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NOTICE 

This report  w a s  prepared t o  document work sponsored by the  United 
S ta t e s  Government. Neither t he  United States nor its agent, t he  
United S ta t e s  Department of Energy, nor any Federal employees, nor 
any of t h e i r  contractors ,  subcontractors o r  t h e i r  employees, makes 
any warranty, express o r  implied, o r  assumes any legal l i a b i l i t y  o r  
respons ib i l i ty  f o r  t he  accuracy, completeness, o r  usefulness of any 
information, apparatus, product o r  process disclosed, o r  represents  
t h a t  its use would not in f r inge  pr iva te ly  owned r igh ts .  

Reference t o  a company o r  product name does not imply approval o r  
recommendation of t h e  product by The  MITRE Corporation/Metrek Division 
o r  t h e  U.S. Department of Energy t o  the exclusion of o the r s  that may 
be su i tab le .  
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1.0 INTRODUCTION 

This paper documents a l t e r a t ions  made t o  the  MITRE/DOE Geothermal 

C&h Flow Model (GCFM) i n  t he  period of September 1980 through September 

1981. 

Version 4.0 of GCFMwas i n s t a l l ed  on the  computer a t  the  DOE 

San Francisco Operations Office i n  August 1980. This Version has a l so  

been d is t r ibu ted  t o  about a dozen geothermal industry firms, f o r  

examination and poten t ia l  use. 

During late 1980 and 1981, a few e r ro r s  detected i n  t h e  Version 

4.0 code were corrected,  resu l t ing  i n  Version 4.1. 

using GCFM Version 4.0, i t  is suggested t h a t  you make the  changes t o  

your code t h a t  are described i n  Section 2.0. 

l i s t e d  i n  Section 3.0 and Section 4.0 should then a l so  be made. 

I f  you are current ly  

User's manual changes 

During the  spr ing and summer of 1981 two new fea tures  were added 
I 

t o  GCFM, resu l t ing  i n  Version 5.0 .  These two changes are: 

I. Enhancement of the  debt amortization code t o  allow t h e  
user t o  select e i t h e r  a constant pr inc ipa l  payment 
amortization schedule or  a constant payment (interest + 
pr inc ipa l )  amortization schedule. The user w i l l  be  
allowed t o  e s t ab l i sh  a grace period during which no 
pr inc ipa l  repayments w i l l  be made. 

11. Inclusion of a f a c i l i t y  t o  allow the  user t he  option of 
using a Field project  revenue stream as the  f u e l  cos t  
f o r  a Power Plant  project .  
through of f i e l d  revenue values from the  f inanc ia l  
module t o  the  power p lan t  module where t h e  user has 
t h e  option of using t h i s  series of values as the  cost  
of fuel .  This saves the  user  t he  t i m e  necessary t o  
perform t h i s  operation by manual da ta  entry.  
be accomplished by saving the  f l u i d  breakeven and market 
p r i ce  revenue streams i n  a buffer  f o r  use by power plant  
f inanc ia l  runs. 

This involves a d i r e c t  pass- 

This w i l l  
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Version 5.0 was in s t a l l ed  a t  the DOE San Francisco Operations - 
Office i n  July 1981. 

The computer code f o r  Version 5.0 has been transmitted t o  the  

Argonne National Energy Software Center. It can be obtained from the  

Center f o r  a nominal fee ,  by writ ing: 

Jan Mockler 
Argonne National Energy Software Center 
9700 South Cass Avenue 
Argonne, I l l i n o i s  60439 
Telephone: (312) 972-7250 

This paper documents: 

0 Computer code a l t e r a t ions  necessary t o  upgrade 
Version 4.0 t o  Version 4.1. 

0 User's manual updates f o r  Version 4 .1  and Version 5.0. 

0 A shor t  i n s t a l l a t i o n  guide. 

The pages tha t  document the user's manual updates are designed 

t o  replace spec i f i c  pages i n  the User's Manual (MITRE TechnicX 

Report MTR80W160, The MITRE Corporation, McLean, Virginia,  22102, 

L 

t 

November 1980). In  a few cases, pages are t o  be added t o  the  manual. 

e- 

a 
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2.0 FORTRAN CODE CHANGES FOR GCFM VERSION 4.0 

During the f i r s t  s i x  months of 1981, several have been _ _  

made i n  the  FORTRAPa code of GCFM. 

sec t ion  as the f i n a l  changes t o  Version 4.0, creating Version 4.1. 

These changes are l i s t e d  i n  t h i s  

If you are using a copy of Version 4.0, we recammend tha t  you 

incorporate these changes i n t o  your version, s ince they w i l l  

el iminate minor d i f f i c u l t i e s  encountered s ince  December of 1980. 

If you are using a copy of Version 5 .0 ,  you don't have t o  do anything 

because these changes have already been incorporated i n t o  tha t  version. 

I n  following pages, each change is described by: 

1) The segment name, the subroutine name, and the 
approximate segment l i n e  number of the  a l te red  l i n e .  

The a l te red  l i n e  and surrounding l ines .  

Underlining of the par t (s)  of the  l i n e  tha t  must be 
al tered.  

2) 

3) 

, -- I 
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Change 1 - Segment 'FLOW' - Subroutine 'CASH' - new lines.-  
Approximate Line - FLOW#938 

C 

IF(NDBG .GT. 2) Np1 = 1 
IF(NDBG .GT. 2) NP2 = 2 
IF(NDBG .GT. 2) NP3 = 3 
DO 3590 ISW=1,2 

C ROUTINE TO CALCULATE DCFROR FOR MARKET PRICE 

Change 2 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Line - FLOW#9&4 

C 

CALL PWORTH(LIFE,LINE,g,CF,PW,DSCR,PVALl ,CFTOTl ,DSCFl ,ISW ,_X,z, # 
1 D R T )  

Change 3 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Line - FLOWd951 

DO 4000 I=1,50 
CALL PWORTH (LIFE ,LINE, RTX, CF ,PW, DS CR ,PVAL1 , CFTOTl ,DSCF1 , ISW Z,Z, 

1 D X )  

Change 4 - Segment 'FLOW' - Subroutine 'CASH' - de le t e  lines 
Approximate Line - fLOW#958 

A l l  l i n e s  between the  l i n e  reading " 4005 CONTINUE " and the  l i n e  
IF(ABS(DRT) .LT. 0.0025) GO TO 4010 " should be deleted.  I t  

Change 5 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Lines - FLOW#952-970 

There are three  debug output l i n e s  i n  t h i s  sec t ion  of code. 
should be changed t o  read as follows: 

They 

IF  (NDBG . EQ . 3 .OR. NDBG . EQ . 4) WRITE (10, *) NP1, I ,X ,PW, RTX ,DRT ,Z" 1st - 
2nd - " IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(lO,*) NP2,I,X,PW,RTX,DRT,Z" 
3rd - " IF(NDBG .EQ. 3. OR. NDBG. EQ. 4) wRITE(lO,*) NP3,I,X,PW,RTX,DRT,Z" 

" 

J 

Change 6 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Line - FLOW#lO74 

C 
C A U  PWORTH(LIFE,LINE,RTX,CF,PW,DSCR,PV~~:CFTOT~,DSCF~,ISW,X,Z, 

1 DRT) . -  



Change 7 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate _ .  L i n e  - FLOW#lO81 

DO 5010 I=1,50 
CALL PWORT€I(LIF'E,LZNE, RTX,CF,PW,DSCR,PVALl,CFTOTl,DSCFl,ISW,~,Z, 

1 E) 
Change 8 - Segment 'FLOW' - Subroutine 'CASH' - dele te  l i n e s  
Approximate Line - FLOWl'958 

Al l  l i n e s  between the  l i n e  reading 'I 5030 CONTINUE " and t h e  l i n e  reading 
IF(ABS(DRT) .LT. 0.0025) GO TO 5020 " should be deleted. 'I 

Change 9 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate. Lines - FLOW#lO82-1092 

They should be changed t o  read as follows: 
There are three  debug output l i n e s  i n  t h i s  sec t ion  of code. 

1st - 'I 
2nd - " 
3rd - I' 

IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(lO,*) NPl,I,X,mJ,RTX,DRT,Z" 
IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(lO,*) NP2,I,X,PW,RTX,DRT,Z" 
IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(lO,*) NE'3,I,X,PW,RTX,DRT,Z" 

Change 10 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Lines - FLOW#1377-1382 

END 
SUBROUTINE PWORTH (LIFE ,LINE, RT , CF ,PW ,DSCR,PVAL , CFT ,DSCF , ISW ,XDM 
1, -9- ZDM DRT) 

C---$CONTROL SEGME~T=FLOW 
C*** SUBROUTINE PWORTH(LIFE,LINE,RT,CF,PW,DSCR,PVAL,CFT,DSCF,ISW,XDM 
c*** 1, ZDM,DRT) 
C 

Change 11 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Line - FLOW#335 

COMMON /PRP/ NSDEEP,LROCK,NPWEL,NIWEL,NEWEL, 
1 TEMP,BPRES,DEPTH,SPACE,FLOW,CPWEL,CfWEL,C, 
2 SUCCR( 50) , O m (  5 )  , SALV ( 5 )  , C ( 6) ,PFLOW , RFLOW ,FELECT , CSTDWP ,PPM , 
3 w, ECSTP(9) ,RXTRA(3) 

Change 12 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Line - FLOW1472 

WLIEXP (IYR) = WLIEXP (IYR) *XC (2) 
IF(IYR .LT. LINE) ECST(IYR) = ECSTP(IYR)*XC(l) 
IF(IYR .LT. LINE) TECST = TECST + ECST(IYR) 

5 



Change 13 - Segment 'FLOW' - Subroutine 'CASH' - change 
Approximate Line - FLOWl'l747.1 

C 

2320 
C 
C 

C 

QIm = DBTRT(IY)/4.0 
SUMOUT = D E B T ( N )  

DO 2320 J=1,4 
XINTR( IY)  = XINTR( IY) + DEBT(=) *QINTR 
DEBT(=) = DEBT(IY)-QPM" 
SUMOUT = SUMOUT + DEBT[IY) 
CONTINUE 

CALCULATE DFEE BASED ON AVERAGE OUTSTANDING LOAD BALANCE 
DFEE (IY) = SUMOUT/S. O*FERT 

Change 1 4  - Segment 'FLOW' - Subroutine 'CONSTR' - new l ines  
Approximate Line - FLOWl'l.1258 

DO 200 I=l ,LINEl 
NPASS = 0 
FEE(1)  = 0.0 
QINV(1) 
QINV(2) 
QINV(3) 
QINV(4) 

C 

Change 15 - Segment 'FLOW' - Subroutine 'CONSTR' - change 
Approximate Line - FLOWl'l.1282 

C DEFINE CAPITAL INVESTMENT IF  ITERATING FOF FEE. 
IF(NPASS .NE. 1) QINV(1) = TOTCAP(I) /4 .0  

C 

Change 16  - Segment 'FLOW' - Subroutine 'CONSTR' 
Approximate Line - FLOWB1290 

C I N I T I A L I Z E  FEE WORK AREA. 
FBASE = PEPREV 

+ FEE(NPASS-1) 

- change 

C 

6 



Change 17 - Segment 'FLOW' --Subroutine 'CONSTR' 
Approximate Line - FLOW#l302 
C 
C PERIOD 

C 
C CALCULATE QUARTERLY EQUITP REQUIREMENT. 

ADD WORKING CAPITAL INTO THE LAST QUARTER OF THE CONSTRUCTION 

IF(1 .EQ. L I N E 1  .ANI). J .EQ. 4) QINV(4) = QINV(4) + WKGCAP 

Change 18 - Segment 'FLOW' - Subroutine 'CONSTR' - change 
Approximate Line - FLOWll315 

C IS EQUITY SPECIFIED BY 'EQUFR' SUFFICIENT TO FULFILL % REQUIRED 
C IF  SO---USE IT. 

IF (QINV ( J) *EQUFR( I) . GT . QEQTY) 
QEQTY - QINV(J) *EQUFR(I) 

C 

Change 19 - Segment 'FLOW' - Subroutine ' CONSTR' - change 
Approximate Line - FLOWll340  

C CALCULATE AVERAGE OUTSTANDING LOAN BALANCE 
FBASE = FBASE/S.O 
IF(NDBG .GT. 2) WRITE(lO,*) FBASE 

C 
C CALCULATE FEE(NPASS). 

FEE(NPASS) = FBASE*FERT 
" 
~- 

C 

Change 20 - Segment 'FLOW' - Subroutine 'CASFLO' - change 
Approximate Line - FLOW#1622 

C 

C 

C 
d 

IF PROJECT IS A LIMITED PARTNERSHIP - NO TAX CREDITS. 
IF(NL0NE .EQ. 1) GO TO 35 

IF(TXL1B .LE. 0.0) GO TO 35 

7 
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3.0 USER'S MANUAL CHANGES FOR BOTH V4.1 AND V5.0 

The pages i n  this section are replacement pages for the User's 

Manual for GCFM Version 4.0 and 5 .0 .  Please discard the equivalent 

pages in the original document. 

. 
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These parameters remain constant throughout a l l  of the  sample 

runs. The only parameters which are varied are the Minimum Equity 

Fraction and the  Annual Equity Fraction. 

Figure 2-6 is the  construction period output of a run using a 

minimum equity f r ac t ion  of 0.0 and an annual equity f r ac t ion  of 0.0. 

This run exhib i t s  t he  model's preference f o r  debt. 

The only equity i n  t h i s  pro jec t  is the 3 mil l ion do l l a r s  i n  
rk 

sunk costs .  The annual investment, the  i n t e r e s t  and the  DOE fees  

are a l l  borrowed. 

I and reaches 0.179 i n  year three. 

Notice t h e  equity f r ac t ion  decl ines  i n  each year 

Figure 2-7 shows what happens when the minimum equity f r ac t ion  

1 is changed t o  0.25. Notice the  f i r s t  year the e n t i r e  6.0 mill ion 

investment is borrowed and it is not u n t i l  the  second and th i rd  

years t h a t  equity investments must be made t o  maintain the  equity 

f r a c t i o n  a t  0.25. 

Figure 2-8 represents a run using a minimum equity f r ac t ion  

of 0.25 and annual equity f r a c t i k  of 0.10. 

latter cause the  debt preference of the  model t o  be a l te red .  

model w i l l  now require  equity par t ic ipa t ion  of a t  l e a s t  10% of 

The values of t he  

The 

each annual investment. 

given c r e d i t  f o r  a la rge  amount of sunk costs ,  because i t  w411 

This is  useful  when a developer has been 

prevent t he  model from assuming the  use of 100% debt t o  cover ear ly  

year investments. 

*Sunk costs  represent f ixed investment by the  borrower p r io r  t o  
appl icat ion f o r  guaranteed loan. 

2-17 
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GLOP CIS11 FLOW RODEL 

CONSTRUCTION PERIOD wi. i 

?ROJECT NAnE - TEST/VS.O COHST FINnttcInL cnsE n n m  - rtsr/rs.o 
PROJECT TYPE - FIRLD F I n n n c r n L  STRUCTURE - non-TnxnnLc ENTITY 

YEAR CONSTROCTIOR nnnunL nnaunt A n l u n L  AlNUAL CUlllLLTI YE 
COST LRTERUST DOU ?EE DEBT lrQUI!rY DEBT 

SURK COSTS 3000.0 0.0 0.0 0.0 3000.0 0.0 

1 - 1980 6000.0 398.0 31.8 6429.8 0.0 6929.8 
2 - 1981 3000.0 891.5 89.2 3975.7 0.0 10905.6 
3 - 1982 2000.0 1253.9 121.1 3374 . 5 0.0 13780.1 

MTAL 14000.0 2593.0 237.1 13780.9 3000.0 

CONSTRUCTIOfl BUDGET (KS/l980) : 

S U N K  EQUITY COSTS - 3000.0 
OROJBCT CA?lThl  COST - 11006.0 
VORRTBG c n p r t n i  .I 6.0 

zOTRL (LESS ? l N R N C I t i G )  = 19000.0 

DOG FIE'S a N D  INTEREST = 2780.1 

TOTAL cnwrni COST = 16780.1 

TEAR INTRREST INVESTMENT 4NNULL ** 
RIiT?? BREAKDOWI T l l f  SOSSES 

1 - 1980 0.100 0.595 429.8 
2 - 1981 . 0.100 0.273 975.7 
3 - 1982 0.100 0.382 1379.5 

I I N I l U l l  GQUSTY ?RICTfON 
WE FEE 

** - nnnunL TAX LOSSES INCLODB CONSTRUCTION PERIOD DRY ROLE exeensas, GxeLoRntron COSTS, 
IW'ANGIRLE DRILLING COSTS, DO1 rGRS , AND INTEREST. 

FIGURE 2-6 
CONSTRUCTION PERIOD OUTPUT WITH NO MINIMUM 

OR ANNUAL EQUITY FRACTIONS REQUIRED 

CunutnTIvG EQUITT 
EQUITY FRICTIOU 

3000.0 1.000 

3000.0 0.318 
3000.0 0.229 
3000.0 Ot 179 

- 0.0 
= 0.090 

. 



GGGP cnsnlrLow W ~ E L '  
CONSTRUCTIONl PERIOD wl. 1 

PROJECT nnng - TEST/VS.O CONST 
PROJECT TYPU - FIELD 

FIILRCILL t , L S E  RAnE - TESTlV5.0 
FINLNCIkL STROCTORE - NOR-TLXIBLB E l t f T T  

CunllLnTITC m n t t  CONSTROCTIOR nilsunx, nnwunt, nn iun ,  1 RnNonL 
DEBT' warm DEBT 

0 0  3000.0 0.0 

0.0 6429. I 
398.3 10094.8 

1 - 1980 6000.0 398.0 31-8 64294 8 
2 - 1981 3000.0 899.9 83.3 3614: 9 
3 - 1982 2000.0 1159.6 112.9 295040 818.1 12999.1 

TOTLL 1 9000. 0 2937. 6 228.0 120994 1 

i 
i 

COST I RTEREST DOE ?EtT 

SUNK COSTS 3000.0 ' 0.0 0.0 

4 166. 9 
i 

COISTRWCTIOR BUDGET [KS/1980) : 

h, SORK EQUITY COSTS = 3000.0 nr Rxnon EQBITT F x t n c m o i  
I PROJECT CLPITLL COST = 11000.0 DOE rm 

WORKING c n e i T n L  0 0.0 

TOTaL (LESS FINLNCING) - 19080.0 

not FEE'S rnn INTEREST = 2665.5 

TOTM CRPITRG COST I: 16665.5 

P a 

?ERR INTEREST INVESTRENT R R R O l L  ** 
'.e I R LTt BRELKnOWI TLX LOSSES 

P. 
VI 
ID a 

1 - 1980 0.100 0-505 929.8 
2 - 7981 0. 100 0.273 963.2 
3 - 1982 0.100 0.182 1272.5 

2 

C u n u t n T I v c  EQUITY 
?RLCTION eQorTr 

1.000 3000.0 

3000.0 0.318 
3391.3 0- 250 
4166.9 0. 250 

* 0.250 - 0.010 

** - LNAULL TLX LOSSES INCLUDE CO~STRUCTIOR PGRIOD DRY ROLE EXPtlSES, EXPLORLTIOR COSTS, 
INTLRGIBLE DRILLIRG COSTS, DOE FEES , L I D  IRTEREST. 

FIGURE 2-7 
CONSTRUCTION PERIOD WlTN MINIMUM TOTAL 

EQUITY FRACTION OF 0.25 



GLOP CASH ?LOW RODEL 
CONSTRUCTION PERIOD ' # F l .  1 

N 
I 
N 
0 

PROJECT NAHE - TEST/VS.O CONST ?INknCTAL CASE 111111 - TRST/V5.0 
PROJECT TTPE - FIELD PIRkNCIAL STBUCTURC -,NON-TLXABLG G l f I T T  

canotfiixvt ConuLnLtIvi  EQUITY YEkR CONSTRIJCTION ANNUAL minu at n n i u n t  ~nnumL 
COST T RTEREST DOE ?tB DUBT UQUITT DEBT EQOITY YRaCTXOff 

SUNK COSTS 3000.0 0.0 0.0 0.0 3000.0 0.0 3000.0 1.000 

1 - 1980 6000.0 357.9 28.6 5783.7 602.9 5983.7 3602.9 a 0.389 
2 - 1981 3000.0 801.2 75.7 3569.3 307.6 9353.0 39100 9 0.295 
3 - 1992 2000,o 1125.5 108.7 3020.3 219.0 12373.3 4129.9 0.250 

TOTAL 14000.0 22890 7 213.0 12373.3 6129.9 

CONSTRUCTION OUDOET (KS/l980) : 

SOHK EQUITT COSTS = 3000.0 
PROJECT CkPIrAL COST = 11000.0 

0.0 WORKING CAPITAL - 
TOTAL (LESS PINANCING) = 19000.0 

- 

DOE PEE'S ann INTEREST = 2997.7 

TOTAL CAPITAL COS? - 16997.7 

I 
lIlIllOfl EQUITY ?FtRCTIOI 
pot  rEC 

Y l A R  INTEREST IRICSTnENT R R N U L L  a* 
n ATE BREARDORN T n r  LOSSES 

1 - 1980 .O.lOO 0.59s 386.5 

3 - 1982 0.100 0.182 1239.3 
2 - 1981 0.100 0.213 876.9 

** - nnnuu. T A X  LOSSES INCLUDE CONSTROCTIOR PURIOD DRY ROLE metisas, txeionnrIon CO'STS, 
IITANGIBLE DlILLING COSTS, DOE FEES AND IATBRES?. 

FIGURE 2-8 
CONSTRUCTION PERIOD WITH MINIMUM TOTAL 
EQUITY FRACTION OF 0.25 AND ANNUAL EQUITY , 

FRACTIONS OF 0.1 

= 0.250 
= O.OlU 



In t h e  run represented by Figure 2-9, t h e  annual equi ty  

3 

2, 
1 

investments are increased t o  0.25. 

equi ty  investments t o  comprise 25% of each annual investment. 

This causes the  model t o  requi re  

Because of t h i s  requirement, coupled with the  100% equi ty  sunk c o s t s  

t h e  mini- equi ty  f r a c t i o n  i s  never approached,. 

2.4.9 Financial  C a s e  I n i t i a l i z a t i o n  

There is a grea t  dea l  of da ta  en t ry  involved i n  the  c rea t ion  of 

any new f i n a n c i a l  case. 

discover  t h a t  he is enter ing  similar da ta  values f o r  many parameters. 

After enter ing  severa l  cases t h e  user  may 

For this reason t h e  model contains  a f e a t u r e  which allows t h e  user  

t o  set up a base l ine  set of values which may bat t he  users  request)  

be used t o  i n i t i a l i z e  any subsequent f inanc ia l  cases. 

t h e  use r  t o  bypass t h e  f inanc ia l  input  rout ine  and proceed t o  the  

change routine.  

This allows 

I n  many cases t h i s  can save a grea t  dea l  of time. 

The mechanics of this f ea tu re  are r e l a t i v e l y  simple, The 

use r  first creates a new f inanc ia l  case ca l l ed  "BASELINE" enter ing  only 

those values  which are t o  make up the  i n i t i a l  data.  

any t i m e  a new f i n a n c i a l  case is created,  the  model w i l l  ask t he  

user i f  t he  new case is t o  be i n i t i a l i z e d  with the  da t a  in t h e  

"baseline case." 

i n i t i a l i z a t i o n  and en te r s  t h e  change rout ine ,  bypassing the 

f i n a n c i a l  da t a  en t ry  rout ine.  

needed f o r  the  new f i n a n c i a l  case. 

From then on, 

I f  the  user  anskers yes, .  the  model performs the  

The user w i l l  then alter va r i ab le s  as 

2-2 1 



GLOP cnsn mow noDm 
CDNSTRUCTIOIO PERIOD #Fl.l 

PROJECT l L n E  - TeST/V5.0 CONST PxttnncInL c n s E  n n m  - TEST/VS.O 
PROJECT TTPF - F I E L D  PINLNCTLL STRUCTURE - ION-TLXLRLt ERTITT 

i t n v  CONSTRUCTION anwnai aiaunr. nnnwnt nnnunr, CUNbLLTX'lE CWnULLTrVR EQUITr 
COST LIOTEREST DOE PEE DEBT EQWITT DEBT EQOKTY FRACTION 

SWNK COSTS 3000.0 0.0 0.0 0.0 3000.0 0.0 3000.0 1 . 000 

1 - 1980 6000.0 297.9 29. 8 4815.7 1506.0 ' 9815.7 4506.0 0.983 
2 - 1981 3000.0 666.2 62.9 2963.4 765.7 1779.2 5271.1 0.904 
3 - 1982 2000.0 935.0 98.9 2502.7 522.6 10281.9 5799.3 0.360 

TOTLt 19000.0 1899.1 177.1 10281.9 5799. 3 

CONSTRWCTXON BUDG'CT (Ks/1980) : 

SUNR BQUITI COSTS = 3000.0 

UORKIIIG cnertni = 0.0 
PROJECT c n P I T n t  COST = 1iooo.o 

mtnt (LESS *InnncxnG) - i4ooo.o 

DOE FEE'S L I D  IITGREST = 2076.2 

mrnt cnpxTnL COST = 16076.2 

'11519 INTEREST INTRSTIENT nnnaat ** 
R LTIZ EREAKDOWI TLX LOSSES 

1 - 1980 0.100 0.545 321.7 
2 - 1981 0.100 , 0.273 729.2 
3 - 1982 0.100 0.182 1025.3 

** - L l N U L L  TLX LOSSES IllCLODE COISTRUCPION PERIOD DRY UOtE EXPGNSES, EXPLORLTIOI COSTSI 
I l f L N G I B L E  DRILLING COSTSI WE PEES I L l l D  INTEREST. 

FIGURE 2-9 
CONSTRUCTION PERIOD WITH MfNlMUM TOTAL EQUITY FRACTION OF 

0.25 AND ANNUAL EQUITY FRACTIONS OF 0.25 

= 0.250 
= 0.010 

P 



Range of Values: 
If  not,  t h e  program w i l l  prorate  those values given. 

0-1.0, the t o t a l  of a l l  values must equal one. 

Number of Values: 
construction period. 
zero value. - Units: Fraction 
Defaults: As follows: (See Table 3-2) 
Comments: 
w i l l  be taken. 
Example 1: 
.25, .25, and .50 are given, then one quarter of t h e  cap i t a l  cos ts  w i l l  
be spent t h e  f i r s t  and second years, with t h e  las t  half being spent 
t h e  t h i r d  year. 

1-9. A value must be given f o r  each year of t h e  
Note, however, that any year may contain a 

As long as one of t h e  values given are not  zero, no defaul t s  

If  a three year 'construction period exists, and t h e  values 

Example 2: 
construction year, he may use values such as .25, 0, 0.75. 
would ind ica te  that no work was performed during t h e  second year of 
t h e  construct ion period. 

Example 3: 
and 3 are entered, the program w i l l  correct  them by prorating t h e  
values, One-sixth would be used f o r  t h e  f i r s t  value, .33 f o r  t he  
second, and .50 f o r  t h e  third.  

I f  t h e u s e r  does not want any cap i t a l  spent in t h e  second 
This 

Given a three year construction period, i f  t h e  values 1,2, 

c 

c 
7 
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.. 

Range of Values: 0-1.0 
Number of Values: 
l i f e .  

One value is required f o r  each year of t he  project  

Units : Fraction 
Default: 0.0 during construction years; 1.0 during e n t i r e  operating 
l i f e .  
;WARNING! 
period and should not be zero during the  operating l i f e .  

- 
The capacity f a c t o r  must be zero during the  construction 

9 .  Minimum Equity Fraction of Total Investment: The minimum portion 
of the  c a p i t a l  cost  of development which m u s t  be supplied by the  
developer i n  the fonn of equity. 
Range of Values: 0-1.0 
Number of Values: One 
Units: Fraction 
Default: .25 
Comments: 
The minimum equity .fraction represents an o v e r d l  l imi ta t ion  on the  
amount of the borrower's r i s k  c a p i t a l  (equity) during the  construction 
period. 

10. Annual Equity Fractions: A f rac t ion  representing t h e  minimum 
required equity contribution t o  c a p i t a l  investment i n  any given con- 
s t ruc t ion  year. Not t o  be confused with the minimum equity f r ac t ion  
of t o t a l  investment. 
Range of Values: 0-1.0 
Number of Values: 
f o r  each construction year. 

- 
Note tha t  t h i s  is not the  same as the  annual equity f ract ions.  

From one t o  nine values should be provided. One 

Units: Fraction 
Default: 0.0 
- 

11. 
which ' ref lects  t he  breakeven l e v e l  of operation. 
re turn is used to  ca lcu la te  the  annual breakeven pr ices  i n  the  break- 
even pr ice  calculation. 

e Range of Values: -0-1.0 

Equity Rate of Return: The desired r a t e  of re turn  on equity 
The equity rate of 

1 Number of Values: 
i project.  

One for each year of the operating l i f e  of t he  

5 - Units: Fraction 
- - .  Default: 0.0 

Comments: 
the. project  t o  determine t h e  cash flow reauired. 
t o  ca lcu la te  t h e  breakeven price.  

1 construction years are ignored by the  model. 

The equity rate of re turn  is multiplied by the  equity i n  

Equity Rate of Return values f o r  
This r e s u l t  is used 

1 
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12. Pr incipal  Payments on Debt: The annual debt retirement payments 
made during the project  operating l i f e .  
Number of Values: One value f o r  each year of the l i f e  of t he  loan. 
Units: Thousands of do l la rs  
Default: Equal pr incipal  payments f o r  t he  length of time the  power- 
on-line year and the  end of the  loan l i f e .  
Example: Consider a project  whose base year is 1979 and power-on-line 
is 1982. The project  l i f e  and loan l i f e  are assumed t o  be 33 and 30, 
respectively. The construction period therefore,  is three  years. The 
plant  begins operating i n  1982 and continues through 2012. Note tha t  
i n  1982 the debt has twenty-seven years of l i f e  remaining while the  
plant  has t h i r t y  years l e f t .  
w i l l  be 1/27th of the  i n i t i a l  debt balance at  power-on-line. 
t h a t  during the f i n a l  three years t he  loan has been f u l l y  paid up and 
re t i red .  
t i on  option (See 2.4.12). 

The defaul t  f o r  each pr inc ipa l  repayment 
Note 

Version 5.0 of the model has a constant payment debt amortiza- 

13. Debt In t e re s t  Rate: In t e re s t  rate on the loan. 
Range of Values: 0-1.0 
Number of Values: One f o r  each year of the  l i f e  of the  loan. 
Units : Fraction 
Default: 0.0 

14. Department of Energy (DOE) Fee Rate: Portion of the annual 
average outstanding loan balance which must be paid t o  DOE t o  cover 
administration and build-up of reserve fund f o r  coverage of defaul ts .  
Range of Values: 0-1.0 
Number of Values: One 
Units: Fraction 
Default: 0.01 

15. 
an account used t o  accumulate cap i t a l  f o r  replacement equipment. 
no sinking fund is being used, t h i s  var iab le  may be ignored. 
Number of Values: 
pro j e c t  . 
Units: Thousands of do l la rs  
Defaults: Defaults are calculated by f inanc ia l  module, and are intended 
t o  accumulate su f f i c i en t  funds fo r  a l l  fu tu re  replacements. 

Sinking Fund Deposits: The amount of money t o  be deposited i n  
I f  

One f o r  each year of the operating l i f e  of the  

16. 
the accumulated cap i t a l  i n  the sinking fund. 
Range of Values: 0-1.0 
Number of Values: One 
Units : Fraction 
Default: .10 

Sinking Fund In t e re s t  Rate: The before tax rate of re turn  on 

T 

F 
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17. General In f l a t ion  Rate: The escalat ion rate f o r  other  
oDeratinn costs  and salvage values. 
Gnge  of-Values : 0-1. o 
Number of Values: One f o r  each year of the project  l i f e .  -- - Units- Fraction 
Default: 0.0 

18. Escalation Rate f o r  C a p i t a l  Costs: Rates re f lec t ing  the increase 
i n  the cos ts  of cap i t a l  accounts. 
Range of Values: 0-10 
Number of Values: 
cap i t a l  account. - Units: Fraction 
Default: 0.0 
Comments: 
See Capital  Accounts Variables. 

One f o r  each year of the  project  l i f e  f o r  each 

Each cap i t a l  account has a separate annual escalat ion factor .  

19. 
r e f l e c t s  the annual change i n  the  market p r i ce  of e l e c t r i c i t y .  
Range of Values: 0-1.0 

'Number of Values: - Units: Fraction 
Default: 0.0 
Comments: 
Using zeroes during the construction years w i l l  r e s u l t  i n  the p r i s e  

Escalation Rate f o r  Market Pr ice  of Elec t r ic i ty :  A rate which 

One f o r  each year of the pro jec t  l i f e .  

This value should be zero i f  a fixed p r i ce  is assumed. 

I of e l e c t r i c i t y  not being escalated u n t i l  the  end of the  f i r s t  year 
I of operation. 

20. 
annual change i n  the market price of geothermal f lu id .  
Range of Values: 0-10 
Number of Values: - Units: Fraction 
Default: 0.0 
Comment: This value should be zero i f  a fixed price is  assumed. Using 
zeroes during the  construction years w i l l  r e s u l t  i n  the p r i ce  of 
geothermal f l u i d  not being escalated u n t i l  the  f i r s t  year of operation. 

21. Escalation Rate of Overhead and Maintenance (OW) Costs: Rate 
which r e f l e c t s  the annual change i n  O&M cost. 

Escalation Rate f o r  the Fluid Price:  A rate which r e f l e c t s  the 

One f o r  each year of the project  l i f e .  

Range of Values: 0-1.0 
Number of Values: One f o r  each year of the project  l i f e .  
~ - Units: Fraction 
Default: 0.0 

1 NOTE: The model calculates  escalat ion at the lend of the year. 
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22. Discount Rate: The rate at  which cash '€laws Iare.d%sco.unted :to 
levelize the  break-even p r i ces  and t o  determine the  discounted cash 
flow rate of re turn  at  a given market pr ice .  
Range of Values: 0-1.0 
Number of Values: 
Units: Fraction 
Defaults: . 0.0 

One f o r  each year of t he  p ro jec t  l i f e .  

23. S t a t e  Property Tax R a t e :  The rate at  which property taxes are 
assessed on the assets of the project .  
t o  the  book value of the  project.  

The property tax base is equal 
(i.e., undepreciated port ion o f  a l l  - -  

c a p i t a l  investments). 
Range of Values: 0-1.0 
Number of Values: One f o r  each 
Units: Fraction 
Default: 0.0 
Comment: No property taxes are 
period. The values entered f o r  

-- 

24. Royalty Rate: The port ion 
Range of Values: 0-1.0 
Number of Values: One f o r  each 
Unfts: Fraction 
Default: 0.0 
Comments: This appl ies  t o  both 

year o f , t h e  pro jec t  l ife.  

assessed during the  construction 
these years w t l l  be ignored. 

of revenue paid as roya l t ies .  

year of the project  l i fe .  

power p lan t  pro jec ts  and f i e l d  projects .  

25. Federal Income Tax Rate: R a t e  of federa l  income tax paid on 
income earned by the pro j  e c t  . 
Range of Values: 0-1.0 
Number of Values: One f o r  eacy year of the pro jec t  l ife.  
Units: Fraction 
Default: 0.0 

26. S t a t e  Income Tax Rate: Rate of state income taxes paid on 
income earned by the project .  
Range of Values: 0-1.0 
Number of Values: 
Units: Fraction 
Default: 0.0 

One f o r  each year of the  pro jec t  l i fe .  
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27. Federal Tax Credit Rate: Rates fo r  each of the  f i v e  cap i t a l  
accounts representing the f rac t ion  of any annual investments which 
may be taken as an investment tax c red i t .  
-&e of Values: 0-1.0 
Number of Values: One value f o r  each year of project  l i f e  f o r  each 
c a p i t a l  account. 
Units: Fraction 
Defaults: 0.0 
- 

28. 
deducted from income taxes as an allowance f o r  depletion of t he  
geothermal resource. 
Range of Values: 0-1.0 
Number of Values: - Units: Fraction 

Depletion Allowance Rate: The f rac t ion  of revenue tha t  may be 

One fo r  each year of the  operating l i f e  of project .  

Defaults : 0.0 
Comments: I This value is ignored when the  project  i s  a power plant.  
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GLGP a s n  PLOW UODEG 
CONSTRUCTYOH PERTOD IP1.1 

PTlf tWCIlL CLSE f i R R l ?  - SARPLE 
PI!ILICTLL STPYCTORE - TXXILBLE ENTITY 

L 
ARROAL COROLATIVE COROLATIVB EQOITT 
EQOITI DEBT EQOITT PRACTIOH 

YEILR COISTROC'VOI ANlULL ANROAL I L ~ l O A L  
COST INTEREST DOE PEE DEBT 

SUNK COSTS 4000.0 0.0  0.0 0.0 

1 - 1'130 11550.1 1299.1 57.5 1l741.0 
2 - 1981 38111.9 9504.0 438.0 112239.3 
RORF cne.* 5017.6 

TO-At 58679.6 10198.1 495.6 123980.2 

0.0 r)ooo.o 1.000 0000.0 

1160.8 117hl.O 5160.8 0.305 
36166.0 123980.2 41326.8 0.250 

91326.8 

* - ' O O R R I Y S  CLPITAL I J T E S T l E N f  RlDU DURING Tllt POURWI QOARTGR 01 ?BE ? I R A &  CORSTBOCTfOll YEAR. 

CCRSTROCTTON BUDGE* (KS/1980) : 

* SOST FQUITY COSTS = 4600.b m m m n  EQOITT PnncIron - 0.250 
XOJECT CADITAL COS'? a~ 49662.0 DOE PEC = 0.010 
V 3 Q K I : l C  C Z P f * L t  = 5017.6 

TOTLL CAPI?hL COST - 69973.2 
. *  

* i. 
TErLR IITESIZST I N I E S T l E N f  LN!UJLL *4 

IILTF IRERKDORN TAX LOSSES 

1 - 1986 0.180 0.250 1351.6 
2 - 1981 0.180 0.750 9942.0 

** - AIIOLL P l X  LOSSES IICLOC!! CORSTROCTIO~ PERIOD DRT ROLE CIPERSES, 3XPLOBl?fOR COSTS, 
I Y T l l G I B L E  DFtILlING COSTS, DOE F E I S  , RRD INTEREST. 

FIGURE 5-6 
FIELD AND POWER PLANT DESIGNS, FINANCIAL 

CONSTRUCTION PERIOD REPORT 



PROJECT HAHE - SAIlPLE 
PROJECT T Y P E  - POWEP FLANT 

GLGE CASH FLGW HODEL 
OPERATION PERIOD REPORT IP2.1 

l!!~RlCl!l PRICE - REVENUE REFORT 

FIN8NCIAL CASE NAB!! - S A l P L E  
FIHARCXAL STRUCTURE - TAXABLE ENTITY 

YEAR POP. NET * PfiICL++ SALES SALVAGE TOTAL OPERATI Is0 EEFOBP TAX 
(K-RUH) X (MII/KaH) = AEIEHUE + IIEVERWC BEVEflUE - EXPERSES = INCOHE/LOSS 

3 -  
4 -  
5 -  
6 -  
7 -  
8 -  - 9 -  I 

P 10 - 
N 11 - 

12 - 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

219.1 
394.5 
394.5 
394.5 
394.5 
394.5 
394.5 
394.5 
394.. 5 
394.5 

175.6 
196.7 
220.3 
246.7 
276.3 
309.5 
346.6 
388.2 
434.8 
487.0 

38486.2 
73588.1 
86898.7 
97326.5 

109005.6 
122086.2 
136736.6 
15314@. 9 
171522.2 
192104.9 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

38486.2 
77588.1 
86898.7 
97326-5 

109005.6 

136736.6 
122086. 2 

153144. 9 
171522. 2 
192 104.9 

52362.2 
80772.6 
86747.8 

102941. 2 
$21 152.1 

142952.1 
159101.0 
178399.7 

93918-6 

1294.2807 . 

* - THECRETICAL OUTPUT = 438.3 K-HUH/YEAB (ASSUHES A CAPACITY FACTOR OF 100%) 
AVERAGE CAPACITY PAC’IOE = 86.0 X 
AVERAGE OUTPUT = 396.9 fi-HUfl/YEAB 

** - HARKET PRICE ESCALATED AT AQERAGE AttNUAf RATE OF 12.0 9 

I 
FIGURE 5-7 

FIELD AND POWER PLANT DESIGNS 
MARKET? iERICE :REVENUE”REPORT 

I 

-13876-0 
-3 184.5 

150.9 
3408.0 
6064.5 

934.2 
7307.9 

10192.9 
12421.3 
13705.3 



P 
G 
c 

GLGP CASH PLOW I'IODIZL 
OPERATIO3 P!?RIOD REPORT EP3.1 

BREAKEVEN PRICE - REVENUE REPOPT 

PROJECT tlAt'lE - S A W L F  
PBOJECT TYPE - POWER PLbtlT 

PINANCIAL CASE NAHE - SAHPLE 
PINANC'ZAL STRUCTURE - TAXABLE 3NTITY . 

Y E A R  P.P. NBT * PBIC!?** SALZS SALVAGE TOTAL OP ER ATXtiG 
(K-HRfl) X (ffIL/KWH) Lf l7BVEMOE + REVENUE REVBNUS EXPEnSES = 

3 - 1382 21.9.1 336.2 73668.1 0.0 13668.1 63359.4 
4 - 1993 394.5 321.3 126703.6 0.0 126743.6 78424.1 
5 - 198% 394.5 343.0 135313.1 0.0 135313.1 74404- 6 
6 - IS85 396.5 356.9 940768.8 0.0 140768.8 70274.1 
7 - 1996 394.5 427.6 168683.9 0.0 168683.9 67995.2 

'f 9 - 1983 394.5 390.4 153989-7 0.0 153987.7 66257.1 
157786.2 61729.0 

30Y- 0 119904, 2 0.0 119906.2 S6299.9 
* 10 - 1999 

116665.2 54143.8' 

8 - 1997 394.5 338. 4 133496.6 0.0 133496.6 73181- 4 

394.5 400.0 157705.2 0.0 
11 - 1990 394.5 
12 - 1991 394 . 5 295.8 11 6665.2 0.0 

W 

L Z V I L I ~ ~  B R E A K E V E N  PRICE (CONSTANT-CURRENT DOLLARS) r351.6 nrLLs/rrwfl 

LEVSLIZS9 BREAKEYER PRICR (1980 DOLLAYS) =17& 0 ~XLLS/AWR 
ASSUnES A N  AVERAGE ANNU!iL PRICE ESCALATXON OF 12.0 % BEGINIBXWG IN 1980 

* - TAYOPETICAL OtlT?U'?' 3 438.3 K-RWH/IEAR (ASSUHES R CAPACIT? PACTOR OP 100%) 
!iVF!tAGZ ChbrCTTY PACFR = 86.0 % 
AVERAGE OOTPUT = 376.9 K-HRR/YEAR 

FlWRE &8 
FIELD AND POWER PLANT DESIQNS, FINA~~JCIAL 

OPERATIONAL BREAKEVEN PRICE REVENUE REPORT 

BEFORE TAX 
INCOPIE/LOSS 

10308.7 
48319.6 
60908.4 
70494.7 

1 OO688.5 
60315.2 
87730.6 
96057.2 
63604.4 
62521.4 



P'ROJSCT XAlE  - 
PROJECT TYPE - 

Y Y A R  BEFORE T n x  
INCOkE/LOSS 

3 - 1982 

5 - 19RU 
6 - 1985 
7 - 1986 
8 - 1987 
9 - 1989 

10 - 1989 
I 11 - 1990 

12 - 1991 

u - 1983 
-29402.6 
-16687.5 

-5961.6 
-1U41.0 - 1643.9 

903.0 
6024.6 
9101.6 

11 521.5 

-1i2ao.9 

S A l P L E  
POISR e L A n r  

TkX LOSS - FORWARD = 

0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  

903.0 
6024. ti 
9701.6 

11521.5 

TLIABGE ** INCOlG TAX INCOll TAX TLXlS ** 
IICOBB ** LIABILITY - CREDITS = PAID ** 

-29442.6 ** 
-16681.5 ** 
-11280.9 ** 

-5961.6 a *  
-1941.0 ** 
-16113.9 ** 

0.0 ** 
0.0 ** 
J.0 +* 
0.0 ** 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 

0.0 .* 
0.8 ** 
0.0 ** 
0.0 *. 
0.0 ** 
0.0 +* 
0.0 ** 
0.0 ** 
0.0 ** 
0.0 ** 

FIGURE 5-9 
FIELD AND POWER PLANT DESIGNS 
MARKET PRICE INCOME TAX REPORT 

B?!FO911 TLX 
I K c o n E / L o s s  

-29492.6 
-1 6687.5 
0.1 12 80 9 

-5961.6 
-1QQl.O 
-7663.9 . 

903.0 
6024.6 
9707.6 

11521.5 

TAXPS - PAID * 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

hPTEI( ThX 
nicom/Loss 
-29452.6 - 16687.5 
-11280.9 

-5961.6 
-1951.0 
-7643.9 

903.0 
6020.6 
9707.6 

11521.5 
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CLGP UASII ?LOO nonm 
OPERATION PERIOD PPPORT 1F2.3 

PROJECT NAlE - SAflP1.E 
PlOJTCT TYPE POWFR PLANT 

ILRKET PRICR - CASH PLOW RIPOR'? 

PINLHCTAL CASE WAflE - SAlPLE 
FINANCIAL STROCTIIRE - TAXABLE hNTIT? 

Y3AR AFTER T A X  CASfl * TAX LOSS DEBT CSOSS CLSR SINK. POND OTHER CAP.** NET CASH 
TNCGHE/LOSS SOOECES t FORWARD - RETTRE5ENT = PLOW - DEPOSIT -',INVESTHlNtS = PLOW 

3 - 1982 
4 - 1993 
5 - 1989 
6.-  1935 
7 - 1086 
8 - 1951 
9 * 1988 

10 - 1989 
11 - 1990 

'f I2  - 1991 
I-' 
QI DISCOOBTCD 

-29442.6 

- 11280.9 
-596 1.6 
-1441.0 
-7643.9 

903.0 
6024.6 
9107.6 

11521.5 

CASA PLOW 

-16607.s 
15962.1 
13763.0 
I1  563.3 

9363.7 
7164.0 

16275.6 
10430.0 
7822.5 
5215.0 
2607.5 

RATE O? RZTORN 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

903.0 
6024.6 
9107.6 

11 521.5 

= -19.8 

15897.5 
15097.5 
15097.5 
15197.5 
15497.5 
15497.5 
15497.5 
15496.7 

0.0 
0.0 

(BASED On 

-28917.6 
-18822.0 
-15215.1 
-12095.5 

-9774.5 - 6865.9 
-3261.5 

4374.9 
24630.3 
25650.5 

6148.7 

6108.7 
6148.7 
6148.7 

0.0 
0.0 
0.0 
0.0 
0.0 

6148.7 
3.u 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-35126.1 
-24570.7 . 

-18246.2 
-15923.3 

-6865.9 
-3261.5 

6378.8 
24630.2 
25650. P 

-21 363. a 

= -26.6 % (BASED ON ?RESENT VLLWE OF CASR FLOWS IN 1980 DOLLLRS) 

* - CJSH SOURCES INCLUDXS ALL P A X  DXPRECIATION. D E e L m r o n  u.iowmBs, INTANGIBLE DRILLING COSTS. IND Dny n o t i  Exemsss. 

*. - O'?H!tB C l P I T A L  INVESTflEITS IRCLUDE INNWlL REPLACSf!LNT VELL INIGSTflLNtS~ .fl&KE--IP 111% IIPESTllE~TS, AND FUNDS R E Q O I R E O  
TO COVER A N T  SINRINC POUD SRORTFALLS. 

P 

FIC3URE 6-11 
FIELD AND POWER PLANT BESIQNS, FINANCIAL 

OPERATIONAL MARKET PRICE CASH FLOW REPORT 

J 4 



GLGP CAlill YLW hODP.! 
OPERATION PFRICD REPORT l P 3 . 3  

B R D A A E V E H  PRICE - cnsn n o s  REPORT 

3 - 1952 
9 - 1983 
5 - 1984 
6. - 1985 
T - 1986 
A - 1987 
9 - 1988 _ _  I 10 - 1999 

11 - 1990 ' 12 - 1991 

hP*FS Tar 
IRCOJ E/LOSS 

10308.7 
24368.3 
30088.8 
34824.4 
49740.1 
35986.7 
43338.9 
47452.3 
31420.6 
30885.6 

CASH * TAX LOSS 
+ SOURCES + FORWIRD 

15967.9 
13763. e 
11563.3 
9363.7 
9164.0 
16275.6 
101130.0 
7c22.5 
5215.0 
2607.5 

10308.7 
985.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

15497.5 
15997.5 
15497.5 
15497.5 
15499.5 
15497.5 
15097.5 
15496.7 

0.0 
0.0 

GROSS CISR - FLOU - 
21082.6 
21618.7 ' 

26154.6 

41406.6 
36764.8 
38271.9 
39778.1 
36635.5 
33493.1 

28690.5 

SINK. POND 
DEPOSIT - 
6144.7 
6148.7 
6148.1 
6149.7 
6148.7 

0.0 . 0.0 
0.0 
0.0 
0.0 

O T l t R  CAPi** NET CISR 
x n v w t n t n t s  = FLOW 

0.0 14933.9 
17970.0 0.0 

0.0 
0.0 
0.0 35257.9 
0.0 36764.7 
0.0 38271.5 
0.0 39778.0 
0.0 366 35.6 
0.0 33493.1 

20005.9 
22541.8 

r, 

DISCOONTED CASR W.OW R n w  or RETORN = 49.8 s (BRSED 08 nonInar. CASR noas) 
= 28.5 X (BRSGD On PRESENT VIlZUd OF CASR FLOPS 111 1980 DOLLARS) .- CAS9 SOURCES TBCL33ES ILL T R X  DEPRECIATION, DEPLETION hLLO!fhfiCES8 IATANGI8LE DRILLI IG COSTS8 A N D  DRY ROLE GXPEISZS. 

** - O'rllIfR CAPITAL IIWSTtltRTS INCLUDE I N l U A L  REPLACWIENT UELL IWESTfWNTS..t!AKE-OP UELL I lTCSTnERTS, hUD WIDS RtQUIRED 
TO COVCR IlNY SIAKING FUND SHORTFLLLS. 

) 

FlQl RE512 
FIELD AND POWER PLANT DESIQNS, FINANCIAL 

OPERATIONAL BREAKEVEN PRICE CASH FLOW REPORT 
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YEAR M G T  

1 - 1980 -5160.8 
2 - 1981 -56166.0 

cmsn PLOW 

3 - 198 
4 - 198 

ul 5 - 198 
8 6 - 198 

7 - 198 w 
8 - isa a 
9 - 198 

. 10 - 198 
11 - 199 
12 - 199 

2 
3 
P 
5 
6 
7 
8 
9 
0 
1 

-34535.8 
-23990.8 
-20793.5 - ll6S3.9 
-15332.9 

-9164.6 
-1649.7 

14128.9 

-6~65.9 

14922.6 

son OF RET CASH PLOWJ sun 
CASn FLOWS DISCOUNTED DISCOOiITED 
-5160.8 -5160.8 -5160.1 
-41326.8 -31177.6 -36338.4 

-75862.6 
-99842.9 
-120616.9 
-138270.2 
-153603.1 
-160469.1 

- 166 28 3.3 
-137231.7 

-1 6 96 33.6 

-151360.7 

-25665.7 - 15363.2 
-111173.0 
. -8405.1 
-6293.3 
-2429.0 
-1270.3 
-433.8 
3382.7 
2761.0 

-62004.1 
-77367.2 
-88840.2 
-97285.4 
-103538.7 

--105968.8 - 107238.2 
-1 07672.0 

-101528.2 
-1002~9.2 

LIRITUD PARTMRSAIP TAX BBNEPITS 
IRCORG DPRJDPL/IDC TAX CREDITS 

0.e 1351.6 0.0 
0.0 9992.0 0.0 

-131179.9 
-2929.5 
282.9 
3002.1 
5723.0 
8631.6 
11333.0 
138q7.0 
14922.6 
14128.'9 

15962.1 

11 563.3 
13763.0 

9363.7 
7164.0 
16275.6 
10930;O 
7822.5 
5215.0 
2607.5 

FIGURE 5-14 
FIELD AND POWER PUNT DESIGNS, FINANCIAL 

OPERATIONAL MARKET PRICE CASH FLOW PAI?ERN 
FOR TAX EXEMPT OWNERSHIPS 

. 6434.3 
0.0 
0.0 
0.0 
0.0 

6191.0 
0.0 
0.0 
0.0 
0.0 



GLOP CASH PLOW HODEL 
OPRRhTSOK PERIOD REPOR* tP2.S 

IIhRKET PRICE - 0PERlTI.IIC tKPENSE RSPORT 

PSOJECI W L N E  - SARD1.E PTNLNCIhL CXSB B A l E  - SAHPLS 
PROJPCT TYPE - POUER PLANT P r N n v c n t  STRUCTIIRE - ~ A X L B L E  ENTITY 

TSAR OSN/OT!II!R 
ROYALTIES* COSTS t 

3 - 1982 1924.3 2769.7 
4 - 1983 3879.4 3162.1 
5 - 1934 4344.9 3474.9 
6 - 1985 4866.3 3891.3 
7 - I986 5450.3 4358.2 
8 - 1997 6104.3 4881.2 

cn 9 - 1998 6936.8 5467.0 
I 1 0  - 1$8Y 7657.2 6123.0 

11  - 1990 BFi16.1 6857.7 . w  
0 

12 - 1991 9605.2 1680.1 

PWEL IYTEBPST 
COST + COST + 
27452.1 17725.3 
56331.7 15400.6 
64218.1 13076.0 
73208.6 10751.3 
83457.7 8426.7 
95 14 1.7 6102.0 

105661.5 3777.4 
123646.9 1452.8 
180956. P 0.0 
160690.1 0.0 

DO E 
PSB + 

1162.3 
1007.3 
852.4 
697.4 
542.4 
387.4 
232.5 

0.0 
0.0 
0.0 

TAX 
DEPSIC. + 

15962.3 
13763.0 
11563.3 
9363.7 
7169.0 

16275.6 
10130.0 
7822.5 
52.15.0 
2607.5 

PROPCITY 
FAL!!s + 

932.4 
791.5 
650.6 
509.7 

1047.5 
830.0 

419.6 
209.5 

0.0 

628.5 

.. 
IDC/DAE + 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FIGURE 615 
FIELD AND POWER PLANT RESIGNS, FINANCIAL 

OPERATIONAL MARKET PRICE OPERATING EXPENSE REPORT 

bEPLETfON 
ALLOIIAWCF 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

OPPRhTI13 - I!X?EISSS 
67928.8 
91275.6 
98179.5 

103288.1 
110446.6 
129330.2 
1358 33.5 
197120.4 
16181e.6 
180583.0 

. 



! 

PROJECT NIRC - SL!!PLE P I t u l n c I n L  CASE N A H E  - s a i P L e  
PSOJEC- TYPE - POULR PLLNT FINANCIAL STROCTORI - TLXARLE BRTITT - 1 TOTAL YTRW STARTING SIIR. FUND SINK. ?OLD SIN!C. POND SINK POND PINISIlI lRI  ** SXlllt, PdND OTIlBR CLP. 

EILkNCE DE?OSITS + INTEREST -I ! lCOlE TLLIS-lIITRDRLWLS = BAIAUCt a* I ~ l E S T l B N T  I *I! tYtSTlE%T I U V ' t S T l t N T  

3 - 1982 
9 - 1983 
5 - 1990 
6 - 1995 
1 - i w x  
8 - we7 
9 - 1998 

10 - 1989 
11  - 1990 
12 - 1991 

0.0 
6452.9 

13223.6 
20329.3 
27796.0 

0.9 
0.9 
0.9 
1.0 
1.0 

6198.7 
6198.7 
6198.7 
6198.7 
6198.7 

0.0 
0.0 
0.0 
0.0 
0.0 

619.9 
1260.1 
1937.2 
2667.8 

0.1 
0.1 

. 0.1 

311.1 0.0 
637.6 0.0 
980. 2 0.0 

0.0 
0.0 33933.9 
0.0 0.0 
0-0  0.0 

1339.8 

6952.9 
13223.6 
20329.3 
27786.0 

0.9 
0.9 
0.9 

0.0 ** 0.0 0.0 ** d0 0.0 0.0 ** - 6.0 - 0.0 0.0 ** 0.0 0. 0 0.0 ** 33933.9 0.0 33933.9 +* 0.0 0.0 0.0 
am 0.0 0.0 0.0 

- 
0.1 0.0 0.0 . 1.0 *a 0.0 
0.1 0.0 0.0 1.0 ** 0.0 
0.1 0.1 0.0 1.1 ** 0.0 

FIGURE 5-16 
FIELD AND POWER W N T  DESIGNS, FINANCIAL 
OPERAIIONAL MARKET PRICE SINKING FUND 

ACTIVITY AND INVESTMENT REPORT 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 



GLGP CASA ?Lot! MOGL 
lIWAUCIAL CASE IUPUT DATA DORP REPORT 

?IWAWCIAL CASE 1ABE - SIIIDLI 

VARIABLE# 1 - BASE lEAR 
1980 

VARIABLE# 2 - PCWGB-OW-LIUC TEA8 
1982 

VARIABLE8 3 - PlOJECT LI?E 
12 

VARIABLE# 4 - L C A l  I I F E  
10 

VLRIABLC# 5 - UCRRXUG CAPITAL - (KS) 
eooo. 000 

VA?IABLEI 6 - ELECTBICITT 1AEKC9 PRICE - (aILLS/SUi l )  
140.000 

' VA9JABLE1 7 - ?LO10 I1ABRET P U I C t  - (BILLS/KWA) 
cn 70.000 
I 
h) h, VARIABLE# 8 - CAPACITT IAC'ICII 

c o l s 1 P o c T I o u  PGRICO - 
0.0 0.0 

0.500 0.900 0.900 0,900 
OPERATIWG LI?E - 

0.900 0.900 0.900 0.900 0.900 0.900 

VARIABLE# 9 - nxm1non 'IOTLL EQOS'II r a f i c T x o m  

VARTABLEI i o  - nImInun A N R U A L  GQOITX rmcmou 
0.250 

0.100 0.100 

VARIABLE# 11 - EQOITX RATE O? RE1IOUI 
CONS'IBUCIIOW EERICD - 

0.0 0.0 

0.300 0.300 0.300 0.300 0.300 0.300 0- 300 0.300 
OPERATIlG LI?E - 

0.300 0.300 

FIGURE 5-17 
DATA DUMP FROM FINANCIAL MODULE 

U r. 
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\o 
0) 
Y 

V ~ W I ~ B L T C  12 - P n I i c r w t  e n w m w i  
CO#STRUCTIOI PERIOD - 

0 .0  0.0 

OPWtLTING LIP!! - 
0.0 0.0 a. o 

V A D T K 9 1 5 1  1 3  - DEBT IWTERBST RLTE 

0.180 0.180 

3.150 0.150 0.150 

COISTHUCTIOI PPRIOD - 
OPE!ibTISS LIP2 - 

VAPIhBLTC 14 - DOE OSER ?LE RLTI 
0.010 

TA*IbBLEC 15 - SINKTR'l PUHD DEPOSITS 
COASTRSCTIOS PER109 - 

0.0 0.0 

OPEBATIS.; L r P r  - 
0.0 d. 0 0.0 

BLGF c k s n  PLOY HODEL 
P I N h H C I I L  CASE INPOT DLTI DUMP REPORT 

P I H R I C I I L  CLSE MIRE - SAnPLE 

0.0 

0.150 

0.0 

VLPILBLEC 16 - STdKItiG ?RID lITEREST RLTES 
0.100 

V I P I k B L E #  17 - E S C L I b T I O t  RATE POR OTIIER COSTS 
COYSTROCTIOH PFFIOD - 

c. 120 0.120 

OPt!'RLTING L I P E  - 

0.0 0.0 

0.150 0.150 . 

a. 0 0.0 

.' ' ... 

0.120 0.120 0.120 0.120 - 0.120 0.120 

0.0 

0.150 

0.0.  

0.120 

.FIGGPE 5217.. -.-. - 
I OATA DUM~FROM FINANCIAL MO~ULE '8:. 

(CONTINUED) - - 

- 
0.0 

0.150 

0.0 

0.0 0.0 

0.150 0.150 

0.0 0.0 

0.120 0.120 0.120 



GLGP CISE PLOY nonct 
?IUAICIAL CASE IUDOT DATA D O n E  REPORT 

PIDApCIAL CASE U A l f  - S l l P L L  

VLPIIBL.L+ 18 - ISCALATIOII RA¶LS ?OR CAPITA1 CCSTS 

CAPI'TAL CAtPGOR1 0 1 
COUSTROC¶ION PERIOD - 

0.160 0.160 

OPGRA'IING nr'r - 
0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 

CAPITAL CLWGORI  0 2 
COIS'IROCTION PGRICD - 

0.160 0.160 

o e t m m a  L I r r  - 
0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 

C A P I T I L  C I I L G O R I  3 
COIS'IROC¶ION PGRXCC - 

0.110 0.110 

OPERATING L I r r  - . 
cn 0.110 0.110 

c. c o u s m o c T x o m  PGEICD - 
I 
N CAPITAL CATEGO81 0 1) 

0.110 0.110 

0.110 0.110 
OPERATING L r r r  - 

CLPITAL CATEGORY + 5 
cottsmocmon P t a i a D  - 

0.0 0.0 

0.110 0.110 0,110 0.110 0,110 0.110 0.110 . 6,110 

0.110 0.110 0.110 0.110 0.110 0.110 0.110 0.110 

OPGRA'IXNG Lire - 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TARIABLEO 19 - CSCALATIOR w r  FOR rx.cccIaIcITv n m m  PRICE 
coNs~nnc~xom P t a x c o  - 

0.120 0.120 

0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 
OPGRAIING LIFE - 

0.120 0.120 
FIGURE $17 

DATA DUMP'FROM FINANCIAL MODULE 
- (C'ONTINUED) 

u Ip 



GCFM FINANCIAL ANALYSIS EQUATIONS 

.. 

This appendix documents t h e  major calculat ional  approaches 

used i n  t h e  Geothermal Loan Guaranty Cash Flow Model f inanc ia l  

routines.  

The subjects  covered are: 

5 I. Annual Accounts 

' .  
5. 

Ia. Annual Revenue 
Ib. Annual Operating Expenses . 
IC. Annual Taxable Income 
Id. Annual After Tax Income 
Ie. Annual Cash Flows 

. ... 
. _*' 

.. .. - 

11. Breakeven Prices  

IIa. Annual Breakeven Pr ice  
I Ib .  Levelized Breakeven Pr ice  

111. Discounted Cash Flow Rate of Return 

I V .  Sinking Fund Calculations 

V. Salvage Value 



Ia Annual Revenue 

pi = 

ci = 

. si - 

Ri - 

Q =  
- 
- 

i =  

*The 

(A-1) Ri = PiCiQ (0 .36525)  ( 2 4 )  + Si 

Where : 

annual sales pr ice  (mills/kwh) * 
annual capacity fac tor  

sales output (me) , ** 
annual salvage revenue, 

t o t a l  revenue, and 

current year. 

annual sales price f o r  t he  market p r i ce  calculat ions is deter- 
mined using the b&e year market price-and a market p r i ce  escalat ion 
factor .  
by reviewing t h e  e n t i r e  cash flow calculation. 

3 

The annual pr ices  i n  the  breakeven p r i ce  case are derived 

**The fac tor  ( .36525)  ( 2 4 )  converts me i n t o  10 MWh. 

A-4 
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5 

Ib  Annual Operating Expenses 

(A-2) OCi = OMi + Fi + PTi + IDCi + DFi + INTi + ROYi + DPRi + DPLi 

Where: 

OMi = sum of the  annual operations and maintenance costs,  and o ther  
operating costs ,  

= annual f u e l  cost,* Fi 

PTi 

IDCi = sum of the annual intangible  d r i l l i n g  costs  and the  annual 

DFi 

= annual property tax assessment,** 

dry hole expenses, 

= annual DOE user fee ,  7 

INTi = annual interest costs ,  

ROYi = annual royalty paid on revenues, 

DPRi = annual tax depreciation,*** 

DPLi = annual depletion allowance,**** 

OCi 

i = current year. 

= t o t a l  annual operating expenses, and 

*The cost  of f u e l  r e fe r s  t o  e i t h e r  t he  power plant  f l u i d  cos ts  o r  
t h e  f i e ld ' s  e l e c t r i c i t y  costs.  

**Property taxes are calculated as a percentage of t he  book value 
of the  project.  

***Tax depreciation is accelerated using the  sum of the years 
d i g i t s  method. 

****Depletion is calculated using t h e  percentage depletion method. 

Revised August 10, 1981 
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IC Annual Taxable Income 

(A-3) TXIi = Ri - OCi 

Where : 

Ri = annual revenue, 

OCi = annual operat,ing expenses, 

TXIi = annual taxable income (loss), and 

i = current year. 

I f  the  resu l t ing  value TXIi i n  equation (A-3) is greater  than zero, 
the model determines whether tax  losses  exis t  fo r  previous years. 
I f  they ex i s t ,  they are carr ied forward reducing the current year 's  
taxable income. (See Equation A-4). I f  the TXI value represents 
a loss (negative), t he  value is placed i n  the  unused t ax  losses  
account'and carr ied forward f o r  up t o  seven years. 

i 

(A-4) 0 L TXIi - TLFi 

Where: 

TXIi = annual taxable income, 

TLBi = annual tax  loss brought forward, and 

i = current year. 

The taxable income (Equation A-3) is res ta ted  t o  r e f l e c t  the  tax  loss 
carry forward as follows: 

(A-5) TXIi Ri - OCi - TLFi L O 

A- 6 
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Id  Annual After Tax Income (Zoss) 

The annual taxable income (-=I i ) is greater  than zero the model 

calculates  a tax l i a b i l i t y ,  otherwise, the tax l i a b i l i t y  is  assumed 

to  be zero. 

(A-6) ATIi = TXI i (1  - ETi) + TCi 

Where : 

TXIi = annual taxable income, 

ETi 

TCi 

ATIi = annual a f t e r  tax income, and 

= annual e f fec t ive  tax ra te ,  

= annual investment tax c red i t ,  

i = current year. 

(A-6a)ETi = FTR i + STRi - 

a 

Where : 

ETi = annual e f fec t ive  tax r a t e ,  

FTRi = annual federal  income tax rate, 

STRi = annual state income tax  rate, and 

i = the current year 

.. 

A-7 
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(A-6b) TXL; = TXIi (ETi) 

Where : 

= annual TXLi 

= annual 

= annual 

Txli 

ETi 

tax  l i a b i l i t y  

taxable income 

e f f ec t ive  tax rate, and 

i = current year. 

Tax Credits V 

I n  any tax  year the model calculates  the investment tax c r e d i t  

as the  lesser of the income tax l i a b i l i t y  o r  $25,000 plus 50% of the 

tax l i a b i l i t y  i n  excess of $25,000. Any unused c r e d i t  will be 

carr ied forward t o  the seven suceeding vears o r  u n t i l  i t  is used. 

If unused a t  the end of seven years the c red i t s  are l o s t .  

(A-6c) TXPDi = TXLi - TCi 

Where: 

TWDi = annual taxes paid. 

= annual tax l i a b i l i t y ,  

= annual tax c red i t s ,  and 
* 

TCi 

i = current year. 

* 
Tax Credits are computed as a percentage of each years cap i t a l  
investments. Note power plant  computed costs  include labor  cos ts  
which are not tax creditable.  Appropriate adjustments should be made. 

t 

A-7.1 

Revised June 29, 1981 



t 

This page intentionally left  blank. 



Ie Annual Cash Flows 

(A-7) CFi ATIi + TCSi + TLFi - PMTi - INVi - SFDi 

Where 2 

CFi 

ATIi 

TCS 

TLFi 

pmi 

ST 
INVi 
i 

annual ne t  cash flow, 

annual a f t e r  tax income (loss), 

annual t o t a l  cash sources, * J E  

*** 
annual tax  loss car r ied  forward, 

annual debt retirement payment (pr inc ip le  only) , 
annual sinking fund deposit ,  

annual non sinking fund investment, and 

current year. 

* 
Cash Sources Values on output reports  F2.3 and F3.3 are 
equal t o  the sum of depreciation, depletion, and 
intangible  d r i l l i n g  costs . 

*'%ax depreciation is calculated using the  sum of the 
years d i g i t s  method. 

***Tax losses  are carr ied forward f o r  up t o  seven years. 

Cash Flow P a t t e r n s  - Financial  Reports F2.4 and F3.4 
d e t a i l  the annual cash flows, the sum of these cash 
flows, the present value of each annual cash flows 
i n  base year do l la rs  and the  sum of the present 
value of the cash flows i n  base year do l la rs .  

r 

d 

A- 8 
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IIa Annual Breakeven Pr ice  

The annual breakeven price i n  each year is defined as t ha t  p r i ce  

which w i l l  cover a l l  operating expenses and y ie ld  the desired a f t e r  

tax  re turn  on equity. 

which equals t he  equity value of the  project  multipled by the  equity 

rate of return.  

The model calculates  a breakeven cash flow 

This annual breakeven cash flow is the a f t e r  tax  
.. * 

r e tu rn  from which each annual breakeven p r i ce  is calculated.  

Before making these calculations,  we first define the i n i t i a l  

equity value at the  power-on-line da t e  as the t o t a l  cap i t a l  cost  

minus the  amount of debt financing. 

values are calculated as follows: 

The subsequent annual equity 

Where : 
Ei = annual equity value, 

BDPi = annual book depreciation 

= annual cap i t a l  investments (replacements) , 
= annual debt retirement payments (pr incipal  

INi 

only), and 

i = current year. 

A-9 
Revised June 2 9 ,  1981 



I 

The der ivat ion of Equation (A-8) is as follows. 

value is the  sum of the debt and equity values. 

The t o t a l  cap i t a l  

From t h i s  we 

obtain Equation A-9. 

(A-9) Ci = Di + Ei 

The annual change i n  capital value of t he  pro jec t  is determined 

by depreciation and investments. This y ie lds  Equation A-10. 

(A-10) Ci = Ci-l - BDPi + INVi 

The annual change i n  the outstanding debt is determined by the 

annual debt repayment. This 

(A-11) Di Di-l - PMT3 

The combination of Equations 

(A-12) 

which is 

(A-13) 

y ie lds  Equation A-11. 

A-9 and A-10 y ie lds  Equation A-12. 

. - BDP. + INV. D i  + E i  = D i - 1  + Ei-l 1 1 

equivalent t o  A-13 and the o r ig ina l  equation A-5 

E i  = Ei -1  - BDPl + INVi + PMTi 

Where : 

ci = 

Di - 
Ei 

INvi - - 

PMTi = 

- 
=w 

BDPi = 

i =  

annual 

annual 

annual 

annual 

annual 

annual 

t o t a l  cap it  a l i  za t ion, 

debt balance, 

equity balance, 

book depreciation, 

cap i t a l  investments, 

debt retirement payment, and 

current year. 

A-10 
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Building upon t h i s  de f in i t i on  of equity,  we can then der ive t h e  

breakeven cash flow and t h e  rate of re turn  i n  equi ty  as follows: 

(A-14) BCFi Ei (RORi) 

Where : 

BCFi 5 annual breakeven cash flow, 

Ei - annual equi ty  value, 

RORi 

i = current  year. 

= annual after t a x  r e tu rn  on equi ty ,  and 

Fina l ly ,  drawing from Equation A-2, A-7 and A-14, and consoli- 

dat ing var iab les ,  t h e  annual breakeven p r i c e  i s  calculated as follows: 

(A-15) B R i  t BCFi - NTDi + OPEi - Si 
Where : 

= annual breakeven revenue 

= 

ABRi 

NTI)i 
non-cash t a x  deductions [intangible d r i l l i n g  
cos t s  (IDC ), t a x  l o s s  car r ied  forward 
(TLFi), anf annual t a x  depreciation (DPRifl 

OPEi = out-of-pocket expenses 

si 

i 5 current  year. 

* annual salvage revenue, and 

A-11 
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- - ABRi 
ABpi Ci(0.36525) (24.0) Q 

(A-15a) 

Where : 

= Gnnual breakeven p r i c e ,  

= annual breakeven revenue, 

= annual capac i ty  f a c t o r ,  

ABpi 

ABRi 

ci 

Q = n e t  sales output ,  and 

i = cur ren t  year.  

(A-15b) OPEi= OMi + Fi + PTi + DFi + ROYi + TXPd + PMTi + SFDi 

Where : 

OPEi = annual ou t  of pocket expenses, 

= annual opera t ions  and maintenance, 

= annual f u e l  c o s t ,  

= annual property t axes ,  

= annual DOE use r  f e e ,  

O M i  

Fi 

PTi 

DFi 

TXPi 

ROY = annual r o y a l t i e s  pa id ,  

= annual t axes  paid,  

PMTi = annual p r i n c i p a l  payment, 

SFDi 

i = cur ren t  year.  

= annual s ink ing  fund depos i t s ,  

A-11 . 1 
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I I b  Levelized Breakeven P r i ce  

As discussed previously, GCFM solves f o r  two d i s t i n c t  level ized 

breakeven pr ices  as w e l l  as t h e  annual breakeven pr ice .  Figure A-1 

presents  a comparison of t h e  two leve l ized  breakeven pr ices  with t h e  

annual breakeven p r i ce  which is derjlved from Equation A-15. 

l i n e s  i n  t h i s  f i gu re  represent nominal o r  cur ren t  d o l l a r  values.  

is t h e  level ized p r i c e  adopted by EPRI (EPRI, 1979) and commonly used 

All s o l i d  

BP1 

by t h e  electric u t i l i t y  industry.  BP1 appears i n  Figure A-1 as a 

horizontal  l i n e  which b i sec t s  t h e  upward sloping annual breakeven 

pr ice .  By de f in i t i on ,  t h e  sum of t h e  present worth of t h e  annual 

breakeven p r i ce  stream. Mathematically, t h i s  i s  expressed as: 

(A-16) N e t  Present Value - N Pi (Qi) N BP1 (Qi) = z  - 
of Revenue Stream z 

i=1 (1+aIi - i-1 (1+aIi 

Where : 

pi 

Qi 

1 a 

i 

N 

= annual breakeven pr ice ,  

= annual output (10 MWh) 

= discount rate, 

= l eve l ized  breakeven p r i ce  ( in  current d o l l a r s ) ,  

= current year,  and 

= project  l i f e .  

3 

For t h e  ear ly  years of a project  (up t o  t h e  point where the  

annual breakeven p r i ce  l i n e  crosses  BP1), t he  current  d o l l a r  p r i ce  

of BP 

i n  those years. 

w i l l  be grea te r  than t h e  ac tua l  breakeven p r i ce  required 1 
During the  later years,  however, t h e  p r i c e  of 

A-12 
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, 

BP 1 

of EP 

decl ines  over t i m e .  

w i l l  be lower than t h e  annual breakeven pr ice .  The d e f i n i t i o n  

implies that t h e  present value of t h e  r e su l t i ng  revenue stream 1 

An a l t e r n a t i v e  way of expressing leve l ized  cos t  is t o  develop 

a smooth curve that approximates t h e  i r r egu la r  s lope of t h e  annual 

breakeven p r i ce  curve. For t h i s  reason, BP. has been developed and 2 

used f o r  comparative purposes (MITRE, 1977 and MITRE, 1978) t o  express 

a leve l ized  p r i c e  which escalates a t  f ixed rate but is expressed i n  

constant r a the r  than current  do l la rs .  

f o r  t h i s  approach is  as follows: 

The mathematical expression 

(A-17) New Present Value 
of Revenue Stream 

annual breakeven p r i ce ,  

annual output (10 MWh) 

discount rate, 

e l e c t r i c i t y  p r i ce  esca la t ion  f ac to r ,  

l eve l ized  breakeven p r i ce  ( i n  constant d o l l a r s ) ,  

current  year,  and 

project  l i f e .  

3 

The de f in i t i on  of BP2 implies that when BP2 is escalated by the  

rate e,  t h e  present value of t h e  r e su l t i ng  revenue stream remains 

constant.  

Although BP1 is always grea te r  than BP2, t h e  differences are 

e n t i r e l y  conceptual and in t e rp re t ive  i n  nature.  

Revised June 29, 1981. A-14 



Despite the d i f fe ren t  approaches, both methods would r e s u l t  i n  

exactly the same ordering of projects  by economic preference, 

are philosophical arguments which can be made f o r  using each leve l iz ing  

There 

technique,,depending upon one's frame of reference and the desired 

assumptions about fu ture  p r i ce  escalations.  For the  purposes of t h i s  

model, both level ized pr ices  are provided t o  enable the  user t o  

determine h i s  own preferred approach. 
Ir w 

c 
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111 DCFROR 

To a i d  i n  the  comparison of various cases both t h e  market p r i ce  

ca lcu la t ions  and t h e  breakeven p r i ce  ca lcu la t ions  include calcu- 

l a t i o n s  a t  discounted cash flow rates of re turn (DCFROR). 

Mathematically, t h i s  is t h e  same technique f o r  ca lcu la t ing  an 

i n t e r n a l  rate of re turn  (IRR), in which t h e  rate of re turn  solved 
* 

f o r  is t h e  one which mikes the  ne t  present value of t h e  pro jec t  

c 
equal t o  zero. Two such ca lcu la t ions  are performed by t h e  model. 

DCFROR,. is  a s t r i c t  textbook calculat ion.  The cash flows (Fig. A-2) are 

t o  be discounted a t  an unknown rate r such t h a t  t h e  r e su l t i ng  

present value of t h e  cash flow stream i s  zero. Zquation A-18 

represents  t h i s  calculat ion.  

CFi 
N 

(A-18) 

i=1 
where 

i = current  year,  

N = project  l i f e ,  

CFi = annual cash flow, and 

Ri = DCFRORlo 

This represents  a nominal (including in f l a t ion )  rate of re turn .  

DCFROR2 is  a discounted cash flow ca lcu la t ion  f o r  t he  incremental 

ra te  of r e tu rn  above a minimum acceptable rate, say t h e  h i s t o r i c a l  

average r e tu rn  on invwtment. This ca lcu la t ion  method is  similar 

t o  t h a t  of t h e  DCFRO5, except that-the cash flows are discounted 

twice; f i r s t  by a typ ica l  discount rate which incorporates a real 

Revised June 29,  1981 
A-15 



average re turn  on investment (say 2 t o  3 percent) plus in f l a t ion ;  

I and second, by the  incremental rate (R ).which, when solved f o r ,  2 
represents the  addi t ional  re turn  above an assumed average re turn  

earned on venture capi ta l .  Equation A-19 represents  t h i s  calculat ion.  

where 
. .  

i = curren t  year,  

n = projec t  l i f e ,  

CFi = annual cash  flow, 

a = discount rate accounting f o r  the t i m e  
value of money f o r  an average o r  
minimally acceptable investment, 
including in f l a t ion ,  and 

R2 = DCFROR or  incremental rate of return.  2 

+ 
SO 

- 
Figure A-2 

Cash Flow Vs Time (Posit ive rate of re turn)  

I n  the event tha t  a stream of cash flows is negative (Fig. A . 3 ) ,  

the  project w i l l  have a negative rate of return.  Such a stream might I 

look like this: 

A-16 
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$0 

JT 

. 
time 

. - ... I .. 
Figure A-3 .. 

Cash Flo; Vs The 
(Negative -Rate of Return) 

The cash flow stream must be positive for part of the project 

duration for the rate of return to be positive. 

i 

A-16.1 
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I V  Sinking Fund Calcula t ions  

The s inking  fund opera t ions  are made i n  t h e  following order :  

1 )  

2) I n t e r e s t  ca l cu la t ed  

3) Taxes ca l cu la t ed  

Deposits made and investments removed 

4) Year end balance r eca l cu la t ed  to r e f l e c t  i n t e r e s t  
and taxes .  

(A-20) SFi - - SFi,l + SDi - SWI 
(A-21) SIi = SFi . SFR 

Recalculate year end balance 

(A-22) SFi = SFi,l + SDi - SWi + SIi - STi 

Where : 

SFi = annual s ink ing  fund balance, 

SDi = annual s ink ing  fund depos i t ,  

SWi = annual s ink ing  fund withdrawal, 

S I i  = annual i n t e r e s t  earned i n  s ink ing  fund, 

SFR = s inking  fund i n t e r e s t  rate, 

STi = s inking  fund income t axes  pa id ,  and 

i = cur ren t  year. 

A-16.2 
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The Sinking Fund Deposits defaul t  ca lcu la tes  a deposit  amount 

su f f i c i en t  t o  cover fu tu re  c a p i t a l  investments associated with 

equipment replacement. 

as a f r ac t ion  of t h e  replacement cost  of an asset. 

A fac tor  is  used t o  ca lcu la te  these deposi ts  

(A-23) 

(A-23) 

s 
Where : 

FTR = sinking fund deposit  fac tor  f o r  asset, 

ATX = average e f f ec t ive  income t a x  rate, 

SFR = sinking fund interest rate, and 

LF = book l i f e  of t h e  asset. 
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This page intentionally l e f t  blank. 

t 

A-18 



4.0 USER'S MANUAL CHANGES FOR V4.1 ONLY 

The pages i n  th i s  section are replacement pages for the User's 

Manual for GCFM Version 4.1.  

should be discarded i f  you are updating MITRE Technical Report 

MTR-8OW160 for use with Version 5.0. 

They do not apply to Version 5 .0 ,  and 

c 
't 
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TECHNICAL NOTES 

NOTE -: Memory ce Required 

GCFM requires v i r t u a l  memory s i ze  of 750K bytes on an IBM VM/370 
sys  tern. 

NOTE 2: GCFM Subroutines 

The names and general functions of the  GCFM main program, 
subroutines, and segments are presented i n  Table C-1. 
included f o r  the reader who wishes t o  study the  model i n  depth. 

This tab le  is 

NOTE 3: Segmentation 
.; 

The model code is divided i n t o  seven code segments. This 
segmentation is required by the HP 3000 f o r  the purposes of paging. 
The segment configuration is intended t o  reduce the amount of paging 
required t o  run the program. 

NOTE 4: GCFM Debugging Outputs 

GCFM contains options t h a t  produce output of a grea t  many values 
These options were b u i l t  i n t o  the  code of intermediate calculations.  

f o r  debugging during the development of the  model, but they could be 
of i n t e r e s t  t o  programmer/analysts who wish t o  examine intermediate 
var iables  i n  order t o  fur ther  understand o r  ver i fy  the accuracy of 
the model. 

WARNING: Avoid using these options unless you are very fami l ia r  
with Fortran and the GCFM model. The options produce copious amounts 
of p a r t i a l l y  documented output, i n  some cases w i l l  i n h i b i t  normal use 
of ce r t a in  features  of the model, and w i l l  a t  times de l iver  unlabelled 
outputs t o  the terminal screen. 

To perform a run with the debugging option turned on, the user 
- must en ter  the number 10883 instead of 1 , 2 ,  o r  3 when GCFM asks which 

module is  t o  be used. 
? 

GCFM w i l l  then pr in t :  
c 

ENTER DEBUGGING CODE. 

The user then enters one of t he  following codes t o  s e l e c t  an 
option: 

c-3 Revised August 10, 1981 
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E!ITR S V ECT 
2y-Q SPECTD 
B N W P  SVPC*D 

V m I L  UTILTY 

DESCQI9TION OF GCPH SWRROOTIY3S 

IPR", RPRT 

SVRCT SVJCPD DVECT 
SVIZC? SVECT? 
SVECT 

G e n e r i c  change  r o u t i n e  for a l l  three modules 
Accepts c h a n g e  I / O  f o r  i n t e g e r  v a r i a b l e s .  
a c c e p t s  c h a n g e  110 for r e a l  v a r i a b l e s .  
Perforr  v a l i d i t y  c h e c k  on crirical v a r i a b l e s .  

G e n e r i c  d a t a b a s e  t o  p r i n t e r  dump r o u t i n e  for three n o d u l e s  
O u t p u t  of i n t e g e r  var iab les  on d a t a  damp r e p o r t .  
O u t p u t  of r ea l  v a r i a b l e s  on da ta  damp r e p o r t .  

Data e n t r y  r o u t i n e  f o r  f i n a n c i a l  nodule .  
Data  e n t r y  r o u t i n e  f o r  f i e l d  module, 
Data e n t r y  r o u t i n e  fo r  power p l a n t  module, 

G e n e r i c  5 0  e l e m e n t  a r r a y  i n p u t  r o u t i n e  - o n e  d e f a u l t  
GenGriC 50  e l e m e n t  a r r a v  i n p u t  r o u t i n e  - two d e f a u l t s  
G e n e r i c  5 X 50 e l e m e n t  m a t r i x  i n p u t  r o u t i n e  

PLNTTO U'VCkL VTIPRT Power p l a n t  module d r i v e r  and d a t a b a s e  manager. 
OTILIN C H A N G E  ( H A I N  segment)  
STDES 9TDPS STCST STCST (ODES segment)  
'PI!tA#C (FLOO segment)  
READ .*?.Power p l a n t  c y c l e  d e s i g n  program I/O r o u t i n e  

Power p l a n t  cycle 110 r o u t i n e  h e a d e r  r o u t i n e  
Power p l a n t  n o d u l e  cost and d e s i g n  r o u t i n e  

manp (MAIN segment)  eowet p l a n t  module cost and d e s i g n  p r i n t  r o u t i n e  



*I T I  8' a 

:JT,I.:': :,TOES * v a r i o u s  f u n c t i o n s  power p l a n t  steam cycle c a l c n l a t i o n  program. 
IIfi?!; RT!IPS v a r i o u s  f u n c t l  ons Cower p l a n t  s u p a t c r i t i c a l  b i n a r y  c y c l e  c a l c u l a t i o n  ptogran.  
n r m  S'FCST various f u n c t i o n s  Pout r  p l a n t  s t e a n  c v c l e  c a p i t a l  cost progran. (G70CST.77) 
RDBS BTCSP v a r i o u s  f u n c t i o n s  Pouor p l a n t  h i n a r y  crcle capi+ .a l  cost program. (GEOCST.77) 
UDGS UWIA Function: H(sa t .ua t . l iq )  = €(PI 
11 DPS 9 YG Function: A(sat,wat.vapj = f(?) 
iID)F.:S 0 nv Function: P(sat.wa?.vap) = f (?) 
U@FS WSL Fuwction: S(zat .wat . l iq)  5 €('!!I 
9DE.C WSG Function: S(sat .wnt.rap) * €(T) . 
OOPS wsv Function: 0 (sat .uat .vap) - f(P) 
UDFS won Function: H (sup, wat. rap) = f (P,T) 
O D E S  PDS P u n c t  ion: S(sup.vat.rap) = f! (P,T) 
On?(; R PT fQnc*ion: P (sat. iso. rap)  = f (T) 
U D Z S  B HCJ P u n c t i o n :  n(sa?.iso.vap) - f (P) 
UDES 9HL Fanct  ion: B ( sa t .  iso. l i q )  = f (P) 
UDeS B SG Punction: S(sat . iso.vap)  = f (P) , 

ODES PSI. Funct ion:  S ( s a t - i s o .  l i q )  = f (P) 
UDES RQH Punct ian:  R(sup.iso.vap) p: €(p,T) 
IJ9ES 0 DS Function: S (soo.iso.vap) = f (P,T) 
U 3 E S  R Y S  Funct ion:  A (sup. isa. vap) = f (P, S) 
rlDR'i nsv Punct ion: V (sup, i so -vap)  = f (P,T) 
UDES RTP Function: T(sat . iso.vap) = f (P) 
FDZS . BDT Function: T(sat . iso.vap)  = Q(P,S) . 

Q 
VI 

' PROD PAODCR PROntS PROPR'C F i e l d  module d r i v e r  and database manager. 
PPoDTn C ~ A ~ G E  (nhrii  segment) 
PfMRlC (PLOW segment) 

PRO') PPODSS VLKTIO OTICAL OTTPRT P i e l d  d e s i g n  and c a p i t a l  cost rou t ine .  
PqOD PEOPRT . DDOSP (nRIn segmen?) F i e l d  des ign  and c a p i t a l  c o s t  p r i n t  rou t ine .  

P t O P  PTBRBC FTNCAR cnsn P i n a n c i a l  r o u t i n e  d r i v e r  and d a t a b a s e  aanager  

PLOW PTt!CHK c h e c k s  v a l i d i t y  of p r o j e c t  time framework 
PLOP C l S H  PFOSVfl CRSFLO F i n a n c i a l  a n a l y s i s  main r o u t i n e  

CCgSTR A!lORT FOLCST FSUB segment) 
LEVEL FIlOPRT PIWPRZ ' I R*SOB segment) 

FI!IIR CnANGE (nRrn segment) 

D D O n P  (!lRIlo segment) 
t;p 

PLOW PWORTB 
PZOW CASPLO C a l c u l a t e s  n e t  c a s h  f lows ,  income taxes, t a x  c r e d i t  

C a l c u l a t e s  p r e s e a t  v a l u e  of a series of c a s h  f l o w s  ; 
(D a 

ca r ry fo rwards ,  t a x  loss ca r ry fo rwards ,  r o y a l t i e s  and d e p l e t i o n  
a 11 owpn ce . o\ 

2 c 
c. rsne CO!1 ST9 C a l c u l a t e s  deb t / ega i ty ,  i n t e r e s t  and doe fees l u r i n g  c o n s t ,  
a PSllD Lev 01, C a l c o l a t e s  l e v e l i z a t i o n  of breakeven p r i ces .  
00 
c. FSOB A309T C a l c u l a t e s  deb? a m o r t i z a t i o n  d u r i n g  o p e r a t i n g  l ife.  

PSV0 F 11 1.c Sf C a l c u l a t e s  f u e l  costs 
FS'JF Fm?a* P i n a n c i a l  o u t p u t  r o u t i n e  f o r  Qarket p r i c e  c a l c u l a t i o n s  
PSUP FIYP52 F i n a n c i a l  o u t p u t  r o u t i n e  f o r . b r e a k e v e n  p r i c e  c a l c u l a t i o n s  



CODE 

1 

2 

OPTION 

Turn on debug output f o r  power 
plant  module only. 

Turn on debug output f o r  f i e l d  
module only. 

Turn on debug output f o r  f inanc ia l  
module only. 

Turn on debug output f o r  a l l  th ree  
modules. Under t h i s  option, the display 
of a l l  change menus a t  the user ' s  terminal 
is  inhibi ted . . -  

The user should then en te r  1 ,2  o r  3 t o  select a module i n  the 
normal manner. 
debug option i n  e f f ec t .  

That module w i l l  then be operated with the selected 

The debugging option is turned off the next t i m e  a module is 
selected.  

The reader should note that most of t he  addi t ional  outputs 
generated by these options w i l l  not  be in te rpre tab le  unless the 
FORTRAN source code is examined i n  de t a i l .  

C-6 
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5.0 USER'S MANUAL CHANGES FOR V5..0 ONLY 

The pages i n  th i s  section are replacement pages for the User's 

manual for G C M  Version 5.0. They do not apply to  Version 4.0, and 

should be discarded i f  you are updating MLTRE Technical Report 

mR-80W160 for use with Version 4.1. 





2 . 4 . 6  Modes of Calculation 

The Financial  Modules generates two sets of renor t s ,  each reme- 

The major difference betwee 

The 

senting a d i f f e ren t  type of calculation. 

them is i n  t h e  method in  which t h e  revenue stream is calculated.  

f i r s t  uses t h e  annual escalated market price t o  generate t h e  revenue 

steam from which t h e  p r o f i t a b i l i t y  of a given project  may be 

calculated.  Thus f o r  t h e  market price repor t ,  GCFM begins with an 

assumed series of s e l l i n g  pr ices ,  and from t h e  resu l t inn  cash flows 

( the  difference between revenues and cos ts  a f t e r  taxes) ,  assessed the 

a b i l i t y  of a given proiect  t o  meet its f inanc ia l  obl igat ions on a 

vear-to-year basis.  

The second calculat ion more c lose ly  resembles t h e  typ ica l  revenue 

requirements approach used i n  u t i l i t y  financing. This method ca lcu la tes  

a required revenue stream necessary t o  achieve a desired re turn  on 

equity.  This is ca l led  t h e  annual breakeven price.  Since t h i s  annual 

Price d i f f e r s  from year t o  year,  it is d i f f i c u l t  t o  compare the  r e l a t i v e  

merits of d i f f e ren t  projects .  Through t h e  process of leve l iza t ion .  

used throughout t h e  electric u t i l i t y  industry,  t h e  required s e l l i n g  

p r i c e  f o r  a given project  can be expressed as a s i n g l e  number. 

a number may be considered as t h e  average cost  of power, including 

required re turn  t o  all p a r t i e s ,  over the  l i f e t ime  of the project .  

However, there  are d i f f e ren t  ways of leve l iz ing  a cash flow stream, 

’ depending upon whether the required s e l l i n g  p r i ce  is t o  be expressed 

Such 

i n  current o r  constant do l la rs .  The GCFM calculates  two such level ized 
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pr ices  f o r  use a t  the  user's discret ion.  

de ta i led  descr ipt ion of t he  various modes of ca lcu la t ion  employed 

by the  model. 

Aopendix A provides a 

2.4.7 Variable Allocation of ,Investments 

No two projec ts  develop at  the  same pace. The port ion of the 

pro jec t  which is  undertaken during any given year depends on 

s i tua t ion-spec i f ic  factors .  

which allows the  user t o  specify a va r i ab le  investment s t r u c t u r e  

during the  construction period. The cont ras t  is most obvious i n  

the  case of f i e l d  versus power plant  projects .  

ment expenses w i l l  occur long before the power p lan t  construction 

even begins . 

The model incorporates a f ea tu re  

Many f i e l d  develop- 

Both the  power p lan t  and the  f i e l d  modules have an input 

var iab le  en t i t l ed ,  "Capital Investment Breakdown" which cons is t s  

of a series of f rac t ions  t h a t  determine the  investment schedule 

throughout the  construction period. For example, suppose over 

a f i v e  year period both a power p lan t  and a f i e l d  are being 

developed a t  a given site. The investment/construction f o r  the 

power p lan t  need not begin u n t i l  some time a f t e r  the w e l l s  have 

been proven. Table 2-2 is i l l u s t r a t i v e  of how t h i s  can be t reated.  

The model assumes t h a t  within each construction year  there  

w i l l  be a constant rate of investment. With t h i s  i n  mind, the  

model ca lcu la tes  four equal auar te r ly  investments. This is 

important t o  note because i n t e r e s t  expenses during the  construction 

period are compounded quarter ly  on the outstanding loan balance i n  

t h a t  quarter.  
2-14 



2.4.8 Debt/Equity Structure  During Construction 

The model allows a g rea t  dea l  of f l e x i b i l i t y  i n  the  a l loca t ion  

of expenses between debt and equity during the construction period. 

The debt/equitv r a t i o  is very important because of ten loan agree- 

ments require  a minimum level of equitv par t ic ipa t ion .  It is  
* 

* 
The minimum desired level as determined under the ru l e s  of the 
DOE Geothermal Loan Guarantee Program is 25 percent equity 
pa r t i c ipa t ion  (or  10 percent f o r  municipal o r  cooperative 
borrowers). 

2-14.1 
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2.4.10 Tax Vs. No. Tax 

The model has the  option t o  omit the pavment of income taxes 

The purpose of t h i s  and rece ip t  of tax benef i t s  on any project.  

option is t o  examine the economic v i a b i l i t y  of operating a geothermal 

f i e l d  o r  Dlant as a tax-exempt e n t i t y  such as a l imited partnershiD 

( i n  which the tax l i a b i l i t i e s  and benefi ts  are passed d i r ec t ly  from 

the Drolect t o  the  l imited partners) o r  a municibality as compared 

t o  the  v i a b i l i t y  of a comoration. Of course, the corporate. tax 

rate may i t s e l f  be adjusted to  assess the r e l a t i v e  economics of 

operation under d i f f e ren t  s i z e  companies. 

session,  the  model asks the  user: 

TAXES? 

I n  the in te rac t ive  

"DOES THE PROJECT PAY INCOME 

(Y o r  N)." The user then simply enters  Y o r  N f o r  Yes o r  

NO 

2.4.11 

Similar t o  the tax question. the  model allows the user the 

Sinking Fund Vs. No Sinking Fund 

option of having o r  not having a sinking fund. The Dumose of t h i s  

option is t o  provide a set-aside fund t o  meet eauinment replacement 

obligations.  

of one o r  more of the  f i v e  capital accounts is less than the 

operatinn l i f e ,  

ReDlacement occurs when the user soec i f ied  book l i f e  

Without such a fund. the cash flow requirements 

tend t o  exhib i t  major f luctuat ions i n  years when such replacements 

occur. 

I n  the in t e rac t ive  session, the  model asks the user: 

(Y o r  N)." 

"DO YOU 

WITH TO CREATE A SINKING FUND? 

Y o r  N f o r  yes or  no. 

The user simply enters  

Revised Aunust 10. 1981 
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2.4.12 Constant Payment Debt Amortization 

The latest vers ion  o f  t h e  model (Version 5.0) allows t h e  user  

a new opt ion  w i t h  respec t  t o  the s e l e c t i o n  of a p r o j e c t s  debt 

amortization schedule. The model asks  t h e  user  a t  execution t i m e  

whether a constant payment ( i n t e r e s t  + pr inc ip l e )  amor t iza t ion  

schedule i B  t o  be used. A response of yes w i l l  cause any o the r  u se r  

suppl ied  schedule t o  be overriden, while a response of  no w i l l  cause 

t h e  model t o  use e i t h e r  a user suppl ied  schedule o r  t h e  constant 

p r i n c i p l e  payment de fau l t .  

2.4.13 P r i n c i p l e  Payments Grace Period 

Version 5.0 conta ins  a run t i m e  option which allows t h e  user  

t o  spec i fy  a number of  opera t ion  years  as a loan payment grace 

period. During these  years  only i n t e r e s t  payments w i l l  be made. 

A response of 1 w i l l  r e s u l t  i n  p r i n c i p l e  payments of zero i n  t h e  

f i r s t  year  of p ro jec t  operation. 

2.4.14 F ie ld  Revenue/Power P lan t  Fuel Cost P a s s  Thru 

Version 5.0 contains a f a c i l i t y  t o  allow t h e  user t h e  option 

of  pass ing  revenues from f i e l d  p r o j e c t  f i n a n c i a l  runs t o  power p l a n t  

p r o j e c t  f i n a n c i a l  runs where they may be used as power p l a n t  f u e l  

I i cos t s .  Th i s  f a c i l i t y  r equ i r e s  t h e  execution of a f i e l d  p r o j e c t  

f i n a n c i a l  run t o  i n i t i a l i z e  t h e  f i e l d  revenue buf fer .  Once t h i s  

bu f fe r  is  i n i t i a l i z e d ,  both t h e  f i e l d  breakeven price and t h e  f i e l d  

market price revenues are a v a i l a b l e  t o  t h e  power p l an t  f o r  use  as 

f u e l  cos t s .  The u s e r  w i l l  select a f u e l  cos t  op t ion  f o r  each of  

2-23.1 



t he  power plant  breakeven analysis  and t h e  power plant  market 

p r i c e  analysis.  (See in t e rac t ive  sessions pages 4-40 and 4-40.1). 

When t h e  on-line year  and pro jec t  l i f e  of t h e  revenue streams 

i n  t h e  f i e l d  revenue buf fer  are d i f f e ren t  from t h e  corresponding 

power p lan t  var iables  t h e  model w i l l  allow t h e  run t o  proceed but 

w i l l  p r i n t  a warning message. 

Revised August 10, 1981 
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2.5 Statement of Extent of Testing 

Testing a computer program of t h e  complexity of t h e  GLGP Cash 

Flow Model is an  extremely d i f f i c u l t  t a sk .  

packages is t h a t  t e s t i n g  must be performed under opera t ing  condi t ions .  

The model has been t e s t e d  and r e f ined  t o  a level a t  which the e r r o r  

frequency has become very low, but as of September 1980, w e  cannot 

guarantee t h a t  t h e  model is er ror - f ree .  

The na tu re  of software 

2.5.1 Cycle Design Routine 

The power p l an t  cyc le  design and cos t ing  r o u t i n e  has been given 

ex tens ive  t e s t i n g  and found t o  g ive  r e s u l t s  genera l ly  c l o s e  t o  a 

set of gener ic  designs and c o s t s  estimated by J. R. S c h i l l i n g  fo r  

MITRE i n  1976, (Sch i l l i ng ,  1976). The na tu re  of t h e  steam and 

isobutane thermodynamic equat ions  used i n  GCFM i s  such that a 

3-5% e r r o r  i n  equipment s i z e  may be introduced when s e l e c t i n g  t h e  

cyc le  design poin ts .  

The cyc le  design rou t ine  does not  optimize t h e  power p lan t  

cycle.  The de fau l t  va lues  used by t h e  cyc le  design r o u t i n e  are 

intended t o  prevent t h e  model from not  working due t o  a l a c k  of d a t a ,  

and as such they do not  represent  optimum values  a t  any si te.  The 

design r o u t i n e  is  intended t o  provide a "best guess" when l i t t l e  o r  

no power p l a n t  d a t a  exists. 

2.5.2 Power P lan t  Module 

The power p l an t  module is r e l a t i v e l y  s t r a i g h t  forward. Aside 

8 

from t h e  cyc le  design rou t ine  t h i s  module only monitors a database 
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Figure 4-12 shows the  execution of the  f i e l d  module when an exis t ing 

f inancial  case is used without changes. 

4.5 Data Change Procedure 
.e-. - 

.- 
-.e 

Each of t he  three modules contains a change routine t o  f a c i l i t a t e  

The cycle design routine contains a l t e r a t ion  of t h e  input parameters. 

its own change routine which is s l igh t ly  d i f fe ren t  from the  main 
.cL change routines. 

The other three change routines are of the same format, as shown 

in Figure 4-14, f o r  the f i e l d  module. 

Figure 4-13 shows an example of a change being made. 

c c. 

2 4.6 Case Deletion Procedure 

I f  the user selects the name of an exis t ing project,  he w i l l  be 

given t h e  option of deleting it. 

deleting an exis t ing power plant,  f i e l d  or  f inancial  case. 

precaution the  user must ver i fy  any deletion request by answering a 

second question. This prevents the user from accidentally deleting 

an important project . 

Figure 4-15 shows the  s teps  taken f o r  

As a t 

* 4.7 Warning Messages 

GCFM does not supply default  values f o r  a l l  required input 

variables . In those cases the  user must en ter  a value i f  the  program 

is  to  run properly. 

when needed as sham in Figure 4-16. 

The program is designed t o  display e r ro r  messages 

It is not possible, however, t o  9 

verify a l l  data  en t r ies ,  so there are s t i l l  many ways the user can cause 

e r rors  with the  use of improper data. 
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ENTER PIHaDCIAL CASE HAUE (UP TO 20 CHARACTERS), 

A FIHABCIAL CaSP ALREaDY EXISTS UNDER TEAT IJAUE. 

DO YOU. U I S H  TO DELETE IT? 

sample 

(Y OR N) 

n 
DO YOU U I S H  TO CHAUGE TKE PIBABCIAL INPUT PARAMETERS? (I OR H) 

n 
DO ?OW UISH 20 PE8POBE A PIYAECIAL AaAS?ks? (I OR B)o  

P 
DOES TEE PSWZCT PAY IBCOZIE TILXZS? (I OB 

. ._ P 

I 

I DO TOU UISH TO US3 A COBSTAB'! PAYHEHT DEET AEORTfZAT108 

EBTZB PSIECIPLE PaYaESTS 68lLCE PZRIObo 
DEPIULT = 0 

 SCHEDULE^ (I 08 E)- 

I 

0 
t#TER FIIABCIAL CASH HAME (UP TO 20 CHARACTERS), 

EETER FIELD HAME (UP TO 20 CHARaCTERS)o 

UELCOUE TO THE GEOTHERMAL LOAH GUARAHTY CASH PLOW 8ODEL- 
MODULES AVAILABLE 

1 = POWER PLAET DESIGE EODULE 
2 = PIOLD DESIGE ECDULE 
3 = PIEANCXAL HODULE 
EHTER BUMEEB OF U O D U I E  DESIRED? 

.- 

_ -  FIGURE 4-12. 
I EXECUTION OF FINANCIAL ROUTlNE 8 

4-40 
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* 
Y 
REVENUE STREAHS FROI¶’THE LAST RUN OF PLE IMPERIAL-X 
FIELD PROJECT HAY BE USED AS THE-FUEL COSTS FOR TRE 
FIXABCIAL ANALYSIS OF TEE IMPERIAL-X POUER PLANT PROJECT. 

5 FUEL COST OPTIOUS: 
1 - USER SUPPLIkD V I A  FIMARCIAL CASB(DEF1ULT). 

3 - MARKET PRICE REVENUES PROn FIELD PROJECT. 
2 BRXAKEYER PRICE REVENUES FROM FIELD PROJECT. 

ENTER OPTION HUEBER FOR BREAKEVEU PRICE ANALYSIS AUD UARRET PRICE ARALYSIS 

2 3  . 

\ 

ic 

F’IGURE 4-12.1 * 

EXECUTION OF FINANCIAL MODULE 
F I E L D  REVENUE/POWER PLANT FUEL COST 

PASSTHRU OPTIONS - 

4-40.1 
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YELCORE TO TRrP Gl!OTaERMAL LCAI GUAEAUTf CASE f 1 O U  MODEL. 
MODULES A V l f f A B Z E  

1 = POWEI! PLAUT CESIGI COCOIE 
2 = FIELD DESIGN RCDULE 
3 = PIHAECIAL IIODOXE 
ENTE'F IUMEER OF HOCOLE DESIFED? 

1 
3 

CURPENT P I B A I C I A L  'CASE UAMES: 
EASELIUE 
DER0 
REB 
TEST1 
GELCOB 
SEU 
SAgPLE 
HARK 
E R A U  
TESTOR 
GEXSER 
TPC-GEISFE 
TIPEEIAL-I(: 

EH"ER PIHl lUCIAL CASE NAME (UP TO 20 CEAEACTEBS). 

- ken 
A PIHANCIIJLL CASE ALREADY EXISTS UBDEE TEAT NAME. 

DO IOU U t S H  TO DELETE 111 (1 OR U) 

P 
VERIPICATION OF PIPIIUCIAL CASE CELETION RECUEST - DELETE? (I OR U) 

P 
EWTTER FIIAHCIAL CASE UAIIE (UP 70 20 CXABAC¶EE$), 

FIGURE 4-15 
DELETION OF AN EXISTING CASE 
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ENTEE B A t Y  YEAR A N D  COST I N D E X  ( 1 9 7 9 = 1 0 0 ) ,  (2) 
DEFAULT - EASE Y E A R  = 1979  - COST INDEX = 100.0 

3 

? 
1980 

, 

, 

EtTEP PBCJECT L I F E  AWP POPPR-ON-LINE TEAB, (2) 
e** 190 CEPLULPS *** 

? 

*** ERFlCK *** 
F I E L D  L I P P  LESS TBAN 1 YEAR---RESE1 TO 50 TEARS *** FRROR *** 
THE POUEIi-ON-LINE YEAR I S  LESS TXA8 THE EASE TEAR---RESET TO 1981 

- .  
00 YOU WISH TO PERFORE A PIBAHCIAL AEALYSIS? (Y OR E)- 

f 
TEE PROJECT POWER-O!l-LIBE YEAR ~ 1 9 8 2  
TXE FIIAABCIAL CASE POVEE-01P-LIIIPE YEAR r1983 
TXESE VALUES ARE HOT EQUAL - PAWAL ERROR - MODEL PILL NOT R U I  

THE PROJECT LIPE = 5 
FINANCIAL CILSE LIFE =34 
TXESE VALUES ARE BOT EQUAL - FATAL ERROR - HODEL WILL BOT RUN 

THE PROJECT BASE YEAP +1980 
PIHifiIACIAL CllSE BASE YEAR =1979 
THESE VALUES ARE HOT EQUkL - PLTAL ERROR - EODEL rILL ROT PUB 

I . .  

EBTER PIBANCIAL CASE BASE (UP TO 20 CEARACTEES)- 

FIGURE 4-16 

EXAMPLES OF MODEL ERROR MESSAGES 
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TECHNICAL NOTES 

NOTE 1: Memory Size Required 

* GCFM requires v i r t u a l  memory s i z e  of 750K bytes on an IBM VM/370 
system. 

NOTE 2: GCFM Subroutines' 

The names and general functions of the GCFM main program, 
subroutines, and segments are presented i n  Table C-1. 
included f o r  the  reader who wishes t o  study the  model i n  depth. 

This t ab le  is 

NOTE 3: Segmentation 

segmentation is required by the  Hp 3000 f o r  the  purposes of pagag .  
The segment configuration is  intended t o  reduce the  amount of paging 
required t o  run the  program. 

NOTE 4: GCFM Debugging Outputs 

The model code is divided i n t o  seven code segments. This 

GCFM contains options t h a t  produce output of a great  many values 
These options were b u i l t  i n to  the  code of Intermediate calculations.  

f o r  debugging during the  development of t he  model, but they could be  
of i n t e r e s t  t o  programmer/analysts who wish t o  examine intermediate 
var iables  In order t o  fur ther  understand or ver i fy  the  accuracy of 
the  model. 

WARNING: Avoid using these options unless you are very famil iar  
with Fortran and t he  GCFM model. The options produce copious amounts 
of p a r t i a l l y  documented output, i n  some cases w i l l  i n h i b i t  normal use 
of certain features  of t he  model, and w i l l  at times del iver  unlabelled 
outputs t o  the  terminal screen. 

must en ter  the number 10883 instead of 1,2, o r  3 when GCFM asks which 
module is t o  be used. 

To perform a run with the  debugging option turned on, the  user 

GCE'M w i l l  then pr int!  

ENTER DEBUGGING CODE. 

The user  then 'en ters  one of the  following codes t o  select an 
option: 

c-3 
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CERISE 
lCRG 
PCHG 
CKGPRR 

m n P  
I??T 
EPFT 

F I R T H  
P R O D f R  
U T I C I N  

S V ECT 
S7BCTD 
CIEC*D 

UTfLTY 

PLllTTO 
!i?RD 
OTIC4L . 
V'IPET 

SVECT SQECVD DVGCT 
SVECT SVEC'llr) ' 

s v m r  

' 9  

.,... . . . . . . . .  .. _ .  

snweosrc OF snslRouTfrA * 

PInnnc (Jcm d r i v e r  program 

Generic change r o u t i n e  f o r  a l l .  t h r e e  a o d a l e s  
Lccepts change ID for  i n t e g e r  v a r i a b l e s .  
a c c e p t s  change If0 for r e a l  v a r i a b l e s .  
Perform r a l i d i t  y c h e c k  on c r i t i c a l  v a r i a b l e s .  

Generic d a t a h s s e  t o  p r i n t e r  dump r o u t i n e  t o r  t h r e e  Dodolea 
Output  of i n t e g e r  v a r i a b l e s  on d a t a  dump report .  
Output  o f  r e a l  v a r i a b l e s  on d a t a  dnap r epor t .  

Data e n t q  r o u t i n e  f o r  f i n a n c i a l  module. 
Data e n t r v  r o u t i n e  for f i e l d  module. 
Data e n t r y  r o u t i n e  f o r  power p l a n t  module. I 

Gener i c  5 0  eletnent  a r r a y  i n p u t  r o u t i n e  - one  d e f a u l t  . 
Gener i c  50 element  a r r a v  i n p u t  r o u t i n e  - *.!IO d e f a u l t s  
Gene r i c  5 X 50 e lement  a a t r i x  i n p u t  r o u t i n e  

. .  

PINTTO uwcmt ~ITIPRT 
OTIlI19 CRAlPGE ( n a m  segment) 
STDES STDIS STCST OTCST (ODES segment) 
PItIAlC (PLOP segment) 
R J A D  ' .i$ower p l a n t  c y c l e  d e s i g n  program X/O r o u t i n e  

I . Power p l a n t  cycle 110 r o u t i n e  heade r  r o u t i n e  

DDUHP ( n m  segment) 

Power p l a n t  module d r i v e r  and d a t a b a s e  manager. 

Power p l a n t  m o d ~ l e  coat  and des ign  r o u t i n e  
Power p l a n t  nodule.  cost and des ign  p r i n t  r o o t i a e  



c a 

.- . ._ - 
OoGs ?STb!?!! tatloua tmctiana 
UC?S BT305 . various funct ions 

. .S'VST various funct ions 
various funct ions 

ODES 
ODES BTCSZ 
tlJtttS . W L  
UD*S fl9G 
O D 3  P pr  
urEs KSL 
bD!?!? WSQ . 
ODES' WSV 
UDPS l?QN 
ucts 93s 
O D 3  A 9T 
UDPS - BRS 
u3es BAL 
Ob2S BSG 

' UOES t ? S t  
UDES RON 
U9ES €9 DS 
U3fS BYJ 
rt9Pf RSP 9 

.- ODES UTP 
FDZS BET 

e 
ul 

. PROD PRODC? PROD?!!? PUOPRT 
P R O O I ~  CALRGE (arrh segment) 
PXnAlC (PLOW segment) 

. PROI) PRODES PLBTIO WTICAL OTXPRT 
PROD PIOPRT e . DDWW ( a n n  segmen+) 

".- -- -- - -.. -. ,- --_- - _. . . . -. - --- .- _- 
pouet- plant steam c cle ca lca i a t l an  program. 

Power plant  steam cvcle C a p i t a l  cos t  progran. (GZOCST.77) 
Power plant  hincrty cycle c a p i t a l  cost program. (GIOCST,??) 
Function: R(sat.wat. l i q )  - E (P) 
Function: tf (sat. wat.vap) = f ( 0 )  
rnnction: P(sa%.wat.oap) - f ('9 
Furction: Btsat.wat. l i q )  * t ("r) 
Punction: s(sat.wnt.vap) * t ( T )  
Function: 0 (sat.wat.vap) = LtP) 
Punction: R (sup. wat. vap) * f (P,TI 
Punction: S(sup.vat.vap) = C ( P , T )  
F'Jnc,ion: P (m?.iso.rap) = f (T) 

-?unction: H(sa?.iso.vap) - f (b) 
F n n c t  ion: ll (sat. iso. l i q )  = f (e) 
Function: S(sat.iso.vap) = t ( e )  . 
Punction: s (sat.iso. l i q )  - € (P) 
Function: n(sup.iso.wap) - C(p,r)  
Function: S(sna.iso.vap) = f (P,T) 
Function: R (sup. iso. vap) - f [e, s) . 
?unction: P(sup.iso.oap) - f (PI-) 
Function: 0 (sat.iso.vap) = € ( a )  
Function: T (sat. iso. vap) - t (P,S) 

!!over plant suporct r t ical .  binary cyc le  calculat ion program. 

Field module d r i v e r  and database mathaget, 

F i e l d  design ana c a p i t a l  cos': routine. 
Field design ana capi+al  cos t  p r i n t  routine. , 

.. . 
PIBA!IC FTWCAU CASE Financial  rout ine d r i v e r  and database aanagec 

PI!!IR CflANGE (Fl A I N  segment) 
F t O l  

FLOW . rricw Checks va l id i ty  of project  time fraaevork 
PLOW CASH PBOr(TN CASILO Financial  ana lys i s  main rout ine 

CCISTR M O R T  PUXS? ?SUB segment) 
LEVEL FIdPRT FIIPR2 *IBS118 Segment) 
Dbnl lP ( M I N  segment) a .  

. E  c 
K PLOW PWORTH 
(D Dt3R CASPLO .a 
Q , .  

Calcnlatos present value of a series of cash flows 
Calculates  net c a s h  flows, income taxes, t a x  credit 

cattyforwards, t ax  l o s s  carryforwards, r o y a l t i e s  an8 depletion 
' a 11 ow an ce. . 

.* 2 
.c'. 

PISUB COl) ST9 Calculates  debt leqai ty ,  i n t e r e s t  and doe fees during const. 
PSUB t 00 OL Calculatee leve l iza t ion  of breakoven prices. 

w PSBB AW9T Calculates  debt anor t iza t ion  during operating life. 00 

?SO9 F!IfCST Calculates  f u e l  costs 
P3'JF F I 3 ? V  Financial  output rou+ine for market price calculat iOns ' 

PS'JF FIYF92 Financial  output rout ine for.breakeven p r i ce  c a l c r l a t i o a s  

w 
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. -  . .  - 
CODE .. OPTION - 
I Turn on debug output for power 

p lan t  module only. 

2 

' -  3 

4 

.Turn on debug output for f i e l d  
module only. 

Turn on debug output f o r  f inanc ia l  
module only. 

Turn on debug output for all three 
modules. Under this option, all 
change menus are prevented from 
beiag displayed t o  t he  user's terminal. 

The user should then enter  1,2 or 3 t o  select a module i n  the 
normal mariner. 
debug option in effect.  

That module w i l l  then be operated with the  selected 

The debugging option is turned bff the next time a moBule is 
selected. 

The reader should note that most of the  additional outputs 
generated by these options will not be interpretable  unless the  
FOETEAS source code is examined ia detai l .  

i 

. 
I 

. 

e 
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even FORTRAN 

The tape format source code f i l e s ,  two data  f i l e s  and an EXEC f i l e .  

6.0 INSTALLATION GUIDE FOR GCFM VERSION 5.0 

The GCFM da-a tape f o r  Version 5.0 consi 

has the following a t t r ibu tes :  

Labels - NONE 
Data Format - EBCDIC 
Density - 1600 bpi  
Tracks - 9  
Record Length - 80 bytes 

of 

Blocking Factor - 200 recorus,per  bloc 

The only exception is the 10th ( l a s t )  f i l e  whose blocking f ac to r  is 
17 (blksize~1360) .  

The f i l e s  are on the tape i n  the following sequence with one 

APPROX 
HP .FILE NAME BLOCKS RECORDS 

end-of-file mark a f t e r '  each f i l e :  

IBM FILE NAME 

ENTR FORTRAN 
FLOW FORTRAN 
FSUB FORTRAN 
MAIN FORTRAN 
PROD FORTRAN 
UDES FORTRAN 
UTIL FORTRAN 
CHGINIT DATA 
INITIAL DATA 
GCFM EXEC 

ENTRS C 
nowsc 
FSUBSC 
MAINS C 
PRODSC 
UDESSC 
UTILSC 
CHGINIT 
INITIAL 
Not Used 

7 
8 
9 
7 
7 
9 
7 
2 
2 
1 

1294 
1529 
1603 
1321 
1240 
1760 
1337 
210 
213 
17 

The model was  wr i t ten  on an IBM 330 Vir tual  Memory (VM) 
The EXEC l i s t e d  as follows defines 

The model 

. 
Conversational Monitor Svstem. 
the  da t a f i l e s  and executes the model under t h i s  system. 
required 750K of v i r t u a l  memory i n  t h i s  environment. i 
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&CONTROL ERROR 
FILE 10 PRINTER 
FILE 11 TERMINAL 
FILE 03 DISK CHGINIT DATA B (LRECL 80 BLOCK 800 RECFM FB XTEST 213 
FILE 04 DISK I N I T I A L  DATA B (LRECL 80 BLOCK 800 RECFM FB XTENT 21 
FILE 01 DISK PLANT DATA B (LRECL 80 BLOCK 800 RECFM FB XTENT 220 
FILE 02 TERMINAL 
FILE 07 DISK GLOBCOM DATA B (LRECL 3800 BLOCK 7608 RECFM'FB X!CENT 20 
FILE 08 DISK PRODCOM DATA B (LRECL 400 BLOCK 4040 RECFM FB XTENT 10 
FILE 09 DISK FINCOM DATA B (LRECL 6000 BLOCK 12008 RECFM F'B XTENT 15 
FILE 15 DISK PLANT INDEX B (LRECL 20 BLOCK 200 RECFM FB XTENT 10 
FILE 1 2  DISK GLOBCOM INDEX B (LRECL 24 BLOCK 240 RECFM FB XTENT 20 
FILE 13 DISK PRODCOM INDEX B (LRECL 20 BLOCK 200 RECFM FB XTENT 10 
FILE 14 DISK FINCOM INDEX B (LRECL 20 BLOCK 200 RECFM FB XTENT 15 

(LRECL 133 BLOCK 133 RECFM FA 

LOAN MAIN PROD FLOW UDES UNTIL ENTB FSUB 
START 

NOTES: 1 - XTENT 210 m e a n s  t ha t  the  f i l e  contains 210 records 
2 - FILE = FILEDEF 
3 - numbers t o  r i g h t  of f i l e  are FORTRAN f i l e  reference 
numbers (FTN's) 
4 - the  LOAD command creates an executable load module 
which mav be saved and/or executed. 

The load module requires 750K of v i r t u a l  memory on the W/370 
computer system. The DATA f i l e s  and t h e  INDEX f i l e s  must be created 
before the  model is run f o r  the  f i r s t  time. 
record of t he  four INDEX f i l e s  (FTN12, FTNl3, FTN14. and FTN16) must 
be in ia l ized  t o  i t 's  'empty' state. 
each contains the appropriate number of l i n e s  each containing 20 
a s t e r i sks  (*) . 

(See Table 6-1). Each 

These f i l e s  are 'empty' when 

I '  

PLANT *************e***** 10 l i n e s  
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TABLE 6-1 

FORTRAN 
FILE # 

01 

02 

03 

04 

05 

I 07 

08 
s 

1 )  

09 
10 
11 

12 

13 

14 

15 

IBM F I L E  NAME 

GCFM DATABASE DESCRIPTION 

PLANT ‘DATA B 

TERMINAL (input) 

CHGINIT DATA B 

I N I T I A L  DATA B 

N o t  Used 
GLOBCOM DATA B 

PRODCOM DATA B 

FINCOM DATA. B 

PRINTER 

TEEMINAL (output) 

GLOBCOM INDEX B 

PRODCOM INDEX B 

FINCOM INDEX B 

PLANT I N D E X B  

HP3000 F I L E  NAME 

PLANTS ( . MGR.MITRE) 

N o t  Used 

CHGINIT 

I N I T I A L  

TERMINAL ( $STDIN) 

BLOBCOM 

PRODCOM 

FINCOM 

PRINTER 

TERMINAL($STDLST) 

GLINDEX 

PRINDEX 

FINDEX 

PINDEX 

LRECL RECORDS 

80 

80 

80 

80 
c 

3800 

400 

6000 

133 

220 

213 

213 

210 - 
20 

10 

15 
c 

24 20 

20 10 
io 3.5 

20 10 

* 
PLANTS,MGR.,MITRE is filename, however, the use of t h e  MGR.MITRE account implies t h i s .  



I n  addition t o  the MITRE comnuter, the model is current ly  beinn 
run on an HP3000 Ser ies  I11 comDuter a t  the DOE San Francisco operations 
of f ice .  
have been included i n  the FORTRAN source code but  are commented out. 
The attached l i s t i n g  contains the XEDIT commands which are used t o  
convert the code f o r  use on the  HP3000. 
do not necessarily apply t o  a l l  code segments f o r  more information 
see Appendix A of users guide. 

The addi t ional  FORTRAN statements required f o r  use on the HP3000 

Please note t h a t  the  changes 

, 
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7.0 REVISION OF POWER PLANT DESIGN ROUTINE AND THERMODYNAMIC 
PROPERTY CALCULATIONS 

7.1 Revision of Power P lan t  Design Routine 

The power p lan t  design rout ine  has been revised t o  increase its 

The following changes were made at  the  suggestion of T.L. accuracy. 

Lawford of EG&G (see attached letter). 

7.1.1 I n l e t  Pressure Tro t t l ing  Loss 

A pressure drop of 10% of the  absolute pressure i n  the f l a s h  

tank has been included t o  represent the  pressure drop between the 

f l a s h  tank and the  turbine blading. 

7.1.2 Moisture Correction f o r  Turbine Efficiency 

An iterative rout ine has been added which reduces the turbine 

e f f ic iency  from a base of 85% by 1/2X f o r  each 1% moisture i n  the 

steam a t  the  blading ex i t .  

7.1.3 Leaving Loss 

A 10 Btu/lb leaving lo s s  has been added t o  account f o r  the l o s s  

a t  the  last  s tage  of the turbine and i n  the exhaust hood. 

7.1.4 Flash Tank Temperature Corrections 

The f l a s h  tank temperatures are calculated i n  degrees Rankine 

(OR) instead of degrees Farenheit (OF). 

7.2 Revision of Thermodynamic Functions 

Five thermodynamic functions were modified f o r  increased accuracy. 

me following functions were changed: 

WPT - Pressure as a function of temperature along the 
sa tura t ion  l i n e  f o r  water 

93 
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WHL - Enthalpy of saturated water 

WHG - Enthalpy of saturated steam 

WSL - Entropy of saturated water 

WSG - Entropy of sa tura ted  steam 

I n  general, the  changes are a r e s u l t  of a more accurate  curve 

f i t  t o  the thermodynamic property i n  question. The increased accuracy 

is due to  increasing the number of da ta  points  used f o r  the f i t  and by 

breaking the curve i n t o  two o r  more regions. 

7.3 FORTRAN Source Code Lis t ings 

Lis t ings  of the sec t ions  of source code which w e r e  modified 

follow. 

with an a s t e r i s k  (*) . 
and should be made t o  GCFM 4.1 t o  br ing i t  up t o  date.  

The changes i n  the power plant  design rout ine are marked 

These changes have been made t o  GCFM 5.0  

The f i v e  thermodynamic functions w e r e  rewri t ten and complete 

copies are provided. 
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FOBTRAM 1 0  01 RELEASE 2 . 3  SrDES 

0001 

. .  

. -  

. *  

0002. 

0003 

DATE * 81317 0 9/56/49 

BEL. O C A T I O R ~ U S L I R I T ~ S I G ~ E R ~ U U  

15 JULY 1981 

C f f l l l ~ l l t t B  TURBX1E PRISSURB L0SS.P TO R e  TORDIUE EPPXCIEBCY CALC. 
C8 t 8 t R f t t l t 6 9/2 1/8 1:JCB 
C 8 8 V # # I f  t f  t).  
C 9 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS COnPUTGR PROGRAn A I D  ASSOCIATED DATA WERE PREPARED AS AN 
ACCOURT OF WORK SPONSORED 01 THE UNITED STATES GOVERNnERT. REITHER 
THE flNITED STATES NOR TUG UNITED STATES nEPAR?fiEi?T OF eRERGY8 NOR 
AtlY Or T f l E f R  EnPLOYEES OR CO?4?ftACTORS8 CIAKES Alr WhRRANTr. EXPRESS 
OR fnPf.IEb. OR ASSUnES &BY LEGAL t f A B 1 L I W  OR RESPONSIOKLfTY FOR 
THE ACCURACY, COtlPLETEi?ESSe 0 8  OSEPULlGSS OP TRIS  CORPUTER PROGRAH 
OR A I Y  X R ~ ~ ~ ~ A T : O H ,  APPARATOS. PRODUCT, OR PROCESS DISCLOSED. OR 

coneomi enmnnn OR ASSOCIATED DATA DO NOT RECESSARILY STATE OE 

BtPReSERTS TAAT'ITS USE WOULD ROT IIFRIRGC OR PRIVATELY OWUED 
RIGHTS. THE VIERS A I D  OPIltfONS OF TNE AUTRORS PERTAfllfIG TO TRXS 

UDE000 10 
U D t O  00 20 
UD E O 0 0  30 
UDEOOOQO . ! 

ODE00050 
unt?oooaoF 
U D E o O J 7 0 ~  
0 b EO00 8 & 
uo~oao90*  
ODE00100 
UDtOOl10 
U D E O O l 2 0  

U O I O O  140 
UDEOO 1Sb 
U D t D D l 6 O  
U D EO 0 S 70 
bDEO01110 
UDE00190 
UDEOO 200 

o ~ e o o  1 30 

C REFLECT ZROSE OF THE UNITED STATES GOVERIOnENT 08 ARI'AGEICY TAERtOF. ODC00210 
C RESULTS'OBTAfRED PROn TRE USE OF TUIS P B O G U A l  AID ASSOCXATRD D&TA 
C WILL BOT IECESSAUXL~ MEET WITN ACCEPl'ItfCE BY OB OS BERALP O? TBG 
C UWITED STATES GOVEREHERT OR &BY AGEWCY *Tf?eRO?I 
C 
C 
C TNfS P R O G U A H  WAS DESXGUED BY THE HITRE CORPOEATIOW FOR TRE 
C DEPARTRelT OP EUEBGY UNDER COUTRACT UOMBBB DE-aC03-79SPl0494o 
C 
C THIS PlOGUAU WAS DESIGWED. VBITTEB AUD D8BUGGED BY BARR AI REXlXB- 

boor 
:. c 

SPECf lL  TBAUKS TO JI et lk  BARRIOS 108 TAB DESIOB l iUD WRITXU0 OF TEE 
DOWBB PLAUT CYCLE D t S f G U  PROGUAIo 

ODE00220 
U DE0 0230 
ODE00240 
ODE00230 
UDEOO26O 
O D E 0  0270 
ODE00280 
UDE00290 
UDE00300 
U D E 0 0 3  10 
ODE00320 
UDE00330 
tlDE00340 
ODE00350 
UDEb0360 
0 D EO 0 370 
UDL003 80 
UDE00390 
UDfOOUOO 
U D t O O O l O  
UDEOOUZO 
UDEOO430 
UDt00490 . 
ODEDOQ 50 
UDEOO46O 
UDxOOQ70 
00800480 



0005 

0006 

0007 
0008 
0009 
0010 
0011 
0012 

C 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

UDEOOY90 
U D E O O 5 0 0  
ODE00510 
UDEO OS 20 

COHRON /GLOOES/ #CODg,LFTXff (5) ,LFTXP(5) #NYEAU#CST(5) ,POWER; 
1 SALVU (5) ,OIlFB0(5) ,COSTS (25) ,Cf#DEX,RXTRh2 ( 3 6 )  

THIS PROGUAH DOES TWE CYCLE CLLCULATXDXS FOE 
DOUBLE FLASflED AND DRY STEAlJ GEOTHERIlAL POUEB PLAllTS. 

SINGLE FLASHED, 

VhRfADLE NAflES 
THE VARIABLES OF THE FORH ~ 1 . ~ 2 ,  G s2 A R B  IAHED AS FOLLOWS 

THE SIHGLE LETTERS INDICATE T I E  TYPE OF VALUE WHICH TflE 
VARIABLE REPRESENTS, 

TflE SINGLE DIGIT IADICATES TflAT VALUES LOCATXOW-IN THE POWER 
CYCLE 

70--**0.-RESERVOIE CONDITION 
2-.--.--.CONDXtXOR OF STCAR-TURBIAE INLET-L-Po 
3--.0.-o-CONDI?ION OF STEAH-TURBINE IRLET-fl-P. 
4 ~ - o o - ~ o ~ C O N O I T ~ O N  OF STEll?I-TUEDINE OUTLET 
~ ~ ~ o o - . . . C O ~ D I T I O N  . OF STEAH-CONDENSER OUTLET 
6-0 -.o---COOLfNC VOTER TEflP-CONOElSER INLET 

OTHER VAHIABLE N A R E S -  
FLANT.o.oPLANT NET OUTPUT (!¶If) 
PT- 0 0 0 PL ANT 
GEPF. oo-GENERATOR EFFICIENCY 

GROSS OOTPUT (HU) 

ONLY D U A L  STAGE PLASH PLANTS HAVE TWO STAGES- ALL OTIEBS 
USE ONLY L. P. STAGE CALCULATLONSo 

ELP......L. P. TORBIIE EYPICIIiNCY 
EIIP-- o He P o  TUR BINE EPPICXENCY 

DfiP.-o-o.HOQK DONS OS IIo P o  T U R D l H I  (BTU/LD) 
DLP*-..-.BOBA DONE ON Lo Po TURBIHR (BTU/LD) 
YAP------PLlNT G R O S S  OUTPUT R- Po STAGE (H 8) 

UDE00630 
UDE00640 
ODEO 0650 
ODE00660 
ODE00670 
UDE00680 
ODE00690 
U DE00700 
O D E 0 0 7  10 
ODEO 0720 
U D t O O f  30 
ODE00740 
ODE00750 
ODE00760 
0 DE0 0770 
ODE00780 
OOEO 0790 
ODE00800 
ODE008 10 
ODE00820 
ODE00830 
ODE00840 
ODE00850 
ODE00060 
U D I O O H 7 0  
0 D E 0  OR 80 
UDE00890 
U DE0 0900 
UDEO 09 10 
ODE00920 
ODE00930 
UD E 0 03 r)O 
O D E 0 0 9 5 0  
ODR00960 



TORTRAN I V  C 1  R E L E A S E  2 0 0  S T D E S  D A T E  = 01317 09/56/49 

0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026  
0327 

0029 

\o 
--J, 

I 

0028 

0030 

0031 
00 32 

C WLPoooo-oPLAtiT GROSS O U T P U T  Lo Po STAGE (H W) U D E 0 0 9 7 0  
C SPHPooo--STEAfi FLOR fl. Po .STAGE(tl LB/AR) UDE00980 
C SPLPo-oooSTEAR FLOZ Lo Po S T A G E ( n  LB/AR) O D E 0 0 9 9 0  
C ' O D E 0  1000 
C GASooooooBOn-COnDENSABLE G A S  CONTENT(%) U D E O l Q  10 
C SOLoo 0 -  DISSOLVED S O L I D S  (PPfi) U D E 0 1 0 2 0  
C BFLOW-0--BRIBE PLOW ( D O E S  NOT APPLY TO DRY STEAH) O D E 0  1030 
C REAToo-ooHGIT 'TO BE R E J E C T E D  BY TOWER ( 8  BTU/HR) U D Z O l O U O  

U D E O 1 O 5 O  
C CONST..,,PU>P nonsmouiza COBVERSIOI COISTAAT O D E 0  1060 
C R I P ~ ~ o ~ o o H E ~ I ~ J E C T I O A  PBRP (Ho Po) O D E 0  1070 
C CbPooooooCONnERSITE PUnP (110 Po) U D C 0 1 0 8 0  
C CHPoooo-oC00LIIG YATER PUdP (Io Po) U D C 0 1 0 9 0  
C AToooooooIEIGHT O F  COOLING TOWER (FT) O D E 0  1100 
C FIt4000000CCOLING TOHER PAfl (€io Po)  O D E 0 1 1 1 0  
C AOX-OOOO-POWER REQUIREflEtiTS OF AUXILABIES (AUX) U D E O l l 2 0  
C *********I.**L*****+*****I***++**++******~*******~*~**~***************UDE01130 

C U S E  DGPAULT VkLUES I? HECESSABY U D E O t l I i O  
C O D E 0  1160 

I P ( f 1  oEQo 0.0) T l  = $00-0  UDEO 1170 
XP(1USE -EQ- 1 * A I D .  TifD o E Q o  000)  TU5 65-0 U D E O l l 8 0  
IP(1USE ONE- 1 *AID.  TWB oEQo 606) TO5 P 79-0 O D E 0 1 1 9 0  
KP(T6 -EQo 0-0) T 6  TUB + 1 0 o O  UDEO 1200 

. XP(T5 -EQo 0-0 )  T5 = T6 + 2000 O D E 0 1 2 1 0  
I F ( T 4  oEQo 0.0) T4 a TS 10-0 U D E 0 1 2 2 0  
IP(PLAEIT oEQ- 6.0) PfAlT  m 50-0 . UDZO 1230 
I P ~ C E P F  .EQ. O.Q) GEFP = 0.98 U D t O l 2 U O  
IP(EHP oEQo 0-0)  ERP 1 0-73 U D E 0 1 2 5 0  
I P ( E L P  oEQo 0.0) ELP = 0.61 UDEO 1260 
IP(ffT oEQo 0 - 0 )  t i t  60-0  UDPO 1270 
IP(H?PtlP .EQo 0 )  W P H P  31 1 U D C O l 2 8 O  
IP(tlDPHP o C Q o  0 )  f i B P t l P  = 1 U D E W  290 
IP(LTWR .I?Qo 0 )  LTWR = 1 UDEO 1300 
I F ( H ? H A  o E Q -  0 )  RTWR 1 D D E O l 3 l O  
IF (GAS - E Q o  6-6) GAS = 0.0 U D E 0 1 3 2 0  
I F ( S 0 L  . E O .  0.0) SOL = 0.0 O D E 0  1330 

C a * * * + + + $ ~ . * . * * * * . , + + ~ * * . * * * * * * * * * * * * * ~ ~ * * * * * * * ~ ~ ~ * * ~ ~ * * * ~ * * * * * * * * m ~ ~ ~ ~ ~ o i ~ ~ o  
C *** ~ ~ ~ L ~ W ~ + ~ L I ~ ~ ~ ~ ~ ~ ~ ~ * I * * , . . . * . . ~ ~ ~ + * * . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

XP(1USe -BE. 1) GO TO 1s ODEO 1360 
C U D C 0 1 3 7 0  

O D E O  1380 C DRY STXAfl POWER PLANT CISIGW ROUTIIEo 
C O D E 0  1390 
C U D t O l O O O  
C IF RESERVOIR PRESs'UftE HOT GIVEN THEN A S S U R E  2llt STEaH IS U D t 0 1 4 1 0  

U D C O l U Z O  C S h T U B A T E D  VAPOR - P1 P S A T  
I F ( P 1  .EQ. 0 - 0 )  GO TO 5 UDEO 1930 
111 = U D H ( P 1 , T l )  U D t O 1 4 0 0  

C PATER-,--WATEB FLOU THROUGA CONOEISEB (n L B / B ~ )  

C ************+*****k++*++***************************~******************uD~O~l4Q 



DATE = 81317 0 9/56/Y 9 FORTRAN IO GI RELEASE 2.0 STDES 

0033 e1  = .9*Pl 
0034 SI = WDS(P1,Tl) 
0035 GO TO 10 

0036 5 CO NTIN U E 
0037 P1 = RPT(11) 

0039 
0040 

0041 10 COnTINoE 
0042 P2 = e1 
0043 PU = U P T ( T 4 )  
0 0 4 U  e5 = e4 
0045 . P3 = P4 
0046 SLU = WSL(PU) 
0047 SGU = WSG(PU) 

C 

0038 H 1  = WtrG(P1) 
P1 = I9*P1 
S1 m WSG(P1) 

C 

C COtlPUTB ISENTROPIC TURBINE WORK (DLP) ACCROSS XUBBIIE. 
0048 %4 = (Sl-SL4)/(SG4-SL4) 
0049 HLU = r n i L ( P 4 )  

c TRE ITERATIBE PROCEDURE BELOW roe CAGCOLATING TOUBIUE EFPXCIBUCX 

0050 HGQ = WHO (PO) 
0051 U4 = RL4+X'4* (HG4-HLU) 

\D C URS SUPPLIED BY T I Y ~ L A U F O E D  OF EoOoGGo 
0052 I?(ELP-NEo 0 - 0 )  GO TO 1001 

Q, 

0053 GLP = 000 
0054 . DO 1000 I = 1,20 
0055 RLP = (Hl-HU)+ELP 
0056 XH * A1-RLP 
0057 XU = (Xli-RL4)/(804-tlL4) 
0058 ELP - .85.(10-( (l*-X4)/2.)) 
0059 1000 CONTINUE 
0060 9001 CONTINUE 
006 1 DLP f Ill-H5 
0062 DHP = 0.0 
0063 EllP 0 0 - 0  
0064 Y 1  - 1.0 
0065 w2 = 0.0 
0066 R 0.0 

0067 H 2  = H 1  
C PREPARE PO8 CONDELSEB CALCULAIIOUSI 

0068 

0069 
0070 

ODEO14S* 
UDE01460 
UDFIO 1470 
UDEO l U H O  
UDEO 1490 
UDE01500 
U D E O  1510 
UD EO 15 20q 
UDEO 1530 
UDLO 15UO 
UDEO 1550 
UDEO 1560 
UDEOl370 
ODE01580 
O D E O  1590 
ODE01600 
O D E 0  1610 
ODE0 1620 
UdE01630 
tIDEO16UO 
UDEO 1650 
UD101660 
iJDE01670~ 

UDLO 1690 16RO$ 
U D E O  1700R 
ODE0 1710* 
ODE0 l72Ok 
ODE01730* 
O D E 0  1740* 
UDEO17SO#' 
UDEO 17604 
UDEO1770) 
UDE01780 
DDEO 1790 
UDEO 1800 
UDE01810 
UDEO 1820 
UDEO 1830 
UDE01840 
ODE01850 

t A 



.r .-, . ... 
?OR1911 It 439 88LtASE 2.0 STDES DATE = 81317 6.9/S6/O 9 

C 
C SIltCLE STAGE FLASlitD STtAll POWER PLART DESIGN ROOTKNlm 
C 
C 

K?(T2 EQ. 0.0) T2 = {SQRT((TT+46Om) *(T9+4600)))-46Oo 
PI  - UPT(T1) 

0071 
0 0 7 2  
0073 P2 = WPf(T2) 
0079 . IF (P2 aLT. 14-71 P2 9 1Q-7 
0075 P3 P2 

. PP IPT(TQ) 
* . 93 a PO 

0076 
0077 
0078 tlL1 WHL(P1) 

: i .  ,..! . 

0079 { i t 2  = u n t ( ~ 2 )  

a .  ' t t ~ o  9 waLfeo) 
ooe 1 
0082 ::. . . ..; I . 
0083 . ' 2  ' nco a WAG(PO) 
OOBO 
0085 , r  ,.'.A - PX2 .9*P2 
0086 

0080 

,0080 * * * ':,.N.CZ = UflG(P2) 
f ' ';-" 82 I flG2 

L * 
x2 - (aLl-aL2)/(nc2-at2) .. . 

'* ' i .  St32 I ESG(PX2) 
. . SLQ = USL(P@) 0 . . -  

SOP - RSG(P9) 
o o e i  . .  

0089 x9 - (sc2-st9)/(sG4-sL9) 
I- c COHPOTE XSEIITROPXC T O R R I U G  RORR (DLP) 'ACCROSS TOREflPL 

0090 . ', I9 HtQ*XQ+ (HGlr-rtL9) 
C &e XTERATIVG PROCEDURE BELOW ?OS CAZCOLATTIO TURBIllE t?FXCXXlCT 

. .. BLP 080 

C . WAS 'SiOPPLXtD BY T.WoL&WPORD OP BmBmEB- 
0091 . .. X F ( E t P i l t .  0.0) GO TO 2001. 

0093 . ' DO 2000 I * lr2O 
0092 . 

0090 . 
0095 
0096 
0097 
0098 
0099 

0101 
0102 

, 0103 
0900 
0 );OS 

0100 , 

0106 

0107 

ODEO 1930 
UDLO 1990 
UDt01350 
ODE01960 
ODEO 1 9 7 0 t  

' UDEO 1960 
0 DE0 1990 
UDEO2000 
nDIZO2O 10 
UDt02020 
ODE02030 
UDEU2040 
ODE02050 
ODE0 2060 
UDEO 20 70 
OD&O/OOO 
ODE02090 
UDEOZlOO 
ODE021 10% 
ODE02 1 2 w  

' ODE02130 
ODE02190 
ODE02150 
UDEO2160 
ODE02 170 
U DE0 2 180# 
ODEO 2 1 9 W  

ODE02210 OD Eo 2a O? 
ODEO 2220fi  

'02230* 

'02250e 
02260t 
IO 22 7 0 4  
0 2 2 8 e  
02290 
02300 
102310 
02320 
02330 
02390 
02350 
02360 
02370 
02380 
02390 
102400 

:022qo* 



FGGTRAh'  Ill GI R E L E A S E  2.0 STDES DATE = 01317 09/56/49 

P 
0 
0 

0108 
0 103 
0110 
0111 
0112 
0113 
0114 
0115 

0116 
0117 
0118 

0119 

0120 
0121 
0122 
0123 

0124 

0325 
0126 
0127 
0128 
0129 
0130 . 

0131 
0132 

0133 
0134 
0135 
0 135 
0137 
0138 
0139 

0141 
. 0140 

C 
C 
C 
C 

C 

C 

C 

C 

C 

C 
C 
C 

UDEO2c) 10 
D U A L  STAGE PLASBED STEAfl POflEIl PLANT DESIGN BOUTItiEo UDEO292O 

UDE024 30 
UDEO 2440 

IP (T2  -EQ. 0 - 0 )  T2=( ((T1+460-) *(?1+460-)* ( T 4 + 4 6 O 0 ) ) * ~ 0 ~ 3 3 3 3 3 ) - 4 6 0 ~ U D E 0 2 4 S 0 ~  
rC(T3 .tQ. 0.0) T3 (SQRT( (T2e460.) +(TO+460,)))-460, UDE02@60& 
P 1  = IIPT(T1) UDEO2470 
P2 = WPT(T2) UDE024 80 
P3 = WPT(13) ODE02490 
I P ( P 3  O L T ;  14.7) P3 14-7 UDG02500 
P4 * WPTCT4) O n  EO 25  10 
P5 * P4 ODE02520 

UDE02530 
R L 1  - UBL(P1) ODE02590 

UDE02550 
UDE02560 

flL2 = WHL(P2) 
8G2 - WHG(P2) 
COHPUTE STEAn FLASHED BY ADIBATIC EXPIlOSIOI IN lWtST ?LASH TANK, ODE02570 

UDE02580 X I  = (RLl-HL2)/(HG2-RLZ) 
UDE02590 

E L 3  - IIRL(P3) UDEO 2600 
flG3 * WHG(P3) ODE02610 
HL4 RHB(P4) ODE02620 

ODE0 26 30 f lG9 IIRG(P4) 
COnPUTE STEAH PLASUED BX ADIBATXC EXPAlSXOll Ill SECOND PLASR TAIOR, ODE02640 
X 3  = (HL2-fIL3)/(AC3-NL3) UDEO2650 

O D EO 26 60 
PX * .9*P2 UDEO2670 #& 
SG2 = USG(PX) , UDEO260O;a 

UDEO2690 
SG3 IISG(P3) UDEO27OO 
SL4 = lfSL(P4) UDE027 10 
SG4 = PSG(P4) UDE02720 

tJDE02730 

S L ~  = a s t ( e 3 )  

COllPUTI! ISENTTtOPIC OUTLET ENTHALPT 183) ?OR BIPI TURBXNE~ ACTUAL UDE02740 
OUTLET EWTHALPX ( A X 3 1  AND OUTLET QUALITlr (XHP). 
XHP = (SGZ-SL3)/(SG3-SI.3) 
113 = NL3+XUP* (HG3-HL3) 

C THE ITERATIVE PROCEDURE'BCLOI POR CILCDLATIlG P U R B X l t  t ~ ~ I C f l U C X  
C WAS SUPPLIED BY T,W.LAWFORD Or G , O o t G ,  

IF(ERP,NE. 0.0)  GO TO 3001 
me * - 8 0  
DO 3000 I 1,20 
RHP * (fIG2-ti3) * tHP 
X H  HG2-RHP 
XllP * (Xll-HL3)/(HG3-1iT.3) 
BHP a .85*(1--( [l--XHi?)/2-)) 

3000 CONTINUE 
300 1 CONTINOG 

ODE02750 
ODE02760 
UDCO 2770 
UD E027 8 0% 

UDEO2OOO 

UDt02020 
UDE02830#? 

ODE02860 
UDE02870* 
UDtO2880$ 



PORTRIB IF 01 PELBASE 2.0 DATE = 01317 09/56/49 

0192 
0193 
0194 

0145 
0106 
0197 
0 148 
0149 

0151 
0152, 

0150 
0155 
0156 
0157 

0159 
0160 

o t  50 

0153 

o n e  

.. 
..  . . .. 

n 

0162 

0163 
016P 
0 165 
0166 
0167 
0168 
0169 
0170 
0171 
0972 

0173 
0 174 

0175 

0 276 

STDGS 

.' 

E 
I! 
€ 
E 
f 
f 
I! 
€ 
E 
l! 

I 
E 
I! 
E 
E 
e 

e 
1 
E 

e 

e 

e 
e 

e 

e 
e 

e 

E 

e 
I! 
e 
E 
e 
e 
e 
r 
I! 

!O 
io 
:0 
:o 
io 
10 
!O 
io 
!O 
10 
!O 
!O 
!O 
!O 
io 
!O 
!O 
i0 
!O 
10 
10 
:0 
LO 3 
:03 
10 3 
:03 
103 
103 
:03 
!03 
:03 
LO 3 
IO 3 
!O 3 
!O 3 
!O 3 
!03 
:03 
!O 3 
!03 
103 
103 
!O 3 
!03 
!03 
103 
103 
Io3 

a 
2 

I 
1 
2 
2 

3 
3 
3 
3 
3 

a 

3 
3 
3 

2 
2 
2 
2 
2 
2 
2 
3 
1 
3 
3 
3 
3 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

!890 
!900 
!910 
!9 20 
!930 
!940 
!950 
!960 

!98 
!990 
1000 
lo lo*  
1020* 
IO 30k 
1090c 

1070% 
toea* 
1100 

110 
120 
130 
190 
50 
6 0  
170 
80 
'90 
!OO 
! 10 
'20 
! 30 
!40 
!50 
!60 
!70 
!80 
!90 
100 
B 10 
120 
130 
140 
150 
160 



0189 

0190 
0191 

0192 

C 
>C 

C 
C 
c 

0193 
C 
C 

0194 
0195 
0 196 

C 
C 
C 

0197 
G I 9 8  

C 
C 
C 

0199 
C 
C 

0200 
C 

F I R S T  COX T n R O I N E  SIZING 
PG - PLA!IT/G1zlV 
PT * PC 

T D S  = 1.0/(1.024 - 1 , 7 2 4 E - O 6 * S O L )  

ITERATION TO C O t I P U T E  X O % I L I A R I ~ S  

DO 30 131.2 

wLe = eT 

w e  = PT-WLP 

ACTUAL RORK DONE 82 T U R B f l E  

1P (IWE 0 EQ- 3) RLP = PT/( 1. W E *  (EHP*DAP- loo)/  (ELP*DLP- lO . )  ) 

CALCULATE STIALI PLOW TaROOGll T U R B I I E  USING ACTUAL' TURBINE WORK 
( E R P * D H P )  AND ( C L P * D L P )  

S P L P  L 4 1 J * W L P /  ( E L P * D L P - l O o )  
IP(1USP: oEQ.  '3) SPIlP * 3 . 4 1 3 * W H P / ( E H P * D H P - l O I )  

CALCULATE PU6P U N I T  CONVERSION COIISTANT - _ _  
C O S S T  = (IIR/60dIN) * ( 2 , 3 O f F T / P S I )  * ( B O 6 ) / ( 3 3 0 0 O F T - L B / ~ P )  
CONST = l0165/I?tr0T 

ENTHALPY IK HOTUELL-  . 
H5 R:tL (P4)  = (T4-Ts) 
nEAT R E J E C T E D  PIA CONDBBSEB. A C C O U 1 T I U 0  FOE I O N - I S E N T R O P X C  

U D E 0 3 3 7 0  
0 0 EO 3 3HO 
UOE03390 
UDEO3UOO 
U D E 0 3 4 1 0  
U D P 0 3 4  20 
U D t 0 3 4 3 0  
UDCO3UUO 
O D L 0 3 U 5 0  
O D E 0 3 0 6 0  
U D & 0 3 4 7 0  
O D EO 39 80 
O D E 0 3 4 9 0  
UDtQ3500 
O D E 0 3 5  10 
O D E 0 3 5 2 0  
O)0?!03530 
U D E 0 3 5 U O  
UDEO 3550 
O D E 0 3 5 6 0  
U D E O 3 5 7 0  
UD EO 3580 
UDE03590 
U D e 0 3 6 0 0  
O D E 0 3 6 1 0  
UDEO 36 20 
U D E 0 3 6 3 0  
O D E 0 3 6 4 0  
U D E 0 3 6 5 0  
U D E 0 3 6 6 0  
U D t O J 6 8 0  ( I D E O 3 6 7 0  

O D E 0 3 6 9 0  
O D E 0  370 O+ 
O D E 0 3 7 1 0  
U D E 0 3 7 2 0  
UDEO 37 30 
U D E 0 3 7 0 0  

u0t037s02 O D E 0 3 7 7 0  
U D C 0 3 7 8 0  
U D E 0 3 7 9 0  
UDEO3BOO 
U D E O 3 8 l O  
O D E 0 3 8 2 0  
ODlC03830 
Ob103840 

U D E O ~ I ~ O  

c (9 
1 1  Cb 



POnlBAU I l  G l  R E L E A S E  2-U STDES 
.. .--_.-... 

DATE - 8 1 3 1 7 . .  09/56/49 

020g 
0202 

0203 
020Q . 
0205 

* 
0206 
0207 . 

0208 

0209 

P 

It2 
0210 
O 2 t t  ' 

0213 
0212 ** ' 

0210 
0 2 1 5  
0 2 1 6  
02 t7 
0210 
0219 
0220 

. 

C 

C 
C 
C 
C 

. .  
C 

. c  

, . c  
C 

C 
C 

C 
c -  

- c  
C 
C 

C -  
C 
C 

' 30 

tc 
c l c  
CC .,e 
C 
C 
C 
C 
C 

EXPARSIOR THROUGH L P ,  T U R B f l E .  
NEAT = SFLP* (AZ- tLP*DLP-RS)  
RATER * flERT/(Ts-T6) - 
TOWEB EQUATION PBOn ITDROCARROI PEOC8SSIUG lo01 1978*,+ 

R h N G t  f APPROACR OP COOLXUG TOWER. 
BG = 15-T6 
AP 0 26-TWO 
UT R(I/AP 

COOLIAG ZOUER PAR 
PAU a tXP(lo4366O~Oo7J536+ALOG(UT)) 
FAU = ?A l+WATER*Q* 538/EHOT 

EPP~CT 'or *GAS EJECTXOI 01 s T m n  PLOW. 
fP(GAS~.QE, 1-0) S?LP SP%P*~1.O+O,OQ*GAS) 

UDE03850 
ODE03860 
UDW3870 
UDE03080 
ODE03690 
ODE03900 
ODE039 10 
UDE03920 
U D E0.39 30 
ODEO 39 90 
UDt01950 
O D E 0 3 9 6 0  . 
O D E 0 3 9 7 0  
O D 1 0 3 9 8 0  
ODE03990 
ODE09000 
UDEOOOlO 
O D E O l l 0 2 0  

CALCULiTt B R X l E  FLOW TARXBG INTO ACC00lT TOTAL D I S O L V E D  S O L X D S  ODE09030 
B?LOU * SPLP/(Pl+W2) +%OS O D E 0 9 0 4 0  . ODE09050 
S I Z E  OP YA81003 PUNPS - PONP SIZES ARE O A S B D  OB T A E  ASSOnPTIOl ODE09060 

THAT A 1  AffOU1T Or SPERT E R f l t  A l D  COIODEIOSATE SQUAL TO T a g  11OUUTOOEO9070 
'OF BRXRE WITHDRAUI PROn THE RtSERVOIU IS BE-XIJECTED AT A 

P R E S S U R E  CQnAL TO THE RESERYOIU PRESSOUIlr 
CWP a WAZER+ (AT/2-307-P5)+COBST 
COP SPLP- (P30P4) *COBST 
R I P  .I iWLOW* (Pl-PJ)  WORST 

SPtCI?XC NET E A t B G r  19 SOLIDS B A S E D  OB IiEBBB PLALIT D B S I O l  

AOX (CUP*CDP+UXP*PAti) *O.tQJfE~OJ 

SNE - p i / s p L e  
PT - PG+AUX/G&PP 
C o l t  I10 t 
r p ( n D e n P  , t Q .  2) PT = PT - ( c u P + c o e t m e )  +O,WWE-O~/GEPP 
n e  = PT 

rne = P T - w  
tP(XU5E ,tQ. 3) WLP = PT/(100+(Ul/(Wl@W2) )*CAP*DliP/(ELP*DLP))  

C00Lf1G TOWER CALCULATIONS - COOLXAG TOWER LOSSqS 11 TERnS OF 
P L U I E S  AUD BLOWDOWR IS A S S O I B D  TO BE REPLACBD BY A 8  EQUAL 

?REStl nAAE-UP RATER XS BOT XACLUDED BUT AlSROUUTS TO ROUGXZX 
AIOUtiT OP ?RESR IIAE-UP UATER- ZSTInATIOU OP TltB An0011T OF 

95% O t  TAB CXBCOLATfEO COOLfPO OATEB*PXQUXEEIEOTI. 
90 - BAt iGt  O? TOUER 
lrP - ADDPOICX 

UDE04080 
O D E 0 9 0 9 0  
ODE09100 
O D E 0 4 1 1 0  
O D E 0 9 1 2 0  
ODEOQY 30 
O D E 0 9 1 9 0  
OD109150 
ODEOh160 
UDEO9170 
O D E 0 9  180 
ODE09 190 
ODEO 92 00 
O D E 0 9 2 1 0  
ODE09220 
ODEO $ 2 3 9  
ODEO 9 240 
UDt042!% 
ODE09260 * 
ODE04270 
ODE09280 
ODE04290 
U D E 0 4 3 0 0  
U D E 0 4 3  10 
ODXOO320 



FORTRAN I V  01 

0221 
0222 
0223 
0224 
0225 
0226 
0227 
0220 
0229 
0230 
0231 

RELEASE 2.0 STDES DATE f 81317 

RQ = 3.76-0.0524*TIB*O- 13U7* RG-O.l725*RP 
RP 3 AP*O~OOO1~'TRR~TUR~0,00081rRC"RC 
RP = R P * 0 . 0 0 1 9 6 ~ A P * A P - 0 . 0 ~ 0 7 3 ~ ? H ~ ~ R G  
RP * RP+O.OU107*TWC* LC-O.O013*RG+AP 
UNITS = RP+WATEn*lE*06/506.4 
IP(LTHR .EQ- 2) UNITS = BEAT 
GEPF=GEFP*flUUD 
ELP=BLP*iiOND 
en e= HIP. BO u D 
8ETORU 
EUD 

. 

09/56/Q9 

UDtO 4330 
ODE043 4 0 
VDEO Q 350 
UDEO436O 
ODE04370 
UDEO438O 
UDE04390 
ODE04400 
U D E O l l Q l O  
ODE04420 
UDEOQQ30 

P e 



FUMCTION TO CALCULATE PRESSURE AS A FUNCTION OF TEMPERATURE 

FORTRAN I V  GI PELFASF 2.9 WPT D4TE = 81294 10/54/20 

0001 
. 0002 

0003 

9001 

oons 
0006 
0007 
onon 
0909 
09 19 
0011 
0012 

' 0013 
0014 
0015 
0016 
001 7 
001 8 

WPlOO01'1 F l J W T  I ON UP1 t X %  I 
l @ P L I C l l  REIL*R (A-21 UP130020 

C+** E W  WPl00031) 
C---JCONTROL Y ~ P I C A O S S R E F I L A ~ E L I L O C ~ T I O ~ I S E G M E N T ~ U O E S  UPTOr)O49 
C+** FIJMCTIOY HPTfXX) UPTOOOW . MRDIFIEI) 210CT81 9 Y  FITTING CURVE OVER TU0 ' R E G I O M S o J C B ~  UP100060 

UP1000 70 
WATER - PRFSSURb OF SATURATED V4PtYR 

P - F t T I  

DATA 
1 AO/ 0-324378E+Ql/r A l /  00586826E-Ot/r 
2 r ( Z I  O.ll lO24E-O7/r A3f Om218785E-021 
' DATA 

2 BZI 0.751548€-08/, B3/ 0.656444E-IO/r 
1 RO/ 0 0 3 ~ 4 6 3 1 € + 0 1 / ~  B1/ Oo414113E-OI/r 

3 R$/ 6m137945F-01/ 

TK t 5 . / 9 . ) * (  XX-3200)*273.16. 
' X = 647.27 - TK 

11  = X/TK 
IP tXX-CE.  2lrr)o01 GO TO 100 

12 = 10 + A 3 * X  
13 = T t / T 2  
Y = ~ 3 * 1 I A Z * % * X + A l ) * X + A O )  
GO TO 101 

UP 
WP 
UP 
UP 
UP 
UP 
UP 
UP 
WP 
WP 
UP 
UP 
U P  
UP 
UP 
UP 
UP 
UP 
WP 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
1 
1 

'Or) 
'00 
'00 
*OD 
'Or) 
'no 
'00 
-00 
'Q0 
'00 
'0 0 
-00 
'0 0 
'00 
'00 
'00 
'Or) 
roo 
'00 

d 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
7 
1 
2 
7 

a 
IRC) 
190 
00 
110 
20 
3 0  
-40 
50 
$60 
70 

.8r) 

. Qn 
'00 
! 10 
! 20 
! 30 
!4n 
! 50 
! ao 

UPTO0270 
UP100280 

HPT00300 
WPTO0310 
UPTO0320 

WP roo290 
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FUNCTION TO CALCULATE ENTHALPY OF SATURATED STEAM 

FOQTRAN I V  GI RELEhSF 2.0 WHC D A T E  = 81294 10153 f 20 

0001 FUNC T I  ON HHG t XY 1 
C**+ EF!D 

0002 . 

I 
I P 

0 
4 

i 0003 

00 04 
0005 
0006 

0007 
0008 

0009 
0010 
0011 

C---%CONTRWL ~~PrCROSSREfr lAOELrLOC4f lON,SEGYENf+UDES 
C**+ FUYCT'1OM W H G t X X )  
C 
C 
C H = F f P )  

O A T 4  

WATFR - FYTHM.CY OF S A T U R h T F D  VAPOR 

C YODIFIED Z l O C T b l  BY FITTTFJC CURVE O V E R  THO REGIONS.JC8o 

€ A O f  O o 7 0 0 8 3 2 E + 0 1 f r  A l f  0.130056E-01fp 
' 2  A 2 f  0.64~011E-03fr A 3 f  O m Q O O O O O E 0 2 f ~  
3 A41 Om000nO9F-02fr A 5 f  3.000000F-02fr 
4 Ab/ Oo000030E-03ft A l l  0~000000F-06/~ 
5 4 R f  0.009003E-06fr A 9 1  0 ~ 0 0 0 0 0 0 € - 0 7 / ~  
6 A A f  0.000006E-07f 

DATA 
1 R O l  0 ~ 7 9 R R f 9 1 E + O l / r  B l f - 0 . 0 3 4 9 5 2 E - b l f  
2 0 2 1  O m 3 ' 3 0 5 6 2 E - O l f r  R 3 f - 0 . 3 7 6 4 6 0 E - 0 2 f ~  
3 R 4 f - 0 . 9 1 3 0 2 6 F - 0 3 f r  851 0;?3?223E-O3/r  
4 Rb/-Om1523b9F-04f, 011 O m 0 0 9 0 O O E - 0 6 / ~  
5 q'?f 0~000000E-06fr R 9 f  0.000000E-07f~ 
ti PA/ Om300006E~07f 

c 
X=ALClGf X X  ) 

Y = t t t  t t f  t t t  

GO TI) I01 
100 Y = t t t  (14 t f t  

IO 1 HHG- E X P  t Y I 
RETURN 
END 

I F t X X  .GEm 5 o O )  GO TO 100 

1 A A * X + A 9 ) * X t A 9 1 * X + A 7 )  * X + A b I * X + A J I * X t A 4 )  * X + A 3 ) * X + A 2 ) * X + A l ) * X + A O  

1 P A * % + 0 9 ~ * X + O 9 ~ * X + B f )  * X + O 6 ~ * X + B S ) + X + 0 4 )  *X*B3)+X+B2)*X+OL)*X+EO 

WHCO06 10 
WHr,000 t o  
WHCr)OO 30 
HHC100040 
WYC.r)OO 50 
HHC9Q9bO 

HHC.Or)ORO 
WtfGc)0090 
WHCOOI 00 
HUGoOl10 
HHC0r)lZb 
HH600130 
WHGr)O 140 
WHGOOlciO 
WHCOOL 60 
WHC00170 
WHc,r)r)l no 

WHC0020O 
WHGOOX t o  
WHGOO?LO 
H H C 0 0 2 3 0  
WHGO02 40 
Wf%330250 
HHGOO260 
WHCOO? 70 
W H G 3 0 2 R 0  
HUG00290 
HHCOO300 
WHC00310 
WHC00320 
WHG00330 

wurroooto 

uHr.nr)i 90 



0002 

< 

FUNCTION TO CALCULATE ENTROPY OF SATURATED WATER 

FORTRAN I V  GI RELEASE 7.9 WfL 94TE = A1294 1 O/ 53 /36 

000 1 FUNCTION WSL ( X X )  
C***  FNO 
C---SCQNTROL YAP,CRflSSREFi CAREL rLOCAf ION, SEGYENT=UnES 
C + * @  FlJNtTlON W S L ( X X )  
C 
C MODIFIED 21OCTfl1 OY FITTING CURVE OVER THO REGIONSoJCB. 
C WATFQ - ENTROPY I1F SATURATED VAPOR 
C S = F I P )  

DATA 
1 A0/-0.202210E+Ol/r A l /  Oo435140E ' ) O f t  
2 At/-0.7976R9E-01/r A>/  Oo485220E-Ol/r 
3 A4/-0.113432E-01/r A5/-Omfl10410E-Q2/r 

5 A81-0.146272E-03f r A 9 f  0.403614€-03/r 
6. AAI-0.112411F-03/ 

c 
C CYSSQ= 00173936E-04 

4 Ab/ 0.114638E-02/, A7/-0.336488€-03/r 

I I C 
0003 D4TA 

1 B0/-0.194095F+Ol/~ 01/ 0.329339F+OOfr 
2 82/-0.108023F-61/ R3/-0.323546E-O2/r 
7 D 4 f  0.7618lSE-O3/r 85/~O.721715E~OQ/r  
4 lib/ 0.324272E-O5/r R7/ 0.006000E-O7/~ 
5 R8/ Oo000030E-O7/r 89/ 0.000OOQE-O7/~ 
6 RA/ 0~000000E-08/ 

C 

C 
0004 X=ALOGtXX) 
0005 I F t X X  .GEm ! i o 0 1  Cn TO 100 
0006 Y = ( I (  ( ( t  ( ( 1  

0007 GO TO I01 
OOQR 100 Y '3 (I( ( ( 1  

c CMSW= 0134m07~-o!i 

1 AA*X+AII*X+A8)*X+A7) +X+Ab)*X+A51*X+A4) * X + A 3 1 * . X + A Z ) * X + A l ) * X ~ A O  

1 OA*Y+B91*X+081*X+BI) *X+Bb)*X+B5)*X+R4) *X+B3)*X+B2)*X+Bl)*X+~O 
0009 101 WSLoEXPtY) 
0610 RETURN 
0011 EN0 

1 

W3LrIOO 10 

w SL r) 0040 

wsLo0o?c) 
WfLOOO 30 

W S l O O O 5 6  
HSCOQOIZO 
USLO0070 
W SCOQOAO 
WSLOOQ90 
WSLOO1OO 
WFLOQ110 
HSLO012c) 
WSL00110 
WIL00140 
w5100150 
USLO0160 
HIL00170 
WSLOOL A 0  
USL00190 
utLnn203 
HSLO07r?3 WSL002 16 

WSL'IO 2 33 
w SL 00 z 4 0 
ISLQQ25b 
HSLQOZIZO 
WSLOOZtO 
H SL 902 flQ 
USL00290 
w SLOO 909 
HSL 003 10 
HSCOO320 
HILOO3 30 
W SLOQ3 4 0  
USl,OO35Q 
USLO0360 
W3L00370 
WSLOQ380 

e 
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FORfRAN XV Ct  

0001 

0002 ' 

0003 

0004 
0005 
0006 

0007 
0008 

0009 
0010 
0011 

.ps 

FUNCTION TO CALCULATE ENTROPY OF SATURATeD STEAM 

D4TE = 111294 I O /  54/93 

WSc.bn0lO 
WSCOO07O 
W S C f W O l O  
WSCOO340 
HSG0005n 
W SCO3060 
WSG00070 
HSC000130 
W S t O f W W O  
wscI)o 100 
HSC06110 
WSCO01ZO 
WS(300130 

wsc00150 
HSGOOl60 
HfCnOl7r) 
WSCIOOI 90 
W SC00190 
W SC1OI)ZC)O 

w w m  40 

wscnnz I I) 
ws~on220 
HSCnn23n 
nsr.00240 
WS600250 
WSCOO t 60 
ctS(3002 76 

WSCOl)Z90 
WSCOO'?~O 

USCOO320 
W 3 COO 3 30 
W SG60340 
USCOO350 
HSG00360 

WSGOOZRO 

wscnos io 
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P.O. BOX 1625, IDAHO FALLS, IDAHO 83415 
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October 20, 1981 

Dr. D. E n t i n g h  
Advanced Energy and Resource System 

The Mitre Corporation/Metrek Division 
1820 Dolly Madison Blvd. 
McLean ,. VA 221 02- 

final ys i s .. 
- 1  

3 
il TURBINE EFFICIENCY FACTORS USED FOR RECOMMENDED GCFM MODIFICATIONS 7 nL-17-81 

- .  

Dear Dan : 

Although most of the turbine efficiency factors used i n  the recommended 
6CFM modifications have come from personal experience w i t h  turbines of 
the size and type used for  geothermal applicatiqns and proprietary 
references accumulated dur ing  this work, si.milar values can be found i n  
the open literature. I reference "Steam Turbines" by Edwin F. Church, Jr . ,  
Th i rd  Ed i t ion ,  McGraw-Hill Book Company, Inc. , 1950, as providing similar 
values. Discussion o f  individual factors o f  turbine performance w i t h  
sections from the above referene follow below. 

Inlet Pressure T h r o t t l i n g  Loss - INEL recommended u s i n g  a pressure drop 
of 10% of the absolute pressure i n  the flash t a n k  t o  represent the total  
pressure drop between the flash tank  and the turbine blading.  This drop 

-includes moisture removal screens i n  the flash tank, p ip ing  between the 
f lash  and the turbine inlet ,  turbine inlet  screens, and turbine governor 
valve drops. Church, i n  Section 13.3, recommends 5% f o r  just the turbine 
inlet  screen and governor valve pressure drops. 

85% Blading Base Efficiency, Moisture Correction 1/2.85 for  Each 1% Yol'sture 
a t  Blading E x i t  - Church, Section 7.16, Figure 7-29 shows peak theoretical 
efficiencies for b o t h  impulse and reaction blading t o  be 87%. 

o f  1%. In Section 14.4; Church references 1% t o  1.15% moisture losses for  
each 1% average moisture i n  each stage. For turbine inlet  conditions near 
the saturation line, the average moisture i n  the turbine is approximately 
l/2 of the blade exit moisture. 

. $  
The recommended 

value of .85 allows for operation of f  peak efficiency of 1% p l u s  stage leakage .3 

11 0 
. *  



Dr. D. Ent ingh  . . .  - 
TML-17-81 
October 20, 1 981 
Page 2 

. l o  B t u / l b  Leaving Loss - Church, Section 13.7, Figure 13.18 shows a 
GE exhaust loss curve w i t h  a m i n i m u m  o f  4 E t u / l b .  - W curves show minimums of abou t  6 Btu / lb .  However, f ini te  designs of 
blading'and exhaust hoods mean tha t  the exhaust loss for a specific 
application i s  seldom a t  the minimum. The recommended 10 B t u / l b  allows 
for of f-optimum opera ti on . 

Similar proprietary 

I hope that  these references suffice for the final description *of the' 
GEFM modifications. . 

c ' . .  
I Very t ruly yours, 

- .  .- . - .  

' T. W .  LawfJrd, Manager ... . . Federal Program Support 
. .  . . I  

. .  I. +. ' .. 
. -  . .  j d  . .  

* .  
. cc: W. Holnan, DOE/SAN . .. 

3 
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