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. v  

A b s t r a c t  

An economic e v a l u a t i o n  o f  t h e  development o f  dual-purpose d e s a l i n a -  
t i o n  p l a n t  systems t o  meet t h e  demands of  a I i nea r l y -expand ing  wa te r  
market i s  presented.  Systems cons ide red  inc luded  one where a d d i t i o n a l  
p l a n t s  a r e  c o n s t r u c t e d  as needed, w i t h  o v e r c a p a c i t y  compensated by 
o p e r a t i o n  a t  l e s s  t h a n  t h e  normal p l a n t  load f a c t o r ;  one where a low- 
p ressu re  t u r b i n e  i s  i n c l u d e d  t o  p e r m i t  steam t o  be used f o r  genera- 
t i o n  o f  a d d i t i o n a l  e l e c t r i c  power r a t h e r  t h a n  water  d u r i n g  p e r i o d s  
when water  demand i s  low; and t h r e e  v a r i a t i o n s  o f  a system which s t o r e s  
excess wa te r  p r o d u c t i o n  i n  a l a r g e  r e s e r v o i r .  

The r e s e r v o i r  s t o r a g e  system i s  s u p e r i o r  t o  t h e  v a r i a b l e  p l a n t  
f a c t o r  system fo r  a l l  d i s t r i b u t i o n s  o f  p r o d u c t  p r i c i n g .  The low- 
p ressu re  t u r b i n e  system y i e l d s  lower water  c o s t  t han  t h e  v a r i a b l e  p l a n t  
f a c t o r  system when power can be s o l d  f o r  more than  2 m i  I Is/kw-hr amd 
y i e l d s  lower wa te r  c o s t  t han  t h e  r e s e r v o i r  s t o r a g e  system when power 
can be s o l d  f o r  more than  4 m i  I Is/kw-hr.  

L 
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I n t r o d u c t i o n  

An a lmost  pe rpe tua l  mismatch o f  i n s t a l l e d  c a p a c i t y  and market  demand 
e x i s t s  f o r  any u t i l i t y  system s u p p l y i n g  p r o d u c t  t o  an expanding market.  
T h i s  i s  caused by t h e  con t inuous  n a t u r e  o f  t h e  market requi rement  change 
and t h e  s tep  changes i n  c a p a c i t y  i n t roduced  as new.p roduc t i on  f a c i l i t i e s  
a r e  b rough t  on l i n e .  A system o f  dual-purpose d e s a l i n a t i o n  p l a n t s  o f f e r s  
unique o p p o r t u n i t i e s  f o r  m i n i m i z i n g  t h e  economic p e n a l t y  caused by t h i s  
mismatch. 
development and t o  determine t h e  most economica l l y  a t t r a c t i v e  approach. 

T h i s  s tudy  was performed t o  e x p l o r e  seve ra l  schemes o f  system 

A market  growth r a t e  o f  50 Mgd p e r  y e a r  was assumed f o r  t h e  evalua-  
t i - o n .  A r e c e n t  s tudy  by Burwel I and Ebel i n d i c a t e s  t h a t  a p l a n t  s i z e  
o f  about f i v e  t i m e s  t h e  annual market growth r a t e  i s  a p r a c t i c a l  cho ice .  
Acco rd ing l y ,  t h e  b a s i c  p l a n t s  considered had des ign c a p a c i t i e s  o f  250 Mgd 
o f  water  and 500 Mw o f  e l e c t r i c i t y .  

P resen t  wor th  analyses o f  t h e  system c o s t  and e l e c t r i c a l  p r o d u c t i o n  
f o r  t h e  v a r i o u s  schemes were made f o r  a 30-year p e r i o d  ( t h e  assumed I i f e -  
t i m e  o f  t h e  f i r s t  p l a n t  t o  go on-stream). 

DeSCriDtiOn o f  Svstems 

Base System 

The base system, which was e v a l u a t e d  f o r  comparison w i t h  o t h e r  
schemes, was developed by adding 250-Mgd p l a n t s  every f i v e  yea rs  t o  keep 
t h e  system c a p a c i t y  equal t o  or l a r g e r  than  t h e  market  demand a t  a l  I 
t i m e s .  The system c a p a c i t y  exceeds t h e  market  requi rement  by 200 Mgd 
d u r i n g  t h e  f i r s t  y e a r ' s  o p e r a t i o n  f o r  each new p l a n t ,  w i t h  t h e  excess 
c a p a c i t y  dec reas ing  50 Mgd p e r  y e a r  t o  ze ro  d u r i n g  t h e  f i f t h  yea r .  T h i s  
excess c a p a c i t y  i s  accommodated by o p e r a t i n g  each new p l a n t  a t  20% p l a n t  
f a c t o r  t h e  f i r s t  year ,  40% t h e  second year,  e t c .  
i s  balanced w i t h  water  p r o d u c t i o n  a t  a l l  t i m e s .  

E l e c t r i c a l  p r o d u c t i o n  

Low-Pressure Condensing T u r b i n e  System 

The i n i t i a l  p l a n t  of  t h i s  system i s  a b a s i c  250-Mgd, 500-Mwe p l a n t  
t h a t  i n c l u d e s  an a d d i t i o n a l  low-pressure t u r b i n e  and condenser t h a t  
accep t  exhaust steam f rom t h e  normal back-pressure t u r b i n e ,  p e r m i t t i n g  
f u  I I - l o a d  o p e r a t i o n  of t h e  r e a c t o r  and back-pressure t u r b i n e - g e n e r a t o r  
a t  a l l  t i m e s .  The t o t a l  n e t  power o u t p u t  f rom t h e  p l a n t  a t  a water  o u t -  
p u t  r a t e  o f  50 Mgd i s  896 Mwe. 
500 Mwe d u r i n g  t h e  f i f t h  yea r  when t h e  water  p l a n t  i s  a t  f u l l  load and t h e  
low-pressure t u r b i n e  i s  i d l e .  

The power o u t p u t  decreases each yea r  t o  

I C .  C. Bu rwe l l  and R. A. Ebel ,  "A S p e c u l a t i v e  A n a l y s i s  o f  t h e  Cost R e l a t i o n -  
s h i p  Between Desal i n a t i o n  System S i z e  and t h e  Market Growth Rate," 
ORNL-CF-65-7-49 ( J u l y  20, 1965). 
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A l l  subsequent p l a n t s  would be b a s i c  250-Mgd, 500-Mwe p l a n t s  t h a t  
o p e r a t e  f u l l - l o a d  a t  a l l  t i m e s .  The i n i t i a l  p l a n t  would be operated 
th rough  i t s  decreasing-power, i n c r e a s i n g  water  p r o d u c t i o n  c y c l e  as each 
new p l a n t  i s  added t o  t h e  system t o  keep system water  c a p a c i t y  and water  
market  demands matched. 

Reservoi  r Storage System 

I n  an area where adequate s t o r a g e  c a p a c i t y  i s  a v a i l a b l e ,  a l l  dua l -  
purpose p l a n t s  can produce water  a t  f u l  I c a p a c i t y  for  t h e i r  e n t i r e  I i f e -  
t i m e s  w i t h  any s u r p l u s  water  p r o d u c t i o n  b e i n g  s t o r e d  and subsequent ly  
wi thdrawn f rom s t o r a g e  d u r i n g  p e r i o d s . o f  d e f i c i t  p r o d u c t i o n  t o  postpone 
t h e  need for  c o n s t r u c t i o n  o f  new p l a n t s .  Fo r  example, s t o r a g e  o f  s u r -  
p l u s  water  i n  Lake Mead appears t o  be e n t i r e l y  p r a c t i c a l  fo r  t h i s  purpose 
i n  areas now u s i n g  water  from t h e  Colorado R i v e r .  The d i s t i l l e d  wa te r  
p r o d u c t  f rom dual-purpose p l a n t s  would n o t  be pumped t o  t h e  lake, b u t  
would r e p l a c e  water  t h a t  i s  n o r m a l l y  t r a n s p o r t e d  from t h e  Colorado R i v e r  
system t o  t h e  market  area, a l l o w i n g  a s to rage  g a i n  r a t e  t o  t h e  lake 
e q u i v a l e n t  t o  t h e  d e s a l i n a t i o n  system s u r p l u s  c a p a c i t y .  
loss occurs;  however, u s i n g  a l a r g e  e x i s t i n g  r e s e r v o i r  min imizes t h e  
incrementa l  e v a p o r a t i v e  loss due t o  a d d i t i o n a l  s to rage  volume. T h i s  
s tudy  i s  based s p e c i f i c a l l y  on t h e  use of  Lake Mead, b u t  i s  g e n e r a l l y  
i l l u s t r a t i v e  o f  t h e  b e n e f i t  t h a t  can be r e a l i z e d  th rough  t h e  use o f  
s t o r a g e  i n  any l a r g e  e x i s t i n g  r e s e r v o i r  hav ing  s u r p l u s  s t o r a g e  c a p a c i t y .  
I f  i t  i s  necessary t o  c o n s t r u c t  a new r e s e r v o i r  fo r  t h e  purpose of 
s t o r i n g  s u r p l u s  c a p a c i t y  f rom a system of  d e s a l i n a t i o n  p l a n t s ,  t h e  
c a p i t a l  charges r e s u l t i n g  f rom t h e  c o n s t r u c t i o n  would, o f  course, have 
t o  be i nc luded  i n  t h e  e v a l u a t i o n .  

Some e v a p o r a t i v e  

Three v a r i a t i o n s  of  t h e  Lake Mead s to rage  system were eva lua ted .  
The f i r s t  scheme used 250-Mgd, 500-Mwe p l a n t s  b u i l t  d u r i n g  Years 0, 8, 
12, 17, 22 and 27. The second scheme used a 250-Mgd, 500-Mwe p l a n t  
b u i l t  d u r i n g  Year 0, t hen  350-Mgd, 700-Mwe p l a n t s  b u i l t  d u r i n g  Years 9 ,  
14, 23 and 2 8 .  The t h i r d  scheme used a 250-Mgd, 500-Mwe p l a n t  b u i l t  
d u r i n g  Year 0, then  450-Mgd, 900-Mwe p l a n t s  b u i l t  d u r i n g  Years 9, 18, 
and 27. F igu res  I ,  2 and 3 show t h e  f l u c t u a t i o n s  o f  s t o r a g e  fo r  t h e  
t h r e e  schemes. E v a p o r a t i v e  losses a r e  n o t  i n d i c a t e d  i n  t h e  f i gu res ,  
These losses va ry  c y c l i c a l l y  w i t h  t h e  q u a n t i t y  of  wa te r  i n  s t o r a g e  and 
range between I and I O  Mgd. 

Method o f  E v a l u a t i o n  
1, 

The economic e v a l u a t i o n s  of  t h e  v a r i o u s  systems inc luded  cons ide ra -  
t i o n  o f  t o t a l  annual cos ts ,  n e t  e l e c t r i c a l  p roduc t i on ,  and i n  t h e  Lake 
Mead s t o r a g e  schemes, t h e  c o s t  of  e v a p o r a t i v e  loss makeup and t h e  va lue  
o f  water  s t o r e d  a t  t h e  end o f  30 years.  The q u a n t i t y  o f  wa te r  f o r  s a l e  
j u s t  equa ls  t h e  market  requi rement  and i s  t h e  same f rom a l l  o f  t h e  
systems. Therefore,  t h e  f i n a l  method of  e v a l u a t i o n  o f  one system versus 
ano the r  i s  a comparison o f  t h e  t o t a l  c o s t  of  do ing  bus iness and t h e  n e t  
e l e c t r i c a l  genera t i on  d u r i n g  t h e  30-year p e r i o d .  The comparison i s  made 
on a present-wor th b a s i s .  
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Fig .  1. Lake Mead Storage  Scheme 1. 
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Fig .  2 .  Lake Mead Storage  Scheme 2 .  
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Fig. 3. Lake Mead Storage Scheme 3. 
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Annual c o s t s  f o r  t h e  dual-purpose p l a n t s  used i n  t h e  v a r i o u s  systems 
were based on c o s t s  determined th rough  use of t h e  I n t e g r a t e d  MSF Code w i t h  
a PWR r e a c t o r  and t h e  f o l  lowing ground r u l e s :  

I n t e r e s t  r a t e  4% 
P l a n t  I i f e t i m e  30 yea rs  
Annual charge r a t e  on d e p r e c i a t i n g  i tems 7% 
P l a n t  f a c t o r  0.9 
T u r b i n e  exhaust temperature 26OOF 

The c a p i t a l  and f u l l - l o a d  annual c o s t s  fo r  t h e - p l a n t s  used i n  v a r i o u s  
systems, as determined by t h e  code, a r e  s u m a r i z e d  i n  Tab le  I .  

I n  e v a l u a t i n g  each system, e s t i m a t e s  o f  t h e  year-by-year system annual 
c o s t  and e l e c t r i c a l  genera t i on ,  based on t h e  va lues  shown i n  Tab le  I ,  
were prepared. For  t h e  base system, i n  which t h e  i n i t i a l  p l a n t  ope ra tes  
w i t h  a p l a n t  f a c t o r  v a r y i n g  between 0.2 and 1.0 and a l l  o t h e r  p l a n t s  
o p e r a t e  a t  f u l l  load, t h e  i n i t i a l  p l a n t  annual c o s t  was assumed cons tan t  
e x c e p t  fo r  t h e  c o s t s  o f  f u e l  and water  p l a n t  chemicals,  which v a r i e d  p ro -  
p o r t i o n a l l y  w i t h  load. Appendix A d e t a i l s  t h e  annual c o s t  and e l e c t r i c a l  
g e n e r a t i o n  for  t h i s  system. 

I n  e v a l u a t i n g  annual c o s t s  f o r  t h e  low-pressure condensing t u r b i n e  
system, t h e  annual c o s t  o f  water  p l a n t  chemicals  f o r  t h e  i n i t i a l  p l a n t  
was assumed p r o p o r t i o n a l  t o  water  p l a n t  load. A l l  o t h e r  components o f  
annual c o s t  were assumed cons tan t ,  w i t h  t h e  annual c o s t  due t o  investment  
a d j u s t e d  upward f rom t h a t  o f  t h e  b a s i c  p l a n t  t o  r e f l e c t  t h e  a d d i t i o n a l  
c o s t  of  t h e  t u r b i n e  p l a n t .  Appendix B p resen ts  t h e  annual c o s t s  and 
e l e c t r i c a l  g e n e r a t i o n  f o r  t h i s  system. 

E v a l u a t i o n  o f  t h e  systems u s i n g  s to rage  i n  Lake Mead r e q u i r e d  d e t e r -  
m i n a t i o n  o f  incrementa l  e v a p o r a t i v e  losses from t h e  r e s e r v o i r  due t o  
increased s t o r a g e  volume. A p l a n i m e t e r  survey o f  t h e  c o n t o u r s  a d j a c e n t  
t o  t h e  r e s e r v o i r  y i e l d e d  a r e l a t i o n s h i p  between a d d i t i o n a l  s u r f a c e  area 
and add i t i  ona I s t o r a g e  vo I ume . The i ncrementa I evapora t  i ve I osses were 
then  eva lua ted ,  assuming an e v a p o r a t i v e  loss r a t e  o f  6 f e e t  p e r  yea r .  
T h i s  e v a p o r a t i v e  loss was rep laced  as necessary by b r i n g i n g  new p l a n t s  on 
l i n e  a f r a c t i o n a l  yea r  e a r l i e r  t h a n  would be necessary w i t h  no losses. 
The va lue  o f  t h e  water  i n  s t o r a g e  a t  t h e  end of  t h e  30-year p e r i o d  was 
determined by c a l c u l a t i n g  t h e  c o s t  of  o p e r a t i n g  one of  t h e  p l a n t s  f o r  t h e  
p e r i o d  of t i m e  r e q u i r e d  t o  produce t h a t  q u a n t i t y  o f  wa te r  and deduc t ing  
t h e  va lue o f  t h e  e l e c t r i c i t y  t h a t  would have been generated d u r i n g  t h e  

' same p e r i o d .  Appendix C p resen ts  t h e  annual c o s t ,  e l e c t r i c a l  genera t i on ,  
e v a p o r a t i v e  loss, and t h e  p r e s e n t  wor th  o f . a n n u a l  c o s t  and g e n e r a t i o n  f o r  
t h e  Lake Mead s to rage  schemes. 

S ince t h e  b a s i c  250-Mgd wa te r  p l a n t  c o n s i s t s  of f i v e  50-Mgd modules, 
i t  appeared t h a t  a sav ing  o f  c o s t  c o u l d  r e s u l t  f rom a one-module-per-year 
b u i l d u p  o f  t h e  wa te r  p l a n t  t o  f o l l o w  t h e  market  requi rement .  
p resen t -wor th  a n a l y s i s  o f  t h i s  scheme showed a sav ing  o f  o n l y  seven p e r  
c e n t  and i t  i s  a lmost  c e r t a i n  t h a t  t h e  a d d i t i o n a l  c o s t  of e x t e n d i n g  t h e  
wa te r  p l a n t  c o n s t r u c t i o n  p e r i o d  t o  f i v e  yea rs  would o v e r r i d e  t h i s  sav ing.  

However, a 
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Table I 

i 
I 

C a p i t a l  and Annual, Costs Summary fo r  Dual-Purpose P l a n t s  

P l a n t  Fac tor  - 0.9 

L.P. Turb ine  
Convent ional  P l a n t s  P l a n t  

Net  E l e c t r i c a l  Output,  Mwe 5 00 700 900 896-500 

Water Output,  Mgd 250 35 0 450 50-250 

Reactor Therma I Rat ing,  M w t  3228 4528 583 I 3220 

C a p i t a l  Costs, l o 6  $ 

Reactor P I a n t  (PWR) 60.000 74.220 87.000 60.000 

Turbine-Generator PI a n t  26.208. 33.310 39.859 41.874 

Water P l a n t  91.351 125.151 158.403 91.351 

I n t e r e s t  on C o n s t r u c t i o n  6.019 8.306 10.624 7 .  I13 

Non-Depreciat ing Items 3.752 4.570 5.308 3.752 

Tota I 187.330 245.557 301.194 204 090 

Annual Costs, I O 6  $ / y r  

Reactor and T-G .PI an ts  6.644 8.338 9.900 7.741 
Investment 

Water P l a n t  Investment . 6.395 8.761 11.088 6.395 

0.818 

Reactor 0 & M I .725 1.876 2.005 I .725 

Fue I 13.322 17.870 22.261 13.322 

Tub i ng Rep I acement 0.81 8 I .  134 I .443 

Water P l a n t  0 8 M 0.723 0.808 0.893 0.723 

Water P l a n t  Chemicals I .342 1.835 2.324 0.268-1.342 

Tota I 30.968 40.622 49.914 30.992-32.066 
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R e s u l t s  and D iscuss ion  

The t o t a l  e l e c t r i c a l  g e n e r a t i o n  and c o s t  of o p e r a t i o n  f o r  each of 
t h e  v a r i o u s  systems o v e r  a 30-year p e r i o d  a r e  p resen ted  i n  Table 2. 
A l l  va lues  shown a r e  conver ted  t o  present-wor th a t  t h e  b e g i n n i n g  of  
Year I .  The low-pressure t u r b i n e  system, w h i l e  t h e  most expensive o f  
t h e  systems s t u d i e d ,  produces a p p r e c i a b l y  more power t h a n  t h e  o t h e r  
systems. The incrementa l  c o s t  o f  t h e  a d d i t i o n a l  b l o c k  o f  power generated, 
compared w i t h  t h e  b a s i c  system, i s  o n l y  2 m i l I s / k w - h r .  
produce sl i g h t l y  more power a t  a p p r e c i a b l y  lower  c o s t  t han  t h e  b a s i c  
system, and as would be expected, t h e  advantage increases w i t h  p l a n t  s i z e .  

The s t o r a g e  schemes 

F i g u r e  4 p resen ts  t h e  breakeven power ve rsus  water  p r i c e s  r e q u i r e d  
f o r  each of t h e  systems. T h i s  f i g u r e  demonstrates t h a t  no one system i s  
b e s t  f o r  a l l  market  s i t u a t i o n s  of  c o s t  a l l o c a t i o n  between t h e  two p roduc ts .  
Fo r  a c a n d i d  comparison o f  t h e  methods of  meet ing t h e  wa te r  market  demands, 
o n l y  t h e  systems i n c o r p o r a t i n g  250-Mgd p l a n t s  shou ld  be observed s i n c e  
t h e  use of l a r g e r  p l a n t s  would change t h e  c o s t  s t r u c t u r e  o f  any of  t h e  
systems. I t  Is obv ious  t h a t  Storage Scheme I i s  s u p e r i o r  t o  t h e  b a s i c  
system i n  t h a t  t h e  wa te r  p r i c e  i s  app rox ima te l y  3 c e n t s  p e r  1000 g a l l o n s  
lower  f o r  a l  I power p r i c e s .  The low-pressure t u r b i n e  system produces 
lower water  p r i c e s  t h a n  t h e  b a s i c  system i f  t h e  power i s  s o l d  fo r  a t  
l e a s t  2 m i l l s / k w - h r ,  and i s  s u p e r i o r  t o  t h e  Storage Scheme I i f  power i s  
s o l d  fo r  a t  l e a s t  4 m i  I Is/kw-hr.  I f  power were t o  be s o l d  a t  l ess  than 
2 m i  I Is/kw-hr, t h e  a d d i t i o n a l  c o s t  o f  t h e  low-pressure t u r b i n e  system 
would be u n j u s t i f i e d .  

The unusual power g e n e r a t i o n  versus t i m e  r e l a t i o n s h i p  t h a t  r e s u l t s  
from u s i n g  t h e  low-pressure t u r b i n e  system may c r e a t e  a problem i n  d i s -  
p o s i n g  o f  t h e  power. Each new 250-Mgd, 500-Mwe p l a n t  t h a t  i s  added t o  
t h e  system causes an i nc rease  o f  896 Mwe i n  t h e  system e l e c t r i c a l  o u t p u t  
f o r  t h e  f i r s t  year  of o p e r a t i o n .  T h i s  b l o c k  o f  g e n e r a t i n g  c a p a c i t y  t h e n  
decreases each y e a r  t o  500 Mwe d u r i n g  t h e  f i f t h  y e a r  of o p e r a t i o n  o f  t h e  
l a t e s t  p l a n t .  However, as r e g i o n a l  power p o o l i n g  develops and w i t h  t h e  
p r e d i c t e d  power market  growth r a t e ,  it i s  b e l i e v e d  t h a t  t h e  unusual 
g e n e r a t i o n  r a t e  c h a r a c t e r i s t i c  t h a t  r e s u l t s  from t h i s  t y p e  of  system can 
be i n t e g r a t e d  i n t o  t h e  r e g i o n a l  u t i l i t i e s '  schedules o f  p l a n t  c o n s t r u c t i o n  
and r e t i r e m e n t  w i t h  o n l y  a s l i g h t  economic p e n a l t y .  

The computer-determined c o s t  a l l o c a t i o n  between p roduc ts  for  t h e  
b a s i c  250-Mgd, 500-Mwe p l a n t  was such t h a t  power should be s o l d  f o r  
app rox ima te l y  3 m i I l s / k w - h r  and water  f o r  app rox ima te l y  23.4 c e n t s  p e r  
1000 g a l l o n s .  I t  i s  noted from F i g u r e  4 t h a t ,  f o r  t h e  b a s i c  system, t h e  
p r i c e  f o r  water  w i t h  power a t  3 m i l l s / k w - h r  shou ld  be 26.5 c e n t s  p e r  
1000 g a l l o n s .  T h i s  h i g h e r  wa te r  p r i c e  i s  due t o  t h e  p a r t - l o a d  o p e r a t i o n  
r e q u i r e d  when t h e  b a s i c  p l a n t  i s  i n c o r p o r a t e d  i n t o  a system which i s  
geared t o  t h e  assumed expanding market .  

i 

P 
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Tab le  2 

Present  Worth Va lua t i on  of Tota-l  E l e c t r i c a l  Genera t ion  
and Cost  o f  Opera t ion  for  30-Yr P e r i o d  

T o t a l  of 30 Y rs  o f  Annual Costs, 
I O 6  $ 

Value o f  S to red  Water a t  End of 
30-Yr Per iod ,  I O 6  $ 

Normal i z e d  Cost  of 30-Yr Operat ion,  
106 $d 

T o t a  I E I e c t r  i ca I Generat i on, 
I O9 kw-hrs 

L.P. Tu rb ine  
Bas ic  System System Scheme l a  Scheme 2b Scheme 

I 584.336 1384.629 I 342.245 I 3  16.704 1469.59 I 

0 0 (3.398) (7.001 1 (8.191 1 

1469.591 I 584.336 1381 .231 1335.253 1308.5 I 3  

179.22 172. I 5  228.69 176.18 177.77 

a250-Mgd, 500-Mwe p l a n t s  b u i l t  d u r i n g  Years 0, 8, 12, 17, 22 and 27. 

b250-Mgd, 500-Mwe p l a n t  bu i  I t  d u r i n g  Year 0; 350-Mgd, 700-Mwe p l a n t s  bu i  I t  d u r i n g  Years 9, 14, 23 and 28. 

c250-Mgd, 500-Mwe p l a n t  b u i l t  d u r i n g  Year 0; 450-Mgd, 900-Mwe p l a n t s  b u i l t  d u r i n g  Years 9, 18 and 27. 

dThe t o t a l  amount of money on depos i t  a t  4%. p e r  annum a t  t h e  beg inn ing  of Year I t h a t  i s  necessary t o  cover  
t h e  c o s t  of 30 years of produc t ion .  
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Appendix A 

Base Svstem Annual Costs and Generat ion 

The annual c o s t s  fo r  t h e  i n  
system a re  e s t i m a t e d  as f o l  

Water 

N e t  E 
Mwe 

Produc t ion ,  Mgd 

e c t r i  ca I P roduc t  ion,  

Annual Costs, IO6 $ / y r  

Investment 

Tub Rep I acement 

O & M  

Fue 

i 

Chemicals 

To ta  I 

t i a l  b a s i c  dual-purpose 250-Mgd p l a n t  of  t h e  base 
ows : 

Year t Year 2 

50 IO0 

IO0 200 

13.038 13.038 

0.818 0.818 

2.448 2.448 

2.664 5.329 

0.268 0.537 

19.236 22. I70 

Year 3 

I50  

300 

13.038 

0.818 

2.448 

7.993 

0.805 

25.102 

Year 4 Year 5 

200 2 50 

400 500 

13.038 13.038 

0.818 0.818 

2.448 2.448 

10.658 13.322 

I .074 1.342 

28.036 30.968 

The annual c o s t  f o r  each subsequent p l a n t  was assumed f i x e d  a t  t h e  f u l l  load 
v a l u e  o f  $30.968 x IO6. 
wor th  o f  these  c o s t s  and g e n e r a t i o n  f o r  t h e  e n t i r e  system fo r  t h e  30-year 
p e r i o d  a r e  g i v e n  i n  Tab le  A - I .  

The annual c o s t s  and g e n e r a t i o n  and t h e  p resen t  



T a b l e  A - I  

3ase System Annual Cos ts  and E l e c t r i c a l  G e n e r a t i o n  

Year 
- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

F i r s t  P l a n t  
Annual Cost  G e n e r a t i o n  

I O 6 8  

19.236 
22. I70 
25. 102 
28.036 
30.968 
19.236 
22. I70 
25.102 
28.036 
30.968 
19.236 
22. I70 
25.102 
28.036 
30.968 
19.236 
22. I70 
25.102 
28.036 
m. 968 
19.236 
22. I70 
25.102 
28.036 
30.968 
19.236 
22. I70 
25.102 
28.036 
30.968 

I O9 kw-hrs 

0.788 
I .577 
2.365 
3.154 
3.942 
0.788 
I .577 
2.365 
3. 154 
3.942 
0.788 
I .577 
2.365 
3.154 
3.942 
0.788 
1.577 
2.365 
3.154 
3.942 
0.788 
I .577 
2.365 
3.154 
3.942 
0.788 
I .577 
2.365 
3.154 
3.942 

L a t e r  P l a n t s  
Annual Cost  G e n e r a t i o n  

I068  I O 9  kw-hrs 

0 
0 
0 
0 
0 
30.968 

l i  

I 1  

0 
0 
0 
0 
0 
3.942 

I 1  

li 

11 I 1  

I1 I 1  

61 .936 7.884 
li I 1  

I1 II 

II I 1  

1: I 

92.904 I I .826 
11 

I 1  I i  

I ,  

t i  I .  

123.872 15.768 
Ii 1; 

I <  I: 

II 11 

Ii I i  

154.840 19.710 
li 

I, 

1. 

I 1  

I I  

I 1  

I I  

i.. -* 

T o t a l  System 
Annua I Cos t  Generat  i o n  

106% I O9 kw-hrs 

19.236 
22. I70 
25.102 
28.036 
30.968 
50.204 
53. I38 
56.070 
59.004 
61 .936 
81. I72 
84. IO6 
87.038 
89.972 
92.904 
112. I40 
115.074 
118.006 
I 20.940 
I 23.872 
143. IO8 
146.042 
148.974 
151.908 
154.840 
174.076 
177.010 
179.942 
182.876 
185.808 

0.788 
I .577 
2.365 
3.154 
3.942 
4.730 
5.519 
6.307 
7.096 
7.884 
8.672 
9.461 
10.249 
I I .038 
I I .826 
12.614 
13.403 
14.191 
14.980 
15.768 
16.556 
17.345 
18. I33 
18.922 
19.710 
20.498 
21 .287 
22.075 
22.864 
23.652 

P r e s e n t  Worth-Tota l  System 
Annua I Cos t  Generat  i o n  

I O9 kw-hrs 

18.496 
20.497 
22.316 
23.965 
25.454 
39.677 
40.381 
40.970 
41.456 
41.841 
52.728 
52.533 
52.272 
51.957 
51.586 
59.873 
59.076 
58.251 
57.403 
56.534 
62.800 
61.624 
60.443 
59.262 
58.084 
62.787 
61.391 
60.007 
58.639 
57.288 

1469.59 I 

0.758 
I .458 
2.102 
2.696 
3.240 
3.738 
4.194 
4.608 
4.985 
5.326 
5.633 
5.909 
6.155 
6.374 
6.567 
6.735 
6.881 
7.005 
7. I I O  
7.196 
7.265 
7.319 
7.357 
7'. 382 
7.394 
7.393 
7.383 
7.362 
7.331 
7.292 

172.148 

P w 
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Appendix B 

Low-Pressure Condensing Tu rb ine  System 

The a d d i t i o n a l  c o s t  of  a b a s i c  dual purpose 250-Mgd p l a n t  due t o  t h e  a d d i t i o n  
o f  a 342 Mw I ow-pressure condens i ng t u r b  i ne-generator and condenser wh i ch 
would r e c e i v e  80% o f  t h e  backpressure t u r b i n e  exhaust steam i s  es t ima ted  t o  
be $15,665,700. The annual c o s t s  f o r  a b a s i c  p l a n t  which i nc ludes  t h i s  e x t r a  
g e n e r a t i n g  c a p a c i t y  would then  be as f o l l o w s :  

Water 

Gross 
Mwe 

Auxi  I 
Mwe 

Net  E 
Mwe 

Annua 

Product  ion,  Mgd 

Generat ion,  E I e c t r  i c a  

a r y  Power 

e c t r  i ca 

cos ts ,  

Investment 

Requ i rement, 

P roduc t  

Tube Replacement 

O & M  

Fue I 

Chem i ca I s 

TOTAL 

Year I 

50 

960 

64 

896 

14. I36 

0.818 

2.448 

13.322 

0.268 

30.992 

Year 2 

IO0 

875 

77 

798 

14. I36  

0.818 

2.448 

13.322 

0.537 

31.261 

Year 3 

I50 

79 I 

91 

700 

14. I36 

0.818 

2.448 

13.322 

0.805 

31.529 

The annual c o s t s  and q e n e r a t i o n  and t h e  p resen t  w o r t h  o f  

Year 4 

200 

706 

I04 

602 

14. I36 

0.818 

2.448 

13.322 

I .074 

31.798 

Year 5 

250 

618 

I18 

500 

14. I36  

0.818 

2.448 

13.322 

I .342 

32.066 

these c o s t s  and 
g e n e r a t i o n  f o r  t h e  e n i i r e  system f o r  the '  30-year p e r i o d  a r e  g i ven  i n  
Table B - I .  

7 
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Year 
- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

T a b l e  B-I 

Low-Pressure Condensing T u r b i n e  System Annual Cos ts  and E l e c t r i c a l  Genera t i on  

L.P. T u r b i n e  P l a n t  L a t e r  P l a n t s  
Annua I Cost G e n e r a t i o n  Annual Cos t  G e n e r a t i o n  

I O9  kw-hrs I06$ I O 9  kw-hrs I 0 6 8  

30.992 
31 .261 
31 .529 
31 .798 
32.066 
30.992 
31 .261 
31 .529 
31 .798 
32.066 
30.992 
31 .261 
31.529 
31.798 
32.066 
30.992 
31 .261 
31 .529 
31 .798 
32.066 
30.992 
31 .261 
31 .529 
31.798 
32.066 
30.992 
31.261 
31.529 
31.798 
32.066 

7.0641 
6.2914 
5.5188 
4.7462 
3.9420 
7.064 I 
6.2914 
5.5188 
4.7462 
3.9420 
7.0641 
6.2914 
5.5188 
4.7462 
3.9420 
7.0641 
6.2914 
5.5188 
4.7462 
3.9420 
7.0641 
6.2914 
5.5188 
4.7462 
3.9420 
7.0641 
6.2914 
5.5188 
4.7462 
3.9420 

0 
0 
0 
0 
0 

30.968 I 1  

I 1  

1 ;  

I .  

61 .936 
II 

II 

I 1  

11 

92.904 
I 1  

1; 

II 

I 1  

123.872 
1: 

I: 

I .' 
I ,' 

154.840 
I ', 

I 

1; 

I t  

0 
0 
0 
0 
0 

3.942 
I, 

II 

II 

1; 

7.884 
1 ,  

I1 

II 

I 1  

I I .826 
II 

11 

11 

11 

15.768 
I; 

I: 

1: 

II 

19.710 
I 

I: 

I. 

T o t a l  System 
Annua I Cos t  G e n e r a t i o n  

I068 I O 9  kw-hrs 

30.992 
31.261 
31 .529 
31 .798 
32.066 
61 .960 
62.229 
62.497 
62.766 
63.034 
92.928 
93. I97 
93 -465 
93.734 
94.002 

123.896 
124. I65 
124.433 
24.702 
24.970 
54.864 
55. I33 
55.40 I 
55.670 
55.938 
85.832 

7.064 
6.291 
5.519 
4.746 
3.942 

I I .006 
10.233 
9.461 
8.688 
7.884 

14.948 
14. I75 
13.403 
12.630 
I I .826 
18.890 
18. I I 7  
17.345 
16.572 
15.768 
22.832 
22.059 
21 .287 
20.514 
19.710 
26.774 

186.101 26.001 
186.369 25.229 
186.638 24.456 
186.906 23.652 

P r e s e n t  Worth-Tota I System 
Annua I Cos t  G e n e r a t i o n  

I068 I O9  kw-hrs 

29.800 
28.903 
28.029 
27.181 
26.356 
48.968 
47.289 
45.666 
44.099 
42.583 
60.364 
58.21 I 
56. I32 
54. I30 
52. I96 
66. I49 
63.743 
61 .424 
59. I89 
57.035 
67.959 
65.460 
63.051 
60.730 
58.495 
67.028 
64.544 
62. I50 
59.845 
57.627 

6.792 
5.816 
4.906 
4.057 
3.240 
8.698 
7.776 
6.913 
6.104 
5.326 
9.710 
8.854 t-l 
8.049 
7.293 
6.567 

10.085 
9.301 
8.562 
7.866 
7.196 

10.019 
9.308 

- 8.637 
8.003 
7.394 
9.657 
9.018 
8.413 
7.842 
7.292 

4 --t P' 

228.694 I 584.336 
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Appendix C 

Lake Mead Storaae Svstems 

Evapora t i ve  Loss, Annual Costs and E l e c t r i c a l  Generat ion 

Each o f  t h e  t h r e e  Lake Mead s to rage  schemes considered has a 250-Mgd, 
500-Mwe dual-purpose p l a n t  i n i t i a l l y .  The t h r e e  schemes d i f f e r  i n  t h e  
s i z e s  o f  p l a n t s  i n s t a l l e d  subsequent t o  t h e  f i r s t  p l a n t .  

Scheme I u t i l i z e s  250-Mgd, 500-Mwe p l a n t s  fo r  a l l  system a d d i t i o n s .  New 
p l a n t s  go i n t o  o p e r a t i o n  n o m i n a l l y  a t  t h e  s t a r t  of  yea rs  I, 9, 13, 18, 
23 and 28. Tab le  C-l p resen ts  annual incrementa l  e v a p o r a t i v e  loss, annual 
cos t ,  annual power genera t i on ,  and t h e  present-wor thed va lue  of  annual c o s t  
and power genera t i on  f o r  t h e  system o v e r  t h e  30-year p e r i o d  considered.  

Scheme 2 u t i l i z e s  350-Mgd, 700-Mwe p l a n t s  f o r  a l l  system a d d i t i o n s  a f t e r  
t h e  f i r s t  p l a n t .  
I O ,  15, 24 and 29. Table C-2 p resen ts  annual incrementa l  e v a p o r a t i v e  loss, 
annual c o s t ,  annual power genera t i on ,  and t h e  present-worthed va lue  of  
annual c o s t  and power genera t i on  f o r  t h e  system ove r  t h e  30-year p e r i o d .  

These a d d i t i o n s  a re  made n o m i n a l l y  a t  t h e  s t a r t  o f  yea rs  

Scheme 3 u t i l i z e s  450-Mgd, 900-Mwe p l a n t s  f o r  a l l  a d d i t i o n s  a f t e r  t h e  
f i r s t  p l a n t .  These a d d i t i o n s  a r e  made n o m i n a l l y  a t  t h e  s t a r t  o f  yea rs  IO ,  
19 and 28. Table C-3 presen ts  annual incrementa l  e v a p o r a t i v e  loss,  annual 
c o s t ,  annual power genera t i on ,  and t h e  present-wor thed va lue  o f  annual 
c o s t  and power g e n e r a t i o n  fo r  t h e  system o v e r  t h e  30-year p e r i o d .  

Evapora t i ve  losses a r e  made up by b r i n g i n g  c e r t a i n  o f  t h e  a d d i t i o n a l  p l a n t s  
on l i n e  a f r a c t i o n  o f  a year  e a r l i e r  t han  would o the rw ise  be necessary.  
These makeup a d d i t i o n s  a r e  i n d i c a t e d  i n  t h e  t a b l e s  and a re  scheduled t o  
p reven t  t h e  r e s e r v o i r  l e v e l  f rom e v e r  b e i n g  lowered below t h e  normal l e v e l  
it would have i f  t h e  d e s a l t i n g  system were n o t  i n  e x i s t e n c e .  

T 
i 



Tab le  C-l 

Year 
- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Lake Mead Storage Scheme I 
Evapora t ive  Loss, Annual Cos t  and E l e c t r i c a l  Genera t ion  

T o t a l  System 
Annual Cost Gene r a t i o n  

1068 I O9 kw-hrs 

30.968 
I 1  

I 1  

I I  

11 

11  

11 

I I  

61.936 
I 1  

I 1  

I 1  

92.904 
I 1  

11 

I I  

11 

123.872 
11 

I t  

I 1  

I 1  

154.840 
I 1  

11 

11  

I55.397l 
I 86.365 

I t  

11 

T o t a l  P resen t  Worth 

3.942 
I 1  

1 1  

I t  

I 1  

I t  

I I  

I t  

7.884 
I I  

I t  

I t  

I .826 
I I  

I1 

I 1  

I t  

15.768 
11 

I 1  

I 1  

I 1  

19.710 
I 1  

I 1  

11 

19.781 
23.652 

11 

I 1  

Present  Worth 
T o t a l  System 

Annual Cost Genera t ion  
I O 6 $  I O9 kw-hrs 

29.777 
28.632 
27.531 
26.471 
25.454 
24.474 
23.533 
22.628 
43.516 
41.841 
40.232 
38.685 
55.795 
53.650 
51.586 
49.602 
47.694 
61. I47 
58.795 
56.534 
54.359 
52.269 
62.823 
60.406 
58.084 
55.849 
53.895 
62. I49 
59.758 
57.460 

1384.629 

3.790 
3.645 
3.504 
3.370 
3.240 
3. I15 
2.996 
2.880 
5.539 
5.326 
5.121 
4.924 
7.102 
6.829 
6.567 
6.314 
6.071 
7.783 
7.484 
7. I96 
6.919 
6.653 
7.997 
7.689 
7.394 
7.109 
6.860 
7.887 
7.584 
7.292 

176. I80 

' I n c l u d e s  $0.557 x I O 6  and 0.071 x I O 9  kw-hrs f o r  makeup o f  4534 A - f t .  

Annua I 
Incrementa I 
Evaporat  i ve 

Loss 
A - f t  

2130 
5730 
8220 
9624 
9948 
9222 
7458 
4674 
3540 
3984 
3378 
I734 
I698 
3234 
3690 
3090 
I452 
I422 
2970 
3426 
2838 
I206 
I176 
2730 
3192 
2604 
1014 
I050 
2604 
3072 

Year End 
Storage 
I O 3  A - f t  

199.57 
345. I 4  
437.77 
478.57 
468.62 
408.98 
300.67 
144.69 
191.58 
187.60 
133.79 
31 .21 

130.36 
177.55 
173.86 
120.35 

18.04 
117.47 
164.93 
161.50 
108.24 

6. I 8  
105.86 
153.55 
150.36 
97.33 

0 
99.80 

147.62 
144.55 
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Table C-2 

Tota l  Svstem 
Annual Cost Gene r a t  i on Year 

1068 I O 9  kw-hrs - 
I 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

30.968 
11 

11 

11 

11 

11 

I1 

I1  

37.705l 
71.590 

I I  

11 

11 

72 .760' 
112.212 

I I  

11 

I I  

11 

I1 

I 1  

I 1  

I 18.949l 
152.834 

11 

I t  

I 1  

I 54. 0042 
193.456 

11 

To ta l  Present Worth 

3.942 
I 1  

I 1  

11 

I t  

I 1  

I I  

I t  

4.857l 
9.461 

I I  

11 

I 1  

9.620' 
14.980 

11 

I1 

11 

11 

I 1  

11 

11 

I5.895l 
20.499 

11 

11 

I 1  

20. 6582 
26.018 

11 

Present  Worth 
T o t a l  System 

Annual Cost Generat i on  
IO6$ I O9 kw-hrs 

29.777 
28.632 
27.531 
26.471 
25.454 
24.474 
23.533 
22.628 
26.49 I 
48.363 
46.503 
44.715 
42.995 
42.017 
62.307 
59.91 I 
57.606 
55.391 
53.260 
51.212 
49.242 
47.349 
48.261 
59.624 
57.331 
55. I26 
53.006 
51.357 
62.032 
59.646 

1342.245 

3.790 
3.645 
3.504 
3.370 
3.240 
3. I15 
2.996 
2.880 
3.412 
6.391 
6.146 
5.909 
5.682 
5.555 
8.318 
7.998 
7.690 
7.395 
7. I I O  
6.837 
6.574 
6.321 
6.449 
7.997 
7.690 
7.394 
7.109 
6.889 
8.343 
8.022 

177.77 I 

Incremental 
Evaporat i ve 

Lo5 s 
A - f  t 

2130 
5730 
8220 
9624 
9948 
9222 
7458 
4674 
I506 
I050 
2604 
3072 
2484 
954 
2130 
5730 
8220 
9624 
9948 
9222 
7458 
4674 
I506 
I050 
2604 
3072 
2484 
954 
2130 
5730 

Year End 
Storage 
I O 3  A - f t  

199.57 
345. I4 
437.77 
478.57 
468.62 
408.98 
300.67 
144.69 
0 
99.80 
147.62 
144.55 
91.64 
0 

199.57 
345.14 
437.77 
478.57 
468.62 
408.98 
300.67 
144.69 
0 
99.80 
147.62 
144.55 
91 .64 
0 

199.57 
345. I4 

' I nc ludes  $6.737 x I O 6  and 0.915 x I O 9  kw-hrs f o r  makeup o f  58,512 A - f t .  
' Includes $1.170 x IO6 and 0.159 x IO9 kw-hrs f o r  makeup of 10,164 A - f t .  



Table C-3 

Year 
- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Lake Mead Storage Scheme 3 
Evapora t ive  Loss, Annual Cos t  and E l e c t r i c a l  Genera t ion  

To ta l  System 
Annual Cost Genera t ion  

l o b $  I O9 kw-hrs 

30.968 3.942 
11 I 1  

I 1  

11 

11 

I 1  

11 

I1  

37.407 4.857l 
I I .038 80.882 

11 

11 

I 1  

I 1  

11 

11 

I 1  

87.321 
130.796 

I 1  

I1  

I 1  

11 

11  

I1  

11 

I 1  

I 1  

11 

I1  

I1 

I1  

I 1  

I I .953 
18. I 34  

I I  

I 1  

I 1  

I1  

I 1  

11 

11 

27 I37.235l I9.049l  
28 180.710 25.230 
29 
30 

I 1  I 1  

I1 11 

T o t a l  P resen t  Worth 

P resen t  Worth 
T o t a l  System 

Annual Cost Gene r a t  i on 
1068 I O9 kw-hrs 

29.777 
28.632 
27,531 
26.471 
25.454 
24.474 
23.533 
22.628 
26.282 
54.641 
52.539 
50.519 
48.575 
46.708 
44.91 I 
43. I 8 4  
41.522 
43. IO4 
62.081 
59.694 
57.397 
55.191 
53.068 
51.026 
49.064 
47. I77  
47.596 
60.263 
57.945 
55.717 

I 3  16.704 

3.790 
3.645 
3.504 
3.370 
3.240 
3. I15 
2.996 
2.880 
3.412 
7.457 
7. I 7 0  
6.894 
6.629 
6.374 
6.129 
5.893 
5.667 
5.900 
8.607 
8.276 
7.958 
7.652 
7.358 
7.074 
6.802 
6.541 
6.607 
8.414 
8.090 
7.779 

179,223 

l l n c l u d e s  $6.439 x I O 6  and 0.915 x I O 9  kw-hrs f o r  makeup o f  58,512 A - f t .  

Annua I 
Incrementa I 
kvaporar  i ve 

Loss 
A - f t  

2130 
5730 
8220 
9624 
9948 
9222 
7458 
4674 
I506 
2130 
5730 
8220 
9624 
9948 
9222 
7458 
4674 
I506 
2130 
5730 
8220 
9624 
9948 
9222 
7458 
4674 
I506 
2130 
5730 
8220 

Year End 
Storage 
I O 3  A - f t  

199.57 
345.14 
437.77 
478.57 
468.62 
408.98 
300.67 
144.69 

0 
199.57 
345. I 4  
437.77 
478.57 
468.62 
408.98 
300.67 
144.69 

0 
199.57 
345. I 4  
437.77 
478.57 
468.62 
408.98 
300.67 
144.69 

0 
199.57 
345. I 4  
437.77 

P 
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