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1.0 INTRODUCTION

This paper documents alterations made to the MITRE/DOE Geothermal
C&sh Flow Model (GCFM) in the period.of September 1980 through September
1981.

Version 4.0 of GCFM was installed on the computer at the DOE
San Francisco Operations Office in August 1980. This Version has also
been distributed to about a dozen geothermal industry firms, for
examination and potential use.

During late 1980 and 1981, a few errors detected in the Version

4.0 code were corrected, resulting in Version 4.1. If you are currently

using GCFM Version 4.0, it is suggested that you make the changes to

your code that are described in Section 2.0. User's manual changes

listed in Section 3.0 and Section 4.0 should then also be made.

, During the spring and summer of 1981 two new features were added

to GCFM, resulting in Version 5.0. These two changes are:

I. Enhancement of the debt amortization code to allow the
user to select either a constant principal payment
amortization schedule or a constant payment (interest +
principal) amortization schedule. The user will be
allowed to establish a grace period during which no
principal repayments will be made.

II. Inclusion of a facility to allow the user the option of
using a Field project revenue stream as the fuel cost
for a Power Plant project. This involves a direct pass-
through of field revenue values from the financial
module to the power plant module where the user has
the option of using this series of values as the cost
of fuel. This saves the user the time necessary to
perform this operation by manual data entry. This will
be accomplished by saving the fluid breakeven and market
price revenue streams in a buffer for use by power plant
financial rums.




Version 5.0 was installed at the DOE San Francisco Operations
Office in July 1981.

The computer code for Version 5.0 has been transmitted to the
Argonne National Energy Software Center. It can be obtained from the
Center for a nominal fee, by writing:

Jan Mockler

Argonne National Energy Software Center
9700 South Cass Avenue

Argonne, Illinois 60439

Telephone: (312) 972-7250

This paper documents:

e Computer code alterations necessary to upgrade
Version 4.0 to Version 4.1.

e User's manual updates for Version 4.1 and Version 5.0.

e A short installation guide.

The pages that document the user's manual updates are designed
to replace specific pages in the User's Manual (MITRE Technical
Report MTR80W160, The MITRE Corporation, McLean, Virginia, 22102,

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



2.0 FORTRAN CODE CHANGES FOR GCFM VERSION 4.0
During the first six months of 1981, several haveib%é@?’
made in the FORTRAN code of GCFM. These changes are listed in this
section as the final changes to Version 4.0, creating Versiom 4.1.
If you are using a copy of Version 4.0, we recommend ;hat you
incorporate these changes into your version, since they will

eliminate minor difficulties encountered since December of 1980.

L]

If you are using a copy of Version 5.0, you don't have to do anything

L)

because these changes have already been Incorporated into that version.

In following pages, each chénge 1s described by: |

1) The segment name, the subroutine name, and the
approximate segment line number of the altered line.

2) The altered line and surrounding lines.

3) Underlining of the part(s) of the line that must be
altered. ' :

o




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#944

c
CALL PWORTH(LIFE,LINE,RTX,CF,PW,DSCR,PVAL1l,CFTOT1,DSCF1,ISW,X,Z,
1 DRT)

Change 3 - Segment 'FLOW' - Subroutine 'CASH' - change
Approximate Line - FLOW#951

DO 4000 I=1,50
CALL PWORTH(LIFE,LINE,RTX,CF,PW,DSCR,PVAL1,CFTOT1,DSCF1,ISW X,Z,
1 DED)

Change 4 - Segment 'FLOW' - Subroutine 'CASH' - delete lines
Approximate Line -~ fLOW#958

All lines between the line reading " 4005 CONTINUE “ and the line
" IF(ABS(DRT) .LT. 0.0025) GO TO 4010 " should be deleted.

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

There are three debug output lines in this section of code. They
should be changed to read as follows:

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

Change 6 - Segment 'FLOW' - Subroutine 'CASH' - change
Approximate Line - FLOW#1074

C
CALL PWORTH(LIFE,LINE,RTX,CF,PW,DSCR,PVALl,CFTOT1,DSCF1,ISW,X,Z,
1 DRT)
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Change 7 - Segment 'FLOW' ~ Subroutine 'CASH' - change
Approximate Line - FLOW#1081
" DO 5010 I=1,50
CALL PWORTH(LIFE,LINE, RTX,CF,PW,DSCR,PVAL1,CFTOT1,DSCF1,ISVW,X,Z,
1 DRT)

Change 8 - Segment 'FLOW' - Subroutine 'CASH' - delete lines
Approximate Line - FLOW#958

All lines between the line reading " 5030 CONTINUE " and the line reading
" IF(ABS(DRT) .LT. 0.0025) GO TO 5020 " should be deleted.

Change 9 - Segment 'FLOW' - Subroutine 'CASH' - change
Approximate Lines - FLOW#1082-1092

There are three debug output lines in this section of code.
They should be changed to read as follows:

1st - " IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(10,%*) NP1,I,X,PW,RTX,DRT,Z"
" 2pd -~ " IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(10,*) NP2,I,X,PW,RTX,DRT,Z"
3rd - " IF(NDBG .EQ. 3 .OR. NDBG .EQ. 4) WRITE(10,*) NP3,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, Z2DM,DRT)
C--~$CONTROL SEGMENT=FLOW
. Ck*% SUBROUTINE PWORTH(LIFE,LINE,RT,CF,PW,DSCR,PVAL,CFT,DSCF,ISW,XDM
Ck** 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 ,CIWEL ,CEWEL ,EWP,EWI ,EWE,

2 succn(50) OMFR(S) SALV(S) ¢(6) ,PFLOW,RFLOW »FELECT, CSTDWP PPM,
3 CMWEL, ECSTP(Q) RXTRA(3)

Change 12 - Segment 'FLOW' - Subroutine 'CASH' - change
Approximate Line - FLOW#472

WLIEXP(IYR) = WLIEXP(IYR)*XC(2)
IF(IYR .LT. LINE) ECST(IYR) = ECSTP(IYR)*XC(1)
IF(IYR .LT. LINE) TECST = TECST + ECST(IYR)




Change 13 - Segment 'FLOW' - Subroutine 'CASH' - change
Approximate Line - FLOW#747.1

QINTR = DBTRT(IY)/4.0

SUMOUT = DEBT(IY)
C  po 2320 J=1,4
XINTR(IY) = XINTR(IY) + DEBT(IY)*QINTR
DEBT(IY) = DEBT(IY)~-QPMT
SUMOUT . = SUMOUT + DEBT{IY)
2320 CONTINUE
C
c CALCULATE DFEE BASED ON AVERAGE OUTSTANDING LOAD BALANCE
DFEE(IY) = SUMOUT/5.0%FERT
c

Change 14 ~ Segment 'FLOW' - Subroutine 'CONSTR' - new lines
Approximate Line - FLOW#1258

DO 200 I=1,LINEl

NPASS = 0

FEE(1) = 0.0

QINV(1) = TOTCAP(I)/4.0
QINV(2) = QUINV(1)
QINV(3) = QINV(1)
QINV(4) = QINV(1)

C
Change 15 - Segment 'FLOW' - Subroutine 'CONSTR' - change
Approximate Line - FLOW#1282

c DEFINE CAPITAL INVESTMENT IF ITERATING FOF FEE.
IF(NPASS .NE. 1) QINV(1l) = TOTCAP(I)/4.0 + FEE(NPASS-1)

c

Change 16 - Segment 'FLOW' - Subroutine 'CONSTR' - change
Approximate Line - FLOW#1290

c INITIALIZE FEE WORK AREA.
FBASE = DEPREV
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Change 17 - Segment 'FLOW' -.Subroutine 'CONSTR'
Approximate Line - FLOW#1302

c ADD WORKING CAPITAL INTO THE LAST QUARTER OF THE CONSTRUCTION

c PERIOD

IF(I .EQ. LINEl .AND. J .EQ. 4) QINV(4) = QINV(4) + WKGCAP
C
C CALCULATE QUARTERLY EQUITY REQUIREMENT.

Change 18 - Segment 'FLOW' - Subroutine 'CONSTR' - change
Approximate Line - FLOW#1315

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)

Cc
Change 19 - Segment 'FLOW' - Subroutine ' CONSTR' - change
Approximate Line - FLOW#1340

c CALCULATE AVERAGE OUTSTANDING LOAN BALANCE
FBASE = FBASE/5.0
IF(NDBG .GT. 2) WRITE(10,%) FBASE

c

c CALCULATE FEE(NPASS).
FEE(NPASS) = FBASE*FERT

C

C

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

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

v
IF(TXLIB __ .LE. 0.0) GO TO 35

c ‘
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3.0 USER'S MANUAL CHANGES FOR BOTH V4.1 AND V5.0
The pages in 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 all of the sample
runs. The only parameters which are varied are the Minimuﬁ Equity
Fraction and the Annual Equity Fraction.

Figure 2-6 is the comstruction period output of a run using a
minimum equity fraction of 0.0 and an annual equity fraction of 0.0.
This run exhibits the model's preference for debt.

The only equity in this project is the 3 million dollars in
sunk costs.* The annusl investment, the interest and the DOE fees
are all borrowed. Notice the equity fraction declines in each year
end reaches 0.179 in year three. |

Figure 2-7 shows what happens when the minimum equity fraction
is changed to 0.25. Notice the first year the entire 6.0 million
investment 1s borrowed and it is not until the second and third

yeafs that equity investments must be made to maintain the equity

~ fraction at 0.25.

Figure 2-8 represents a run using 2 minimum equity fraction
of 0.25 and annual equity fraetiées'of 0.10. The values of the
letter'cause the debt preference of the model to be altered. The
ﬁodel will now reqﬁire equity participation of at least 10% of
each annual investment. This is useful when a developer has been
given credit for a large amount of sunk costs, because it will
prevent ﬁﬁe ﬁodel from assuming the use of 1007 debt to cover early

year investments.

FSunk costsrrepresent fixed investment by the borrower prior to
application for guaranteed loan.

2-17
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GLGP CASH FLOW MODEL
CONSTRUCTION PERIOD #PV.%

OROJECT NAME -~ TEST/Y5.0 CONST PINANCIAL CASE WANE - TEST/¥5.0
PROJECT TYPE - FIELD PINANCIAL STRUCTUORE -~ NON-TAXABLE ENTITY
YEAR CONSTRUCTIOR ANNUAL ANNUAL ANROAL ANRUAL CURULATIVE CUNULATIVE
COST IRTEREST DOE PEE DEBT rQUITY DEBT rQUITY
SUNK COSTS 3000.0 0.0 0.0 0.0 3000.0 0.0 3000.0
1 - 19980 6000.0 398.0 31.8 6429.8 0.0 6829.8 3000.0
2 - 1981 3000.0 891.5 88.2 3975.7 0.0 10905.6 3000.0
3 -~ 1982 2000.0 1253.4 121. % 3374.5 0.0 13780. % 3000.0

TOTAL 14000.0 2543.0 237.1 13760.1¢ 3000.0

CONSTRUCTION BODGET (KS$/1980):

SONRK PQUITY COSTS = 3000.0 HININD® BQUITY FRACTION = 0.0

PROJECT CAPITAL COST =  11000.0 DOE PEE , = 0.090
WORKING CAPITAL = 0.0 ’
TOTAL (LESS PIRARCING) =  18000.0
DOE PEE'S AND INTEREST = 2760.1
TOTAL CAPITAL COST =  96780.%
YEAR INTRREST INVESTHERT ANNUAL #»
RATE BREAKDOWN TAX LOSSES
1 - 1980 0.100 ‘ 0.545 429.8
2 - 1981 . 0.100 0.273 975.7
3 - 1982 0. 100 0.182 1378.5

*& - ARNUAL TAX LOSSES INCLUDE CONSTRUCTION PPRYOD DRY ROLE FXPENSES, EXPLORATION COSTS,
INTANGIBLE DRILLING COSTS, DOE YEES , ARD INTEREST.

FIGURE 2-6
CONSTRUCTION PERIOD OUTPUT WITH NO MINIMUM
OR ANNUAL EQUITY FRACTIONS REQUIRED

EQUITY
FRACTION

1.000
0.3198

0.228
0.179
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PROJECT NANE - TEST/VY5.0 CONST

GLGP CASH|PLOW moDEL

CONSTRUCT!OH,PBRIOD 7.

PIRARCIAYL élSB RANE -~ TEST/Y¥5.0

PROJECT TYPE -~ PIELD FINARCIAL STROCTORE - NON-TAXABLE ENTITY
YEAR CONSTRUCTION  ANNUAL ANROAL ARNOAL ANNUAL CUNULATIYE
cosT INTEREST voE PER DEBT PQUITY DEBT
SONK COSTS  3000.0 0.0 0.0 olo 3000.0 0.0
1 - 1980 6000.0 398.0 .8 6429.8 0.0 6429.8
2 - 1981 3000.0 819.9 83.3 3618.9 398,13 10044.8
3 - 1982 '2000.0 1159.6 12.9 2usniu 818. 1 12899.1
TOTAL 12000.0 2037.6 228.0 120991 8166.9
CONSTROCTIOR BODGET (KS/1980):

SONK BQUITY COSTS = 3000.0 NIRIRUA BQUITY FRACTION

PROJECT CAPITAL COST =  11000.0 DOE PEE

‘WORKING CAPITAL - 0.0

TOTAL (LESS FINANCING) =  18000.0

POE PEE'S AND INTEREST =  2665.5

TOTAL CAPITAL COST = 16665.5

YeaR INTEREST  INVESTHENT  ANROAL **
RATE BREARDOWR  TAX LOSSES

1 - 1980 0. 100 0.535 829.8
2 - 1981 0. 100 0.273 963. 2
3 - 1982 . 0,100 0.182 - 1272.5

CONULATIVE
EQUITY

3oco0.0
3000.0

3348.3
8166.9

= 0,250

** — ANROUAL TAX LOSSES INCLUDE CONSTRUCTIOR PERIOD DRY HOLE EXPENSES, EXPLORATION COSTS,
IRTANGIBLE DRILLING COSTS, DOE FPEES , ARD INTEREST.

FIGURE 2.7

CONSTRUCTION PERIOD WITH MINIMUM TOTAL
EQUITY FRACTION OF 0.25

EQOITY
PRACTION

1.000
0.318

0.250
0.250
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GLGP CASH PLOW NODEL
CONSTRUCTION PERIOD #PFY.9

PROJECT NAME - TEST/V5.0 CONST FINANCIAL CASE HRANB - TEST/Y5.0
PROJECT TYPE - PYELD PINANCIAL STRUCTURE - HON-TAXABLE PHTITY
YEAR CONSTRUCTION ANNUAL ANHOAL ARNOAL ARNUAL CUNDLATIVE CURULATIVE
COSsT IRTEREST DOE PEER DEBT rouUITY DEBRT EQUITY
SURK COSTS 3000.0. 0.0 0.0 0.0 3000.0 0.0 3000.0
1 - 1980 6000.0 357.9 28.6 5783.7 602.9 5763.7 3602,.9
2 - 1981% 3000.0 801.2 75.7 3569.3 307.6 9353.0 3910.%
3 - 1982 2000.0 1125.5 108.7 3020.3 218.0 12373.3 a1248.49
TOTAL 14000.0 2208.7 213.0 12373.3 4124.4
CONSTRUCTION BUDGET (K$/1980): .
|
SUNK EQUITY COSTS = 3000.0 SININUG BOUITY PRACTION = 0.250
PROJECT CAPITAL COST = 11000.0 DO® PRE = 0.010
RORKING CAPITAL = 0.0 .
TOTAL (LESS PINANCING) = 18000.0
DOE PER'S AND INTERPEST = 2497.7
TOTAL CAPITAL COST = 16897.7
YEAR INTEREST INYESTHNENT ANNOAL ==
RATE BREARDOWN TAX LOSSES
1 - 1980 -0.100 0.5485 386.5
2 - 199819 0.100 0.273 876.9
3 - 1982 0. 100 0.182 1234.3

*% ~ ANRUAL TAX LOSSES INCLUDE CONSTRUCTION PERIOD DRY HOLRE EXPENSES, EYPLORATION COSTS,
INTANGIBLE DRILLING COSTS, DOER PEES , AND IRTEREST, .

FIGURE 2-8
CONSTRUCTION PERIOD WITH MINIMUM TOTAL
EQUITY FRACTION OF 0.25 AND ANNUAL EQUITY .
FRACTIONS OF 0.1

EQUITY
PRACTION

1.000

‘0.388
0.295%
0.250
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In the run represented by Figure 2-9, the annual equity
investments are increased to 0.25. This causes the model to require
equity investments to comprise 25% of each annual investment.

Because of this requirement, coupled with the 100% equity sunk costs

the minimum equity fraction is never approached..

2.4.9 Financial Case Initialization

There is a great deal of data entry involved iﬁ the creation of
any new financial case. After entering several cases the user may
discover that he is entering similar data values for many parameters.
For this reason the model contains a feature which allows the user
to set up a baseline set of values which may (at the users tequest)
be used to initialize any subséquent financial cases. This allows
the user to bypass the financial input routine and proceéd to the
change routine. In many cases this can save a great deal of time;

The mechénics of this feature are relatively simple. The
user first creates a new financial case called "BASELINE" entering only
those values which aré to make up the initial data. From then onm,

any time a neﬁ financial case is created, the model will ask the

user 1f the new case is to be initialized with the data in the

"bageline case." If the user answers yes,- the model performs the
initialization and enters the change routine, bypassing the
financial data entry routine. The user will then alter variables as

needed for the new financial case.

2-21
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GLGP CASH FLOW MODEL
CONSTRUCTION PERIOD #P1.1

PINANCIAL CASE NANE® - TEST/VS5.0

PROJECT NANE - TEST/V5.0 COWST
PINANCIAL STROCTURE -~ NON-TAXARLE ERTITY

PROJECT TYPE - FIELD

YEAR CONSTRUCTION ANROAL ANROAL ANNUAL ANNOAL CUNULATIVE  COMULATIVE
CcosT INTEREST DOE PEER DEBT EQUITY DEBT EQOTITY
SUNK COSTS 3000.0 0.0 0.0 0.0 3000.0 0.0 3000.0
1t - 1980 6000.0 297.9 23.8 4815.7 ' 1506.0 4815.7 8506.0
2 - 19981 3000.0 666.2 62.9 2963.4 765.7 7779.2 5271.7
3 -~ 1982 2000.0 935.0 90.4 2502.7 522.6 10281.9 5794.3
TOTAL 18000.0 1899.1 177.1 10281.9 5794.3
CONSTRUCTION BUDG™T (KS$/1980):
SUNK BOOITY COSTS = 3000.0 NIRINOR EBQUITY PRACTION = 0.250
PROJECT CAPITAL COST = 11000.0 DOE PEE = 0.010
WORKING CAPITAL = 0.0
TOTAL (LESS PINANCING) = 14000.0
_ DOE FEP*S AND INTEREST = 2076.2
TOTAL CAPITAL COST = 16076.2
. YEAR INTEREST INYRSTHENT ARHOAL *=
RATE BREAKDOWN TAX LOSSES
1 - 1980 0.100 0.5485 329.7
2 - 19081 0. 100 . 0.273 729, 2
3 - 1982 0. 100 0.182 1025.3

*% — ANNUAL TAX LOSSPES INCLUDE CONSTRUCTION PERIOD DRY fIOLE EXPENSES, EXPLORATIOR COSTS,
INTANGIBLE DRILLING COSTS, DOE PEES , AND IRTEREST.

FIGURE 2-9
CONSTRUCTION PERIOD WITH MINIMUM TOTAL EQUITY FRACTION OF
0.25 AND ANNUAL EQUITY FRACTIONS OF 0.25

EQUITY
PRACTION

1.000
0.483

0.809
0.360
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Range of Values: 0-1.0, the total of all values must equal one.

If not, the program will prorate those values given,.

Number of Values: 1-9. A value must be given for each year of the

construction period. Note, however, that any year may contain a
zero value,
Units: Fraction

Defaults: As follows: (See Table 3-2)

Comments: As long as one of the values given are not zero, no defaults
will be taken.

Example 1: If a three year "construction period exists, and the values

.25, .25, and .50 are given, then one quarter of the capital costs will
be spent the first and second years, with the last half being spent
the third year.

Example 2: If the user does not want any capital spent in the second

construction year, he may use values such as .25, 0, 0.75. This
would indicate that no work was performed during the second year of
the construction period.

Example 3: Given a three year construction period, if the values 1,2,

and 3 are entered, the program will correct them by prorating the
values, One-sixth would be used for the first value, .33 for the
second, and .50 for the third.

3-19
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NUMBER
OF
CONSTRUCTION

YEARS

1.00

0.40

0.15

0.10

0.10

0.05

0.05

0.05

0.05

TABLE 3-2

DEFAULTS FOR CONSTRUCTION INVESTMENTS BREAKDOWN

0.60

0.35

0.25

0.20

0.10

0.05

0 .‘05

0.05

0.50

0.25

0.20

0.15

0.10

0.05

0.05

CONSTRUCTION YEAR

0.40

0.20

0'20

0.10

0.10

0.05

0.30

0.25

0.20

0.10

0.05

0.25

0.25

0.20

0.10

0.25

0.20

0.20

0.25

0.20

0.25
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Range of Values: 0-1.0

Number of Values: One value is required for each year of the project
1life. ,

Units: Fraction

Default: 0.0 during construction years; 1.0 during entire operating
life.

iWARNING! The capacity factor must be zero during the construction
period and should not be zerc during the operating life.

9, Minimum Equity Fraction of Total Investment: The minimum portion
of the capital cost of development which must be supplied by the
developer in the form of equity.

Range of Values: 0-1.0

Number of Values: One
Units: Fraction
Default: .25

Comments: Note that this 1is not the same as the annual equity fractioms.

The minimum equity fraction represents an overall limitation on the
amount of the borrower's risk capital (equity) during the construction
period. ‘

10. Annual Equity Fractions: A fraction representing the minimum
required equity contribution to capital investment in any given con-
struction year. Not to be confused with the minimum equity fraction
of total investment. : '

Range of Values: 0-1.0

Number of Values: From one to nine values should be provided. One

for each construction year.
Units: Fraction

Default: 0.0 .

11. Equity Rate of Return: The desired rate of return on equity
which reflects the breakeven level of operation. The equity rate of -
return is used to calculate the annual breakeven prices in the break-
even price calculation. '

Range of Values: 0-1.0 .

Number of Values: One for each year of the operating life of the

project.
Units: Fraction

Default: 0.0

Comments: The equity rate of return is multiplied by the equity in
the project to determine the cash flow required. This result is used
to calculate the breakeven price. Equity Rate of Return values for
construction years are ignored by the model.
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12. Principal Payments on Debt: The annual debt retirement payments
made during the project operating life.

Number of Values: One value for each year of the life of the loan.
Units: Thousands of dollars ,

Default: Equal principal payments for the length of time the power-
on-line year and the end of the loan life.

Example: Consider a project whose base year is 1979 and power-on~-line
is 1982, The project life and loan life are assumed to be 33 and 30,
respectively. The construction period therefore, is three years. The
plant begins operating in 1982 and continues through 2012. Note that
in 1982 the debt has twenty-seven years of life remaining while the
plant has thirty years left. The default for each principal repayment
will be 1/27th of the initial debt balance at power-on-line. Note
that during the final three years the loan has been fully paid up and
retired. Version 5.0 of the model has a constant payment debt amortiza-
tion option (See 2.4.12). .

13. Debt Interest Rate: Interest rate on the loan.

Range of Values: 0-1.0

Number of Values: One for each year of the life 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 to DOE to cover
administration and build-up of reserve fund for coverage of defaults.
Range of Values: O0-1.0

Number of Values: Omne

Units: Fraction

Default: 0.01

15. Sinking Fund Deposits: The amount of money to be deposited in

an account used to accumulate capital for replacement equipment. If

no sinking fund is being used, this variable may be ignored.

Number of Values: One for each year of the operating life of the
project.

Units: Thousands of dollars

Defaults: Defaults are calculated by financial module, and are intended
to accumulate sufficient funds for all future replacements.

16. Sinking Fund Interest Rate: The before tax rate of return on
the accumulated capital in the sinking fund.

Range of Values: 0-1.0

Number of Values: One

Units: Fraction

Default: .10
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17. General Inflation Rate: The escalation rate for other
operating costs and salvage values.
Range of Values: 0-1.0

| Number of Values: One for each year of the project life,
Units: Fraction '
Default: 0.0

18. Escalation Rate for Capital Costs: Rates reflecting the increase
in the costs of capital accounts.
Range of Values: 0-10
Number of Values: One for each year of the project life for each
capital account. ‘
Units: Fraction
Default: 0.0
Comments: Each capital account has a separate annual escalation factor.
- See Capital Accounts Variables.

19. Escalation Rate for Market Price of Electricity: A rate which

reflects the annual change in the market price of electricity.

Range of Values: 0-1.0

‘Number of Values: One for each year of the project life.

Units: Fraction

Default: 0.0

Comments: This value should be zero if a fixed price is assumed

Using zeroes during the construction years will result in the prigce
| of electricity not being escalated until the end of the first year
| of operation.

20. Escalation Rate for the Fluid Price: A rate which reflects the
r'annual change in the market price of geothermal fluid.

Range of Values: 0-10

Number of Values: One for each year of the project life.

Units: Fraction

Default: 0.0

Comment: This value should be zero if a fixed price is assumed. Using

zeroes during the construction years will result in the price of .

geothermal fluid not being escalated until the first year of operation.

21. Escalation Rate of Overhead and Maintenance (0&M) Costs: Rate
which reflects the annual change in O&M cost.

Range of Values: 0-1.0

Number of Values: One for each year of the project life.

Units: Fraction

Default: 0.0

l NOTE: The model calculates escalation at the end of the year.
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22. Discount Rate: The rate at which cash flows 'are idiscounted to
levelize the break-even prices and to determine the discounted cash
flow rate of return at a given market price.

Range of Values: 0-1.0

Number of Values: One for each year of the project life.

Units: Fraction

Defaults: . 0.0

23. State Property Tax Rate: The rate at which property taxes are
assessed on the assets of the project. The property tax base is equal
to the book value of the project. (i.e., undepreciated portion of all
capital investments).

Range of Values: 0-1.0

Number of Values: One for each year of the project life.

Units: Fraction

Default: 0.0

Comment: No property taxes are assessed during the construction
period. The values entered for these years will be ignored.

24, Royalty Rate: The portion of revenue paid as royalties.

Range of Values: 0-1.0

Number of Values: One for each year of the project life.

Units: Fraction

Default: 0.0 _

Comments: This applies to both power plant projects and field projects.

25. Federal Income Tax Rate: Rate of federal income tax paid on
income earned by the project.

Range of Values: 0-1.0

Number of Values: One for eacy year of the project life.

Units: Fraction

Default: 0.0

26. State Income Tax Rate: Rate of state income taxes paid on
income earned by the project.

Range of Values: 0-1.0

Number of Values: One for each year of the project life.

Units: Fraction

Default: 0.0
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27. TFederal Tax Credit Rate: Rates for each of the five capital
accounts representing the fraction of any annual investments which

may be taken as an investment tax credit.

Range of Values: 0-1.0

Number of Values: One value for each year of project life for each

capital account.
Units: Fraction

Defaults: 0.0

28. Depletion Allowance Rate: The fraction of revenue that may be
deducted from income taxes as an allowance for depletion of the
geothermal resource.

Range of Values: 0-1.0

Number of Values: One for each year of the operating life of project.
Units: Fraction

Defaults: 0.0
Comments: This value is ignored when the project is a power plant.
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PUGIRCT MANE - SAMPLE
PROJPCT TYPE - POURR PLART

GLGP CASN FLO¥ MODEL
CONSTRUCTION PERYOD #F1.1

PINANCYIAL CASE NARP = SAMNPLE
PINANCIAL STPUCTORE ~ TAXABLE ENTITY
. 1

. i
YEAR CONSTRUCTION ANROAL ANNUAL ANNOAL ANNOAL CUNDLATI¥YE  CUROLATIVE
CosT INTEREST DOE . PER DEB? BQUITY DEBT PQUITY
. ! '
SOKK COSTS 4000.0 0.0 0.0 0.0 4000.0 0.0 4000.0
1 - 19430 11550.1 ‘ 1294.% 57.5 117481.0 1160.8 11781.0 5160.8
2 - 1981 38111.9 95045.0 838.0 112239.3 36166.0 123980.2 51326.8
®ORF Cip.* 5017.6 .
TOTAL » 58679.6 10798.1 . 8495.6 123980.2 81326.8

% - WFORKYNG CAPITAL INVESTHRNT MADE DURING TRE POURTH QUARTER OF THE PINAL CONSTROCTION YEAR.

+

CCNSTRUCTION. BODGR™ (KS$S/1980):

= 0.250

SOYX EQUITY COSTS = 1000.0 AININON EQUITY PRACTION
2nOJECT CARITAL CoST = 49662.0 DOE FEE . = 0,010
POAKING CAPT*AL = 5017.6
TOTAL (LESS PINANCING) = 58679.6
DOE PEE'S AND IWTLREST = 11293.6 .
TOTAL CAPITAL COST = 69973.2
N ' R
YEAR INTEREST INVESTAENT ANUUAL %e&
RATE BREAKDOWN TAX LOSSPES
1 - 1980 0.180 0.250 1351.6
2 - 1981 0.180 - 0.750 9982.0

*% -~ ANNOAL *AX LOSSES INCLODE COASTROCTION PERIOD DRY HOLE EXPERSES, EXPLORATION COSTS,

INTANGYIBLE DRILLING COSTS, DOE PERS , AND INTEREST.

FIGURE 5-6
FIELD AND POWER PLANT DESIGNS, FINANGIAL
CONSTRUCTION PERIOD REPORT

2QUITY
PRACTION
1.000

0.305
0.250
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PROJECT NAMNE - SAMNPLE

PROJECT TYPE — POWE? FLANT

YEAR

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

[ 2 T T A Y T I B B |

* - THECRETICAL OUTPUT
AVERAGE CAPACITY FPACTIOER

P.P. NET * PRICE** SALES
(K-8WH) X (EIL/KWH) = REVENOD
219.1 175.6 38486.2
394.5 196.7 775608.1
39.5 220.3 86898.7
394.5 246.7 97326.5
394.5 276.3 109005.6
394.5 309.5 122086.2
394.5 346.6 136736.6
394.5 388.2 153144.9
394.5 n34.8 171522.2
394.5 487.0 192104.9

AVERAGE OUIPUT

%% - MARKET PRICE ESCALATED

GLGF CASH FLGW HODEL

OPERATIOR PERIOD REPORT
SARKET PRICE - REVENUPR REEORT
PIRARCIAL CASE NANY® - SANPLE
FINARCIAL STRUCTURE - TAXABLE

SALVAGE
E ¢ REVENUE

o.

TOTAL

304866.2
77588.1
86898.7
97326.5
109005.6
122006.2
136736.6
153144. 9
171522.2
192104.9

#F2.1

ENTITY

OPERATING
EXPERSES

52362.2
80772.6
86747.8
939168.6
102941.2
121152.1
129828.7 -
142952.1
159101.0
178399.7

438.3 K-NWH/YEAR (ASSUMES A CAPACITY FACTOR OF 100%)

86.0 %
376.9 K-nWh/

AT AYERAGE ANRNOAL RATE OF

YEAR

FIGURE 5-7

12.0 2

FIELD AND POWER PLANT DESIGNS
MARKET!'PRICE 'REVENUE''REPORT

BEFORE TAX
IRCONE/LOSS

-13876.0
-3184.5
150.9
3408.0
6064.5
934.2
7307.9
10192.9
12421.3
13705.3
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- PROJECT™ WANE -~ SAMNPLF
PROJECT TYPE - POWER PLANT

YEAR

1982
1693
1984
1585
1936

1933
1999
1990

-l
CQOI OV EW

- ah
N =~

* - THSOPETICAL OJTPQ™
AVFRAGZ CAPACITY FACTOR
AVERAGE OUTPOT

1997

1991

P.P. NET = PRICU** SALES
(K-H7) X (MIL/KHH) = REVENOE <+ REVENUE
219.1 336.2 73668.1 0.0
394.5 321.3 126703.6 0.0
394.5 383.0 135313.1 0.0
394.5 356.9 140768.8 0.0
394.5 427.6 168683.9 0.0
394.5 338.8 133496.6 0.0
394.5 390.10 153987.7 0.0
-39h.5 400.0 157786.2 0.0
393.5 .308.0 119904,2 0.0
394.5 295.8 116665.2 0.0

BREAKEVEX PRICE - REVERUE REPORT

n [

GLGP CXSH FLOW NODEL

OPFRATION PERYIOD REPORT #F3.1

PINANCIAL CASE NAME - SANPLE

PINARCYAL STRUCTURE - TAXABLE ENTITY

SALVAGE

TOTAL

REVENUE

73668.1
126783.6
135313.1

140768.8

168683.9
133496.6
153987.7
157786.2
119904,2
116665.2

OPERATING
EXPENSES =

63359.4

78424, 1
24404, 6
70274. 1
67995.2
73181.%
66257. 1
61729.0
56299.9

. 58143.8

LEVPLIZ®D BREAKERVEN PRICE (CONSTANT-CURRENT DOLLARS) =351.6 NILLS/KSH

LEVELIZZD BREARKEYEN PRICE (1980 DOLLARS)

ASSUMES AN AVERAGE ANNUAL PRYCE ESCALATION OF

®ab

FIG

URE 5-8

=178.0 MILLS/KRH

[N

12.0 % BEGINNING IN 1980

FIELD AND POWER PLANT DESIGNS, FINANCIAL
OPERATIONAL BREAKEVEN PRICE REVENUE REPORT

$38.3 X-MWH/YEAR (ASSUMES A CAPACITY PACTOR OF 100%)
86.0 %
376.9 K-MWH/YEAR

BEFORE TAX
“INCOME/LOSS

10308.7
48319.6
60908.4
0494.7
100688.5
60315.2
87730.6
.96057.2
6360u.1
62521.4
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PROJECT NANE ~ SANPLE
PROJECT TYPE -~ POWER PLANT

Y®AR

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

BEFORE TAX
INCOME/LOSS

~29442.6
~16687.5
-11280.9
-5961.6
-1441.0
-7643.9
903.0
6024.6
9707.6
11521.5

TAX LOSS
= FORRARD =

11521.5

GLGP ChS1 PLOW MODEL
OPERATION PPRIOD KEVORT #F2.2

SARKET PRICE ~ INCOME TAX REPORT

PINANCYAL CASB HANE -~ SANPL®
VINANCIAL STRUCTURE - TAXABLE ERTITY

TAKABLE &+ INCONE TAX INCONE TAX TRXES

INCONE ** LIABILITY - CREDITS = PAID

~-29442.6 &= 0.0 0.0 0.0

-16687.5 ** 0.0 0.0 0.0

-11280.9 *= 0.0 0.0 0.0

~5961.6 as 0.0 0.0 0.0

-1441.0 ** 0.0 0.0 0.0

=7643.9 =% 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 0.9 0.0

0.0 *+ 0.0 0.0 0.0
FIGURE 5-9

FIELD AND POWER PLANT DESIGNS
MARKET PRICE INCOME TAX REPORT

BEPORF TAX
IKCONME/LOSS

-29442.6
-16687.5
-19280.9
-5964.6
-14481.0

-7683.9 -

903.0
6028.6
9707.6

1152195

TRXPS
PAID

0.0
0.0

APTER TAX
INCON2/L08S

-29482.6
~16687.5
-11280.9
~5961.6
-1841.0
-7643.9
903.0
6024.6
9707.6
11521.5
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PROJECT KRAE - SANPLE
PROJECT TYPR ~ POYER PLANT

TEAR

1932
1983
1984
1985
1986
1987
1983
1939
1990
1991

[ T N 2 P I I B IO |

BEFORE TAX
INCOME/LOSS

10508.7
48319.6
60908. 4
70894.7
100608.5
60315.2
87730.6
96057.2
63608.4
62521.8

"AX LOSS
< PORWRRD =

10308.7
985.0

GLGP CASH 7LOY. MODEL
OPTYRATION PERIOD REPORT ¢F3.2

BR¥AKEVEN PRICE - INCONE TAX REPORY

TAXABLE
INCONE

‘0.0
47334%.6
60508.4
70894.7

100688.5
60315.2
87730.6
96057.2
63604.8
62521.8

FPINANCIAL CASE ¥ANE - SAMPLE
PINANCIAL STRUCTURE ~ TAXABLE EBRTITY

"
(L

L X
L L
L1
L1
L]
o
=k
"R
=8
xR

THCONE TAX  INCONE TAX
LIABILITY = CREDITS =
0.0 0.0
23951.3 0.0
30819.6 0.0
35670.3 0.0
50948.4 0.
30519.5 6191.0
44391, 7 0.0
48505. 0 0.0
32183.8 0.0
31635.8 0.0
FIGURE 5-10

TAXES
PAID

0.0
23951.3
30819.6
35670.3
50948, 8
28328.5
88391.7
48605.0
32183.8
31635.8

F

"
-k

L4 4
L2
»e
&
e

L2
"
L1 ]
L2

BEFORFE TAX
INCONE/LOSS

10308.7
88319.€
60908.4
704937

100688.5"
60315.2
87730.6°
96057.2
63608, 4
625214 .

FIELD AND POWER PLANT DESIGNS, FINANCIAL
OPERATIONAL BREAKEVEN PRICE INCOME TAX REPORT

TAXES

= PAID

- 0.0
23951.3
30819.6
35670.3
50948.4
28328.5
84391.7
88605.0
32183.8
31635.8

APTER TAX
INCONE/LOSS

19308.7
21368.3
30068.8
35828.4
49740.1
35986.7
43338.9
07452.3
31420.6
30885.6
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GLGP CASH YLOYW MOOEL

OPERATION PERIOD PPPORT

$72.3

MARKET PRICY - CASH FLOW REPORT

PROJECT™ NANE - SANPLE
PROJECT TYPE ~ POWRR PLANT

PINANCTIAL CASE NAME - SANPLE
PINANCIAL STRUCTURE -~ TAXABLE ENTITY

FOND OTHER CAP.#* NET CASH

-  DEPOSIT - INVESTHERTS = PLOW

YZAR AFTER TAX CAGH * TAX LOSS DEBT GROSS CASH SINK.
INCOME/LOSS o SOORCES ¢+ FORWARD - RETYREMENT = FLOW
3 -~ 1982 -29482.6 15962.7 0.0 15497.5 -28977.4 6148.7
4 - 19393 -16687.5 137€3.0 0.0 15497.5 -18422.0 6148.7
S - 1984 -11280.9 11563.3 0.0 15497.5 -15215.1 6148.7
6+~ 1935 ~5961.6 9363.7 0.0 15497.5 ~12095.5 6148,.7
7 - 1986 -1461.0 7164.0 0.0 15497.5 -9774.5 6148.7
8 - 1987 -7643.9 16275.6 0.0 15497.5 -66865.9 a.0
9 -~ 1988 $03.0 10430.0 903.0 15497.5 -3261.5 0.0
10 - 1989 6024.6 7822.5 6024.6 15496.7 8374.9 0.0
11 - 1990 9707.6 5215.0 9707.6 0.0 28630.3 0.0
12 - 99 11521.5 2607.5 11521.8 0.0 25650.5 0.0

DISCOIRTED CRSH FLOW RATE OF RETORN = -14.8 % (BASED ON HONINAL CASH FLOUS)

[ X-X-2-2-X-X-E-N-X'}

- X-2-3X-X-X-N-E-¥- ¥

-35126.1
-24570.7
~21363.8
-18248.2
-15923.3
-6865.9
-3261.5
8374.6
28630.2
25650.4

= =26.6 % (BASED ON PRESENT VALUE OF CASH PLOWS IN 1980 DOLLARS)

* - CASH SOURCES INCLODES ALL TAX DEPRECIATION, DEPLETION ALLORANCES, INTANGIBLE DRILLING COSTS, AND DRY ROLE EBXPENSES.

‘we — QTHER CAPITAL INVESTHMENTS INCLUDE ANNOAL REPLACEMERT WELL INVESTNERTS, ®WAK®-0P WELL INVESTHENTS, AND FUNDS REQUIRED

TO COVER ARY SINKING FOND SHORTPALLS.

FIGURE 5-11

FIELD AND POWER PLANT DESIGNS, FINANCIAL

OPERATIONAL MARKET PRICE CASH FLOW REPORT
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GLGP CASH PLOW hODEL
OPERATION PFRICD REPORT " 4P3.3

BREAKEVEH PRICE - CASR FLOW REPORY

.

PROJECT NANE -~ SANPLE FINARCIAL CASE Man® -~ SANPLE
PROJECT TYPPE -~ POWER PLANT FINANCIAL STRUCTORE ~ TAXABLE ENTITY
-«
YERR AVTER TAY CASH * ' TAX LOSS DERT GRLGSS CASH SINK, POND OTHER CAPs®* NET CASH
INCONE/LOSS + SOURCES + FORWARD <~ RETIRESENT = PLOR -~ DEPOSIT = INVESTHENTS = PLOR

- 1982 10308.7 159627 10308.7 15497.5 210682,.6 6148,7 0. 14933.9
- 1983 24368.3 13763.0 985.0 15497.5 23618,7 - 61488.7 0.0 17470.0
- 1984 30088.8 11563.3 0.0 15497.5 26158.6 6148.7 0.0 © 20005.9
- 198§ 3un2n.8 9363.7 0.0 15897.5 28690.5 6148,.7 0.0 22541.8
- 1986 49780.1% 7164.0 0.0 15497.5 81506.6 6148.7 0.0 35257.9
- 1987 35986.7 16275.6 0.0 15497.5 36764.8 0.0 0.0 367648.7
- 1988 %43338.9 10430.0 0.0 15497.% 38271.4 . 0.0 0.0 38271.5
- 1939 87852.3 7€22.5 0.0 15896.7 39778.1 0.0 0.0 39778.0
- 1990 31423.6 5215.0 0.0 0.0 36635.5 0.0 0.0 36635.6
- 1991 30885.6 2607.5 0.0 0.0 33493.1 0.0 0.0 33893.1

-
- J.d
NSOWDJINIDRW

DISCOONTED CASH *1LOR BATP OF RETORN = #9.8 % (BASED OY NOMINAL CASH PLOWS)

"= 28.5 % (BASED Of PRESENT VALUE OF CASH PLOWS IN 1980 DOLLARS)
* - CASH SOURCES YHCLIDES ALL TAY DEPRECIATYON, DEPLETION ALLOWANCES, INTANGIBLE DRILLING COSTS, AND DRY ROLE EXPENSZS,

*x - OPHER CAPITAL INVESTMENTS INCLUDE ANHROUAL REPLACEMENT WELL IK'BSTH!HTS, MAKE-OP WELL I!V!STHBHTS, ARD PUXDS REQUIRED
- TO COVER RNY SINKING FOND SHORTPALLS.

FIGURE 5-12
FIELD AND POWER PLANT DESIGNS, FINANCIAL
OPERATIONAL BREAKEVEN PRICE CASH FLOW REPORT
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PROJRCT NANE -
PROJECT™ TYPE -

YEAR NET
CASE FLOW
1980 -5160.8
1981 -36166.0

1982 ~-35126.1
1983 -24570.7
1984 ~21363.8
1985 ~18244.2
1986 -15923.3
1987 - ~6865.9
1998 -3261.5
1989 n374.8
1990 24630.2
1991 25650.4

GLGP CASH FLOW NODEL -
OPFRATION PERIOD RRPORT #P2.4

NARKET PRICE ~ CASH PLOW PA®TERN REPORT

SA%PLYE FINANCIAL CASE NANE - SANPLE
POVER PLANT FINANCIAL STRUCTORE -~ TAXYABLE ENTITY

SON OP NET CASH PLOWS sun

CASH FLORS DISCOUNTED DISCOUNTED
-5160.8 -5160.8 ~5160.8

-41326.8 -31177.6 ~-36338.4

-76452.9 -26100.% -62442.8
-101023.6 ~-15741.4 -78484.2
~122387.4 ~-11799.0 -89983.2
-140631.6 -8686.3 -98669.4

-156554.8  -6535.6 =-105205.0
-163120.7  -2429.8 -107634.3
~166682.2 ~994.9 -108629.1
-162307.4 1150.4 -107478.7
-137677.1 5563.3 -101895.4
-112026.6 5012.5  -96882.9
FIGURE 5-13

FIELD AND POWER PLANT DESIGNS ;
MARKET PRICE CASH FLOW PATTERN REPORT
TAXABLE OWNERSHIP

ONUSED TAX BENEPITS

TAX LOSSES TAX CREDITS

1351.6
9039.0

23410.1
6979.8
0.0
5720.9
1441.0
76481.9
0.0

0.0

0.0
0.0

0.0
o‘o
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DROJECT HANE -
PROJUCT *YDT -

YEAR

1980
1981

1982
1983
1984
1985
1986

1987

1988
1989
1990
1991

ner
CASH PLOW
-5160.8
-36166.0

-34535.8
-23%80.4
«20773.5
-17653.9
-15332.9
-6865.9
~81€8.6
~-1649.7
14922.6
18128.9

SARPLE

POYER PLANT

GLGP CASR PLOW NODEL
OPEFATIOR PPRIOD REPORT #P2.%

RARKET PRICE -~ CASH FLOW PATTERN KEPORT

PINANCIAL CASE WAME - SAWPLE

L L

PIRANCYIAL STRUCTURR ~ NOR-TAXABL® ENTITY

S0h OF NET CASH PLOWS Son

CASH PLOWS DISCOUNTED DISCOUNTED IRCONE

-5160.8  -5160.8 ~5160.8 ) 0.0

-41326.8 -31177.6 ~-36338.% . 0.0
-75862.6  ~-25665.7 -62004.1 -13379.9

-99342.9 ~ ~15363.2 -77367.2 . ~2928.5
-120616.84 =-11473.0 -88840.2 282.4
-138270.2 - -8805.2 ~97245.4 3802.1
-153603.1 -6293.3 -103538.7 5723.0
~160869.1 -2429.4 ~ -105968.0 . 8631.6
-164633.6 -1270.3 -107238.2 11333.0
~166283.3 -433.8 - -107672.0 ‘ ~ . 13847.0
-151360.7. 3382.7 -104289.2 18922.6
-137231.7 2761.0 -101528.2 15128.9

FIGURE 5-14

1351.6
9942.0

15962.7
13763.0
11563.3
9363.7
7164,0
16275.6
10430.0
7822.5
5215.0
2607.5

FIELD AND POWER PLANT DESIGNS, FINANCIAL
OPERATIONAL MARKET PRICE CASH FLOW PATTERN

FOR TAX EXEMPT OWNERSHIPS

LINYITED PARTNERSHIP TAX BENEPITS
DPR/DPL/IDC TAX CREDITS

0.0
o.o
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PROJECT NANE - SAMDLE

PROJECT TYPE -~ POWRR PLANT

YZAR

ROYALTIES

3 - 1982 1924.3
8 - 19483 3879.4
5 - 1934 43n4.9
6 - 1985 486€.3
7 - 1986 5450.3
8 - 1937 6%04.3
9 - 1938 6836.8
10 « 1599 1657.2
11 - 1990 8576.1
12 - 1991 9605.2

O&N/0THER
COSTS ¢+
2769.7
3102.1
3478.4
3891.3
4358.2
8801.2
5467.0
6123.0
6857.7
7680.7

PUEL
COST +
27452.1
56331.7
64218.1
73208.6
83457.7
95141.7
108461.5
123646.0
1809%6. 3
160690. 1

GLGP CASH PLOW MODEL

OPERATION PERIOD REPORT

$F2.5

MARKET PRICE - OPERATING EBXPENSE REPORT

FINANCIAL CASE HAME - SAMPLS
PINANCIAL STRUCTURE - TAXABLE ENTITY

INTEREST
cosST ¢+
17725.3
15400.6
13076.0
10751.3

8426.7
6102.0
3777.4
1452.8
0.0
0.0

poe TAX
PER + DEPREC. ¢
1162.3  15962.7
1007.3  13763.0
852.8  11563.3
697.4 9363.7
542.4 7168.0
387.4  16275.6
232.5  10830.0
0.0 7822.5
0.0  5215.0
0.0 2607.5

FIGURE 5-15

PROPERTY
TAYES ¢
932.4
791.5
650.6
509.7
1047.5
838.0
628.95
§19.0
209.5
0.0

IDC/DRE ¢
0.0

Gc:c:c:c:s:s:s;s
- X-X-X-¥-N-¥-%-¥-J

FIELD AND POWER PLANT DESIGNS, FINANCIAL

OPERATIONAL MARKET PRICE OPERATING EXPENSE REPORT

3]

DE2LETION

OPERATING

ALLOWANCE = BYPERS®S

0.0

[ E-E-N-2-X-N-¥-¥-]

e 5 0 2 » b & b

-X-N-N-R-N-¥-¥-¥-1

67928.8

94275.6

98179.5
103288.1
110846.6
129730.2
1358313.5
147120.4
1618168.6
1805383.4
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PROJECT NANE = SANPLE

PROJECT TYPE - POWER PLARNT

YEZAR

1982
1983
1964
1985
19€&
1987
1998
1989
1990
1991

STARTING
BALANCE

0.0
6852.8

PR

GLGP CASH FLOW MODEL
OPERATION PFRIOD REPORT #F2.6

L2 1

MARKET PRICE - SINKING POND ACTIVITY £ INVESTHENT REPOR?

PINANCIAL CASE NANE - SANPLE

PINANCIAL STROCTURE - TAXABLE ENTITY

SINK. FOND SINK. PUNKD SINX. FOND SINK. POND  PINISHING
® DEPOSITS ¢ IRTEREST -IWCONE TALES-WITHDRAWLS = BALANCE

6€1488.7
6188.7

614.9 311,94 0.0 6852.4
1260.1 637.6 0.0 13223.6
1937.2 980.2 0.0 20329.3
2647.8 1339.8 0.0 27786.0
0.1 0.0 33933.9 0.9
0.1 0.0 0.0 0.9

. 0.9 0.0 0.0 0.9
0.1 0.0 0.0 1.0
0.1 0.0 0.0 1.0
0.1 0.9 0.0 1.1

FIGURE 5-16

=« SI¥K. PUND

** INYRSTHENT

L L]
"
L1 J
L1
s
L2
L4
L L]
&%
.

33933.9
0.0
0.0
0.0
0.0

FIELD AND POWER PLANT DESIGNS, FINANCIAL
OPERATIONAL MARKET PRICE SINKING FUND

ACTIVITY AND INVESTMENT REPORT

0.0
0.0
0.0
0.0
0.0
0.0
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GLGP CASA PLOW HODEL

FINANCIAL CASE IBPUT DATA DORP REPORT

FINANCIAL CASE NABE - SANFLE

VARITABLES 1 - BASE YEAR
1980

VARIABLES 2 - PCWER-OMN-LINE YEAR
1982

VARIABLES 3 - PROJECY LIPE
12

VARIABLES : - LCAN 1IXFE
0

VARIABLES S ~ WCRKING CAPITAL - (K$)
4000.000
'A?IABLE; % ~ BLECTRICITY WARKET PRICE ~ (BILLS/KWH)
140.000

vaarnnng; 7 - PLOID NARKEY PRICE - (NILLS/KWR)
.000

VARIABLES 8 - CAPACITY FACICH
CONSTRGCTION PERICD -
0.0 0.0

OPERATING LIPE - )
0.500 0.900 0.900 0.900 0.900

VARIABLES g ~ BININONM TOTAL EQUIIY PRACTION
0

YARIABLES 10 ~ NININOM ANNUAL EQUITY FPRACIION
0. 100 0.100

VARIABLER 11 - BQUITY RATE OF REYORN
CONSTROCIION ERRICD -

.0 .
QPERATING LIPE -
0.300 0.300 08.300 0.300 6.300

FIGURE 5-17

0.900

0.300 -

0.900

0.300

DATA DUMP FROM FINANCIAL MODULE

0.900

0.300

v

0.900

0.300

0.%00

0.300
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?IN!NC!IL CASE INPOT DATA DUNP REPORT

GLG? CASH FLOU HCDEL

PINANCIAL CASE WANE - SANPLE

VARTABLES 12 - PRINCIPAL PAYNENTS
CONSTRUCTION PERIOD -
0.0 0.0

OPERATING LIFE -~
0.0 . 0.0 0.0 0.0

YARYLERLES 13 -~ DEBT INTEREST RATE
CONSTRUCTION PPRIOD ~

0.180 0.180
OPCEATING LIFE - .
3.150 0.v50 0.150 0.150
VARTIABL®® 1% - DOR USER PEE RATE
0.010
VASIABLE® 15 - SINKING POND DEPOSITS
CORSTRICTION PERIOD -~
0.0 0.0
OPERATING LIPY - :
0.0 6.0 6.0 0.0

VARIABLE® 16 - STNKING POND INTEREST RATES
0

-

VAPILELER 17 - ESCAIATION RATE POR OTARR COSTS
COYSTROCTION PRPIOD -
C.120 0.120

OPYRATING LIPE -

0.120 0.120 0. 120

0.120

| DATA DUMP’ FROM FINANCIAL MODULE -3

0.0 0.0
0.150 0.150
0.0 0.0
" 0.120 0.120
HGUBE547

(CONTINUED) B

»

0. 150

0.0,

0.120

0.0 0.0
0.150 0.150
0.0 0.0
0.120 0.120

0.0

0.150

0.0

0.120
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VAPIABLES 18 - ESCALATION

CAPITAL CATEGORY § 1
CONSTROCIION PERIOD -
0.160 0.160

OPERAYING LIPF -
0.160 0.160

CAPITAL CATEGORY # 2
CONSTRUCTION PERICD -~
0.160 0. 160

OPERATIRG LIFPE -
0.160 0.160

CAPITAL CATEGORY # 3
CONSTRUCTION PERICE -
0. 110 8. 110

OPERATING LIPE -
0.110 0.110

CAPITAL CATEGORY § &
COBSTRUCIION PERICD -
0.110 6. 110

OPERATING LIFE ~
0.110 0.110

CAPITAL CATEGORY # ©
CORSTROCTION PERICD -
0.0 0.0

OPERATING LIPE -

YARIABLES 19 ~ ESCALATION
CONSTRUCTIION PERICD -
0. 120 0.120

OPERATING LIPE -
0.120 0.120

PINANCIAL CASE INPUT DATA DONE REPORT

GLGP CASH FLOW nODEL

PINANCIAL CASE NANE - SaNPLE

RATES FOR CAPITAl CCSTS

0.160

0.160

0.110

0.110

0.0

0.160

0.160

0.110

0.110

0.0

-
.

PATE FOR ELPCTRICITY MARKET PHICE

a.120

06.120

DATA DUMP'FROM FINANCIAL MODUL

0.160 0. 160
0.160 0. 160
0.110 0.110
0.110 0.110
0.0 0.0
0.120 0.120
FIGURE 5-17

" (CONTINUED)

0.160

0. 160

0.110

0.110

0.120

£

0.160

0.110 .

0.110

0.0

0.120

0.160

0. 160

8.110

0.110

0.0

0.120

0.160

0.160

0.110

0.110

0.120
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GCFM FINANCIAL ANALYSIS EQUATIONS

Thié appendix documents the major calculational approaches
used in the Geothermal Loan Guaranty Cash Flow Model financial
routines.

The subjects covered are:

I. Annual Accounts

Ya. Annual Revenue

Ib. Annual Operating Expenses
Ic. Annual Taxable Income

Id. Annual After Tax Income
Ie. Annual Cash Flows

II. Breakeven Prices

Ila. Annual Breakeven Price
IIb. Levelized Breakeven Price -

III. Discounted Cash Flow Rate of Return
IV. Sinking Fund Calculations

V. Salvage Value




Ia Annual Revenue

(a-1) R, = P,C,Q (0.36525) (24) + S,
Where:

P, = annual sales price (mills/kwh)*

C, = annual capacity factor

Q = sales output (MWe),**

Si = annual salvage revenue;

R, = total revenue, and

i = current year.

#*The annual sales price for the market price calculations is deter-

mined using the base year market price and a market price escalatiomn

factor. The annual prices in the breakeven price case are derived
by reviewing the entire cash flow calculation.

*#The factor (.36525) (24) comverts Mi_ into 10> Mih.

A-4

Revised June 29, 1981
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Ib Annual Operating Expenses

(A-2) OCi = M1 + Fi + PTi + IDCi + DF1 + INTi + R.OYi + DPRi + DPLi
Wheres
OMi = sum of the annual operations and maintenance costs, and other

operating costs,
F = annual fuel cost,*
PT = annual property tax assessment,**

IDC, = sum of the annual intangible drilling costs and the annual
dry hole expenses,

DFi = annual DOE user fee, ®
’INTi = annual interest costs,

ROY, = annual royalty paid on revenues,

DPRi = annual tax depreciation,®**

DPLi = annual depletion allowance,***%

OCi = total annual operating expenses, and

i = current year. |

*The cost of fuel refers to either the power plant fluid costs or
the field's electricity costs.

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

**%*%Tax depreciation is accelerated using the sum of the years
digits method.

**k*Depletion is calculated using the percentage depletion method.

Revised August 10, 1981




Ic Annual Taxable Income

(A-3) TXI, = R, - OC

i i i
Where:
Ri = annual revenue,
OCi = annual operating expenses,
TXIi = annual taxable income (loss), and
i = current year.

If the resulting value TXI, in equation (A-3) is greater than zero,
the model determines whether tax losses exist for previous years.
If they exist, they are carried forward reducing the current year's
taxable income. (See Equation A-4). If the TXI, value represents
a loss (negative), the value is placed in the unised tax losses
account. and carried forward for up to seven years.

(A-4) O = TXI, - TLF

i i

Where:

TXIi = annual taxable income,
TLEi

annual tax loss brought forward, and

i

current year.

The taxable income (Equation A-3) is restated to reflect the tax loss
carry forward as follows:

- = - - >
(A-5) TXIi Ri OCi TLFi 0

Revised June 29;A198l



Id 'Annual After Tax Income (Loss)

The annual taxable income CTXIi) is greater than zero the model
calculates a tax liability, otherwise, the tax liability is assumed
to be zero,

(A-6) A.TIi = TXIi a - ETi) + TCi

Where:

TXIi = annual taxable income,

ETi + annual effective tax rate,

TCi = annual investment tax credit,

ATIi = annual after tax income, and

i = current year.

(A-62)ET, = FIR, + STR, —(FTRi)'-(STRi)
Where: '
ETi' - annual effective tax rate,
FTR, = annual federal income tax rate,
S'I'R1 = annual state income tax rate, and
i = the current year

Revised June 29, 1981




(A-6b) TXL = TXI, (ET,)

i
Where:
TXLi = annual tax liability
'I’XIi = annual taxable income
ETi = annual effective tax rate, and
i = current year.

Tax Credits
In any tax year the model calculéfes the investment tax credit
as the lesser of the income tax liability or $25,000 plus 50% of the
fax liability in excess of $25,000. Any unused credit will be
carried forward to the seven suceeding vears or until it is used.
If unused at the end of seven years the credits afé lost.

(A-6¢) TXPDi = TXL, - TC

i i
Where:
TXPDi = annual taxes paid.
TXLi = annual tax liability,
TCi = annual tax credits, and*
i = current year.

%

Tax Credits are computed as a percentage of each years capital
investments. Note power plant computed costs include labor costs
which are not tax creditable. Appropriate adjustments should be made.

A_7nl
Revised June 29, 1981
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Ie Annual Cash Flows

(A~7) CF, = A.TIi + TCS, + TLF, - PMT, - INV, - SFD

i i i i i i
Where:
CFi =  annual net cash flow,
ATT, = annual after tax income (loss),
TCSi = annual total cash sourcesff .
TLFi = annual tax loss carried forwardf**
PM.Ti = annual debt retirement payment (principle only),
SFDi = annual sinking fund deposit,
INVi L= annual non sinking fund investment, and
i = current year;

*

Cash Sources Values on output reports F2.3 and F3.3 are
equal to the sum of depreciation, depletion, and
intangible drilling costs.

**Tax depreciation is calculated using the sum of the
years digits method.

***Tax losses are carried forward for up to seven years.

Cash Flow Patterns - Financial Reports F2.4 and F3.4
detail the annual cash flows, the sum of these cash
flows, the present value of each annual cash flows
in base year dollars and the sum of the present
value of the cash flows in base year dollars.

Revised June 29, 1981
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IIa Annual Breakeven Price

The annual breakeven price in each year 1s defined as that price
which will cover all operating expenses and yield the desired after
tax return on equity; The model calculates a breakeven cash flow
which equals the equity value of the project multipled by the equity
rate of return. This annual breakeven cash flow is the after tax
return from which each annualibréakeven price 1s calculated.

Before making these calculations, we first define the initial

equity value at the power-on-line date as the total capital cost

minus the amount of debt financing. The subsequent annual equity

values are calculated as follows:

(A-8) E, = E, 1= BDPi + INV, + PM.Ti
Where:
'Ei, = annual equity value,
BDPi =‘ annual book depreciation
INVi = annual capital investments (rgplacements),
PMTi = annual debt retirement payments (principal
. only), and
i = current year.
A-9

Revised June 29, 1981




The derivation of Equation (A-8) is as follows. The total capital
value is the sum of the debt and equity values. From this we
obtain Equation A-9.

(4-9) C,=D +E

i
The annual change in capital value of the projest is determined
by depreciation and investments. This yields Equation A-10.

(A-10) €, =C, , - BDP, + INV

i
The annual change in the outstanding debt is determined by the
annual debt repayment. This yields Equation A-11.

1-1 ~ PMTy

(A-11) D, =D
The combination of Equations A-9 and A-10 yields Equation A-12.

(A-12) D, +E =D, _, + Ey.y - BDP, + TNV,

which is eqﬁivalent to A~13 and the original equation A-5

(Arl3) Ei = Ei-l - BDP1 + INVi + PMTi
Where:
Ci = annual total capitalization,
Di =  annual debt balance,
Ei =  annual equity balance,
BDPi = annual book depreciation,
INVi = annual capital investments,
PM.Ti = annual debt retirement payment, and
i = current year.

A-10

Revised June 29, 1981



Building upon this definition of equity, we can then derive the

breakeven cash flow and the rate of return in equity as follows:

(A-14) BCF, = E

i
Where:

BCFi

L]
B
&

i

(RORi)

annual breakeven cash flow,
annual equity value,
annual after tax return on equity, and

current year.

Finally, drawing from Equation A-2, A-7 and A~l4, and consoli-

dating variables,

(A-15) ABRi

Where:

| ABRi

-5

the annual breakeven price is calculated as follows:

BCFi - NTDi + OPEi - Si

annual breakeven revenue

non-cash tax deductions [intangible drilling
costs (IDC,), tax loss carried forward
(TLFi), ané annual tax depreciation (DPRiﬂ
out-of-pocket expenses

annual salvage revenue, and

current year.

A-11 .
Revised June 29, 1981




(A-152) ABP = ABR,

Ci(0'36525) (24.0) Q

Where

ABP, = annual breakeven price,
ABRi = annual breakeven revenue,
Ci = annual capacity factor,
Q = net sales output, and

i = current year.

(A-15b) OPEi = OMi + Fi + PTi + DFi + ROYi + TXPi + PMTi + SFDi
- Where: )
OPEi = annual out of pocket expenses,
OMi- = annual operations and maintenance,

Fi = annual fuel cost,

PTi = annual property taxes,

DFi = annual DOE user fee,

RO'Yi = annual royalties paid,

TXPi = annual taxes paid,

PMIi = annual principal payment,
SFDi = annual sinking fund deposits,
i = current year.

A-11.1
Revised June 29, 1981
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IIb Levelized Breakeven Price

As discussed previously, GCFM solves for two distinct levelized
breakeven prices as well as the annualibreakeven price. Figure A-1
presents a comparison of the two levelized breakeven prices with the
annual breakeven price which is derived from Equation A-15. All solid
1ine$ in this figure represent nominal or current dollar values. BPl
is the levelized price adopted by EPRI (EPRI, 1979) and commonly used
by the electric utility industry. BP1 appears in Figure A-l as a
horizontal line which bisects the upward sloping annual breakeven
price. By definition, the sum of the present worth of the annual

breakeven price stream, Mathematically, this is expressed as:

(A-16) Net Present Value _ N P, (Q,) N BP, (Q.)
: = : i i = 1 i
of Revenue Stream — i -1 — 3.1
i=1 (1+42) i=1 (1+a)
Where:
Pi = annual breakeven price,
Qi = annual output (103 Mwh)
al = discount rate,
BP1 = levelized breakeven price (in current dollars),
i = current year, and
N = project life,

For the early years of a project (up to the point where the
annual breakeven price line crosses BPl), the current dollar price
of BP1 will be greater than the actual breakeven price required

in those years. During the later years, however, the price of

A-12
Revised June 29, 1981
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BREAKEVEN PRICES

ANNUAL
BREAKEVEN
PRICE \

.BREAKEVEN
PRICE 2

IN MILLS/KWH (NOMINAL DOLLARS) —

BP

START-UP

FIGURE A-1
BREAKEVEN PRICES

-A-13

PLANT
SHUT-DOWN




BP1 will be lower than the annual breakeven price. The definition

of BPl implies that the present value of the resulting revenue stream
declines over time.

An alternative way of expressing levelized cost is to develop
a smooth curve that approximates the irregular slope of the annual
breakeven price curve. For this reason, BP2 has been developed and
used for comparative purpgses (MITRE, 1977 and MITRE, 1978) to express
a levelized price which escalates at fixed rate but is expressed in

constant rather than current dollars. The mathematical expression

for this approach is as follows:

(A-17) New Present Value N Pi (Qi) = N BPZ(Qi)(i+e)i—l
of Revenue Stream = £Z£ L (1+a)i'l 1< (i+a)i_1
Where:
Pi = annual breakeven price,
Qi = annual output (103 Mwh)
a = discount rate,
e = electricity price escalation factor,
BP2 = levelized breakeven price (in constant dollars),
i = current year, and |
N = project life.

The definition of BP, implies that when BP

2 is escalated by the

2

rate e, the present value of the resulting revenue stream remains
constant.

Although BP. is always greater than BP,, the differences are

1 2°

entirely conceptual and interpretive in nature.

A-14 Revised June 29, 1981.
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Despite the different approaches, both methods would result in
exactly the same ordering of projects by economic preference. There
are philosophical arguments which can be made for using each leveliéing
technique,’depending upon one's frame of reference and the desired
éssumptions about future price escalations. For the purposes of this
model, both levelized prices are provided to enable the user to

determine his own prefefred approach.

A-ll& . 1

Revised June 29, 1981
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IIT DCFROR

To aid in the comparison of various cases both the market price
calculations and the breakeven pfice calculations include calcu-
lations at discounted cash flow rates of return (DCFROR).
Mathematically, this is the same technique for calculating an
intérnal rate of return (IRR), in which the rate of return solved
for is the one which makes the net present Qalﬁe of the project
equal to zero. Two such calculations are performed by the model,

DCFROR1 is a strict textbook calculation. The cash flows (Fig. A-2) are
to be discounted at an unknoﬁq.rate r such that the resulting
present value of the cash flow stream is zero. Equation A-18

represents this calculation.

N , .
(A-18) 0 = 5 CFy

~  (14r,) 11

i=1 "1

where
i = current year,
N = project life,

CF, = annual cash flow, and

0
]

DCFRORl.

This represents a nominal (including inflation) rate of return.
DdFRORZ is a discounted cash flow calculation forvthe incremental

rate of return.abéve a minimum acceptable rate, say the historical

average return on investment. This calculation method is similar

to that of the DCFRORI, except that-the cash flows are discounted

twice; first by a typical discount rate which incorporates a real

Revised June 29, 1981
A-15




average return on investment (say 2 to 3 percent) plus inflation;
and second, by the incremental rate (RZ)-which, when solved'for,
represents the additional return above an assumed average return

earned on venture capital. Equation A-19 represents this calculation.

N .
CF
i 1
(A-19) 0 =
- Zl +a)t ™| | aery il

- where

is= . current year,

n = project life,

CF, = annual cash flow,

a = discount rate accounting for the time
value of money for an average or
minimally acceptable investment,
including inflation, and

R = DCFR.OR2 or incremental rate of return.

$0 na— time

Figure A-2
Cash Flow Vs Time (Positive rate of return)

In the event that a stream of cash flows is negative (Fig. A.3),
the project will have a negative rate ofAreturn.‘ Such a stream might

look like this:

A-16
Revised 29 June 1981
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‘Figure>A~3 .

Cash Flow Vs Time
(Negative Rate of Return)

time

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

duration for the rate of return to be positive.

A-16 . 1

Revised 29 June 1981




IV Sinking Fund Calculations

The sinking fund operations are made in the following order:
1) Deposits made and investments removed

2) 1Interest calculated

3) Taxes calculated

4) Year end balance recalculated to reflect interest
and taxes. -

(A-20)  SF, = SF, ; + SD, - SW,

(A-21) SIi = SFi . SFR

Recalculate year end balance

+ SDi - SW, + SIi - ST

i

(A-22) SFi = SF 1

i-1
Where:

SFi = annual sinking fund balance,

SDi = annual sinking fund deposit,

SWi = annual sinking fund withdrawal,

SIi = annual interest earned in sinking fund,
SFR = sinking fund interest rate,

ST, = sinking fund income taxes paid, and

i = current year.

A-16.2
Revised 29 June 1981
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The Sinking Fund Deposits default calculates a deposit amount
sufficient to cover future capital investments éssociated with
equipment replacement.v A factof is used to calculate these deposits
as a fraction of the replacement cost of én asset.

(A-23)
SFR(1-ATX) |
[(sFrR-aT%) + 1]°F - 1)

(a-23) FTR

Where:
FIR = sinking fund deposit factor for asset,
ATX = average effective income tax rate,

SFR = sinking fund interest rate, and

LF = book 1life of the asset.

’ Coay Revised 29 June 1981
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4.0 USER'S MANUAL CHANGES FOR V4.1 ONLY

The pages in this section are replacement pages for the User's
Manual for GCFM Version 4.1. They do not apply to Version 5.0, and
should be discarded if you are updating MITRE Technical Report

MTR-80W160 for use with Version 5.0.
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TECHNICAL NOTES

NOTE 1: Memory Size Required

GCFM requires virtual memory size of 750K bytes on an IBM VM/370
system. :

NOTE 2: GCFM Subroutines

The names and general functions of the GCFM maln program,
subroutines, and segments are presented in Table C-1. This table is
included for the reader who wishes to study the model in depth.

NOTE 3: Segmentation

The model code is divided into seven code segments. This
segmentation is required by the HP 3000 for the purposes of paging.
The segment configuration is intended to reduce the amount of paging
required to run the program.

NOTE 4: GCFM Debugging Outputs

GCFM contains options ﬁhat,produce output of a great many values
of intermediate calculations. These options were built into the code

- for debugging during the development of the model, but they could be

of interest to programmer/analysts who wish to examine intermediate
variables in order to further understand or verify the accuracy of
the model.

WARNING: Avoid using these options unless you are very familiar

with Fortran and the GCFM model. The options produce copious amounts

of partially documented output, in some cases will inhibit normal use
of certain features of the model, and will at times deliver unlabelled
outputs to the terminal screen. ' :

To perform a run with the debugging option turned on, the user
must enter the number 10883 instead of 1,2, or 3 when GCFM asks which

-module is to be used. -

GCFM will then print:
ENTER DEBUGGING CODE.

The user then enters one of the following codes to select an
option: ' '
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RUTP
FUTR ~
EuTP

ENTR
ZNTR

ENTP

oIl

L 8 A
7TIL
oTIL
gT1L

MATH PROGRAY

CHANGE
ICHG
°CHG
CHGERP

ppoMp
IpeT
KPRT

FIRIN
PRODRIN
gTILIN

SVECT
SYECTD
SVEC™D

UTILTY

PLNTIO
HRAD

UTYCAL
qTIernT

TABLE C-1

DESCRIZTION OF GCFM SUBROUTIMES

OT™HER_SUBROUTINES CALLED

0TILTY, PRODCR,

ICHG, RCHG, CHAGERR

IPRT™, RPRT

SVPCT SVECTD DVECT
SVECT SVECTY
SVECT

PLNTTO UTICAL UTIPRT

UTILIN CHANGE (MAIN segment)

DPURPOSE QOF _SNBROUTINE

FINANC GCFPM Adriver program

Generic change routine for all three modules
Accepts change I/0 for integer variables.
Accepts change I/0 for real variables. .
Perform validity check on critical variables.

Generic database to printer dump routine for three modules
Ooutput of integer variables on data damp report.
Output of real variahles on data duap report.

pata entry routine for financial module.
Pata entry routine for field module.
Data entry routine for power plant module.

Generic 50 element array input routine - one default
Generic 50 element arrav input routine - tvo defaults
Generic 5 X 50 elemen* matrix input routine

Pouwer plant module driver and database manager.

STDES BTDES STCST BTCST (UDES segment)

PINANC (PLOYW segment)
HERD

DoaMP (MAIN segment)

. Pover plant cycle design program I/0 routine

Power plant cycle I/0 routine header routine
Powver plant module cost and design routine

Povwer plant module cost and design print routine
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S0

apees
L B
NpES
0pES
BOES
uprs
ID%s
gpes
UDES
UDES
UDES
ODES
un=s
UDFS
UnES
upeEs
ODES
ODES
UnNES
UDES
NDES
UDES
UDES

* PROD

PRON
PROD

FLOW

FLO®

PLOY

PLOW
rLOR

¥vsus
rcuB
Ps0B
F378
P3UYR
PSUR

L LTOTRS

]TNES
SPCST
3TCS?T
HHyL
GG
ane
¥SL
Ws6G
sy
f0H
¥DS
ape
BHG
BHL
BEG

-BSL

RDH
BDsS
BYS
nsvy
nTP

_BDT

PRODCR

ORODRS
PROPRT

PIRANC

PIRCHK

CASH

PWORTH
CASFLO

CoNSTR
LEV®L
AMORT
FULCST
FPINDR™T
FINPR2

»

various functions
varions functions
various funcrions
various functions

PRODES PROPRT

PRODIR CHANGE (MALR segnent)
PINRNC (PLOYW segment)
PLETIO ITICAL OUTIPRT

DDUNP (MAIN segment)

FINCHK CASH
PINIR CAARGE (BAIN segment)

PRORTH CASFLO

CCNSTR AMORT POLCST

LEVEL PINPRT PINPR2 °
DDONP  (MAIN segnment)

Pover- plant
Tower plant
Pover plant

Power plant binary cvcle

Punction:
Function:
Functions
Function:
function:
Function:
Panc*ion:

- Punction:

Fanc*ion:
Panction:
Function:
rPunction:
Fanction:
Panction:
FPunction:
Fanc*ion:
PYunction:
Function:
Punction:

H{sat.wat.liq)
A(sat.wat.vap)
P(sat.va%t.vap)
S{sat.vat.liq)
S{sat.wat.vap)
Y (sat.wat.vap)
H(sup.vat.vap)
S{sup.vat.vap)
P {sa*.iso.vap)

H{sa*.iso.vap)

H(sat.iso.liq)
S {sat.iso.vap)
S(sat.iso.liq)
H(sup.iso.vap)
S (sun.iso.vap)
i (sup.iso, vap)
Y(sup.iso.vap)
T (sat.iso.vap)
T (sat.iso,vap)

stean cycle calcolation proegranm.
supercri*tical binary cycle calculation progran,
steam cycle capi®al cost progran. (620CST,77)

capi*al cost program. {(GEOCST,77)
£(pr)
£(°)
£(™
£(mM
£(m™ -
£(p)
£(p,T)
f(r,T)
£€(T)
£(?)
£(m
£(?) .
£(P)
€(P. M
£(P, T
£(p,s)
£(P,")
£(®
€(v,s)

FPield module driver and Adatabase manager.

field design and capital cost rontine.
Pield desiqgn and capital cost print routine.

Financial rountine driver and database manager

Checks validity of project time framework
Pinancial analysis main routine

FSUB segnment)
FSOB segment)

Calcnlates present value of a series of cash flous
Calculates net cash flows, income taxes, tax credit

carryforwards, tax loss cartyforwards, royalties and depletion
allowance.

Calculates deb%/equity, interest and doe fees during const,
Calculates levelization of hreakeven prices.

Calculates deh® amortization during operating life.
Calculates fuel costs :
Pinancial output routine for market price calculations
Financial output routine for breakeven price calculations




CODE : OPTION

1 Turn on debug output for power
plant module only.

2 Turn on debug output for field
module only.

3 Turn on debug output for financial
module only.

4 : Turn on debug output for all three
modules. Under this option, the display
of all change menus at the user's terminal
is inhibited.

The user should then enter 1,2 or 3 to select a module in the
normal manner. That module will then be operated with the selected
debug option in effect.

The debugging option is turned off the next time a module is
selected.

The reader should note that most of the additional outputs

generated by these options will not be interpretable unless the
FORTRAN source code is examined in detail.
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5.0 USER'S MANUAL CHANGES FOR V5.0 ONLY

The pages in this section.are réplacement pages for the User's
manual for GCFM Version 5.0. TheyAdo not apply to Version 4.0, and

should be discarded if you are updating MITRE Technical Report

MTR-80W160 for use with Version 4.1.
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2.4.6 Modes of Calculation

The Financial Modules generates two sets of remorts, each reore-
senting a different type of calculation. The major difference betwee
them is in the method in which the revenue stream is calculated. The

first uses the annual escalated market price to generate the revenue

steam from which the profitability of a given project may be

calculated. Thus for the market price report, GCFM begins with an

assumed series of selling prices, and from the resulting cash flows
(the difference between revenues and costs after taxes), assessed the
ability of a given profect to meet its financial obligations on a
vear~to-year basis. -

The second calculaﬁion more closely resembles the typical revenue

requirements approach used in utility financing. This method calculates

a required revenue stream necessary to achieve a desired return on

‘equity. This is called the annual breakeven price. Since this annual

price differs from year to year, it is difficult to compare the relative
merits of different projects. Through the process of levelization.

used throughout the electric utility industry, the rgquired selling
price for a given project can be expressed as a single number. Such

a number may be considered as the average cost of power, including
required return to all partiéé, over the lifetime of the project.
However, therée are different ways oé levelizing a cash flow stream,
debendiﬁg upon whether the required selling price is to be’expressed

in current or constant dollars. The GCFM calculates two such levelized

2-13 Revised August 10, 1981




prices for use at the user's discretion. Appendix A provides a
detailed description of the wvarious modes of calculation employed
by the model.

2.4.7 Variable Allocation of Investments

No two projects develop at the same pace. The portion of the
project which is undertaken during any given year depends on
situation-specific factors. The model incorporates a feature
which allows the user to specify a variable investment structure
during the construction period. The contrast is most obvious in
the case of field versus power plant projects. Many field develop-
ment expenses will occur long before the power plant construction
even begins.

Both the power plant and the field modules have an input
variable entitled, "Capital Investment Breakdown" which consists
of a series of fractions that deterﬁine the investment schedule
throughout the construction period. For example, suppose over
a five year period both a power plant and a field are being
developed at a given site. The investment/construction for the
power plant need not begin until some time after the wells have
been proven. Table 2-2 is illustrative of how this can be treated.

The model assumes that within each construction year there
will be a constant rate of investment. With this in mind, the
model calculates four equal dquarterly investments. This is
important to note because interest expenses during the construction
period are compounded quarterly on the outstanding loan balance in

that quarter.
2-14
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2.4.8 Debt/Equity Structure During Construction

The model allows a great deal of flexibility in the allocation
of expenses between debt and equity during the construction period.
The debt/equitv ratio 1s very important because often loan agree-

*
ments require a minimum level of equitv participation. It is

*The minimum desired level as determined under the rules of the
DOE Geothermal Loan Guarantee Program is 25 percent equity
participation (or 10 percent for municipal or cooperative
borrowers) .

2_14 . l
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2.4,10 Tax Vs. No. Tax

The model has the option to omit the pavment of income taxes
and receipt of tax benefits on any project. The purpose of this
option is to examine the economic viability of operéting a geothermal
field or plant as a tax-exempt entity such . as é limited partnershio
(in which thé tax liabilities and benefits are passed directly from
the proiect fo the limited partners) or a munici%ality as compared
to the viability of arcﬁrvoration. Of course, the corporate tax
rate may itself be adjusted to assess the relative economics of
operation'under different size companies. In the interactive
session, the model asks the user: '"DOES THE PROJECT PAY INCOME
TAXES? (Y or N)." The user then simply enters Y or N for Yes or
No.

2.4.11 Sinking Fund Vs. No Sinking Fund

-Similar to the tax question, the model allowg the user the
option of having or not having a sinkiﬁg fund. The purvose of this
option is to provide a set-aside fund to meet equinment replacement
obligations. Replacement occurs when the user specified book life .
of one or more of the five capital accﬁunts is less than the
operating life. Without such a fund. the cash flow requirements
ﬁend to exhibit major fluctuations in years when such replacements
occur, | |

In the interactive session, the mbdel asks the user: '"DO YOU
WITH TO CREATE A SINKING FUND? ‘(Y or N)." The user simply enters
Y or N for ves or no. |

Revised August 10. 1981
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2.4.12 Constant Payment Debt Amortization

The latest version of the model (Version 5.0) allows the user
; new option with respect to the selection of a projects debt
amortization schedule. The model asks the user at execution time
whether a constant payment (interest + principle) amortization
schedule is to be used. A response of yes will cause any other user
supplied schedule to be overriden, while a response of no will cause
the model to use either a user supplied schedule or the constant
principle payment default.

2.4.13 Principle Payments Grace Period

Version 5.0 contains a run time option which allows the user
to specify a number of operation years as a loan payment grace
period. During these years only interest payments will be made.
A response of 1 will result in principle payments of zero in the
first year of project operation.

2.4.14 Field Revenue/Power Plant Fuel Cost Pass Thru

Version 5.0 contains a facility to allow the user the option
of passing revenues from field project financial runs to power plant
project financial runs where they may be used as power plant fuel
costs. This facility requires the execution of a field project
financial run to initialize the field revenue buffer. Once this
buffer is initialized, both the field breakeven price and the field
market price revenues are available to the power plant for use as

fuel costs. The user will select a fuel cost option for each of

2-23.1
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the power plant breakeven analysis and the power plant market
price analysis. (See interactive sessions ﬁages 4-40 and 4-~40.1).
When the on=-line year énd project life of the revenue streams
in the field revenue buffer are different from the corresponding
power plant variables the model will allow the run to proceed but

will print a warning message.

2-23.2
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2.5 Statement of Extent of Testing

Testing a computer program of the complexity of the GLGP Cash
Flow Model is an extremely difficult task. The nature of software
packages is that testing must be performed under operating conditionms.
The model has been tested and refined to a level at which the error
frequency has become very low, but as of September 1980, we cannot
_guarantee that the model is error-free.

2.5.1 Cycle Design Routine

The power plant cycle design ;nd costing routine has been given
extensive testing and found to give results generally close to a
set of generic designs and costs estimated by J. R. Schilling for
MITRE in 1976, (Schilling, 1976). The nature of the steam and
isobutane thermodynamic equations used in GCFM is such that a
3-5% error in equipment size may be introduced when selecting the
cycle design points.

The cycle design routine does not optimize the power plant
cycle., The default values used by the cycle design routine are
intended to prevent the model from not working due to a lack of data,
and as such they do not represent optimum values at any site. The
design routine is intended to provide a "best guess" when little or
no power plant data exists.

2.5.2 Power Plant Module

The power plant module is relatively straight forward. Aside

from the cycle design routine this module only monitors a database

2-24



Figure 4-12 showé the execution of the field module when an existing
financial case is used without changes.
4.5 Data Change Procedure

Each of the three modules contains a change routine to facilitate
alteration of the'input parameters. The cycle design routine contains
its own change routine which is slightly different from the main
change rodtines. Figure 4-13 shows an example of a change being made.
_The other three change routines‘are of the same format, as shown
in Figure 4-14, for.the field module.

4.6 Case Deletion Procedure

If the user selects the namekof an.existing project, he will bé
given the option of deleting it. Figure 4-15 shows the steps takén_for
deleting an existing power plant, field or financial case. As a
precaution the user must verify any deletion request by answering a
second question. This‘pfevents the user from accidentally deleting
an important project.

4.7 Warning Messages

GCFM does not supply default values for all required input

varisbles. In those cases the user must enter a value if the program

is to runm properly. Thevprogram is designed to display error messages
when needed as shown in Figure 4-16. It is not possible, however, to
vefify all data entries, so there are still many ways the user can cause

errors with the use of improper data.

4-39




o

ENTER FINANCIAL CASE HANE (UP'TO 20 CHARACTERS).

sanple
2 PINANCIAL CASF ALREADY EXISTS UNDER THAT NANE.

DO YOU WISE TC DELEIE IT? (Y OR N)

n
DO YOU WISE TO CHANGE THE FINKANCIAI IKPUT PARAMETERS? (I OR N)

n . .
D0 YOU WISH TO PERPORE 1 PINANCIAL ANALISIS? (Y OR ¥).

Y : -

70 Y0U WISH TO CRE2ATE 1 SISKING PUND? (Y OR X)
Y

DOES TEE PROJECT PAY INCOME TAXES? (Y OR X)

Y : ' .
DO YO0 WISH TO USE® A CONSTANT PAYNMENT DEBT ANORTIZATION

. SCEEDULE? (Y OR §).

Y .
ENTER PRINCIPLE PAYMENTS GRACE PERIOD.
DEPAULT = 0

ENTER FINANCIAL CASE HAME (UP TO 20 CHARACIERS).
ENTER FIELD NAME (OP TO 20 CHARACTERS).

WELCOME TO THE GEOTEHERMAL LOAEK GUARANTY CASH FLOW MHODEL.
MODULES AVAILABLE

1 = POWER PLART DBSIGH E0DULE

2 = FIELD DESIGH NCDULE

3 = FINAKCIAL MNODULE

ENTER RUMEER OF MODULE DESIRED?

FIGURE 4-12.
l EXECUTION OF FINANCIAL ROUTINE

4-40
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DO YOU WISH TO PERFORM R FINAFNCIAL ANALYSIS? (Y OR N).

Y .
REVENUE STREANS FRON THE LAST RUN OF TLE INMPERIAL-X

FIELD PROJECT MAY BE USED AS THE.FUEL COSTS FOR THE
_FPINAECIAL ANALYSIS OF THE IMPERIAL-X = POWER PLANT PROJECT.

FUEL COST OPTIONS:
"4 - USER SUPPLYED VIA PINANCIAL CASE(DEFAULT).
2 - BREAKEVEN PRICE REVENOES FRON FIELD PROJECT.

3 - EARKET PRICE REVENUES ¥FROM FIELD PROJECT.
ENTER OPTION ﬂU!BER FOR BREAKEVEN PRICE ANALYSIS AND MARKET: PBICE IHLLYSIS

23

FIGURE 4-12.1

EXECUTION OF FINANCIAL MODULE
FIELD REVENUE/POWER PLANT FUEL COST
PASSTHRU OPTIONS

4-40.1
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WELCONE TO TE® GFOTHERNAL LCAN GUARANTY CASE FLOW EODIL.
SODULES AVAILABLE

1 = POVER PLANT LESIGN MOCULE

2 = FIELD DESIGN MCDULE

3 = FINANCIAL MODULE

ENTEF NUMEER OF MODOLE DESIFRED?

?
3 .
CURRENT FPIKANCIAL CASE NANES:

BASELINE

DENO

KEN

TEST1

GELCON

NEW

SAMPLE

MARK

BRAW

TESTOR

GEYSER

TPC-GEYSER

IMPEEIAL-X

ENTER FINANCIAYL CASE NAME (UP TC 20 CHARACTEES).

ken

A FPINANCIAL CASE ALRFADY EXISTS UNDER THAT NANE.

DO YOU WISH TO DELETE 11? (Y OF X)

y .

YERIFICATION OF PINANCIAL CASE CELETION RECUEST - DELETE? (Y OR W)

Y
ENTER FINANCIAL CASE NAME (UP TO 20 CHARACIEES).

FIGURE 4-15 :
DELETION OF AN EXISTING CASE
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ENTEE BASF YEAR AND COST INDEX (1979=100). (2)
DEFAULT ~ EASE YEAR = 1979
- COST INDEX = 100.0

?

1980
?

ENTEP PECJECT LIFE AND POWFR-ON-LINE YEAR. (2)
t<x NG CEFAQLIS *=x

?
*%% ERRCE *s%%

FIELD LIPF LESS THAN 1 YEAR---RESET TO SO YEARS
#3% FRROR $#*

THE POWERK-ON-LINE YEAR IS LESS THAN THE EASE YEAR--~-RESET TO 1981

DO YOU WISH TO PERFORE A PINANCIAL ANALYSIS? (Y OR ¥).

Y
THE PROJECT POWER-ON-LINE YEAR =1982

THE FINANCIAL CASE POVWER-ON-LINE YEAR =1983
THESE VALUES ARE KOT EQUAL -~ FATAL ERROR - NODEL WILL NOT RUN

TEE PROJECT LIFE = 5

FINARCIAL CASE LIFE =38

THESE VALUES ARE NOT EQUAL ~ FATAL ERROR - NODEL WILL KOT ROUN

THE PROJECT BASE YEAR =1980

PINANCIAL CASE BASE YEAR =1979 o
THESE VALOES ARE NOT EQUAL - FATAL ERROR - MODEL TILL FOT RUKN

ENTER FINANCIAL CASE NANE (UP TO 20 CHARACTERS).

FIGURE 4-16

EXAMPLES OF MODEL ERROR MESSAGES

4-44 -
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TECHNICAL NOTES

NOTE 1: Memory Size Required

" GCFM requires virtual memory size 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 in Table C-1. This table is
included for the reader who wishes to study the model in depth.

NOTE 3: Segmentation

The model code is divided into seven code segments. This
segmentation is required by the HP 3000 for the purposes of paging.
The segment configuration is intended to reduce the amount of paging
required to run the program,

NOTE 4: GCFM Debugging Outputs

GCFM contains options that produce output of a great many values
of intermediate calculations. These options were built into the code
for debugging during the development of the model, but.they could be
of interest to programmer/analysts who wish to examine intermediate
variables in order to further understand or verify the accuracy of
the model. -

WARNING: Avoid using these options unless you are very familiar
with Fortran and the GCFM model.  The options produce copious amounts

of partially documented output, in some cases will inhibit normal use
of certain features of the model, and will at times deliver unlabelled
outputs to the terminal screen.

To perform a run with the debugging option turned on, the user
must enter the number 10883 instead of 1,2, or 3 when GCFM asks which
module is to be used.

GCFM will then print!

ENTER DEBUGGING CODE.

The user then enters one of the following codes to select an
option:

c-3
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nAIN .

9AIR
MAYYH
UALR
9AIN

nm

-~ WALY
BAIN

FNTR

FUTR .

2T
BUTR
ZHTR
. BHTR

97rIL

uTIL

orIL
oTIL
aTIL

cone
SPGYENT

SoprouTIRE
HANE
RAIN PROGRAR

CRANSE
YCHG
hids 1
CHRERR

pponp
400
EPRT

FIRIN
PRODIN
OTILIN

SVECT
SYFCTD
EVECTD

oTILTY

PLUTIO
feApD
OTTCAL .
0*rIPRT

TABLE

. . P . »':.
c-1 o . o ‘

DESCRIZTION OF GCPM SUBROOUTINES

OT™ER_SUPROUTINES GALLED
OTILTY, PRODCR,
ICHG, RCHG, CHGERR

IPR™, RPRT

SVECT SVECTD DVECT L
SYPC? SVECT? -
SVECT

OLNTIO OTICAL UTIPRT
OTILIN CHANGE (NAIN segment)

SURPOSE OF_SNBROUTINE

PINANC gcrn Ariver program

Generic change roatine for all three modules
Accepts change I/0 for integer variables,
Accepts change I/0 for real variables.
Perforn validity check on critical variables.

Generic database to printer dump routine for three modunles
output of integer variablas on data dunp repore.
Output of real variables on data Auap report.

Data entry routine for financial nmodule.
Data entrv routine for field module.. C
Data entry routine for power plant nodule, S

Generic 50 element arrcay input routine -« one détau1€ 
Genaeric 50 element arrav inpat routine - two defaunlts
Generic 5 X 50 elemen® matrix input routine

Pover plant module driver and database manager,

STDES WTDES STCST BTCST (UDES segment)

PINANC (FLOW segnment)
READ :

DDUNMP (MAIN seqment)

o

..Poue: plant cycle design progqran I/0 routine G
“Power plant cycle I/0 routine header routine - A
Power plant module cost and design routine
Power plant module cost and design print routine
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anes

gpes
upes
apes

7Des .

up*s
goes
gpes
goes
opes
ubes
gpes
gn=s

uD®s

UDES
ghes

- UDES

UDES
UnES
UDES
nors

UDES

unrs

- PROD

. ppON

PROD

PLO%
PLOW

PLO®

PLOW
PLOW

PSO8
peUn
*s0B
v598
PSIR
PSTE

TsThes

BTHes

. 8*es?

BTCST
nny,
UL (]
som
#SL
usn .
sy
won
s
anY
BHS
nHL
BSG
est
Bon

. BDS

BYS
nsy
BTe
BDT

PRODCR

snODES
PROPRT

PINANC

PINCHK
CASH

PRORTH
CASFLO

CONSTR
LEY®L,
AMORT
FNICS?
PIIDRT
PINDPR2

" yarjous functions’
.various functions

various functions
varions functions

PRODES PROPRT

PRODIR CHANGE (HA!R aeqnent)
PINRNC (PLOV segment)
PLRTIO UTICAL UTIPRT

- DDUNP (MAIN segment)

FYNCHK CASH
PININ CAANGE (MAIN segment)

PRORTH CASPLO

CCNSTR AMORT PULCST (FSUB segment)
LEVEL PINPRT FPINPR2 *(FSUB segnment)

DOONP (MAIN segment)

Pover- plant stean elcle ca!cuxation progran. '
Pover plant supercritical binary cycle calculation progran,
pPover plant steam cycle capital cost progran, {(620CST,77)
Power plant hinary cycle capital cost progran. (GEOCST,?7)

Panctions H{sat.wat.1iq) = £(P)
ranction: H(sat.vat.vap) = £(9)
runctions: P(sa:.wat.vap) = £(")
Punction: Slsat.wat.liq) = £(T)
Panction: S{sat.vat.vap) = €£(T)
Functiont V(sat.wat.vap) = £{p)
Punction: H{sup.vat.vap) = £(P,T)
Punction: S{sup.vat.vap) = £(?, T}
Fanc*ion: Plsa*.iso.vap) = €(T)
Panction: H({sa*.iso.vap} = £V} -
Panction: HW{sa%t.iso.liq) = €M) e ;
Puanction: S(sat.iso.vap) = E(P) b
Function: S(sat.iso.liq) = £{b) -
Punction: R(sup.iso.vap) = €(P,T)
Function: S({sun.iso.vap) = £(P,T) sy
Punction: NH{sup.iso.vap} = £(P,S) -
Panction: V(sub.iso.vap) = £{P,7)
Punction: T(sat.iso.vap) = £(?)
a €(9,5)

Panction: T(sat.iso,vap)

Pield module driver and database nanaget,' ﬂv

Pield . design and capital cos¢ rontine. l,:‘}-'
Pield design and capi*al cost print. tontine.

Pinancial rountine driver and datdhase.aanage:

Checks validity of project time framework
FPinancial analysis main routine '

Calcunlates presen‘ value of a series of cash flous
Calculates net cash flows, income taxes, tax credit

carryforvards, .az loss carryforuards. royalties and depletiou
allowance. )

Calculates deb®/equity, interest and doe fess dnrinq const.
Calculates levelization of bhreakeven prices.

Calculates deh® amortization during operating life.'
Calculates fuel costs -
Pinancial outpu® routine for market price calculations
Financial output routine for breakeven price calculations




-~ gmpE . opmIow

1 o o Turn on debug output for power
R plant module only.

2 . | Turn on debug output for field
: module only. :
3 "Turn on debug output for financial
module only.
4 Turn on debug output for all three

modules. Under this option, all
change menus are prevented from ‘
being displayed to the user's terminal. -

. The user should then enter 1,2 or 3 to select a module in the
pormal manner. That module will then be operated with the selected
debug option in effect.

. The debugging option is turned off the next time a module is
selected

The reader should note that most of the additional outputs
generated by these options will not be interpretable unless the
. FORTRAN source code is examined in detail.

C-6

Revised 6 July 1981
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6.0 INSTALLATION GUIDE FOR GCFM VERSION 5.0

The GCFM data tape for Version 5.0 consists of seven FORTRAN
source code files, two data files and an EXEC file. The tape format

has the following attributes:

Labels ~ NONE

Data Format - EBCDIC

Density - 1600 bpi

Tracks -9

Record Length - 80 bytes

Blocking Factor - 200 records: per block

The only exception is the 10th (last) file whose blocking factor is
17 (blksize=1360).

The files are on the tape in the following sequence with one
end-of-file mark after each file:

APPROX
IBM FILE NAME HP FILE NAME BLOCKS RECORDS
ENTR FORTRAN ENTRSC 7 1294
FLOW FORTRAN » FLOWSC 8 1529
FSUB FORTRAN FSUBSC 9 1603
MAIN FORTRAN "~ MAINSC 7 1321
PROD FORTRAN PRODSC 7 1240
UDES FORTRAN UDESSC 9 1760
UTIL FORTRAN ' UTILSC 7 1337
CHGINIT DATA - CHGINIT 2 210
INITIAL DATA INITIAL 2 213
GCFM EXEC - Not Used 1 17

 The model was written on an IBM 320 Virtual Memory (VM) .
Conversational Monitor System. The EXEC listed as follows defines
the datafiles and executes the model under this system. The model
required 750K of virtual memory in this enviromment.
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&CONTROL ERROR

FILE 10 PRINTER (LRECL 133 BLOCK 133 RECFM FA

FILE 11 TERMINAL

FILE 03 DISK CHGINIT DATA B (LRECL 80 BLOCK 800 RECFM FB XTENT 213
FILE 04 DISK INITIAL DATA B (LRECL 80 BLOCK 800 RECFM FB XTENT 21
FILE O1 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 XTENT 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 FB XTENT 15
FILE 15 DISK PLANT INDEX B (LRECL 20 BLOCK 200 RECFM FB XTENT 10
FILE 12 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

LOAN MAIN PROD FLOW UDES UNTIL ENTR FSUB
START

NOTES: 1 ~ XTENT 210 means that the file contains 210 records
2 ~« FILE = FILEDEF .
3 - numbers to right of file are FORTRAN file reference
numbers (FIN's)
4 - the LOAD command creates an executable load module
which mav be saved and/or executed.

The load module requires 750K of virtual memory on the VM/370
computer system. The DATA files and the INDEX files must be created
before the model is run for the first time. (See Table 6~1). Each
record of the four INDEX files (FTN12, FIN13, FINl4, and FIN16) must

be inialized to it's 'empty' state. These files are 'empty' when
each contains the appropriate number of lines each containing 20
asterisks (*).

e

PLANT INDEX dek dededde ok ok e deok sk ok ek Rk 10 lines
PRODCOM INDEX *k®kkkkkkkkdkkhkkkkkkik 10 lines
GLOBCCM INDEX *#&&kkdkkkkkkkkkkkkkkkk 20 lines
FINCOM INDEX  kdkkkkhkdiddkidkhsdik 15 lines
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16

FORTRAN
FILE #
01
02
03
04
05
07
08
09
10
11
12
13
14
15

TABLE 6-1

* GCFM DATABASE DESCRIPTION

IBM FILE NAME

PLANT 'DATA B

TERMINAL (input)

CHGINIT DATA B
INITIAL DATA B
Not Used
GLOBCOM DATA B
PRODCOM DATA B
FINCOM DATA B
PRINTER
TERMINAL (output)
GLOBCOM INDEX B
PRODCOM INDEX B
FINCOM INDEX B
PLANT  INDEX B

HP3000 FILE NAME

PLANTS (-MGR.MITRE)™

Not Used
CHGINIT
INITIAL

TERMINAL ($STDIN)

BLOBCOM

PRODCOM

FINCOM

PRINTER

TERMINAL ($STDLST)
GLINDEX

PRINDEX

FINDEX

PINDEX

LRECL

80
80
80
80

3800
400
6000
133
24
20

20
20

RECORDS

220
213
213
210

20
10
15

20

10
15
10

*
PLANTS,MGR. ,MITRE is filename, however, the use of the MGR.MITRE account implies this.




In addition to the MITRE comnuter, the model is currently being
run on an HP3000 Series III computer at the DOE San Francisco operations
office. The additional FORTRAN statements required for use on the HP3000
have been included in the FORTRAN source code but are commented out.
The attached listing contains the XEDIT commands which are used to
convert the code for use on the HP3000. Please note that the changes
do not necessarily apply to all code segments for more information
see Appendix A of users guide.
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7.0 REVISION OF POWER PLANT DESIGN ROUTINE AND THERMODYNAMIC
PROPERTY CALCULATIONS

7.1 Revision of Power Plant Design Routine

The power plant design routine‘has<been revised to increase its
accuracy. The following changes were made at the suggestion of T.L.
Lawford of EG&G (see attached letter).

7.1.1 Inlet Pressure Trottling Loss

A pressure drop of 10%Z of the absolute pressure in the flash
tank has been included to represent the pressure dtop between the
flash tank and the turbine blading.

 7.1.2 Moisture Correction for Turbine Efficiency

An iterative routine has been added which reduces the turbine
efficiency from a base of 85% by 1/2% for each 1% moisture in the
steam at the blading exit.

7.1.3 Leaving Loss

A 10 Btu/lb leaving loss has been added to account for the loss
at the last stage of the turbine and in the exhaust hood.

7.1.4 Flash Tank Temperature Corrections

The flash tank temperatures are calculated in degrees Rankine
(°R) instead of degrees Farenheit °F). ‘

7.2 Revision of Thermodynamic Functions

Five thermodynamic functions were modified for increased accuracy.
The following functions were changed:

WPT - Pressure>as a function of temperature along the
saturation line for water
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WHL ~ Enthalpy of saturated water
WHG - Enthalpy of saturated steam
WSL - Entropy of saturated water
WSG - Entropy of saturated steam

In general, the changes are a result of a more accurate curve
fit to the thermodynamic property in question. The increased accuracy
is due to increasing the number of data points used for the fit and by

breaking the curve into two or more regions.

7.3 'FORTRAN Source Code Listings

Listings of the sections of source code which were modified
follow. The changes in the power plant design routine are marked
with an asterisk (*). These changes have Been made to GCFM 5.0
and should be made to GCFM 4.1 to bring it up to date.

The five thermodynamic functions were rewritten and complete

copies are provided.
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- A 2 » i [ |

FOBTRAN IV GV RELEASE 2.9 STDES DATE = 81317 09/56 749

0009 - SUBROUTINE STDES UDE00010
C-=--$CONTROL MAP,CROSSREP,LABEL,LOCATION usnxuxr.szcnanrsunzs 0DE00020
C*2* SUBROUTINE STDES UDEV00 30
c : : .. UDE0004O
c GCPM -~ YERSION 5.0 15 JULY 1981 . ' UDE00050

crenesnaere . GLEODITYE o

CIFROSANRRIP TURBINE PRESSORE LOSS,? TO R, TORDBIRE BPPICIENCY cnzc. DDEOOO 704

CReEERERRNIN 9/21/61:0CB UDE0008O¥

cterersenne UDR0O0090%
’ ODE00100
THIS CONPUTER PROGRAM AND ASSOCIATED DATA WERE PREPARED AS AN 0DpE001Y0

ACCOUINT OF RORK SPONSORED BY THE ONITED STATES GOVERNMERT. HEITHER GDE00120
THE ORITED STATES NOR THE ONITED STATES DEPARTMENT OP ENERGY, ROR oDpeoo130
ANY OP THEIR ENPLOYEES OR CONTRACTORS, MAKES ARY WARRANTY, EXPRESS ODEOO 140

OR INPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIDILITY FOR UDEOO150
THE ACCORACY, CONPLETENESS, OR USEFULNESS OF THIS COMPUTER PROGRAN ODEDOO160
OR ANY INFGRNATION, APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR ODE0O0I70
REPRESENTS THAT 'ITS OSE UOULD ROT INPRINGE OR PRIVATELY ORNED ODE00180
RIGATS. THE VIEWS ARD OPINIONS OF THE AUTAORS PERTAIHING TO THIS UDEOO190
CONPUTER PROGRAM OR ASSOCIATED DATA DO NOT RECESSARILY STATE OR UDE00200

BEFLECT TROSE OF THE UNITED STATES GOVERNNENT OR ANY AGENCY THEREOP. 0ODZ00210
RESULTS OBTAIRED PROM THE USE OF THIS PROGRAM AND ASSOCIATRD DATA oDE00220

¥ILL HOT KECESSARILY MEET WITH ACCEPTANCE BY OR ON BEHALP OF THE UDE00230

UNITED. STATES GOVERNNERT OR ANY AGENCY ‘THEROP. UDE00250

o UDE00250

, . UDE00260

THIS PROGBAN WAS DESIGNED BY THE NITRE CORPORATION FOR THE 0DE00270

DEPARTHENT OP EHNERGY UNDER CONTRACT NONBER DE-AC03-79SP10498. unzoozgg
 0DEOO2

THIS PROGRAN WAS DESIGNED, WRITTEN AND DEBUGGED BY BARK A. KEINIG. UDEOO300
SPECIAL THBANKS TO J. BERE BARRIOS POR TRB DESIGR ARD WRITING OF THE UDE00310

aonadnnnannNnNannNNanOanNNNnn

POWB! PLANT CYICLE DESIGN PROGRAN. ) . UDE00320

0DE003230

UDEC0330

GDE00350

ODENO360

ODEGO0370

) . UDE00380

0002, CORMON /PGACTL/ WCHGTIP,NPTYPE,PTITLE(5),FPTITLE(S),NDBG,IXI,IX8, UDE00390
1 IXPIN,XXPDCR,XXUTIL,IXGLBL,IX5,1X7,1X8,1X9,1X15,1X17,2X18,2X19 UDEOOQ?O :

. T : UDEOOB 10
0003 . CONNON /IGLOBL/ IUSE,IX,LTRR,NTPHP,NDPNP,ATHR . UDEOO820 -

- N . ) ODE00430
0008 connon /RGLODL/ BFLOW,CE,CI,CWP,PAN,GEPP,HT, UDEOOSRO

4. .PLANT,PT,PY,P2,P3,P4,P5,R1P,T1,22,T3,T4,25,%6,TVB, ODEDO0GS0

3 ORITS,WATER,C(25) ,STOT(10),TITLE(10), OUDE0O4 60

S CDP,ERP,ELP,GAS,SFHP,SPLP,S0L ,WHP ,ULP, UDER0O0A 7?0

B ACD,ARE,CBP,P6,P7,P8,P9,RPRES,TRPP,27,78,79,0CD,0HE,WFLON,NYP . 0D200360O
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FORTEAN 1V

0005

0006

0007
0008
0009
0010
oot
6012

Gt

NELEASE 2.0 STDBS

nannnannanNaanaantanatanNannnNNOnNnOnnn

1<)

1

W e h e el e e e e m e B 4 e @ a N b BNl s e e

DATE = 81317 09/56/49

COMMON /GLODES/ NCODR,LPTXU(S) ,LPTXP(5),NYEAR,CST(5),POUER,
SALVU {5) ,OMPRO(S),COSTS (25) , CINDEX,RXTRA2 (36)

EQUIVALENCE (STOT (8) (HEAT)

R e e 84BN S e RS, Ble dge it @ 0l) WA e S WA e hers Ba. g Biria Bl bie

UDEO0490
UDE00500
UDE0O510
ODE00520
UDED0530
UDEDOS40

lOitﬁﬁ*#..*t*#*.‘l‘.‘t*tt*tttt#.ttt't#‘t#.##..*###t*.*#t“‘t'ﬁt'#.unzoosso

EMOT = 0.92

PORER = PLANT

HUND = 100.0

GEPF = GEPP/HUND .

ELP = BELP/HUND .

EHP = EAP/RUND

UDED0560
BDE0O0570
UnE00580
UDEO0590
ODEDJ0600
UDECO6 10

AERRBARREKERRRREEK AR E AR ERERE RE KRR AR AR RASRARR SR BEARERR RS eats&eJDE00620

THIS PROGRAN DOES THE CYCLE CALCULATIONS FOR SINGLE PLASHED,
DOUBLE FLASHED AND DRY STEAM GEOTHERMAL POWER PLANTS.

VARIABLE NAMES
THE VARIABLES OF THE FORN P1,T2, & S2 ARE BAHBD AS POLLOWS
THE SINGLE LETTERS INDICATE THE TYPE OPF VALOE HHICH THE
VARIABLE REPRESERTS.
Teaoeeswe TENPERATURE (DEG. Po)
Peecscececs PRESSURE {P5X)
Heeoooooos EHTHALPY (BTU/LB)
Seccccess ENTROPY (BTU/LB DEG)

THE SINGLE DIGIT IRDICATES THAT VALUBRS LOCATION IN THE POWER
CYCLE .
Jeeveesees RESERVOIR CONDITION
2ecnceassCONDITION OF STEAN-TURBINE INLET~L.P.
Jeceeeess CONDITION OP STEAN-TORBINE IRLET~H.P.
Beaewesess CONDITION OF STEAN-TURBINE OUTLET
Secvonces CONDITION OF STEAN-CONDENSER OUTLET

OTHBR VARIABLE MNANES.

PLANT.o<o PLANT NET QUTPUT (uW)

PTecees«- PLART GROSS OUTPUT (MR)
GEFFecceoGENERATOR EPFICIENCY

ONLY DUAL STAGE FLASH PLANTS HAVE THO STAGES. ALL OTHERS

USE ONLY L. P. STAGE CALCULATIONS.

EliPecceaoclH. P. TURBINE EFFICIENCY

ELlPeewevssle P. TURBINE EBFFICIENCY

DiiPeeceees HORK DONZ ON Hi. P. TURDINE (BTU/LD)
DLPeaceee WORK DONE ON L. P. TUBBINE (BTU/LD)
HAPcwaae«PLANT GROSS OOUTPUT H. P. STAGE (B ®)

UDE006 30
UDEDO6UO
UDR00650
UDEO00660
UDE0O670
UDE00680
UDE00690
UDE00700
UDE00710
UDE00720

ubpE00730 .

UDEOO740
UDRO0750
ODEQO760
UDEOO770
UDEOO780
OGDE00790
UDED0800
UDE00B 10
UDE00B20
UDE0O0B30
UDEOO0840
GDE0OBSO
0DEO0860
BDEOOBTO
0ODEOOBSBO
ODE00890
0DEQ0900
UDED0910
UDEC0920
UDE00Y930
UDE0O0940
0DE00950
UDEO0960




L6

FORTRAYN IV G1

0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024 ’
0025
0026
0027
0028
0029

0030

0031
0032

Y 24 3
RELEASE 2.0 STDES DATE = 81317 09/56 /49
c HLPeeeoss PLANT GROSS OUTPUT L. -P. STAGE (BN W) UDE00970
o SPHPeoe..STEAN FLOW H. P. STAGE(N LB/HR) UDEDO980
Cc SPLPecees STEAK FLOR L. P. STAGE(M LB/HR) UDEOU990
(o ' _ ODEO 1000
(o GASceeees NON-COUDENSABLE GAS CONTENT (%) upe01010
c SO0Lecee«« DISSOLVED SOLIDS (PPN) UDED1020
c BFLOF.... BRINE FLOH (DOES NOT APPLY 70 DRY STEAN) UDEO 1030
= REAT.c.s-HEAT TO BE REJECTED BY TOWER (M DTU/HR) opro 1080
c WATER. .+« WATER PLOW THROUGH CONDENSER (M LB/HR) UDR01050
g CONSTaees PUMP HORSEPOWNER CONVERSION CORSTANT UDEO 1060
c RIPeceoes RE-INIJECTIOR PUNP (H. P.) UDE0 1070
C CDPeceee«CONDENSATE PUNP {H. P.) upr01080
Cc CHPeeeeas COOLIRG WATER PUNP (H. P.) UDEO 1090
c Hleeenees HEIGHT OF COOLING TOWER (PT) UDED V100
c "FANeeeeesCCOLING. TOHER FAN (H. P.) UDE0O1110
Cc AUXeeaeeo POWER REQUIREMENTS OF AUXILARIES (AUX) GDEDO1120
c BERRPRRREARAR IR ERA ARG SRR AREERRRRERRERRARRSRARRAKRR GRS RNEeR AR TDED 1130
c AERERRERRA AR EABRARANEERRERRRRRAEABEARERRARRRRANEARARBEANEASRASSROSYDEOTIHO
Cc OSE DEPAULT VALURS IP NECESSARY ’ ODEO1150
C o ‘ oDpEo 1160
. IP(T1 .EQ. 0.0) T1 = 400.0 UDEO 11T
IP(IUSE .EQ. 1 .AND. THD .EQ. 0.0) TUB = 65.0 UDEO1180
IP(IUSE .NB., 1 .AND. THWB .EQ. 0.,0) THR = 79.0 UDEO1190
IP(T6 .EQ. 0.0} T6 = TUB + 10.0 UDEO 1200
IP{T5 .EQ. 0.0) T5 = T6 + 20.0 ODE01210
IF(18 .EQ. 0.0) T84 = T5 ¢+ 10.0 UDE01220
IP (PLANT .EQ. 0.0) PLART = 50,0 uDe0 1230
IP (GEPP .EQ. 0.0) GEFF = 0,98 UDR0 1240
IP(EHP .EQ. 0.0) EHP = 0.73 uUDE01250
IP(ELP .EQ. 0.0) BLP = 0,67 UDEOC 1260
IP(HT .BQ. 0.0) HT = 80.0 oDr01270
IP(NTPHP .EBQ. 0) NTPNP = 1} UDEO 1280
IP(BDPNP .BQ. O) NDPMP = UDEO1290
IP(LTHR .FRQ. 0) LT¥R = 1 ODED 1300
IP(NTHR .EQ. O) NTHR = 1 DDE01310
IF(GAS .EQ. 0.0) GAS = 0.0 UDEO 1320
IF(SOL .EQ. 0.0) SOL = 0.0 UDEO0 1330
C RAKEARERBEASEREABRLRSRANKAREERARARERERARERAAGREENR RS CREERBNR RSN YDPOTIA0
c RORRAESAMI S RREESRAEARRENRARAEARRRSERAEREERENARABANRRNERASRIRESRe*UDE01I50
IP(IUSE .NP. 1) GO TO 15 GDEC 1360
C ' UDEQ1370
c DRY STEAN POWER PLANT LESIGN ROUTINE. ODE01380
c : . gDpro0 1390
c . ODROT4O0 -
c IF RESERVOIR PRESSURE NOT GIYEN THEN ASSUNE THE STEAN IS UDEOI410
c SATURATED VAPOR - P71 = PSAT UDproO 1420
IF{PY .EQ. 0.0) GO TO 5 0ODRO 1430
A1 = WDH({P1,TY) UODRO1440
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FORTRAN IV G1

0033
0034
0035

D036
0037
0038
0039
0040

0041
0042
0043
0044
0045
0046
oou?

o048
0049
0050
0051

0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066

0067

0068

0069
0070

RELEASE

2.0 STDES DATE = 81317
Pl = ,9%p}

S1 = WDS(P1,T1)

GO T0 10

CONTINUE
P1 = RPT(T1)

"HY = WHG(PV)

1= .9%p}
S1 = WSG(P1)

CORTINUE
P2 = P1
PY ReT(TY)
PS 1]

P3 P4

SL4 = WSL(P4) ' . .

SG4 = WSG(P4)

CONPUTE ISENTROPIC TURBINE WORK (DLP) ACCROSS TURBINE.
X4 = (S1-SLU)/(SG4~-SLb)

HLS = WHL (P4)

HGY = WHG (PY)

HY = HLUSXB* (HGH~HLY)

C THAE ITERATIVE PROCEDURE BELOW POR CALCULATING TURBINE EPFICIENCY
C WAS SUPPLIED BY T.H.LAWFORD OP B.G.ZG.

IP(ELP.NE. 0.0) GO TO 100"
ELP = .80

DO 1000 T = 1,20

1000
1001

O o0 o

15

h¢)

RLP = (H1-HH4)*BLP
XH = H1-RLP
X4 = (XU-HLA)/(AGH~HLY) - :
ELP = oBS‘(‘."(“."‘“)/Z.’, '
CONTINUE ’ ’
CONTINUE
DLP = H1-HG
DHP = 0.0
Blip = 0.0
1. = 1.0
"2 = 0.0
= 0,0
PRBPARB FOR CONDENSER CALCULATIONS.
B2 = #1

09/56 /49

ODEO 1450%
UDEO1460
UDEO 1470
ODDEO 1480
UDE0 1490
UDEV 1500
UDEO 1510
UDEQ1520¥
UDE0 1530
UDEO 1540
DDEO 1550
UDEO 1560
UDEO1570
UDE0 1580
UDE0 1590
ODED1600
UDPO 1610
UDEO 16 20
UDED1630
UDEO1680
UDEOD 1650
DDED 1660
UDE01670 %
UDEO 1680
UDED 1690
UDEO 1700%
UDEO1710%
UDR01720%
DDEO1730%
UpROVIHO%
UDEO01750%
UDE0 176 0%
UDEO1770%
UDE01780
UDEO 1790
UDEO 1800
UDE01810
UDE0 1820
UDE0 1830
UDEO1840
UDEO18S0

:tu.¢¢~.¢aama-t*n¢ovtvt:*txtamtttt#lat*t#mttttﬁt#ttt#tat#m.aot*ta#uugo1860

END OF DRY STEAM CYCLE CALCULATIONS.
GO TO 25

CONTINUE

IF(IDSE .NE. 2) GO TO 20

ODE01870
ODED1880
UDEO 1890
ODEO 1900
upe01910

AR RIREREE PR ERERAEREIEREECRRRERREREREERKAREREDRERERES RS AR RS2 S eedR(IDRE01920
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rOBRTBAN IV G1  BELEASE

0071

0072

0073

ao7a .

0075
0076
0077
0078
0079

J0oao .

o081
0082
0083
goss
0085
0086
0087
0008

0009
0090

0091
0092
0093

0094 -

0095
0096
0097
0098
0099
0100
0101

0102

0103
0104
0103
0106
0107

“.

-

2.0 STDES DATE = 81317 09/56/49
c UDE0 1930
c SINGLE STAGE PLASHED STEAN POWER PLANT DESIGR ROUTINE. ODEO 1940
c ) UDEN1950
c UDE01960
xr«rz «EQ. 0.0) T2 = (SQRT((T1¢4860.)*(T3¢360.)))~-860. UDED1970%
PY = WPT(TY) DDEO 1980
P2 = WPT(T2) UDE01990
IP(P2 .LT. 18.7) P2 = 14,7 UDE02000
P} = p2 , DDEO 20 10
,: Pa = RpT(T4) ] . 0UDR02020
. PS5 = py : ODE02030
L1 = WHL(PY) UDEV 2040
(NML2 = WAL (P2) UDE02050
7 2. G2 = ANG(P2) UDE02060
fohe g2 = He2 - UDE02070
: ©* "HLY = WAL(PY) - 0002080
' HGY = WAG(PW) ° - UDE02090
: X2 = (nni-nL:)/(ncz-nzzy UDE02100
by PX2 = ,9*p2 UDE02110%
¥, §G2 = wsc(pxz) UDE02120%
+ SLS = RSL(Pa) " ODE02130
SG4 = RSG(PY) UDE02140
o CONPUTE ISENTROPIC TURPIBE WORK (DLP) -ACCROSS TURBINE. ODE02150
xu = (SG2-SLA)/ (SGU-~-SLY) UDE02160
= HL4+XG* (HGE-ALA) UDE02170
fhg ITERATIVE PROCEDURE BELOW FOR CALCULATING TURBINE zrrxclecr UDPO2180#
. WAS 'SOPPLIED BY T.W.LAUFORD OF E.G.ZG. ODE02190%
IP(BLP.NE. 0.0) GO TO 2001. UDE0220
ELP = .80 . UDE02210
PO 2000 I = 1,20 ‘ . ' oDE02220%
‘RLP = (H2-AQ) *ELP . UDR02230K
IR = H2-RLP UDE02200%
X8 = (IH-AL4) /(HGA~-NLY) UDB02250%
: ELP = ,85% (1o~ ({1.=X8) /2.)) UDE02260%
2000 CORTINDE UDE02270%
2001 conTINnOE UDE02280%
DLP = H2-HO UDE02290
DHP = 0.0 DDE02300
ENP = 0.0 . . UDE02310
¥l = 0.0 UDE02320
) 92 = X2 0DE02330
: ' = 0,0 UDE02340
. (o4 . 0.0‘00000‘.00000000...‘.0‘00‘0..0nll.a.O-OQ0.0..“0..0.0.“..0‘."U0302350
c END OF SIKGLE STAGE PLASH CYCLE CALCULATIONS UDR02360
GO TO 25 UDE02370
[ UDE023680
20 CONTINOE uD202390
[ 4 noonouono_nnouonounnonnonon-nnntnnnn.nntuunpzozqoo

v
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FGRTRAN IV G1

0108
0109
0110
0111
0112
0113
AR L
0115

0116
017
0118

0119

© 0120

0121
0122
0123

0124

0125
0126
0127
0128
0129
0130

0131
0132

0133
0134
0135
0135
0137
0138
0139
0140
0141

REL

nonon

C
c
C

EASE 2.0 STDES DATE = 81317 09/56/49
: DDEO2110
DUAL STAGE PLASHED STEAM POWER PLANT DESIGN ROUTINE. UDE02420
. UDE02430
UDEO 20840
IP(T2 .EQ. 0.0) T2=({((TI1+U60.)*(TI1+460.)» (T4+460.))**0.33333)~460.0DE02450%
IP(T3 .BQ. 0.0) T3 = (SQRT((T2¢860.)*(TU+460.)))~-460. UDEO2460)K
P1 = RPT(T1) UDE02470
P2 = WPT(T2) DDE02480
P3 = WPI(T3) UDE02490
IP(P3 .LT. 14.7) P3 = 14.7 DE0 2500
Ph = WPT{T4) UNE02510
P5 = py UDR02520
: UDE02530
HLY = WHL(P1) UDE0 2540
flL2 = WHL(P2) UDED2550
HG2 = WHG(DP2) UDE02560
CONPUTE STEAN PLASHED BY ADIBATIC BXPANSION XN PIRST FLASH TANK. UDE02570
X2 = (RL1-HL2)/ (HG2-HL2) DDE02580
UDE02590
" BLI = WAL (P3) DDED2600
HG3 = WHG(PI) ODE02610
HLY = WHE(PY) UDE02620
HGH = WHG (PY4) UDEO 26 30
CONPDTE STEAM FLASHED BY ADIBATIC EXPANSION IN SECOND PLASH TANK. UDE02640
X3 = (HL2-HL3)/(AG3-NL3) UDE02650
DDE02660
PX = _94p2 UDE02670 %
SG2 = WSG({PY) . DDE0268B0N
SL3 = WSL(P3) UDE02690
SG3 = WSG(P3) UDE02700
SL4 = WSL(P4) UDE02710
SG4 = RWSG(P4) UDE02720
' DE02730
CONPUTE ISENTROPIC OUTLET ENTHALPY (H3) POR H.P. TURBINE, ACTUAL UDE02740
OUTLET BNTHALPY (HX3) AND OUTLET QUALITY (XHP). UDE02750
XHP = (SG2-SL3)/({SG3-5L3) UDE02760
H3 = AL3+XNP*(HG3~HL3) UDE02770
C THE ITERATIVE PROCEDURE BELOW POR CALCULATING TUBRBINE EPPICIENCY UDE02780%
C WAS SUPPLIED BY T.W.LAWPORD OPF E.G.LG. BDR02790
IF (ERP.NE. 0.0) GO TO 3001 UDE02800
RUP = .80 UDRO28 10
DO 3000 I = 1,20 UDE02820
RHP = (HG2-H3)*EHP ODE02830%
XH = HG2-RHP DDEO2840¥
XHP = (XR-AL3)/ (HGI-HL3) UDR02850
EHP = .85'(1.-((1.-18?)/2.)) UDE02860
3000 CONTINUE UDEO2870%
3001 CONTINUE UD202880%

&
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* » ¥
PORTRAN 1¥ G1 RELBASE 2.0 _STDES DATE = 81317 09/56/49

01182 pHx =  (IG2 ~ A3) * EHP 0DE02890

0133 nIX = #G2 - pAX DDE02900

0138 XHP = (H3X - HLJ)/(HGJ - nL3) UDED2910

c : : " UDE02920

c CONPUTE RET STEAM PRACTION (XLP), AND ACTUAL STEAN PROPERTLES BDE02930

c #13 AND SN3 ENTERING L.P. TURBINE. . UDED2940

018% " = X2 UDE0 2950

0126 ¥2 = (1.0-X2)%x3 UDE02960

0147 PR = ,94p2 upe02970

0148 HIGY = RHG(PH) ) DDr0298

0149 XLP = (WISXHPeU2)/(W1eR2) UDE02990

0150 A3 = ALI+XLP* (HG3-RL3I) DDED3000
0151 IP (A3 .GT. HXG3) GO TO 5000 DDE03010¥
0152 HL3 = WAL(EH) UDE03020%
.0153 . XLP = (H83-HL3)/ (RXG3-NL3I) UDDE03030¥
0159 iy §G) = BSG(PN) UDEO3080¥

0155 . 'SLI = RSL{PH) = UDE0I050

0156 ) SN3 = SL3¢XLP*{SG3-SL3) UDED 306

0157 GO TO 5001 UDE0I0T0X
0158 $000 CORTIRUE upeo10ao¥

0159 - v SN} = ¥sg(Pn) 8DR03090

0160 o $001 CONTINODE UDE03100

e _ : - UDE03110

0161 8 = (SA3I~SLY)/(SCA~-SLU) s DDEO3120

[ ) UDE03130

0162 3 BY = ALL+X4* (HCH-ALY) ) DDE03140

C THE ITERATIVE PROCEDURE BELOR FOR CALCOULATING 10:3:!: EPFICIENCY UDE03150

€ WAS SUPPLIED BY T.W.LAWFORD OF E.Ga.8G. ODE03160

0163 . IP(ELP.NE. 0.0) GO TO 8001 DDEO3170

0168 .y PLP = .80 UDE03180

0165 u po 8000 T = 1,20 UDE03190

0166 . RLP = ([N3-HG)*ELP DDE0 3200

0167 I = HMI-RLP ODED3210

0168 ‘X8 = (Xn-HLA)/ (HGA-HLY) upr03220

0169 ' ELP = .85‘(1.-(((1.-!&?)0(1.-!Q))/2.)) uDr03220

0170 8000 CONTINOE UDEO 3240

0171 8001 conTINOE opro3250

0172 .. R = W1/(R1eW2) UDE0 3260

* c CORPUTE ISENTROPIC WORK PROM N.P. AND L.P. TURBEINES (DHP & DLP). UDE03270

0173 ) pip = BG2-R) UDE03280

0178 DLP = HA3-US8 UDE03290

. I PREPARE FOB CONDENSER CALCULATION. UDR03300

0178 : H2 = fanl Ubro3310

Lo .to.0'0‘0.0"#l!".t"000#0".#0‘#‘Ott‘#t#t‘.‘t.“0#.#“‘#0...00.000303320

c ERD OF DUAL STAGR PLASH CYCLE CALCOLATIONS. : DDE03330

c DDE03340

0176 25  COnTINOR ' UDE03350

: c
N

Ve OR0ARPRSRESRNSRISERCEAOE R 4R 0S¢ IR 2400000006048 000002000¢4¢IDEN3360
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FOGETRAS I 51 R

0177
0178
0179
0180
0181

0132

0183
0184
0185
0186
0187
0188
0189

0190
0191

0192

0193

0194
0195
0196

0197
¢198

0199

0200

g

C

0 ana 0o Aannnnan

ann

a 60 aoon

LEASE

277

555
26

“ry

2.0 STDES DATE = 81317 09/56,/49

IF(NDDG .NE. 1 .AND. NDBG .NE. 4) GO TO 26
YRITE({10,277)

FORAAT (*1?)

DUYX = 0.0

YRITE(10,#) T1,P1,H1,DUNX,DUNX,S1,DUNX,DUNX
HRITE(10,*) T2,P2,H2,HG2,HL2,DUNX,SG2,DUNX
WRITE(10,%) T3,#3,H43,0G3,AL3,0UNX,SG3,SL3
WRITE(10,*) T4,P4,H4,HGY, HLY,DUNX,SGk,SLY
WRITE(10,*) T5,P5,H5,DUNX,DUNX,DUNX,DOMX, DUNK
WRITE(10,*) T6,P6,DUNX,DUNX,DUNX,DUNX,DUNX,DONX
WRITE(10,*) ELP,DLP,¥LP,EBHP, DHP,WHP,DUNX,YX2,X3, X4
FORMAT (10F10.5)

CONTINOE

GENERAL PLANT CALCDLATIONS CONMOR TO ALL THREE TYPES OP PLANTS.

SRR RRBRIRIRCEEERERERREN AR KR C OB RR R R Sk ok ok ook

hahe CYCLE CALCULATIOR & EBQUIPHENT SIZING rw
ERARKEAERBSRRARRSRARSERRARAR AR R KA ERARI MR RASRANE

PLRSTI CUT TIRBINE SIZING
G = PLANT/GRZP
PT = PG

~TDS = 1.0/(1.024 - 1,724B~-06%S0L)

ITERATION TO COMPUTE AUXILIARIES
D0 30 1=1,2

ACTUAL RORK DONE BY TURBIRE

WLP = PT

1P(IUSE .EQ. 3) WLP = PT/(1.0¢RB*(EHP*DAP-10.)/ (ELP*DLP-10.))

wap = PT-WLP '

CALCULATE STEAN FLOR THROUGH TURBINE USING ACTUAL TURBINE WORK
{E0P*DHP) AND (FLE*DLP).

SPLP = 3.413%QLP/(ELP*DLP-10.)

IP(YUSE .EQ. 3) SFHP = 3.413%UHP/ (BHP*DHP-10.)

CALCOLATE POUNP UNIT CONVERSION CORSTANT
CONST = (ﬂR/GOﬂIN)'(2.307??/?51)‘(BOG)/(33000PT~LB/BP’
CONST = 1. 165/R10T

BHTHALPY IX HOTYELL..

HS = QUL (PU)~ (TU4=-T5)
NEAT REBJECTED VIA CONDENSER, ACCOUNTING FOR RON-ISENTROPIC

[4) -k

UDE03370
UDED 3380
UDE03390
UDE03400
UDE03810
DDEO3%20
UDEC3430
UDE03840
0DE03450
UDE03460
UDE03470
UDEO 3480
UDE03490
UDE03500
uDE03I510
UPE03S520
UDE03S30
UDE03540
UDE03550
UDE03560
UDE03570
UDEO ISV0
UDE03590
UDE03600
UDE03610
UDE0 3620
uDE03630
UDE03640
UDE0 3650
UDE03660
UDR03670
UDE03680
UDE03690
UDE037004
UDE03710
UDE03720
UDE03730
UDE03740
uDEQ3I750
UDE03760
UDE03770
UDE03780
UDE03790
UDEQ3800
UDE03810
uDE03820
ODE0 3830
UDE03840
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UDEOO4320
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* - »
FORTEAN IV G1 RELPASE 2.0 STDES DATE = 81317. 09/56 /49
c EXPARSION THROUGH L.P. TURPINE. UDE03BSO
0201 NEAT = SFLP* (H2-ELP*DLP-NHS) UDE03860
0202 HATER = HEAT/(T5-T6) - UDEVIBTO
c UDED3IBBO
c TOWER EQUATION PRON HYDROCARBORN PROCESSING NOV. 1978¢e UDE03N90
Cc UDE03900
c RANGE €& APPROACH OF COOLING TOWER. ODE03910
02023 -RG = 15-T6 UDE03920
0208 AP = 16-T¥D UDE01930
0205 BT = RG/AP UDE01940
Cc : vDE03950
c COOLING TONER PAR UDE03960 -
0206 PAR = EXP(1.083668¢0,73536%ALOG(RT)) UDED3970
0207 FAR = PAN*UATER*4,.538/ENOT UDE03980
c ) , . UpE03990
c EFPPECT 0P ‘GAS EJECTION OR STEAN PLOW" UDEOB000
0208 IP(GAS .GB. 1.0) SPLP = SPLP*{1.040.04%GAS) UDEOY0 10
Cc UDEOBO20
c CALCULATE BRINE PLOW TAKING INTO ACCOUNT TOTAL nxsonvzn SOLIDS gDEOY0 30
0209 BrLOR = srnp/(n1ou2)-:ns UDEONO S0
c 0DE04050
C - SIZE OF YARIOOS PUNPS - PUNP SIZES ARE DASED ON THE ASSUNPTION UDEO4060
c _THAT AN ABOUNT OPF SPENT BRINE ARND CONDENSATE RQUAL TO THE ANOURTUDEON070
c "OF BRINRE WITHDRAWN PROM THP RESERAVOIR IS RE-INJECTED AT A UDEO40B80
C PRESSORE FQUAL TO THE RESERVOIR PRESSURE. 0DEOB090
. 0210 CHP. = WATER®* (NT/2.307-P5)*CORST UDEOR 300
0211t - CDP = SPLP*(P3-E4)*CONST ODEOCS 110
0212 - RIP = BFLOW®(P1-P3)*CONST UDE08120
0213 AUX = (CHP+CDPe¢RIP¢PAN)*0.7057E~03 . UDEOG130
C- : * oDEOB 140
] SPECIPIC NET ENEBGY VS SOLIDS BASED O8 HEBER PLART DESIGN ODEOB YISO
c - UpECh160
021% SNE = PT/SPLP . UDEO4170
0215 PT = PG¢AUX/GEPP UDEOS 180
0216 30 CORTIRUE UbROs 190
0217 IP(ADPAT .BQ. 2) PT = PT ~ (CHP¢CDP+RIP)*0.7457E-03/GEPF 0DROB200
0218 wip = PpT UDE04210
0219 IP(IUSE .BQ. 3) HLP = PT/(1.0¢(W1/(N1+02))*ENP*DHP/ (ELP*DLP)) ubEOU220
0220 - _WRP = PT-WLP ODE0Y4230D
«C » UDEOB 240
C COOLING TOWER CALCOLATIONS - COOLIRG TOWER LOSSES IN TERMS OP UDEOB250
«C PLUNES AND DBLOKDOWR IS ASSUNED TO BE REPLACED BY AR EQUAL ODEROQ260
+C ANOUNT OP PRESH NAKE-UP WATER. ESTINATION OF THE ANOUNT OF DDEO4270
] PRESR BAKE-UP WATER XS NOT IKCLUDED BUT AMMOUDHTS TO noncuzz oDE04280
. C 15% OF THE CIRCOULATING COOLXIEG RATER ‘REQUIRENENT. . DDE04290
[ RG = RANGE OF TOUER , DDEO&300
[ AP = APPROACH UDE04310
C




701

FORTHAN IV G1 RELEASE 2.0

o221
0222
0223
0224
0225

. 0226

0227
0228
0229

0230 -

0231

STDES DATE = 81317

RP = 3. 76‘0. 052“"""'800. ,Ju-,‘ RG“O. ,725.AP

RP
RF
RF

u

RP+0,00019*THR*TUR-0.00081+8G*RG
RE+0.00196*AP*AP~0.00073*THB*RG
RP+0.00107+THE* AP~0. 0013« RG*AP

UNITS = RE*WATER®*1E¢06/506.4
IP(LTHR .BQ. 2) UNITS = HEAT
GEPF=GEPP*NUND

ELP=ELP*HUND

EHP=PHP*ROND ,
RETURN

END

O

NV

09/56 /%9

UDEOB330
UDEOY4340
UDENG3SO
UDEOA360
UDEO4370
UDEOAX380
UDEOA4390
UDEO4RO00D

ODEOA410
ODEOA420
UDRO44 30




FORTRAN IV G1 -

0001

. 0002

0003

nnns

0005
0006
0007
0n08
0209
onin
0011
0012
0013
0014
0015
0016
0017
oo19

- " L t
FUNCTION TO CALCULATE PRESSURE AS A FUNCTION OF TEMPERATURE
RELFEASE 2.9 Hev DATE = 81294 10754720
FUMCTION wWPAT(XX)
IMPLICIT REAL*S (A‘Z,
Cexx. END
C-~=SCONTROL HAP'CROSSREF.LAREL'lOCATION'SEGHENT’UDES
Ce*% FUNCTION WPT(XX)
C MODIFIED 210CT81 %Y FITTING CURVE OVER TWO REG!UNS.JCB-
c
c WATER ~ PRESSURE OF SATURATED VAPOR
c P = F(T)
c
DATA » «
L A/ 0-3243785*01/.‘ Al/ 0.586826E-02/,
2 A27 0.117024E-07/y A3/ 0.2187858~02/
" DATA :
1 Ao/ 0.316631500110 81/ 0.414113€E-01/,
2 B2/ 0.751543E=08/y B3/ 0.656444E~10/,
: 3 BA/ 0.137945F-01/
c Lo
: TK 2 (S./9.)%(XX=32,0)+273.16.
X = 647,27 - TK '
Tl = X/TK
{E(XX.GE., 2N9.0) GO TO 100
T2 = 1a ¢ AIRX
3 = T1/T2
LY = ‘1*((&2‘!'!051"XQAO)
G0 T0 101
100 T2 = 1. + B84%X
- T3 = T1/72
Y = T3#{{IB3*X+B2)&X2X+B1)*X+B0)
101 WPT=3206,1822%10.%%({~Y)

RETURN
END

HPTOOO0LN
HeTNOoN20

. WrPT00030

HPT0004N
HPYO00S50
HPTO0060
HPTONOTO
HPTONNAO -
WrT00090
HPTOO100
WPTOO110
wetTONL 20
WPTNO130
HPT00140
HPTOO0150
HPTN0160
HPTOOL 70
HPTOOLAD
HeTO0190
WPT00200
WPTOO210 .
WPT00220
HPT00230-
WPTON240
HPTR0250
WPTNN260
WPT002TO
HPT00280
WP TN0290
HPTO0D300
WPT00310
HPT00320
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FORTRAN IV GI
0001

0002

0003

0004
0005
0006

0007
0008

0009
on1o
oo1l’

FUNCTION TO CALCULATE ENTHALPY OF SATURATED WATER

DATE = 81294

RELEASE 2.0 WHL

Chen

C-==$CONTROL MAP,CROSSREF,LABEL yLDCATION, SEGMENT=UDES

Cexx  FUNCTION WHL (XX}

c .

" WATER - ENTHALPY OF SATURATED LIQUID

c H = F(P) .

c MADIFIED 21NCYARL AY FITTING CURVE NVER THD REGIONS.JCB,

DATA

L A0/ 0.424250E+01/y Al/ 0.4T1044E+00/,
2 A2/-0.6T04T8F=01/y - A3/ 0.4192486~01/,
3 A4/-0,324539E-01/y AS5/-0.8T73229E~02/,
4 A6/ 0.1313T6E-01/¢ AT/ 0.23156TE-02/,
S AB/-N,252983E-02/y A9/ 0.000000E~06/,
6 AA/ 0,000000E-07/

c CMSSO = 0.146TH4E-04
. DATA
1 N0/ 0.422868E401/, A1/ 0.418488E+00/,
2 A2/ 0.690782€-02/y B3/~0.155874E~01/,
3 B4/ 0.818569€-03/, 0S5/ 0.524T40E~03/,
4 R6/=0.TL9R60E-05/y DT/-0.149404E~04/,
5 BB/-0.181923E~06/y B9/ 0.340726E~06/,
6 RA/-0.213136E-07/

c .

c .

1 AA®XSAD) #X+AB)EXEAT) *X+A6)OX+AS)OX+AL) 0XOA3"X#AZ)*X+RI)‘XOA0

FUNCYION WHLIXX)
END

X=ALOG (XX}

IF(XX .GE. 3.0) GN TO 100

v o= et e et
Gn TN 101

100 v = (€0 L0 (UL

101

“'ﬁ_’

1 BA*XeRO)I*X40B)XeBT) *X+R6)*X+B5)X4B4) *XeB3)RXN+082)2X+B11#X+00

HHL=EXP(Y)
RETURN
END

G 8]

10/53/02

i

HHLOON10
WHLN00 20
WHLO00030
HHL00040
HHLO00S50
HHLOOO60
WHLOO00T0
HHLNNOO0BO
HHLO0090
HHLOO100
HHLOO1 10
HHLOOL120
WHLOO0130
HHLOO140
HHLON150
HHLOO160
WHLOOLTO
WHLOD180
WHLOO190
HHLO0200
WHLOO210
WHL00220
HHLO0230
HHL0O0240
HHL00250
HHLNO0269
WHLOO02T0
HHLO02 A0
WHL 00290
HHL0O0300
WHLO0310
WHL00320
WHLOO0330
WHLOD340
WHL00350
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FUNCTION TO CALCULATE ENTHALPY OF SATURATED STEAM

FORTRAN IV Gl RELEASF 2.0 ' HWHG DATE = 81294 10/53/20

0001

0002

0003

0004
000%
0006

. 0007

0008

0009
0010
o011

. FUNCTION WHGEXYX)
Cex&  EMD
C—-=S$CONTRNL MAP,CROSSREF,LABFL,LOCATION, SEGMENT=UDES
Ceox  FUNCYION WHGIXX)

c .
c WATER - ENTHALPY OF SATURATED VAPOR
c H = F(P)
C HMODIFIED 210€0TA1 BY FITTING CURVE OVER THWO REGIONS.JSCB.
DATA .
1 A0/ 0.700832E+01/, Al/ 0.130056C-01/,
"2 A2/ 0.647011E~03/y A3/ 0.000000€E-02/,
3 A4/ 0.000000€E-02/, A5/ 0.000000E-02/,
4 A8/ 0.0N00N0E-03/, AT/ 0.000000€-067,
5 A87 0.000000E-06/7, A9/ 0.000000€-07/,
6 AA/ 0.000000E-07/
DATA
180/ 0.799881E+01/, B1/-0,834852E-01/,
2 82/ 0.380%562€~01/, B3/-0.376460E~-02/,
3 R4/-0.913026E-03/, B85S/ 0.237223E-03/,
4 B6/-0.152369F-04/, BT/ 0.000000E~N6/,
5 88/ 0.000000E-06/, B9/ 0.000000E-077,
6 RA/ 0.N700000FE-07/
c

X=ALOGIXX)
IF(XX .GE. 5.0) GO YO 100

R URIE

1 AARXEADIRXEAR)EXLAT) AXFAL)E=XEASIEX+AL) EXAAZ I EX+A2)EX+ALI®XEAD

GO T 101 )
100 ¥ = (0 (04 C0¢

1 BAXX4DO)I*XeBA)EXEBT) *X+REIEX+BS)*X+B4) =X+B3)2X+B2) Y ¢DB1)*X+BO
101 WHG=EXP(Y)

RETURN

END

HHR00D 10
WHG00020
WHGNOO30
HHGOONAD
WHGNOO0 S0
HHGNON60
HHGO0NTO
HHGONO RO
HHRBNN090
HHGOO0100
WHGOO110
HHG00120
WHG0O0130
HHGNO140
WHGOO1%50
HHG001 60
HHGNOLTO
WHAENNTL RO
WHANN190
HHG0O0200
WHGOO0Z210
WHG002 20
HHGO0230
WHGO0240
WRG0N0250
WHG00260
HHGOO?2T70
HHGI02R0
HHGN0290
HWHG00300
WHG0O0310
HHG00320
HHGO0330
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FORTRAN IV Gl
0001

0002

0003

0004
0005
0006

0007
00Qn

0009
0010
ooll:

FUNCTION TO CALCULATE ENTROPY OF SATURATED WATER

RELEASFE 2.0 HSL

a8 ]

Cors
C-==SCONTROL MAP,CRNSSREF: LABEL;LOCATION.StGHENTSUDES

Coxt

c
c
C
c

[z Xz Ng]

MW~

c

RS IN

c

1 AARX#AD)EXHAB)AXEAT) *X+AL ) EX+ASIRX+AL) *X+ABIEX+A2) *X+AL) & X+AD

FUNCTIDN WSL (XX}
FNOD

FUNCTION WSL(XX)

MODIFIED 210CY81 BY FITTING CURVE OVER THWO REGIONS.JCB.

DATE = 81294

WATFR - EMNTROPY NF SATURATED VAPOR

S = FIP)

DATA
AN/-0,202218E+017,
A2/-0.T9T6A9E~01/,
A4/-0,113432€-01/,
A6/ 0.114638F=02/,
AB/-0.1462T72E-03/,

. AA/=0.,112411E-03/

MS$SQ= 0.173936E-04

DATA
B0/-0.1940R5E+01/,
82/-0.100023F-01/,
B84/ 0.761815E-03/,
86/ 0,324272F-05/
R8/ 0.000070E~07/,
BA/ 0,000000E-08/

MSSQ= 0.348307E-05

X=ALOG{XX)

Al/ 0.435140F 20/,
A3/ 0.485220€-01/,
A5/-0.810410E-02/,
AT/-0.336488E~03/,
A9/ 0.403614E-03/,y

81/ 0.329339F+00/,
A3/-0.323546E-02/,
85/-0.T21715E-04/,
87/ 0.000000F=-07/,

89/ 0.,000000E-07/,

IFIXX .GEs 5.0) G0 TO 100

Y= (00 (et
6N TO 101

100 v = (00 €0 et

101

1 BA®X+B9)%X+B81%xX+8T) 'XfB&)'X*BS’*X*BQ) *X+B3)*X+B2) «X+BL)%X+BO

HSL=EXPLY)
RETURN
END

Lx]

10753736

HSLNOO1O
HSLOOO 20
HSL000130
HSLNON4O
WSLOD050
WSLN006O
WSLOODTO
wsLoooso
HWSLO0020
WSLO0100
HsLoot 10
HSL 00120
HSLNO01 70
HSLD0140
WSLO00150
WSLOO160
HsSLOO170
HSLN0180
HsLO0190
WSLNN209
HsSLO0210
wsLon2290
HWSL2023N
HSLON240
wsLO0250
HSLOO0260
WSL00270
HWsL90280
WSL00290
HWSL0O0300
HSLOO310
HSL00320
HW5L00330
HSLO0340
HSL00350
HSL00369
HSL00370
HWSL00380
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FUNCTION TO CALCULATE ENTROPY OF SATURATED STEAM

FORTRAN IV Gl RELEASE 2.0 HSG ' DATE = 81294 10/54/03

0001

0002

0003

0004

0005
0006

onnt

0008
0009

noto
0011

FUNCTION WSG(XX)
C*s%x END
C—==$CNNTRNL %APnCROSSREF.LABEL.LOCATION'SEGMENT-UDES
Cadx  FUNCTYION WSGIXX)

c
c MODIFIED 210CT81 ‘BY FITYING CURVE OVER THO REGIONS.JCH.
c WATER - ENTROPY OF SATURATED VAPDR
c S = F(P)
DATA :

1 A0/ 0.682130E400/, Al7-0,4263756~017,
2 A2/-0.441297€-037, A3/-0.750950E-047,
3 A4/-0.337103E-04/, A5/ 0.291020F-04/,
& ABS 0.,3TA325E~05/y AT/-0.339029F-05/,
5 AB/ 0.000000CE-02/, A9/ 0,000000E~06/,
6. AA/ 0,N00000FE-07/

- C CHMS5SQ= 0,895527E~09

DATA

1 B)/ 0.709889E+00/,
2 B2/ 0.464198E-02/,
3 R4/-0.392016E-03/,
4 067 0,83L1626-06/,
5 88/-0.82470TE-07/,
6 BA/-0.181887F-08/7

CMSSQ= 0.138593F-05

[z X2 N}

X=ALOGEXX)

81/-0.686143€~01/
83/ 0,100798£~-02/,
BS/ 0262748E=047,
B7/-0.431737€E-07/,
B9/ 0.234882E-07/,

IF(XX .GFe S.0) GO TN 100

Y= (00 g e

1 AASXFAQI®XEABIEXCAT) 2X+AL)EX+AS)EXEAL) =X+AD)EX+A2)*X¢AL) *X+A0

G0 10 191
100 v = (¢ TeQ et

1 BA®X+AG)*X+BR)&X+07) *XOBbi*X+BS)*X004) *X+03) #X+B2)%X+B1)*X+80

101  WSG=EXPlY)
RETURN
END

HSGION10
H5G00020
HSGNNN30
HSG009240
H5G00050
H5G017060
HSGO0070
HSG00080
WSGNNN9D
WSGNo100
HSGON110
HWSGON120
WSGOOo130
HSGNNL 40
HSG0015n
HSGOO01 69
HSG001TD
HS5G001 R0
W5G00190
H5G00200
HSGON210

"HS600220

HSGNN23D
WSG00240
H8G00250
HSG00260
HsSGoo270
W$6G00230
HSGO0290
WSG003In0
HSGN0310
HSGO032n
HSG003130
WSG00340
H5GON350
HSG00360
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October 20, 1981

Dr. D. Entingh o

Advanced Energy and Resource System
Wnalysis - ,

Thé Mitre Corporation/Metrek Division

1820 Dolly Madison Blvd.

McLean, VA 22102 -

TURBINE EFFICIENCY FACTORS USED FOR RECOMMENDED GCFM MODIFICATIONS - TWL-17-81
Dear Dan: ‘ B 4

Although most of the turbine efficiency factors used in the recommended
GCFM modifications have come from personal experience with turbines of

the size and type used for geothermal applications and proprietary
references accumulated during this work, similar values can be found in
the open literature. I reference "Steam Turbines" by Edwin F. Church, Jr.,
Third Edition, McGraw-Hill Book Company, Inc., 1950, as providing similar
values. Discussion of individual factors of turbine performance with
sections from the above referene follow below. :

Inlet Pressure Throttling'Loss - INEL recommended using a pressure drop

of 10% of the absolute pressure in the flash tank to represent the total
pressure drop between the flash tank and the turbine blading. This drop

. fncludes moisture removal screens in the flash tank, piping between the

flash and the turbine inlet, turbine inlet screens, and turbine governor
valve drops. Church, in Section 13.3, recommends 5% for just the turbine .
inlet screen and governor valve pressure drops.

85% Blading Base Efficiéncy, Moisture Correction 1/2% for Each 1% Moisture

at Blading Exit - Church, Section 7.16, Figure 7-29 shows peak theoretical

efficiencies for both impulse and reaction blading to be 87%. The recommended
value of .85 allows for operation off peak efficiency of 1% plus stage leakage
of 14. 1In Section 14.4, Church references 1% to 1.15% moisture losses for
each 1% average moisture in each stage. For turbine inlet conditions near

the saturation line, the average moisture in the turbine is approximately

1/2 of the blade exit moisture. : :
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Dr. D. Entingh ]
THL-17-81
October 20, 1981
Page 2

.10 Btu/1b Leaving Loés = Church, Section 13;7,'Figure 13.18 shows a

GE exhaust loss curve with a minimum of 4 Btu/1b. Similar proprietary
M curves show minimums of about 6 Btu/1b. However, finite designs of

" blading and exhaust hoods mean that the exhaust loss for a specific

application is seldom at the m1nimum. The recommended 10 Btu/1b allows

for off-optimum operation.

Ishope that these references suffice for the final description of the
G FM modif1cat1ons. : .

I

. o - Very truly yours,

N | -,
" T. W. Lawford, Manager
Federal Program Support
5d A i :
cc: W. Holman, DOE/SAN
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