f  th e  

a n a l y s e s  a r e  shown i n  T ab le  3 -2  f o r  an 18 p e r c e n t  d i s c o u n t  

r a t e .

T a b le  3-2

Summary o f  Economic C u r r e n t  D o l l a r  A n a ly se s  
(1983  c o s t  and p r i c e  b a s i s )

R e c r y s t a l l i z e d
N a h c o l i t e

U n re f in e d  
Soda Ash

R e f in e d  
Soda Ash

Annual P r o d u c t i o n  7 5 5 ,0 0 0  t o n s  500 ,00 0  t o n s  5 00 ,0 00  t o n s

P r i c e / U n i t  
f . o . b . -  R i f l e

Nominal DCFROR

NPV ($MM)
@ 18# ROR

R e q u i r e d  P r i c e  
f o r  18# DCFROR 
@ p l a n t

♦R eq u i red  P r i c e  
f o r  18# DCFROR 
f . o . b .  - R i f l e

$81 / t o n  

5 2 .5 5 #

$ 1 1 4 . 0  

$ 3 8 . 25 / t o n  

$ 4 2 . 7 5 / t o n

$ 6 1 / to n

24 .0 8 #

$ 1 2 . 6

$81/ t o n  

27-9#

$25-0

$ 5 4 . 74 / t o n  $ 6 8 . 4 4 / t o n

$ 5 9 - 2 2 / t o n  $ 7 2 . 9 4 / t o n

♦ T r a n s p o r t a t i o n  c o s t s  to  R i f l e  a r e  assumed to  be 
$ 4 . 5 0 / to n  a s  d e v e lo p e d  i n  C h a p te r  4.

3 .4  SENSITIVITY ANALYSES

S e n s i t i v i t y  a n a l y s e s  were pe r fo rm ed  on th e  b a s e  c a s e s  

t o  e v a l u a t e  t h e  e f f e c t  on DCFROR o f  i n c r e a s e s  i n  p r i c e , 

o p e r a t i n g  c o s t s , and c a p i t a l  c o s t s .  These p a r a m e t e r s  were
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changed by -4 0 # ,  - 20# ,  +20# ,  and +40# i n  t h e  r e c a l c u l a t i o n s  

o f  t h e  DCFROR f o r  th e  s e n s i t i v i t y  a n a l y s e s .  The r e s u l t s  o f  

t h e  s e n s i t i v i t y  a n a l y s e s  a r e  l i s t e d  i n  T ab le  3 -3•

G rap h in g  th e  r e s u l t s  o f  t h e  n a h c o l i t e  s e n s i t i v i t y  

a n a l y s i s  i l l u s t r a t e s  t h a t  t h e  r a t e  o f  r e t u r n  i s  f a i r l y  

i n s e n s i t i v e  t o  changes  i n  c a p i t a l  and o p e r a t i n g  c o s t s  ( s e e  

f i g u r e  3 - 1 ) .  With a p r o d u c t  p r i c e  o f  $81 p e r  t o n ,  t h e  

p r o j e c t  w i l l  s t i l l  exceed  a  40 p e r c e n t  DCFROR w i th  a  40 

p e r c e n t  i n c r e a s e  i n  e i t h e r  t h e  c a p i t a l  or  o p e r a t i n g  c o s t s .  

T h is  i s  a d v a n ta g e o u s  t o  t h e  p r o d u c e r  s i n c e  i t  i n c r e a s e s  t h e  

p r o b a b i l i t y  o f  t h e  p r o j e c t  r e m a in in g  p r o f i t a b l e  even  w i th  

u n d e s i r a b l e  changes  in  c a p i t a l  or  o p e r a t i n g  c o s t s .  However, 

F i g u r e  3-1 does show t h a t  t h e  p r o j e c t s  r a t e  o f  r e t u r n  i s  

s e n s i t i v e  t o  chan g es  i n  p r i c e .  S in c e  th e  power i n d u s t r y  i s  

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

l o n g - t e r m  c o n t r a c t s  c o u ld  be n e g o t i t a t e d  which would 

g u a r a n t e e  p r i c e  s t a b i l i t y ,  r e d u c i n g  th e  r i s k  o f  u n f a v o r a b l e  

p r i c e  c h a n g e s .  A l so ,  p o s s i b l e  f u r t h e r  r e s e a r c h  s h o u ld  

d e t e r m i n e  w h e th e r  t h i s  s e n s i t i v i t y  can  be r e d u c ed  by 

o p t i m i z i n g  p l a n t  c a p a c i t y .

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

u n r e f i n e d  and r e f i n e d  so d a  a sh  show t h a t  t h e  p r o j e c t s ’ r a t e s



T-2685 42

TABLE 3-3

SENSITIVITY OF DCFROR TO CHANGES IN 
PRICE, OPERATING COSTS, AND CAPITAL COSTS

RECRYSTALLIZED NAHCOLITE PRODUCTION

DCFROR

OPERATING CAPITAL
CHANGES IN PARAMETERS PRICE COSTS COSTS

-  40 * 2 8 .8 * 5 8 .0 * 7 5 -5 *
-  20 ^ 41 .5* 5 5 .2 * 61 .8*

0 * 5 2 .6 * 5 2 .6 * 5 2 .6 *
+ 20 # 6 3-0* 49-8 * 4 6 .0 *
+ 40 # 7 2 .7 * 4 7 .0 * 41 .2*

UNREFINED SODA ASH PRODUCTION

DCFROR

OPERATING CAPITAL
CHANGES IN PARAMETERS PRICE COSTS COSTS

— 40 $ neg . 3 6 .5 * 3 5 .8 *
-  20 * 1 0 .6 * 3 1 .0 * 2 8 .8 *

0 % 2 4 .1 * 2 4 .1 * 24-1*
+ 20 $ 3 4-9* 15-9* 2 0 .7 *
+ 40 # 50. 6* 5 .0 * 18 .1 *

REFINED SODA ASH PRODUCTION

DCFROR

OPERATING CAPITAL
* CHANGES IN PARAMETERS PRICE COSTS COSTS

-  40 * n e g . 3 9 .9 * 4 1 .5 *
-  20 * 14 .3 * 3 4 .7 * 3 3 .3 *

0 * 2 7 .9 * 27 -9* 27-9*
+ 20 * 39-0* 2 0 .1 * 2 4 .0 *
+ 40 * 4 7 -3 * 1 0 .3 * 21 .2*
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o f  r e t u r n  a r e  much more s e n s i t i v e  t o  chang es  i n  o p e r a t i n g  

c o s t s  t h a n  in  t h e  p r e v i o u s  c a s e  ( s e e  f i g u r e s  3 -2  & 3 - 3 ) •

T h i s  i n c r e a s e  in  s e n s i t i v i t y  i s  a  r e s u l t  o f  t h e  h i g h e r

e n e r g y  c o s t s . In  t h e  equ ipm ent  s p e c i f i c a t i o n s ,  n a t u r a l  gas  

b o i l e r s  were c h osen  b e c a u s e  t h e  i n s t a l l a t i o n  o f  c o a l  b o i l e r s  

would r e q u i r e  a  much l a r g e r  c a p i t a l  i n v e s t m e n t .  A f t e r  

a n a l y z i n g  th e  r e s u l t s  o f  t h e  s e n s i t i v i t y  a n a l y s e s ,  i t  may be 

found t h a t  t h e  u se  o f  c o a l - f i r e d  b o i l e r s  may r e d u c e  f u e l

c o s t s  enough t o  j u s t i f y  t h e  h i g h e r  c a p i t a l  c o s t .  F u r t h e r

r e s e a r c h  s h o u ld  d e te r m in e  t h e  econom ics  o f  a l t e r n a t i v e  f u e l  

s o u r c e s  a lo n g  w i th  o p t i m a l  p l a n t  s i z e .
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75 %
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PERCENT CHANGE IN ECONOMIC PARAMETERS
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sensitivity analysis

F i g u r e  3-1
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CHAPTER 4

MARKET POTENTIAL FOR SOLUTION MINED NAHCOLITE

4.1 POTENTIAL MARKETS

The p r im a r y  m a rk e t s  f o r  r e c r y s t a l l i z e d  n a h c o l i t e  l i e  in

i t s u se a s  a  f l u e  gas  d e s u l f u r i z a t i o n r e a g e n t  and a s  a raw

mate r i a l f o r  t h e  p r o d u c t i o n  o f  u n r e f i n e d and r e f i n e d soda

a s h . Th e p o t e n t i a l  f o r  n a h c o l i t e  i n t h e s e  m ark e ts i s

o b v i o u s l y  based  on i n h e r e n t  p h y s i c a l  and c h e m ic a l  

p r o p e r t i e s . However, t h e  a c c e p t a n c e  o f  n a h c o l i t e  i n t o  t h e s e  

s p e c i f i c  m arke t  p l a c e s  i s  d e p e n d e n t  upon t h e  p r i c e  t h a t  t h e  

consumer must  pay f o r  t h e  d e l i v e r e d  p r o d u c t .  T h e r e f o r e , th e  

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

demand f o r  n a h c o l i t e .  The p u rp o se  o f  t h i s  m a r k e t i n g  a n a l y s i s  

i s  t o  d e te r m in e  t h e  m a r k e t a b i l i t y  o f  n a h c o l i t e  and i t s  

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

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

p r o d u c t s .

4 . 2  FLUE GAS DESULFURIZATION

P r e s e n t  d e s u l f u r i z a t i o n  t e c h n o l o g i e s  i n c l u d e  t h e
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c o n v e n t i o n a l  wet s c r u b b e r s ,  t h e  newly d e v e lo p ed  s p r a y  d r y e r  

and d r y  i n j e c t i o n  s y s t e m s .  The p rob lem s  o f  wet s c r u b b i n g  

s u l f u r  d i o x i d e  from power p l a n t  f l u e  g a s e s  has  been  w e l l  

documented ( L u tz ,  1979) .  C a p i t a l  c o s t s  f o r  t h e  c o n v e n t i o n a l  

wet s c r u b b i n g  f l u e  g a s  d e s u l f u r i z a t i o n  (FGD) equ ipm ent  has  

been  a b o u t  e q u a l  t o  t h e  c o s t  o f  t h e  e n t i r e  b o i l e r  f o r  a  new 

u n i t .  As a  r e s u l t  o f  t h e  h ig h  i n v e s tm e n t  c o s t  and low 

r e l i a b i l i t y  o f  t h e  wet s c r u b b e r  s y s t e m s ,  t h e  u t i l i t y  

i n d u s t r y  has  been  i n t e r e s t e d  i n  d e v e l o p i n g  new p r o c e s s e s  f o r  

t h e  removal  o f  SOg. While  s p r a y  d r y e r  t e c h n o l o g y  f o r  FGD may 

a l l e v i a t e  many o f  t h e  p ro b lem s  a s s o c i a t e d  w i th  c o n v e n t i o n a l  

wet s c r u b b i n g ,  t h i s  c o n c e p t  s t i l l  has  p ro b lem s  s i m i l a r  t o  

wet p r o c e s s e s .  Dry i n j e c t i o n  FGD t a k e s  t h e  deve lopm ent  

p r o c e s s  one s t e p  f u r t h e r  to  a t o t a l l y  d ry  s y s t e m ,  t h u s  

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

( EPRI, 1985) .

In  t h e  d r y  i n j e c t i o n  p r o c e s s  ( s e e  f i g u r e  4 - 1 ) ,  a 

so d u im -b ased  s o r b e n t  such  a s  n a h c o l i t e  i s  i n j e c t e d  i n t o  th e  

f l u e  g a s  duc tw ork  u p s t r e a m  o f  t h e  f a b r i c  f i l t e r .  The r e a g e n t  

and f l y  a sh  a r e  t h e n  c o l l e c t e d  on t h e  f a b r i c  f i l t e r  bags 

f o r m in g  a f i l t e r  c a k e .  The m ajor  p o r t i o n  o f  t h e  i s

a b s o r b e d  by t h e  r e a g e n t  as  i t  p a s s e s  th r o u g h  t h e  f i l t e r  cake 

a c c o r d i n g  t o  t h e  f o l l o w i n g  two r e a c t i o n s :
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1 ) 2NaHC0^ ^ Na^ 0 ^ + HgO ■+■ CO2 

2) NagCO^ + SO2 ■+■ 1 /2  0 2 ^  Na2SO^ + C0 2

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

o f  n a h c o l i t e  i s  c o n s i d e r a b l y  more e f f e c t i v e  i n  th e  removal  

o f  s u l f u r  d i o x i d e  t h a n  com m erc ia l  so d a  a s h . This  i s  b e c a u se  

a s  t h e  n a h c o l i t e  g i v e s  o f f  w a te r  and ca rb o n  d i o x i d e , a  

p o ro u s  c a r b o n a t e  c r y s t a l  i s  formed t h a t  ha s  s i g n i f i c a n t l y  

g r e a t e r  s p e c i f i c  s u r f a c e  a r e a  t h a n  com m erc ia l  sod a  a s h .  The 

r e s u l t  i s  a  much more r e a c t i v e  c a r b o n a t e  f o r  SO2 rem oval  

( B e c h t e l ,  1978) .  The n a h c o l i t e  d ry  i n j e c t i o n  p r o c e s s  o f f e r s  

many a d v a n t a g e s  o v e r  s p r a y  d r y i n g  and wet s c r u b b i n g  s y s t e m s .  

These a d v a n t a g e s  a r e  as  f o l l o w s  :

1) A m i l d e r  s t e e l  c o n s t r u c t i o n ,  t h a n  i s  used  i n  wet 
s c r u b b i n g  sy s te m s  can  be u s e d .

2) I t  o f f e r s  c a p i t a l  c o s t  s a v i n g s  and low er  m a in te n a n c e  
c o s t s .

3) T here  a r e  s i g n i f i c a n t  e n e rg y  and w a te r  s a v i n g s .

4) 10 t o  40 p e r c e n t  o f  t h e  o x i d e s  o f  n i t r o g e n  can  be 
rem oved .

5) I t  i s  a  s im p le  d r y  p r o c e s s  t h a t  t h e  u t i l i t i e s  a r e  
f a m i l i a r  w i t h .

6) Dry i n j e c t i o n  sy s te m s  a l s o  meet o p a c i t y  r e g u l a t i o n s .

These a d v a n t a g e s  have d e v e lo p e d  a s u b s t a n t i a l  i n t e r e s t  

i n  d r y  s c r u b b i n g  sy s te m s  w i t h i n  t h e  u t i l i t y  i n d u s t r y .
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The o n ly  m a jo r  d i s a d v a n t a g e  in  t h e  a p p l i c a t i o n  o f  d ry  

i n j e c t i o n  t e c h n o l o g y  i s  t h e  h ig h  r e a g e n t  c o s t .  In  c om p ar iso n  

w i t h  wet s c r u b b e r  and s p r a y  d r y e r  p r o c e s s e s ,  d ry  i n j e c t i o n  

s y s te m s  r e q u i r e  more r e a g e n t  t o  remove each  pound o f  s u l f u r .  

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

s u l f u r  c o a l , t h e  low c a p i t a l  c o s t s  a s s o c i a t e d  w i t h  t h e  d ry  

i n j e c t i o n  sy s te m  more th a n  com pensa te  f o r  t h e  a d d i t i o n a l  

r e a g e n t  c o s t , t h u s  t h e  d r y  i n j e c t i o n  sy s tem  i s  more 

eco n o m ic a l  t h a n  wet s c r u b b e r  o r  s p r a y  d r y e r  s y s te m s .  

However, i n  s c r u b b i n g  t h e  s t a c k  g a s e s  g e n e r a t e d  by u t i l i t i e s  

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

i n j e c t i o n  sy s te m  i n c r e a s e  much f a s t e r  t h a n  t h o s e  o f  t h e  

c o m pe t ing  s y s t e m s .  T h is  makes d ry  i n j e c t i o n  u n e co n om ica l  

when b u r n i n g  h ig h  s u l f u r  c o a l .

The a s s o c i a t e d  econom ics  o f  d ry  i n j e c t i o n  sy s tem s  a r e  

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

b u rn ed  and t h e  d e l i v e r e d  p r i c e  o f  n a h c o l i t e . In  p r e v i o u s  

e v a l u a t i o n s  o f  n a h c o l i t e  d ry  i n j e c t i o n  s y s t e m s , i t  was 

assumed t h a t  raw n a h c o l i t e  w i th  a p u r i t y  o f  70 p e r c e n t  would 

be  u s e d . I f  r e c r y s t a l l i z e d  n a h c o l i t e  w i th  a  98 p e r c e n t  

p u r i t y  were used  by t h e  u t i l i t i e s ,  t r a n s p o r t a t i o n  c o s t s  p e r  

t o n  o f  r e a c t i v e  m a t e r i a l  would be r ed u ced  by 28 p e r c e n t .  

T h is  w i l l  enhance  th e  econom ics  o f  s c r u b b i n g  h i g h e r  s u l f u r
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c o a l  u s i n g  d ry  i n j e c t i o n  s y s t e m s . A d d i t i o n a l l y ,  i t  i s  

b e l i e v e d  t h a t  many new power p l a n t s  w i l l  be d e s i g n e d  t o  b u rn  

lo w e r  s u l f u r  c o a l  due t o  t h e  a s s o c i a t e d  c o s t s  o f  s u l f u r  

r e m o v a l .  T h is  w i l l  enhance  t h e  p o t e n t i a l  m arke t  f o r  

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

4 . 2 . 1  PROJECTED NAHCOLITE DEMAND IN THE FGD INDUSTRY

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

was b ased  on e x i s t i n g  and f u t u r e  power p l a n t s  t h a t  b u rn  c o a l  

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

e x i s t i n g  power p l a n t  i n f o r m a t i o n  was o b t a i n e d  from an 

E l e c t r i c  Power R e s e a r c h  I n s t i t u t e  (EPRI) r e p o r t  o f  J u l y  

1981. EPRI i s  u p d a t i n g  t h i s  s t u d y ,  however ,  t h e  r e s u l t s  were 

u n a v a i l a b l e  a t  t h e  t im e  o f  t h i s  s t u d y .  The f u t u r e  power 

p l a n t  i n f o r m a t i o n  was b a se d  on th e  Power E n g i n e e r i n g  r e p o r t  

o f  A p r i l  1982.

The demand f o r  d r y  s o r b e n t s  f o r  FGD i s  h i g h l y  s e n s i t i v e  

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

p r i c e ,  s u l f u r  c o n t e n t  o f  c o a l ,  removal  r e q u i r e d ,  and 

p o t e n t i a l  c h an ges  i n  r e g u l a t i o n s  due t o  p e n d in g  a c i d  r a i n  

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

p o t e n t i a l  demand, t h e  f o l l o w i n g  a s s u m p t io n s  were made:
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1) 50 p e r c e n t  o f  t h e  new power p l a n t s  t h a t  a r e  p lan n e d  
w i l l  a c t u a l l y  be b u i l t .

2) The n a h c o l i t e  w i l l  be used  a t  a  r a t e  o f  200 
tons /year /M W  ( assum es c o a l  @ 0 . 9 #  s u l f u r  c o n t e n t ) .

3) A l l  f u t u r e  p l a n t s  a r e  p o t e n t i a l  u s e r s  o f  d ry  
i n j e c t i o n  s c r u b b i n g  s y s t e m s .

4) A l l  e x i s t i n g  p l a n t s  w i th  f a b r i c  f i l t e r s  can r e t r o f i t  
d ry  i n j e c t i o n  s c r u b b i n g  s y s t e m s .

The e x i s t i n g  power p l a n t  c a p a c i t y  t o t a l s  338 ,345

m egaw atts  (MW). The EPRI s t u d y  shows t h a t  o n ly  1 .8  p e r c e n t

o f  t h i s  c a p a c i t y  u s e s  f a b r i c  f i l t e r s ,  and t h a t  a b o u t  90

p e r c e n t  o f  t h e s e  a r e  in  t h e  w e s t e r n  U n i ted  S t a t e s . A summary 

o f  t h e  a n n u a l  new p l a n t  c o m p l e t i o n s  th r o u g h  th e  m id -1 9 9 0 ' s 

i s  p r o v id e d  i n  T ab le  4 - 1 .  As i n d i c a t e d  in  t h e  t a b l e , a b o u t  

42 p e r c e n t  o f  t h e  new U . S . p l a n t s  p la n n e d  th r o u g h  1995 w i l l  

be i n s t a l l e d  i n  t h e  W este rn  U.S .

By com bin ing  t h e  new and e x i s t i n g  c o a l - f i r e d  power 

p l a n t  c a p a c i t i e s ,  i t  i s  e s t i m a t e d  t h a t  by t h e  m id - 1 9 9 0 1s 

t o t a l  demand f o r  n a h c o l i t e  f o r  FGD w i l l  be 1 1 ,9 7 0 ,0 0 0  t o n s  

p e r  y e a r  ( s e e  t a b l e  4 - 2 ) .  T h is  demand f o r  n a h c o l i t e  i s  

c o n t i n g e n t  upon an a v a i l a b l e  s o u r c e  b e i n g  d e v e lo p ed  w i t h i n  

t h e  n e x t  few y e a r s . U n le s s  t h e r e  i s  a  d e p e n d a b le  s u p p ly  o f

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

s c r u b b i n g  sy s te m s  w i l l  be d e s i g n e d  i n t o  t h e  p l a n t s .
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TABLE 4-1

FUTURE COAL FIRED POWER PLANT CONSTRUCTION 

SOURCE: POWER ENGINEERING, APRIL 1982

CAPACITY RATING, MW

WESTERN USA EASTERN USA TOTAL 1

1982 -  1984 11 ,379  MW 17,271 MW 2 8 ,6 5 0

1985 2 ,5 8 3 5 ,4 5 9 8 ,0 4 2

1986 3 ,5 3 5 2 ,2 8 0 5 ,815

1987 2 ,7 7 0 3 ,6 6 0 6 ,4 3 0

1988 3 ,7 9 0 3 ,7 2 0 7 ,5 1 0

1989 3 ,4 7 0 5 ,8 4 0 9 ,3 1 0

1 990 + 17 ,310 2 4 ,463 41 ,7 73

TOTAL 4 4 ,8 3 7 6 2 ,693 107 ,530
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TABLE 4-2

B a s i s  : 1) 

2 )

3)

EQUIVALENT NAHCOLITE CONSUMPTION

CONSUMPTION BASED ON 200 TONS/YR/MW

EXISTING COAL FIRED POWER PLANT CAPACITY: EPRI
REPORT, JULY 1981 FOR PLANTS WITH FABRIC FILTERS

FUTURE COAL FIRED POWER PLANT CAPACITY: POWER
ENGINEERING APRIL 1982. ASSUME 50# PROBABILITY FOR 
APPROVAL AND INSTALLATION AS FORECASTED.

PROJECTED NAHCOLITE CONSUMPTION, TONS/YR 

WESTERN USA EASTERN USA TOTAL USA

EXISTING PLANTS 1 ,0 9 8 ,0 0 0 122 ,000

6 , 2 50 ,000

1 , 2 2 0 ,0 0 0

FUTURE PLANTS 4 , 500 ,000 1 0 ,7 5 0 ,0 0 0

TOTAL 5 , 5 9 8 , 0 0 0 6 ,3 7 2 ,0 0 0 1 1 ,9 7 0 ,0 0 0
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4 . 2 . 2  PRODUCTS COMPETITIVE WITH NAHCOLITE DRY INJECTION 

SYSTEMS

A l t e r n a t i v e  d e s u l f u r i z a t i o n  p r o c e s s e s  and c h e m ic a l  

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

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

i n d u s t r y .  T h is  c o m p e t i t i o n  w i l l  be im p ac ted  by s c r u b b e r  

t e c h n o l o g y  advancem en ts  and t h e  m arke t  f a c t o r s  t h a t  impact  

t h e  sodium o x id e  demand and s u p p l y .

A l t e r n a t e  d e s u l f u r i z a t i o n  t e c h n o l o g i e s  i n c l u d e  wet 

s c r u b b e r  and s p r a y  d r y e r  p r o c e s s e s .  A cco rd in g  t o  c u r r e n t  

l i t e r a t u r e ,  wet  s c r u b b i n g  w i l l  n o t  be a b l e  t o  compete  w i th  

d ry  i n j e c t i o n  or  s p r a y  d r y e r  s c r u b b i n g  o f  low s u l f u r  c o a l  

due t o  a  number o f  p rob lem s  i n h e r e n t  t o  t h e  wet s c r u b b i n g  

p r o c e s s ,  which i n c l u d e  p ro b lem s  w i th  c o r r o s i o n ,  e r o s i o n ,  and 

p l u g g i n g  and a l s o  t h e  c h a r a c t e r i s t i c  h ig h  c o s t s  o f  t h e  wet 

s c r u b b i n g  p r o c e s s .

In  th e  s p r a y  d r y i n g  p r o c e s s ,  t h e  f l u e  ga s  i s  c o n t a c t e d  

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

e v a p o r a t e d  t o  a  d r y  powder .  The d ry  p r o d u c t  s a l t s  and f l y  

a sh  a r e  t h e n  c o l l e c t e d  i n  a  dow n-s t ream  f a b r i c  f i l t e r .  The
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s o r b e n t  u sed  i s  g e n e r a l l y  a  c a l c iu m  b ased  s l u r r y  ( l im e )  o r  a  

sodium s o l u t i o n  ( s o d a  a s h ) .  A l though  t h e  s p r a y  d r y i n g  

p r o c e s s  i s  v e r y  e f f e c t i v e  i n  rem oving  from f l u e  g a s ,  i t  

i s  n o t  a s  c o s t  e f f e c t i v e  a s  a  d r y  i n j e c t i o n  sy s tem  f o r  

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

s u l f u r  c o a l . L e v e l i z e d  c a p i t a l  c o s t s  o f  s p r a y  d r y i n g  

sy s te m s  a r e  a b o u t  $115/kW a s  compared t o  $25/kW f o r  t r o n a  

and n a h c o l i t e  d ry  i n j e c t i o n  sy s te m s  ( N a u l t y ,  1983) .

The o n ly  known c h e m ic a l  r e a g e n t s  t h a t  a r e  e f f e c t i v e  in  

rem oving  from f l u e  g as  in  a  d r y  i n j e c t i o n  sy s te m  a r e

n a h c o l i t e  and t r o n a .  In  1981 a f u l l  s c a l e  d e m o n s t r a t i o n  was 

co n d u c te d  a t  P u b l i c  S e r v i c e  o f  C o l o r a d o ’ s Cameo U n i t  N o .1 

(Muzio,  1981) .  In  t h i s  t e s t ,  n a h c o l i t e  and t r o n a  were t e s t e d  

t o  d e te r m in e  t h e i r  e f f e c t i v e n e s s  i n  rem oving  SO^ from f l u e  

g a s . The r e s u l t s  o f  t h i s  t e s t  showed t h a t  in  o r d e r  t o  remove 

70 p e r c e n t  o f  t h e  SOg, n a h c o l i t e  had t o  be i n j e c t e d  a t  a 

n o r m a l i z e d  s t o i c h i o m e t r i c  r a t i o  (NSR) o f  0 .7 5  and t r o n a  a t  

an  NSR i n j e c t i o n  r a t e  o f  1 . 6 .  A cco rd in g  t o  t h e s e  r e s u l t s , 

n a h c o l i t e  i s  t w i c e  a s  r e a c t i v e ,  i . e . ,  e f f e c t i v e ,  a s  t r o n a  in  

t h e  removal  o f  SO^.

F o l lo w in g  t h e  Cameo t e s t  in  1982, EPRI e v a l u a t e d  t h e  

econom ics  o f  u s i n g  n a h c o l i t e  and t r o n a  in  d ry  i n j e c t i o n
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s y s te m s  ( N a u l t y ,  19 8 3 ) .  For  e v a l u a t i o n  p u r p o s e s ,  a  

t h e o r e t i c a l  p l a n t  l o c a t e d  i n  Keosha ,  W is c o n s in ,  was a n a ly z e d  

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

SO D es ign  R eagen t  R e q u i re d  P r i c e
Removal NSR % P u r i t y  Regent  Pe r  Ton

N a h c o l i t e  75* .85  7 0 .3 *  19 .6  TPH $100

Trona  70* 1 .2  8 5 .9 *  2 0 .3  TPH $75

A c co rd in g  t o  t h e  EPRI r e p o r t ,  t h e  p l a n t  would spend 

$1 , 9 6 0 . 0 0 / h o u r  f o r  n a h c o l i t e  o r  $ 1 , 5 2 2 . 5 0 /h o u r  f o r  t r o n a .  

Based on t h e s e  r e s u l t s ,  EPRI c o n c lu d e d  t h a t  a l t h o u g h  t r o n a  

i s  n o t  a s  r e a c t i v e  a s  n a h c o l i t e ,  i t  i s  c o m m e r c ia l ly  more 

e c o n o m i c a l .

The v a l u e s  a s s i g n e d  t o  t h e  v a r i a b l e s  used  i n  t h e  EPRI 

economic a n a l y s i s  a r e  n o t  s e t  p a r a m e t e r s . For  e x a m p le , i f  

s o l u t i o n  mined n a h c o l i t e  (98 p e r c e n t  p u re )  were s u b s t i t u t e d  

f o r  t h e  raw n a h c o l i t e  ( 7 0 .3  p e r c e n t  p u r e ) , t h e  power p l a n t  

i n  t h e  above a n a l y s i s  would o n ly  have t o  pay $ 1 ,4 1 0  p e r  hour  

f o r  n a h c o l i t e . T h is  would make n a h c o l i t e  more c o s t  

e f f e c t i v e .  O ther  v a r i a b l e  p a r a m e t e r s  a r e  t h e  p r i c e s  o f  t h e  

r e a g e n t s . U s ing  t h e  b r e a k - e v e n  p r i c e  f o r  n a h c o l i t e  d e v e lo p ed  

i n  C h a p te r  3 and t h e  t r a n s p o r t a t i o n  c o s t s  f rom s e c t i o n  

4 . 2 . 3 ,  t h e  d e l i v e r e d  p r i c e  t o  th e  p l a n t  in  W iscon s in  would
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be a p p r o x i m a t e l y  $90 p e r  t o n  ( a  $10 p e r  t o n  s a v i n g s  from t h e  

p r i c e  u sed  by EPRI) .  I t  i s  a l s o  q u e s t i o n a b l e  a s  t o  what 

p r i c e  t h e  so d a  a sh  p r o d u c e r s  i n  Wyoming would be w i l l i n g  t o  

s e l l  t r o n a .  S in c e  t h e  s t a t u t o r y  d e p l e t i o n  i s  b a sed  on th e  

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

c o u ld  r e d u c e  t h e  a l l o w a b l e  d e p l e t i o n  on so d a  a s h .

4 - 2 . 3  PRICING AND MARKET AREA

The v a lu e  o f  n a h c o l i t e  f o r  FGD i s  l a r g e l y  dep en d e n t  on 

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

power p l a n t  and t h e  c o s t  o f  t h e  l e a s t  e x p e n s i v e  a l t e r n a t e  

s c r u b b i n g  t e c h n o l o g y .  Due t o  t h e  c o m p l e x i t y  i n  e v a l u a t i n g  

t h e  v a lu e  o f  n a h c o l i t e ,  t h e  p r i c e  o f  $81 p e r  t o n  F.O.B 

R i f l e ,  C o lo ra d o ,  which  was u sed  i n  t h e  economic e v a l u a t i o n s ,  

was s u p p l i e d  by N i e l s e n  R e s o u r c e s  C o r p o r a t i o n  from 

p r o p r i e t a r y  i n f o r m a t i o n .

In  d e v e l o p i n g  t h e  m a rk e t  a r e a  f o r  s o l u t u i o n  mined 

n a h c o l i t e ,  t r a n s p o r t a t i o n  c o s t s  were added t o  th e  b r e a k - e v e n  

p r i c e  d e v e lo p ed  i n  C h a p te r  3* Quotes  were o b t a i n e d  to  

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

mine s i t e  t o  t h e  n e a r e s t  r a i l  h e a d .  These c o s t s  were 

e s t i m a t e d  t o  be $0.11 p e r - t o n - m i l e  f o r  an a v e r a g e  d i s t a n c e
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o f  40 m i l e s .  Quotes  o f  s i n g l e - c a r  r a i l  c o s t s  were t h e n  

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

t o  a  number o f  c i t i e s . These c o s t s  were t h e n  added t o  t h e  

b r e a k - e v e n  p r i c e  f o r  n a h c o l i t e  t o  d e te r m in e  t h e  d e l i v e r e d  

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

4 - 3 ) .

T ab le  4 -3  shows t h e  d e l i v e r e d  p r i c e  f o r  n a h c o l i t e  t o  

s e v e r a l  m ajo r  c i t i t e s .  S in c e  t h e r e  i s  n o t  an e x i s t i n g  m arke t  

f o r  n a h c o l i t e ,  o r  any c l o s e  s u b s t i t u t e s , t h e  maximum 

a c c e p t a b l e  d e l i v e r e d  p r i c e  c a n n o t  be d e t e r m i n e d .  However, i t  

i s  i l l u s t r a t e d  i n  T ab le  4 -3  t h a t  t h e  d e l i v e r e d  p r i c e  o f  

n a h c o l i t e  t o  any d o m e s t i c  m ark e t  w i l l  f a l l  be tw een  $65•55 

and $125-45 p e r  t o n .

4 . 3  UNREFINED SODA ASH

The use  o f  so d a  a sh  has  been  known s i n c e  e a r l y  t i m e s .  

The E g y p t i a n s  r e c o v e r e d  so d a  a sh  from d ry  l a k e  beds  f o r  use  

i n  making g l a s s  c o n t a i n e r s .  In  o t h e r  p a r t s  o f  t h e  w o r l d , 

so d a  a sh  was r e c o v e r e d  from t h e  ash  o f  b u r n t  wood and m ar ine  

p l a n t s .  In  t h e  l a t e  18 th  c e n t u r y ,  LeBlanc d e v e lo p e d  a 

p r o c e s s  f o r  p r o d u c i n g  s y n t h e t i c  so d a  a sh  from s a l t , s u l f u r i c  

a c i d , c o a l , and l i m e s t o n e .  T h is  p r o c e s s  was improved by
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TABLE 4 -3

DELIVERED PRICE FOR RECRYSTALLIZED NAHCOLITE
(1983 DOLLARS)

TRANSPORTATION COSTS FROM 
DESTINATION RIFLE, CO. TO DESTINATION ♦DELIVERED PRICE

DENVER, CO. $ 2 2 .8 0 $65-55
BRUSH, CO. $ 2 6 .3 8 $6 9 .13
HAYS, CO. $ 3 6 .0 0 $7 8 .75
SANTA FE, NM. $ 3 6 .8 2 $79-57
ALBUQUERQUE, NM $ 3 8 .8 8 $8 1 .63
LUBBOECK, TX. $ 4 1 .9 0 $ 84 .6 5
EL PASO, TX $ 4 6 .9 4 $89-69
PHOENIX, AZ. $55-60 $ 98 .35
TUCSON, AZ. $ 5 5 .1 0 $ 97 .85
CHICAGO, IL . $ 5 7 .1 4 $99-89
ST. LOUIS, MO. $ 5 4 .3 6 $97.11
NEW ORLEANS, LA. $63-79 $ 10 6 .54
ATLANTA, GA. $ 69 -38 $ 11 2 .13
PITTSBURGH, PA. $ 70 .2 2 $ 11 2 .97
WASHINGTON, DC. $ 7 8 .3 4 $ 12 1 .09
NEW YORK CITY, NY. $ 8 2 .7 0 $125-45
BOSTON, MA. $85-70 $128 .45
NEEDLES, CA. $ 50 .6 2 $93-37
ELKE, NV. $ 3 6 .0 0 $7 8 .75
VALMY, NV. $ 3 8 .8 8 $ 81 .6 3
SALT LAKE CITY, UT. $ 2 8 .8 0 $71 .55
BOISE, ID. $ 4 1 .8 0 -  $84-55
BILLINGS, MT. $ 4 8 .9 8 $ 9 1 .7 3
CASPER, WY. $ 2 8 .8 0 $ 71 .55
CHEYENNE, WY. $ 2 6 .3 8 $ 69 .1 3
RAPID CITY, ND. $ 3 8 .8 8 $8 1 .63
SCOTTSBLUFF, NE. $ 3 2 .3 8 $ 7 5 .1 3

* BASED ON PRICE OF $ 4 2 .7 5  f . o . b .  RIFLE, COLORADO
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E r n e s t  and A l f r e d  S o lvay  i n  t h e  1860’s by u s i n g  ammonia as  a 

c a t a l y s t .  The S o lvay  p r o c e s s  g a in e d  p o p u l a r i t y ,  and i s  t h e  

b a s i c  method u sed  t h r o u g h o u t  t h e  w orld  f o r  making s y n t h e t i c  

so d a  a s h .  With t h e  d i s c o v e r y  o f  t h e  Wyoming t r o n a  d e p o s i t s  

and d eve lopm en t  o f  l a k e  b r i n e s , n a t u r a l  s o d a  a sh  p r o d u c t i o n  

h as  r e p l a c e d  a lm o s t  a l l  s y n t h e t i c  s o d a  a sh  i n  t h e  U n i ted  

S t a t e s .

Thermal d e c o m p o s i t i o n  o f  raw n a h c o l i t e  y i e l d s  a  c ru d e  

so d a  a sh  q u i t e  s i m i l a r  t o  t h a t  p roduced  from t r o n a  i n  th e  

f i r s t  s t a g e  o f  m a n u f a c t u r i n g  r e f i n e d  so d a  a s h .  A c co rd ing  t o  

t h e  p r e f e a s i b i l i t y  work perfomed by N i e l s e n  R e so u rc e s  

C o r p o r a t i o n ,  t h e  u n r e f i n e d  so d a  a sh  p roduced  from a 

n a h c o l i t e  s o l u t i o n  mine would be 98 p e r c e n t  so d a  c a r b o n a t e  

and 2 p e r c e n t  sodium b i c a b o n a t e .  I n i t i a l l y ,  t h i s  u n r e f i n e d  

so d a  a sh  c o u ld  be s o l d  t o  t h o s e  consum ers  t h a t  do no t  

r e q u i r e  e x p e n s i v e  r e f i n e d  s o d a  a s h ,  b u t  a r e  f o r c e d  t o  

p u r c h a s e  r e f i n e d  so d a  a sh  s i n c e  i t  i s  t h e  o n ly  s o u r c e  o f  

sodium c a r b o n a t e  a v a i l a b l e . Examples o f  m a rk e t s  t h a t  can 

a c c e p t  l e s s  t h a n  f u l l y  r e f i n e d  so d a  a sh  a r e  i n  t h e  

m a n u f a c tu r e  o f  g r e e n  and amber c o n t a i n e r  g l a s s ,  g l a s s  wool 

f i b e r , and w a t e r  t r e a t m e n t .  Once a s u p p l y  o f  u n r e f i n e d  so d a  

a sh  i s  a v a i l a b l e ,  o t h e r  m a n u f a c t u r e r s  u s i n g  r e f i n e d  so da  a sh  

may s w i t c h  t o  u n r e f i n e d  s o d a  a sh  i f  t h e  p r i c e  d i f f e r e n t i a l
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can  j u s t i f y  any c a p i t a l  and o p e r a t i n g  c o s t s  i n c u r r e d  i n  th e  

s w i t c h .

4 . 3 . 1  POTENTIAL DEMAND FOR UNREFINED SODA ASH

The i n i t i a l  m ark e t  f o r  u n r e f i n e d  soda  w i l l  be t h a t  p a r t  

o f  t h e  c o n v e n t i o n a l  so d a  a sh  m ark e t  n o t  r e q u i r i n g  th e  o n ly  

h ig h  g ra d e  p r o d u c t  a v a i l a b l e . I n  an e f f o r t  t o  d e t e r m i n e  t h e  

p o t e n t i a l  d e g r e e  o f  p r o d u c t  s u b s t i t u t i o n , a  number o f  m ajor  

u s e r s  o f  r e f i n e d  sod a  a sh  were c o n t a c t e d  in  a  m arke t  s u r v e y . 

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

how ever ,  t h e  r e s u l t s  do i n d i c a t e  t h a t  t h e r e  i s  an i n t e r e s t  

i n  7 5 0 ,0 0 0  t o  9 3 5 ,0 0 0  t o n s  o f  u n r e f i n e d  so d a  a sh  p e r  y e a r . 

S in c e  t h i s  s u r v e y  o n ly  c o v e re d  a f r a c t i o n  o f  t h e  p o t e n t i a l  

c o n s u m e r s , t h e  a c t u a l  m ark e t  f o r  u n r e f i n e d  so d a  a sh  i s  

p o t e n t i a l l y  much l a r g e r .  A more d e t a i l e d  m ark e t  s u r v e y  

s h o u ld  be t h e  b a s i s  o f  f u r t h e r  i n v e s t i g a t i o n s .

4 . 3 . 2  PRICING AND MARKET AREA

D e te r m in in g  t h e  v a l u e  o f  u n r e f i n e d  so d a  a sh  i s  

d i f f i c u l t  s i n c e  t h e r e  i s  n o t  an e x i s t i n g  m arke t  o r  any c l o s e  

p r o d u c t  s u b s t i t u t e s .  T h u s , t h e  p r i c e  used in  t h e  b a s e  c a se



T-2685 64

economic e v a l u a t i o n s  i n  C h a p te r  3 was s e l e c t e d  somewhat 

a r b i t r a r i l y  a t  75 p e r c e n t  o f  t h e  p r i c e  o f  r e f i n e d  so d a  a s h .  

I t  i s  b e l i e v e d  t h a t  t h i s  p r i c e  r e d u c t i o n  would be  enough t o  

s t i m u l a t e  a  s u b s t a n t i a l  m a rk e t  demand.

In  d e t e r m i n i n g  th e  m ark e t  a r e a  f o r  u n r e f i n e d  so d a  a s h , 

a  p r i c e  c e i l i n g  had t o  be d e t e r m i n e d .  S in c e  a m ark e t  f o r  

c ru d e  so da  a sh  does  n o t  e x i s t ,  t h e  p r i c e  o f  d e l i v e r e d  so da  

a sh  i s  used  a s  t h e  p r i c e  c e i l i n g  f o r  u n r e f i n e d  so d a  a s h .  As 

i n  s e c t i o n  4 . 2 . 3 »  t h e  b r e a k - e v e n  p r i c e  f o r  u n r e f i n e d  so d a  

a s h , which  was d e v e lo p e d  i n  C h a p te r  3» was added t o  

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

u n r e f i n e d  so d a  a sh  ( s e e  t a b l e  4 - 4 ) •  As i l l u s t r a t e d  i n  T ab le  

4 - 4 ,  t h e  d e l i v e r e d  p r i c e  f o r  u n r e f i n e d  soda  a sh  r a n g e s  from 

$ 8 2 .0 2  t o  $144*92 p e r  t o n .  I t  i s  assumed t h a t  t h e  u p p e r  end 

o f  t h i s  r a n g e  i s  n o t  e c o n o m ic a l  s i n c e  r e f i n e d  soda  a sh  can 

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

C o n s e q u e n t l y ,  t h e  m arke t  a r e a  f o r  u n r e f i n e d  sod a  a sh  i s  

l i m i t e d  t o  t h e  s t a t e s  w es t  o f  t h e  M i s s i s s i p p i  R i v e r . I t  

s h o u ld  be p o i n t e d  o u t  t h a t  t h e  t r a n s p o r t a t i o n  c o s t s  used  in  

t h i s  s t u d y  were q u o t e s  f o r  s i n g l e - c a r  r a i l  r a t e s . These 

t r a n s p o r t a i o n  c o s t s  may be r e d u c e d  once s h i p p i n g  c o n t r a c t s  

a r e  n e g o t i a t e d .
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TABLE 4 -4

DELIVERED PRICE FOR UNREFINED SODA ASH 
(1983 DOLLARS)

TRANSPORTATION COSTS FROM
DESTINATION RIFLE, CO. TO DESTINATION ♦DELIVERED

DENVER, CO. $ 2 2 .8 0 $8 2 .02
BRUSH, CO. $ 2 6 .3 8 $85-60
HAYS, CO. $ 3 6 .0 0 $95-22
SANTA FE, NM. $ 3 6 .8 2 $96 .04
ALBUQUERQUE, NM $ 3 8 .8 8 $ 98 .1 0
LUBBOECK, TX. $ 4 1 .9 0 $101 .12
EL PASO, TX $ 4 6 .9 4 $106 .16
PHOENIX, AZ. $ 55-60 $ 114 .82
TUCSON, AZ. $55-10 $114-32
CHICAGO, IL . $57-14 $116 .36
ST. LOUIS, MO. $54-36 $113-58
NEW ORLEANS, LA. $63-79 $123-01
ATLANTA, GA. $69-38 $128 .60
PITTSBURGH, PA. $70 .2 2 $129-44
WASHINGTON, DC. $78 .3 4 $137-56
NEW YORK CITY, NY. $ 8 2 .7 0 $141-92
BOSTON, MA. $85-70 $144-92
NEEDLES, CA. $ 5 0 .6 2 $109-84
ELKE, NV. $ 3 6 .0 0 $95-22
VALMY, NV. $ 3 8 .8 8 $ 9 8 .1 0
SALT LAKE CITY, UT. $ 2 8 .8 0 $ 88 .02
BOISE, ID. $ 4 1 .8 0 $101 .02
BILLINGS, MT. $ 4 8 .9 8 $10 8 .2 0
CASPER, WY. $ 2 8 .8 0 $88 .02
CHEYENNE, WY. $ 2 6 .3 8 $85-60
RAPID CITY, ND. $ 3 8 .8 8 $ 98 .1 0
SCOTTSBLUFF, NE. $ 3 2 .3 8 $91-60

* BASED ON PRICE OF $59-22  f . o . b .  RIFLE, COLORADO
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4 -4  REFINED SODA ASH

R e f in e d  so d a  a sh  i s  t h e  most  o b v io u s  c h e m ic a l  p r o d u c t  

which  can  be made s t a r t i n g  w i th  t h e  n a h c o l i t e  s o l u t i o n  s i n c e  

i t  i s  an e x i s t i n g ,  m a tu re  m a r k e t .  R e f in e d  so d a  a sh  i s  

p r e f e r r e d  o v e r  c ru d e  so da  a sh  by many p r o d u c e r s  o f  g l a s s  and 

d e t e r g e n t s  s i n c e  i t  i s  f r e e  o f  i m p u r i t i e s ,  and i s  d e n s e r  

t h a n  u n r e f i n e d  so d a  a sh  which s a v e s  t r a n s p o r t a i o n  c o s t s . 

S in c e  t h e  so d a  a sh  m a rk e t  i s  c u r r e n t l y  o v e r - s u p p l i e d , 

n a h c o l i t e - b a s e d  s o d a  a sh  must  o f f e r  some a d v a n ta g e  o v e r  t h e  

c u r r e n t  s u p p l y  o f  s o d a  a sh  i n  o r d e r  to  g a in  a  m ark e t  s h a r e .

4 . 4 .1  SUPPLY/DEMAND BALANCE

In  an e f f o r t  t o  d e t e r m i n e  t h e  s t a t u s  o f  t h e  p r e s e n t  

s o d a  a sh  i n d u s t r y  and t o  i d e n t i f y  any m ark e t  t r e n d s , a 

m ark e t  s u r v e y  o f  a l l  d o m e s t i c  so d a  a sh  p r o d u c e r s  was 

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

so d a  a sh  c a p a c i t y  i a  a p p r o x i m a t e l y  10 .83  m i l l i o n  t o n s  p e r  

y e a r . T h is  c a p a c i t y  i s  d i v i d e d  among t h e  p r o d u c e r s  a s  shown 

i n  T ab le  4 - 5 .

In  1982, t h e  d o m e s t i c  c o n su m p t io n  o f  so d a  a sh  was 

a p p r o x i m a t e l y  7 .8 3  m i l l i o n  t o n s  which i s  o n ly  72 p e r c e n t  o f



TABLE 4-5

CAPACITY OF DOMESTIC SODA ASH PRODUCERS 
(IN MILLIONS OF SHORT TONS)

COMPANY CAPACITY

S t a u f f e r ,  WY. 1 .9 8

A l l i e d ,  WY. 2 .0 0

FMC, WY. 2 .85

T e x a s g u l f , WY. 1 .00

T en n e co , WY. 1 .00

A l l i e d ,  NY. .70

Kerr-McGee, C a . . 1 .30

T o t a l  10 .83
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the  dom est ic  c a p a c i t y  ( K o s t i c k ,  19 82 ) .  Due to  t h i s  in d u s tr y  

o v e r - c a p a c i t y ,  the  p r i c e  o f  soda ash f . o . b . Green R iv e r ,  

Wyoming, dropped from $91 per ton in l a t e  1981 t o  $81 per  

ton  in  l a t e  1982. The reason  f o r  t h i s  down-turn in  an 

o t h e r w is e  s t a b l e  in d u s tr y  was th e  r e c e n t  r e c e s s i o n .  

Approximately 50 t o  53 p er ce n t  o f  the  soda ash in the United  

S t a t e s  i s  used in  the  manufacture o f  g l a s s  ( s e e  f i g u r e  4 - 2 ) .  

With th e  d r a s t i c  r e d u c t io n  in  the  number o f  homes b e in g  

b u i l t ,  f l a t  g l a s s  and f i b e r  consumption dropped o f f  

s i g n i f i c a n t l y .  T h is ,  a lo n g  w ith  the  s u b s t i t u t i o n  o f  g l a s s  

b o t t l e s  w ith  p l a s t i c  ( PET) b o t t l e s , has accounted f o r  a 

l a r g e  p o r t io n  o f  the  r e d u c t io n  in demand.

In the  l a s t  few y e a r s ,  s e v e r a l  producers  have expanded 

p rodu ct ion  c a p a c i t y  in  a n t i c i p a t i o n  o f  d e v e lo p in g  the  

p o t e n t i a l  in  f o r e i g n  m arkets .  Although t h i s  i s  a huge market 

p o t e n t i a l ,  U.S .  producers  have been o b s tr u c te d  by f o r e i g n  

p o l i t i c a l  b a r r i e r s .  To d a t e , t h e s e  p o l i t i c a l  b a r r i e r s  have 

not been overcome.

Due to  the  p r e s e n t  c o n d i t i o n  o f  th e  soda ash m arket , 

the  growth in demand i s  o n ly  expected  to  grow a t  zero  to  one 

p e r ce n t  per annum, with  p r i c e s  e s c a l a t i n g  below the  r a te  o f  

i n f l a t i o n  f o r  the  next  few y e a r s  ( L e i s e r , 1 982) .



£

Figure  4 - 2 .  End u ses  o f  soda ash
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4 . 4 . 2  POTENTIAL DEMAND FOR NAHCOLITE-BASED SODA ASH

The a s t a t u s  o f  the  soda ash in d u s tr y  has made e n tr y  o f  

new producers  u n a t t r a c t i v e .  However, most o f  the  dom est ic  

soda ash i s  sh ipped from Green R iv e r ,  Wyoming, a lo n g  on ly  

one r a i l  sy s tem .  As a r e s u l t ,  th e re  has been an e x p ressed  

i n t e r e s t  among la r g e  consumers o f  soda ash in  a second  

so u rce  o f  soda ash to  lower the  dependency on one r a i l r o a d .

In an e f f o r t  to  determine the  market p o t e n t i a l  f o r  a 

second sou rce  o f  soda a s h , s e v e r a l  l a r g e  consumers were 

su rv ey ed .  Although the  d e t a i l s  o f  t h i s  survey  are  

p r o p r ie t a r y  in fo r m a t io n ,  th e  r e s u l t s  show an i n t e r e s t  in

1 , 4 0 0 , 0 0  t o  1 ,6 5 0 ,0 0 0  to n s  o f  soda ash a n n u a l ly  to  be 

shipped by an a l t e r n a t e  r a i l r a o d .

4 . 4 . 3  PRICING AND MARKET AREA

The p r i c e  f o r  the  r e f i n e d  soda ash was s e t  at  the  

p r e se n t  market p r i c e  f o r  soda ash f o r  the  economic a n a ly s e s  

in  Chapter 3• From the  b reak-even  a n a l y s i s  conducted in  

Chapter 3 ,  i t  was determined th a t  r e f i n e d  soda ash cou ld  be 

s o l d  f o r  $ 7 2 .7 5  per ton  f . o . b .  R i f l e ,  Colorado. With the
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cu rre n t  market p r i c e  f o r  soda ash at  $81 per ton f . o . b . ,  i t  

was concluded th a t  n a h c o l i t e - b a s e d  r e f i n e d  soda ash could  

ga in  a s i g n i f i c a n t  sh are  o f  the  market by o f f e r i n g  an 

a l t e r n a t i v e  s o u r c e .

The market area  f o r  the  r e f in e d  soda ash i s  shown in  

Table 4 - 6 .  The d e l i v e r e d  p r i c e  f o r  r e f i n e d  soda ash ranges  

from $ 9 5 . 7 4 / t o n  to  $ 1 5 8 . 6 4 / t o n .  Although t h e s e  p r i c e s  are  

s l i g h t l y  h ig h er  than the  Wyoming soda ash p r i c e s ,  i t  i s  

b e l i e v e d  th a t  once t r a n s p o r t a i o n  c o s t s  are n e g o t i a t e d ,  

n a h c o l i t e - b a s e d  r e f i n e d  soda ash w i l l  be a b le  to  compete 

w ith  Wyoming soda ash s i n c e  th ey  are v i r t u a l l y  the  same 

d i s t a n c e  from the  major soda ash consumers.
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TABLE 4-6

DELIVERED PRICE FOR REFINED SODA ASH 
(1983 DOLLARS)

TRANSPORTATION COSTS FROM 
DESTINATION RIFLE, CO. TO DESTINATION ♦DELIVERED PRICE

DENVER, CO. $ 2 2 .8 0 $95-74
BRUSH, CO. $ 2 6 .3 8 $99-32
HAYS, CO. $ 3 6 .0 0 $10 8 .9 4
SANTA FE, NM. $ 3 6 .8 2 $109-76
ALBUQUERQUE, NM $ 3 8 .8 8 $11 1 .82
LUBBOECK, TX. $ 4 1 .9 0 $114-84
EL PASO, TX $ 4 6 .9 4 $ 1 1 9 .8 8
PHOENIX, AZ. $ 5 5 .6 0 $12 8 .5 4
TUCSON, AZ. $ 55-10 $12 8 .0 4
CHICAGO, IL. $ 5 7 .1 4 $ 1 3 0 .0 8
ST. LOUIS, MO. $ 5 4 .3 6 $ 12 7 .3 0
NEW ORLEANS, LA. $ 63-79 $ 13 6 .7 3
ATLANTA, GA. $69-38 $14 2 .3 2
PITTSBURGH, PA. $ 7 0 .2 2 $143-16
WASHINGTON, DC. $ 7 8 .3 4 $151 .28
NEW YORK CITY, NY. $ 8 2 .7 0 $ 155 .64
BOSTON, MA. $ 8 5 .7 0 $ 15 8 .64
NEEDLES, CA. $ 5 0 .6 2 $123-56
ELKE, NV. $ 3 6 .0 0 $10 8 .9 4
VALMY, NV. $ 3 8 .8 8 $ 111 .82
SALT LAKE CITY, UT. $ 2 8 .8 0 $ 101 .74
BOISE, ID. $ 4 1 .8 0 $11 4 .74
BILLINGS, MT. $ 4 8 .9 8 $12 1 .9 2
CASPER, WY. $ 2 8 .8 0 $ 10 1 .74
CHEYENNE, WY. $ 2 6 .3 8 $ 99 .3 2
RAPID CITY, ND. $ 3 8 .8 8 $11 1 .8 2
SCOTTSBLUFF, NE. $ 3 2 .3 8 $10 5 .3 2

* BASED ON PRICE OF $ 7 2 .9 4  f . o . b .  RIFLE, COLORADO
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CHAPTER 5 

SUMMARY AND CONCLUSIONS

The o n s e t  o f  a c id  r a in  over  the  p a s t  few y e a r s  has  

prompted the  power in d u s tr y  to  d e v e lo p  new s t a c k  gas  

scru bb ing  sys tem s t h a t  are e f f e c t i v e ,  r e l i a b l e ,  and more 

c o s t  e f f e c t i v e  than c o n v e n t io n a l  wet scru bb ing  sy s te m s .  To 

d a t e ,  dry i n j e c t i o n  o f  n a h c o l i t e  i s  th e  most e f f e c t i v e  

scru bb ing  system f o r  the  removal o f  s u l f u r  d io x id e  from low 

s u l f u r  c o a l . The p o t e n t i a l  market f o r  n a h c o l i t e  as an FGD 

r eagent  has l e d  to  e x t e n s i v e  i n t e r e s t  in  the  economics o f  

producing n a h c o l i t e  from the  P icean ce  Creek Basin o f  w estern  

Colorado.

This  t h e s i s  was conducted to  determine the  economic  

f e a s i b i l i t y  o f  r e c o v e r in g  and p r o c e s s i n g  n a h c o l i t e  to  

produce FGD r e a g e n t s ,  and u n re f in e d  and r e f i n e d  soda ash .  

Due to  the  c h a r a c t e r i s t i c s  o f  the  n a h c o l i t e  r e s o u r c e ,  

s o l u t i o n  mining i s  b e l i e v e d  t o  be the  opt im al  mining method 

f o r  r e c o v e r in g  n a h c o l i t e . Cost e s t i m a t e s  were developed f o r  

the  mining and p r o c e s s i n g  f a c i l i t i e s  and were used in  

determ in in g  th e  economics o f  producing and marketing  

n a h c o l i t e .
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5.1 MINING AND PROCESSING COST SUMMARY

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

which were developed in  a p r e f e a s i b i l i t y  s t u d y , are  shown in  

Table 5-1 in  m i l l i o n s  o f  d o l l a r s . Costs  are  f i r s t  quarter  

1985 current  d o l l a r s ,  and are expected  to  have an accuracy  

o f  (+) or ( - )  25 p e r c e n t .

TABLE 5-1

CAPITAL COST ESTIMATE SUMMARY

(1985 MILLION DOLLARS)

Unrefined R ef ined
N a h c o l i t e  Soda Ash Soda Ash

P r o c e s s in g  P lan t  $53*5 $ 5 4 .7  $4 2 .5
D r i l l i n g  Program $ 1 .2  $ 1 .2  $ 1 .2

T o ta l  $ 5 4 .7  $ 5 5 .9  $ 4 5 .7

ANNUAL OPERATING COST ESTIMATE SUMMARY

P r o c e s s in g  P lan t  $ 1 5 .7  $ 1 7 .8  $ 2 2 .6
D r i l l i n g  Program $ 0 .9  $ 0 .9  $ 0 .9

T ota l  $ 1 6 .6  $ 1 8 .7  $25-5

5 .2  SUMMARY OP ECONOMIC EVALUATION

Using the  e s t im a te d  c o s t s  shown a b o v e , 20 y e a r  cash

f lo w s  were developed to  determ ine  th e  DCFROR, n e t  p r e sen t
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v a lu e  (NPV), and brea k -ev en  p r i c e  per ton f o r  each p r o d u c t . 

The DCFROR i s  c a l c u l a t e d  from c u rren t  ( i n f l a t e d )  d o l l a r  cash  

f lo w s  as i s  the  NPV and break -ev en  p r i c e .  The NPV was 

c a l c u l a t e d  u s in g  an 18 p e r c e n t  nominal r a te  o f  re tu r n  and 

th e  break -ev en  p r i c e  i s  th a t  p r i c e  n e c e s s a r y  to  y i e l d  an 18 

p e r c e n t  DCFROR. The r e s u l t s  o f  th e  economic a n a ly s e s  are  

summarized in  the Table 5 - 2 .

TABLE 5-2

SUMMARY OF ECONOMIC CURRENT DOLLAR ANALYSES 
(1983 c o s t  and p r i c e  b a s i s )

N a h c o l i t e
Unref ined  

Soda Ash
R efined  
Soda Ash

Annual Product ion  7 5 5 ,0 0 0  to n s  500 ,0 00  to n s  500 ,000  to n s

P r i c e / U n i t  
f . o . b . -  R i f l e

Nominal DCFROR

NPV ($MM)
@18* ROR

Required P r ic e  
f o r  18# DCFROR 
@ p la n t

Required P r ic e  
f o r  18# DCFROR 
f . o . b . -  R i f l e

$ 81 / t o n  

5 2 .6 #

$ 1 1 4 .0

$61 / t o n  

2 4 .1 #

$ 1 2 .6

$81/ t o n  

2 7 .9 #

$ 2 5 .0

$ 3 8 . 2 5 / t o n  $ 5 4 . 7 4 / t o n  $ 6 8 . 4 4 / t o n

$ 4 2 . 7 5 / t o n  $ 5 9 . 2 2 / t o n  $ 7 2 . 9 4 / t o n

5-3  SUMMARY OF MARKETING ANALYSES

The o b j e c t i v e  o f  the  m arketing s tudy was t o  determine
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the  market p o t e n t i a l  f o r  n a h c o l i t e  as a PGD r e a g e n t ,  and as  

a so u rce  o f  u n r e f in e d  and r e f i n e d  soda a sh .  The market 

p o t e n t i a l  f o r  n a h c o l i t e  in  the  PGD market was assumed t o  be 

the  amount n a h c o l i t e  needed to  scrub the  f l u e  gas  in  a l l  

e x i s t i n g  and f u t u r e  power p l a n t s  th a t  are or w i l l  be burning  

c o a l  and equipped w ith  baghouse f i l t e r s . The market 

p o t e n t i a l s  f o r  n a h c o l i t e  in  th e  u n r e f in e d  and r e f in e d  soda  

ash markets were determined by s u r v e y in g  s e v e r a l  major soda  

ash consum ers. The r e s u l t s  o f  the  marketing a n a l y s i s  showed 

th a t  the  demand f o r  n a h c o l i t e  as  a FGD reag en t  may reach

1 1 .9 7 0 .0 0 0  t o n s  by the  m id-19 9 0 ' s .  However, i t  i s  important  

t o  note  t h a t  t h i s  i s  a c o n s e r v a t i v e  e s t i m a t e  s i n c e  i t  was 

assumed th a t  the  power p l a n t s  would be burning low s u l f u r  

c o a l  ( 0 . 9 #  s u l f u r  c o n t e n t ) .  I f  h igher  s u l f u r  were u s e d , more 

n a h c o l i t e  would be r eq u ired  to  remove the  s u l f u r  i n c r e a s i n g  

the  p o t e n t i a l  demand f o r  n a h c o l i t e .  The marketing a n a l y s i s  

a l s o  showed th a t  th e r e  i s  an immediate annual demand f o r

7 5 0 .0 0 0  t o  9 3 5 ,0 0 0  to n s  o f  u n r e f in e d  soda ash ,  and 1 ,4 0 0 ,0 0 0  

to  1 ,6 5 0 ,0 0 0  t o n s  o f  r e f i n e d  soda a sh .

5 -4  CONCLUSIONS

This t h e s i s  has shown th a t  s u f f i c i e n t  r e s o u r c e s  and 

market p o t e n t i a l  e x i s t  t o  warrant fu r t h e r  i n v e s t i g a t i o n s
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reg a r d in g  the  s o l u t i o n  mining o f  n a h c o l i t e . A d d i t i o n a l l y ,  i t  

has been shown on a p r e f e a s i b i l i t y  b a s i s  th a t  a n a h c o l i t e  

s o l u t i o n  mining p r o j e c t  i s  e c o n o m ic a l ly  v i a b l e .

The r e s u l t s  o f  the  economic a n a ly s e s  show t h a t  the  

brea k -even  p r i c e s  f o r  r e c r y s t a l l i z e d  n a h c o l i t e ,  u n r e f in e d  

soda a sh ,  and r e f i n e d  soda ash are  $ 4 2 .7 5 ,  $59*22,  and

$ 7 2 .9 4  per ton  f . o . b .  R i f l e ,  Colorado,  r e s p e c t i v e l y .  Each o f  

t h e s e  p r i c e s  would g i v e  the  p r o j e c t  an 18 p ercen t  DCFROR.

The marketing a n a l y s i s  showed th a t  n a h c o l i t e  dry 

i n j e c t i o n  system s are more c o s t  e f f e c t i v e  in  scru bb ing  low 

s u l f u r  c o a l  than the  c u r r e n t l y  used spray dryer  and wet  

scru bb ing  sy s te m s .  The o n ly  p o t e n t i a l  s u b s t i t u t e  f o r  

n a h c o l i t e  in  dry i n j e c t i o n  sy s tem s i s  t ro n a .  I t  cannot be 

determined whether or not  n a h c o l i t e  i s  more c o s t  e f f e c t i v e  

than tro n a  at  a p r i c e  o f  $ 4 2 .7 5  per ton s i n c e  trona  i s  not  a 

c u r r e n t l y  marketed product and thus does not  have an 

e s t a b l i s h e d  market p r i c e . However i t  i s  b e l i e v e d  th a t  the  

p u r i t y  d i f f e r e n t i a l  between t ro n a  and r e c r y s t a l l i z e d  

n a h c o l i t e  w i l l  enhance th e  m a r k e t a b i l i t y  o f  n a h c o l i t e  

r e l a t i v e  to  t ro n a .  With the  p u r i t i e s  o f  n a h c o l i t e  and trona  

a t  98 p e r ce n t  and 85 p e r c e n t ,  r e s p e c t i v e l y ,  t r a n s p o r t a t i o n  

c o s t s  per u n i t  o f  r e a c t i v e  m a t e r ia l  w i l l  be h igher  f o r  trona
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than f o r  n a h c o l i t e .

The market survey  o f  s e v e r a l  soda ash consumers showed 

t h a t  t h e r e  i s  l a r g e  market p o t e n t i a l  f o r  u n re f in e d  soda a sh .  

S in ce  th e r e  i s  not  a source  o f  u n r e f in e d  soda ash ,  a l l  soda  

ash consumers must purchase e x p e n s iv e  r e f i n e d  soda ash even  

i f  th e y  do not  r e q u ir e  a h ig h -g r a d e  p r od u ct .  From the  

economic and t e c h n i c a l  a n a l y s e s ,  i t  was determined th a t  

u n r e f in e d  soda a sh ,  w ith  a c o m p o s i t ion  o f  98 p er ce n t  sodium 

carbonate  and 2 p er ce n t  sodium b ic a r b o n a t e ,  could  be so ld  

f o r  $59*22 per ton f . o . b .  R i f l e ,  Colorado,  w h i l e  m a in ta in in g  

an 18 p e r c e n t  DCFROR. With a $ 2 2 .0 0  per ton  c o s t  s a v in g s  

over r e f i n e d  soda a s h ,  i t  i s  b e l i e v e d  th a t  u n re f in e d  soda  

ash could  capture  a s i g n i f i c a n t  p o r t io n  o f  the  c o n v e n t io n a l  

soda ash market.

The economic and t e c h n i c a l  a n a l y s e s  i n d i c a t e  th a t  

r e f i n e d  soda ash can be produced from n a h c o l i t e  f o r  a p r i c e  

o f  $ 7 2 .9 4  per ton f . o . b .  R i f l e ,  Colorado w h i le  m a in ta in in g  

an 18 p e r ce n t  DCFROR. At the  p r e se n t  t im e ,  r e f i n e d  soda ash  

i s  b e in g  s o l d  f o r  $ 8 1 .0 0  per ton f . o . b .  Green R iv e r ,  

Wyoming. S in ce  both both s o u r c e s  o f  soda ash are v i r t u a l l y  

the  same d i s t a n c e  from the  l a r g e  consumers o f  soda a sh ,  i t  

was assumed t h a t  the  d e l i v e r e d  c o s t  o f  the  n a h c o l i t e - b a s e d
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soda ash cou ld  compete w ith  the  e x i s t i n g  p r o d u c e r s • In the  

m arket ing a n a l y s i s  i t  was e s t a b l i s h e d  th a t  a l thou gh  th e  soda  

ash market i s  p r e s e n t l y  o v e r - s u p p l i e d , n a h c o l i t e - b a s e d  soda  

ash cou ld  g a in  a s u b s t a n t i a l  share  o f  the  e x i s t i n g  market by 

s u p p ly in g  another  so u rc e  o f  soda ash on a d i f f e r e n t  r a i l  

sy s tem .

5 .5  RECOMMENDATIONS FOR FURTHER INVESTIGATIONS

The p r e f e a s i b i l i t y  work o u t l i n e d  in  t h i s  s tudy  

i n d i c a t e s  th a t  the  s o l u t i o n  mining o f  Colorado n a h c o l i t e  i s  

e c o n o m ic a l ly  v i a b l e ,  t h u s ,  f e a s i b i l i t y  work should  be 

undertaken .  The f o l l o w i n g  t a s k s , which were i d e n t i f i e d  in  

the  p r e f e a s i b i l i t y  s t a g e s ,  should  be ana lyzed  in  th e  

f e a s i b i l i t y  program:

1) S o l u t io n  mining p i l o t  t e s t s  should  be undertaken to  

f u r t h e r  d ev e lo p  th e  r e c o v e r y  p r o c e s s ,  and to  prov ide  a 

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

prov ide  samples o f  n a h c o l i t e  to  p o t e n t i a l  consumers f o r  

t h e i r  own t e s t i n g  p u r p o s e s .

2) A more thorough marketing a n a l y s i s  should  be  

c o n d u c te d , and l e t t e r s  o f  i n t e n t  should  be o bta in ed  from 

p o t e n t i a l  consumers t o  b e t t e r  a s c e r t a i n  the  demand f o r  

n a h c o l i t e .
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3) P r o j e c t  economics were found to  be s e n s i t i v e  t o  

p r i c e  c h an g es .  Research r e g a r d in g  th e  o p t im iz a t io n  o f  p la n t  

s i z e  should  be conducted to  determine whether p r i c e  

s e n s i t i v i t y  can be reduced and whether th e  p r o j e c t  

economnics can be improved.

4) Further  a n a ly s e s  shou ld  be conducted on the  use  o f  

r e c r y s t a l l i z e d  n a h c o l i t e  (98  p ercen t  pure) and tron a  (85  

p e r ce n t  pure) in  dry i n j e c t i o n  FGD sy s te m s .

5) A l t e r n a t i v e  products  should  be analyzed  f o r  t h e i r  

m arketing p o t e n t i a l  ( i . e .  c a u s t i c  soda ,  food grade sodium 

b i c a r b o n a t e ) .

6) The economics o f  a l t e r n a t i v e  f u e l  so u r c e s  should  be 

a n a l y z e d .

7) T r a n sp o r ta t io n  c o n t r a c t s  should be n e g o t i a t e d  to  

minimize the  t r a n s p o r t a t i o n  c o s t s .

8) Determine th e  e f f e c t  t h a t  th e  revenue from a 

n a h c o l i t e  s o l u t i o n  mining o p e r a t io n  w i l l  have in  the  

o v e r a l l  economic v i a b i l i t y  o f  an o i l  s h a l e  o p e r a t io n .
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APPENDIX 1

DETAILED ECONOMICS OF 

PRODUCING RECRYSTALLIZED NAHCOLITE
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RECRYSTALLIZED NAHCOLITE 

ECONOMIC PARAMETERS

1) P r o j e c t  e v a l u a t i o n  l i f e  -  20 y e a r s

2) Calender year  in  which p r o j e c t  b e g in s  -  1983

3 ) Values  exp r essed  in  thousands o f  d o l l a r s

4) C a p i ta l  or investm ent  c o s t s

5 y ear  d e p r e c i a b l e  p e r so n a l  property  
( t o d a y ' s  d o l l a r  w ith  a 5 - 4#  e s c a l a t i o n  r a te )

Year Cost

1985 $ 1 , 2 1 7
1984 $ 41 ,8 69
1985 $9 ,8 4 5

15 year  l i f e ,  d e p r e c i a b l e  r e a l  p roperty  
( t o d a y ' s  d o l l a r  w ith  a 5*4# e s c a l a t i o n  r a t e )

Year Cost

1985 $59
1984 $1 , 5 3 8
1985 $515

N o n -d e p r ec ia b le  in v e s tm en ts  ( land  & working c a p i t a l )  
( t o d a y ’ s d o l l a r  with  a 5# e s c a l a t i o n  r a t e )

Year Cost

1985 $ 4 , 1 7 0  (W.C.)

5) P r o j e c t  revenue s p e c i f i c a t i o n

Year Product ion

1985 5 78 ,0 0 0  to n s
1986-
2002 7 5 5 ,0 0 0  to n s

6) U nit  p r i c e  input

$ 9 0 / t o n  in 1985 d o l l a r s  
annual p r i c e  e s c a l a t i o n  -  5#
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7) Routine  o p e r a t in g  c o s t s  

$ 2 4 - 3 5 / t o n  in  1985 d o l l a r s

8) E x traord in ary  o p e r a t in g  c o s t s  (R&D c o s t s )

Year Cost

1983 $ 1 ,0 0 0
1984 $ 1 ,0 0 0

9) A d d i t io n a l  in fo rm a tio n  

S alvage  v a lu e  -  $ 5 ,4 6 2

No lo a n s  on p r o j e c t  (100# e q u i t y  e v a lu a t io n )

P r o j e c t s  minimum r a t e  o f  r e tu rn  -1 8 #

Percent  d e p l e t i o n  -  14#

R oyalty  -  5# o f  g r o s s  revenue  

E f f e c t i v e  ta x  r a te  -  50#

C a p i ta l  g a in s  taxed a t  a l t e r n a t i v e  co rp o ra te  r a te  o f  28#

Severence  tax  -  e f f e c t i v e  r a te  o f  $ 0 . 8 3 / t o n ,  e s c a l a t i n g  at
5# a n n u a l ly
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NAHCOLITE
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(TIME '0' THRU YEAR 5)

TIME 0 END YR 1 END YR 2 END YR 3 END YR 4 END YR 5
REVENUE 0 0 34020 71348 74915 78661
-ROYALTY 0 0 1701 3567 3746 3933
NET REVENUE 0 0 32319 67780 71169 74728
-OFER COSTS 0 0 9204 19303 20269 21282
-EXTR’OR EXP 1000 1000 0 0 0 0
-INTEREST 0 0 0 0 0 0
-INDIR TAX 0 0 346 725 762 800
-DEP & AMORT 0 0 6631 11226 11500 11376
INC BEFORE

DEPLETION — 1000 -1000 16137 36525 38638 41269
-% DEPLET’N 0 0 4525 9489 9964 10462
-*/. DEPL LMT 0 0 8069 18262 19319 20635
-COST DEPL 0 0 0 0 0 0
-LOSS FORW 0 1000 2000 0 0 0
TAXABLE INC -1000 -2000 9613 27036 28675 30807
-TAX 0 0 4806 13518 14337 15404
+ ITC 0 0 4089 1539 0 0
NET INCOME -1000 -2000 8895 15057 14337 15404
+DEP & AMORT 0 0 6631 11226 11500 11376
-►•DEPLETION 0 0 4525 9489 9964 10462
+LOS5 FORW 0 1000 2000 0 0 0
-PRIN PAID 0 0 0 0 0 0
OPERATING CF -1000 -1000 22052 35773 35801 37242

SALVAGE REV 0 0 0 0 0 0
-SALV. TAX 0 0 0 0 0 0
SALVAGE CF 0 0 0 0 0 0

INVEST REQD 1256 45540 15884 0 0 0
-LOANS RECD 0 0 0 0 0 0
INVESTM’T CF 1256 45540 15884 0 0 0

NET C.F. -2256 -46540 6167 35773 35801 37242
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NAHCOLITE
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 6 THRU YEAR 10)

END YR 6 END YR 7 END YR 8 END YR 9 END YR 10
REVENUE 
-ROYALTY 
NET REVENUE 
-OF'ER COSTS 
-EXTR’OR EXP 
-INTEREST 
-INDIR TAX 
-DEP & AMORT
INC BEFORE 

DEPLETION 
-X DEPLET’N 
-•/. DEPL LMT 
-COST DEPL 
-LOSS FORW
TAXABLE INC 
-TAX 
+ ITC
NET INCOME 
+DEP & AMORT 
^DEPLETION 
♦LOSS FORW 
-PRIN PAID
OPERATING CF

82594
4130

78464
22346

0
0

840
11360

43918
10985
21959

0
0

32934
16467

0

16467
11360
10985

0
0

38811

86723
4336

82387
23463

0
0

882
2298

55744
11534
27872

0
0

44210
22105

0

22105 
2298 

11534 
0 
0

35937

91059
4553

86507
24637

0
0

926
102

60842
12111
30421

0
0

48731
24366

0

24366
1 0 2

121 11
0
0

36578

95612
4781

90832
25868

0
0

972
95

63896
12716
31948

0
0

51179
25590

0

25590
95

12716
0
0

38402

100393
5020

95373
27162

0
0

1021
94

67096
13352
33548

0
0

53744
26872

0

26872
94

13352
0
0

40319

SALVAGE REV 
-SALV. TAX
SALVAGE CF

INVEST REQD 
-LOANS RECD
INVESTM’T CF

NET C.F. 58811 559 37 36578 38402 40319
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NAHCOLITE
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 11 THRU YEAR 15)

END YR 11 END YR 12 END YR 13 END YR 14 END YR 1!
REVENUE 
-ROYALTY 
NET REVENUE 
-OPER COSTS 
-EXTR'OR EXP 
-INTEREST 
-INDIR TAX 
-DEP & AMORT
INC BEFORE 

DEPLETION 
-*/. DEPLET ' N 
-% DEPL LMT 
-COST DEPL 
-LOSS FDRW
TAXABLE INC 
-TAX 
+ ITC
NET INCOME 
+DEP & AMORT 
-•-DEPLETION 
+LOSS FORW 
-PRIN PAID
OPERATING CF

105413
5271

100142
28520

0
0

1072
94

70456
14020
35228

0
0

56436
28218

0

28218
94

14020
0
0

42332

110683
5534

105149
29946

0
0

1125
94

73983
14721
36992

0
0

59262
29631

0

29631
94

14721
0
0

116218 
5811 

110407 
31443 

0 
0

1182
94

77687
15457
38844

0
0

62230
31115

0

44447

31115
94

15457
0
0

46667

122028
6101

115927
33015

0
0

1241
94

81576
16230
40788

0
0

65347
32673

0

32673
94

16230
0
0

48998

128130
6406

121723
34666

0
0

1303
94

85660
17041
42830

0
0

68619
34309

0

34309
94

17041
0
0

51445

SALVAGE REV 
-SALV. TAX
SALVAGE CF

INVEST REQD 
-LOANS RECD
INVESTM'T CF

NET C.F. 42332 44447 46667 48998 11445
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NAHCOLITE
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 16 THRU YEAR 20)

END YR 16 END YR 17 END YR 18 END YR 19 END YR 20
REVENUE 
-ROYALTY 
NET REVENUE 
-OPER COSTS 
-E XTR 7 OR EXP 
-INTEREST 
-INDIR TAX 
-DEP & AMORT
INC BEFORE 

DEPLETION 
-7. DEPLET’N 
-7. DEPL LMT 
-COST DEPL 
-LOSS FORW
TAXABLE INC
-TAX
t-ITC
NET INCOME 
+DEP & AMORT 
^DEPLETION 
♦LOSS FORW 
-PRIN PAID
OPERATING CF

134536
6727

127810
36400

0
0

1368
94

89948
17893
44974

0
0

72054
36027

0

36027
94

17893
0
0

54015

141263
7063

134200
38220

0
0

1436
18

94526
18788
47263

0
0

75738
37869

0

37869
18

18788
0
0

56675

148326
7416

140910
40131

0
0

1508
0

99271
19727
49636

0
0

79544
39772

0

39772
0

19727
0
0

155743
7787

147956
42137

0
0

1584
0

104235
20714
52117

0
0

83521
41761

0

394 99

41761
0

20714
0
0

62474

163530
8176

155353
44244

0
0

1663
0

109447
21749
54723

0
0

87697
43849

0

43849
0

21749
0
0

65598

SALVAGE REV 
-SALV. TAX
SALVAGE CF

5462
432
5030

INVEST REQD 
-LOANS RECD
INVESTM’T CF

NET C.F. 3401! 5667: 59499 62474 70628
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NAHCOLITE
SUMMARY OF INVESTMENT COSTS REQUIRED 

BY ASSET CLASS AND YEAR 
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6
10—YR LIFE 5-YR LIFE 3—YR LIFE 15-YR LIFE AMORTIZED NON­

i'EAR PERSONAL PERSONAL PERSONAL REAL INTANGIBLE DEPRECIABLE
0 0 1217 0 39 0 0
1 0 44130 0 1410 0 0
2 0 10937 0 350 0 4597
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
13 0 0 0 0 0 0
14 0 0 0 0 0 0
15 0 0 0 0 0 0
16 0 0 0 0 0 0
17 0 0 0 0 0 0
18 0 0 0 0 0 0
19 0 0 0 0 0 0
20 0 0 0 0 0 0

DEPRECIATION DEDUCTIONS
BY ASSET CLASS AND PROJECT YEAR

YEAR CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5
0 0 0 0 0 0
1 0 0 0 0 0
2 0 6462 0 170 0
3 0 11036 0 190 0
4 0 11333 0 168 0
5 0 11229 0 148 0
6 0 11229 0 131 0
7 0 2182 0 1 16 0
8 0 0 0 102 0
9 0 0 0 95 0
10 0 0 0 94 0
1 1 0 0 0 94 0
12 0 0 0 94 0
13 0 0 0 94 0
14 0 0 0 94 0
15 0 0 0 94 0
16 0 0 0 94 0
17 0 0 0 18 0
18 0 0 0 0 0
19 0 0 0 0 0
20 0 0 0 0 0
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NAHCOLITE
PRODUCTION, PRICE, AND UNIT COST SUMMARY 

YEAR THOUS. ANNUAL UNITS PRICE/UNIT OPER. COST/UNIT
0 0 0.00 0. 00
1 0 0.00 0. 00
2 378 90.00 24.35
3 755 94.50 25.57
4 755 99.23 26.85
5 755 104.19 28. 19
6 755 109.40 29.60
7 755 114.87 31.08
8 755 120.61 32.63
9 755 126.64 34.26
10 755 132.97 35.98
11 755 139.62 37.77
12 755 146.60 39.66
13 755 153.93 41.65
14 755 161.63 43.73
15 755 169.71 45.92
16 755 178.19 48.21
17 , 755 187.10 50.62
18 755 196.46 53. 15
19 755 206.28 55.81
20 755 216.60 58.60

INITIAL RESERVES 15200 
FINAL RESERVES 1232
ORIGINAL BASIS OF 
COST DEPLETION 0
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NAHCOLITE 
DCFROR ANALYSIS RESULTS 

(MONETARY VALUES AS THOUSANDS OF DOLLARS)
THE ANNUAL COMPOUND INTEREST RATE THAT MAKES PROJECT 
NET PRESENT VALUE EQUAL TO ZERO IS : 52.55%.
THIS IS THE PROJECT DCFROR OR INTERNAL ROR ! !

PROJECT
YEAR

CUM CASH 
POSITION

0
1

-2256 
-49982 
-70080 
-71134 
-72715 
-73684 
-73595 
-76332 
-79867 
-83435 
—86962 
-90329 
-93350 
-95738 
-97051 
—96606 
—93358 
-85743 
-71302 
-46298

4
6
7
8
9
10 
11 
12
13
14
15
16
17
18
19
20 0
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NAHCOLITE
NET PRESENT VALUE RESULTS 

(MONETARY VALUES AS THOUSANDS OF DOLLARS)
THE PROJECT NET PRESENT VALUE AT YOUR SPECIFIED 
MINIMUM RATE-OF-RETURN OF 187. IS : 114022.005
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APPENDIX 2

DETAILED ECONOMICS OF 

PRODUCING UNREFINED SODA ASH
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UNREFINED SDOA ASH 

ECONOMIC PARAMETERS

1) P r o j e c t  e v a lu a t io n  l i f e  -  20 y e a rs

2) Calender year  in which p r o j e c t  b e g in s  -  1983

3) Values  e x p ressed  in  thousands o f  d o l l a r s

4) C a p i t a l  or investm ent  c o s t s

5 y ea r  d e p r e c ia b le  p e r s o n a l  property  
( t o d a y ' s  d o l l a r  w ith  a 5*4# e s c a l a t i o n  r a t e )

Year Cost

1983 $817
1984 $ 28 ,1 0 2
1985 $ 6 ,6 0 8

15 year  l i f e ,  d e p r e c i a b l e  r e a l  property  
( t o d a y ' s  d o l l a r  w ith  a 5*4# e s c a l a t i o n  r a te )

Year Cost

1983 $7
1984 $234
1985 $55

N o n -d e p r ec ia b le  in v e s tm en ts  ( land & working c a p i t a l )  
( t o d a y ' s  d o l l a r  with  a 5# e s c a l a t i o n  r a te )

Year Cost

1985 $ 4 ,6 8 9  (W.C.)

5) P r o j e c t  revenue s p e c i f i c a t i o n

Year Product ion

1985 2 5 0 ,0 0 0  to n s
1986-
2002 5 0 0 ,0 0 0  to n s

6) U n it  p r i c e  input

$ 6 7 / t o n  in  1985 d o l l a r s  
annual p r i c e  e s c a l a t i o n  -  5#
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7) Routine  o p e r a t in g  c o s t s  

$ 4 1 . 3 5 / t o n  in  1985 d o l l a r s

8) E xtraord in ary  o p e r a t in g  c o s t s  (R&D c o s t s )

Year Cost

1985 $ 1 ,0 0 0
1984 $ 1 ,0 0 0

9) A d d i t io n a l  in fo rm a tio n  

Salvage  v a lu e  -  $ 5 ,5 8 2

No lo a n s  on p r o j e c t  (100# e q u i t y  e v a lu a t io n )

P r o j e c t s  minimum r a te  o f  r e tu r n  -1 8 #

Percent  d e p l e t i o n  -  14#

R oya lty  -  5# o f  g r o s s  revenue  

E f f e c t i v e  ta x  r a te  -  50#

C a p i ta l  g a in s  taxed a t  a l t e r n a t i v e  co rp o ra te  r a te  o f  28#

Severence  ta x  -  e f f e c t i v e  r a te  o f  $ 0 . 7 8 / t o n ,  e s c a l a t i n g  a t
5# an n u a l ly
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UNREFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(TIME ’ 0 ’ THRU YEAR 5)

TIME 0 END YR 1 END YR 2 END YR 3 END YR 4 END YR 5
REVENUE 0 0 16750 35175 36934 38780
-ROYALTY 0 0 838 1759 1847 1939
NET REVENUE 0 0 15913 33416 35087 36841
-OPER COSTS 0 0 10338 21709 22794 23934
-EXTR'OR EXP 1000 1000 0 0 0 0
-INTEREST 0 0 0 0 0 0
-INDIR TAX 0 0 215 451 474 498
-DEP & AMORT 0 0 4367 7441 7636 7562
INC BEFORE

DEPLETION — 1000 -1000 993 3815 4183 4847
-% DEPLET'N 0 0 2228 4678 4912 5158
-*/. DEPL LMT 0 0 497 1908 2092 2424
-COST DEPL 0 0 0 0 0 0
—LOSS FORW 0 1000 2000 1503 0 0
TAXABLE INC -1 000 —2000 -1503 404 2092 2424
-TAX 0 0 0 202 1046 1212
+ ITC 0 0 0 176 893 1034
NET INCOME — 1 000 -2000 -1503 378 1938 2246
+DEF & AMORT 0 0 4367 7441 7636 7562
♦DEPLETION 0 0 497 1908 2092 2424
♦LOSS FORW 0 1000 2000 1503 0 0
-PRIN PAID 0 0 0 0 0 0
OPERATING CF -1000 — 1000 5360 11229 11666 12232

SALVAGE REV 0 0 0 0 0 0
-SALV. TAX 0 0 0 0 0 0
SALVAGE CF 0 0 0 0 0 0

INVEST REQD 824 29866 12572 0 0 0
-LOANS RECD 0 0 0 0 0 0
INVESTM'T CF 824 29866 12572 0 0 0

NET C.F. -1824 -30866 -7212 11229 11666 12232
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UNREFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 6 THRU YEAR 10)

END YR 6 END YR 7 END YR 8 END YR 9 END YR 10
REVENUE 
-ROYALTY 
NET REVENUE 
-OPER COSTS 
-EXTR'OR EXP 
-INTEREST 
-INDIR TAX 
-DEP & AMORT
INC BEFORE 

DEPLETION 
-•/. DEPLET'N 
-•/. DEPL LMT 
-COST DEPL 
-LOSS FORW
TAXABLE INC 
-TAX 
+ ITC
NET INCOME 
+DEP & AMORT 
^DEPLETION 
+LOSS FORW 
-PRIN PAID
OPERATING CF

40719
2036

38683
25131

0
0

523
7559

5471
5416
2735

0
0

2735 
1368 
1166
2534
7559
2735

0
0

12829

42755
2138

40618
26387

0
0

549
1485

12197
5686
6098

0
0

6510
3255
509

3765
1485
5686

0
0

10936

44893
2245

42649
27706

0
0

576
18

14348
5971
7174

0
0

8377
4189

0
4189

18
5971

0
0

10177

47138
2357

44781
29092

0
0

605
17

15067
6269
7534

0
0

8798
4399

0
4399

17
6269

0
0

10685

49495
2475

47020
30546

0
0

635
17

15822 
6583 
7911 

0 
0

9239
4620

0
4620

17
6583

0
0

11219

SALVAGE REV 
-SALV. TAX
SALVAGE CF

INVEST REQD 
-LOANS RECD
INVESTM’T CF

NET C.F. 12829 10936 10177 1068: 11219
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UNREFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 11 THRU YEAR 15)

END YR 11 END YR 12
REVENUE 51969 54568
-ROYALTY 2598 2728
NET REVENUE 49371 51840
-OPER COSTS 32074 33677
-EXTR'OR EXP 0 0
-INTEREST 0 0
-INDIR TAX 667 700
-DEP & AMORT 17 17
INC BEFORE

DEPLETION 16614 17445
-’/. DEPLET" N 6912 7258
-•/. DEPL LMT 8307 8723
-COST DEPL 0 0
-LOSS FORW 0 0
TAXABLE INC 9702 10188
-TAX 4851 5094
+ITC 0 0
NET INCOME 4851 5094
+DEP & AMORT 17 17
♦DEPLETION 6912 7258
♦LOSS FORW 0 0
-PRIN PAID 0 0
OPERATING CF 11779 12368

SALVAGE REV 0 0
-SALV. TAX 0 0
SALVAGE CF 0 0

INVEST REQD 0 0
-LOANS RECD 0 0
INVESTM’T CF 0 0

NET C.F. 11779 12368

END YR 13 END YR 14 END YR 15
57296 60161 63169
2865 3008 3158

54432 57153 60011
35361 37129 38986

0 0 0
0 0 0

735 772 811
17 17 17

18318 19235 20198
7620 8001 8402
9159 9618 10099

0 0 0
0 0 0

10698 11234 11796
5349 5617 5898

0 0 0

5349 5617 5898
17 17 17

7620 8001 8402
0 0 0
0 0 0

12986 13635 14316

0 0 0
0 0 0

0 0 0

0 0 0 
0 0 0

0 0 0

12986 13635 14316
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UNREFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 16 THRU YEAR 20)

END YR 16 END YR 17 END YR 18 END YR 19 END YR 20
REVENUE 
-ROYALTY 
NET REVENUE 
-OPER COSTS 
-EXTR’OR EXP 
-INTEREST 
-INDIR TAX 
-DEP & AMORT
INC BEFORE 

DEPLETION 
-•/. DEPLET'N 
-% DEPL LMT 
-COST DEPL 
-LOSS FORW
TAXABLE INC 
-TAX 
+ ITC
NET INCOME 
+DEP I : AMORT 
♦DEPLETION 
♦LOSS FORW 
-PRIN PAID
OPERATING CF

66328
3316

63011
40935

0
0

851
17

21208
8822

10604
0
0

12387
6193

0
6193

17
8822

0
0

15032

69644
3482

66162
42982

0
0

894
3

22283
9263

11141
0
0

13020 
6510 

0
6510

3
9263

0
0

15776

73126
3656

69470
45131

0
0

939
0

23400
9726

11700
0
0

13675
6837

0
6837

0
9726

0
0

76783
3839

72943
47387

0
0

986
0

24570
1 0 2 1 2
12285

0
0

14358
7179

0

16563

7179
0

1 0 2 1 2
0
0

17391

80622
4031

76591
49757

0
0

1035
0

25799 
10723 
12900 

0 
0

15076
7538

0
7538

0
10723

0
0

18261

SALVAGE REV 0 0 0 0 3582
-SALV. TAX 0 0 0 0 -794
SALVAGE CF 0 0 0 0 4376

INVEST REQD 0 0 0 0 0
-LOANS RECD 0 0 0 0 0
INVESTM'T CF

NET C.F. 15032 15776 16563 17391 22637
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UNREFINED SODA ASH
SUMMARY OF INVESTMENT COSTS REQUIRED 

BY ASSET CLASS AND YEAR 
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 3 CLASS 6
10-YR LIFE 5-'VR LIFE 3-YR LIFE 15-YR LIFE AMORTIZED NON­

i'EAR PERSONAL PERSONAL PERSONAL REAL INTANGIBLE DEPRECIABLE
0 0 817 0 7 0 0
1 0 29620 0 247 0 0
2 0 7341 0 61 0 5170
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
-9 0 0 0 0 0 0
10 0 0 0 0 0 0
1 1 0 0 0 0 0 0
12 0 0 0 0 0 0
13 0 0 0 0 0 0
14 0 0 0 0 0 0
15 0 0 0 0 0 0
16 0 0 0 0 0 0
17 0 0 0 0 0 0
18 0 0 0 0 0 0
19 0 0 0 0 0 0
20 0 0 0 0 0 0

DEPRECIATION DEDUCTIONS
BY ASSET CLASS AND PROJECT YEAR

YEAR CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5
0 0 0 0 0 0
1 0 0 0 0 0
2 0 4337 0 30 0
3 0 7407 0 33 0
4 0 7606 0 29 0
5 0 7537 0 26 0
6 0 7537 0 23 0
7 0 1465 0 20 0
8 0 0 0 18 0
9 0 0 0 17 0
10 0 0 0 17 0
11 0 0 0 17 0
12 0 0 0 17 0
13 0 0 0 17 0
14 0 0 0 17 0
15 0 0 0 17 0
16 0 0 0 17 0
17 0 0 0 3 0
18 0 0 0 0 0
19 0 0 0 0 0
20 0 0 0 0 0
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UNREFINED SODA ASH 
PRODUCTION, PRICE, AND UNIT COST SUMMARY 

YEAR THOUS. ANNUAL UNITS PRICE/UNIT OPER. COST/UNIT
0 0 0.00 0.00
1 0 0.00 0.00
2 250 67.00 41.35
3 500 70.35 43.42
4 500 73.87 45.59
5 500 77.56 47.87
6 500 81.44 50. 26
7 500 85.51 52.77
a 500 89.79 55.41
9 500 94.28 58. 18
10 500 98.99 61.09
11 500 103.94 64. 15
12 500 109.14 67.35
13 500 114.59 70.72
14 500 120.32 74.26
15 500 126.34 77.97
16 500 132.66 81.87
17 500 139.29 85.96
18 500 146.25 90. 26
19 500 153.57 94.77
20 500 161.24 99.51

INITIAL RESERVES 10000
FINAL RESERVES 750
ORIGINAL BASIS OF 
COST DEPLETION 0
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UNREFINED SODA ASH 
DCFROR ANALYSIS RESULTS 

(MONETARY VALUES AS THOUSANDS OF DOLLARS)
THE ANNUAL COMPOUND INTEREST RATE THAT MAKES PROJECT 
NET PRESENT VALUE EQUAL TO ZERO IS : 24.08%.
THIS IS THE PROJECT DCFROR OR INTERNAL ROR ! !

PROJECT
YEAR

CUM CASH 
POSITION

0
1

6
7
8
9
10 
11 
12
13
14
15
16
17
18
19
20

4

-1824 
-33129 
-48318 
-48722 
-48788 
-48303 
-47105 
-47511 
-48773 
-49831 
-50611 
-51017 
-50933 
-50211 
—48666 
-46068 
-42128 
-36496 
-28720 
-18244

0
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UNREFINED SODA ASH
NET PRESENT VALUE RESULTS 

(MONETARY VALUES AS THOUSANDS OF DOLLARS)
THE PROJECT NET PRESENT VALUE AT YOUR SPECIFIED 
MINIMUM RATE-OF-RETURN OF 18% IS : 12563.9602



APPENDIX 3

DETAILED ECONOMICS OF 

PRODUCING REFINED SODA ASH
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REPINED SODA ASH 

ECONOMIC PARAMETERS

1) P r o j e c t  e v a l u a t i o n  l i f e  -  20 y e a r s

2) C a le n d e r  y e a r  i n  which  p r o j e c t  b e g i n s  -  1983

3) V a lu es  e x p r e s s e d  i n  t h o u s a n d s  o f  d o l l a r s

4) C a p i t a l  o r  i n v e s t m e n t  c o s t s

5 y e a r  d e p r e c i a b l e  p e r s o n a l  p r o p e r t y  
( t o d a y ' s  d o l l a r  w i th  a  5*4# e s c a l a t i o n  r a t e )

Year C os t

1983 $995
1984 $34 ,2 25
1985 $ 8 ,0 4 8

15 y e a r  l i f e ,  d e p r e c i a b l e  r e a l  p r o p e r t y  
( t o d a y ' s  d o l l a r  w i th  a  5 «4# e s c a l a t i o n  r a t e )

Year C os t

1983 $7
1984 $241
1985 $57

N o n - d e p r e c i a b l e  i n v e s t m e n t s  ( l a n d  & w o rk in g  c a p i t a l )  
( t o d a y ' s  d o l l a r  w i th  a  5# e s c a l a t i o n  r a t e )

Year C os t

1985 $5,921 (W.C.)

5) P r o j e c t  rev e n u e  s p e c i f i c a t i o n

Year P r o d u c t i o n

1985 2 5 0 ,0 0 0  t o n s
1986 -

2002 500 ,0 00  t o n s

6) U n i t  p r i c e  i n p u t

$9 0 / t o n  in  1985 d o l l a r s  
a n n u a l  p r i c e  e s c a l a t i o n  -  5#
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7) R o u t in e  o p e r a t i n g  c o s t s  

$ 5 2 . 2 2 / t o n  i n  1 985 d o l l a r s

8) E x t r a o r d i n a r y  o p e r a t i n g  c o s t s  (R&D c o s t s )

Year C os t

1983 $ 1 ,0 0 0
1984 $ 1 ,0 0 0

9) A d d i t i o n a l  i n f o r m a t i o n  

S a lv a g e  v a l u e  -  $ 4 ,3 5 7

No l o a n s  on p r o j e c t  (100#  e q u i t y  e v a l u a t i o n )

P r o j e c t s  minimum r a t e  o f  r e t u r n  - 1 8 #

P e r c e n t  d e p l e t i o n  -  14#

R o y a l t y  -  5# o f  g r o s s  r e v e n u e  

E f f e c t i v e  t a x  r a t e  -  50#

C a p i t a l  g a i n s  t a x e d  a t  a l t e r n a t i v e  c o r p o r a t e  r a t e  o f  28#

S e v e re n c e  t a x  -  e f f e c t i v e  r a t e  o f  $ 1 . 0 8 / t o n ,  e s c a l a t i n g  a t
5# a n n u a l l y
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REFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(TIME '0' THRU YEAR 5)

TIME 0 END YR 1 END YR 2 END YR 3 END YR 4 END YR 5
REVENUE 0 0 22250 46725 49061 51514
-ROYALTY 0 0 1113 2336 2453 2576
NET REVENUE 0 0 21138 44389 46608 48939
-OPER COSTS 0 0 13055 27416 28786 30226
-EXTR'OR EXP 1000 1000 0 0 0 0
-INTEREST 0 0 0 0 0 0
-INDIR TAX 0 0 298 625 656 689
-DEP & AMORT 0 0 5313 9056 9294 9205
INC BEFORE
DEPLETION -1000 — 1000 2472 7293 7872 8818

-7. DEPLET’N 0 0 2959 6214 6525 6851
-7. DEPL LMT 0 0 1236 3646 3936 4409
-COST DEPL 0 0 0 0 0 0
-LOSS FORW 0 1000 2000 764 0 0
TAXABLE INC -1000 —2000 -764 2882 3936 4409
-TAX 0 0 0 1441 1968 2205
+ ITC 0 0 0 1229 1676 1696
NET INCOME -1000 —2000 -764 2670 3644 3900
+DEP & AMORT 0 0 5313 9056 9294 9205
♦DEPLETION 0 0 1236 3646 3936 4409
♦LOSS FORW 0 1000 2000 764 0 0
-PRIN PAID 0 0 0 0 0 0
OPERATING CF — 1000 -1000 7785 16136 16874 17515

SALVAGE REV 0 0 0 0 0 0
-SALV. TAX 0 0 0 0 0 0
SALVAGE CF 0 0 0 0 0 0

INVEST REQD 1002 36327 15532 0 0 0
-LOANS RECD 0 0 0 0 0 0
INVESTM'T CF 1002 36327 15532 0 0 0

NET C.F. -2002 -37327 -7747 16136 16874 17515
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REFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 6 THRU YEAR 10)

END YR 6 END YR 7 END YR 8 END YR 9
REVENUE 54090 56795 59634 62616
-ROYALTY 2705 2840 2982 3131
NET REVENUE 51386 53955 56653 59485
-OPER COSTS 31737 33324 34990 36739
-EXTR'OR EXP 0 0 0 0
-INTEREST 0 0 0 0
-INDIR TAX 724 760 798 838
-DEP & AMORT 9202 1805 18 17
INC BEFORE
DEPLETION 9723 18067 20846 21391

-% DEPLET'N 7194 7554 7931 8328
-% DEPL LMT 4861 9033 10423 10945
-COST DEPL 0 0 0 0
-LOSS FORW 0 0 0 0
TAXABLE INC 4861 10513 12915 13563
-TAX 2431 5256 6458 6781
+ ITC 0 0 0 0
NET INCOME 2431 5256 6458 6781
+DEP & AMORT 9202 1805 18 17
♦DEPLETION 4861 7554 7931 8328
♦LOSS FORW 0 0 0 0
-PRIN PAID 0 0 0 0
OPERATING CF 16494 14615 14407 15127

SALVAGE REV 0 0 0 0
-SALV. TAX 0 0 0 0
SALVAGE CF 0 0 0 0

END YR 10
65747
3287

62459
38576

0
0

880
17

22986 
8744 
1 1493 

0 
0

14242
7121

0

7121
17

8744
0
0

15882

INVEST REQD 
-LOANS RECD
INVESTM'T CF

NET C.F. 16494 14615 14407 15127 15882
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REFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 11 THRU YEAR 15)

END YR 11 END YR 12
REVENUE 69034 72486
-ROYALTY 3452 3624
NET REVENUE 65582 68862
-OPER COSTS 40505 42530
-EXTR'OR EXP 0 0
-INTEREST 0 0
-INDIR TAX 924 970
-DEP & AMORT 17 17
INC BEFORE
DEPLETION 24137 25344

-7. DEPLET' N 9182 9641
-% DEPL LMT 12068 12672
-COST DEPL 0 0
-LOSS FORW 0 0
TAXABLE INC 14955 15704
-TAX 7478 7852
+ITC 0 0
NET INCOME 7478 7852
+DEP & AMORT 17 17
♦DEPLETION 9182 9641
♦LOSS FORW 0 0
-PRIN PAID 0 0
OPERATING CF 16676 17509

SALVAGE REV 0 0
-SALV. TAX 0 0
SALVAGE CF 0 0

INVEST REQD 0 0
-LOANS RECD 0 0
INVESTM’T CF 0 0

NET C.F. 16676 17509

END YR 13 END YR 14 END YR 15
76110 79916 83911
3806 3996 4196

72305 75920 79716
44657 46890 49234

0 0 0
0 0 0

1018 1069 1123
17 17 17

26612 27944 29342
10123 10629 11160
13306 13972 14671

0 0 0
0 0 0

16490 17315 18182
8245 8658 9091

0 0 0

8245 8658 9091
17 17 17

10123 10629 11160
0 0 0
0 0 0

18385 19303 20268

0 0 0
0 0 0

0 0 0

0 0 0 
0 0 0

0 0 0

18385 19303 20268
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REFINED SODA ASH
CASH FLOW FOR EACH

TIME IN THE EVALUATION PERIOD
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

(YEAR 16 THRU YEAR 20)

REVENUE 
-ROYALTY 
NET REVENUE 
-OPER COSTS 
-EXTR'OR EXP 
-INTEREST 
-INDIR TAX 
-DEP & AMORT
INC BEFORE 
DEPLETION 

-*/. DEPLET’N 
-7. DEPL LMT 
-COST DEPL 
-LOSS FORW
TAXABLE INC 
-TAX 
+ ITC
NET INCOME 
+DEP & AMORT 
♦DEPLETION 
♦LOSS FORW 
-PRIN PAID

END YR 16
88107
4405

83702
51696

0
0

1179
17

30810
11718
15405

0
0

19092
9546

0

9546
17

11718
0
0

END YR 17
92512
4626

87887
54281

0
0

1238
3

32365
12304
16182

0
0

20061
10030

0

10030
3

12304
0
0

END YR 18
97138
4857

92281
56995

0
0

1300
0

33987
12919
16993

0
0

21067
10534

0

10534
0

12919
0
0

END YR 19
101995 

5100 
96895 
'59845 

0 
0

1365
0

35686
13565
17843

0
0

2 2 1 2 1
11060

0

11060
0

13565
0
0

END YR 20
107095

5355
101740
62837

0
0

1433
0

37470
14244
18735

0
0

23227
11613

0

11613
0

14244
0
0

OPERATING CF 21281 22338 23453 24626 3857

SALVAGE REV 0 0
-SALV. TAX 0 0
SALVAGE CF 0 0

INVEST REQD 0 0
-LOANS RECD 0 0
INVESTM'T CF 0 0

NET C.F. 21281 22338

0 0 4357
0 0 -1085
0 0 5442

0 0 0
0 0 0

0 0 0

23453 24626 31299
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REFINED SODA ASH
SUMMARY OF INVESTMENT COSTS REQUIRED 

BY ASSET CLASS AND YEAR 
(MONETARY VALUES AS THOUSANDS OF DOLLARS)

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6
10-YR LIFE 5-YR LIFE 3-YR LIFE 15-YR LIFE AMORTIZED NON­

(EAR PERSONAL PERSONAL PERSONAL REAL INTANGIBLE DEPRECIABLE
0 0 995 0 7 0 0
1 0 36073 0 254 0 0
2 0 8941 0 63 0 6528
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
13 0 0 0 0 0 0
14 0 0 0 0 0 0
15 0 0 0 0 0 0
16 0 0 0 0 0 0
17 0 0 0 0 0 0
18 0 0 0 0 0 0
19 0 0 0 0 0 0
20 0 0 0 0 0 0

DEPRECIATION DEDUCTIONS
BY ASSET CLASS AND PROJECT YEAR

YEAR CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5
0 0 0 0 0 0
1 0 0 0 0 0
2 0 5282 0 31 0
3 0 9021 0 34 0
4 0 9264 0 30 0
5 0 9179 0 27 0
6 0 9179 0 24 0
7 0 1784 0 21 0
8 0 0 0 18 0
9 0 0 0 17 0
10 0 0 0 17 0
11 0 0 0 17 0
12 0 0 0 17 0
13 0 0 0 17 0
14 0 0 0 17 0
15 0 0 0 17 0
16 0 0 0 17 0
17 0 0 0 3 0
18 0 0 0 0 0
19 0 0 0 0 0
20 0 0 0 0 0
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REFINED SODA ASH
PRODUCTION, PRICE, AND UNIT COST SUMMARY

YEAR THOUS. ANNUAL UNITS PRICE/UNIT OPER. COST/UNIT

6
7
a
9
10  
11 
12
13
14
15
16
17
18
19
20

0
0

250
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

0.00 
0.00 

89.00 
93.45 
98. 12 
103.03 
108.18 
113.59
119.27 
125.23 
131.49 
138.07 
144.97 
152.22 
159.83 
167.82 
176.21 
185.02
194.28 
203.99 
214.19

0.00  
0. 00 

52.22 
54.83 
57.57 
60.45
63.47 
66.65 
69.98
73.48 
77. 15 
81.01 
85. 06 
89.31 
93.78 
98.47

103.39
108.56
113.99
119.69
125.67

INITIAL RESERVES 10000
FINAL RESERVES 750
ORIGINAL BASIS OF 
COST DEPLETION 0
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REFINED SODA ASH 
DCFROR ANALYSIS RESULTS 

(MONETARY VALUES AS THOUSANDS OF DOLLARS)
THE ANNUAL COMPOUND INTEREST RATE THAT MAKES PROJECT 
NET PRESENT VALUE EQUAL TO ZERO IS : 27.9%.
THIS IS THE PROJECT DCFROR OR INTERNAL ROR ! !

PROJECT
YEAR

CUM CASH 
POSITION

0
1
2

6
7
8
9
10  
11 
12
13
14
15
16
17
18
19
20

4

-2002
-39888
-58764
-59024
-58618
-57459
-56996
-58284
-60138
-61791
-63149
-64093
—64466
—64068
-62640
-59850
-55267
-48350
-38387
-24472

0
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REFINED SODA ASH
NET PRESENT VALUE RESULTS 

(MONETARY VALUES AS THOUSANDS OF DOLLARS)
THE PROJECT NET PRESENT VALUE AT YOUR SPECIFIED 
MINIMUM RATE-OF-RETURN OF 18% IS : 25034.1569


