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DI SCCAIME R 

This report was prepared as an account o f  work sponsored b.v 

the United States  Government. Nci t h c r  thc l l n i  t,c.ri ‘.t < ~ t c > q  n o r  t tv  

United States  Department o f  Enerqy, nor any  o f  t h c i r  employees, 

nor any o f  t h e i r  contractors ,  subcontractors, or t h e i r  employees, 

makes any warranty, expressed or  implied, o r  assumes any legal 

responsibi l i ty  for the accuracy, completeness or usefulness of  any 

information, apparatus, product or  process disclosed, o r  represents 

t h a t  i t s  use would no t  infr inge privately-owned riqhts. 
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GEOTHEPMAL HEATING FACILITIES FOR 

CARSON ELEMENTARY SCHOOL AND W I > I [ >  R I V E R  MIDDLE SCHOOL 

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

ass i stance . 

I NTRODUCT I ON 

Carson Elementary School and Wind R i v e r  M i d d l e  School a r e  l o c a t e d  

i n  Carson, Washington, ad jacen t  t o  t h e  Wind R i v e r .  Both schools  a re  

operated by t h e  Stevenson-Carson School D i s t r i c t .  

Carson Elementary, comprised o f  49,000 square f e e t ,  was c o n s t r u c t e d  

i n  seve ra l  phases beg inn ing  i n  1951. The c o n s t r u c t i o n  i s  v a r i a b l e ,  

b u t  i s  c h a r a c t e r i z e d  by l a r g e  expanses o f  s i n g l e  g lass  and u n i n s u l a t e d  

masonry areas. 

equipment. 

An o i l  f i r e d  steam b o i l e r  s u p p l i e s  a v a r i e t y  o f  t e r m i n a l  

Wind R i v e r  M idd le  School was b u i l t  i n  1972 and, as a r e s u l t ,  e x h i b i t s  

much g r e a t e r  i n s u l a t i o n  l e v e l s .  The 38,000 square f o o t  s t r u c t u r e  i s  

heated e n t i r e l y  by an e l e c t r i c  r e s i s t a n c e  t e r m i n a l  rehea t  system. 

Carson Hot Spr ings Resort ,  l o c a t e d  approx ima te l y  one h a l f  m i l e  f rom 

t h e  schools ,  e x h i b i t s  temperatures o f  124°F. 

work i s  i n  progress t o  b e t t e r  d e f i n e  t h e  l o c a l  geothermal resource.  

I n  a d d i t i o n ,  g e o l o g i c a l  

Th i s  r e p o r t  examines t h e  f e a s i b i l i t y  o f  geothermal use a t  t h e  school  

f o r  space h e a t i n g  purposes. 
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and Wind R i v e r  M idd le  Schools i s  dependent upon t h e  c o s t  o f  w e l l  

d r i l l i n g  t o  access t h e  geothermal resource.  

l a c k  o f  i n f o r m a t i o n  rega rd ing  t h e  l o c a l  geology, accura te  es t ima tes  

However, due t o  a 

o f  w e l l  cos ts  c o u l d  n o t  be made. As a r e s u l t ,  a1 

were cons t ruc ted  i n  such a way as t o  i n d i c a t e  t h e  

a v a i l a b l e  f o r  w e l l  development (see Tables 1-5) .  

V 

S. 

economic runs were made and a re  su 

1. E x i s t i n g  b u i l d i n g s  w i t h  

2 .  Master  p l a n  b u i l d i n g s  w 

3. E x i s t i n g  b u i l d i n g s  w i t h  

4. .Master p l a n  b u i l d i n g s  w 
Table 4. 

ima r i ze d 

w e l l s  a t  
t h  we1 1 s 

p i  pe 1 i ne 
t h  p ipe1 

s f o l  

economic analyses 

amount o f  c a p i t a l  

F i ve  d i f f e r e n t  

ows : 

school  s i t e  - Table 1. 

a t  school  s i t e  - Table 2. 

t o  h o t  sp r ings  - Tab le  3. 
ne t o  h o t  s p r i n g s  - 

5. Master  p l a n  b u i l d i n g s  w i t h  p i p e l i n e  t o  h o t  s p r i n g s  and 
a c c e l e r a t e d  e l e c t r i c a l  r a t e s  - Table 5. 

An e x p l a n a t i o n  o f  each o f  these t a b l e s  i s  conta ined i n  t h e  Economic 

Ana lys i s  s e c t i o n .  

i n  Table 7 w i t h  more d e t a i l e d  cos ts  shown i n  Table 6. 

A summary of t h e  c o s t  i n p u t  da ta  f o r  each i s  shown 

The most a t t r a c t i v e  approach f o r  use o f  geothermal a t  t h e  schoo ls  

i s  Table 2. 

found i n  t h e  master p l a n  and on produc t ion  and I n j e c t i o n  w e l l s  a t  t h e  

school  s i t e .  The c a p i t a l  c o s t  f o r  t h i s  system i s  $194,296 and a Net 

Present  Value o f  $438,772 i s  generated a f t e r  20 yea rs  (d i scoun ted  a t  

12%). 

w e l l  development if a 20 y e a r  payback was des i red .  

T h i s  system i s  based upon t h e  a d d i t i o n s  t o  each school  

T h i s  sum i s  t h e  amount o f  c a p i t a l  which would be a v a i l a b l e  f o r  

The c o s t  o f  p i p i n g  water  from t h e  e x i s t i n g  h o t  sp r ings ,  based on 

the  e x i s t i n g  temperature, i s  n o t  economica l l y  f e a s i b l e .  

a resource o f  h i g h e r  than 124°F cou ld  be found, bo th  t h e  f l o w  r a t e  and 

However, i f  
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need for piping insulation could be eliminated resulting in a large 

reduction in capital costs. 

I t  i s  strongly recommended t h a t  the d i s t r i c t  pursue the possibil i ty 

of a t e s t  well a t  the s i t e  of the  schools. 

AVAILABILITY OF GEOTHERMAL 

The most definit ive evidence of the geothermal resource in the area 

of the schools i s  the Carson Hot Springs. 

used as a resort for many years. 

approximately 1 2 7 O F .  

sequently disposed of in the Wind River. 

The Hot Springs has been 

The existing flow rate i s  50 gpm a t  

This water i s  used for bathing purposes and sub- 

In  l a t e  1981, the Washington Department o f  Natural Resources, Division 

of Geology and Earth Resources, released the results o f  t e s t  d r i l l i ng  in 

the Carson area. A t e s t  hole was dr i l led north o f  Carson Hot Springs 

which resulted in a temperature gradient ( in  the lower portion of the 

hole) of approximately 34O0C/km. 

gradient a t  Carson in comparison t o  the rest  of the r e g i o n .  

gradient continues and adequate water flows are available, the conditions 

for a production well would be very a t t rac t ive .  

Figure 1 indicates the s ize  of the 

I f  th i s  

w; feel that  the h o t  water in the area i s  associated with an igneous 

body known informally as the Buck Mountain intrusive. A t  t h i s  PO 

the extent o f  t h i s  unit i s  n o t  well defined. As a resu l t ,  i t  i s  

t o  predict the potential for a successful well a t  the school s i t e  

Unfortunately, the t e s t  hole was dr i l led  a t  the sight of the h o t  

springs. 

a n d  approximately 370 feet  higher in elevation. 

The schools are located some 2,000 feet  west of t h i s  location 

State geology personnel 

rock 

n t  , 

mposs i bl e 

There 
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i s  a p o s s i b i l i t y  o f  f u r t h e r  t e s t  d r i l l i n g  by t h e  Department o f  Geology 

and E a r t h  Resources d u r i n g  t h e  summer o f  1982. 

shou ld  pursue t h e  p o s s i b i l i t y  o f  a t e s t  h o l e  a t  t h e  school .  

The school  d i s t r i c t  

I f  access 

t o  t h e  geothermal resource cou ld  be gained a t  t h e  school  s i t e ,  t h e  

requi rement  f o r  p i p e l i n e s  t o  t h e  e x i s t i n g  h o t  sp r ings  and r o y a l t y  t o  

t h e  resource owner c o u l d  be e l i m i n a t e d .  

GEOTHERMAL SYSTEM 

Two o p t i o n s  a re  a v a i l a b l e  f o r  geothermal access a t  t h e  schoo ls .  

The f i r s t  i s  t o  p i p e  geothermal water  f rom t h e  e x i s t i n g  h o t  s p r i n g s  

area  t o  t h e  schoo ls .  I n  t h i s  case, p roduc t i on  and i n j e c t i o n  w e l l s  

would be l o c a t e d  a t  t h e  h o t  s p r i n g s .  

d r i l l  t h e  w e l l s  a t  t h e  school s i t e .  Th i s  would e l i m i n a t e  t h e  r e q u i r e -  

ment f o r  a p i p e l i n e  from t h e  h o t  s p r i n g s  t o  t h e  schoo l .  I n  e i t h e r  

The second o p t i o n  would be t o  

case, t h e  r e t r o f i t  necessary f o r  t h e  e x i s t i n g  mechanical system a t  

t h e  schools  would be t h e  same. The f o l l o w i n g  paragraphs desc r ibe  

t h e  d e t a i l s  o f  t h e  i n d i v i d u a l  b u i l d i n g  r e t r o f i t s  and t h e  methods o f  

geothermal access. 

F igu re  2 shows t h e  topograph ic  fea tu res  o.f t h e  area around Carson. 

An i n s e t  d e t a i l s  t h e  cross s e c t i o n  between t h e  sp r ings  and t h e  schoo l .  

I f  t he  e x i s t i n g  s p r i n g s  were used as t h e  geothermal resource,  a pro-  

d u c t i o n  w e l l  and an i n j e c t i o n  w e l l  would be r e q u i r e d  a t  t h e  h o t  sp r ings  

s i t e .  I n  view o f  t h e  f l o w  r a t e  r e q u i r e d  ( ~ 5 0 0  gpm a t  peak), i n j e c t i o n  

would p robab ly  be necessary as opposed t o  t h e  ,present method o f  r i v e r  

d i sposa l .  As i n d i c a t e d  i n  F igu re  2, t h e r e  i s  a l a r g e  e l e v a t i o n  d i f f e r e n c e  

between t h e  two s i t e s .  I n  o rde r  t o  a v o i d  excess ive  pumping requi rements 
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and s a t i s f y  t h e  wishes o f  t h e  resource owner ( f o r  r e t u r n  o f  t h e  w a t e r )  

a c losed  l o o p  t y p e  system would be requ i red .  

scheme o f  such an arrangement. Due t o  t h e  e l e v a t i o n  d i f f e r e n c e ,  a 

h i g h  s t a t i c  pressure ( ~ 1 6 0  p s i )  would e x i s t  a t  t h e  l ower  end o f  t h e  system 

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

g lass  r e i n f o r c e d  p l a s t i c  cou ld  be used f o r  t h e  balance o f  t h e  p i p i n g .  

I n  a d d i t i o n  t o  t h e  two w e l l s  and p i p i n g  loop,the system would r e q u i r e  

a p l a t e  heat  exchanger and c i r c u l a t i n g  pump. 

F igu re  3 shows t h e  f l o w  

F ibe r -  

Geothermal wa te r  f rom t h e  p r o d u c t i o n  w e l l  would pass th rough  t h e  

heat  exchanger g i v i n g  up heat  t o  t h e  c losed  l o o p  water .  The cooled 

geothermal would then  be d i r e c t e d  t o  d i sposa l  ( i n j e c t i o n  o r  r i v e r ) .  

Closed l o o p  wa te r  would then pass through a p l a t e  hea t  exchanger a t  

each school ,  h e a t i n g  t h e  b u i l d i n g  l o o p  water .  

3 are peak f lows f o r  t h e  e x i s t i n g  b u i l d i n g s .  Flow requi rements f o r  

t h e  master  p l a n  a d d i t i o n  a re  shown i n  parentheses. 

p e r a t u r e  was taken t o  be 125°F. 

some r e d u c t i o n  i n  f l o w  r a t e s  would r e s u l t .  I n  view o f  t h e  l ow  wa te r  

temperature a v a i l a b l e ,  l i t t l e  a d d i t i o n a l  heat  l o s s  can be t o l e r a t e d  

between t h e  s p r i n g s  and t h e  schools .  As a r e s u l t ,  t h e  supp ly  l i n e  

Flows i n d i c a t e d  i n  F igu re  

The resource  tem- 

I f  warmer temperatures were a v a i l a b l e ,  

c o u l d  be u n i n s u l a t e d  t o  would have t o  be i n s u l a t e d .  The r e t u r n  l i n e  

reduce c a p i t a l  c o s t .  

Table 6 shows t h e  c a p i t a l  cos ts  f o r  t h e  p 

equipment. C a p i t a l  costs  f o r  w e l l s  were n o t  

o f  g e o l o g i c a l  i n f o r m a t i o n  on t h e  area. 

Wel ls a t  School S i t e  

p e l i n e  and assoc 

e s t i m a t e d  due t o  

a t e d  

t h e  l a c k  

I n  v iew o f  t h e  l a c k  o f  i n f o r m a t i o n  concern ing a p o t e n t i a l  w e l l  a t  
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t h i s  s i t e ,  economics were run w i t h  only r e t r o f i t  costs fo r  this system. 

A cash flow column was generated i n  Tables 1 & 2 showing the  amount 

o f  money avai lable  for  resource development based on savings. 

Carson Elementary School Retrof i t  

In order t o  determine the  required capacity o f  the  geothermal 

system a t  the  school ,  a block heat load calculation was done. In 

addi t ion,  ex is t ing  vent i la t ion rates  were evaluated fo r  potential  

reduction. 

determined. 

o f  t h e  heat exchanger) and a 20" A t ,  th is  r e su l t s  i n  a flow ra te  of 

205 gpm. 

area i n  ex is t ing  u n i t  ven t i la tors .  

perature would have resulted i n  a surface area requirement of greater  

t h a n  three rows. 

vent i la tor  cabinets.  

Based on t h i s ,  a peak capacity of 2,050,000 Btu/hour was 

Using a supply water temperature of 110°F ( b u i l d i n g  s ide  

The 20" A t  was determined as a resu l t  of avai lable  coi l  

A larger  A t  a t  this supply tem- 

This could not be accommodated i n  t he  present u n i t  

The b u i l d i n g  i s  currently heated w i t h  an o i l  f i r ed  steam boi le r  

supplying a variety of steam terminal equipment. Steam and condensate 

p i p i n g  i s  run pr imar i ly  i n  perimeter trenches. 

In order t o  accommodate t h e  use of geothermal a t  the schools,  some 

New insulated hot water major system modi f i  cation would be necessary. 

p i p i n g  would be i n s t a l l e d  i n  the  a t t i c  space above t h e  corridors.  

the older portion of the  b u i l d i n g ,  branches would be run through the 

a t t i c  t o  the individual terminal equipment. In the newer portion o f  

t h e  b u i l d i n g ,  these branches would be exposed along the ce i l ing  i n  

classroom areas .  The condensate s ide of t he  exis t ing steam p i p i n g  i s  

In 
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t o o  sma l l  f o r  proposed wa te r  f l ows .  I n  a d d i t i o n ,  t h e r e  i s  n o t  

s u f f i c i e n t  access t o  t h e  e x i s t i n g  p i p e  t renches f o r  t h e  i n s t a l l a t i o n  

o f  new p i p i n g .  As a r e s u l t ,  i t  was f e l t  t o  be more economical t o  

i n s t a l l  t h e  new water  p i p i n g  i n  t h e  c e i l i n g  area. 

Most f o r c e d  a i r  t e r m i n a l  equipment cou ld  be re-used. However, 

t h e  e x i s t i n g  steam d i s t r i b u t i o n  c o i l s  and c o n t r o l  va lves would be r e -  

p laced  w i t h  new t h r e e  row h o t  wa te r  c o i l s  and c o n t r o l  va l ves .  T h i s  

c o n f i g u r a t i o n  i s  capable o f  95°F supp ly  a i r  temperatures.  I n  con- 

j u n c t i o n  w i t h  t h e  e x i s t i n g  a i r  f l o w  c a p a b i l i t i e s ,  t h i s  i s  more than  

s u f f i c i e n t  t o  meet b u i l d i n g  hea t  l o s s e s .  

E x i s t i n g  n a t u r a l  convect ion equipment would be rep laced  w i t h  new 

f o r c e d  a i r  h o t  wa te r  u n i t  hea te rs .  

unable t o  supp ly  s u f f i c i e n t  hea t  t o  meet l osses .  

temperatures become avai  1 ab1 e, t h i s  equipment rep1 acement shou ld  be 

re -eva l  uated. 

The present  equipment would be 

I f  h i g h e r  geothermal 

C a p i t a l  costs  f o r  t h e  r e t r o f i t  o f  t h e  e x i s t i n g  b u i l d i n g  and f o r  

t h e  proposed master  p l a n  changes a re  shown i n  Table 6. C a p i t a l  cos ts  

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

between a new h o t  wa te r  system compared t o  a new steam system. 

l osses  and energy consumption f o r  t h e  a d d i t i o n  were based on t h e  Wind 

R i  v e r  School . 

Heat 

Wind R i v e r  School 

Based on t h e  r e c e n t  c o n s t r u c t i o n  o f  t h e  Wind R i v e r  School, i t  i s  

f e l t  t h a t  t h e  i n s t a l l e d  c a p a c i t y  o f  t h e  e x i s t i n g  equipment agreed more 
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c l o s e l y  w i t h  t h e  s t r u c t u r e  heat  l o s s .  

c a p a c i t y  was used as t h e  c a p a c i t y  o f  t h e  geothermal h e a t i n g  system. 

Cons t ruc t i on  drawings i n d i c a t e  t h i s  f i g u r e  t o  be 2,040,000 Btu/hour .  

As a r e s u l t ,  i n s t a l l e d  

The e x i s t i n g  system a t  t h e  school i s  an a i r  d i s t r i b u t i o n  t e r m i n a l  

reheat  arrangement w i t h  e l e c t r i c  r e s i s t a n c e  duc t  hea te rs .  

a i r  hand lers  supp ly  a i r  f l o w  f o r  t h e  b u i l d i n g .  

t o  i n d i v i d u a l  space demands by  t h e  t e r m i n a l  u n i t s .  

S i x  main 

A i r  i s  t hen  heated 

R e t r o f i t  o f  t h i s  system f o r  geothermal would c o n s i s t  o f  i n s t a l l i n g  

h o t  water  c o i l s  i n  each o f  t h e  e x i s t i n g  a i r  hand le rs .  S ince these  

u n i t s  were o r i g i n a l l y  des igned t o  accommodate c o o l i n g  c o i l s ,  which 

were n o t  i n s t a l l e d ,  t h e r e  i s  s u f f i c i e n t  space f o r  t h e  f o u r  row h o t  water  

c o i l s .  

t o  be t h e  sum o f  t h e  e x i s t i n g  t e r m i n a l  reheat  u n i t s  c a p a c i t i e s .  

a i r  temperature was then c a l c u l a t e d  from p resen t  m ix  a i r  temperature 

and a i r  f low. Th is  r e s u l t s  i n  supp ly  a i r  temperatures t o  some spaces 

which a re  l o w e r  than present  design. 

ba lanc ing  w i l l  be necessary t o  assure t h a t  a l l  areas a re  s a t i s f i e d .  

Hot  wa te r  c o i l s  were based on 600 fpm face v e l o c i t i e s  which corresponds 

t o  o r i g i n a l  c o o l i n g  c o i l  des ign.  I n  a d d i t i o n  t o  t h e  c o i l s ,  new h o t  

wa te r  c o n t r o l  va lves  and supp ly  and r e t u r n  p i p i n g  would be i n s t a l l e d  

i n  t h e  e x i s t i n g  mechanical space. 

The r e q u i r e d  c a p a c i t y  o f  t h e  new h o t  water  c o i l s  was c a l c u l a t e d  

Supply 

As a r e s u l t ,  some a i r  s i d e  

Due t o  t h e  l a c k  o f  mechanical area space a t  t h e  schoo l ,  a new en- 

c l o s u r e  would be c o n s t r u c t e d  t o  house t h e  b u i l d i n g  h e a t  exchanger and 

c i r c u l a t i n g  pump. For purposes o f  cos t  e s t i m a t i o n  t h i s  was assumed 

t o  be l o c a t e d  a t  t h e  west end o f  t h e  b u i l d i n g  as shown i n  F igu re  5. 
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Capi ta l  costs for t h i s  system are  shown i n  Table  6 .  Costs 

f o r  t h e  new a d d i t i o n  were assumed t o  be t h e  d i f f e r e n c e  between 

t h a t  o f  an e l e c t r i c  res is tance  and hot  water  systems. 

use and h e a t i n g  l o a d  f o r  t h e  a d d i t i o n  was based on t h e  e x i s t i n g  

Wind R i v e r  School. 

Energy 
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I,It.’K CYCLE COST ;\NALYSIS 
FOR 

\.’IN!) R I V E R  III P C L E  SCI!OOI, AND CARSOP: EI.EE1ENTARY SCHOOL 

I,i f . ~  c y c  IC! c o s t  ani i lysis  fo r  tlir c.o,riccptual );eothernlal hent ine system 

;it .  t \ l e  :.‘i i i t l  1:ivcr ? i i t c l l 6 ’  a n d  Car son  !‘lenentary schools appears i n  t a b l e s  one 

t Iiroi1;:h f i vi’ . 
T I  W ; I S  asstintid t .liat. t l i e  system w o i i l t l  come on llrie i n  1983. The twenty 

y e a r  f o r i t c i l s t s  ;is..siiw n 7X economic i n f l a t i o n  r a t e  over tlie pro jec t  l i f e ,  

a n d  ac!rli t i , > ! i i i l .  i n f 1 ; i t  i on  r a t e s  f o r  conventional fuels as  fo recas t  by the 

Ortll:,nn i!cpnrtr.icnt O F  Ene r j :y  “ F i f t l i  Annual  R e p o r t ”  as  follows: 

7 ’ l : t l  r ~ ) l i i m n s  i n  tal:lt:s one' th ro t~ ; . : !~  f i v e  p r o v i d e  twenty year l i f e  cycle 

c o s t s  2 s  f v ;  10:4s: 

Cc)l11r;iris n!ic ;inrl t w  forecas t  the c o s t s  of h e a t i n g  ttie schools w i t h  

Con\ rc i l t  i o n n l  f u e l s ;  s p r c i f i c a I l y  o i l  a n d  c l c c t r i c i t y .  

C o l u m n  thrcc f o r c n s t s  ttie twenty year cos t  of e l e c t r i c i t y  f o r  t h e  geo- 

t1ic~r1,in 1 tieat i n p  sys tem.  Cohtmn four  i n d i c a t e s  the maintenance cos t s  for the 

q e o t l ! e r v l  s y s t r r  i n f l a t i n g  a t  the economic i n f l a t i o n  r a t e  of seven percent 

p t ’ r  nnnii i j . Cnluam f i v e  p ro jec t s  the insurnnce cos t s  assoc ia ted  with the 

i c’nther:1,i 1 system, i n f  l s t i o n  ;It two percent p e r  anntin. 

kv 

x 
W 

** 
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Colurin s i x ,  n e t  enet j :y  s a v i n g s ,  i s  tlie r e s u l t  of a d d i n g  c o l u n n s  one and 

two : l i l t !  s u b t r r i c t i n g  co l r inns  three, f o u r  and Five .  

r h l l l r  , I  sf'ven assumes 1007 de\:t f i n a n c i n g  and shows t h e  twen ty  y e a r  loan 
'1) 

pa;:rwrit t!iiit worilil Iw rc(iiij red a t  1 2 %  p e r  y e a r .  

CoLrir~:i t . i t :ht  shows  the t w e n t y  y e a r  cash  f lows  a f t e r  a l l  c o s t s  of t h e  ** 

in:; systc1ri. ( : o l 1 1 1  i i  i i i q e  is n s t i n n a t i o n  of the c a s h  f l o w s  From column e i g h t .  

b l h c  t o  tlie f a c t  t h a t  no w11 d r i l l i r i j ?  c o s t s  were c o n s i d e r e d  i n  any of 

t 11c l i  f ( s  c y c l e  c1oc.t a i u l y s i  5 t a b l e s ,  colurin t e n  and e l e v e n  were c a l c u l a t e d  

t o  providtx 1)ro j r c t  i ons  of t h e  m o i i n t  of noncy t h a t  coulc! he s p e n t  t o  d r i l l  

protluctioli  ; 1 1 ~ 1  i . 1 j c c t i o n  w e l l s  f o r  tlie g e o t h e r m a l  sys t em.  As an example ,  i n  

yr 

v 

;lent: i r  a n  p i p l i t  y c n ~  paytwck i s  r e q u i r e d .  These two columns Iiave l i t t l e  

s i g r i i f  Icancc> citljcr t l i a n  p r o v i ? i n f :  t h i s  i n f o r n a t i o n .  S i n c e  t h e  p r o j e c t  was * 

. 7 ~ s r i r i e ( i  t o  Fw 1 0 0 '  f i m n c c d  a t  twe lve  p e r c e n t ,  and t h e  l oan  payments have  

I )~ -~c i~  si11.tr:ictvd o u t  p r i o r  t o  cnIr imn eif;!it.  'fhe n e t  p r e s e n t  v a l u e s  shown f o r  

* 

yt:,jrs D I ~ C  t\>roug-,c:h t w e n t y  I1ave 110 b e a r i n g  on ttre c a p i t a l  i n v e s t m e n t  r e q u i r e d  c 

f o r  t l !e  : x ~ o t ! i c ~ r x i  1 s y s t e n  c x c e p t  as  reli i tes t o  r e s o u r c e  deve lopment  c o s t s .  

- 2- 



. 

TABLE 6 

SYSTEM COST FIGURES 

Carson School 

Costs f o r  R e t r o f i t  o f  E x i s t i n g  B u i l d i n g  

Cap i ta l  Costs: 

Main p i p i n g  
Branches w i t h  con t ro l s  
Replace c o i l s  i n  U V ' s  
New h o t  water u n i t  heaters 
Replace c o i l s  i n  HVU and ACU u n i t s  
Heat exchanger 
C i r c u l a t i n g  pump 
DHW r e t r o f i t  
Mechani ca l  room p i  p ing  a1 1 owance 
M i  s c e l l  aneous mechanical & e l e c t r i  c 

15% engineer ing & contingency 

TOTAL 

Operat ing Costs : 

Mai n tenance no increase 

Increased e l e c t r i c a l  usage 

10,000 
42,600 
11,500 

5,500 
17,100 
11,000 

3,500 
4,000 
2,000 
5,800 

122,000 

18,000 

140,000 

2 43 

Savings : 
3925.7 X l o 6  B t u l y r  t.140,000 Btu/gal  
X $ l . l o /ga l  = 30,845 
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Table 6 c o n t ' d :  

k 

r 

Costs f o r  R e t r o f i t  o f  Master  Plan B u i l d i n g  

C a p i t a l  Costs: 

Branch p i p i n g  w i t h  c o n t r o l s  
Main p i p i n g  
Replace c o i l s  i n  U V ' s  
New h o t  water  u n i t  heaters  
Replace c o i l s  i n  HVU u n i t s  
Heat exchanger 
Con t ro l s  
C i r c u l a t i n g  pumps 
Mechanical room p i  p i n g  a1 1 owance 
Miscel laneous mechanical & e l e c t r i c  (0 .05) 
Premium on equipment i n  new a d d i t i o n  

( t o  accommodate low temp HW des ign)  

24,000 
10,700 

5,500 
4,000 

11,000 
9,500 
2,500 
3,000 
2,000 
3,600 

l.l,210 

87,000 

15% eng ineer ing  cont ingency 13,100 

TOTAL 100,100 

Opera t ing  Costs: 
Maintenance - no inc rease 

Increased e l e c t r i c a l  usage ( f r o m  above) 2 43 

Savings : 
17,360 

7,575 
24,935 

6 
6 

2209.3 X 10 B t u / y r  t 140,000 X 1.1 = 

964.1 X 10 B t u l y r  t 140,000 X 1.1 = 



Table 6 c o n t ' d :  

. Wind R ive r  School 

Costs f o r  R e t r o f i t  o f  E x i s t i n g  B u i l d i n g  

C a p i t a l  Costs: 

Replace c o i l s  i n  AClJ and HVU u n i t s  
Heat exchanger 
Con t ro l  s 
En c l  os u re  
C i  r c u l  a t  i n g  pump 
P i  p i n g  
Misce l laneous mechanical and e l e c t r i c  

15% eng ineer ing  & cont ingency 

TOTAL 

Opera t ing  Costs: 

Maintenance - 
p i  p i n g  124 
equipment 700 

Increased e lectr ica l  usage 

23,500 
11,000 
2,500 
4,000 
3,500 

21 ,500 
6,600 

72,600 

11,000 

83,600 

82 4 

188 

Insurance 41 8 

Savings : 

1815.8 X 10 6 B t u l y r  3413 X-.028 = -  14,897 



Table 6 c o n t ’ d :  

c 

c 

Costs f o r  R e t r o f i t  o f  Master Plan B u i l d i n g  

C a p i t a l  Costs : 
Costs from prev ious  page 72,600 
Premium on equipment f o r  a d d i t i o n  8,500 

( i nc remen ta l  d i f f e rence  between e l e c t r i c i t y ,  
f o r c e d  a i r ,  and h o t  water  systems) 

81,100 

15% eng ineer ing  & cont ingency 12,300 

TOTAL 93,400 

Opera t ing  Costs: 

Maintenance 

Increased e l e c t r i c a l  usage 

Insurance 

82 4 

188 

41 8 

Savings: 
1815.8 X l o 6  B t u / y r  f 3413 X 1.10 = 

744.2 X 10 B t u l y r  t 3413 X 1.10 = 

14,897 

6 ,105 

TOTAL 21,002 

6 

P i p e l i n e  from E x i s t i n g  Spr ings :  

Cap i ta l  Costs : 
S tee l  p i p i n g  
FRP p i p i n g  
C i  r c u l  a t i n g  pump 
Heat exchanger 
Hook- UPS 

96,800 
109,800 
68,OO 
14,500 
5,000 

232,900 

15% eng ineer ing  & cont ingency 35,000 

TOTAL 267,900 



Table 6 cont'd: 

Operating Costs: 
Maintenance 

p i  ping 1212 
equipment 46 3 

Increased e lectr ica l  usage 

Insurance 

1,675 

9 40 

1,340 

c' 



TABLE 7 

G 

c 

Run #1 E x i s t i n g  B u i l d i n g s  - no p i p e l i n e  

C a p i t a l  c o s t  
Maintenance 
E l  e c t r i  c i t y  
I n s  uran ce 
Savings 

O i  1 
E l e c t r i c i t y  

223,600 
82 4 
431 
41 8 

30,845 ( p e r  y e a r )  
14,897 

Run #2 Master  Plan B u i l d i n g s  w i t h  no p i p e l i n e  

C a p i t a l  c o s t  
Maintenance 
E l e c t r i c i t y  
Insurance 
Savings 

O i  1 
E l  e c t r i  c i t y  

194,296 
82 4 
431 
41 8 

24,934 ( p e r  y e a r )  
21,002 

Run #3 E x i s t i n g  B u i l d i n g s  w i t h  p i p e l i n e  

C a p i t a l  c o s t  491,500 
Maintenance 2,499 
E l  e c t  r i  c i  t y  1,371 
I n s  uran ce 1,758 
Savings 

O i  1 30,845 ( p e r  y e a r )  
E l  e c t r i  c i t y  14,897 

Run #4 Master  P lan w i t h  p i p e l i n e  

C a p i t a l  c o s t  462,196 
Maintenance 2,499 
E l e c t r i c i t y  1,371 
Insurance 1,758 
Savings 

O i  1 24,934 ( p e r  y e a r )  
E l e c t r i c i t y  21,002 

Run #5 Master  P lan w i t h  p i p e l i n e  and h i g h  e l e c t r i c  r a t e  

C a p i t a l  c o s t  
Maintenance 
E l  e c t r i  c i t y  
Insurance 
Savings 

O i  1 
. E l e c t  r i  c i t y  

462,196 
2,499 
1,371 
1,758 

24,934 ( p e r  y e a r )  
37,804 



.PRESENT COST 

YEAR 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

TOTAL 

1 
HEATING O I L  

CURRENT 
SYSTEM 

30845 

33590 
36580 
39835 
43381 
47242 
51446 
56025 
61011 
6644 1 
72354 
78794 
85806 
93357 

101573 
110511 
120236 
130817 
142329 
154854 
168481 

1694662 

# , ''1 , 

TABLE 1 

L I F E  CYCLE COST ANALYSIS Date:Feb. 24,  1982 
FOR 

W I N D  RIVER MIDDLE SCHOOL AND CARSON ELEMEN 

2 3 4 5 
ELECTRICITY ELECTRICITY MAINTENANCE INSURANCE 

CURRENT GEOTHERMAL GEOTHERMAL GEOTHERMAL 
SYSTEM SYSTEM SY S T E n  SYSTEM 

14897 

16074 
17344 
18714 
20192 
21787 
23770 
25933 
28293 
30868 
33677 
36741 
40005 
43732 
47712 
52054 
56791 
61959 
57597 
73748 
80459 

797531 

43 1 

46 5 
502 
54 1 
584 
630 
688 
150 
819 
89 3 
974 

1063 
1160 
1265 
1380 
1506 
1643 
1793 
1956 
2134 
2328 

23074 

824 

882 
943 

1009 
1080 
1156 
1237 
1323 
1416 
1515 
1621 
1734 

I986 
2125 
2273 
2433 
2603 

2980 
3189 

36145 

1856 

2785 

418 

426 
435 
444 
452 
462 
47 1 
480 
490 
500 
510 
520 
530 
54 1 
552 
563 
574 
585 
59 7 
609 
62 1 

10359 

& f : a T  OF CAPITAL 12% 
-r; -?;.@AL CAPITAL COST 223600 

NET PKESENT VALUE 438772 
st. . 

6 7 8 9 
t44T ENEKCY BT SERVICE TWENTY W3R CUMULATIVE 

CASH F L O W  
Y 

;, FLOW FLOW 
SAVINGS rBe .-ANNUAL CASH ANNUAL CASH 

c. 

47891 
52043 
56555, ' 
61456 2 

72821 
79404 * 
86580 ? 
94401 

102926 
112218 
122345 
133298 
145228 
158223 t- 
172377 ' 
187795 ~ 

204588 
222879 
242803 

2422614 

66781 

29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 
29935 

17956 
22108 
26619 
31521 
36846 
42886 
49469 
56645 , 
64466 
72991 
82283 
92410 

103363 
115293 
128288 
142442 
157860 
174653 
192944 
2 12867 

1823909 

7 Years 

17956 
40064 
66683 
98204 

135050 
177936 
227405 
284050 
3485 15 
421506 
503789 
596199 
699562 
814855 
943142 

1085585 
1243444 
1418097 
1611041 
1823909 

10 
UISCOUNTED 

CASH FLOW 

16032 
17624 

20032 
20907 
21727 
22377 
22878 
23247 
23501 
23654 
23719 
23688 
23591 
23438 
23235 
22991 
22712 
22402 
22067 

438772 

in947 

11 
CUMULATIVE 
DISCOUNTED 

CASH now 

16032 
33656 
52603 
72636 
93543 

115270 
137648 
160525 
183772 
207274 
230928 
254647 
278335 
301926 
325364 
348600 
371591 
394303 
416705 
438772 

SiFple P a y b a c k  



YKESENT COST 

YEAR 
1983 
1984 
1985 
1986 
1387 
1988 
1989 

1991 
1992 
1933 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

1990 

TOT.AL 

TABLE 2 - 

L I P E  CYCLE COST AIC’ALYSIS Ciate:Feb. 24,  1982 
FOR 

W I N D  RIVKP. H I M L E  SCIiOOL AND GIKSON ELEHEP.: d Y  SCHOOL 

COST Ut’ CAPITAL 12X 
TOTAL CAP LTAL COST 194296 
hJtT P&5SEhT VALiJE 468332 

1 2 3 i 
!iEA‘rI?:G OIL. IILECTKLCLTY E1,k:CTCICZTY M~IINTI-:f:A!;UI.; 

CURRENT CUKRENT GEOTHERX4L GEOT!ICdliP.I, 
SY ST!jM SYSTEM SYSTEM . SYSTEil 

-24934 ’ 2 1002 431 ;; 2 4 

27153 
2957U 
32201 
35067 
38188 
41 587 
45288 
49319 
53708 
584fiO. 
63694 
69 36 3 
75467 
82108 
89333 
97 195 

105743 
11 5054 
125178 
136194 

1369904 

2266 1 465 
24451 502 
26383 54 1 
28467 584 
307 16 h30 
3351 1 608 
36561 ’ 750 
39888 819 
43518 89 3 
47478 974 
51798 1063 
56512 1160 
61655 1265 
67265 . 1380 
73386 1506 
80065 1643 
87350 1793 
95299 1356 

103972 2134 
11 3433 2328 

?2:2 
943 

la ( l9  
1080 
1156 
1237 
1323 
1416 
1515 
1521 
1734 
1856 
1986 
2125 
2273 
2433 
2603 
7 i E 5  
292G 
3189 

1124371 23074 36145 

419 

4 2 r1 

435 
444 
452 
462 
47 1 
480 
490 
500 
510 
520 
530 
54 I 
552 
563 
574 
585 
59 7 
603 
62 1 

10359 

6 7 8 9 
NET EIXKCY 9LUT SEl<VTCI: 1’WEI:TY YEAR CIJIIULATIVE 

SAVIXGS ANNUAL CASH ANNUAL CASH CASH FLOW 
FLOW FLOW 

48041 
52 141 
565% 
61418 
66657 
72764 
79296 
86483 
943 19 

102862 
112175 
12232Y 
133330 
145316 
158378 
172616 
188117 
20501 5 
223427 
243489 

26012 
26012 
26012 
26012 
26012 
26012 
26012 
260 12 
26012 
26012 
26012 
26012 
260 12 
26012 
26012 
260 12 
260 12 
26012 
26012 
26012 

22029 
26129 
30578 
35406 
40645 
4669 1 
53284 
6047 1 
68307 
76850 
86163 
96317 

107318 
1 I9304 
132365 
146598 
162105 
179003 
197415 
217477 

22029 
48158 
78736 

114142 
154787 
201478 
254762 
315233 
383539 
460389 
546552 
642869 
750187 
869491 

1001856 
1148454 
13 10559 
1489562 
1686977 
1904454 

2424696 1904454 

i- i o p l e  Payback 6 Years 

1966!, 
20830 
21 765 
22501 
23063 
23655 
24103 
24423 
24632 
24743 
2477u 
24722 
24594 
24412 
24183 
239 13 

23277 
22921 
22545 

468332 

23610 

19669 
40499 
h2263 
64765 

107828 
131483 
155586 
180009 
204641 
229384 
254154 
278876 
3034 7 I 
327803 
352066 
375979 
399588 
422666 
445787 
4 68 3 3 2 
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PRESENT COST 

YEAR 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

TOTAL 

1 

. .  c 

. .  

3.- 

L I F E  CYCLE COST ANALYSIS f 
FOR e&. 

WIND RIVER FUDDLE SCHOOL AND CARSON ELEHEs=+&~ 
7.z- i* 

Date: 

ITAL 
AL cos3 

VALUE 

Feb. 

'3 

24 I, 1982 

12% 
491500 
124088 

2 3 4 5 6 L  ?4> I 7 8 9 10 11 
HEATING O I L  ELECTRICITY ELECTRICITY MAINTENANCE INSURANCE NET ENERGY .@RVICE TUENTY YEAR CUMULATIVE DISCOUNTED CUMULATIVE 

CURRENT G E O T H E W +  GEOTHgRHAL GEOTHERMAL L&.dSH ANNUAL CASH CASH FLOW CASH FLOW DISCOUNTED 
SYSTEM SYSTEM SYSTEM SYSTEM B 9PpTLow ?*, FLOW CASH FLOW 

CURRENT 
SYSTEM 

30845 
< 

33590 
36580 
39835 
43381 
47242 
51446 
56025 
6101 1 
6644 1 
72354 
78794 
85806 
93357 

101573 
1 1 0 5 1 i '  
120236 
130817 
142329 
154854 
168481 

1694662 

. .  , . . .  . 
; ' 1G97 .  : ;. ,, 
i .  . ,. ' . 

1607 4 
17344 
18714 
20192 
21787 
23770 
25933 
28293 
30R68 
33677 
36741 
40085 
43732 
47 7-1 2 

,52054 
5679 1 
61959 
67597 
73748 
80459 

797531 

* 1371 2499 

1479 
1596 
1722 
1858 
2005 
2188 
2387 
2604 
284 1 
3099 
3381 
3689 
4025 
439 1 
479 1 
5227 
5702 
622 1 
6787 
7405 

2674 
286 1 
3061 
3276 
3505 
3750 
4013 
4294 
4594 
4916 
5260 

6022 
6444 
6895 
7377 
7894 
8446 
9038 
9670 

5628 

73398 109619 

1758 

1793 
1829 
1866 
1903 
1941 
1980 
2019 
2060 
2101 
2143 
2186 
2230 
2274 
2320 
2366 
2413 
2462 
2511 
2561 
2612 

43569 

1 0 4 7 0 8 ,  .%. 65801 
114344 <. 65801 

176718 . :  65601 
192747 

' 
65801 

229253 -. ' 65801 
210216 65801 

2265606 - 
Simple Payback 

-22084 
-18164 
-13901 

-9265 
-4224 

1497 
7738 

14545 
21971 
3007 1 
38906 
48543 
58967 
70329 
82712 
96208 

1109 17 
126946 . 
144415 
163451 

949578 

-22084 
-40248 
-54150 
-63415 
-67638 
-66142 
-58404 
-43859 
-21888 

8184 
47090 
95633 

154600 
224929 
307641 
403849 
514766 
641712 
786127 
949578 

-19718 
-14480 

-9895. 
-5888 
-2397 

758 
3500 
587 5 
7923 
9682 

11185 
12460 
13514 
14391 
15111 
15694 
16154 

16768 
16944 

124088 

16508 

-19718 
-34198 
-44093 
-49981 
-52378 
-51619 
-481 19 
-42245 
-34322 
-24640 
-13455 

-995 
12519 
26909 
42020 
57714 
73868 
YO37 6 

10 7 1 4 4 
124088 

0 

17 Y e a r s  



PRESENT COST 

YEAR 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
I990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

TOTAL 

<'> ' b 6 

1 
HEATING O I L  

CURRENT 
SYSTEM 

24 9 34 

27153 
29570 
32201 
35067 
38188 
41587 
45288 
49319 
53708 
58489 
63694 
69363 
75467 
82108 
89 33 3 
97195 
105748 
1 1  5054 
125178 
136194 

1369904 

2 
ELECTRICITY 

CXJRRENT 
SYSTEM 

21002 

22661 
2445 1 
26383 
28467 
307 16 
3351 1 
36561 
39888 
435 18 
47478 
51798 
56512 
61055 
67265 
73386 
80065 
87350 
95299 
103972 
1 1  3433 

1124371 

TABLE 4 

LIFE CYCLE COST AEALYSIS Lkte:Peb.  24, 1382 
FOR 

WItiD RIVER M1II)DLE SCIlOOL AND CARSON t L E E l E N T a Y  

153649 

3 4 5 
ELECTRICITY MAINTENANCE INSURANCE NET 

GEOTHERMAL GEOTHERMAL GEOTHERMAL 
SYSTEM SY STEH SYSTEM 

1371 2499 1758 

1479 2674 1793 

1722 306 I 1866 
1858 3276 1903 
2005 3505 1941 61454 61878 -425 -47902 
2188 3750 1980 67181 61878 5303 -42599 
2387 4013 2019 73430 61878 11552 -31047 
2604 4294 2060 80250 61878 1837 1 -12676 
284 1 4594 2101 87690 61878 25812 13136 
3099 43 16 2143 95808 61878 33930 47066 
338 1 5260 2186 104665 61878 42787 89853 
3689 5628 2230 114328 61878 52450 142303 
4025 6022 2274 124800 61878 62922 LO5225 
439 1 6444 2320 136219 61878 74340 279565 
4791 6895 2366 148668 61878 86790 366355 
5227 7377 2413 162242 61878 100363 4667 19 
5702 7894 2462 177040 61878 115162 581881 
622 1 8446 251 1 193174 61878 131296 713177 
6787 9035 2561 210764 hi878 lL8886 862062 
7405 9670 2612 229939 61878 156061 1030 124 

1596 2861 1829 

73398 109619 43569 2267688 1030124 

IO 
DISCOUNTED 

CASH FLOW 

-16081 
-11275 
-7077 
-3419 
-241 
2686 
5226 
7420 
9308 
10925 
12300 
13463 
14420 
15212 
15856 
16371 
16773 
17074 
17287 
17422 

153649 

11 
CUMULATIVE 
DISCOUNTED 

CASH FLOW 

-16081 

-37852 

-27356 
-34433 

-38093 
-35407 
-30181 
-22761 
-13453 
-2529 
9772 
23234 
37654 
52866 
68722 
850Y 3 
101866 

136226 
153649 

0 

I lh940 

Simple Payback 16 Years 



c., . R '  
..,. 

TABLE 5 

L I F E  CYCLE COST ANALYSIS Date:Feb. 24, 1982 
FOR 

WIND RIVER MIDDLE SCHOOL AND CARSON ELEMthTARY SCH 
ii 

C'S 
T OF CAPITAL 12% 
AL CAPITAL COST 4621 96 

PRESENT VALUE 383469 

1 2 3 4 5 8 9 
HEATING OIL ELECTKICITY ELECTRICITY MAINTENANCE INSURANCE NET TWENTY YEAR CUMULATIVE 

CURRENT CURRENT GEOTHERMAL GEOTHERMAL GEOTHERMAL SH ANNUAL CASH w n  FLOW 
SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM EZOW 

PRESENT COST 24934 37804 2468 2499 1758 

YEAR 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

27153 
29570 
32 20 1 
35067 
38188 
61587 
45288 
49319 
53 708 
58489 
63694 
69363 
75467 
82108 
89333 
97 195 
105748 
1 1  5054 

136194 
125178 

40791 
44013 
47490 
51242 
55290 
6032 1 
658 10 
71799 
78333 
85461 
93238 
101723 

121079 
132097 
144118 
157232 
171541 
187151 
204181 

I in980 

2663 
2873 
3100 
3345 
3610 
3938 
4296 
4687 
5114 
5579 
6087 
664 1 
724 5 
7905 
862.4 
9409- 
10265 
11199 
12218 
13330 

2674 
2861 
3061 
3276 
3505 
3750 
4013 
4294 
4594 
4916 
5260 
5628 
6022 
6444 
6895 
7377 
7894 
8446 
9038 
9670 

1793 
1829 
1866 
1903 
1941 
1980 

2060 
2101 
2143 
2186 
2230 
2274 
2320 
2366 
2413 
2462 
251 1 
2561 
2612 

2019 

608 14 
66019 
71664 
77785 
84423 
92240 

.lo0770 
110077 
120232 
131312 
143399 
156587 
170905 
186519 
203545 
222113 
242360 
264438 
288512 
314763 

,61878 

'. 61878 

: 7 ,  *, ..61878 
f :: 61878 
' 2,. 61878 

" 61878 
' i' 61878 

. 61878 
61878 

$: 61878 
61878 

3;. 61878 
61878 
61878 
61878 

.:, 61878 
61878 

' 61878 .. ,.i: 

1: . 

-1065 
4141 
9786 
15907 
22544 
30362 
38892 
48 199 
58354 
69433 
81521 
94709 
109026 
124640 
141667 
160235 
180482 
202560 
226634 
252885 

TOTAL 1369904 2023888 132128 109G19 43569 3108477 7- 1870912 
.%, 

Sim@e Payback 12 Years 

-1065 
3076 
12862 
28769 
51314 
81676 
120568 
168767 
227121 
296554 
378075 

581810 
706450 
848118 
1008352 
1188834 
1391393 
1618027 
1870912 

472784 

10 
DISCOUNTED 
CASH FLOW 

-951 
3301 
6965 
10109 
12792 
15382 
17593 
19467 
21043 
22356 
23435 
24309 
24986 
25504 
25882 
26138 
26286 
26341 
26314 
26216 

383469 

1 1  
CUNL'UTIVE 
DISCOUNTED 

CASH FLOW 

-951 
2351 
93 16 
19425 
32218 
47600 
65193 
84659 
105702 
128058 
151493 
175803 
200789 
226293 
252175 
278313 
304599 
330939 
357253 
383469 

0 
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