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D I S CL i\ I ME R 

This  r e p o r t  was prepared as an account o f  work sponsored by 

t h e  Un i ted  Sta tes  Government. N e i t h e r  the  Un i ted  S ta tes  n o r  t h e  

Un i ted  Sta tes  Department o f  Energy, no r  any o f  t h e i r  employees, 

n o r  any o f  t h e i r  con t rac to rs ,  subcont rac tors ,  o r  t h e i r  employees, 

makes any warranty,  expressed o r  imp l i ed ,  o r  assumes any l e g a l  

r e s p o n s i b i l i t y  f o r  t he  accuracy, completeness o r  usefulness o f  any 

i n f o r m a t i o n ,  apparatus , produc t  o r  process d isc losed,  o r  represents  

t h a t  i t s  use would n o t  i n f r i n g e  pr iva te ly -owned r i ' g h t s .  
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COMMUNITY HEAT PUMP SYSTEM 

KLAMATH COUNTY, OREGON 

The f o l l o w i n g  s tudy  i s  t h e  r e s u l t  o f  a request  t o  t h e  Geo-Heat 
Center f o r  Technica l  Assistance. 

I N  TRO DU CT I ON 

On February 19, 1982, a meet ing was h e l d  w i t h  a r e p r e s e n t a t i v e  o f  

S h i e l d  Crest ,  I n c .  t o  d iscuss t h e  p o s s i b i l i t y  o f  h e a t i n g  47 proposed 

homes on a new development s i t e  u s i n g  ground water  source heat  pumps. 

The S h i e l d  Crest  t r a c t  i s  l o c a t e d  approx imate ly  f i v e  m i l e s  southeast  

o f  downtown Klamath F a l l s ,  Oregon (see F igure  1 ) .  

( g r e a t e r  than 450 gpm) warm water  w e l l s  a re  l o c a t e d  on t h e  p r o p e r t y .  

Two moderate c a p a c i t y  

The pumping temperatures are  78OF f o r  #1 Well  and 75°F f o r  #2 Wel l ,  

n e i t h e r  temperature i s  h o t  enough f o r  d i r e c t  space heat ing .  Temperature 

p r o f i l e s  o f  t h e  w e l l s  i n d i c a t e  t h a t  a temperature h o t  enough f o r  d i r e c t  

h e a t i n g  (about 110°F o r  above) cannot be found a t  reasonable depth. 

Since d i r e c t  geothermal h e a t i n g  i s  n o t  a p r a c t i c a l  a l t e r n a t i v e ,  t h e  

t r a c t  w i l l  be a l l - e l e c t r i c  s i n c e  t h i s  i s  t h e  o n l y  energy source i n  

t h e  area. T h i s  s tudy  addresses t h e  economic f e a s i b i l i t y  o f  a community 

heat  pump system t h a t  would reduce t h e  amount o f  e l e c t r i c a l  energy 

r e q u i r e d  t o  s e r v i c e  t h e  homes. 

SUMMARY OF CONCLUSIONS 

The community heat  pump system f u r n i s h i n g  space h e a t i n g  and domestic 

h o t  water  i s  t e c h n i c a l l y  and economical ly  f e a s i b l e .  

based on a 12% i n t e r e s t  r a t e  on t h e  $260,000 incrementa l  c a p i t a l  i n v e s t -  

ment, and a p r o j e c t e d  e l e c t r i c i t y  c o s t  o f  $.0560 per  k i l o w a t t  hour  

s t a r t i n g  i n  1983. 

The economics a r e  

The 20 y e a r  l i f e  c y c l e  a n a l y s i s  (Table 3 )  i n d i c a t e s  





t h e  comparat ive cos t  o f  energy fu rn ished.  

f o r  t h e  heat  pump system i s  $.0544/kwh versus $.0560/kwh f o r  t h e  

F i r s t  y e a r  energy cos t  

convent ional  a l l - e l e c t r i c ,  a savings o f  2.86%. I n  t h e  20th year,  

t h e  r e s p e c t i v e  energy costs  a re  $.1579/kwh versus $.2799/kwh, a 

savings o f  43.59%. I n  a d d i t i o n ,  t h e  heat pump system has a peak 

e l e c t r i c a l  requirement o f  538 kw -- l e s s  than a convent ional  a l l - e l e c t r i c  

system. The es t imated incrementa l  c a p i t a l  investment  f o r  t h e  heat  

pump system i s  $260,000. 

o f  peak e l e c t r i c i t y ,  which i s  about one t h i r d  t h e  cos t  o f  new 

e l e c t r i c a l  genera t ing  capac i ty .  

T h i s  amounts t o  approx imate ly  $483 per  kw 

Dur ing t h e  20 y e a r  l i f e  cyc le ,  t h e  community heat  pump system w i l l  

save over  18 m i l l i o n  k i l o w a t t  hours o f  e l e c t r i c i t y .  

COMMUNITY ENERGY LOAD 

Energy i s  needed i n  t h e  47 home community f o r  space h e a t i n g  and 

h e a t i n g  domestic h o t  water .  

though t h e  heat  pumps w i l l  be capable o f  f u r n i s h i n g  c o o l i n g  i f  de- 

s i r e d .  

A i r  c o n d i t i o n i n g  loads a r e  n o t  considered, 

Peak space h e a t i n g  l o a d  was c a l c u l a t e d  based on 2,000 square f e e t  

homes o f  wood frame c o n s t r u c t i o n  w i t h  R-30 i n s u l a t i o n  i n  t h e  c e i l i n g ,  

R-11 i n  t h e  w a l l s ,  and R-19 i n  t h e  f l o o r .  A l l  windows a r e  double 

glazed, and a i r  i n f i l t r a t i o n  amounts t o  about one a i r  

With a design i n s i d e  temperature o f  65"F, and an ou ts  

p e r a t u r e  o f  3"F, t h e  ca lcu la ted .space h e a t i n g  l o a d  i s  

per  home. 

change 

de des 

43,160 

p e r  hour .  

gn tem- 

B t u / h r  
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Domestic h o t  water  h e a t i n g  l o a d  was c a l c u l a t e d  based on HUD/FHA 

requirements f o r  a 2 bath,  3 bedroom home o f  r a i s i n g  66 g a l l o n s  o f  

water  100°F i n  temperature d u r i n g  a 3 hour  p e r i o d .  

18,326 B t u / h r  p e r  home. 

Th is  amounts t o  

To ta l  peak energy l o a d  i s  61,486 B t u / h r  p e r  house, o r  a t o t a l  o f  

2,889,842 B t u / h r  f o r  the  47 homes. For convent ional  a l l - e l e c t r i c  

t h i s  would amount t o  a peak e l e c t r i c a l  l o a d  o f  s l i g h t l y  l e s s  than 

847 kw. 

o f  3,  which means t h a t  t w o - t h i r d s  o f  t h e  energy r e q u i r e d  comes from 

The heat  pump system i s  based on a c o e f f i c i e n t  of performance 

t h e  water,  and o n l y  o n e - t h i r d  from e l e c t r i c i t y .  However, a d d i t i o n a l  

e l e c t r i c i t y  i s  needed t o  pump t h e  water  ou t  o f  t h e  ground, through 

t h e  p i p i n g ,  and through t h e  heat pump. The f o l l o w i n g  summarizes t h e  

peak e l e c t r i c i t y  demand. 

Convent ional  Heat Pump Savings 
(kw) 0 0 

Space h e a t i n g  

Hot water  

Well  pump 
C i  r c u l  a t i  ng pump 

595 198 39 7 

2 52 84 168 
0 
0 

84 7 

Annual space h e a t i n g  l o a d  was c a l c u l a t e d  on t h e  b a s i s  o f  a p p l y i n g  t h e  

peak l o a d  over  1876 hours.  

method (6623°F-day) c o r r e c t i o n  f a c t o r  (.732). 

Hours were c a l c u l a t e d  u s i n g  t h e  degree day 

Annual h o t  water  h e a t i n g  

l o a d  i s  based on an average usage.o f  84 g a l l o n s  o f  h o t  water  per  day f o r  

each o f  t h e  47 homes. The f o l l o w i n g  summarizes t h e  annual e l e c t r i c a l  

usage f o r  space h e a t i n g  and h o t  water .  

- 3- 



Space h e a t i n g  

Hot water  

Well  pump 

C i  r c u l  a t  i ng pump 

Conventional Heat Pump Savings 
(kwh) (kwh) (kwh) 

1,115,002 371,589 7183,413 

351,707 11 7,211 234,496 

0 46,426 (46,426) 

0 23,348 (23,348) 

1,466,709 558,574 908,135 

I n  the  above t a b l e s ,  t h e  kw and kwh f i g u r e s  f o r  heat  pump space h e a t i n g  

and h o t  water  have been p r o r a t e d  f o r  comparison purposes. I n  a c t u a l i t y ,  

t h e y  are n o t  separate,  b u t  a t o t a l  f i g u r e  dependent on r e f r i g e r a n t  

pumping and compression. 

The annual e l e c t r i c a l  savings r e s u l t i n g  from t h e  heat  pump system 

i s  approx imate ly  6 2 ~ 4 ,  

DESCRIPTION OF SYSTEM 

F igure  2, Flow Diagram, shows t h e  key components i n v o l v e d  i n  t h i s  

conceptual  system. 

source heat  pump w i t h  a nominal c a p a c i t y  o f  f i v e  tons .  

i s  capable o f  space h e a t i n g  and f u r n i s h i n g  domestic hot water .  

s i r e d ,  t h e  heat  pump could a l s o  prov ide  space c o o l i n g .  

Each house i s  equipped w i t h  an i n d i v i d u a l  water  

The heat  pump 

If de- 

A c i r c u l a t i n g  

s u p p l y / r e t u r n  system prov ides t h e  maximum o f  8 gpm needed by each o f  

t h e  47 i n d i v i d u a l  h e a t  pumps. 

pump t h a t  developes a d i f f e r e n t i a l  pressure o f  35 p s i g  u s i n g  a 10 hp 

e l e c t r i c  motor  d r i v e r .  The pump i s  spared. The c i r c u l a t i n g  stream 

e n t e r s  t h e  1.93 X l o 6  B t u / h r  p l a t e  h e a t  exchanger a t  62.8"F and eaves 

a t  73°F. 

water  i s  cooled from 78OF t o  68°F. 

C i r c u l a t i o n  i s  ma in ta ined by a 375 gpm 

On t h e  o t h e r  s i d e  o f  t h e  p l a t e  heat  exchanger, 385 gpm o f  w e l l  

As shown on F igure  2, a t u r b  ne pump 
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w i t h  v a r i a b l e  speed d r i v e r  i s  s e t  i n  each w e l l .  

i s  20 HP. Well water  can be pumped i n  e i t h e r  d i r e c t i o n ,  drawing 

from one w e l l  and i n j e c t i n g  i n t o  t h e  o ther .  

system, t h e  warmer water  w i l l  be used from #1 Wel l .  

The e l e c t r i c  motor 

Dur ing t h e  peak h e a t i n g  

The c o e f f i c i e n t  

o f  performance i s  s l i g h t l y  h i g h e r  w i th  t h e  warmer water .  

are e x i s t i n g ,  w i t h  10" cas ing  s e t  t o  188 f e e t  i n  #1 Wel l ,  and 8" 

cas ing  s e t  t o  46 f e e t  i n  #2 Wel l .  

Both w e l l s  

F igure  3, P i p i n g  Layout, shows the  proposed r o u t i n g  and s i z e  o f  

t he  c i r c u l a t i n g  supply  and r e t u r n  p i p i n g .  

o f  .the two pump b u i l d i n g s ,  t h e  heat  exchanger / c i r cu la t i ng  pump b u i l d i n g ,  

and r o u t i n g  and s i z e  o f  t h e  w e l l  water  p i p i n g .  

A lso  shown i s  t h e  l o c a t i o n  

Th is  conceptual  design u t i l i z e s  a p l a t e  heat  exchanger, heat  pump 

supply  and r e t u r n  p i p i n g  e n t i r e l y  separate from t h e  po tab le  water  

p ip ing .  Some s ta tes ,  o t h e r  than Oregon, have approved t h e  d i r e c t  

use o f  d r i n k i n g  water as heat  pump water.  

i n  t h e  f i n a l  des ign s ince  approval  would pe rm i t  t h e  use o f  p r o p e r l y  

s p e c i f i e d  supp ly / re tu rn  p i p i n g  f o r  po tab le  water  use. 

o f  c h l o r i n a t i n g  domestic water  'and t h e  a c c e p t a b i l i t y  o f  i n j e c t i n g  

Th is  should be i n v e s t i g a t e d  

The necess i t y  

t h i s  water  would have t o  be considered. 

WATER USAGE 

From F igure  2, t h e  peak w e l l  water  usage i s  385 gpm. Th is  i s  based 

on e x t r a c t i n g  1.93 X l o 6  B tu /h r  from 78OF water  by reduc ing  t h e  tem- 

pe ra tu re  by 10°F. Op t im iz ing  t h e  design may i n d i c a t e  t h a t  i t  i s  de- 
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s i r a b l e  t o  reduce t h e  f l o w i n g  q u a n t i t y  and increase t h e  temperature 

drop, s t i l l  s u p p l y i n g  t h e  1.93 X lo6  Btu/hr .  However, based on a 

10°F temperature drop, F igure  4 shows t h e  month ly  water  needed by 

t h e  heat  pump system. 

Heat pump water  requirements f a r  exceed domestic water  requi rements.  

The month ly  domestic water  usage i s  a l s o  shown. 

CAPITAL AND OPERATING COST 

Table 1 summarizes c a p i t a l  and o p e r a t i n g  costs .  T o t a l  c a p i t a l  

c o s t  i n  1982 d o l l a r s  i s  $260,000. T h i s  i s  an incrementa l  i n v e s t -  

ment, s i n c e  c r e d i t  was taken f o r  e l e c t r i c a l  furnaces (47 )  and 

domestic water  pumps ( 2 )  t h a t  w i l l  n o t  be needed i f  t h e  heat  pump 

system i s  i n s t a l l e d .  

P i p i n g  cos t  i s  based on u s i n g  PVC p i p e  throughout .  Polypropylene 

p i p e  can be used i f  desi red,  o r  o t h e r  p i p e  t h a t  can meet s e r v i c e  

requirements and l o c a l  s p e c i f i c a t i o n s .  It i s  assumed t h a t  t h e  supp ly  

and r e t u r n  p ipes are  b u r i e d  i n  t h e  same t r e n c h  w i t h  domest ic water  

l i n e s .  

Opera t ing  costs ,  a f t e r  a c r e d i t  f o r  l i f t i n g  t h e  domestic water  t o  

t h e  sur face ,  t o t a l  $32,639 p e r  year.  

L I F E  CYCLE COST ANALYSIS 

L i f e  c y c l e  cos t  a n a l y s i s  f o r  t h e  conceptual  community ‘heat pump 

system a t  t h e  S h i e l d  Crest  T r a c t ,  Klamath F a l l s ,  Oregon, appears i n  

Tables 2 and 3. 

I t  was assumed t h a t  t h e  system would come on l i n e  i n  1983. The 
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SUMMARY OF CAPITAL AND OPERATING COSTS 

SHIELD CREST TRACT 

1982 D o l l a r s  

TABLE 1 

C a p i t a l  

P i  p i n g  

Turb ine pumps w / v a r i a b l e  speed d r i v e r s  (2  20hp) 
C i r c u l a t i n g  pump & spare ( 2  IOhp) 

P1 a t e  heat  exchanger 

Heat pumps (47 5 t o n  u n i t s )  
Well  head b u i l d i n g s  ( 2 )  & pump/exchanger b u i l d i n g  

Miscel laneous mechanical & e l e c t r i c a l  
Subto ta l  

E l e c t r i c  furnaces (47 43,160 B t u / h r  u n i t s )  

Domestic water  pumps ( 2 )  
Subto ta l  

Less c r e d i t s :  

Contingency & eng ineer ing  fees 

TOTAL CAPITAL COST 

70,000 

50,000 

5,000 

6,000 
127,000 

10,000 

10,000 

$278,000 

(30,000) 

( 10,000) 
$238,000 

22,000 

$260,000 

Opera t i  ng Cost (1 s t  100% y e a r )  

Maintenance 

P i  p i n g  & p l a t e  heat  exchanger 

Pumps, b u i l d i n g s  & heat  pumps 

398 

9,016 

Tota l  maintenance $9,414 

Insurance & taxes 3,900 

Power 
System Dumpins & heat  pumps 558,574 kwh . .  
l e s s  f o r  pumping domestic'  water  (6,431 ) 

552,143 kwh 

552,143 kwh (3 $.035/kwh = 19,325 

TOTAL OPERATING COST $32,639 

6a 



20 year forecasts assume a 7% economic inf la t ion  ra te  over the project 

l i f e ,  and additional i n f l a t i o n  rates  for  conventional fuels  as fore- 

cast  by t h e  Oregon Department o f  Energy "Fif th  Annual Report" as 

fol 1 ows : 

Electr ical  Power 

7.9% thmugh 1987 
9.1% through 2001 

Column one provides t h e  20 year cost  of e l e c t r i c i t y  t h a t  would be 

r e q u i r e d  t o  heat t h e  community w i t h  conventional e l e c t r i c  forced a i r  

heat. 

Column two subtracts  the  e l e c t r i c a l  operating costs f o r  the  ground 

water heat pump system. 

Column three projects the  additional annual costs for  property taxes 

a n d  insurance for  the heat pump system, inf la t ion  a t  2% per annum. 

costs are  then subtracted from column one. 

These 

Column four projects t h e  maintenance costs  o f  the  heat pump system 

i n f l a t i n g  a t  7% per year and subtracts  these costs .  

Column f ive assumes 100% financing of the project and the resul t ing 

loan payment t h a t  would be required a t  12% per year.  

Column s ix  shows the  20 year cash flow a f t e r  a l l  costs of the ground 

water heat pump system are  subtracted from the  conventional heating 

system. 
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Table 2 uses t h e  c u r r e n t  r a t e  f o r  e l e c t r i c a l  power o f  $.035 p e r  

kwh. 

r a t e  t o  i n f l a t e  t o  $.056 p e r  kwh. 

announced by P a c i f i c  Power and L i g h t  i n  c o n j u n c t i o n  w i t h  T i t l e  I 1  

o f  t h e  P u b l i c  U t i l i t y  Regulatory  P o l i c i e s  Act  o f  1978 as amended by 

Tabel 3 assumes a r a t e  o f  8.052 per  kwh which causes t h e  1983 

T h i s  r a t e  co inc ides  w i t h  t h e  r a t e  

t h e  Energy S e c u r i t y  Act o f  1980. 

t h e  c o s t  p e r  kwh f o r  t h e  convent ional  system versus t h e  heat  pump 

system causes t h e  p r i c e  o f  t h e  heat  pump system t o  be t h e  most ex- 

pensive i n  t h e  e a r l y  years o f  t h e  p r o j e c t .  However, when t h e  base 

r a t e  f o r  e l e c t r i c a l  power i s  inc reased t o  t h e  announced 1983 r a t e ,  

t h e  h e a t  pump system i s  more favorab le  throughout  t h e  20 y e a r  p r o j e c t  

l i f e .  

t h e  21s t  and subsequent years  due t o  t h e  f a c t  t h a t  t h e  bank l o a n  i s  

r e t i r e d  and annual l o a n  payments a re  no l o n g e r  requ i red .  

N o t i c e  t h a t  w i t h  t h e  lower  r a t e ,  

The cos t  o f  t h e  heat pump system w i l l  improve even g r e a t e r  i n  

- 8- 



. 
1 

T a b l e  2 

INVESTMENT 
TAX CREDIT 

STRAIGHT LINE 
DEPRECIATION 

1 
ELECTRICITY 
CONVENTIONAL 

SYSTEM 
YEAR ZERO @.$0.035/kWh 

AMOUNT 

YEAR 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
199.6 
1997 
1998 
1999 
2000 
2001 
2002 

TOTAL 

51335 

55370 
59722 
64416 
69479 
74940 
81760 
89 200 
97317 
106173 
115835 
126376 
137876 
150423 
164111 
179045 
195339 
213114 
232508 
253666 
276750 

2743420 

LIFE CYCLE COST ANALYSIS 
FOR 

COMMUNITY HEAT PUMP SYSTEM 

Co-operat ive  deve lopment  w i t h  no tax credit or d e p r e c i a t i o n  

Date: Mar. 09, 1982 

2 3 4 5 6 7 8 9 
ELECTRICITY GEOTHERMAL 0 6 M ANNUAL TOTAL ANNUAL NET ANNUAL CENTS/KWH (;ENTS/KWH 
GEOTHERMAL INSURANCE GEOTHERMAL BANK IDAN OPERATING SAVINGS CONVENTIONAL HEAT PUMP 

EQUITY FINANCING 0 
DEBT FINANCING 260000 

TOTAL CAPITAL COST 
COST OF CAPITAL 260000 12% 

SYSTEM 6 PROP. TAX SYSTEM PAYMENT EXPENSES 

19325 

20844 
22482 
24249 
26155 
2821 1 
30778 
33579 
36635 
39969 
43606 
47574 
51903 
56626 
61779 
67401 
73535 
80227 
87527 
95492 
104182 

1032757 

3900 

3978 
4058 
4139 
4221 
4306 
4392 
4480 
4569 
466 1 
4754 
4849 
4946 .. 
5045 
51fi6 
5249 
5354 
5461 
5570 
5682 
5795 

96655 

9415 

10074 
10779 
11533 
1234 1 
13204 
14129 
15118 
16176 
17308 

. 18520 
19816 
21203 
22688 
24276 
25975 
27793 
29739 
31820 
34048 
36431 

412970 

34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 

696170 

69704 
7212! 
74730 
7752t 
8053% 

9218 
96746 
101688 
107048 
11286 
11 9 16i 
12601 
1334315 
14149J 
150235 
159720 
170030 
181217 

22 38 5 55 

SYSTEM SYSTEM 

-14334 
-12405 
-10314 
-8047 
-5590 
-2348 
1215 
5128 
9427 
14147 
19328 
25015 
31255 
38102 
45612 
53848 
62880 
72781 
83636 
95533 

504869 

3.78 
4.07 
4.39 
4.74 
5.11 
5.57 
6.08 
6.64 
7.24 
7.90 
8.62 
9.40 
10.26 
11.19 
12.21 
13.32 
14.53 
15.85 
17.29 
18.87 

4.75 
4.92 
5.10 
5.29 
5.49 
5.73 
6.00 
6.29 
6.60 
6.93 
7.30 
7.69 
8.12 
8.59 
9.10 
9.65 
10.24 
10.89 
11.59 
12.36 

YEAR 
0 

1 
2 
3. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



Table 3 

INVESTMENT 
TAX CREDIT 0 

STRAIGHT LINE 
DEPRECIATION 0 

1 2 
ELECTRICITY ELECTRICITY 
CONVENTIONAL GEOMERllAL 

SYSTEM SYSTEM 
YEAR ZERO @$0.052/kwwh 

76151 AMOUNT 

YEAR 
1983 
1984 
1985 
1986 
1987 
1988 
I989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

TOTAL 

82136 
88592 
95556 

103066 
111167 
12 1284 
132321 
144362 
157499 
171831 
187468 

223139 
243445 
265598 
289768 
316137 
344905 
376291 
410534 

4069625 

204527. 

LIFE C Y n E  COST ANALYSIS 
FOR 

COMMUNITY HEAT RlMP SYSTEM 

Co-operative development with 110 t a x  c r e d i t  or dep rec i a t ion  

Date: Her. 09, 1982 

EQUITY FINANCING 
DEBT FINANCING 
COST OF CAPITAL 
TOTAL CAPITAL O S T  

3 4 5 6 7 8 9 
GEOTHERMAL 0 6 M ANNUAL TOTAL ANNUAL NET ANNUAL CENTS/KWH CENTS/KWH 
INSURANCE GEOTHERMAL BANK WAN OPERATING SAVINGS CONVENTIONAL HEAT PUP@ 
6 PROP. TAX SYSTEM PAYMENT EXPENSES SYSTEM SY s m  

28667 3900 

30920 
33351 
35972 
38799 
41849 
45657 
49812 
54345 
59290 
64686 
70572 
76994 
84001 
91645, 
99984 - 

109083 
11 9009 
129839 
141655 
154545 

3978 
4058 
4139 
422 1 
4306 
4392 
4480 
4569 
466 1 
4754 
4849 
4946 
5045 
5146, 
5249 
5354 
5461 
5570 
5682 
5795 

1532008 96655 

9415 

10074 
107 7 9 
11533 
12341 
13204 
14129 
15118 
16176 
17308 
18520 
19816 
21203' 
22688' 
24276. 
25975 
27793 
29739 
31 820 
34048 
36431 

412970 

34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 
34808 

* 34808 
, 34808 

,34808 
34808. 
34808 
34808 
34808 
34808 
34808 

696170' 

79780 
82995 
86452 
90170 
94168 

1042 I &  

11 6068 
122768 

137951. 
1 4 6 5 a -  
15587$ ~ 

16601 J,L: 
177034) 
189018 
202039 

98986.. 

lo989b-qa 

13004!4 

23158 

273780f3 

2356 
5597 
9103 

12897 
17000 
22297 
28103 
34463 
41431 
49063 
57422 
66575 
76597 
87570 
99582 , 

112729 
127119 
142867 
160099 
178954 

1331823 

5.60 
6.04 
6.51 
7.03 
7.58 
8.27 
9.02 
9.84 

10.74 
11.72 
12.78 

15.21 
16.60 
18.11 
19.76 
21.55 
23.52 
25.66 
27.99 

13.94 

5.44 
5.66 
5.89 
6.15 
6.42 
6.75 
7.11 
7.49 
7.91 
8.37 
8.87 
9.41 
9.99 

10.63 
J 1 . 3 2  

12.07 
12.89 
13.77 
14.74 
15.79 

0 
260000 

12% 
260000 

YEAR 
0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 , .  
16 
17 
18 
19 
20 
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